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ABSTRACT

Keywords:

Study Objective: To evaluate the histology of the uterine septum after its complete hysteroscopic excision.

Design: Case series.

Setting: Second Gynecological and Obstetric Unit and Pathological Anatomy Department of the University of Bari, Italy.
Patients: Thirty-five patients aged between 25 and 41 years who were diagnosed with uterine septum by 3-dimensional
ultrasound per the European Society for Human Reproduction and Embryology/European Society of Gastrointestinal
Endoscopy 2013/Salim 2003 criteria. In addition, office hysteroscopy was performed to define the anatomy of the uterine
cavity and to exclude the presence of other endometrial pathologic conditions.

Interventions: Operative hysteroscopic septum resection was performed. The septum was initially incised with an
“L-shape” bipolar electrode with a 5-mm bipolar mini-resectoscope (KARL STORZ SE & Co. KG, Tuttlingen, Germany).
Then, using the bipolar loop, 2 triangles of the septum were excised in parallel, obtaining uninterrupted entire septum-long
strips from the fundus to the apex of the septum. These strips were immediately removed from the uterus and reassembled
in vitro to reconstruct a macroscopic, 3-dimensional structure of the septum for complete morphologic and histologic
evaluations.

Measurements and Main Results: Patients presented with an average body mass index of 24.8 kg/m*and were all nulliparous.
Histologic evaluation of the uterine septa showed a different conformation of the muscle bundles along the septum. Muscle cells
in the apex and edges of the septum were arranged in nodules circumscribed by a thin area of collagen fibers. Medium-sized ves-
sels were distributed in the collagen fibers around the muscle cells. Only few capillary vessels were present in the muscle nod-
ules. This pattern was very similar to the cell arrangement in leiomyomas. In the core of the septa, near the base, the muscle
bundles showed a linear course with concurrent collagen fibers and vessels. All the aforementioned characteristics were consis-
tently present in every patient. On high-power histologic fields (200x ), the muscle portion accounted for 48.3% + 1.8% (mean,
6%) area in the apex and borders to 48.5% =+ 1.3% (mean, 6%) area in the core. Collagen fibers accounted for 27.1% + 1.1%
(mean, 4%) area in the apex and borders to 26.7% =+ 1.3% (mean 5%) area in the core.

Conclusion: By removing the septum as a whole structure, this study allowed us to redefine the concept of the septum as a com-
plex structure according to the islands of muscle fibers irregularly arranged in vertex, in a context of collagen tissue and similar to
the structure of myomas. It appears to deeply involve the anterior and posterior uterine walls, resembling a “reverse letter H.”
Journal of Minimally Invasive Gynecology (2020) 27, 1287—1294. © 2019 Published by Elsevier Inc. on behalf of AAGL.

Office hysteroscopy; Mini-resectoscope; Histology; Septum

Drs. Stefano Bettocchi, Attilio Di Spiezio Sardo, and Rudi Campo are con-  Piazza Giulio Cesare 11, Bari, 70124 Italy.

sultants for KARL STORZ SE Co. KG. The other authors declare that they =~ E-mail: stefano.bettocchi @uniba.it

have no conflict of interest.

Corresponding author: Stefano Bettocchi, MD, Minimal-Invasive Gyneco- Submitted May 21, 2019, Revised October 31, 2019, Accepted for publication
logical Surgery Unit, University of Bari Aldo Moro, Piazza Umberto I, 1, ~ November 9, 2019.

70121, and Azienda Ospedaliero-Universitaria Consorziale Policlinico,  Available at www.sciencedirect.com and www.jmig.org

1553-4650/$ — see front matter © 2019 Published by Elsevier Inc. on behalf of AAGL.
https://doi.org/10.1016/j.jmig.2019.11.019


mailto:stefano.bettocchi@uniba.it
www.sciencedirect.com
www.jmig.org
https://doi.org/10.1016/j.jmig.2019.11.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmig.2019.11.019&domain=pdf

1288 Journal of Minimally Invasive Gynecology. Vol 27, No 6, September/October 2020

The uterine septum is a well-known uterine malformation
with serious implications in reproduction [1—7]. Little infor-
mation is available in the current literature about the histo-
logic characteristics of the septum; moreover, some studies
have shown limited data owing to, in our opinion, poor meth-
odology adopted when collecting samples for biopsy [8—12].
Previous studies have failed to entirely sample the septum,
thus limiting the histologic evaluation to randomly collected
biopsy samples. During the last 30 years, surgical treatment
of uterine septum has been performed by resectoscopic met-
roplasty [13—18], replacing the surgical laparotomy approach
[19—21] with proven and better results in terms of pregnancy
rate, patients’ discomfort, surgical complications, and cos-
metic results [22,23].

Although positive results in terms of reproductive out-
comes have been widely reported [24—27], there is no evi-
dence in the literature of the risks of persistence/recurrence
of an intracavitary spur after hysteroscopic metroplasty,
despite the common evidence of a variable presence of this
spur at follow-up, even when the surgery is performed by
expert surgeons. Understanding the histology of the septum
is mandatory to establish the best surgical approach for hys-
teroscopic metroplasty.

Our group decided to study the different aspects that
could influence the outcome of metroplasty in terms of both
recurrence of the disease and fertility outcome.

The goal of this study was primarily to define the histol-
ogy of the uterine septum (U2.C0.VO class of the European
Society of Gastrointestinal Endoscopy [ESGE]/European
Society for Human Reproduction and Embryology [ESHRE]
2013 Congenital Uterine Anomalies [CONUTA] classifica-
tion [28]) and to study the whole structure up to the fundus,
instead of collecting and studying small, superficial samples
of the septum [8,10].

Materials and Methods

This case series study was performed from November
2016 to June 2018 at the Second Obstetrics and Gynecology
Unit at the University Medical School Policlinico of Bari after
receiving approval of the hospital’s ethics research committee
(Reference 5746). Written informed consent was obtained
from each participant.

Thirty-five patients of reproductive age who were diagnosed
with uterine septum classified as U2.C0.VO per the ESGE/
ESHRE 2013 CONUTA classification using 3-dimensional
(3D) transvaginal ultrasound [28] met the inclusion criteria
and were invited to participate. Thirteen patients outside the
reproductive age and/or with septum involving the cervix
and/or the vagina (C1, C2 and/or V1, V2) were intentionally
excluded from the study to standardize histologic results.
All patients presented to the university’s obstetrics and gyne-
cology office setting.

All included patients underwent initial, diagnostic in-office
hysteroscopy (OH) using a 4-mm hysteroscope (B.I.O.H. or
Bettocchi Size 4; KARL STORZ SE Co. KG, Tuttlingen,

Germany) under a stable intrauterine pressure of 45 mmHg
maintained by a fluid management pump (HYSTEROMAT
E.AS.I; KARL STORZ SE Co. KG); the procedure was per-
formed during the early proliferative phase of the menstrual
cycle (from day 4 to day 9). All the procedures were per-
formed in an office setting without analgesia/sedation or anes-
thesia. An endometrial biopsy was performed under direct
hysteroscopic visualization in all patients.

In addition, the patients underwent, before or after OH,
3D transvaginal (or transrectal) ultrasound with a color/
power doppler (Voluson E10; GE Healthcare, Milwaukee,
WI, and WS80A Elite; Samsung, Seoul, South Korea) dur-
ing the secretory phase of the menstrual cycle (from day 16
to day 22) to enhance 3D contrast. The diagnosis of uterine
septum was established according to the criteria of the
ESGE/ESHRE 2013 CONUTA classification [28].

Surgical hysteroscopic metroplasty was then performed
in the operating room under general anesthesia using a
bipolar 15-Fr mini-resectoscope (KARL STORZ SE Co.
KG) connected to an advanced bipolar generator (Autocon
IIT 400; KARL STORZ SE Co. KG). Intrauterine pressure
was kept stable at approximately 45 mmHg using a dedi-
cated pump (HYSTEROMAT E.A.S.I.; KARL STORZ SE
Co. KG). The surgical procedures were performed during
the early proliferative phase of the menstrual cycle (from
day 4 to day 9).

The septum was initially incised using an “L-shape”
bipolar electrode (KARL STORZ SE Co. KG) up to the
fundal area. The septum was then longitudinally transected
into 2 parts, forming 2 triangles on the anterior and poste-
rior uterine walls, with the base on the fundus and the apex
facing the internal cervical os. Then, using the bipolar loop
(KARL STORZ SE Co. KG), we resected the 2 triangles in
parallel, uninterrupted, long strips from the fundus to the
apex. The strips were removed from the uterus immediately
after the resection and reassembled in vitro to reconstruct
the macroscopic 3D structure of the septum for a complete
morphologic and histologic evaluation (Fig. 1).

Shortly after removal, tissues were fixed in neutral buff-
ered formalin (pH 7.0), dehydrated, and embedded in paraffin
using standard histologic techniques. Sections from formalin-
fixed paraffin-embedded blocks were stained with hematoxy-
lin and eosin, periodic acid—Schiff, and Masson’s trichrome
stains for routine histologic analysis. Serial sections (5 pm)
were processed for immunohistochemistry on Leica Bond-
Max (Leica Biosystems, Wetzlar, Germany) using HRP kits
(Leica Bond Polymer Refine DS9800; Leica Biosystems),
including all buffer solutions (Leica Microsystems, Wetzlar,
Germany). Samples were treated to identify different histo-
logic components of the tissue (CD31, smooth muscle actin,
and desmin-clone) with clone 1A 10 diluted to 1:50 (Novocas-
tra; Leica Biosystems), clone 1A4 diluted to 1:100 (Dako,
Agilent Technologies, Santa Clara, CA), and DE-R-11 diluted
to 1:100 (Novocastra; Leica Biosystems), respectively.

A Reichert microscope (Reichert Technologies, Buffalo,
NY) with a digital camera (JTV Polyvar 2; Zeiss, Oberkochen,
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Scheme explaining the surgical steps: (1) incision/resection of the “Mickey Mouse ears” until (2) the area is completely resected, (3) incision/resection of
the apex of the septum until the central muscular core is reached (during this step the fundal area changes its aspect and becomes flat), and (4) the central
muscular core is finally resected.

The technique

Step 1 Step 2 Step 3 Step 4 Step 5

YAYAYAYAY,

Germany) and a Sony Trinitron monitor (Sony, Tokyo,
Japan) were used for quantitative analysis of immunos-
tained cells. The areas occupied by muscle cells or colla-
gen bundles were counted in 10 microscopic fields (each
measuring 140 x 110 pum, total amplitude: 15400 wm?) at
400 x magnification.

Statistical analysis was performed using Student’s ¢ test.
Descriptive statistics was used to analyze the data.

Results

Our study included 35 patients aged between 25 and 41 years
with an average body mass index of 24.8 kg/m® (Table 1).
All the patients underwent OH at our university center.

A total of 9 patients had an incidental finding of uterine
septum on ultrasound performed for other gynecologic
complaints (3 for pelvic pain and 6 for abnormal uterine
bleeding). These patients were the youngest in the group
and did not wish, at that time, to become pregnant. Our pol-
icy, in this case, was to inform the patients about the
“fertility risks” related to the septum, proposing an early
treatment. The remaining 26 patients (74.29%) were trying
to conceive but had negative results, including in vitro fer-
tilization failure: fifteen (42.86%) had a history of repetitive
spontaneous abortion during the first trimester, whereas 11
(31.43%) were sterile. All patients were nulliparous.

All selected patients had negative results of endometrial
hysteroscopic biopsies, and there were no additional anom-
alies present inside the uterine cavity. The procedure was
successfully completed in all the patients, and no complica-
tions were encountered.

Differential samplings of the uterine septa showed a dif-
ferent conformation of the muscle bundles. In the apex and
borders of the septum, muscle cells were arranged in differ-
ent-sized nodules circumscribed by a thin septa of collagen
fibers. Medium-sized vessels were distributed in the collagen
fibers around the muscle cells. Only a few capillary vessels
were present in the muscle nodules. This pattern was very
similar to the cell arrangement in leiomyomas (Fig. 2).

In the core of the septa, near the base, the muscle bun-
dles showed a linear course, with concurrent collagen fibers
and vessels (Fig. 3). All the aforementioned characteristics
were consistently present in all the patients.

On high-power histologic fields (200 ), the muscle portion
accounted for 48.3% =+ 1.8% (mean, 6%) area in the apex and
borders to 48.5% =+ 1.3% (mean, 6%) area in the core. Colla-
gen fibers accounted for 27.1% =+ 1.1% (mean, 4%) area in the
apex and borders to 26.7% =+ 1.3% (mean, 5%) area in the
core. The differences were not statistically significant (Table 2).

Discussion

By removing the uterine septum as a whole structure, we
were able to define not only its histologic characteristics
but also its macroscopic anatomic structure. Understanding
the histologic characteristics of the septum is mandatory to
determine the best surgical approach.

Previous studies have differed in their conclusions
regarding the histologic differences in different components
of the septum. Dabirashrafi et al [12] conducted a study in
1995 on 16 patients treated with Tompkins metroplasty that
included the histologic analysis of 4 biopsy tissue samples
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Patients’ characteristics

Patient Sterility Recurrent abortion
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Table 1

Occasional diagnosis Age, yr BMI, kg/m?
= 30 22
— 34 25
= 28 22
— 40 28
X 25 24
— 27 25
= 29 21
= 36 26
— 41 29
— 38 29
X 37 26
X 28 26
= 36 25
X 40 26
— 38 28
— 25 29
X 29 25
= 33 26
— 37 21
X 27 22
— 34 28
— 37 26
X 29 28
= 35 19
X 26 24
= 25 24
— 30 25
= 33 23
X 38 19
= 39 29
— 29 24
= 32 25
— 33 22
— 40 29
— 27 20

BMI = body mass index.

obtained (1) from the septum near the serosal layer, (2)
from the midpoint of the septum, (3) from the tip of the sep-
tum, and (4) from the left uterine wall opposite the septum.
A variation in the structural components of the septum has
been described, with cranio-caudal reduction of fibrous
components and an increase of muscular components
toward the apex, where the vessels (defined as “...with
muscular component”) reduced. Our data contrast with
these previously reported findings, showing a variation in
the organization rather than in the relative composition of
the different components. The study published by Dabirash-
rafi et al [12] has limited scientific validity owing to the
small size of the samples analyzed (3—5 mm), lacking a
complete 3D analysis of the septum. In a recent study con-
ducted by Abdel Moety et al [8], 41 patients with primary
infertility or recurrent abortion diagnosed with uterine sep-
tum underwent hysteroscopic metroplasty using a 26-Fr
resectoscope. During hysteroscopy, with the use of 5-Fr

microscissors, isolated superficial tissue fragments (0.5
—1 mm) were collected from the apex, the medial portion,
and the base of the septum. From a histologic point of view,
a variability in the muscular and fibrous components of the
septum has been reported. Compared with controls, there
was an increase in fibrotic tissue in patients with primary
infertility and in the muscular component in patients with a
history of repeated abortions. The study validity was lim-
ited by the biopsy sampling method that allowed only the
evaluation of the superficial layers and not the internal orga-
nization of the septum.

Sparac et al [10] has reported that the septum is a fibro-
muscular structure with slightly more pronounced connec-
tive tissue components in 72.3% of the cases, whereas in
27.6% of cases, the histologic characteristics resembled
those of the normal myometrium. In addition, they have
found numerous blood vessels in the septum, with medium-
wide muscular arteries and enlarged sinusoidal and
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Histologic images of the apex and lateral wall of the septum using dif-
ferent staining preparations. (A) Masson’s trichrome stain: muscle
bundles can be seen in a nodular arrangement with a thin cover of col-
lagen fibers. (B) Smooth muscle actin preparation: the immunohisto-
chemical reaction for smooth muscle antigen reveals the real nodular
arrangement of the muscle cells. (C) CD31: medium-sized vessels in
the collagen fibers are arranged around the muscular nodules, where
only few small vessels are present.

A

capillary spaces. Again in this study, the methodology used
to collect the samples was not designed to study the entire
structure of the septum: only the distal part of the septum
was included, and using a monopolar loop, 1 or 2 specimens
measuring 5 to 8 mm in length and 4 to 5 mm in width were
collected, whereas the rest of the septum was resected with
a monopolar needle.

In contrast, thanks to the technique we used to excise the
septum, we were able to analyze the entire uterine septum,
providing a complete evaluation of the structure from both
a histologic and a structural point of view. Moreover, by

Histologic images of the core of the septum, obtained with different
preparations. (A) Masson’s trichrome stain: linear arrangement of the
smooth muscle cells similar to that of the normal myometrium can be
seen. (B) Smooth muscle actin preparation: the arrangement of muscle
cells is very linear. (C) CD31: linear arrangement of the vessels is seen
among the collagen fibers.

combining the histologic results with our findings during
the resection of the septum, we were the first to study the
3D structure of the septum in vitro. Accordingly, we believe
it should no longer be considered as a spur in the middle of
the uterine cavity but as a real 3D structure located in the
myometrium.

The septum has a “myoma-like” component with vari-
able thickening, characterized by muscle cells arranged in
nodules of different sizes circumscribed by a thin septum of
collagen fibers. Medium-sized vessels are distributed in the
collagen fibers around the muscle cells, and only a few cap-
illary vessels are present in the muscular nodules. This
component is mostly present at the uterine fundus, where it



Table 2

Comparison between the presence of muscle and fibrotic tissue in the apex and core of the uterine septum
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40
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37
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35
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29
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33
40
27
Mean
SD
Range

Apex, %M

46
49
51
51
46
50
48
46
48
49
47
46
51
47
46
50
48
48
48
46
49
47
49
49
49
47
50
49
46
52
47
50
48
49
48
48.3
1.8
6

Core, %M

48
51
50
49
49
50
50
48
49
51
49
48
53
49
49
51
50
51
50
48
49
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50
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A 2-dimensional structure of the uterine septum.

I Normal Myometrium

B Myoma-like tissue

I Central core with linear muscle fibers

“Mickey Mouse” ears

forms 2 large circular structures that we have denominated
“Mickey Mouse ears,” then reduces while caudalizing, and
thickens once again at the level of the free distal margin
(Fig. 4). Furthermore, at the cranial portion of the septum
and between the “Mickey Mouse ears,” we demonstrated
the presence of a notch of “good” muscle near the normal
myometrium, which was differentiated by the arrangement

“H” shape of the septum.

Previous concept

of muscle fibers (Fig. 4). In the normal myometrium, mus-
cle fibers appear as a crossed section, whereas in this area,
muscle fibers have a parallel distribution. These findings
explain why the septum presents a variable and irregular
vascularization in ultrasound imaging, i.e., owing to the
presence of low-flow vessels, which correlates with our
now described histologic structure.

Our concept




1294 Journal of Minimally Invasive Gynecology. Vol 27, No 6, September/October 2020

Conclusion

By removing the septum as a whole structure, this study
allowed us to redefine the concept of the septum as a com-
plex structure according to islands of muscle fibers irregu-
larly arranged in vertex, in a context of collagen tissue and
similar to the structure of myomas. It appears to deeply
involve the anterior and posterior uterine walls, resembling
a “reverse letter H” (Fig. 5).

We consider this study as the first step in more complex
research devoted to the uterine septum. These data should
pave way for the development of new surgical techniques
and promote a re-evaluation of the endometrial function
and its impact on fertility.
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