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Accuracy of Hysteroscopic Metroplasty With the Combination of
Presurgical 3-Dimensional Ultrasonography and a Novel Graduated
Intrauterine Palpator: A Randomized Controlled Trial
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ABSTRACT Study Objective: To assess whether the use of a novel graduated intrauterine palpator can improve the accuracy of hyster-
oscopic metroplasty, introducing objective intraoperative criteria.
Design: A prospective randomized study (Canadian Task Force I, evidence obtained from a properly design, randomized,
controlled trial).
Setting: University Federico II hysteroscopic clinic.
Patients: Ninety women with a uterine septum diagnosed during office hysteroscopy and 3-dimesional transvaginal ultra-
sound (3D-TVS) were randomized into 2 groups: group T (metroplasty with intrauterine palpator) (n5 45) and group C (met-
roplasty without intrauterine palpator) (n 5 45).
Interventions: Outpatient hysteroscopic metroplasty under conscious sedation using a 5-mm hysteroscope and miniaturized
5F instruments including a bipolar electrode for the removal of three quarters of the septum, blunt scissors to refine the base of
the septum, and an intrauterine palpator to measure the portion of the removed septum (only group T). 3D-TVS and second-
look hysteroscopy were used to identify the number of optimal (residual septum ,5 mm), suboptimal (residual septum
5–10 mm), and incomplete resections (residual septum.10 mm). In group T, metroplasty was stopped when the intrauterine
palpator showed that the resected septum corresponded to presurgical ultrasonographic measurements in order to obtain a
fundal notch of 1.0 cm. In group C, metroplasty was interrupted once the tubal ostia were clearly visible on the same line
and/or hemorrhage from small myometrial vessels of the fundus was observed.
Measurements and Main Results: No differences were observed in baseline characteristics between the 2 groups. The pro-
portion of patients with complete septum resection was significantly higher in group T (71.5% vs 41%, c2: p5 .006; relative
risk: 1.684; 95% confidence interval, 1.116–2.506). Suboptimal resection was achieved in 13 cases (28.5%) in group Tand 14
cases (20%) in group C, whereas incomplete resection was observed in only 12 patients in group C (27%).
Conclusion: Presurgical evaluation with 3D-TVS together with the use of a graduate intrauterine palpator improves the ac-
curacy of hysteroscopic metroplasty, allowing complete removal of a uterine septum in 1 surgical step. Journal of Minimally
Invasive Gynecology (2016) 23, 557–566 ! 2016 AAGL. All rights reserved.
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A septate uterus is the most frequent mullerian anomaly
encountered by gynecologists, with an incidence of 2%
to 3% in the general population [1,2]. According to
the European Society of Human Reproduction and
Embryology/European Society for Gynaecological
Endoscopy (ESHRE/ESGE) classification [3], a total or
partial septate uterus corresponds to classes IIa and IIb,
respectively, which are equivalent to type Va (total septum)
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and Vb (partial) in the American Fertility Society classifica-
tion [4]. This mullerian anomaly is associated with the high-
est rate of pregnancy complications compared with other
congenital malformations [5,6] and attracts the greatest
surgical interest because, at the same time, it is the most
easily corrected by hysteroscopy.

The endoscopic technique for the treatment of a septate
uterus, proposed as early as 1974 by Edstr€om [7], has slowly
but radically changed the surgical technique of metroplasty
involving an abdominal surgery setting and has now become
a minimally invasive surgical procedure performed via the
transcervical route. Over time, various hysteroscopic proce-
dures have been developed that, on the whole, give results
that are significantly better than those yielded via laparotomy.

Currently, there are 2mainhysteroscopic treatment options
available for a septate uterus: resectoscopic surgery and oper-
ative minihysteroscopy with miniaturized instruments. The
rationale underlying these treatment options is hysteroscopic
visualization of the septum and subsequent removal, which
aims at correcting and restoring the physiologicalmorphology
and functionality of the uterine cavity while at the same time
maintaining an adequate fundal thickness [8].

The hysteroscopic approach to a septate uterus raises the
major issue of deciding where to end the incision to avoid in-
trauterine complications (i.e., perforation and significant
bleeding) and abnormal anatomic results. Abnormal
anatomic results occur with a wide variation [9–12] and
may include a residual septum at the uterine fundus and
isolated intrauterine adhesions in other locations [12]. The
risk of a residual septum is mainly caused by the surgeon’s
subjective assessment of the completeness of resection and
a lack of standardized pre- and postoperative evaluation of
the uterine cavity [13].

The aim of this study was to assess whether the use of
presurgical 3-dimensional transvaginal ultrasonography
(3D-TVS) in combination with a novel, graduated intrauter-
ine palpator could improve the accuracy of hysteroscopic
metroplasty, introducing objective intraoperative criteria.

Materials and Methods

Our randomized study was conducted between January
2014 and April 2015 in the hysteroscopy unit of the Depart-
ment of Gynecology and Obstetrics, University of Naples
Federico II, Naples, Italy. Ninety patients with a partial or
complete uterine septum (classes U2a and U2b according
to the ESHRE/ESGE classification system) [3] diagnosed
by hysteroscopy and 3D-TVS were enrolled.

Primary care physicians or hospital consultants referred
the women because of repeated abortion, preterm birth,
dysmenorrhea, or infertility workup. Exclusion criteria
were bodymass index greater than 30 kg/m2; pregnancy (pos-
itive beta–human chorionic gonadotropin test) and severe uri-
nary symptoms; malignancy; other severe comorbidities
(coagulation disorders, systemic disease, and severe cardiac
disease), alone or in combination with any of the previously

described conditions; and presence of other intrauterine
pathologies (i.e., myomas, polyps, and intrauterine adhesions
[IUAs]). Complete uterine septa with associated cervical
septum or double cervix were also excluded. In these latter
cases, a different surgical approach is required, and we
believed that it could have affected the results of our study.

These 90 patients were randomized into 2 groups: group
T (metroplasty with intrauterine palpator) (n 5 45) and
group C (metroplasty without intrauterine palpator)
(n 5 45). To prevent selection bias, the allocation sequence
was concealed from the researchers who enrolled and
assessed the participants, and a sequentially numbered, opa-
que, sealed, and stapled envelope containing the allocated
treatment with a 1:1 ratio was attached to the clinical record
of the patient after she had signed the informed consent. The
envelope was opened on the morning of the procedure.
Randomization was performed with blocks of 4. The inves-
tigators performing the procedures and evaluating the
patients during the follow-up were not involved in the
randomization process.

The local institutional review boards of the University of
Naples approved the study protocol. Before enrollment, the
purpose of the study was explained to all patients, and a writ-
ten consent form was obtained.

Presurgical Assessment of the Uterine Cavity

An evaluation of the morphology of the uterine cavity
was performed by using both office hysteroscopy and
3D-TVS assessment. At the office hysteroscopy, in the pres-
ence of an extensive septum of the uterine cavity, the endo-
scopic image encountered is that of a finger-shaped cavity
whose apex reveals a tubal ostium found bilaterally. When
the septum is incomplete, the hysteroscopic aspect is that
of a bifid cavity presenting with an interposed central projec-
tion of variable thickness lined with a normal endometrium.
At the level of both hemicavities, the tubal ostium comes
into view. In the case of a small subseptum, a hysteroscopic
image confirms the presence of a minor, saddle-shaped
structure modifying the fundal profile. In such cases, a pano-
ramic view, offered by all modern hysteroscopes, should
permit quantification of the dimensions of the septum by
comparing its length with the longitudinal diameter of the
uterus (e.g., estimated as less than 0.5 cm or equal to about
one third, two thirds, or the whole cavity). This information
is appropriately integrated into an overall diagnostic scheme
with a meticulous ultrasound examination.

3D-TVS was performed by 2 expert operators (CE and
GN) during the luteal phase of the cycle (days 21–25), which
is considered the optimal time to examine patients for the
presence of uterine anomalies because the endometrium
appears thick and echogenic and the uterine cavity can be
clearly differentiated from the surrounding myometrium.
A 7.5-MHz probe was used to perform 3D-TVS. The uterus
was visualized in the longitudinal plane, and the
3-dimensional volume was acquired using the automatic
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sweep of the mechanical transducer. The uterine volumewas
analyzed online using the technique of planar reformatted
sections. This techniquemakes it possible to obtain a coronal
view of the uterus, which usually lies perpendicular to the
ultrasound beam.

Analysis of uterine architecture was performed on the
coronal section using the interstitial portions of the fallopian
tubes as reference points. The intercornual distance (X) was
used as the reference line. The 2 variables considered
included uterine fundus thickness (Y) and endocavitary
development of the septum (Z). The Y variable was defined
as the distance between the fundus external contour and the
line joining the interstitial portions of the fallopian tubes (X).
The Z variable was defined as the distance between line
X and the apex of the septum (Fig. 1).

According to the ESHRE/ESGE classification system,
the uterus was considered septate when the internal indenta-
tion at the fundal midline exceeded 50% of the uterine wall
thickness with a normal outline [3] (Fig. 2A–C). Women in
contraceptive therapy were advised to stop use at the men-
strual cycle of the scheduled intervention to avoid any bias
related to the evaluation of postsurgical outcomes.

Hysteroscopic Metroplasty

All patients underwent hysteroscopic metroplasty imme-
diately after the menstrual phase (days 6–10) of a sponta-
neous cycle (as calculated on the basis of the last

menstrual period reported by the patients) or immediately
after withdrawal bleeding induced by the estroprogestogen
pill. No pharmacologic preparations (i.e., gonadotropin-
releasing hormone analogue or progestogen-only pill) to
thin the endometrium were preoperatively administered to
the women.

Hysteroscopic surgery was performed in an outpatient
setting under conscious sedation (achieved by administering
midazolam 10 mg and fentanyl 100 g intravenously). The
vaginoscopic approach, a 5-mm diameter continuous-flow
hysteroscope with an oval profile, a 30! fore-oblique tele-
scope, and a 5F operating channel (Office Continuous
Flow Operative Hysteroscopy ‘‘size 5’’; Karl Storz, Tuttlin-
gen, Germany) were used.

Saline solution was used as the distension medium (NaCl
0.9%), which was provided through an electronic system of
irrigation and aspiration (Endomat, Karl Storz). A stable
intrauterine pressure of about 40 mm Hg was obtained by
setting the flow rate at 220 to 350 mm Hg, the negative pres-
sure suction on 0.2 bar, and the pressure of irrigation
at 100 mm Hg. All surgical procedures were performed by
2 expert surgeons (ADSS and SB).

Metroplasty with miniature instruments is based on the
same rules applied in a resectoscopic approach (e.g., resec-
tion along the median plane of the septum, an anterograde
resection direction, etc.). The hysteroscopic instruments
used for this surgical metroplasty procedure are straight
bipolar electrodes and miniaturized blunt or sharp scissors.
Based on our experience, the resection of the septum should
begin at the apex, usually with a bipolar electrode
(Fig. 3A–C), which is operated in the pulsed mode proceed-
ing from 1 side of the septum to the other alternately in order
to gradually obtain a smooth outcome of resection.

The mildest vapor cutting mode (VC3) with a power of
50 W was set on the electrosurgical generator (Versapoint
II; Gynecare Unit, Ethicon, Somerville, NJ). After removal
of about three quarters of the septum with the previously
described method, it is advisable to replace the bipolar elec-
trode with miniature scissors (Fig. 3D). The latter instru-
ment, used in the final stages of metroplasty, allows a neat
finish of resection and facilitates trimming of the thickness
of the remaining fundal tissue (Fig. 3E and F).

In group T, metroplasty was stopped when the graduated
intrauterine palpator (Fig. 4), introduced via the working
channel of the hysteroscope, showed that the resected
septum ([Z 1 Y] 2 1.0 cm) corresponded to presurgical
ultrasonographic measurements, obtaining a fundal notch
of 1.0 cm. In group C, metroplasty was interrupted once
the tubal ostia were clearly visible on the same line and/or
hemorrhage from small myometrial vessels of the fundus
was observed.

A polyethylene oxide–sodium carboxymethylcellulose
gel (Intercoat Gel, Gynecare Unit, Ethicon) was then applied
to the uterine cavity through the inflow channel of the hyster-
oscope to prevent IUA, as described elsewhere [14,15]. The
procedure was considered successfully completed as soon as

Fig. 1

Preoperative evaluation of a septate uterus with 3-dimensional ultraso-

nography. Uterine cavity width (X) 5 the distance between the 2 inter-

nal tubal ostia, fundal indentation or septum length (Z) 5 the distance

between the midpoint of the line adjoining the tubal ostia and the distal

tip of fundal indentation or uterine septum, myometrial fundal thickness

(Y) 5 the distance between the X line to the serosa.
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the gel was applied throughout the uterine cavity and the
endocervical canal.

All procedures were recorded, and the duration was
calculated starting from the introduction of the hysteroscope
into the uterine cavity until its definitive extraction after the
intrauterine application of the gel.

Postsurgical Assessment of the Uterine Cavity

All patients underwent second-look 3D-TVS and hyster-
oscopy to assess postsurgical anatomic results. 3D-TVS was
performed during the luteal phase of the first menstrual cycle
after surgery. Themorphology of the uterine cavity was eval-
uated and compared with that obtained at enrollment in order

Fig. 2

(A) Normal uterus. (B) U2a uterus (i.e., partial septate uterus) according to the European Society of Human Reproduction and Embryology/European

Society for Gynaecological Endoscopy classification system of female genital tract congenital anomalies; in this case, Z (6.9 mm) is more than 50% of

Y (6.65 mm). (C) U2b uterus (i.e., complete septate uterus); the septum reaches the internal uterine ostium.

Fig. 3

Hysteroscopic metroplasty withminiaturized instruments on a U2a uterus (i.e., a partial septate uterus). The first 2.5 cm of the septum are resected using a 5F

bipolar electrode (Karl Storz) (A–C) followed by the last 0.5 cm, which are incised using (D) blunt scissors (D) because care is taken to avoid cutting intra-

septal blood vessels. (E) The use of an intrauterine millimetric palpator (KARL STORZ, Germany) introduced via the working channel of the hysteroscope

allows checking the actual depth of metroplasty, which may be combined with ultrasound measurements (3 cm of sectioned septum). (F) The final view of

the uterine cavity.
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to identify the number of complete (optimal and suboptimal)
and incomplete resections. The residual septum (Zr) was
measured as the distance between the X line and the apex
of the residual fundal indentation. Metroplasty was consid-
ered optimal if Zr was less than 5 mm and suboptimal if Zr

measured between 5 and 10 mm. The technique was evalu-
ated as incomplete in 1-step surgery if Zr was greater than
10 mm or Zr 1 Y . 15 mm (in the case of baseline length
of septum ,10 mm). When Zr was between 5 and 10 mm
but Zr 1 Y was no more than 10 mm, the resection was
also considered optimal.

Office hysteroscopy was performed in the early prolifer-
ative phase of the second menstrual cycle. Neither analgesia
nor anesthesia was administered. Morphology of the uterine
cavity was subjectively evaluated as previously described.
When postsurgical IUAs or residual septa were detected,
they were annotated and cut with 5F sharp/blunt scissors
or a 5F bipolar electrode.

Statistical Analysis

The primary outcome was the rate of complete hystero-
scopic metroplasties as evaluated with 3-dimensional ultra-
sound. Using previous unpublished preliminary data, we
hypothesized that the use of an intrauterine palpator would
allow a rate of complete (optimal and suboptimal) metro-
plasties of 90% in comparison with 65% in the group in
which the palpator was not used. Considering this differ-
ence, 43 patients per group would have been sufficient to
reject the null hypothesis with a power of 80% and a
single-sided type 1 error of .05. Hypothesizing a 5% dropout
rate, we enrolled 90 patients. Secondary outcomes were sur-
gical time, rate of postsurgical adhesions, and intraoperative
complications.

Statistical analysis was performed using the Statistical
Package for Social Science, version 17.0 (SPSS,

Chicago, IL). Data distribution for continuous variables
was assessed with the Shapiro-Wilk test. The Student’s t
test for paired and unpaired samples was used to compare
parametric variables between groups, respectively. The
Mann-Whitney andWilcoxon tests were used to analyze dif-
ferences in nonparametric parameters between groups,
respectively. Differences in proportions between groups
were analyzed with the chi-square test. Statistical signifi-
cance was set for a p value of .05.

Results

Table 1 summarizes the principal characteristics of the
included patients. No differences were observed in the
main baseline characteristics between the 2 groups. The pa-
tients’ flowchart is shown in Figure 5.

In all cases, the metroplasty technique was successfully
performed without any intraoperative complication, with a
mean duration of the procedure of 12.6 6 4 minutes in
group T and 11.7 6 3.6 minutes in group C (p 5 not sig-
nificant).

3D-TVS and second-look office hysteroscopy confirmed
complete removal of the septum in a single surgical step in
all patients in group T and in 33 of 45 patients in group C
(c2: p 5 .01; relative risk: 0.682; 95% confidence interval,
0.532–0.932). Optimal removal of the septum was obtained
in a significantly higher number of patients in group T (32/45
[71.5%]) (Fig. 6) in comparison with group C (19/45
[41.2%]) (c2: p5 .006; relative risk: 1.684; 95% confidence
interval, 1.116–2.506) (Table 2). Suboptimal resection was
achieved in 13 cases (28.5%) in group T and 14 cases
(31.1%) in group C (p 5 not significant), whereas incom-
plete resection was observed in 12 patients in group
C (26.7%) (p , .001) (Fig. 7A and B).

In all cases of incomplete metroplasty and in some
selected cases of suboptimal resections, the residual septa

Fig. 4

A graduated or intrauterine palpator specifically designed to accurately

measure the length of the uterine cavity, the cervical canal, and the

resected septum (in millimeters/centimeters).

Table 1

Baseline characteristics of patients included in the study

Characteristics Group T Group C p

Age (years) 32.2 6 5.9 33.8 6 6.2 .64

Body mass index (kg/m2) 22.8 6 1.9 23.0 6 1.8 .62

Indications for surgery, n (%)

Secondary infertility 11 (24.4) 9 (20) .61

Primary infertility 19 (42.2) 22 (48.9) .52

Repeated spontaneous

abortions (.2)

15 (33.3) 14 (31) .82

Length of septum (mm)* 12.6 6 6.4 13.0 6 6.9 .78

Group C 5 patients undergoing metroplasty without an intrauterine palpator;
group T 5 patients undergoing metroplasty with an intrauterine palpator;
SD 5 standard deviation.

Values are given as mean 6 standard deviation or number (%) as appropriate.
* Z measure evaluated by preoperative 3-dimensional transvaginal sonography.
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were removed during the follow-up office hysteroscopy
with scissors or bipolar electrodes (second surgical step).
No correlation between the presurgical length of the
septum (evaluated by 3D-TVS) and surgical outcomes
was reported (Table 3). Isolated mild IUAs were reported
in only 2 patients (1 for each group) and easily cut with
5F scissors.

Discussion

Operative hysteroscopy is the gold standard for the treat-
ment of uterine and vaginal anomalies amenable to surgical
correction. It offers numerous benefits compared with lapa-
roscopic/laparotomic surgery with regard to intraoperative/
postoperative aspects and better reproductive outcomes.

Fig. 5

The CONSORT (Consolidated Standards of Reporting Trials) flow diagram of the enrolled patients.

Fig. 6

Complete metroplasty in a patient in group T (i.e., with the use of a intrauterine palpator). (A) Preoperative evaluation with 3-dimensional ultrasonography

of a U2a uterus with a broad base before hysteroscopic treatment (Z5 16.4 mm and Y5 14.9 mm). Based on these measurements, 2.1 cm of the septum

need to be resected in order to produce a fundal notch measuring 1.0 cm. (B) The novel graduated intrauterine palpator shows that 2.1 cm of the septum have

been sectioned. (C) Postoperative 3-dimensional ultrasonographic evaluation shows a complete resection of the septum (residual septum ,5 mm).
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Among correctable uterine abnormalities, a septate uterus
appears to be the most responsive to surgical treatment in
terms of reproductive outcome. Despite there currently
being no randomized controlled study to assess the effective-
ness of hysteroscopic metroplasty on pregnancy rate and live
birth rate, many other studies throughout the years have
shown a decrease in pregnancy losses and an increase in
live births after surgical correction [16].

The aim of a hysteroscopic section of the uterine septum
is the restitution of a normal uterine cavity; the surgical tech-
nique applied is based on an incision of the septum along the
median plane, starting from the apex and proceeding gradu-
ally toward the fundus. The technique, given a thick septum
with large basis, involves cutting alternately on both sides
while keeping to the same transverse plane, gradually thin-
ning the septum until there is just a thin sheet left, which
is then resected in a laterolateral direction, proceeding
from 1 uterotubal horn toward the other. The most delicate
part of the metroplasty is to decide when to stop the incision
of the septum in order to restore the physiological
morphology and functionality of the uterine cavity while
at the same time maintaining an adequate fundal thickness
(1.0–1.5 cm) [17,18].

Some authors consider dissection complete when the hys-
teroscope can be moved freely from 1 cornual recess to the
other, whereas others consider dissection complete when
both tubal ostia can be viewed simultaneously, even when
the endoscope is in the middle or upper fundus. A few
authors have suggested that the procedure be considered
complete when significant bleeding is observed (even
when anatomic perfection is not achieved) because this indi-
cates that the incision has reached the myometrium [19,20].
However, this approach is based on the misleading concept
that the septum is solely fibrotic in nature, whereas several
reports have shown that the muscular component of the
septum may vary [19,20]. Treatment of a uterine septum,
exclusively based on this rationale, carries the risk of
undertreatment of the anomaly, which may in the end
adversely affect the patient’s reproductive performance.
However, according to some authors, resection of just the
fibrous component of the septum may suffice to restore the
physiological uterine function, and, accordingly, resection
of the remaining muscular component would be
considered an overtreatment. These subjective criteria,
combined with an often lacking or inadequate presurgical
evaluation, are mainly responsible for the high risk of
abnormal anatomic results.

Throughout the years, international literature has mainly
focused attention on the risk of a residual septum, which
generally requires a second surgical step. Whether a residual
septum has an effect on the reproductive outcome has not
been clearly established by international literature. Fedele
et al [5] showed that the presence of a residual septum of
between 0.5 and 1 cm appeared not to worsen reproductive
prognosis compared with women in whom the septum has
been completely or almost completely corrected.
Korm"anyos et al [21] showed that women with a residual
septum.1 cm have an increased chance of successful preg-
nancy with an improved obstetric outcome after normaliza-
tion of the uterine cavity.

The aim of this study was to assess whether the use of pre-
surgical 3D-TVS, in combination with a novel graduated

Table 2

Surgical outcomes

Group T Group C RR 95% CI p

Optimal 32 (71.5%) 19 (41.2%) 1.684 1.116–2.506 .006

Suboptimal 13 (28.5%) 14 (31.1%) 0.929 0.457–1.874 1.0

Incomplete 0 12 (26.7%) 0 0–0.392 ,.0001

CI 5 confidence interval; group C 5 patients undergoing metroplasty without
an intrauterine palpator; group T5 patients undergoing metroplasty with an in-
trauterine palpator; incomplete 5 residual septum was greater than 10 mm or
Z 1 Y . 15 mm (in the case of a baseline length of the septum ,10 mm);
optimal5 the residual septum was less than 5 mm (measure evaluated by post-
operative 3-dimensional transvaginal sonography); suboptimal 5 the residual
septum measured between 5 and 10 mm.

Fig. 7

(A) Incomplete metroplasty of a U2b uterus in a patient in group C (i.e., without the use of a uterine palpator). (B) Postoperative 3-dimensional ultraso-

nography evaluation shows a residual septum of 1.3 cm.
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intrauterine palpator, could improve the accuracy of hyster-
oscopic metroplasty, introducing objective intraoperative
criteria. The choice to integrate hysteroscopic data with
3D-TVS data was motivated by the safety and noninvasive-
ness of 3D-TVS as well as by its high accuracy (class IA of
accuracy) and reproducibility. Indeed, 3D-TVS allows
examination in detail of the outer uterine contour as well
as the distance between the uterine cavity and fundus, with
accuracy comparable with that of laparoscopy [22–28]. In
addition, it provides presurgical objective criteria (length
of uterine septum, fundal thickness, and septum and
uterine cavity volume) that can facilitate and make
hysteroscopic surgery safer. However, it needs to be
emphasized that adequate training in 3D-TVS is crucial
for both correct application of the method and effective
communication between the ultrasonographer and the
hysteroscopist. Furthermore, high-quality and well-
maintained ultrasound equipment is also essential [29].

The graduate intrauterine palpator has been specifically
designed to accurately measure the length of the uterine
cavity, the cervical canal, and the resected septum. It is a
reusable, robust, 5F instrument that can be inserted into
the operative channel of all modern miniaturized hystero-
scopes. The old version of the device had only centimeters
highlighted on it, whereas the new version also indicates
millimeters, thus allowing improvement in the accuracy of
metroplasty.

Some other ‘‘empiric’’ methods (i.e., length of the surgi-
cal equatorial loop, maximal extraction of the surgical loop
[2.5 cm], and length of the tip of the 5F electrode) can be
used to measure the length of the resected septum, but the
new intrauterine palpator offers definitive advantages
including a better view of the resected millimeters/centime-
ters, the possibility to be used also in office procedures
and/or when electrosurgical instruments are not used, and
ease of measurement (i.e., inserting a palpator until the distal
tip touches the uterine fundus while the hysteroscope is pro-
gressively withdrawn toward the internal uterine ostium).

In our study, the use of a graduate intrauterine palpator
combined with a careful presurgical 3-dimensional sono-
graphic evaluation has been shown to improve the accuracy

of hysteroscopic metroplasty, thus reducing the need for
reintervention. The rate of complete metroplasties, including
both optimal (residual septum ,5 mm) and suboptimal
(residual septum 5–10 mm) resections, were significantly
higher in the group in which the intrauterine palpator was
used (p 5 .01).

These results confirm that intraoperative criteria
commonly used by the surgeon to decide when to stop the
section of the septum are largely subjective and biased by
the anatomic characteristics of uterine septa (fibrotic,
muscular, or fibromuscular). Furthermore, this difference
of surgical outcomes between the 2 groups was not related
to the baseline length of the uterine septum. This is in agree-
ment with what has already been published in the literature.
Ludwin et al [13] have recently shown that when no
adhesion barriers are used, the width and surface area of
the septum (more than its length) are predictors of abnormal
anatomic results. However, these predictors are not signifi-
cant if adhesion barriers are used.

Hysteroscopic surgery of mullerian anomalies with a
‘‘double’’ uterine cavity has always been hampered by the
inability to visualize the uterine fundus. This is the reason
why many surgeons continue to use laparoscopy or transab-
dominal/transvaginal or transrectal ultrasonography to
supervise the entire hysteroscopic metroplasty [8]. However,
laparoscopy is not without risk; it is an invasive procedure,
which is performed in the operating room under general
anesthesia. An intraoperative ultrasonographic approach
has the main limit that visualization may be impaired by
the high mobility of the uterus, blood clots, gas bubbles, or
ultrasonic interference with the operative hysteroscope
[30]. Furthermore, when a vaginal or transrectal probe is
used, its proximity to the hysteroscope can interfere with
surgical maneuvers.

On the other hand, in our study, preoperative 3D-TVS
gives the surgeon information regarding the portion of the
Septum to Be Resected (SBR 5 [Z 1 Y] 2 1.0 cm) in order
to maintain an adequate fundal thickness of 1.0 cm. Thus,
using an intrauterine palpator, the surgeon knows exactly
the portion of the septum resected at each instant during sur-
gery and, consequently, has information on the portion of the
septum still to be resected (SBR–the portion of the septum
resected). The choice of leaving a fundal thickness of
1.0 cm is supported by our unpublished data regarding the
fundal thickness of normal and abnormal uteri and a recently
published study [31] showing that the mean fundal uterine
thickness in normal uteri is 12.02 6 2.03 mm.

Another important result of our randomized study is the low
rate of postsurgical adhesions. This could be related to the use
ofminiaturized instruments thatminimize the trauma to the en-
docervix and endometrium and the use of an antiadhesive gel.
The choice of Auto-cross-linked Polyethylene oxide-sodium
Carboxymethylcellulose gel was based on our studies that
have already shown that this barrier method is effective in
reducing postsurgical IUA and also in improving the patency
of internal uterine ostium at follow-up hysteroscopy [14,15].

Table 3

Correlation between the length of the septum and surgical outcomes

Mean length of

septum (mm)

Group T

Mean length of

septum (mm)

Group C p

Optimal (n 5 51) 11.4 6 5.5 12.7 6 6.9 .46

Suboptimal (n 5 27) 15.5 6 5.1 15.0 6 7.1 .84

Incomplete (n 5 12) 0 12 6 4.2 NA

Group C 5 patients undergoing metroplasty without an intrauterine palpator;
NA5 not applicable; group T5 patient undergoing metroplasty with intrauter-
ine palpator.

All data are reported as mean 6 standard deviation.
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The economic impact of our antiadhesion strategy should
be considered, taking into account the significant saving for
the hospital (i.e., readmission of patient for adhesion-related
complications) and clinical patient benefits. Furthermore,
because the quantity of gel required to fill a normal uterine
cavity is much less (i.e., 5–10 mL) than that present within
a standard applicator (i.e., 20 mL), the manufacturer is
developing a new smaller applicator specifically dedicated
for hysteroscopic use. This will result in further cost savings.

Two strengths of the present study are the use of standard-
ized and reproducible 3-dimensional imaging, including
preoperative and postoperative assessment performed by
2 sonographers with a great deal of experience in the field
of mullerian anomalies (CE and GN), and the use of the
same surgical technique by 2 experienced surgeons (ADSS
and SB). This latter aspect is particularly important because
international literature has shown that the occurrence of a
residual septum is greatly influenced by the location of the
surgeon on his or her learning curve [21].

A significant limit of the index study is the lack of data
regarding reproductive outcomes, which could significantly
limit the clinical significance of our results. Despite this, we
strongly believe that in order to address the question of
whether better anatomic results cause an increase in term
deliveries, a long-term follow-up (at least 12 months) and
an accurate pre-enrollment evaluation of all contributing
factors to infertility in order to obtain an homogeneous pop-
ulation are required. However, it should be emphasized that
the results of the index study are a necessary prerequisite to
further and deeply investigate whether better anatomy may
lead to improved endometrial receptivity and/or uterine
capacity to carry a pregnancy to term. This is the main objec-
tive of an ongoing study in our departments where strict
inclusion criteria are adopted (i.e., primary infertility or
recurrent abortions and the presence of a septum as the
only cause of infertility/abortions without any other con-
founding factors).

Conclusions

3D-TVS is generally recognized as the gold standard
technique for the diagnosis of mullerian anomalies. In the
case of uterine septa, it also provides some measurements
that, if combined with intraoperative objective data obtained
by the use of a graduate intrauterine palpator, allow
complete removal of the uterine septum in 1 surgical step.
Further studies are needed to evaluate whether better anat-
omy may result in improved reproductive outcomes.
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