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Abstract

Background: Few studies have examined the impact of subsequent deliveries on levator hiatus morphology and no study has described
its changes throughout gestation and postpartum in multiparous women. The aim of this study was to investigate the changes that occur in
the levator hiatus (i) during pregnancy, and (ii) after labor in a cohort of multiparous women. Pregnant women with a history of vaginal
birth were compared to those with a history of cesarean section (CS). Methods: Prospective cohort longitudinal study, consisting of
82 multiparous women who were examined and recruited at an antenatal clinic. All participants underwent real-time three-dimensional
transperineal ultrasound (3D-TPUS) evaluation of the levator ani at 12, 22, and 32 weeks of pregnancy, as well as 4-6 months after
delivery. 3D volumes were acquired and stored for offline analysis. Results: Data from 66 women with at least two measurements
were available for analysis. 31 had a history of vaginal delivery (VD) and no history of CS (Group 1), while 35 had a history of
previous CS and no history of vaginal birth (Group 2). When comparing levator ani dimensions at rest, during Valsalva, and pelvic
floor muscle contraction (PFMC) in the third-trimester to those in the first-trimester, almost all hiatal dimensions were statistically
significantly enlarged. Postpartum hiatal dimensions were lower compared to third-trimester measurements in both groups. The incidence
of new levator trauma in Group 1 was 3.7%. Conclusions: In multiparous women: (a) ultrasound (US) measurements of the levator
hiatus increased significantly between the first-, second-, and third-trimester, and (b) many of the levator hiatus dimensions decreased
significantly postpartum, regardless of whether the delivery was a non-traumatic vaginal birth or a CS. The incidence of new levator
trauma is reduced in multiparous women with a history of previous vaginal births who deliver vaginally.
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1. Introduction presenting part of the fetus. Immediately postpartum, LAM
trauma can be depicted sonographically [11], and its inci-
dence as assessed using 3D-TPUS ranges from 10 to 35%
[12—16]. In some cases, lesions initially diagnosed may not
be confirmed in later scans [17,18]. Nevertheless, the ma-
jority of LAM injuries can still be recognized sonographi-

cally at anytime after the puerperium [17-21].

Three-dimensional transperineal ultrasound (3D-
TPUS) assists in obtaining images of pelvic structures
related to the support of pelvic organs [1-8]. Magnetic
resonance imaging (MRI) has also been used [9], but
3D-TPUS is generally quicker and easier to perform in
everyday clinical practice. The axial plane has been
used to represent the levator ani muscle (LAM), an
anatomical-functional unit that plays a pivotal role in
normal physiology of the pelvis. The sonographic images
obtained with 3D-TPUS focus mainly on (a) the presence
of any LAM trauma, defined as a sonographic defect in the
muscle, and (b) the dimensions of the LAM. Both LAM
trauma and increased dimensions have been consistently
associated with the presence of symptomatic pelvic organ

Recently, changes in LAM dimensions throughout
gestation and the postpartum period have been studied [16,
22-28]. Several prospective studies in nulliparous women-
have shown that LAM dimensions expand throughout preg-
nancy, continuing to increase until the late third-trimester
[22-27]. All these studies have attempted to describe the
changes in LAM dimensions both in nulliparous women
with levator trauma and those without. They concluded that

prolapse (POP) [1-3,10].

The origins of LAM trauma are primarily associated
with vaginal delivery (VD), as this is when damage to the
pelvic floor is most likely to occur due to the descending

trauma is the major cause of the expansion of LAM dimen-
sions after delivery [22—27]. Only a few studies have exam-
ined the impact of subsequent deliveries on levator hiatus
morphology [29,30]. Moreover, no study has described the
changes in LAM dimensions throughout gestation and the
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postpartum period in multiparous women. The rationale for
such a study would be to define the role of multiple vaginal
deliveries in the physiology of the pelvic floor support. As
such, the aim of this study was to investigate the changes in
LAM dimensions (1) during pregnancy and (2) after labor
in a cohort of multiparous women.

2. Methods
2.1 Patients

The present study was conducted prospectively be-
tween 2011 and 2014 at a tertiary center. The study proto-
col was approved by the Ethics Committee of the Medical
School of the Aristotle University of Thessaloniki, Greece
(Protocol No. 3767/2011). The study design included the
recruitment of consecutive pregnant women attending the
local antenatal clinic. The study population consisted of
82 multiparous women. Inclusion criteria were (i) pregnant
women between 10 and 14 weeks of gestation, (ii) aged
18 years or older, and (iii) with a history of at least one
previous delivery. Exclusion criteria were (i) non Greek
speakers, (ii) women with a history of pre-existing POP or
urinary incontinence (UI), and (iii) patientswho hadcomor-
bidities that would prohibit a Valsalva maneuver (such as
heart and lung problems, rheumatic disease, other). Written
informed consent was obtained from all participants before
enrollment in the study.

At baseline, all participantsprovided a thoroughmed-
ical history and underwent a pelvic examination. If geni-
talprolapse was detected, then it was graded according to
the Pelvic Organ Prolapse Quantifications (POP-Q) sys-
tem. At study enrollment and postpartum, all participants
completed standardized questionnaires for UI (International
Consultation on Incontinence Questionnaire, ICI-Q), sex-
ual life (Pelvic Organ Prolapse/Urinary Incontinence Sex-
ual Questionnaire, PISQ-12), and quality of life (European
Quality of Life 5 Dimension, EQ-5D).

2.2 Primary and Secondary Outcomes of the Study

The primary outcome of the study was the LAM di-
mensions in multiparous women during the first-, second-,
and third-trimester, as well as postpartum. The secondary
outcome of the studywas the comparison of LAM dimen-
sions in multiparous women with a history of VD and no
history of cesarean section (CS) versus those with a history
of previous CS and no history of vaginal birth. Levator ani
dimensions were expressed as anterior-posterior (a-p) and
left-right (I-r) diameters in cm, and in hiatal area in cm?,
measured at rest, during maximum Kegel, and maximum
Valsalva maneuver.

2.3 3D-TPUS

All women were examined using real-time 3D-TPUS
(5-9 MHz, Voluson 730, GE Healthcare, Chicago, IL,
USA) of the levator ani at 12, 22, and 32 weeks’ gestation,
as well as 4-6 months after delivery (Fig. 1). The same in-

vestigator conducted all the ultrasound (US) examinations
(AS). During the US examination, all women were in the
supine position. The perineum was examined at rest, dur-
ing pelvic floor muscle contraction (PFMC) (selecting the
best out of three efforts), and at maximum Valsalva maneu-
ver (selecting the best out of three efforts). 3D volumes ob-
tained with 3D-TPUS were stored and analyzed later by two
investigators (AS, TM). The US data were analyzed using
4D view Free Version 7 software (GE Healthcare, Chicago,
IL, USA). The methodology of volume analysis followed
protocols established in previously published seminal stud-
ies [12,31,32]. During offline analysis of each volume, the
region of interest (ROI) was focused on the minimal di-
mensions of the levator hiatus. For each patient, a sono-
graphic box was created that contained the posterior mar-
gin of the symphysis pubis anteriorly and the anterior mar-
gin of the levator plate posteriorly. This plane was ini-
tially used for measurement acquisition and later for to-
mographic representation, which allowed for the qualita-
tive assessment of detachment of the LAM from the lateral
wall of the pelvis and, subsequently, the diagnosis of LAM
trauma. The tomographic analysis involved slicing the vol-
umes from 5 mm below to 12.5 mm above the minimal hi-
atal dimensions, at 2.5 mm intervals, producing eight slices
per ROL. The presence of levator detachment in three con-
secutive slices was considered diagnostic for LAM trauma
(Fig. 2A,B) [32]. Intra-observer and inter-observer vari-
ability were assessed as previously reported [27].

2.4 Data Regarding Labor, Delivery and the Puerperium

Data regarding labor, delivery and the puerperium
were compiled from (i) medical records and (ii) phone calls
with the study participants. Details recorded included the
mode of delivery, duration of the second stage of labor, use
of instrumental delivery, perineotomy, and whether a CS
was performed during the first or second stage of labor.

2.5 Statistical Analysis

During study design, we conducted an appropriate
power analysis [27]. A sample size of 60 women was found
adequate, with a minimum of 23 in each group, allowing
for a maximum of 20% of missed follow-ups. This sample
size was calculated to detect 15% differences in hiatal area
dimensions between the first- and third-trimester of preg-
nancy, with type I error <0.05 and type II error <0.10 [11].
All data were collected and recorder in a spreadsheet us-
ing Microsoft Excel version 16.89.1 (Redmond, WA, USA).
All parametric data followed anormal distribution. De-
scriptive statistics were computed using MedCalc version
23.0.6 (MedCalc Software, Mariakerke, Belgium). Non-
parametric indices and parametric indices were compared
using the Fisher’s exact test and the Student’s ¢-test, respec-
tively. Paired #-tests were used to compare US measure-
ments obtained during the first, second, and third trimester.
Statistical significance was set at a p-value < 0.05.
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Table 1. Demographic, somatometric, delivery and neonatal data of the subgroups of the study.

Total History of VD History of CS p-value
N 66 31 35 n.a.
Maternal age (years) 32.60 + 3.77 32.45 +3.78 32.71 +3.82 n.s.
Maternal height (cm) 163.94 + 6.00 164.61 + 5.98 163.34 + 6.04 n.s.
Maternal weight (kg) 65.56 + 11.60 67.74 £ 11.85 63.63 £ 11.19 n.s.
Maternal BMI (kg/m?) 241 £53 24.7+ 4.4 23.6 £5.8 n.s.
Parity 2.30 +0.58 2.29 +0.64 2.40 £+ 0.69 ns.
Gestational age at birth (weeks) 38.14 + 0.96 3829 £ 1.16 38.00 + 0.73 n.s.
Neonatal weight at birth (g) 3186.34 +383.23  3256.15 £417.31  3129.61 £ 349.55 n.s.
VD 30/66 (45.45%) 27/31 (87.10%) 3/35 (8.57%) n.a.
VBAC 3/66 (4.54%) n.a. 3/35 (8.57%) n.a.
CS 36/66 (54.54%) 4/31 (12.90%) 32/35 (91.43%) n.a.
Elective CS 36/66 (54.54%) 4/31 (12.90%) 32/35 (91.43%) n.a.
Ist stage CS 0/66 (0%) 0/31 (0%) 0/35 (0%) n.a.
2nd stage CS 0/66 (0%) 0/31 (0%) 0/35 (0%) n.a.
Prolonged second stage 1/66 (1.51%) 1/27 (3.70%) 0/35 (0%) n.a.
Instrumental VD 3/66 (4.54%) 3/27 (11.11%) 0/35 (0%) n.a.
Spontaneous perineal tears 2/66 (3.03%) 2/27 (7.40%) 0/35 (0%) n.a.
Perineotomy 22/66 (33.33%) 19/27 (70.37%) 3/35 (8.57%) n.a.

VD, vaginal delivery; CS, cesarean section; VBAC, vaginal birth after cesarean section; n.a., not applicable; n.s.,

not significant; BMI, body mass index.

3. Results
3.1 Demographics

82 women were initially enrolled in the study. 16
women were excluded from further analysis for the follow-
ing reasons: (i) missing at least two US examinations due
to prematurity (n =4), (ii) receiving further treatment at an-
other hospital (n=9), and (iii) not returning for postpartum
follow-up (n = 3) (Fig. 1). Details from 66 women with at
least two US measurements were available for analysis. 31
had a history of VD and no history of CS (Group 1), while
35 had a history of previous CS and no history of vaginal
birth (Group 2). At baseline, the mean maternal age was
32.6 £ 3.8 years; the mean maternal height was 163.9 £ 6.0
cm; the mean maternal weight was 65.6 £ 11.6 kg; and the
mean parity was 2.3 = 0.6 children. 30 women had VD, and
36 had CSs. 3 women had vaginal birth after cesarean sec-
tion (VBAC), and 4 women had CS after previous vaginal
birth. In the vaginal birth group, 3 participants had vacuum-
assisted deliveries, and none had delivery with forceps. The
mean gestational age at birth was 38.14 £ 0.96 weeks, and
the mean birth weight was 3186.3 + 383.2 g (Table 1). Re-
garding the presence of levator avulsion at baseline scan, 3
multiparous womenwith a history of previous VD had lev-
ator ani trauma, while 2 multiparous womenwith a history
of previous CSs had levator ani trauma.

3.2 Changes of Hiatal Dimensions during Pregnancy

In the previous VD subgroup, almost all hiatal dimen-
sions were statistically significantly increased between the
first- and the second-trimester, and between the second- and
the third-trimester of pregnancy, both at rest, during PFMC,
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and at maximum Valsalva effort (Table 2 and Fig. 3). In
the previous CS subgroup, most hiatal dimensions were
similarly statistically increased between the first- and the
second-trimester, and between the second- and the third-
trimester, both at rest, during PFMC and at maximum Val-
salva effort (Table 3 and Fig. 3).

3.3 Postpartum Changes in Hiatal Appearance and
Measurements

Postpartum evaluation of hiatal appearance postna-
tally showed that only 1 woman experienced LAM trauma
after spontaneous VD (1/27, 3.7%); this trauma occurred
on the left LAM of a woman who already had a trauma
on the right LAM during a previous delivery. No patient
suffered trauma after CS. 3 women with a history of CS
delivered vaginally; of these, 1 was diagnosed with LAM
trauma, representing 33.3%.

In the previous VD subgroup, the hiatal area postpar-
tum was increased compared to the first- and the second-
trimesters, and decreased compared to the third-trimester
during TPUS (Table 2 and Fig. 3).

In the previous CS subgroup, the hiatal area postpar-
tum was increased compared to the first- and the second-
trimesters, and decreased compared to the third-trimester
during TPUS (Table 3 and Fig. 3).

3.4 Changes in Clinical Findings and Questionnaire

ICI-Q scores were non-significantly increased in both
subgroups: from 2.4 in the first-trimester to 3.5 postpartum
in the VD subgroup, and from 0.9 in the first-trimester to
1.1 postpartum in the CS delivery subgroup. EQ-5D scores
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Fig. 1. Flowchart of the recruitment process and the attendance of the 4-6 months postpartum examination. Hx, history; VBAC,

vaginal birth after cesarean section.

4

&% IMR Press


https://www.imrpress.com

Ss3id dNI

Table 2. Descriptive statistics of the measurements of Hiatal dimensions at first-, second- and third-trimester in all the multiparous patients of the study with history of VD (n = 31).

First-trimester ~ Second-trimester ~ Third-trimester ~ Postpartum  First vs. Second  Second vs. Third  First vs. PP Second vs. PP Third vs. PP
1’11:31 111:27 111:27 111:26 n2:27 n2:27 112:26 1’12:26 n2:26

At rest

a-p diameter (cm) 5.15+£0.81 5.44 £ 0.81 5.72 £0.79 5.57 £ 091 0.0231+ 0.0162F <0.0001+ 0.04207F n.s.

l-r diameter (cm) 3.824+0.53 3.95+0.50 4.09 £ 0.63 3.91 +0.49 0.0033+ 0.0399+ 0.0001+ n.s. n.s.

Hiatal area (cm?) 14.95 £ 3.71 16.16 £ 4.08 17.40 £+ 4.39 16.48 4+ 4.56 0.0076F 0.0122F <0.0001+ n.s. ns.
At max Kegel

a-p diameter (cm) 4.28 +£0.73 4.62 +£0.94 4.78 +£0.82 4.64 +0.87 n.s. n.s. n.s. n.s. 0.0241%

l-r diameter (cm) 3.74 + 0.61 3.73 £ 0.52 3.88 +0.74 3.64 £ 0.40 n.s. n.s. n.s. n.s. n.s.

Hiatal area (cm?) 12.19 £+ 3.09 13.00 £+ 3.46 14.32 £+ 4.02 13.12 £3.22 ns. 0.0071F 0.0329+ n.s. 0.0212%
At max Valsalva

a-p diameter (cm) 541 £ 1.14 5.56 £ 0.87 6.03 £ 0.99 580+ 1.11 0.0174F 0.0039F 0.00337 n.s. n.s.

l-r diameter (cm) 4.22 +£0.60 4.26 £ 0.60 4.44 +0.86 422 +£0.64 n.s. n.s. n.s. n.s. n.s.

Hiatal area (cm?) 17.76 £+ 5.64 17.95 £ 4.44 20.09 £+ 5.31 19.22 +£5.97 n.s. 0.0024% n.s. n.s. n.s.

Table 3.

VD, vaginal delivery; PP, postpartum; ¥, statistically significant increase; I, statistically significant decrease; n.s., notsignificant; n;, number of subjects; nz, number of comparisons; a-p,

anterior-posterior; 1-r, left-right.

Descriptive statistics of the measurements of Levator Hiatus dimensions at first-, second- and third-trimester in all the multiparous patients of the study with history of CS (n
= 35).
First-trimester ~ Second-trimester ~ Third-trimester ~ Postpartum First vs. Second  Second vs. Third  First vs. PP Second vs. PP Third vs. PP
1’11:35 111:33 111:32 n1=28 1’12:33 n2=32 n2=27 1’12:28 1’12:28
At rest
a-p diameter (cm) 5.08 £ 0.69 5.10 £0.76 5.44 £0.92 526 £0.78 0.0358+ 0.0223+ 0.0404+ 0.0333+ n.s.
l-r diameter (cm) 3.68 + 0.38 3.79 £ 0.40 3.96 + 0.46 3.68 + 0.35 n.s. n.s. n.s. n.s. 0.0198%
Hiatal area (cm?)  14.00 4+ 2.58 14.50 +2.97 16.40 + 4.02 14.76 + 3.16 0.0038+ 0.0013+ 0.0184+ n.s. 0.0192%
At max Kegel
a-p diameter (cm) 4.20+ 0.61 4.32 +£0.65 4.47 +£0.78 425+ 0.64 0.0001+ n.s. ns. ns. ns.
l-r diameter (cm) 3.53+0.31 3.62+0.29 3.62 +0.38 3.57 £ 0.36 n.s. n.s. n.s. n.s. n.s.
Hiatal area (cm?)  11.06 & 1.88 11.65 £+ 2.03 12.45 +2.83 11.48 +£2.62 0.0022+ 0.0402+ n.s. n.s. n.s.
At max Valsalva
a-p diameter (cm) 5.20 £ 1.01 5.24 +£1.03 585+ 1.23 5.26 £+ 1.09 0.0311% 0.0002 n.s. ns. 0.0060%
l-r diameter (cm) 3.96 + 0.51 4.04 +0.53 4.24 £ 0.60 3.93 £ 045 N.S. 0.0021+ ns. ns. 0.0082%
Hiatal area (cm?)  15.69 + 4.07 15.98 + 4.56 18.92 + 6.02 16.00 + 4.70 0.0155+ 0.0003+ n.s. ns. 0.0013%

CS, cesarean section; PP, postpartum; T, statistically significant increase; f, statistically significant decrease; n.s., notsignificant; ny, number of subjects; n2, number of comparisons; a-p,

anterior-posterior; 1-r, left-right.
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Table 4. Comparison of sonographic findings between the VD and the CS group.

a-p diameter (cm)

I-r diameter (cm)

Hiatal area (cm?)

VD CS p-value VD CS p-value VD CS p-value
During pregnancy 31 35 31 35 31 35
First-trimester
N 25 26 25 26 25 26
At rest 515+ 0.81 5.08+0.69 ns. 382 +£0.53 3.68+038 ns. 14.95 +£3.71 14.00 £ 2.58 n.s.
At max Kegel 428 +£0.73 4.20+ 0.61 n.s. 3.74 £ 0.61 3.53 +£0.31 n.s. 12.19 £3.09 11.06 + 1.88 n.s.
At max Valsalva 5.41+ 1.14 5.20 £+ 1.01 ns. 422+4+0.60 3.96+0.51 n.s. 17.76 £ 5.64 15.69 + 4.07 n.s.
Second-trimester
N 26 34 26 34 26 34
At rest 544 +£0.81 510+0.76 ns. 395+ 050 3.79+040 ns. 16.16 +4.08 14.50 +2.97 ns.
At max Kegel 4.62+0.94 4324065 ns. 373+0.52 3.62+0.29 ns. 13.00 £3.46 11.65+2.03 n.s.
At max Valsalva 5.56 +£0.87 524 +1.03 ns. 426+0.60 4.04 +£0.53 ns. 17.95 £ 4.44 1598 +4.56 n.s.
Third-trimester
N 22 32 22 32 22 32
At rest 572+0.79 544+092 ns. 4.09+063 3.96+046 ns. 17.40 £4.39 16.40 £+ 4.02 ns.
At max Kegel 478 £0.82 447 +£0.78 ns. 388 +£0.74 3.62+038 ns. 1432 +£4.02 1245 +2.83 ns.
At max Valsalva 6.03+0.99 585+123 ns. 4444086 424+0.60 ns. 20.09+531 18.92 +6.02 n.s.
Postpartum*
N 21 31 21 31 21 31
At rest 557+091 526+0.78 n.s. 391 £ 049 3.68£0.35 0.0167f 16.48 £4.56 14.76 £ 3.16 0.03107
At max Kegel 4.64 +£0.87 425+0.64 ns. 3.64 £ 040 3.57+036 ns. 13.12 +£3.22 11.48 £2.62 0.0145%
At max Valsalva 5.80 £ 1.11 5.26 £1.09 0.0475% 4.22 4+0.64 3.93 +0.45 0.0125Ff 19.22 4597 16.00 £ 4.70 0.01207

VD, vaginal delivery; CS, cesarean section; *, patients who had CS have been excluded from the VD group, and patients who had VD have

been excluded from the CS group; ¥, statistically significant; n.s., not significant; a-p, anterior-posterior; l-r, left-right; N, number.

were non-significantly changed in both subgroups: from
83.7 in the first-trimester to 89.6 postpartum in the VD sub-
group, and from 87.0 in the first-trimester to 86.9 in the CS
subgroup. PISQ-12 score was significantly reduced only in
the CS subgroup (from 52.7 in the first-trimester to 51.6 in
the postpartum, p < 0.02). Most of the POP-Q measure-
ments and staging did not show significant changes in any
group. Nevertheless, the total vaginal length (TVL) was
statistically longer postnatally across all participants (in-
creasing from 8.8 cm to 9.2 cm, p < 0.01). Additionally,
the genital hiatus (GH) was statistically smaller postpartum
in the CS delivery subgroup (decreasing from 2.2 cm to 1.9
cm, p < 0.02). A comparison of sonographic findings be-
tween the vaginal birth and the CS group is presented in
Table 4.

4. Discussion

In this prospective study, pregnant women with a his-
tory of VD were compared with those with a history of CS.
We have shown that during pregnancy, US measurements
of the levator hiatus in multiparous women significantly in-
creased from the first- to the second- and third-trimesters.
Furthermore, this study demonstrates that in multiparous
women, many dimensions of the levator hiatus decrease sig-
nificantly postpartum, whether following a non-traumatic
vaginal birth or a CS. Finally, this study indicates that the
incidence of new levator trauma during VD is reduced in
women with a history of previous vaginal births.

In the present study, there was only one new LAM
trauma in the women of the VD subgroup (1/27, 3.7%).
This finding confirms the already low published rates of
new LAM avulsion after a second VD. Chan ef al. [21]
evaluated 151 multiparous women after their second deliv-
ery and found a 0.9% rate of new LAM avulsion. Another
important issue is the possibility of LAM injury following
VBAC. Epidemiologically, CS appears to offer partial pro-
tection against POP. This could be explained because of the
very low rates of LAM trauma following CS. In the liter-
ature, Horak et al. [30] reported a new case of avulsion
following VBAC in 6 women who had a successful VBAC
(1/6, 16.7%). In the present study, 3 women delivered via
VBAC, and 1 suffered a LAM injury (1/3, 33.3%). These
findings highlight a potential risk for LAM injury in multi-
parous women attempting VBAC, which may have impli-
cations for future symptoms of POP.

Changes in the dimensions of the levator hiatus in nul-
liparous women during pregnancy and after delivery have
been investigated in several studies. These studies have
shown that the dimensions of the hiatal opening increase
as pregnancy progresses [22—-27]. Following delivery, pa-
rameters influencing hiatal dimensions include (i) the mode
of delivery, and (ii) the presence of pelvic floor trauma
[22-27]. In multiparous women, hiatal dimensions are ex-
pected to exhibit trends quite similar to those observed in
primiparous during pregnancy and after delivery. Antena-
tal measurements appear to support this expectation. Both

&% IMR Press


https://www.imrpress.com

RAB &-BLIGYN
0.9/ T Ycm M40Hz

A'ObGyn PAPAGEORGIOU
0600 2005 TTHT0ES

13071-13-03-06-1

Fig. 2. Three-dimensional transperineal ultrasound (3D-TPUS) imaging of the levator hiatus. (A) 3D-TPUS imaging of minimal

dimensions of the levator hiatus during PFMC at the saggital plane (left), and reconstruction at the axial plane (right). (B) Tomographic

ultrasound image (TUI) of the minimal dimensions of the levator hiatus during PFMC. PFMC, pelvic floor muscle contraction; S, sym-

physis pubis; U, urethra; R, rectum; P, puborectalis muscle; A, anus; V, vagina; 1, left-right diameter; 2, anterior-posterior diameter; 3,

hiatal circumference.

VD and CS subgroups of multiparous womenexhibit a simi-
lar trend, with an increase in hiatal dimensions as pregnancy
progresses towards term. Paradoxically, postnatal measure-
ments do not enterally align with the observations from nul-
liparous cohorts. On the one hand, as expected, the CS
subgroup exhibits a significant reduction in hiataldimen-
sions postpartum. On the other hand, the VD subgroup
also demonstrates a significant reduction in the hiatal di-
mensions following delivery. Despite differing initial mea-
surements in the first-trimester, the two subgroups exhibit
nearly identical trends in the alterations to the leavator hia-
tus (LH) area sustain during pregnancy and after delivery.
The most likely explanation for these findings is the absence
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of new levator trauma in women with previous VD. Appar-
ently, the effects of childbirth primarily impact the pelvic
floor muscles during the first VD, with subsequent vaginal
births not significantly affecting their integrity.

According to our results, all hiatal dimensions are sig-
nificantly increased in the VD subgroup compared with the
CS delivery subgroup. This finding is consistent with the
published literature. In detail, Kamisan Atan ef al. [33]
conducted a retrospective study using 3D-TPUS to exam-
ine women with POP symptoms. They found that multi-
parous women who had delivered vaginally exhibited a sig-
nificantly larger LH area during Valsalva compared to those
who had undergone CS [33].
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Fig. 3. Diagrams showing changes of the levatorhiatal area
in different subgroupsthroughout pregnancy and postpartum.
(a) at rest (cm?); (b) during PFMC (cm?); (c) at maximum Val-
salva (cm?); solid line: all women with a previous history of vagi-
nal birth (multiparous); round dot line: all women with a history
of VD; dash line: all women with a history of CS. VD, vaginal
delivery; CS, cesarean delivery; PFMC, pelvic floor muscle con-

traction.

Changes in hiatal dimensions and pelvic floor trauma
during pregnancy and delivery are key factors associated
with the developmentof POP later in life. A third influen-
tial epidemiological parameter contributing to the develop-
ment of POP is the number of pregnancies, particularly the
number of VD. Epidemiologically, the incidence of POP
appears to increase in direct proportion to parity [34,35].
Our study results cast doubt on the precise role of multipar-
ity in the pathophysiology of POP. Apparently, pregnancy
alone does not appear to be traumatic enough to induce the
prerequisites for POP. If it were, one might expect that mul-
tiparous women who delivered by CS would also have POP
symptoms. However, this has not been confirmed in epi-
demiologically. Therefore, we could presume that LAM
trauma sustained during VD is the single most important

peripartum factor leading to POP in multiparous women
with a history of VD.

Our results are in agreement with recent literature and
challenge the significance of subsequent VDs in the devel-
opment of POP later in life. Jundt et al. [29], in a small
study, concluded that a second VD did not further com-
promise the pelvic floor. Kamisan Atan et al. [33] retro-
spectively studied a large cohort of urogynecology patients
and concluded that subsequent deliveries do not appear to
have any effect on hiatal dimensions. Horak et al. [30]
concluded that a second pregnancy and delivery do not ap-
pear to have a major effect on levator function and bladder
support. Overall, it appears that subsequent vaginal deliv-
eries do not negatively impact the pathophysiology of POP
in women with a history of VD, especially in the absence
of new LAM trauma.

The findings of this study indicate that (i) the likeli-
hood of LAM trauma during subsequent vaginal births is
low and (ii) there is a peripartum reduction in hiatal area
in multiparous women, regardless of their previous deliv-
ery mode. These findings differ from data on nulliparous
women in the literature and may imply that most pelvic
floor injuries to the occur duringthe first VD. Such a con-
clusion could only be reached through detailed prospective
studies where multiparous women with history of traumatic
VD are compared with those multiparous women with his-
tory of non-traumatic VD, and both groups are followed for
a long period of time. As such, other important perinatal,
genetic or behavioral factors could be identified and further
investigated. However, postpartum identification of LAM
trauma could potentially serve as a screening tool for clini-
cal surveillance of women at high risk of developing symp-
tomatic POP later in life.

To the best of our knowledge, this is the first study
that prospectively followed multiparous women from the
first-trimester through to the postpartum period using 3D-
TPUS to investigate ongoing LAM changes. Multiparous
women appear to exhibit a different trend in the alterations
of the levator hiatus after delivery compared to the nulli-
parous women. Studies involving nulliparous women can
serve as a basis for comparison with our findings and vice
versa.

Limitations of our study include: (i) the relatively
small sample size and the increased number of missing
follow-up examinations; (ii) the high rates of CSs in ter-
tiary referral centers in Greece; (iii) the lack of analysis of
different grades of multiparity, which may reduce the statis-
tical power of our sample; (iv) the scheduling of the third-
trimester US scan at 32 weeks, which may miss any addi-
tional changes before birth and hinders direct comparisons
with findings from other published studies.

5. Conclusions

This study found that in multiparous women who de-
liver vaginally, the dimensions of levator hiatus increase
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during pregnancy and decrease after delivery. A similar
trend is identified in multiparous women who deliver with
CS. The incidence of new LAM trauma is reduced in multi-
parous women with a history of previous vaginal births who
deliver vaginally. Further studies involving multiparous
women who deliver vaginally, both with and without le-
vator hiatus trauma, are warranted in order to elucidate the
influence of multiple deliveries (traumatic or otherwise) on
the pelvic floor.

Availability of Data and Materials

All data points generated or analyzed during this study
are included in this article and there are no further underly-
ing data necessary to reproduce the results.

Author Contributions

AS clinical and ultrasound examinations of patients,
data collection and analysis, drafting of the manuscript;
TM study conception, design and supervision; APA and EA
study conception and design; MZ and GG analysis and in-
terpretation of data, revision of the manuscript for impor-
tant intellectual content; PP and DT analysis and interpre-
tation of data. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate

All subjects gave their informed consent for inclusion
before they participated in the study. The study was con-
ducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Ethics Committee of the
Medical School of the Aristotle University of Thessaloniki,
Greece (No. 3767/2011).

Acknowledgment

We would like to thank all those from the medical and
nursing staff of the 1st Department of Obstetrics and Gy-
necology of the Aristotle University of Thessaloniki who
helped us conduct this study. We would like to express our
gratitude to all the peer reviewers for their opinions and sug-
gestions.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] TunnR, Petri E. Introital and transvaginal ultrasound as the main
tool in the assessment of urogenital and pelvic floor dysfunction:
an imaging panel and practical approach. Ultrasound in Obstet-

&% IMR Press

[10]

[15]

[16]

[17]

rics & Gynecology: the Official Journal of the International So-
ciety of Ultrasound in Obstetrics and Gynecology. 2003; 22:
205-213.

Dietz HP. Ultrasound imaging of the pelvic floor. Part I: two-
dimensional aspects. Ultrasound in Obstetrics & Gynecology:
the Official Journal of the International Society of Ultrasound in
Obstetrics and Gynecology. 2004; 23: 80-92.

Dietz HP. Ultrasound imaging of the pelvic floor. Part II: three-
dimensional or volume imaging. Ultrasound in Obstetrics & Gy-
necology: the Official Journal of the International Society of Ul-
trasound in Obstetrics and Gynecology. 2004; 23: 615-625.
Caspers R, Stickeler E, Kennes LN, Krawutschke S, Wynands
R, Wittenborn J, et al. Reliability and Reproducibility of An-
alyzing 3D Transperineal Ultrasound Volumes Obtained in the
First Phase of Labor - A Pilot Study. Ultraschall in Der Medizin
(Stuttgart, Germany: 1980). 2023; 44: 623-630.

Pinheiro FA, Sartordo Filho CI, Prudencio CB, Nunes SK, Pas-
con T, Hallur RLS, et al. Pelvic floor muscle dysfunction at 3D
transperineal ultrasound in maternal exposure to gestational di-
abetes mellitus: A prospective cohort study during pregnancy.
Neurourology and Urodynamics. 2022; 41: 1127-1138.
Manzini C, van den Noort F, Grob ATM, Withagen M1J, Slump
CH, van der Vaart CH. Appearance of the levator ani muscle sub-
divisions on 3D transperineal ultrasound. Insights into Imaging.
2021; 12: 91.

Shui W, Luo Y, Ying T, Li Q, Dou C, Zhou M. Assessment of
female pelvic floor support to the urethra using 3D transper-
ineal ultrasound. International Urogynecology Journal. 2020;
31: 149-154.

Lanzarone V, Dietz HP. Three-dimensional ultrasound imaging
of the levator hiatus in late pregnancy and associations with de-
livery outcomes. The Australian & New Zealand Journal of Ob-
stetrics &Gynaecology. 2007; 47: 176—-180.

Kearney R, Miller JM, Ashton-Miller JA, DeLancey JOL. Ob-
stetric factors associated with levator ani muscle injury after
vaginal birth. Obstetrics and Gynecology. 2006; 107: 144-149.
Santoro GA, Wieczorek AP, Dietz HP, Mellgren A, Sultan AH,
Shobeiri SA, et al. State of the art: an integrated approach to
pelvic floor ultrasonography. Ultrasound in Obstetrics & Gyne-
cology: the Official Journal of the International Society of Ul-
trasound in Obstetrics and Gynecology. 2011; 37: 381-396.
Shek KL, Dietz HP. The effect of childbirth on hiatal dimensions.
Obstetrics and Gynecology. 2009; 113: 1272-1278.

Dietz HP, Lanzarone V. Levator trauma after vaginal delivery.
Obstetrics and Gynecology. 2005; 106: 707-712.

Shek KL, Dietz HP. Can levator avulsion be predicted antena-
tally? American Journal of Obstetrics and Gynecology. 2010;
202: 586.e1—¢6.

Valsky DV, Lipschuetz M, Bord A, Eldar I, Messing B, Hochner-
Celnikier D, et al. Fetal head circumference and length of second
stage of labor are risk factors for levator ani muscle injury, diag-
nosed by 3-dimensional transperineal ultrasound in primiparous
women. American Journal of Obstetrics and Gynecology. 2009;
201: 91.el—e7.

Chan SSC, Cheung RYK, Yiu AKW, Lee LLL, Pang AWL,
Choy KW, et al. Prevalence of levator ani muscle injury in Chi-
nese women after first delivery. Ultrasound in Obstetrics & Gy-
necology: the Official Journal of the International Society of
Ultrasound in Obstetrics and Gynecology. 2012; 39: 704-709.
van Delft K, Thakar R, Sultan AH, Schwertner-Tiepelmann N,
Kluivers K. Levator ani muscle avulsion during childbirth: a risk
prediction model. BIOG: an International Journal of Obstetrics
and Gynaecology. 2014; 121: 1155-1163; discussion 1163.
Shek KL, Chantarasorn V, Langer S, Dietz HP. Does levator
trauma ‘heal’? Ultrasound in Obstetrics & Gynecology: the Of-
ficial Journal of the International Society of Ultrasound in Ob-
stetrics and Gynecology. 2012; 40: 570-575.


https://www.imrpress.com

[18]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

10

Branham V, Thomas J, Jaffe T, Crockett M, South M, Jamison
M, et al. Levator ani abnormality 6 weeks after delivery persists
at 6 months. American Journal of Obstetrics and Gynecology.
2007; 197: 65.el—6.

Chan SSC, Cheung RYK, Yiu KW, Lee LL, Chung TKH. Effect
of levator ani muscle injury on primiparous women during the
first year after childbirth. International Urogynecology Journal.
2014; 25: 1381-1388.

Valsky DV, Lipschuetz M, Cohen SM, Daum H, Messing B,
Yagel 1, et al. Persistence of levator ani sonographic defect de-
tected by three-dimensional transperineal sonography in primi-
parous women. Ultrasound in Obstetrics & Gynecology: the Of-
ficial Journal of the International Society of Ultrasound in Ob-
stetrics and Gynecology. 2015; 46: 724-729.

Chan SSC, Cheung RYK, Lee LL, Choy RKW, Chung TKH.
Longitudinal follow-up of levator ani muscle avulsion: does a
second delivery affect it? Ultrasound in Obstetrics & Gynecol-
ogy: the Official Journal of the International Society of Ultra-
sound in Obstetrics and Gynecology. 2017; 50: 110-115.
Staer-Jensen J, Siafarikas F, Hilde G, Ba K, Engh ME. Ultrasono-
graphic evaluation of pelvic organ support during pregnancy.
Obstetrics and Gynecology. 2013; 122: 329-336.

van Veelen GA, Schweitzer KJ, van der Vaart CH. Ultrasound
imaging of the pelvic floor: changes in anatomy during and af-
ter first pregnancy. Ultrasound in Obstetrics & Gynecology: the
Official Journal of the International Society of Ultrasound in Ob-
stetrics and Gynecology. 2014; 44: 476-480.

Chan SSC, Cheung RYK, Yiu KW, Lee LL, Chung TKH. Pelvic
floor biometry in Chinese primiparous women 1 year after deliv-
ery: a prospective observational study. Ultrasound in Obstetrics
& Gynecology: the Official Journal of the International Society
of Ultrasound in Obstetrics and Gynecology. 2014; 43: 466—
474.

Shek KL, Kruger J, Dietz HP. The effect of pregnancy on hi-
atal dimensions and urethral mobility: an observational study.
International Urogynecology Journal. 2012; 23: 1561-1567.
Oliphant SS, Nygaard IE, Zong W, Canavan TP, Moalli PA.
Maternal adaptations in preparation for parturition predict un-
complicated spontaneous delivery outcome. American Journal
of Obstetrics and Gynecology. 2014; 211: 630.e1—e7.
Sanozidis A, Mikos T, Assimakopoulos E, Athanasiadis A, Tan-
tanassis T, Tarlatzis BC, et al. Changes in levator hiatus di-

(28]

[29]

[30]

[32]

[33]

[34]

[35]

mensions during pregnancy and after delivery in nulliparas: a
prospective cohort study using 3D transperineal ultrasound. The
Journal of Maternal-fetal & Neonatal Medicine: the Official
Journal of the European Association of Perinatal Medicine, the
Federation of Asia and Oceania Perinatal Societies, the Interna-
tional Society of Perinatal Obstetricians. 2018; 31: 1505-1512.
Siafarikas F, Staer-Jensen J, Hilde G, Bo K, EllstrémEngh M.
The levator ani muscle during pregnancy and major levator
ani muscle defects diagnosed postpartum: a three- and four-
dimensional transperineal ultrasound study. BJOG: an Interna-
tional Journal of Obstetrics and Gynaecology. 2015; 122: 1083—
1091.

Jundt K, Scheer I, von Bodungen V, Krumbachner F, Friese K,
Peschers UM. What harm does a second delivery to the pelvic
floor? European Journal of Medical Research. 2010; 15: 362—
366.

Horak TA, Guzman-Rojas RA, Shek KLL, Dietz HP. Pelvic floor
trauma: does the second baby matter? Ultrasound in Obstetrics
& Gynecology: the Official Journal of the International Society
of Ultrasound in Obstetrics and Gynecology. 2014; 44: 90-94.
Dietz HP, Abbu A, Shek KL. The levator-urethra gap measure-
ment: a more objective means of determining levator avulsion?
Ultrasound in Obstetrics & Gynecology: the Official Journal of

the International Society of Ultrasound in Obstetrics and Gyne-
cology. 2008; 32: 941-945.

Dietz HP, Shek KL. Tomographic ultrasound imaging of the
pelvic floor: which levels matter most? Ultrasound in Obstetrics
& Gynecology: the Official Journal of the International Society
of Ultrasound in Obstetrics and Gynecology. 2009; 33: 698—
703.

Kamisan Atan I, Gerges B, Shek KL, Dietz HP. The associa-
tion between vaginal parity and hiatal dimensions: a retrospec-
tive observational study in a tertiary urogynaecologicalcentre.
BJOG: an International Journal of Obstetrics and Gynaecology.
2015; 122: 867-872.

Mant J, Painter R, Vessey M. Epidemiology of genital pro-
lapse: observations from the Oxford Family Planning Associa-
tion Study. British Journal of Obstetrics and Gynaecology. 1997,
104: 579-585.

Hendrix SL, Clark A, Nygaard I, Aragaki A, Barnabei V, Mc-
Tiernan A. Pelvic organ prolapse in the Women’s Health Initia-
tive: gravity and gravidity. American Journal of Obstetrics and
Gynecology. 2002; 186: 1160—1166.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Patients
	2.2 Primary and Secondary Outcomes of the Study
	2.3 3D-TPUS
	2.4 Data Regarding Labor, Delivery and the Puerperium
	2.5 Statistical Analysis

	3. Results
	3.1 Demographics
	3.2 Changes of Hiatal Dimensions during Pregnancy
	3.3 Postpartum Changes in Hiatal Appearance and Measurements
	3.4 Changes in Clinical Findings and Questionnaire

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

