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Abstract

Objective To explore the feasibility of three-dimensional (3D) transperineal ultrasound on the observation of paravaginal
support in nulliparous and postpartum women.

Methods Volume datasets were acquired in 50 nulliparous and 100 postpartum women using 3D transperineal ultrasound.
Paravaginal supports were observed by studying the vaginal cross-sectional morphology. The extent of paravaginal support
in specific level were evaluated by counting out at a 2 mm interval in tomographic ultrasound imaging mode in all subjects.
The Mann—Whitney U test were applied to establish comparisons between the two groups.

Results Three representative manifestations of vaginal cross-sectional morphology corresponding to different paravaginal
support were presented from the dorsal side to the caudal side, both in nulliparous women and postpartum women. The
extent of paravaginal support in middle vagina was 11 slices (range 9—12) in nulliparous women and 7 slices (range 4—10)
in postpartum women (P < 0.05).

Conclusion This pilot study confirmed that it was feasible to indirectly study paravaginal support by observing the vaginal
cross-sectional morphology using 3D transperineal ultrasound.

Keywords Paravaginal support - Vaginal cross-sectional morphology - Three-dimensional transperineal ultrasound -
Tomographic ultrasound imaging

Introduction

Pelvic floor dysfunction (PFD), mainly includes pelvic organ
prolapse (POP) and stress urinary incontinence (SUI), is a
common condition in parous women which increasingly
affects women’s health and quality of life with the growth of
age [1]. At present, the etiology of PFD still remains unde-
termined. Petros’s integral theory [2, 3] and DeLancey’s ana-
tomic theory [4, 5] are relatively the two main theories of
PFD. Both of the two theories confirmed that the support to
the vaginal wall was a complex system involving the levator
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ani muscle, the arcus tendineus fascia pelvis (ATFP), the
pubocervical fascia and the uterosacral/cardinal ligaments.

Imaging techniques, such as magnetic resonance imag-
ing (MRI), three-dimensional (3D) transperineal ultrasound
and tomographic ultrasound imaging (TUI) mode have been
widely applied in the observation of PFD’s imaging feature,
evaluation of therapeutic effect and exploration of the mech-
anisms associated with PFD [3, 6-22]. Pelvic floor support-
ing structures, especially levator ani muscle, can be clearly
shown by MRI in different imaging plane with its multipla-
nar imaging characteristics [14—18]. Meanwhile, with the
advantages of low cost and handy operation, ultrasound also
has extensive application in pelvic floor muscle imaging and
achieved remarkable results [6—13], mainly in the field of
levator ani muscle and levator hiatus. Many researches con-
firmed that women with POP were more likely to have leva-
tor ani muscle defect and larger levator hiatus size [7-10].
With the advantage of multi-planar display of TUI mode,
the demonstration of levator ani muscle in multi-continuous-
plane in one screen made it more easily to detect avulsion
[12,13].
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However, pelvic floor connective tissue, another impor-
tant part of the pelvic floor support system, seemed to be
much harder to be imaged. Although Tunn et al. found
that endopelvic fascia could be clearly visible at middle
and proximal urethra level in some nulliparous women by
MRI, few reports involving ultrasound imaging of pelvic
floor connective tissue were available so far [19]. Anatomi-
cally, pelvic floor connective tissue is different from other
pelvic structures with fixed morphology, such as pelvic
organs or pelvic floor muscle, diffusedly distributing with
unclear boundary. In DeLancey’s anatomic theory, the con-
nective tissue surrounded vagina, which was part of pelvic
floor connective tissue, known as ‘paravaginal support’, was
described in detail and divided into three different levels [4,
5]. It was suggested further that different defect of ‘para-
vaginal support’ at different level might cause different type
of PFD correspondingly [2-5]. Considering the relation-
ship of vaginal morphology and its surrounding connec-
tive tissue suggested by DeLancey in the anatomic theory,
we attempted to find out whether the ‘paravaginal support’
proposed by DeLancey could be indirectly displayed by
observing the vaginal cross-sectional morphology with 3D
transperineal ultrasound. In addition, we tried to find out the
feasibility of TUI mode of 3D transperineal ultrasound in
observing the extent variety of paravaginal support by com-
paring the difference of nulliparous women and postpartum
women without severe PFD.

Patients and methods

This study was approved by the Ethics Committee of Shang-
hai Jiao Tong University Affiliated Sixth People’s Hospital
and written informed consent was provided by all partici-
pants. A total of 50 nulliparous women in gynecological
clinic with irregular menstruation, vaginitis, pelvic inflam-
matory disease or infertility were recruited. A total of 100
postpartum women who gave birth between December 2016

Fig. 1 Three-dimensional trans-
perineal ultrasound image in
mid-sagittal plane perpendicular
to the long axis of vagina. PS
pubic symphysis, U urethra, V
vagina, A anus, R rectum, PRM
puborectalis muscle
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and February 2017 in the Department of obstetrics were also
recruited. Inclusion criterions for postpartum women were
an uncomplicated singleton pregnancy, at 37-42 weeks’ ges-
tation and first delivery. The exclusion criterion for both nul-
liparous women and postpartum women were pelvic tumor
with the diameter > 3.0 cm (such as uterine myoma, ovarian
tumor and fallopian tube tumor) and women with a history
of pelvic trauma or surgery, chronic cough or constipation
leading to increase in abdominal pressure and BMI > 28.
All the participants were required to fill in the questionnaire
about the physical condition, the symptoms of pelvic floor
and urinary incontinence. Physical examination for prolapse
(International Continence Society POP-Q system) was also
performed. POP-Q grade 2 or higher refers to leading edge
of prolapse situated below 1 cm above hymen [23]. Severity
of stress urinary incontinence (SUI) was graded as Grade I,
Grade II and Grade III according to the Ingelman-Sundberg
scale [24] and the specific methods were as follows: Grade
I, urinary incontinence while coughing or sneezing; Grade
I, urinary incontinence while running or picking up objects
from the floor; and Grade I1I, incontinence while walking or
climbing stairs. Women with significantly SUTI (Grade II or
higher) and significantly objective prolapse (International
Continence Society POP quantification, grade 2 or higher)
were excluded.

Subsequently, all the participants underwent 3D trans-
labial ultrasound examination using GE Voluson E8 (GE
Medical system, Zipf, Australia) with RAB4-8-D 3D vol-
ume probe. Ultrasound volumes of postpartum women were
acquired at 30-90 days (in 3 months) after delivery. Imag-
ing was performed on women after emptying their bladder
on supine position at rest. Ultrasound data was analyzed
offline using GE 4D View software by an experienced doc-
tor, who was blinded against all clinical information. The
cross-sectional morphology of vagina was reconstructed by
the volume data obtained in mid-sagittal plane perpendicular
to the long axis of vagina (Fig. 1). The whole vagina from
cranial to caudal was browsed. Then, continuous slices at a
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2 mm interval of the cross-sectional plane perpendicular to
the long axis of vagina were assessed and the extent of para-
vaginal support were evaluated by TUI mode (Fig. 2). The
ultrasonic manifestations of vaginal cross-sectional mor-
phology in nulliparous women and postpartum women were
observed and the differences were compared. Paravaginal
support in all subjects were observed indirectly by studying
the vaginal cross-sectional morphology.

Statistical analysis was performed using SPSS 13.0 for
Windows (SPSS Chicago, IL, USA). Median values were
compared by Mann—Whitney U test and Chi square test, and
value of P < 0.05 was considered statistically significant.

Results

The average age was 25 years (range 20-29 years) in nul-
liparous women and 27 years (range 21-35 years) in post-
partum women. Basic clinical information of 100 postpar-
tum women is shown in Table 1. Twenty-two of the 100

Table 1 Basic clinical information of 100 postpartum women

39 + 6 (36 + 641 + 2 weeks)
45 (30-90 days)

Gestational at delivery
Time after delivery
Mode of delivery
Cesarean section (CS) group

Prelabor CS 34 (34/100, 34%)
CS in labor 4 (4/100, 4%)
Vaginal delivery group 62 (62/100, 62%)*
Birthweight 3283 (20104150 g)

Information about SUI

16 (16/100, 16%)
3(3/100, 3%)
3(3/100, 3%)

SUI in pregnancy
SUI postpartum
SUI in pregnancy and postpartum

418 women had episiotomy and 6 had forceps delivery among the 62
women with vaginal delivery

postpartum women (22%) suffered from Grade I SUI during
pregnancy or after delivery. None of them were with persis-
tent SUI from antepartum to postpartum.

Fig.2 3D ultrasonographic manifestations of vaginal cross-sectional morphology. a—c¢ The images in the proximal, middle and distal vagina of
nulliparous women correspondingly. d—f The images in the proximal, middle and distal vagina in postpartum women correspondingly
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The manifestations of vaginal
cross-sectional morphology in nulliparous
and postpartum women

The plane perpendicular to the axis of vagina was obtained
after post-processing of the 3D volume data (Fig. 1), in
which three representative manifestations of vaginal cross-
sectional morphology at different vaginal levels were pre-
sented from the dorsal side to the caudal side in nullipa-
rous women (Fig. 2a—c). In postpartum women, the images
of different vaginal cross-sectional morphology were also
obtained (Fig. 2d-f), a little bit more blurred than those
of nulliparous women.

In the proximal vagina, vagina was flat-bar-like, with
rounded ends (Fig. 2a, d). In the middle vagina, vagina
was box-like shaped and the urethra was located directly
ahead of the anterior vaginal wall, with a clear division
between them (Fig. 2b, e). In the distal vagina, vagina
appeared as crescent-like, forward wrapped around the
urethra, with blurring boundaries between vaginal anterior
wall and posterior urethral wall (Fig. 2c, f).

Among manifestations of the entire vagina, only the
middle vagina was shown in full-length, while both

cross-sectional images of proximal and distal vagina were
relatively clearer only in the part adjacent to the middle
vagina. The parts of the most distal vagina (close to the
probe part) and the proximal end (near cervical part) were
shown unclearly.

The extent of paravaginal support
in the middle vagina in TUl mode

The vaginal cross-sectional planes between the vaginal
external cervical orifice and the external orifice were dis-
played continuously at a 2 mm interval in TUI mode both
in nulliparous women and postpartum women (Fig. 3).
The cross-sectional images of the middle vagina, which
described as box-like shaped above, were totally shown in
full-length and clearly, while display of the most proximal
and most distal vagina was poor and it was relatively clearer
only in the part adjacent to the middle vagina.

To evaluate the extent of paravaginal support in the mid-
dle vagina, the slices of images with box-like shaped vaginal
cross-sectional morphology were counted out both in nullip-
arous women and postpartum women. In nulliparous group,
the median of the extent of paravaginal support in the middle

Fig.3 Tomographic or ‘multislice’ ultrasound images of vagina. The images with ‘asterisk’ represents the cross-sectional images of the middle

vagina
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vagina was 11 slices (range 9-12), while it was 7 slices
(range 4-10) in postpartum group, significantly reduced. The
difference was of statistical significance (P < 0.05). The
median of the extent of paravaginal support in the middle
vagina for CS group and vaginal delivery group both were 7
slices (range 4—10), with no statistical significant difference
(P > 0.05) (Table 2).

Discussion

Paravaginal defect, injury of pelvic connective tissue, which
represents a detachment of the anterior vaginal wall and the
arcus tendineus fascia pelvis (ATFP) anatomically, can only
be seen directly by observing it through the space of Retzius
[25-27]. In 1990s, researchers firs attempted to indirectly
learn paravaginal support defects by observing the shape
of the full bladder with transabdominal ultrasound. When
one side of the bladder projecting outward on the transverse
image, it was considered as vaginal wall support defects on
this side [28-30]. Some MRI researches found that women
with PFD might lose their typical configuration of the vagina
without levator ani muscle defect, and speculated that the
disruption of connective tissue from the pelvic sidewall
might be the cause [31, 32]. However, few researches have
studied the images of the cross-sectional morphology of
entire vagina and its paravaginal support so far. In this study,
we successfully applied 3D transperineal ultrasound, a tech-
nique which is good at displaying the cross-sectional images
of the pelvic floor, in imaging the vaginal cross-sectional
morphology, and generalized three representative manifes-
tations of vaginal cross-sectional morphology at different
vaginal levels from the dorsal side to the caudal side, both
in nulliparous women and postpartum women.

Vagina is a fibromuscular pipe structure, pulled by the
connective tissue around its wall to shape to fixed morphol-
ogy. Once the traction direction of the vaginal wall was
different, the vaginal morphology was then different cor-
respondingly. In Delancey’s anatomic theory, paravaginal
support was suggested to support the vagina at three differ-
ent levels owing to the different lateral connective tissue at
different levels [4, 5]. Level I, the cephalic 2-3 cm of the
vagina, equivalent to the proximal vagina, was supported
by the uterosacral and cardinal ligaments. The vagina was
then pulled back and upwards through their attachments to
the cervix and upper vagina. In our study, it was shown as a

flat-bar-like shape with rounded ends. Level II, the middle
vagina, was supported by pubocervical fascia. The vagina
wall was pulled by the surrounding connective tissue in four
directions, including left anterior, left posterior, right ante-
rior and right posterior, attached to the ATFP. In our study,
it was shown as a box-like shape. Some researchers had pre-
viously described the vagina as a cross-sectional H shape
in the upper urethra plane by magnetic resonance imaging
[21, 31, 32], which were similar to our results. Level 111,
the caudal 2-3 cm above the hymeneal ring, equivalent to
the distal vagina, was supported by perineal membrane. The
vagina was fused with the surrounding structures including
urethra, perineal membrane, and levator ani. In our study, it
was crescent-like shaped, with blurring boundaries between
vaginal anterior wall and posterior urethral wall. As a result,
it seemed feasible to learn the paravaginal support at dif-
ferent levels indirectly by observing the vaginal cross-sec-
tional morphology correspondingly. The different vaginal
cross-sectional morphology at different levels indicated the
existence of corresponding paravaginal support at different
levels.

Specifically speaking, level II was the easiest to be
entirely displayed. The position of level I was too distant
from the perineum to detect for the 3D transperineal ultra-
sound, which made it hard to clearly display this whole level.
As for level III, it was relatively too close to the probe and to
avoid the pressure from the probe on level III, which made it
much difficult to display clearly. However, level II not only
ensured the appropriate detect depth requirement for scan-
ning but also escaped the inevitable pressure from the probe,
which allowed 3D transperineal ultrasound to perfectly dis-
play the level. So did TUI mode. As a result, we further
studied the extent of level II instead of level I and level III.

At present, TUI mode was mainly applied in the observa-
tion of the lesion extent, such as levator trauma [13]. In this
study, we found TUI mode an effective method to roughly
learn the extent of level II by evaluating the full length of the
middle vagina. It showed that the extent of level II was 11
slices (range 9-12) at a 2 mm interval in nulliparous women
and 7 slices (range 4—10) in postpartum women. The extent
variety of level II in nulliparous and postpartum women
without severe PFD was also shown distinctly. However,
the cause of the descent extent and wider range of level I in
postpartum women, and its correlation to pelvic floor func-
tion still need to be further studied. In addition, our results
showed that there was no difference of the median and range

Table 2 Comparison of the

. The slices of images of the middle vagina P value
extent of paravaginal support
in the middle vagina between 4 5 6 7 8 9 10
Cesarean section (CS) group
and vaginal delivery (VD) CS group 1 (3%) 1 (3%) 1 3%) 18 (47%) 7 (18%) 6 (16%) 4(10%)  0.776
group VDgroup 3(5%) 2B% T11%) 28(45%) 10(16%) 6(10%) 6 (10%)
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of level IT extent between women experienced cesarean sec-
tion and vaginal delivery. Since this postpartum group in
our study only included the postpartum population without
PFD, we suggested that the result should not be simply inter-
preted as vaginal delivery with no effect on level II. Further
improvement in the selection of the study subjects would be
required to confirm the effect of childbirth on level II.

In conclusion, 3D transperineal ultrasound is a valid and
convenient way to indirectly observe the paravaginal sup-
port. Paravaginal support at different levels can be learned
from different vaginal cross-sectional morphology corre-
spondingly. TUI mode can be used to learn the extent of
level II and its variety. We successfully evaluated the exist-
ence of paravaginal support by 3D transperineal ultrasound,
and generally learned the normal range of level II in this
study, expecting that this research would be helpful for the
study of level II function in the future.
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