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Background: Hysteroscopic adhesiolysis (HA) remains the mainstay of treatment for intrauterine
adhesions (IUA). In cases of moderate or severe IUA, the assistance of various adjunctive aids are usually
sought to improve HA’s success rate. Among these, intraoperative transabdominal ultrasound (TAS) is the
most common; however, it has certain limitations. Preoperative three-dimensional transvaginal ultrasound
(3D-TVUS) has been accepted as a non-invasive way to provide accurate information about the uterine
cavity. This prospective, non-randomized controlled study will assess the effects of pre-operative 3D-TVUS
prior to HA in improving the surgeon’s intraoperative judgement.

Methods: A total of 362 patients, who met the inclusion criteria, aged between 18 and 45 years and
diagnosed with moderate or severe IUA underwent HA at our hospital from March 2018 to December
2018. Participants were divided into 2 groups; the study group; n=182 performed 3D-TVUS evaluation
prior to HA, and the control group; n=180 underwent HA without preoperative 3D-TVUS evaluation. The
following basic information were collected prospectively for both groups: age, parity, history of abortion,
degree of TUA, surgical complications and number of hysteroscopic interventions. The data obtained
from 3D-TVUS in the study group was carefully studied at the preoperative stage by the operator and was
integrated into intraoperative findings, further assisting with intraoperative decisions. The guiding value of
preoperative 3D-TVUS for HA was evaluated by comparing and analyzing the postoperative exposure rate
of clearly visible tubal ostia between the groups.

Results: Based on the basic information (P>0.05) collected preoperatively, there were no statistically
significant differences between the groups. Postoperatively, the study group had a better surgical success rate
with a more significant AFS score reduction (4.71+2.05; P<0.0001) and better morphological restoration
of the uterine cavity, with more adhesion-free uterine horns and more clearly visible fallopian tube ostia
(P<0.0001) following HA.

Conclusions: This study showed that preoperative 3D-TVUS evaluation helped the hysteroscopists with
their intraoperative decision-making while carrying out HA. In comparison to those who did not perform
preoperative 3D ultrasound, those who underwent 3D-TVUS evaluation had a better surgical success rate in

retrieving the fallopian tube ostia and the restoration of normal uterine cavity morphology.
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Introduction

Intrauterine adhesions (IUA) refer to partial or
complete adhesions which occur between the uterine
walls and may result in several clinical manifestations
such as hypomenorrhea, amenorrhea, dysmenorrhea,
low abdominal pain, sub-fertility/infertility, recurrent
abortions, premature delivery, and abnormal placental
implantation. IUA can be either primary, after pregnancy-
related curettage or hysteroscopic surgery, or secondary,
re-occurring after adhesiolysis has been performed (1,2).
Dilation and curettage (D & C) after miscarriage accounts
for 93% of IUA (3). IUA are significant but usually (partly)
correctable cause of infertility. When they are treated,
fertility outcomes can be improved and symptoms can
be relieved or resolved. Accurate identification of the
extent and character of adhesions and reliable diagnostic
tools for assessment of the uterine cavity is a necessary
first step in improving adhesiolysis success rates. Several
diagnostic modalities have been proposed for the diagnosis
of IUA: hysterosalpingography (HSG), saline infusion/
contrast sonohysterography (SHG), 3-D ultrasonography,
diagnostic hysteroscopy and magnetic resonance imaging
(MRI). Diagnostic hysteroscopy is considered the gold
standard among these studies as it more accurately confirms
the presence, extent, and morphological characteristics
of adhesions, as well as the quality of the endometrium,
and helps in classification and concurrent treatment
of IUA (4). However, there are disadvantages with
diagnostic hysteroscopy, the most important of which is
its inability to access and assess the intrauterine cavity
in cases of severe cervical stenosis and severe IUA. This
is a particular problem with lower segment obliteration,
when the hysteroscope is unable to reach the cavity
beyond the point of obliteration. Moreover, it is associated
with complications such as cervical laceration, uterine
perforation, bleeding, reactions to the distention media,
and anesthesia. Surgery is considered as the main therapy
for IUA, with no role for medical management. Lysis of
IUA under direct hysteroscopic visualization is considered
as the treatment of choice for ITUA (4). HA aims to restore
a normal uterine cavity, prevent recurrence of adhesions,
normalize menstrual flow and improve reproductive
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outcome. Filmy adhesions (especially central cavity lesions)
can be bluntly lysed with cavity distension and by the tip
of the hysteroscope or blunt dissecting forceps. In cases of
severe adhesions where various segments are inaccessible
or at least one of the ostia cannot be seen or retrieved, or
in cases of cervical stenosis, however, HA proves to be very
challenging, and can result in difficulties with intraoperative
judgement and surgical complications. When the severity of
the adhesion hinders the procedure, the assistance of TAS
is usually sought. In cases of severe IUA, intraoperative
ultrasound monitoring is very important for HA; however,
the timing for ultrasound is not ideal in the proliferative
phase, as the endometrium is very thin during this particular
period. Furthermore, the imaging quality of portable TAS is
usually not very appreciable and is unable to provide precise
information intraoperatively, unlike preoperative three-
dimensional transvaginal ultrasound (3D-TVUS), which
allows the operator to place a high-frequency endocavitary
ultrasound transducer in close proximity to target pelvic
organs, thus improving image resolution. With the advent
of high-resolution vaginal probes, 3D-TVUS has recently
been adopted in the gynecological sciences. By enabling
multiplanar displays, which simultaneously visualize
the three orthogonal scan planes, 3D-TVUS boasts the
additional advantage of being able to obtain anatomical
views which are often unattainable by TAS or 2D-TVUS
and also due to the fact that the coronal plane is easily
accessible. The coronal views show the relationship between
the endometrium and the myometrium at the uterine
fundus, delineate the entire cervical canal and visualize
the cornual angles. Intraoperative 2D-TVUS/3D-TVUS,
however, would lengthen the duration of HA, potentially
resulting in fluid overload. Instead, preoperative 3D-TVUS
during the mid-menstrual phase would be more informative
and accurate as it can be performed for a longer period with
better image quality. Ultrasonographic data can be rapidly
acquired preoperatively and stored for retrospective analysis
with no loss of information. One can also “scroll” in real-
time through the acquired volume that can be rotated and
magnified. 3D-TVUS can give the surgeon preoperative
detailed information about the cavity including which
segments are obliterated, the extent of obliteration and
the functional state of the endometrium. 3D-TVUS is
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considered as an optimal diagnostic test as it is non-invasive,
safe, painless, widely available, inexpensive and applicable
to all women regardless of their pretest probability of
having a particular condition of interest. Most importantly,
3D-TVUS can explore the areas where a hysteroscope may
have difficulties reaching, avoiding possible errors by the
surgeon which could lead to failure to retrieve the fallopian
tube ostia, create a false passage or even cause uterine
perforation. To the best of our knowledge, there has been
no published literature focusing on the use of preoperative
3D-TVUS in intraoperative judgement during HA in IUA
patients. In this study, we used the data obtained from
3D-TVUS to make proper surgical planning, informed the
patients about the current condition of their endometrial
cavity and the potential course of their treatment, and
capitalized on the information retrieved for intraoperative
judgement while also minimizing risks and complications

during HA.

Methods
Patients

This study was designed as a prospective non-randomized
controlled study. Patients were collected from March, 2018
to December, 2018. After strict screening, 362 patients
with IUA who met the inclusion criteria were enrolled.
Of these, 182 patients received transvaginal 3D-TVUS
examination during the secretory phase of their menstrual
cycle before their operation (study group), and 180 patients
did not receive transvaginal 3D-TVUS examination before
their operation (control group). All 3D-TVUS images were
reconfirmed by the same senior and experienced doctor.

Inclusion criteria

(I)  Aged 18-45 years, fertility seeking patients or patients
with menstrual outflow obstruction.

(II) Diagnosed as IUA by diagnostic hysteroscopy with
AFS score ranging from 5 to 12.

([I) Atleast one unilateral fallopian tube ostium is not visible,
confirmed by preoperative diagnostic hysteroscopy.

Exclusion criteria

(I) Cervical or endometrial lesions.

(II) Serious heart, liver or renal insufficiency.

(IIT) Patients with serious nervous system diseases, who
are unable to take care of themselves in daily life or
unable for undergo relevant treatment.
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(IV) Surgical intolerance or inability to follow the doctor’s
advice for review or follow-up.
(V) Congenital malformation of uterus.

3D-TVUS examination

GE VOLUSON ES8 ultrasound instrument (GE Healthcare
GmbH & Co OG, Tiefenbach, Styria, Austria) with the
two-dimensional volume probe in the cavity and the real-
time three-dimensional volume probe were used for the
preoperative three-dimensional ultrasound examination.
Patients from the study group underwent preoperative
transvaginal 3D-TVUS during the secretory phase of
the menstrual cycle, using 7.5 MHz IC5-9D vaginal
probe. During the examination, the patients emptied
their bladder and were placed in the lithotomy position.
Routine two-dimensional ultrasonographic examination
was performed first. During 2D-ultrasound, the integrity of
the endometrial layer was assessed to look for disruptions
of the endometrial-myometrial junction. Adhesions on
ultrasound are seen as bands of myometrial tissue traversing
the endometrial cavity and adjoining the opposing uterine
walls. After rotating the real-time three-dimensional
volume probe, the panoramic technology was used to obtain
the overall image information and select the target area.
During the 3D-ultrasound examination, IUA are seen with
the characteristic appearance of hyperechoic areas within
the endometrium. Finally, the information was stored on a
removable hard disk for further evaluation and calculation.

Surgical procedure

Hysteroscopic adhesiolysis (HA) was performed within
3-7 days following menstruation, with the patient
placed in the lithotomy position and given intravenous
anaesthesia. Patients fasted for 6-8 hours before surgery.
A sterile saline solution was used to distend the uterus.
Distension pressure was 110-120 mmHg with a flow
rate of 300-350 mL/min. The operation was monitored
by transabdominal ultrasound (TAS). After routine
disinfection and draping, hysteroscopy was carried out
using an operative hysteroscope with an outer sheath
diameter of 5.4 mm and a 5-Fr working channel (KARL
STORZ SE & Co. KG, Tuttlingen, Baden-Wiirttemberg,
Germany). The hysteroscope was introduced into the
cervical canal through the cervix with the aim of reaching
the intrauterine cavity. The adhesions located in the
central part of the uterine cavity were usually dissected
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Figure 1 A uterine-shaped stainless-steel IUD. IUD, intrauterine

device.

Figure 2 A double channel, 12-Fr Foley catheter balloon, with the

top catheter portion beyond the balloon removed.

first and then the lateral adhesions were cut up. First, tubal
ostia, which is the anatomical landmark during HA, needed
to be retrieved with or without preoperative 3D-TVUS.
Then, upon its visualization, the adhesions could be easily
dissected. In cases of intrauterine anatomy distortion
caused by adhesions, 5-Fr double action forceps were used
under TAS monitoring, using a blunt spreading dissection
technique (5) to separate the adhesions and anatomically
reveal the uterine cavity. If the intrauterine anatomy was
clear, the IUA were separated with 5-Fr single action
sharp scissors and the scar tissue covering the intrauterine
wall was treated with a “cold scissors ploughing
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technique” (6) until the entire uterine cavity had been
opened successfully with clearly visible bilateral fallopian
tube ostia. A uterine-shaped stainless-steel intrauterine
device (IUD) (Figure 1) was then inserted into the uterine
cavity, with its position checked via hysteroscopy to ensure
that the size of the IUD matched the uterine cavity size
and that the IUD was correctly positioned (7). A double
channel, 12-Fr Foley catheter balloon, with the top
catheter portion beyond the balloon removed (Figure 2),
was inserted into the uterine cavity and distended using
2.5 mL of sterile saline with the balloon in the center
of the uterine-shaped IUD. Three mL hyaluronic acid
gel was then injected into the uterine cavity through the
catheter. Postoperatively, the intrauterine balloon was kept
in place for 7-14 days for patients with severe IUA and for
2-3 days for patients with mild and moderate IUA. For
patients with only lower segment IUA, no IUD was used,
and instead, a distended Foley catheter balloon was left in
situ for up to 3 weeks.

Postoperative follow up bysteroscopy recommendation:

For patients with an AFS score >8, a two-time follow-
up strategy was implemented (the first follow-up is done
one month after initial surgery, and the second one, 3
months after the first follow up hysteroscopy). For those
with an AFS score <8, a one-time follow-up strategy was
conducted (after 3 months of the initial surgery). During
the last hysteroscopic follow-up procedure, hysteroscopic
tubal catheterization and hydrotubation was performed
to diagnose tubal patency following HA. Patients were
followed up to one year after the last hysteroscopic
intervention or until further improvement was likely to be
impossible.

Statistical analysis

Statistical software SAS.9.4 was used to analyze the
collected data. Binary logistic regression analysis and
logistic regression analysis of unordered independent
categorical variables were used in this study, and a Wilcoxon
rank-sum test was used for variables that did not meet the
requirements of a normality test. In addition, Pearson chi-
square test or Fisher’s Exact test was used to examine the
association between categorical variables. A P value <0.05
was considered statistically significant and all statistical tests
were two-tailed.
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Table 1 Analysis of variables between groups with unilaterally
invisible tubal ostium

Variables Control group Study group P value
Age 0.2674
Mean + SD 32.47+4.71  31.60+4.86

Median [min, max] 32.0[23, 43] 31.0[22, 46]

Gravidity 0.7429
Mean + SD 3.38+1.75 3.32+1.76
Median [min, max] 3.0[0, 10] 3.0 [0, 11]
Parity 0.7031
Mean + SD 0.74+1.43 0.58+0.81
Median [min, max] 0.0[0, 9] 0.0 [0, 4]
Abortion 0.6715
Mean + SD 2.47+1.49 2.47+1.74
Median [min, max] 2.0[0,7] 2.0[0, 10]
Menstruation 0.0851
Normal menses 10 (13.51%) 7 (9.33%)
Hypomenorrhea 62 (83.78%) 60 (80.00%)
Amenorrhea 2 (2.70%) 8 (10.67%)
Total 74 (100.00%) 75 (100.00%)
Preoperative cornual adhesions <0.0001
No adhesion 30 (40.54%) 9 (12.00%)
Unilateral adhesions 43 (58.11%) 65 (86.67%)
Bilateral adhesions 1(1.35%) 1 (1.33%)
Total 74 (100.00%) 75 (100.00%)
Preoperative AFS score 0.0969
Mean + SD 8.58+1.68 9.12+1.59
Median [min, max] 8.0 [5, 12] 10.0 [6, 12]
Causes of IUA 0.5939

Dilatation and curettage 64 (86.49%) 67 (89.33%)

Other uterine cavity 10 (18.51%) 8 (10.67%)

operation

Total 74 (100.00%) 75 (100.00%)
Results

Surgical outcomes of unilaterally invisible tubal ostinm

Analysis of variables between groups with unilaterally
invisible tubal ostium

The median (z SD) ages of women at the time of
adhesiolysis were 31.60+4.86 and 32.47+4.71 years for
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the study group and the control group, respectively
(P=0.2674). Preoperative mean AFS scores were 9.12+1.59
and 8.58+1.68 for the study group and the control group,
respectively (P=0.0969). There were no statistically
significant differences between the groups in terms
of pregnancy history, menstruation and uterine cavity
operations preoperatively (P>0.05), but for the study group,
the cornual adhesions were more serious than those of the
control group (P<0.0001) (details in 7able I).

Multivariate logistic regression analysis of variables
affecting retrieval rate of the unilaterally invisible
fallopian tube ostium

The variables with P<0.1 in univariate analysis were put
into the logistic regression analysis model, including
menstruation, preoperative AFS score, 3D-TVUS, and
preoperative cornual adhesions. Multivariate logistic
regression analysis showed that: 3D-TVUS was the main
factor that influenced the postoperative exposure rate of
clearly visible tubal ostia (P=0.0121, OR =3.271, 95% CI:
1.296-8.251) (details in Table 2).

Surgical outcomes of bilaterally invisible tubal ostia

Analysis of variables between groups with bilaterally
invisible tubal ostia

The median (¢ SD) ages of women at the time of
adhesiolysis were 32.27+5.02 and 32.38+4.83 years for the
study group and the control group, respectively (P=0.8783).
Preoperative mean AFS scores were 10.07+1.43 and
10.02£1.59 for the study group and the control group,
respectively (P=0.8962). There were no statistically
significant differences between the groups in terms of
pregnancy history, menstruation and preoperative uterine
cavity surgeries (P>0.05), but the cornual adhesions of the
study group were more serious than those of the control

group (P=0.0196) (details in Table 3).

Multivariate logistic regression analysis of variables
affecting retrieval rate of the bilaterally invisible
fallopian tube ostia

The variables with P<0.1 in univariate analysis were put
into the logistic regression analysis model of ordered
classification, including both groups and preoperative
cornual adhesions. Multivariate logistic regression
analysis including preoperative: cornual adhesion and
bilateral adhesions of tubal ostia showed that 3D-TVUS
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Table 2 Multivariate logistic regression analysis of variables affecting retrieval rate of unilaterally invisible fallopian tube ostium

Effect Degree of freedom Estimate Standard error Wald Chi-square 95% Cl P value
Type 3 effect analysis
Menstruation 2 1.2850 0.5260
Preoperative AFS score 1 3.6986 0.0545
Group 1 6.2979 0.0121
Maximum Likelihood estimate
Menstruation
Hypomenorrhea 1 0.9046 0.8339 1.1768 0.2780
Amenorrhea 1 1.4542 1.3867 1.0997 0.2943
Preoperative AFS score 1 -0.3528 0.1835 3.6986 0.0545
Group: study group 1 1.1849 0.4722 6.2979 0.0121
Odds ratio estimate
Menstruation
Hypomenorrhea vs. normal menses 2.471 0.482-12.666
Amenorrhea vs. normal menses 4.281 0.283-64.845
Preoperative AFS score 0.703 0.490-1.007
Group: study group vs. control group 3.271 1.296-8.251

and preoperative cornual adhesions were the main
factors that affect postoperative exposure rate of clearly
visible tubal ostia (group: P<0.0001, OR =84.638, 95%
CI: 26.940-265.905; preoperative unilateral cornual
adhesion: P=0.0006, OR =15.372, 95% CI: 3.228-73.189;
preoperative bilateral cornual adhesions: P<0.0001, OR
~46.849, 95% CI: 13.240-165.778) (details in Tuble 4).

Postoperative retrieval rate of fallopian tube ostia and AFS
score reduction

Postoperatively, mean AFS scores were 4.97+2.53 and
6.35+2.89 for the study group and the control group,
respectively. AFS reduction in the study group was better
than in the control group; 4.71£2.05 and 3.05+2.21
respectively with a significant P value of <0.0001. There
were 149 patients (74 in control group and 75 in study
group) with unilateral invisible fallopian tube ostium
preoperatively and 213 patients (106 in control group and
107 in study group) with bilateral invisible fallopian tube
ostia preoperatively. For the study group, with the help
of preoperative 3D-TVUS the entire uterine cavity has
been more significantly and successtully opened with more
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clearly visible fallopian tube ostia: (details in 7able 5). Rank
variance analysis showed that preoperative transvaginal 3-D
ultrasound was the most important factor for AFS score
reduction (details in Tibles 6,7).

Discussion

HA is considered as the criterion standard in the management
of IUA as it enables the lysis of adhesions under direct vision
and with magnification (8). The primary objective of this
intervention is to restore the normal volume, shape of the
intrauterine cavity and cervical canal, and to access and
visualize the fallopian tubes ostia, which are the anatomical
landmarks during HA. Difficulties arise in cases of moderate
or severe IUA, when unilateral or bilateral ostia cannot be
seen during diagnostic hysteroscopy or in cases of complete/
extensive obliteration of the uterine cavity and cervical canal
stenosis when the hysteroscope cannot be inserted beyond
the point of obliteration. Under such circumstances, the
intrauterine anatomy is usually distorted and the anatomical
landmarks are not recognizable, posing a significant
challenge for the hysteroscopist. As these conditions can
cause difficulties in intraoperative decision-making, any
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Table 3 Analysis of variables between groups with bilaterally
invisible tubal ostia

Variables Control group Study group P value
Age 0.8783
Mean + SD 32.38+4.83  32.27+5.02
Median [min, max] 32.5[23, 43] 33.0[20, 42]
Gravidity 0.6702
Mean + SD 3.40+1.84 3.46+2.34
Median [min, max] 3.0[1, 10] 3.0[0, 12]
Parity 0.4534
Mean + SD 0.63+0.69 0.72+0.79
Median [min, max] 1.0[0, 4] 1.0 [0, 5]
Abortion 0.5179
Mean + SD 2.57+1.72 2.53+2.04
Median [min, max] 2.0[0, 9] 2.0 [0, 11]
Menstruation 0.5164
Normal menses 0 (0.00%) 4 (3.74%)
Hypomenorrhea 79 (74.53%) 77 (71.96%)
Amenorrhea 27 (25.47%) 26 (24.30%)
Total 106 (100.00%) 107 (100.00%)
Preoperative cornual adhesions 0.0196
No adhesion 25(23.58%) 10 (9.35%)
Unilateral adhesions 6 (5.66%) 7 (6.54%)
Bilateral adhesions 75 (70.75%) 90 (84.11%)
Total 106 (100.00%) 107 (100.00%)
Preoperative AFS score 0.8962
Mean + SD 10.02+1.59  10.07+1.43
Median [min, max] 10.0 [5, 12] 10.0[6, 12]
Causes of IUA 0.8150
Dilatation and curettage 90 (84.91%) 88 (82.24%)

Other uterine cavity 16 (15.09%) 19 (17.76%)
operation
Total 106 (100.00%) 107 (100.00%)

IUA, intrauterine adhesion.

attempt of entry might lead to failure to retrieve the cavity
and ostia, creation of false passages, uterine perforation and
entail several other risks.

Several techniques have been proposed to lyse adhesions.
Coccia et al. in 2001 reported that IUA patients can be
treated by Pressure Lavage under Ultrasound Guidance
(PLUG) method using the distention medium used
for hysteroscopy for adhesiolysis (9). The Seldinger
technique (10) under ultrasound (US) guidance followed by
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balloon-aided cervical dilation has also been proposed for
treatment of [UA. But both of the aforesaid techniques are
useful only for treatment of mild adhesions and have low
efficiency in treatment of moderate to severe adhesions.
For moderate to severe IUA, the myometrial scoring
method was proposed, in which a series of 6-8 incisions are
made on the myometrium, from the fundus to the isthmus
to a depth of 4 mm using a Collins knife electrode (11).
However, as electrosurgical energy poses a risk of
endometrial destruction and there is a tendency for IUA
to reoccur, its use is not recommended for fertility-seeking
patients (6). Roy et al., in 2010, reported on 89 infertile
patients with IJTUA who underwent HA with concomitant
laparoscopy (12). They stated that concurrent laparoscopy
is helpful for confirming tubal patency and ruling out
other pelvic pathologies to elucidate the boundaries of
adhesiolysis by observing the transillumination. However,
they encountered 2 cases of uterine perforation during the
procedure. Thomson et 4l., in 2007 reported on 30 patients
with IUA who underwent HA under fluoroscopic guidance,
which allows the surgeon to view islands of endometrium
behind scar tissue in an obliterated uterine cavity. The use
of a Tuohy needle is used in parallel to hysteroscopy (13,14)
through which a radiopaque dye is injected into an area
of dense scar at the point where the cavity is obliterated.
Any pockets of endometrium beyond the adhesive area can
then be identified using fluoroscopy and this area can be
opened up by sharp dissection under hysteroscopic view (13).
However, fluoroscopy can result in relatively high doses of
radiation, especially for complex interventional procedures
which require its administration for a longer period of time.
Another limitation of this technique is that it involves the
use of an image intensifier and requires the presence of a
radiographer throughout the HA procedure. Studies have
shown that HA under laparoscopic or fluoroscopic guidance
is not necessary to reduce the risk of uterine perforation (15).
Rather, the use of TAS during HA is a preferred and
current option as it is non-invasive. TAS has been described
as a technique to guide hysteroscopic division of IUA
(16,17) and the availability and familiarity of sonography to
gynecologists makes this option easy to implement. In our
study, concomitant TAS was performed on every patient
intraoperatively to guide the extent of adhesiolysis.
However, TAS has its limitations; the 2D imaging
quality of portable TAS is not very accurate or informative
during the proliferative phase of the menstrual cycle;
during which the endometrium is very thin. Moreover,
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Table 4 Multivariate logistic regression analysis of variables affecting retrieval rate of the bilaterally invisible fallopian tube ostia

Effect Degree of freedom Estimate Standard error Wald Chi-square 95% Cl P value

Type 3 effect analysis
Group 1 57.7457 <0.0001
Preoperative cornual adhesions 2 35.5981 <0.0001
Maximum Likelihood estimate
Group: study group 1 4.4384 0.5841 57.7457 <0.0001
Preoperative cornual adhesions
Unilateral adhesions 1 2.7325 0.7962 11.7783 0.0006
Bilateral adhesions 1 3.8469 0.6448 35.5981 <0.0001
Odds ratio estimate
Group: study group vs. control group 84.638 26.940-265.905
Preoperative cornual adhesions
Unilateral adhesions vs. no adhesion 156.372 3.228-73.189
Bilateral adhesions vs. no adhesion 46.849 13.240-165.778

Table 5 Postoperative retrieval rate of fallopian tube ostia and AFS score reduction

Preoperative variables Postoperative status Control group Study group OR (95% ClI) P value
Unilateral uterine horn Unilateral adhesions 28 (57.14%) 11 (15.28%) Reference
adhesions Bilateral adhesion-free 21 (42.86%) 61 (84.72%) 7.394 (3.142-17.398) <0.0001
Total 49 (100%) 72 (100%) -
Bilateral uterine horn adhesions Bilateral adhesions 57 (75%) 14 (15.38%) Reference
Unilateral adhesions 9 (11.84%) 14 (15.38%) 6.333 (2.281-17.586) 0.0004
Bilateral adhesion-free 10 (13.16%) 63 (69.23%) 25.650 (10.564-62.279) <0.0001
Total 76 (100%) 91 (100%) -
Unilateral invisible ostium of Unilateral invisible 57 (77.03%) 46 (61.33%) Reference
fallopian tube Bilateral visible 17 (22.97%) 29 (38.67%) 2.114 (1.035-4.315) 0.0398
Total 74 (100%) 75 (100%)
Bilateral invisible ostia of Bilateral invisible 83 (78.3%) 30 (28.04%) Reference
fallopian tubes Unilateral invisible 18(16.98%) 38 (35.51%) 5.841 (2.903-11.752) <0.0001
Bilateral visible 5 (4.72%) 39 (36.45%) 21.579 (7.779-59.864) <0.0001
Total 106 (100%) 107 (100%) -
AFS score Mean + SD 6.35+2.89 4.97+2.53 <0.0001*
Median [min, max] 6[2,12] 5[0, 12]
AFS score reduction Mean + SD 3.05+2.21 4.71+£2.05 <0.0001*
Median [min, max] 31[2,9] 51[0,10]
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Table 6 Rank variance analysis of AFS score reduction (part I)

Variables Control group Study group P value
Preoperative AFS score 0.0969
Mean + SD 8.58+1.68 9.12+1.59
Median [min, max] 8.0 [5, 12] 10.0 [6, 12]
Postoperative AFS <0.0001*
score
Mean + SD 6.35+2.89 4.97+2.53
Median [min, max] 6[2,12] 5[0, 12]
AFS score reduction <0.0001*
Mean + SD 3.05+2.21 4.71+2.05
Median [min, max] 3[-2,9] 5[0, 10]

Table 7 Rank variance analysis of AFS score reduction (part IT)

Effect Degree of freedom Estimate P value

Group 1 43.2971 <0.0001
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uterine perforation was reported in as many as 5% of cases
(17-19) when TAS was used as the sole adjunctive aid
during HA. This led us to adopt a different non-invasive
approach; through preoperative 3D-TVUS as it provided
detailed information about the location, extent and degree
of adhesions within the uterine cavity. Depending on the
location of the adhesions, surgical decisions can be made
preoperatively and implemented intraoperatively. From
the data obtained from 3D-TVUS, the surgeon anticipates
what to see and where to anticipate adhesions. The absence
of an expected finding in a specific area or segment might
indicate that the hysteroscope is not in the proper layer
or location. In our study, a case of previously failed HA,
where the left cornual cavity could not be identified, was
sent for a 3D-TVUS, which demonstrated the cornual
cavity clearly. We estimated that most probably the
direction of the surgery was wrong initially or the surgeon
did not reach the proper depth of the anatomy. For the
repeat surgery, data from 3D-TVUS was interpreted
preoperatively and was used intraoperatively to successfully

Figure 3 Data from 3D-TVUS was interpreted preoperatively and was used intraoperatively to successfully reveal the left cornual cavity.

(A) The image of 3D-TVUS showed the left cornu was visible but its location was deeper than normal, and the right cornu and tubal ostium

were faintly visible; (B) the left cornu and tubal ostium were not visible during hysteroscopy; (C) with the help of preoperative 3D-TVUS,

our hysteroscopist separated adhesions at the left cornu; (D) a clearly visible tubal ostium was exposed. 3D-TVUS, three-dimensional

transvaginal ultrasound.

© Annals of Translational Medicine. All rights reserved.
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Figure 4 3D-TVUS guides and informs the operator about the condition of the endometrium and the uterine cavity beyond the point of

obliteration. (A) 2D-TVUS showing a normal sized uterus with normal contour, a smooth surface and uneven endometrial thickness; (B)

3D-TVUS showing that the lower part of the uterine cavity is closed, the middle section is narrowed, and the endometrium is continuously

interrupted. However, both cornual angles are clear. 3D-TVUS, three-dimensional transvaginal ultrasound.

reveal the left cornual cavity (Figure 34,B,C,D). Apart
from the size and contour of the uterus, 3D-TVUS is
indicative of the distance between the uterine isthmus and
fundus, the intercornual distance, the presence or absence
of healthy endometrium in different segments of the
uterine cavity. Hysteroscopists are often blinded by severe
lower segment adhesions/obliteration and not only face
difficulties in retrieving tubal ostia or reaching the uterine
cavity but are also unaware what to expect in the middle
and upper segments. 3D-TVUS guides and informs the
operator about the condition of the endometrium and the
uterine cavity beyond the point of obliteration and can
also indicate the distance between the point of obliteration
and ostium (Figure 44,B). 3D-TVUS can analyze and
explore areas where the hysteroscope cannot reach. It can
not only demonstrate the angular cavity clearly but can
also inform the hysteroscopist about its condition. From
time to time, in cases of lower segment uterine cavity
obliteration or severe IUA, a false passage may be created.
When the latter is diagnosed preoperatively with the aid
of 3D-TVUS, the hysteroscopist knows exactly where to
expect the false passage and necessary precautions can be
taken intraoperatively so as to recognize it and prevent
perforation.

In our study, the study group consisted of patients
with higher mean AFS scores than those in the control
group, yet we noted that, postoperatively, their mean
AFS score and mean AFS score reduction were better;
4.97+2.53 and 4.71£2.05, respectively, with P value
<0.0001 in both instances. The retrieval and visibility of
fallopian tube ostia were more significant in the study
group. No cases of uterine perforation were noted during
HA in our study. As our findings are encouraging, we

© Annals of Translational Medicine. All rights reserved.

would recommend for all patients to undergo routine
3D-TVUS examinations prior to HA and a diagnostic
hysteroscopy would less likely be needed.

Conclusions

Preoperative 3D-TVUS has proved to have a very
important role in intraoperative judgement and also in
improving HA success rates.
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