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Background: More than 50 million women suffer from infertility worldwide, among whom 30% have
associated fallopian tube pathology. Fortunately, the diagnostic accuracy of tubal patency has been enhanced
with the consistent development of ultrasound imaging technology, especially the invention of transvaginal
4-dimensional hysterosalpingo-contrast sonography (TV 4D HyCoSy). However, detailed imaging data for
evaluating the tubal condition for spontaneous conception and assessing the necessity of assisted reproductive
technology (ART) have yet to be amassed.

Methods: Patients with tubal factor infertility (TFI) who received TV 4D HyCoSy were recruited
for this study. They were divided into two groups according to the method of conception: the natural
pregnancy group (patients who naturally conceived within 3 months after TV 4D HyCoSy) and the assisted
reproduction group (patients who failed to conceive naturally within the 3 months but successfully conceived
through ART). Logistic regression analysis was performed to examine the data obtained from participants’
medical history and TV 4D HyCoSy investigation.

Results: Of the initial 1,433 women, 348 were excluded due to exclusion criteria or lack of follow-up. A
total of 1,085 TFI patients were finally included, with individuals in the natural pregnancy group accounting
for 27.74% (n=301), and those in the ART group accounting for 37.33% (n=405). The age was younger
and the duration of infertility was shorter in the group of women who conceive spontaneously after TV 4D
HyCoSy (P<0.05). In terms of imaging data, their endometrial thickness was thinner, right fallopian tube wall
was more intact, morphology of the right fallopian tube was smoother, and their ovarian motility (bilateral),
fallopian tube visualization (bilateral) and overflow condition of the contrast agent from the fimbriae of
fallopian tube (bilateral) were better. In addition, the resistance of the contrast agent injection was less likely
to be persistent, reflux was less likely to happen and 0/1 dispersion of the contrast agent around the ovary
(bilateral) were more likely to be annular (P<0.05).

Conclusions: The imaging data gathered from TV 4D HyCoSy in TFI patients were comprehensive,
which suggested that TV 4D HyCoSy could have potential to be used to assess the necessity of post-HyCoSy
ART intervention in patients with TFIL This could be of benefit in reducing the incidence of overtreatment

and potential complications of ART.
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Introduction

Evaluation of tubal patency and uterine characteristics is
the first-step examination to assess infertility. Tubal factor
infertility (TFI) refers to a type of infertility in which
women cannot be fertile due to blockage, adhesion, and
patency of the fallopian tubes (1). TFI is the most common
cause of female infertility, accounting for >30% of female
infertility cases (2). Accurate evaluation of the patency,
adjacent relationship, and function of the fallopian tubes is
of foremost importance, not only for diagnosis but also for
timely and precise treatment. Laparoscopic examination
along with tubal chromopertubation dye test (LDT) and
hysterosalpingography (HSG) was once accepted as the
gold standard for such evaluation (3). However, in order
to improve the assessment of tubal patency, in addition to
the 2 traditional methods of LDT and HSG, innovative
research has continued across the world. Some researchers
have focused on diagnostic hysteroscopy (4), in which the
evaluation is based on a straightforward view of a “flow”
effect of hysteroscopic fluid in the fallopian tube ostia (5,6).
A prospective cohort study reported a sensitivity of 85.3%
(95% CI: 76-92%) and a specificity of 66.1% (95% CI:
52-78%) in predicting patency (P<0.001) (7). Although it
obviates the potential risks of ionizing radiation and iodine
allergy, diagnostic hysteroscopy does not seem suitable
for screening due to the highly subjective evaluation,
dependence on technician experience, and requirements
of accessing the uterine cavity. Hysterosalpingo-contrast-
sonography (HyCoSy) has been a recent yet rapidly
developing examination method. It has considerable
application potential with the same or even better sensitivity
and specificity than the preceding methods (3,8,9).

The HyCoSy is performed by injection of foam and
activation of grayscale ultrasound, identifying contrast flow
in the tubal lumen and distinguishing it from surrounding
tissue or from air in the bowels (10). Two-dimensional
hysterosalpingo-contrast-sonography (2D HyCoSy) was
first performed with the purpose of obviating ionizing
radiation and the risk of iodine allergy, and has a sensitivity
of 88% (95% CI: 80-94%) and a specificity of 92% (95%
CI: 87-95%) according to one meta-analysis (P<0.05) (11).
Additionally, it allows concomitant visualization of the ovaries
and myometrium while avoiding ionizing radiation (12).
However, due to the irregular course of the fallopian tube
in the pelvic cavity, 2D HyCoSy rarely visualizes the entire
fallopian tube and bilateral ovaries on the same plane.
Furthermore, the first dose of contrast agent dispersed in
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the pelvic cavity often interferes with the contrast image.
Three-dimensional imaging with HyCoSy (3D HyCoSy)
was then proposed, displaying the 3D structure of the
fallopian tube and further improving on the sensitivity of
2D HyCoSy (13). Nevertheless, the inability to observe
the overflow of the contrast agent in real time remained.
Notably, real-time 3D HyCoSy, or four-dimensional
(4D) HyCoSy, was developed to overcome this limitation,
and has shown great strength in the assessment of tubal
function. 4D HyCoSy can visually display the entire
process of contrast agent flowing from the uterine cavity
to the fimbriae of fallopian tube on the basis of real-time
data collection and reconstruction (14). Such dynamic
imaging can offer more information about the course of the
fallopian tube and its relationship to the surrounding areas.
When the fallopian tube is not smooth, the obstructed
part is characterized as tortuous and thick. Fallopian
tube adhesions can also be determined by obstruction to
the contrast stream, distension of the fallopian tube and
overflow and dispersion condition of contrast agent around
the ovary. (15). Furthermore, the ultrasound contrast agent
has also been upgraded from negative contrast agents
(normal saline) to positive contrast agents, including
microbubble contrast agents, like SonoVue (Bracco, Milan,
Italy) and hydroxyethylcellulose (16), which allow for the
real-time observation of overflow of the contrast medium.
The stability of the new microbubble is such that it can
maintain an extended duration, allowing operators enough
time for dynamic observation of multiple angles and planes
and of the flow of contrast medium from the uterine cavity
to the fallopian tubes and fimbriae (17). Similar to SonoVue,
perfluoropropane-albumin microsphere is another kind of
microbubble and has the advantages over SonoVue of not
requiring metabolization in vive and of providing good cell
adsorption performance (18). Hence, the TV 4D HyCoSy
is a non-invasive examination method with many advantages
including easy operation, a lack of ionizing radiation,
tolerable discomfort, low cost, and multi-sectional and
multi-angular observation capacity, making it increasingly
clinically favored in tubal patency assessment (19,20).

The use of assisted reproductive technology (ART) has
been proven in infertility treatments, and includes iz vitro
fertilization (IVF) and non-IVE The former is the process
by which an oocyte is fertilized by semen outside the body,
while the latter involves ovulation induction, artificial
insemination, and intrauterine insemination (IUI) (21,22).
Although the use of ART has become increasingly common,
the cost and potential complications cannot be ignored or

Quant Imaging Med Surg 2021;11(8):3698-3714 | http://dx.doi.org/10.21037/qims-20-1193



3700

overlooked: both the mother and the fetus are susceptible
to harm from ART. Numerous researches were devoted
to identify non-IVF is safer than IVF. For instance, the
occurrence of subchorionic hematoma (23), ischemic
placental disease (24), placenta accreta spectrum (25),
and neonatal complications (26) was less likely to happen
in non-IVE. Nevertheless, there is no denying that ART
has been reported to be associated with some undesirable
outcomes. Regarding the fetus, ART-conceived infants were
found to have a higher likelihood of birth defects in the
cardiovascular, musculoskeletal, urogenital, gastrointestinal,
and respiratory systems than spontaneously conceived
infants (27,28). For the mother, the latest research has
reported that ART may induce pregnancy-related venous
thromboembolism (VTE) (29), preeclampsia (30), and
enhanced risk of breast cancer (31), and exert negative
impacts on maternal postnatal mental health (32).

We conducted this research with the aim of developing
a way to non-invasively, accurately, effectively, safely,
and simply assess whether there is a likelihood of natural
pregnancy in TFI patients, and if it is necessary to perform
ART. In this study, we presented the differences between
the 4D HyCoSy imaging data of women with TFI who
eventually conceived. The comparison focused on the
general conditions and imaging characteristics of those
women who spontaneously conceived within 3 months
following 4D HyCoSy and those who conceived after ART.

Methods
Participants

The study was conducted between March 1, 2017 and May
31, 2018. A total of 1,433 women with TFI were recruited at
the Department of Obstetrics and Gynecology of Guangxiu
Hospital (Changsha, Hunan, China). A complete medical
history was taken, and each participant underwent TV 4D
HyCoSy. All participants were provided with the appropriate
information about the study objectives, particularly that
which concerned the determination of pregnancy outcomes.
The expected time for natural pregnancy was 3 months
after the 4D HyCoSy examination. The follow-up period
was 1 year. This study was conducted in accordance to the
Declaration of Helsinki for medical research, and local
approval was obtained from the ethics committee and the
institutional review board (NO.2020-S579).

Infertility is characterized by the failure to achieve a
clinical pregnancy after 12 months of regular unprotected
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sexual intercourse (33). The study included sexually active
women in the reproductive age group of 20-45 years
who were highly suspected of having TFI. These patients
were previously found poor patency of the fallopian tubes
through X-ray HSG or ultrasonography with complete
clinical history data. Additionally, the body temperature
had to be <37.5 °C. Body temperature (BBT) was monitored
for 3 consecutive months to ensure the participants with
normal ovulatory function. Then, they were recommended
to attempt spontaneous conception for >3 months. There
was a participant requirement for general good health in
order to be able to tolerate the examination. Finally, only
participants who provided written informed consent to be
involved in the study were included.

Participants were excluded from the study if any of
the following criteria were met: (I) contraindication for
HyCoSy, such as suspected pregnancy, malignant tumors
of the genital tract, genital tract infections, or acute pelvic
inflammatory; (II) presence of other factors responsible
for infertility combined with TFI, such as congenital
abnormalities in the genital tract, ovulation disorders,
endometriosis, uterine fibroids, intrauterine adhesions,
chromosomal abnormalities, or endocrine and immune
factors; (III) history of unilateral or bilateral salpingectomy;
(IV) poor compliance and poor cooperation during the
examination; (V) severe drug allergies, and severe systemic
illness or mental illness; (VI) grossly abnormal semen in
male partner.

Performance of 4D HyCoSy

A Voluson E8 ultrasound system with coded contrast
imaging (GE Healthcare, Milwaukee, WI, USA) was
used. The mechanical index of the instrument was set at
0.12-0.18. An RIC5-9-D transvaginal volume transducer
(GE Healthcare, Milwaukee, WI, USA) with a frequency of
5.0-7.5 MHz and scanning angles of 0-179° was used in the
examinations.

Perfluoropropane-albumin microsphere injection
(Kangrun Pharmaceutical Co., Yueyang, Hunan, China)
was used to prepare the contrast medium for 4D HyCoSy.
More precisely, the content of 1 perfluoropropane-albumin
microsphere injection vial was a 3 mL suspension which
was then diluted with 17 mL of 0.9% normal saline. The
diluted solution of perfluoropropane-albumin microsphere
injection was then used in the HyCoSy examination.

4D HyCoSy was conducted within 3-7 days following
menstruation. Patients reclined on a gynecological chair in
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the dorsal lithotomy position. To prevent tubal spasms, all
patients received an intramuscular injection of anisodamine
30 min before the procedure. After sterilizing the vagina,
a 12-Fr Foley catheter (Zhanjiang Star Enterprise Co.,
LTD., Guangdong, China) was inserted into the uterine
cavity. The balloon of the catheter was filled with 0.6-4 mL
of 0.9% normal saline at 37 °C according to the degree of
cervical relaxation and withdrawn to ensure the obstruction
of the internal orifice of the uterus and of the cervical
canal. Transvaginal sonography (T'VS) was performed first
to observe the shape, size, and peripheral adjacency of the
uterus and ovary, to determine whether there was adhesion,
and to detect the presence of free liquid areas in the pelvis.
Concurrently, the most favourably exposed section of
bilateral uterine horns was found, and then 3D scanning
was performed in an attempt to display the bilateral
uterine horns and bilateral ovaries within the same 3D scan
area. Then, the ultrasound system was set to the contrast
mode and the 4D scanning mode was activated with the
appropriate gain depth and focus range to achieve the best
image. The uterine cavity was filled with 20 mL of prepared
contrast agent through the catheter, and the size of the
balloon was adjusted according to the pressure. Real-time
tracking of the proximal, middle, and distal fimbria of the
bilateral fallopian tubes was performed, so that the position
of the segments of intrauterine cavity and fallopian tubes
in the pelvic cavity were clearly displayed. Meanwhile, the
relationship between the ovary and the diameter, position,
and distal fimbria of the fallopian tubes, in addition to the
flow and overflow of the contrast agent around the ovary,
was dynamically observed (Figure I). The final step was to
withdraw the solution from the balloon and remove the
catheter. After the procedure, Magic CUT, a computer
software, was used to trim the image, to show clear images
of the uterine cavity and fallopian tubes, and to analyze the
dynamic image and determine the degree of tubal patency.
The examinations and evaluation reports were performed by
5 sonographers, each of whom had > 5 years of experience
using ultrasonography to perform gynecologic and obstetric
examinations.

Parameters studied

We collected basic clinical details of the participants
including age, infertility type, and infertility duration. We
documented the basic performance data including length
of the balloon, dosage of the contrast agent, volume of the
balloon, and reflux, resistance and reflux condition. We
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further analyzed the imaging data including the endometrial
thickness, the position of the ovaries and uterus, ovarian
motility, the fallopian tube visualization and morphology,
the intactness of the fallopian tube wall, fallopian tube
smoothness, the overflow condition of the contrast agent
from the fimbriae of fallopian tube, the 0/1 dispersion of
the contrast agent around the ovaries, and the infiltration
of the contrast agent into the myometrium during TV 4D
HyCoSy.

Statistical analysis

Statistical analysis was performed with SAS software version
9.4 (Statistical analysis system, SAS Institute Inc., Cary, NC,
USA). Differences between participants with spontaneous
conception and those with ART were tested using either
a chi-squared () or Fisher’s exact test as appropriate.
Stepwise regression analysis was applied to determine a
single dominant factor. A P value <0.05 was considered
statistically significant.

Results

After applying the inclusion and exclusion criteria and
waiting 3 months for spontaneous conception and 1 year for
the follow-up, a total of 1,085 patients of the 1,433 patients
were followed up for pregnancy outcomes in our hospital’s
Obstetrics and Gynecology Department. No further
treatment was performed after 4D HyCoSy. Among the
1,085 patients, 301 patients had spontaneously conceived
(27.74%), and 405 patients had successfully conceived after
ART (37.33%) (Figure 2).

Through the statistical analysis of the relevant clinical
data of 706 participants who conceived after TV 4D
HyCoSy, it was revealed that age, infertility duration,
endometrial thickness, ovarian motility, fallopian tube
visualization, overflow condition of contrast agent from
fimbriae of the fallopian tube, 0/1 dispersion of the contrast
agent around the ovaries, resistance to the injection of the
contrast agent, and reflux condition of the contrast agent
were significantly related to postoperative spontaneous
conception (P<0.05). Other variables were not statistically
significant (P>0.05) (1able 1).

Univariate analysis evaluated the factors associated
with ART necessity (1able 2). Compared with the natural
pregnancy group, the ART group was composed of women
who were older [P<0.05, odds ratio (OR) 1.04, 95% CI:
1.01-1.08], with longer infertility duration (P<0.001,
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Figure 1 Typical characteristics of fallopian tubes on 4D HyCoSy. (A) Bilateral fallopian tubes with good patency: the contrast agent can
smoothly flow into the fallopian tube and sprayed at the fimbria of the tube. The passage of the tube was soft. (B) Bilateral fallopian tubes
with poor patency: the entire fallopian tube and the spillage at the fimbria of the tube were visible, but the passage of the tube was stff and
filamented. (C) The left tube with poor patency: the left tube was discontinuous, and the passage of the tube was angled, circuitous, and
directed upward. (D) Bilateral fallopian tubes with obstruction: both fallopian tubes were obstructed, and the entire passage of the tubes
or the spillage at the fimbria of the tube is invisible. (E) The dispersion of contrast agent around the right ovary shaped annular. (F) The

dispersion of contrast agent around the right ovary shaped semi-annular.
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natural conception
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v v
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Conception No conception
ART
D
405 379
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Figure 2 Flowchart of study participants.

OR 1.12, 95% CI: 1.05-1.19), and thicker endometrium
(P<0.01, OR 1.13, 95% CI: 1.04-1.22). Participants
who used ART were more likely to display (I) limited
ovarian motility, (II) poor fallopian tube visualization, (III)
incomplete fallopian tube wall, (IV) rough morphology of
the right fallopian tube, (V) unsatisfactory contrast agent
overflow condition, (VI) dispersion of contrast agent around
ovaries, and (VII) high resistance and reflux (resistance in
the latter: P<0.01, OR 2.06, 95% CI: 1.21-3.49; persistent
resistance: P<0.001, OR 2.08, 95% CI: 1.45-2.99; reflux
condition: P<0.01, OR 1.51, 95% CI: 1.12-2.04) during the
procedure. Other variables showed no difference between
the 2 groups (P>0.05).

Multivariate analysis using logistic regression was used
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to identify independent factors influencing the method
of conception. The regression model was built based
on stepwise regression methods. We identified the most
significant predictive factors (meaningful variables whose P
values <0.05) for the necessity of ART in infertility patients
(Table 3). Overall, our results indicated that age, infertility
duration, endometrial thickness, and poor 0/1 dispersion
of the contrast agent around the ovaries were factors that
increased the probability of required ART, while the grade
of bilateral fallopian tube visualization and the grade of
the contrast agent overflow condition were revealed as the
likely protective factors.

Discussion

This study was first to explore whether the necessity of
ART can be evaluated with the assistance of 4D HyCoSy.
Couples with fertility problems can still have early and
non-evidence-based access to ART in order to save time
with respect to the woman’s reproductive window (34).
It is undeniable that after >50 years of technological
improvement, ART has gradually taken the place of drug
therapy as a reliable and effective treatment for infertile
women. For TFI nulliparous women, the ART success rate
has demonstrated no statistical difference in patients with a
history of ectopic pregnancy or intrauterine pregnancy (35).
However, the application of ART requires critical evaluation
because it still has the risk of increasing antenatal and
perinatal complications, and poor neonatal outcomes in
the short term (36,37). If certain non-invasive exams can
give TFI women who have good potential for spontaneous
conception a chance, complications from ART can be
avoided in larger numbers. Transvaginal 4D HyCoSy is
a reliable method for standard reference. In addition to
its sensitivity to tubal function, it can also detect specific
uterine diseases that are closely related to infertility such as
Mullerian malformation, myomas, endometrial polyps, and
Asherman’s syndrome.

Our study involved 1,085 infertile women with TFI,
706 of whom conceived, with 27.74% of these conceiving
spontaneously in 3 months following 4D HyCoSy and
37.33% after ART. On the one hand, the sample size
was relatively reasonable for a pilot study; on the other
hand, the procedure was found to be safe and without
any drawbacks such as pain, infection, or intolerance. In
contrast to transabdominal ultrasound, TV 4D HyCoSy not
only avoids having to drink copious amounts of water and
retain urine, but also avoids the adverse effects of abdominal
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Table 1 Clinical characteristics of pregnant women after TV 4D HyCoSy

Gu et al. TV 4D HyCoSy in women with TFI

Spontaneously conceived ART
Variates P-value
n=301 n=405
Age 30.18 (4.20) 30.99 (4.61) <0.05
Infertility duration (years), mean (SD) 2.68 (2.17) 3.42 (2.92) <0.001
Endometrial thickness (mm), mean (SD) 6.69 (1.86) 7.14 (2.01) <0.01
Length of balloon (cm), mean (SD) 12.64 (1.79) 12.44 (2.08) 0.186
Dosage of contrast agent (mL), mean (SD) 0.92 (0.41) 0.94 (0.49) 0.45
Volume of balloon (mL), mean (SD) 18.73 (4.86) 18.24 (6.19) 0.256
Volume of reflux (mL), mean (SD) 2.39 (4.55) 2.83 (4.46) 0.2
Number (%)
Position of left ovary and uterus, n (%) 0.245
0-Adjacent
1-Distant 78 (25.9) 122 (30.2)
Position of right ovary and uterus, n (%) 0.897
0-Adjacent
1-Distant 129 (42.9) 170 (42.1)
Number of ovaries far from the uterus, n (%) 0.373
0 131 (43.5) 158 (39.1)
1 133 (44.2) 200 (49.5)
2 37 (12.3) 46 (11.4)
Left ovarian motility, n (%) 0.001
0-Good
1-Poor 155 (51.5) 261 (64.6)
Right ovarian motility, n (%) <0.001
0-Good
1-Poor 110 (36.5) 209 (51.7)
Number of ovaries with limited motility, n (%) <0.001
0 122 (40.5) 97 (24.0)
1 93 (30.9) 144 (35.6)
2 86 (28.6) 164 (40.3)
Left fallopian tube visualization, n (%) <0.001
0-Entire 263 (87.4) 315 (77.7)
1-Intermittent 33(11.0) 60 (14.9)
2-No 5(1.7) 30 (7.4)

Table 1 (continued)
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Table 1 (continued)

Spontaneously conceived ART
Variates P-value
n=301 n=405

Right fallopian tube visualization, n (%) <0.05
0-Entire 266 (88.3) 327 (80.8)
1-Intermittent 27 (9.0 56 (13.9)
2-No 8(2.7) 22 (5.4)

Grade of bilateral fallopian tube visualization, n (%) <0.01
Good 279 (92.7) 346 (85.4)
Average 18 (6.0) 39 (9.6)
Poor 4(1.3) 20 (4.9)

Left fallopian tube wall, n (%) 0.125
0-Intact
1-Not intact 28 (9.3) 54 (13.3)

Right fallopian tube wall, n (%) <0.01
0-Intact
1-Not intact 25 (8.3) 61 (15.1)

Fallopian tube wall, n (%) 0.01
0-Both intact 258 (85.7) 310 (76.5)
1-One side intact 33 (11.0) 75 (18.5)
2-Neither intact 10 (3.9) 20 (4.9)

Morphology of left fallopian tube, n (%) 0.66
0-smooth
1-not smooth 244 (83.8) 301 (82.2)

Morphology of right fallopian tube, n (%) 0.001
0-smooth
1-not smooth 187 (64.0) 280 (75.7)

Fallopian tube morphology, n (%) 0.749
0-Both smooth 24 (8.0) 31(7.6)
1-One side smooth 120 (39.8) 147 (37.3)
2-Neither smooth 157 (52.2) 217 (565.1)

Overflow condition of contrast agent from the left fimbriae of fallopian tube, n (%) <0.01
0-Massive overflow 212 (70.4) 240 (59.2)
1-Little overflow 53 (17.6) 80 (19.8)
2-No overflow 36 (12.0) 85 (21.0)

Table 1 (continued)
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Table 1 (continued)

Spontaneously conceived ART
Variates P-value
n=301 n=405
Overflow condition of contrast agent from the right fimbriae of the fallopian tube, n (%) <0.001
0-Massive overflow 240 (80.0) 256 (63.2)
1-Little overflow 39 (13.0) 67 (16.5)
2-No overflow 21 (7.0) 82 (20.2)
Grade of contrast agent overflow condition, n (%) <0.001
Good 243 (80.7) 271 (66.9)
Average 40 (13.3) 61 (15.1)
Poor 18 (6.0) 73 (18.0)
0/1 dispersion of contrast agent around the left ovary, n (%) <0.001
0-Annular 135 (44.9) 101 (24.9)
1-Semiannular 129 (42.9) 220 (54.3)
2-No diffusion 37 (12.3) 84 (20.7)
0/1 dispersion of contrast agent around the right ovary, n (%) <0.001
0-Annular 169 (56.1) 141 (34.8)
1-Semiannular 112 (37.2) 182 (44.9)
2-No diffusion 20 (6.6) 82 (20.2)
Grade of contrast agent dispersion around the ovaries, n (%) <0.001
Good 193 (64.1) 174 (43.0)
Average 74 (24.6) 131 (32.3)
Poor 34 (11.3) 100 (24.7)
Infiltration of contrast agent in the myometrium, n (%) 1
No
Yes 55 (18.3) 74 (18.4)
Resistance, n (%) 0.001
A No resistance 98 (32.4) 76 (18.8)
B Resistance in the former 11 (3.7) 18 (4.4)
C Resistance in the latter 33 (11.1) 54 (13.3)
D Persistent resistance 159 (52.8) 257 (63.5)
Infertility, n (%) 0.143
Primary
Secondary 181 (60.1) 220 (54.3)
Reflux condition, n (%) <0.01
No
Yes 134 (44.5) 222 (54.8)

TV 4D HyCoSy, transvaginal 4-dimensional hysterosalpingo-contrast-sonography.
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Table 2 Univariate analysis of ART necessity

Variates Estimate Std. error z value P OR 95% ClI

Age 0.042 0.0175 2.3946 <0.05 1.04 1.01-1.08
Infertility duration (years) 0.1143 0.0318 3.5918 <0.001 1.12 1.05-1.19
Endometrial thickness (mm), mean (SD) 0.1199 0.04 2.9995 <0.01 1.13 1.04-1.22
Length of balloon (cm) -0.0514 0.0388 -1.323 0.1858 0.95 0.88-1.03
Dosage of contrast agent (mL) -0.0153 0.0135 -1.1344 0.2566 0.98 0.96-1.01
Volume of balloon (mL) 0.1278 0.1691 0.7557 0.4498 1.14 0.82-1.58
Volume of reflux (mL) 0.0224 0.0176 1.2763 0.2019 1.02 0.99-1.06

Position of the left ovary and uterus

0-Adjacent

1-Distant 0.2126 0.1704 1.2473 0.2123 1.24 0.89-1.73
Position of the right ovary and uterus

0-Adjacent

1-Distant -0.0318 0.154 -0.2067 0.8362 0.97 0.72-1.31

Number of ovaries far from the uterus

0
1 0.2206 0.1627 1.3554 0.1753 1.25 0.91-1.72
2 0.0303 0.2505 0.1211 0.9036 1.03 0.63-1.68

Left ovarian motility

0-Good

1-Poor 0.5419 0.1553 3.4886 <0.001 1.72 1.27-2.33
Right ovarian motility

0-Good

1-Poor 0.6211 0.1557 3.9895 <0.001 1.86 1.37-2.53

Number of ovaries with limited motility

0
1 0.6665 0.1903 3.503 <0.001 1.95 1.34-2.83
2 0.8687 0.1904 4.5615 <0.001 2.38 1.64-3.46

Left fallopian tube visualization

0-Entire
1-Intermittent 0.4206 0.2323 1.8107 0.0702 1.52 0.97-2.4
2-No 1.6145 0.4902 3.2934 0.001 5.03 1.92-13.14

Right fallopian tube visualization

0-Entire
1-Intermittent 0.5229 0.2492 2.0981 <0.05 1.69 1.04-2.75
2-No 0.7765 0.4237 1.8327 0.0669 217 0.95-4.99

Table 2 (continued)
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Table 2 (continued)

Variates Estimate Std. error z value P OR 95% Cl

Grade of bilateral fallopian tube visualization

Good
Average 0.558 0.2961 1.8844 0.0595 1.75 0.98-3.12
Poor 1.3942 0.5536 2.5184 <0.05 4.03 1.36-11.93

Left fallopian tube wall
0-Intact
1-Not intact 0.4055 0.2465 1.6451 0.0999 1.5 0.93-2.43
Right fallopian tube wall
0-Intact
1-Not intact 0.6718 0.2508 2.678 <0.01 1.96 1.2-3.2
Fallopian tube wall
0-Both intact
1-One side intact 0.6374 0.2253 2.8296 <0.01 1.89 1.22-2.94
2-Neither intact 0.5095 0.3964 1.2855 0.1986 1.66 0.77-3.62
Morphology of the left fallopian tube
0-Smooth
1-Not smooth -0.1143 0.21 -0.5444 0.5862 0.89 0.59-1.35
Morphology of the right fallopian tube
0-Smooth
1-Not smooth 0.5578 0.1719 3.2449 <0.01 1.75 1.25-2.45
Fallopian tube morphology
0-Both smooth
1-One side smooth -0.0118 0.3003 -0.0394 0.9686 0.99 0.55-1.78
2-Neither smooth 0.1069 0.2933 0.3645 0.7155 1.1 0.63-1.98
Overflow condition of contrast agent from the left fimbriae of the fallopian tube
0-Massive overflow
1-Little overflow 0.2919 0.2007 1.4544 0.1458 1.34 0.9-1.98
2-No overflow 0.7393 0.2201 3.3587 <0.001 2.09 1.36-3.22
Overflow condition of contrast agent from the right fimbriae of the fallopian tube
0-Massive overflow
1-Little overflow 0.4766 0.2205 2.161 <0.05 1.61 1.05-2.48
2-No overflow 1.2977 0.2606 4.9804 <0.001 3.66 2.2-6.1

Grade of contrast agent overflow condition

Good
Average 0.3129 0.2218 1.4108 0.1583 1.37 0.89-2.11
Poor 1.291 0.2776 4.6508 <0.001 3.64 2.11-6.27

Table 2 (continued)
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Table 2 (continued)

Variates Estimate Std. error z value P OR 95% Cl
0/1 dispersion of contrast agent around the left ovary

0-Annular

1-Semiannular 0.824 0.1721 4.7888 <0.001 2.28 1.63-3.19

2-No diffusion 1.1101 0.2372 4.6808 <0.001 3.08 1.91-4.83
0/1 dispersion of contrast agent around right ovary

0-Annular

1-Semiannular 0.6666 0.1656 4.025 <0.001 1.95 1.41-2.69

2-No diffusion 1.5921 0.2742 5.8057 <0.001 4.91 2.87-8.41
Grade of contrast agent dispersion around the ovaries

Good

Average 0.6748 0.1791 3.7676 <0.001 1.96 1.38-2.79

Poor 1.1824 0.2244 5.2702 <0.001 3.26 2.1-5.06
Infiltration of contrast agent in the myometrium

No

Yes 0.0019 0.197 0.0098 0.9922 1 0.68-1.47
Resistance 0.1092

A No resistance

B Resistance in the former 0.7393 0.4126 1.792 0.0731 2.09 0.93-4.7

C Resistance in the latter 0.7206 0.27 2.6687 <0.01 2.06 1.21-3.49

D Persistent resistance 0.7343 0.1847 3.9768 <0.001 2.08 1.45-2.99
Infertility

Primary

Secondary -0.2377 0.1543 —-1.5407 0.1234 0.79 0.58-1.07
Reflux condition

No

Yes 0.4133 0.153 2.701 <0.01 1.51 1.12-2.04

ART, assisted reproduction technology.

fat thickness on final imaging. In this study, the main
differences of the general condition between the 2 groups
were age, infertility duration, and endometrial thickness.
Age and duration of infertility are known to be significant
predictors for potential spontaneous conception; younger
women with a shorter duration of infertility are more likely
to conceive without ART (38). Meanwhile, studies have
also shown that age and duration of infertility are important
factors affecting the rate of assisted reproduction in women
with TFI (39). However, when it comes to endometrial

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

thickness, which may reflect endometrial receptivity (40).
It is generally believed that a thicker endometrium facilitates
embryo implantation, and one study indicates that an
endometrial thickness >12 mm is a strong protective
factor against ectopic pregnancy (41). Nevertheless, other
investigators have also reported that a thicker endometrium
may result in a low pregnancy rate (42), and a very recent
study reported that the pregnancy rate after frozen-thawed
embryo transfer was significantly decreased in patients
whose endometrium was >7 mm compared with those
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Table 3 Stepwise logistic regression of variables in the natural pregnancy group and assisted reproduction group

Variate Estimate Std. error OR (95% Cl) P-value
Age 0.051251 0.0239092 1.05 (1-1.1) 0.032
Infertility duration (y) 0.112279 0.0394739 1.12 (1.04-1.21) 0.004
Endometrial thickness (mm) 0.113906 0.0482887 1.12 (1.02-1.23) 0.018
Grade of bilateral fallopian tube visualization

Good

Average -1.412061 0.7060984 0.24 (0.06-0.97) 0.046

Poor
Grade of contrast agent overflow condition

Good

Average -1.03885 0.4410146 0.35 (0.15-0.84) 0.018

Poor -1.126745 0.6663272 0.32 (0.09-1.2) 0.091
0/1 dispersion of contrast agent around the left ovary

0-Annular

1-Semiannular 0.853971 0.2027435 2.35 (1.58-3.5) <0.001

2-No diffusion 1.189943 0.5402146 3.29 (1.14-9.48) 0.028
0/1 dispersion of contrast agent around the right ovary

0-Annular

1-Semiannular 0.539213 0.2090059 1.71 (1.14-2.58) 0.010

2-No diffusion 2.067346 0.5701858 7.9 (2.59-24.16) <0.001

OR, odds ratio; Cl, confidence interval.

whose endometrium was <7 mm (43). In our study, the
endometrium of the natural pregnancy group was thinner,
with an average of 6.69 mm, and the ART group had a
thicker endometrium average of 7.14 mm. This may prove
that the thickness of the endometrium is not the only
criterion for embryo implantation or could be related to
the imaging error caused by contrast agent intravasation
into the uterine myometrium and venous plexus (14). In
patients with tubal pathology in particular, fallopian tube
obstruction will induce difficult fallopian tube flow, and
the injection pressure of the contrast agent will be higher,
leading to higher penetration of the contrast agent and an
incorrect endometrial thickness reading.

The most important observation of our study is that
TV 4D HyCoSy is fast, creates clear images, and can
dynamically reflect the structure and shape of the fallopian
tube in real time, which provides more subdivided and
detailed examination results for evaluating fallopian
tube function. Among these, fallopian tube visualization,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

overflow condition of contrast agent from the fimbriae of
fallopian tube, resistance, contrast agent injection resistance,
and reflux condition can be applied to evaluate tubal patency
from multiple angles. In terms of injection resistance, only
resistance at the last moments and persistent resistance
were significant, which is consistent with research which
has confirmed that the implementation of IVF instead
of IUI may be a more appropriate approach for patients
with unilateral distal tubal blockage (44). Interestingly, we
found that when it comes to fallopian tube visualization
and morphology, and intactness of the fallopian tube
wall, importance is only attached to the right side. As has
been previously reported, the right ovary contains more
follicles than the left ovary (45). The frequency of ovulation
occurring in the right side is significantly higher than that
of the left side, and oocytes from the right ovary are more
likely to cause pregnancy with no statistical difference
between normal and infertile women (46). In IVE, the
response of the right ovary to follicle-stimulating hormone
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(FSH) is better than that of the left (47). This difference
can be explained by anatomy: the connection between
the left ovarian and renal veins is perpendicular, and thus
the blood reflux and the temperature in the left ovary is
greater, minimizing the fertility potential of the oocytes in
the left ovary. Xia et 4l. reported that patients had a right-
sided lateral dominance for tubal pregnancy, which is in
accordance with our study (48). They also found a tendency
that the proportion of right-sided tubal pregnancies
decreased with age, and patients in the age group <40 years
had more right-sided tubal pregnancies (48). In addition,
the ovarian mobility and dispersion of contrast agent
around the right ovary are also important risk factors. These
indicators may indirectly characterize the adhesions around
the pelvis. Pelvic adhesion has a close relationship with
infertility due to hydrosalpinx and tube distortion which
makes the possibility for proximal tubal recanalization lower
than normal (49,50).

Besides its diagnostic value, HyCoSy has therapeutic
value in being able to flush contrast agent (51). Fluid
passage through the tubal lumen can flush inspissated
mucus plugs and remove minor adhesions or buildup
material caused by inflammatory processes (16,52). Many
studies have reported higher fecundity rates for several
months after the procedure (53). In one study, HyCoSy’s
beneficial effect was observed directly after the procedure,
and an increased pregnancy rate of up to 45% was observed
in the first 30 days after HyCoSy (P<0.0005) (54). One
systematic review found that the use of an oil-based contrast
agent was associated with increased pregnancy and live birth
rates compared to the different outcomes of other contrast
agents (51). However, this view is still controversial, and a
large-scale prospective study is needed for verification (55).
Nevertheless, there is no doubt that using the contrast
agent, perfluoropropane-albumin microsphere in TV 4D
HyCoSy not only plays a part in flushing and dredging
the fallopian tube, but can also improve blood supply and
promote the absorption of inflammation, while the use of
an oil-based contrast agent may impose potential negative
effects on thyroid function and neurodevelopment (56,57).
Overall, TV 4D HyCoSy is a safe inspection method that
does not impinge on pregnancy and fetal outcomes (58).

Strengths and Limitations of the Study

"This study was the first to analyze the necessity of ART with
the assistance of 4D HyCoSy. Also, we provided the largest
sample size in 4D HyCoSy related studies so far. In addition,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the key strength of this study lied in the first try to subdivide
the 4D HyCoSy results to understand whether each subtle
imaging parameter affects the prognosis. This greatly
provided the basis for clinical judgment. The limitation
of the study is that the TFI patients in our study did not
make a diagnosis through the standard technology such as
laparoscopic chromotubation. However, the accuracy of 4D
HyCoSy itself has been reported to be very high (14) and
the original intention of this study was to apply the relatively
non-invasive methods and reduce injuries.

Conclusions

TV 4D HyCoSy is a non-invasive, accurate approach with
the advantages of short inspection time, high repeatability,
and low cost to perform. Given these traits, it accords with
the most fundamental principle of medicine—*“first, do no
harm”—and can aid in both diagnosis and treatment. Its high
sensitivity and accuracy make it a common imaging technique
for infertility screening and an indirect assessment tool for
fallopian tubal function in current clinical practice. Using the
technique described above, detailed data can be documented
and used to assess the possibility of natural pregnancy and the
need for ART. In this way, the overtreatment and potential
complications of ART can be avoided.
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