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Abstract

Background: The objectives of this study were to explore the course of labor and the risk of obstetric anal sphincter
injury at the first vaginal birth after cesarean section (fVBAC) in comparison to primiparous vaginal birth (PVB) in
women without epidural analgesia and to assess if laboring before the previous cesarean affected these outcomes.

Methods: All fVBACs without epidural analgesia and the subsequent PVBs (controls) between 2012 and 2016 were included
in this retrospective cohort study. Data were collected from health records and included maternal demographics, gestational
age, and labor details (duration of 1st and 2nd stages, labor induction or augmentation, birthweight, operative vaginal birth,
estimated blood loss, extent of childbirth trauma) in both groups as well as cervical dilation at the time of previous cesarean
in the fVBAC group. Wilcoxon and Chi-square tests were used for data analyses.

Results: The study comprised 510 women; 255 fVBACs and 255 controls. The majority of fVBACs were after a pre-labor
cesarean section — 177 (694%). There was a statistically significant difference in the recorded duration of first stage between
the fVBACs and controls (289 vs. 347 min respectively, p < .001). Women were less likely to have an intact perineum in the
fVBAC group (298 vs. 43.1%, p < 0.01), however, there was no statistically significant difference in anal sphincter injury rates
between both groups (2.3 vs. 1.9%, p = 0.76). The groups differed in rates of cervical tears requiring suturing (21.2 vs. 12.9%,
p=001). On further subgroup analysis, the duration of first stage of labor was shorter in women who previously had a
caesarean section late in labor (= 8 cm cervical dilatation) compared to a pre-labor cesarean section, however, there were no
differences in other outcomes.

Conclusion: Compared to primiparous women having a vaginal birth, women having their first vaginal birth after a
cesarean section have a shorter 1st stage of labor (particularly if the cesarean was performed in advanced labor), a higher
risk of sustaining cervical lacerations and perineal trauma. However, there was no difference in the risk of sustaining obstetric
anal sphincter injuries between the study groups.
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Background

Cesarean delivery rates are gradually increasing worldwide
both in developed and undeveloped countries [1]. Reduc-
tion of Cesarean Section (CS) rates has become a priority
for several health authorities globally, which might have
contributed to the recently observed plateauing of this
rate in some countries [2, 3]. Previous uterine scar is the
most common single indication for repeat cesarean sec-
tion contributing to almost a third of all cesarean deliver-
ies in the USA [4]. Vaginal birth after cesarean section
(VBAC) represents one of the effective interventions to re-
duce CS rates [5]. Moreover, it has been demonstrated
that the use of standardized and effective protocols to in-
form intrapartum care and decision making in VBACs is
associated with low complications and acceptable success
rates [6]. However, some authors warn about the associ-
ation of such practice with low success rates and relatively
high risk of adverse events [7].

Although an extensively studied subject, a limited num-
ber of studies focused on pelvic floor trauma after fVBAC
[8-11]. Since childbirth trauma may lead to a number of
pelvic floor disorders with severe consequences, women
considering a VBAC should be aware of the risk of injury
during their vaginal birth. Additionally, data regarding risk
of pelvic floor damage in relation to a VBAC are conflicting.
While some authors reported increased obstetric anal
sphincter injuries (OASIs) rates in women having their first
vaginal birth after cesarean (fVBAC) [8, 10], more recent
studies reported rates that are comparable to those re-
ported in primiparous vaginal births (PVBs) [9, 11, 12] with
higher rates only after previous emergency cesarean section
[13]. It has been suggested that the higher risk of pelvic
floor trauma is secondary to higher rates of operative vagi-
nal birth [8].

Another possible explanation is related to the reduced
cervical resistance to dilatation, and hence faster progress
in labor, in parous women [14], which when coupled with a
nulliparous pelvic floor may lead to higher risk of pelvic
floor damage, nevertheless, this has not been properly stud-
ied [8, 15]. Therefore, the main aim of this study was to
compare our primary endpoint of OASIs rate and the sec-
ondary endpoints of duration of labor and other genital
tract tears in women having their fVBAC to primiparous
controls who had a vaginal birth. As a secondary matter, we
hypothesized that labor would be shorter and the risk of
childbirth trauma would be higher in women, in whom the
previous cesarean section was performed in advanced labor
rather than pre-labor. Hence, we wanted to explore if labor-
ing prior to the previous CS impacted on these outcomes.

Methods

This is a retrospective cohort study comparing the dur-
ation of labor and genital tract trauma in women after
their fVBAC compared to primiparous women who had
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a vaginal birth. All singleton, term (>37th week of gesta-
tion) fVBAC who delivered at the Department of
Gynecology and Obstetrics, Medical Faculty and Univer-
sity Hospital in Pilsen, Charles University from January
2012 till December 2016 were included in the study
(Additional file 1: Figure S1). The singleton term PVB
subsequent to each of the included fVBAC formed the
control cohort. The controls were selected on a one-to-
one ratio to the VBAC patients. Women who had a vagi-
nal birth prior to the index cesarean section, and preg-
nancy complicated by intrauterine fetal death, fetal
anomalies, stillbirth and those who had intrapartum epi-
dural analgesia were excluded from the study. Since the
main aim of the study was to assess the influence of the pre-
vious labor process, women with epidural analgesia were ex-
cluded as it is considered a major confounding factor for
labor duration and perineal trauma [16—18]. The use of oxy-
tocin for labor induction or augmentation or any form of
pharmacologic or mechanical cervical ripening was not con-
sidered as exclusion criteria. Prostaglandins were never used
for this purpose in fVBAC. The hospital clinical database
was used to identify eligible women and their individual
health records were used for data collection.

In our unit, the perineum is always assessed by a doc-
tor after any type of vaginal birth and any identified
trauma is classified in line with the RCOG guideline
[19]. Bidigital vaginorectal examination of the anal
sphincter is performed routinely in case of a suspected
second degree or higher tear and episiotomy. All episi-
otomies were either mediolateral or lateral and cut on
the woman’s right side [20] Manual perineal protection
is routinely performed in our hospital for all vaginal
births as previously reported [21, 22]. According to the
routine practice at our institution, all women having a
vaginal birth have a speculum examination immediately
after the delivery of the placenta and any cervical lacera-
tions and vaginal tears =5 cm in length were recorded. A
vaginal tear was defined as any tear in the vaginal wall,
regardless of its location or whether it was isolated or
concomitant with a 1st degree perineal tear. Minimal
perineal trauma was defined as non-bleeding laceration
of the skin, not requiring a suture. The beginning of the
first stage of labor was defined as the onset of regular
contractions leading to cervical effacement or dilatation.
The beginning of the second stage was defined as full
dilation of the cervix. The durations of the first and the
second stage of labor are recorded in minutes. Addition-
ally, the maximum cervical dilation reached at the time
of the previous cesarean section was investigated in the
fVBAC group. Other institutions were asked to provide
this information had the woman had her cesarean birth
elsewhere. Women were excluded from the subgroup
analysis if such information was not available. A subana-
lysis within the fVBAC group was performed based on
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whether the previous CS was performed pre-labor
(fVBAC-PL) or in advanced labor (fVBAC-AL). This
stratification was based on whether the cervix was not
effaced or>8 cm at the time the decision was made to
perform the CS respectively. Data were de-identified
upon data collection and statistical analyses were per-
formed using SAS 9.4 (SAS Institute Inc., Cary, NC,
USA) statistical software. The comparison of variables
between the two study groups with respect to their dis-
tribution of normality was performed using non-
parametric ANOVA (2-sample Wilcoxon test). Categor-
ical variables were analyzed using the x> test and de-
scribed by contingency tables, p <0.05 was considered
statistically significant. Multivariate regression control-
ling for age and BMI was additionally performed for all
statistically significant differences. The study was ap-
proved by the University Hospital Pilsen, Charles Uni-
versity ethics committee (Date of approval: 12-03-2015).
Since this study was a retrospective review of electronic
medical records, informed consent from the individual
patients was not required.

Results
A total of 1565 (9.7%) women with a history of CS were ad-
mitted for delivery at our referral center during the study
period. A repeat CS was performed in 1189 women (76.0%)
and 376 (24.0%) had a VBAC. Of these, 255 (67.8%) women
were included in the study based on the a priori inclusion
and exclusion criteria (177 (69.4%) fVBAC-PL, 31 (12.2%)
fVBAC-AL) (Additional file 1: Figure S1). The control group
comprised 255 PVBs who fulfilled the inclusion and exclu-
sion criteria. The mean interval between the cesarean section
in women from the VBAC group was 3.6 years.

Apart from age at the time of birth, there were no dif-
ferences between the two groups in their demographic

Table 1 Delivery characteristics
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characteristics, gestational age or birthweight (Table 1).
The first stage of labor was significantly shorter in the
fVBAC group compared to controls (289 vs. 347 min,
p<.001) (Table 1). A statistically significantly shorter
first stage of labor in fVBAC-AL subgroup compared to
fVBAC-PL (230 vs. 296 min, p=.007) was observed
(Table 2). There were no differences in the duration of
the second stage of labor, oxytocin use for labor aug-
mentation or operative vaginal birth rates between the
study groups or in the within group subanalysis, how-
ever, there were more induced labors in our control co-
hort (Table 1 and Table 2).

Women in the fVBAC group were less likely to have
an intact perineum compared to PVBs (29.8 vs. 43.1%,
p=.002), but no statistically significant difference in
OASIs rates were observed (2.4% vs. 1.9%, p=.761)
(Table 3). When comparing the fVBAC subgroups with
controls for rates of 1st and 2nd degree perineal tears,
the difference was only significant between fVBAC-PL
and controls (15.8% vs. 9.0%, p=.019 and 14.7% vs.
7.8%, p =.022 respectively). While, the only significant
difference between the two fVBAC subgroups was in
episiotomy rate with it being higher in the fVBAC-AL
one (61.3% vs. 38.4%, p = .017) (Table 4).

There were no statistically significant differences in
rates of vaginal tears in any of the between or within
group analysis, however, cervical lacerations >1 cm were
more frequent in the fVBAC group compared to con-
trols (21.2% vs. 13.0%, p=.014). When comparing
fVBAC subgroups with controls, a similar pattern was
only observed between the fVBAC-PL vs control but not
the fVBAC-AL vs control subanalysis (21.5% vs. 13.0%,
p=.027 and 9.7% vs. 13.0%, p = .779 respectively). None-
theless, the difference between cervical tears between
the two fVBAC subgroups did not reach statistical

Variable PVB (Controls) fVBAC p-
n=255 n=255 value
Age [years]; mean + SD 286+48 31.7+40 <.001°
BMI; mean + SD 285+48 291 £5.1 2152
Gestational age [weeks]; mean + SD 398+ 14 307+13 107°
Birthweight [g]; mean + SD 3260.6 4249 3295.6+4298 369°
1st stage duration [min]; mean + SD 3470+ 150.5 289.1+128.1 <.001°
2nd stage duration [min]; mean £ SD 23.8+206 208+ 157 146°
Instrumental delivery; n (%) 10 (3.9) 120 (4.7) 663°
Estimated blood loss [ml]; mean + SD 3873 +1859 3910+ 1588 039°
Labor induction; n (%) 34 (13.3) 3(1.2) <001°
Oxytocin use for labor augmentation; n(%) 111 (43.5) 110 (43.1) 929P

fVBAC First vaginal birth after cesarean
PVB Primiparous vaginal birth

#non-parametric ANOVA (2-sample Wilcoxon test)

bChi-square Test
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Table 2 fVBAC subgroups - delivery characteristics
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Variable fVBAC-PL fVBAC-AL p-
n=177 n=31 value
Age [years]; mean £+ SD 31.8+4.1 319+33 988°
BMI; mean + SD 295+57 282+30 570°
Gestational age [weeks]; mean + SD 397+13 304+13 218°
Birthweight [g]; mean + SD 32955 +4084 3258.7 £269.3 637°
1st stage duration [min]; mean + SD 2960+ 1327 2300+ 104.2 007°
2nd stage duration [min]; mean £ SD 209+158 225+183 .806°
Instrumental delivery; n (%) 6 (34) 2 (6.5) 340°
Estimated blood loss [ml]; mean + SD 388.7 £166.0 433941947 077°
Labor induction; n (%) 1(06) 132 277°
Oxytocin use for labor augmentation; n(%) 76 (42.9) 11 (35.5) 5550

fVBAC-PL first vaginal birth after pre-labor cesarean
fVBAC-AL first vaginal birth after advanced labor cesarean
a non-parametric ANOVA (2-sample Wilcoxon test)
PFisher’s exact test

significance, which could be a reflection of the relatively
small sample size of the fVBAC-AL subgroup. All ob-
served differences remained statistically significant on
multivariate analysis controlling for maternal age and
BML

Discussion

The findings of this study demonstrate that women hav-
ing their fVBAC are not similar to PVBs with regards to
several labor and birth outcomes. Indeed, our hypoth-
esis, that women having the fVBAC would have a
shorter first stage of labor compared to PVBs was con-
firmed. Furthermore, this difference was more striking
in women who were advanced in labor prior to having
their CS. In spite of identifying a higher risk of spontan-
eous perineal tears and episiotomy in general in the
fVBAC cohort compared to controls, there were no dif-
ferences in OASIs between the two groups. Finally, on
subgroup analysis the risk of cervical laceration was al-
most doubled in the subgroup of fVBACs who did not

Table 3 Childbirth trauma

labor before compared to PVBs. Contrary to previous
studies, we did not find increased OASIs rate [8, 10]. It
is possible that the reason for this is that, unlike other
studies, the birthweight and operative vaginal birth rates,
which are known risk factors for OASIs, were compar-
able between our two study groups [8, 15]. Another pos-
sible reason for the low OASIs rate could be related to the
strong research focus in our department on reducing the risk
childbirth-related pelvic floor trauma and the staff receive
regular training related to intrapartum interventions for the
primary prevention of OASIs. The method of assessment of
perineal trauma is not fully described in most articles that
have suggested a higher OASIs rate following VBAC and it
is possible that after VBAC women were subject to a more
systematic assessment or the examination was performed by
a more experienced accoucher and either could have en-
hanced the detection rate [23]. In our unit, the perineum is
always inspected using the recommended bidigital vaginor-
ectal examination by an experienced obstetrician or midwife
[19]. Finally, it is important to highlight that operative vaginal

Variable PVB (Controls) fVBAC p-
n=255 n=255 value
Intact / minimal perineal trauma; n (%) 110 (43.1) 76 (29.8) 002°
1st degree perineal rupture; n (%) 23 (9.0) 35 (13.7) 122°
2nd degree perineal rupture; n (%) 20 (7.8) 33(129) 059°
3rd degree perineal rupture; n (%) 5(1.9) 6(24) 761°
Episiotomy; n (%) 102 (40.0) 109 (42.8) 579°
Important vaginal tear =25 cm; n (%) 32 (125) 45 (17.3) 136°
Cervical laceration 21 cm; n (%) 33 (129 54 (21.2) 014°

fVBAC First vaginal birth after cesarean
PVB Primiparous vaginal birth
Chi-square Test
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Table 4 fVBAC subgroups - childbirth trauma

Variable fVBAC-PL  fVBAC-AL  p-
n=177  n=31 value
Intact / minimal perineal trauma; n (%) 53 (29.9) 5(16.1) 1320
1st degree perineal rupture; n (%) 28 (15.8) 3(9.7) 5840
2nd degree perineal rupture; n (%) 26 (147)  4(13.0) 1.00°
3rd degree perineal rupture; n (%) 4 (2.3) 132 558°
Episiotomy; n (%) 68 (38.4) 19 (61.3) 0172
Important vaginal tear 25 cm; n (%) 32(181) 40130 612°
Cervical laceration 21 cm; n (%) 38 (21.5) 3(9.7) 149°

fVBAC-PL first vaginal birth after pre-labor cesarean
fVBAC-AL first vaginal birth after advanced labor cesarean
2Chi-square Test

PFisher’s exact test

birth rates are generally very low in the Czech Republic with
a preference towards the use of ventouse because of its asso-
ciated lower risk of OASIs compared to forceps [24].

Intrapartum cervical lacerations are relatively common
with an overall incidence widely ranging from 25 to 90%
[25], most of these are detectable only on routine cervical
examination after a vaginal birth. Although a routine policy
in our unit, this practice is not adopted in the majority of
maternity units globally either because it is considered an
uncomfortable intervention for the women or because of the
perceived lack of association between small cervical lacer-
ation and poor outcomes. We appreciate that the cervical la-
ceration rates described in the present study are high in
comparison to previously published data [25-27], however,
this might be a reflection of the severity of reported lacera-
tions where other studies focused on more severe cervical
lacerations that were associated with severe postpartum
hemorrhage or involvement of other structures like the lower
uterine segment or the vaginal wall [25]. Cervical lacerations
of 1 cm and more are considered clinically significant and su-
tured at our institution. This threshold was therefore selected
for comparison. Investigating the reason for the observed
high cervical tear rates was beyond the scope of our study
and hence our proposed reasoning for this finding is only
speculative. It is plausible that the higher risk of cervical la-
ceration in the VBAC group could be linked to non uniform
reduction in cervical tissue resistance up to the degree to
which the cervix has previously dilated causing a mismatch
between the strength of uterine contractions and cervical re-
sistance resulting in its traumatization. However, this explan-
ation does not support the finding that on subgroup analysis
the difference in laceration was only significant when the
PVB versus fVBAC-PL comparison.

Our results regarding the difference in labor duration are
in contradiction with previously published studies. A second-
ary analysis of data from a Consortium on Safe Labor [4]
study has shown that labor duration for a trial of labor after
cesarean was slower compared to nulliparous labor [28].
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Other studies described comparable first stage and shorter
second stage of labor duration in VBAC [12, 15]. We do not
have a clear explanation for these inconsistencies and we can
only speculate that the difference could be a result of the ex-
clusion of women who had epidural analgesia or the rela-
tively low operative vaginal birth rates in our study. We
identified a higher episiotomy rate in our fVBAC-AL com-
pared to fVBAC-PL group. There is no clear explanation of
this observation because the majority of episiotomies are per-
formed at the accoucher’s discretion and the indication for
the episiotomy is not routinely documented. On detailed re-
view of the hospital notes of women who had an episiotomy
in both subgroups, 21/68 episiotomies in fVBAC PL group
and 5/19 episiotomies in the fVBAC-AL had evidence of sus-
pected fetal distress, which might have been the indication
for the episiotomy, nevertheless this does not explain the
findings. It is possible that this difference is a reflection of a
faster progressing labor and “nulliparous” perineum. Interest-
ingly, a recent study reported an increased risk of OASIs in
women delivering vaginally after emergency compared to
elective caesarean sections and episiotomy appeared to be
protective [13]. The increased rate of episiotomy in our
fVBAC-AL group might explain the comparable OASIs rates
in our study.

The major strength of the present study lies in its de-
sign. Unlike most previous studies on this topic, this is
not a registry analysis. Hand abstracting of the results
allowed for looking at individual health records to obtain
more precise and detailed data. Additionally, since all
women had their fVBAC in the same institution, the
variation in obstetric practice and perineal management
during labor would have been minimal. Another
strength of the study is that the study groups were well
defined where we did not include any women with pre-
vious vaginal deliveries or those who used epidural anal-
gesia, both are established confounders to the outcomes
of interest. Moreover, we were able to perform some
preliminary analyses on the impact of the type of CS
performed on the course of subsequent VBAC. In this
context, we intentionally only included women who had
a planned CS with a non-effaced cervix and those who
had an emergency CS after being advanced in labor be-
cause we hypothesized that if there was a difference in
any of these outcomes it will be more evident between
these two distinct clinical categories. The major limita-
tion of the study is certainly the number of women in
the fVBAC-AL group, however, the size still allowed a
proper statistical analysis. Another limitation is the absence
of ultrasound assessment in the follow-up. The assessment
of the perineal trauma was performed clinically after the de-
livery. It was suggested that more than a half of OASIs may
remain undiagnosed by the attending obstetrician or mid-
wife, providing rectal examination is not performed after the
delivery [23]. However, this examination is part of our
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routine practice. Nonetheless, in this retrospective analysis
we were unable to objectively assess and quantify anal
sphincter and levator ani injuries using ultrasound in follow-
up. This remains an objective for future studies. Finally, al-
though the exclusion of women who used an epidural
allowed a more robust evaluation of our hypotheses, it limits
extrapolating our study findings to women opting to use epi-
dural analgesia for their fVBAC.

Conclusions

In conclusion, compared to primiparous women having a va-
ginal birth, women having their first vaginal birth after a
cesarean section without epidural analgesia have a shorter
1st stage of labor. This difference is more pronounced if the
woman’s previous cesarean was performed in advanced
labour. Women having their fVBAC seem to have a higher
risk of sustaining cervical lacerations and perineal trauma.
However, the risk of anal sphincter injuries does not seem to
be increased which is reassuring for women considering a
trial of VBAC.
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(DOCX 26 kb)
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Maiji zeny rodici vaginalnée po predchozim
cisarském rezu vetsi riziko avulzniho

poranéni musculus levator ani?

Vaginal birth after cesarean section and levator ani
avulsion

Paymova L. 2, Kali§ V.2, Sperlova T.2, Nova V.3, Rusavy Z."2

'Gynekologicko-porodnicka klinika FN a LF UK, Plzen,
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3Gynekologické oddéleni Nemocnice Hofovice, NH Hospital a.s.,

primar MUDr. L. Teslik, |.LF.E.P.A.G.

Objective: The aim of the study was to assess the risk
of levator ani avulsion in vaginal birth after cesarean
section (VBAC).

Design: Observational cohort study.

Settings: Department of Gynecology and Obstetrics,
Medical Faculty, Charles University and University
Hospital Pilsen.

Methodology: In this observational study we included
every secundiparous woman after her first VBAC at
term from 2012 till 2016 at our tertiary center. Women
after repeated VBAC, delivering preterm or women
after stillbirth were excluded. In addition, we enrolled
random primiparous women as a control group. The
women were invited for a 4D pelvic floor ultrasound for
acquisition of a 4D volume of their pelvic floor at rest
and during Valsalva. The levator avulsion was diagno-
sed off-line from the volumes of the pelvic floor during
contraction, area of the urogenital hiatus was measured
at rest and Valsalva. The laterality of the avulsion was
additionally noted. The cohorts were then compared
using Chi-square test and Wilcoxon two-sample test

Cil: Srovnat incidenci avulzniho poranéni m. levator ani
(MLA) u Zen po prvnim vaginalnim porodu po predcho-
zim cisafském rezu (VBAC) a u prvorodicek.

Typ studie: Observacni studie.

Nazev a sidlo pracovisté: Gynekologicko-porodnicka
klinika Fakultni nemocnice Plzen.

Metodika: Do studie byly zahrnuty vSechny druho-
rodicky po terminovém VBAC, které porodily mezi
roky 2012 a 2016. Zeny po opakovaném VBAC, po
pfedcasnému porodu a po porodu mrtvého plodu byly
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according to the distribution of normality, p-value < 0.05
was considered statistically significant.

Results: Total of 255 women after VBAC in the study
period were enrolled in the study based on the inclusion
and exclusion criteria. All of them were contacted, 98
(38.4%) came for the examination. The main reason for
additional exclusion was another pregnancy or delivery
and lack of interest in the study. In addition, 69 random
women after first vaginal delivery were examined as a
control group. No statistically significant differences
in group characteristics apart from the age at the time
of birth (32.7 vs. 30.0 years, p < 0.05) were found be-
tween VBAC and the Controls. The difference in levator
avulsion and ballooning rate did not reach statistical
significance. The variance of area of the urogenital hiatus
in rest and during Valsalva was similar in both groups.
Conclusion: VBAC is not associated with an increased
risk of levator ani avulsion compared to primaparous
women.

4D transperineal ultrasound, musculus levator ani,
avulsion injury, VBAC, pelvic floor

vyfazeny. Z nahodné vybranych prvorodic¢ek byla vy-
tvofena kontrolni skupina. Vsechny zeny byly pozvany
k vySetreni 4D transperinealnim ultrazvukem. V pfipadé
jejich souhlasu jim byl nasniman 4D volum panevniho
dna pri kontrakci a pri Valsalvové manévru. Ten byl
nasledné off-line zhodnocen k vySetfeni avulze MLA
a plochy urogenitalniho hidtu. Byla zaznamenana late-
ralita pfipadného avulzniho poranéni. Obe skupiny byly
mezi sebou porovnany pomoci X2 testu a Wilcoxonova
two-sample testu, hodnota p < 0,05 byla stanovena jako
statisticky vyznamna.



Vysledky: V daném ¢asovém obdobi vaginalné porodilo
a vstupni kritéria splnilo celkem 255 zen po cisarském
fezu. VSechny z nich byly kontaktovany, k vysetreni
se dostavilo 98 Zen. Hlavnim dlvodem pro netic¢ast ve
studii bylo dalsi téhotenstvi a porod po VBAC. Kontrolni
skupinu prvorodicek tvorilo 69 zen. Kromé veku rodi-
¢ek v dobé porodu (32,7 vs. 30 rokd, p < 0,05) nebyl
zaznamenan zadny statisticky vyznamny rozdil v cha-
rakteristice obou skupin. Rozdil v ¢etnosti avulzniho
poranénii balooningu aniv jedné z obou skupin nedosahl
statistické vyznamnosti. Zména plochy urogenitdiniho

Incidence cisafskych fezli celosvétové stoupa
a znepokojuje porodniky vyspélych statt [1], ktefi
se pomoci riznych strategii a postupii snazi tento
fakt zvratit [4]. AZ jedna tfetina z celkového poctu
provadénych cisatskych fezli v USA je indikovana
pro predchozi cisatsky fez vanamnéze [28], a proto
se jevi vaginalné vedeny porod po predchozim ci-
safském fezu (VBAC) jako efektivni zpisob vedouci
ke sniZeni incidence cisafskych ezt [13].

Poranéni musculus levator ani (MLA) je relativ-
né castou komplikaci vaginalné vedeného porodu.
Jeho incidence se pohybuje mezi 13-36 % [5, 9]. Jde
o poranéni, které je velmi obtiZné diagnostikova-
telné a zaroven prakticky neoSetfitelné. Vede ke
sniZzené kontraktilité panevniho dna a rozsireni
urogenitalni hiatu - balooningu [7]. Je spojeno se
zvySenym rizikem sestupu panevnich organt [8] se
vSemi jeho d@isledky a negativnim vlivem na kvali-
tu zivota Zeny, véetné jeji sexuality [24]. Poranéni
navic zvysuje riziko selhani rekonstrukénich ope-
raci sestupu panevnich organd [20]. Mezi hlavni
rizikové faktory avulzniho poranéni MLA patii vék
rodicky, primiparita [17], porodni vaha novoro-
zence [23], obvod jeho hlavi¢ky, délka druhé doby
porodni [26] a kleStovy porod [25]. Vaginalni porod
po predchozim cisafském fezu je podle nékterych
autorli spojen se zvySenym rizikem poranéni peri-
nea [14, 19] a délozniho hrdla [21]. Tento fenomén
byva vysvétlovan kombinaci rychleji progreduji-
ciho porodu, vétsiho plodu a silnéjsi kontraktility
délohy u vicerodicky ve spojeni s panevnim dnem
nerodivsi zeny [15, 21].

Ve svétové literatufe existuje fada odbornych
studii, které se zabyvaji hodnocenim avulzniho
poranéni MLA po vaginalnim porodu [2, 12], srov-

hidtu pri Valsalvove manévru a v klidu byla pro obé
skupiny rodicek srovnatelna.

Zaveér: Zeny s cisafskym fezem v anamnéze rodici popr-
vé vaginalné nemaji zvysené riziko avulzniho poranéni
MLA proti prvorodickam.

4D transperinealni ultrazvuk, musculus levator ani,
avulzni poranéni, VBAC, panevni dno

MUDr. Lenka Paymova, e-mail: paymoval@fnplzen.cz
Ces. Gynek., 2020, 85, & 5, 5. 296-301

navaji jeho incidenci s incidenci u nerodivsich
Zen [3, 27] nebo u Zen po primarnim i urgentnim
cisafském tezu [18]. Incidence poranéni MLA pii
vaginalnim porodu po cisatském fezu studovana
nebyla. Cilem pfedkladané studie bylo zhodnotit
Cetnost avulzniho poranéni MLA u Zen po VBAC.

Do nasi observacni studie jsme zahrnuli vSech-
ny druhorodicky s cisafskym fezem v anamnéze,
které porodily poprvé vaginilné v terminu mezi
roky 2012 aZ 2016 na Gynekologicko-porodnické
klinice FN Plzefi. Zeny po opakovaném VBAC,
po porodu mrtvého plodu nebo plodu s fetalnimi
anomaliemi byly ze studie vyfazeny. Z nahodné
vybranych prvorodicek jsme vytvorili kontrolni
skupinu spliujici vySe uvedend kritéria. Pouziti
oxytocinu, at uz v ramci indukce porodu, nebo
augmentace slabych kontrakci déloznich, nebylo
vyfazujicim Kkritériem. Stejné jako pouziti pro-
staglandint nebo jinych mechanickych metod zra-
ni délozniho hrdla. Na naSem pracovisti v pfipadé
VBAC prostaglandiny nepouzivame.

Vybrané Zeny byly telefonicky kontaktovany
a byla jim navrzena spoluprace ve studii. Pred
zatazenim do studie Zeny podepsaly informovany
souhlas a poté jim bylo vySetfeno panevni dno po-
moci 4D transperinedlniho ultrazvuku. Zeny byly
vySetfovany v supinacni poloze, s praizdnym mo-
¢ovym méchyfem, pomoci ptistroje GE Voluson E8
(GE Kretz Medizintechnik Zipf, Rakousko) s ultra-
zvukovym paprskem 4-8 MHz s akvizi¢nim tthlem
85 stupnli. Volumy panevniho dna byly snimany
v roviné minimalniho rozméru urogenitalniho
hidtu, ktera je ve stfedni sagitalni roviné ohrani-
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¢ena hyperechogenitou zadni stény spony stydké
a hyperechogenitou pfedni hranice MLA.

Vyhodnoceni pfitomnosti avulze MLA za kon-
trakce a méteni plochy urogenitdlniho hiatu
v klidu a pfi Valsalvové manévru z nasnimanych
volumu bylo provedeno off-line pomoci software
4D View (obr. 1). Nasnimané 4D volumy pfi maxi-
malni kontrakci svall pAnevniho dna byly pouZity
k hodnoceni avulze MLA. Pomoci tomografickych
fezli vintervalu 2,5 mm byla vySetfena oblast 5 mm
pod a12,5mm nad rovinou minimalni plochy uro-
genitalniho hidtu tak, aby byl zahrnut kompletné
im. puborectalis. Avulze MLA byla diagnostikova-
nav pripadé potvrzeni abnormalni inzerce MLA ve
tfech centralnich fezech [11], coZ odpovida vzda-
lenosti iponu levatoru ke stydké kosti od stiedu
uretry véts$i nez 25 mm (obr. 2). Hodnotili jsme
také 4D volum panevniho dna pfi maximalnim
Valsalvové manévru, protoZe velikost jeho plochy
velmi Gizce koreluje s rizikem vzniku poklesu pa-
nevnich organt [10]. Balooning byl definovan jako
plocha hidtu pfi maximalnim Valsalvové manévru
nad 25 mm? (obr. 3).

Obecné charakteristiky pacientek (vék, BMI,
gestacni stari) stejné jako informace o priibéhu
porodi (indukce, augmentace, trvani jednotli-
vych dob porodnich, porodni viha novorozence)
byly vyhledany v nemocnic¢ni databazi. V nepo-

Obr.1 3D rekonstrukce svalli panevniho dna se zobrazenim
urogenitalni hidtu

Obr.2 Sonografickd tomografie (TUI) a hodnoceni avulze MLA ve
tfech centralnich snimcich pomoci vzdalenosti levator-urethra gap
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Obr.3 3D rekonstrukce svalii panevniho dna pfi Valsalvové
manévru a rozsiteni urogenitalni hiatu (balooning)

sledni fadé nas zajimalo, v jaké fazi porodu byl
proveden predchiazejici cisatsky fez. Za tcelem
dalsiho hodnoceni jsme rodic¢ky rozdeélili do na-
sledujicich tfi skupin. Skupina A byla skupina
po elektivnim cisafském fezu, skupina B méla
cisafsky rez béhem probihajiciho vaginalni poro-
du do branky 8 cm, skupina C na nalezu branky
8 cm a vys§im.

Ziskana data byla zpracovana pomoci statistic-
kého softwaru SAS 9.4 (SAS Institute Inc., Cary,
NC, USA). Srovnani proménnych mezi skupinami
bylo provedeno pomoci Wilcoxonova testu (nepara-
metrickd ANOVA) ¢i Fisherovym exaktnim testem
podle rozloZeni normality. Kategorické proménné
byly porovnany pomoci kontingencnich tabulek.
Hladina statistické vyznamnosti byla urc¢ena jako
hodnota p < 0,05. Studie byla schvalena etickou
komisi FN a LF UK v Plzni (¢islo 92/2017).

V daném casovém obdobi porodilo a vstupni
kritéria do studie splnilo celkem 255 Zen po VBAC.
VSechny byly telefonicky kontaktovany a k vy-
Setfeni se dostavilo 98 (38,4 %) z nich. Hlavnim
divodem pro dodatecné vylouceni pacientky ze
studie bylo pravé probihajici téhotenstvi i jiz
diive probéhly dalsi porod, dale pak nesouhlas
se zatazenim do studie. Kontrolni skupinu na-
hodné vybranych prvorodicek tvotilo 69 (41 %)
Zen. Casovy odstup ultrazvukového vysetfeni od
vaginalniho porodu ¢inil v priméru 33 mésica.
Charakteristiku obou hlavnich skupin vysetfo-
vanych pacientek shrnuje tabulka 1. Zeny v obou
skupinach rodily primérné ve 39. tydnu gravidi-
ty. Zeny po VBAC byly v dobé porodu starsi (32,7
let vs. 29,9 let, p < 0,0001) a mély statisticky vy-
znamneé krat$i trvani prvni (279,6 min. vs. 344,8
min, p = 0,007) i druhé doby porodni (21,2 min.
vs. 35,3 min., p = 0,004). Ve skupineé rodicek po



Tab.1 Charakteristika porovnavanych skupin pacientek v souboru

Veék; priimeér=SD 29,9+4,6 32,735 <0,0001*
BMI; prdmér +SD 29,7+57 289+472 NS*
Gestacni stari [tydny]; primér +SD 395+12 396+12 NS*
Porodni hmotnost [g]; primér+SD 3329,4 £ 4339 33453 £ 402,1 NS*
Trvéni . DP [min]; prdmér+SD 344,8 +153,0 279,6 +116,1 0,007*
Trvéni Il. DP [min]; prdmér + SD 35,3+34,0 21,2 £16,5 0,004*
Operativni porod: n (%) 3(4,4) 220 NS**
Indukovany porod;n (%) 11 (15,9) 0(0) <0,0001**
Medikamentdzni porod; n (%) 32(46,4) 39(39,8) NS**
* Wilcoxon Two Sample test, ** Fisher s Exact Test, SD smérodatnd odchylka, NS statisticky nevyznamna hodnota
predchozim cisafském fezu nebyla zaznamenana
zadnd indukce porodu. V ostatnich parametrech
(BMI rodic¢ky, porodni hmotnost novorozence, ® pravostrannd
frekvence operativniho ukonceni porodu, aug- L. oy —

mentace déloznich kontrakci uzitim oxytocinu)
uvedenych v tabulce nebyly mezi skupinami zna-
menany vyznamné rozdily.

Cetnost avulzniho poranéni jsme sledova-
li v obou hlavnich skupinach jak celkové, tak
i s ohledem na lateralitu poranéni MLA (tab. 2,
graf 1, 2 a 3). Ve skupiné Zen po VBAC bylo po-
ranéni MLA diagnostikovano v 36,7 % porodd,
Castéji unilateralné, vpravo. V kontrolni skupiné
prvorodicek bylo diagnostikovano poranéni MLA
v 26,1 % piipadii. Castéji §lo o poranéni bilateralni.
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Graf 1 Avulzni poranéni MLA (%) v souboru
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Graf 2 Avulze MLA u VBAC (%)
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Graf 3 Avulze MLA u provorodicek (%)

Tab.2 Hodnoceni sonografickych parametri pfi vysetieni
pacientek v souboru

avulze MLA celkem; .
n (%) 18 (26,1 36(36,7) | NS
avulze MLA o
pravostranna; n (%) 687 17(7.4) NS
avulze MLA o
levostranna; n (%) 229 10010.2) NS
avulze MLA »
bilateralni; n (%) 1004.5) 90 | NS
balooning; n (%) 13 (18,8) 10 (10,2) NS**
rozdil plochy hidtu v

klidu a pri Valsalvové | 185+ 6,4 17,7 £6,9 | NS*
manévru [cm?]; + SD

* Wilcoxon Two Sample test, ** Fisher s Exact Test, NS statisticky nevyznamna
hodnota
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Nepozorovali jsme zadny statisticky vyznamny
rozdil mezi skupinami rodicek v Cetnostech jednot-
livych typt poranéni MLA. Ballooning, tedy rozsi-
feniurogenitalniho hidtu pfi Valsalvové manévru
na plochu 25 cm? a vétsi, byl zaznamenan v obou
dvou hlavnich skupinach s obdobnou cetnosti.
Statisticky vyznamny rozdil nebyl zaznamenan
v obou zminénych skupinach ani v rozdilu plo-
chy urogenitalniho hiatu v klidu a pfi Valsalvové
manévru (tab. 2). Dale bylo provedeno porovnani
mezi podskupinami VBAC (A, B a C) ke zhodno-
ceni vyznamu faze predchoziho porodu, ve které
byl proveden cisatsky fez. Skupina A byla tvofena
75 (44,9 %) Zenami, skupina B 14 (8,4 %) Zenami.
Nejméné pocetnou skupinu C v naSem souboru
tvorilo 9 (5,39 %) Zen. Zejména z diivodu malé
Cetnosti skupin B a C jsme nepozorovali zadné
statisticky vyznamné rozdily. Vysledky shrnuje
tabulka 3 (tab. 3). Vsouboru Zen jsme sledovali ri-
zikové faktory pro vznik avulzniho poranéni MLA.
Hodnoceni probéhlo pomoci statistické deskripce
a testu o rozdilu. Neprokazali jsme souvislost avul-
ze MLA s poranénim andlniho svérace pochvy ani
epiziotomii. Skupina rodicek, u které bylo avulz-
ni poranéni MLA prokazano, zahrnovala starsi
rodicky a méla kratsi trvani druhé doby porodni
proti skupiné Zen bez poranéni. Bohuzel OR ani
zde nedosahuje statisticky vyznamného rozdilu.

Tab.3 Hodnoceni sonografickych parametri pfi vySetfeni VBAC
podskupin

VBAC VBAC | VBAC
A) ® | © | e
n=75 n=14 | n=9
avulze MLA 5 4 .
celkem; n (%) 2736) (357) | (44,4) NS
avulze MLA 3 3
pravostrannad; naa,7) NS*
% 214) | (333)
avulze MLA 9 1 0 NS *
levostranna; n (%) | (12) [A)) 0)
avulze MLA 1 1 .
bilateralni; n (%) 703 70 an NS
balooning; n (%) 8(10,7) ] W NS*
’ ’ a0 an
rozdil plochy
Donvassove | 74| B9 eS|
o | £72 £49 | £72
manévru [cm?];
+SD

* Chi- square test, ** Wilcoxon Two Sample Test, NS statisticky nevyznamna
hodnota
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Na zakladé sofistikovaného sonografického vy-
Setfeni paAnevniho dna jsme prokazali, Ze pfes vyssi
vék a krat$i trvani druhé doby porodni, Zeny rodici
poprvé vaginalné po predchozim cisafském fezu ne-
maji statisticky vyznamnéjsi riziko vzniku avulzniho
poranéni MLA neZ prvorodicky. A to ani v pfipadé, Ze
predchozi cisafsky fez byl proveden na pokrocilejsim
vaginalnim ndlezu v pribéhu pfedchoziho porodu.
Frekvence avulzniho poranéni MLA v nasem souboru
odpovidala obecné udavané incidenci tohoto porané-
ni. Vyjma vys§iho véku a kratsi prvni a druhé doby
porodni u Zen po VBAC nebyl zaznamenan zadny
statisticky vyznamny rozdil v charakteristikach po-
rodl obou hlavnich skupin rodicek.

Diagnostika avulzniho poranéni MLA probi-
hala sonograficky, tak jako ve vét$iné odbornych
studii zabyvajicich se hodnocenim panevniho
dna. Metodika vySetfeni vychazela z mezina-
rodné uznavanych doporucenych postupti [9].
Jen mensina odbornych studii hodnoti poranéni
svalli panevniho dna pomoci magnetické rezo-
nance [2, 5, 17, 22]. Ta umoznuje diagnostiku
mikrotraumat a parcialnich avulzi MLA. Metoda
pocitacové tomografie neniv této oblasti praktic-
ky vyuzitelna [6].

Casovy odstup v diagnostice avulzniho poranéni
v na$i studii byl primérné 33 mésicli. Ve vétSiné
odbornych studii je to v rozmezi 3-12 mésicii po po-
rodu [16, 27]. Citované odborné prace hodnoti také
perzistenci avulzniho poranéni MLA. VySetfeni Zen
v téchto studiich bylo provedeno opakované s rizné
dlouhym casovym odstupem. Zda se, Ze v asném
poporodnim obdobi (do mésice po porodu) je uda-
vana incidence avulzniho poranéni MLA vyssi,
s del§im odstupem se jiZ vyznamnéji neméni.

NaSe studie se zaméfila na téma v odborné své-
tové literatufe dosud opomijené. Zadna z praci za-
byvajicich se poranénim panevniho dna pfi vagi-
nalni porodu nehodnotila Zeny po VBAC. Vzhledem
knartistajici incidenci provadénych cisatskych fezi
v populaci jde pfitom o téma vysoce aktudlni. Nasi
snahou bylo ziskat data, kterd by slouzila k infor-
movani 1ékaft i jejich pacientek. S védomim to-
ho, Ze zplisob porodu po cisafském fezu muze do
znacné miry ovlivnit kvalitu Zivota Zeny. Limitaci
nasi studie je relativné maly soubor dat z jednoho
pracovisté, ktery omezuje moznosti zhodnoceni se
statistickou vyznamnosti. To také znemoznilo va-
lidni vyhodnocenti rizikovych faktorli souvisejicich
se vznikem avulzniho poranéni MLA.

V soucasné dobé probihad ve spolupraci
s Gynekologicko-porodnickou klinikou VFN a 1. LF
v Praze multicentricka studie zahrnujici rodic¢ky
z obou pracovist. Véfime, Ze rozsifeni souboru
povede k zisku vét§iho mnozstvi dat a dale k lepsi
informovanosti 1ékafti i jejich pacientek.



Zeny rodici vaginalné po pfedchozim cisafském
fezu nemaji vyznamnéjsi riziko vzniku avulzniho
poranéni MLA proti prvorodickam, prestoze jsou
star$i a maji zkracené trvani prvni i druhé doby po-
rodni. Rozsah poranéni hraze vcetné epiziotomie
nijak nekoreloval s rizikem poranéni MLA. Priibéh
porodu pred provedenim cisafského fezu nejspise
nema vliv na riziko poranéni pfi nasledném vagi-
nalnim porodu.

Tato studie vznikla na zidkladé finan¢ni pod-
pory Grantové agentury Univerzity Karlovy,
projekt ¢. 12077.
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CONTRIBUTION

What are the novel findings of this work?

This is the first study to report on the incidence of levator
ani muscle avulsion following vaginal birth after Cesarean
section. Our data showed that vaginal birth after Cesarean
section is associated with an increased risk of levator ani
muscle avulsion.

What are the clinical implications of this work?

Levator ani muscle avulsion increases the risk of
developing pelvic organ prolapse later in life and the risk
of its recurrence after reconstructive surgery. The findings
of our study show that women who delivered vaginally
after a Cesarean section are at an increased risk of having
levator ani muscle avulsion compared with primiparous
women who had a vaginal delivery.

ABSTRACT

Objective The aim of this study was to explore the risk
of levator ani muscle (LAM) avulsion and enlargement of
the levator hiatus following vaginal birth after Cesarean
section (VBAC) in comparison with vaginal delivery in
primiparous women.

Methods In this two-center observational case—control
study, we identified all women who had a term VBAC for
their second delivery at the Departments of Gynecology
and Obstetrics, Faculty of Medicine in Pilsen and the
15" Faculty of Medicine in Prague, Charles University,
Czech Republic between 2012 and 2016. Women with a
repeat VBAC, preterm birth or stillbirth were excluded
from the study. As a control group, we enrolled a
cohort of primiparous women who delivered vaginally

during the study period. To increase our control sample,
we also invited all primiparous women who delivered
vaginally in both participating units between May and
June 2019 to participate. All participants were invited
for a four-dimensional pelvic floor ultrasound scan
to assess LAM trauma. LAM avulsion and the area
of the levator hiatus were assessed offline from the
stored pelvic floor volumes obtained at rest, during
maximum contraction and during Valsalva maneuver.
The laterality of the avulsion was also noted. The
cohorts were then compared using the > test and
Wilcoxon’s two-sample test according to the normality
of the distribution; P < 0.05 was considered statistically
significant. Multivariate regression analysis, controlling
for age and body mass index (BMI), was also performed.

Results A total of 356 women had a VBAC for their
second delivery during the study period. Of these,
152 (42.7%) attended the ultrasound examination and
full data were available for statistical analysis for 141
women. The control group comprised 113 primiparous
women. A significant difference was observed between
the VBAC group and the control group in age (32.7
vs 30.1 years; P < 0.05), BMI (28.4 kg/m? vs 27.4 kg/m?;
P <0.05) and duration of the first and second stages
of labor (293.1 vs 345.9min; P<0.05 and 27.6 vs
35.3min; P < 0.05, respectively) at the time of the index
birth. The LAM avulsion rate was significantly higher
in the VBAC than in the control group (32.6% vs
18.6%; P=0.01). The difference between the groups was
observed predominantly in the rate of unilateral avulsion
and remained significant after controlling for age and
BMI (adjusted odds ratio 2.061 (95% CI, 1.103-3.852)).
There was no statistically significant difference in the area
of the levator hiatus at rest (12.0 vs 12.6 cm?; P=10.28)
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or on maximum Valsalva maneuver (18.6 vs 18.7 cm?;
P=0.55) between the VBAC and control groups. The
incidence of levator biatal ballooning was comparable
between the groups (17.7% and 18.6%; P=0.86).

Conclusions VBAC is associated with a significantly
higher rate of LAM avulsion than is vaginal birth in
nulliparous women. The difference was significant even
after controlling for age and BMI. © 2021 International
Society of Ultrasound in Obstetrics and Gynecology.

INTRODUCTION

After a first delivery by Cesarean section (CS), many
women choose to attempt a vaginal delivery for their
second child®. In the USA, a uterine scar contributes to
almost a third of Cesarean delivery indications®. Hence,
vaginal birth after CS (VBAC) is currently an important
and effective intervention for curtailing the rising CS
rate3~. Opponents of VBAC point out that the policy of
trial of labor after CS is associated with a low success rate,
an increased risk of uterine rupture and potential adverse
events®. However, serious complications associated with
the trial of labor after CS are rare, and the success rate
is acceptable provided that a standardized evidence-based
labor management protocol facilitates intrapartum care
and decisions’.

Childbirth trauma and its possible consequences should
be taken into account when counseling women about
their second delivery after CS. Although VBAC is an
extensively studied subject, to date, few studies have
focused on pelvic floor trauma after this mode of birth8-12
and none of them studied the risk of levator ani muscle
(LAM) avulsion. LAM avulsion is a relatively frequent
complication following a vaginal delivery, with a reported
prevalence ranging from 13% to 36%!'>!4. It leads to
reduced contractility of the pelvic floor and increased
vaginal laxity!®!¢. The trauma plays an important role in
the pathophysiology of pelvic organ prolapse, increasing
its lifetime risk 4-fold and hence negatively impacting on
the woman’s quality of life and sexuality!”-1%,

VBAC has been associated with an increased risk of
perineal®!'? and cervical trauma'’. It has been postulated
that the combination of a vaginally nulliparous pelvic
floor, a larger fetus and more powerful uterine contrac-
tility may result in an increased likelihood of pelvic floor
trauma!'?0, Therefore, we hypothesized that the risk of
LAM avulsion at the time of the first vaginal delivery
is higher in women having a VBAC compared with that
in nulliparous women. Consequently, the magnitude of
enlargement of the levator hiatus was expected to be
greater in women after VBAC. The aim of the study was
to test these hypotheses.

METHODS

In this observational case—control study, we identified all
women who had a term VBAC for their second delivery

© 2021 International Society of Ultrasound in Obstetrics and Gynecology.
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at the Department of Gynecology and Obstetrics, Faculty
of Medicine in Pilsen and the Department of Gynecology
and Obstetrics, 1% Faculty of Medicine in Prague, Charles
University, between 2012 and 2016. Women with a repeat
VBAG, preterm birth or stillbirth were excluded from the
study. We aimed to recruit primiparous women who
delivered vaginally as our control group. We initially
attempted to recruit controls with a length of follow-up
comparable with that of the cases. This was achieved
by approaching every primiparous woman who had a
singleton vaginal birth subsequent to each of the included
VBAC cases. However, this approach yielded a small
number of women who had not had a further delivery
in the meantime. Therefore, to increase the number of
controls, we invited all women who had their first vaginal
delivery in both participating units between May and June
2019 for an ultrasound examination at least 2 months
postpartum. The hospital electronic clinical databases of
the two participating units were used to identify eligible
women, and their individual health records were used for
data collection (age, body mass index (BMI), gestational
age, birth weight, duration of the first and second stages
of labor, perineal trauma, episiotomy, vaginal laceration,
operative vaginal delivery). Women who were eligible
were contacted and invited to participate in the study.
Women were assessed in the supine position after
bladder emptying using four-dimensional (4D) ultrasound
(GE Voluson E8, GE Healthcare, Zipf, Austria) with
8-4-MHz curved array volume transducer with an 85°
angle of acquisition. Volume acquisition was performed
on maximum Valsalva maneuver for the assessment of the
dimensions of the levator hiatus and on maximum pelvic
floor muscle contraction for diagnosis of LAM avulsion.
The acquired volumes were analyzed offline on a desktop
PC using the proprietary software 4D View version
18.0 (GE Healthcare). The assessors who performed the
ultrasound analysis were blinded to all the patients’ data.
Tomographic ultrasound imaging (TUI) was used for
the diagnosis of LAM avulsion, with slices obtained in the
axial plane at 2.5-mm slice intervals using the plane of
minimal hiatal dimensions and the two slices immediately
above that plane. The plane of minimal hiatal dimensions
was defined in the mid-sagittal plane as the minimal dis-
tance between the hyperechogenic posterior aspect of the
symphysis pubis and the hyperechogenic anterior border
of the LAM just posterior to the anorectal muscle. LAM
avulsion was diagnosed if the distance between the cen-
ter of the urethra and the LAM insertion (levator—urethra
gap) was > 25 mm in all three central slices>!-*? (Figure 1).
The laterality of the avulsion was also recorded. Hiatal
dimensions were measured in an axial cross-section at
the plane of minimal hiatal dimensions??. Hiatal area at
rest and during the third maximum Valsalva maneuver
was measured. The distensibility of the levator hiatus was
described by the difference in its area at rest and on maxi-
mum Valsalva and the frequency of ballooning, which was
defined as area of the levator hiatus > 25 cm? during max-
imum Valsalva?*. The volumes were analyzed offline by
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Figure 1 Left-sided levator ani muscle avulsion (£2) diagnosed by tomographic ultrasound imaging.

an assessor blinded to any childbirth trauma information
using TUI to identify unrecognized anal sphincter injury?>.

Statistical analysis was performed using SAS 9.4
statistical software (SAS Institute Inc., Cary, NC, USA).
Comparison of variables between the two study groups
with respect to the normality of their distribution
was performed using the non-parametric two-sample
Wilcoxon test. Categorical variables were analyzed using
the x? test or Fisher’s exact test, as appropriate, and
described by contingency tables; P < 0.05 was considered
to indicate statistical significance. Additional multivariate
logistic regression analysis was performed to control for
age and BML.

The study was approved by the local ethics committees
of both participating units (ethics committee of the
University Hospital in Pilsen and Faculty of Medicine
in Pilsen, Charles University — number 92/2017, date of
approval 2" March 2017, and ethics committee of the
General University Hospital in Prague — number 100/17,
date of approval 19 October 2017). Prior to enrollment,
all women provided signed informed consent. The study
was registered at ClinicalTrials.gov (NCT03420001)

prior to its commencement.

RESULTS

The database search identified 356 women who had a
first VBAC during the study period and who met the
a-priori set inclusion criteria. Of these, 54 were excluded
owing to an ongoing pregnancy or another delivery,
149 were uncontactable or declined to participate in the
study and one woman had had perineal surgery since her
delivery. The remaining 152/356 (42.7%) women were

© 2021 International Society of Ultrasound in Obstetrics and Gynecology.

recruited into the study as cases, and all attended for the
ultrasound assessment. Eleven women were additionally
excluded owing to incomplete or missing ultrasound data
(Figure 2). In addition, 113 primiparous women deliver-
ing vaginally were enrolled as a control group. The group
comprised 25 case-matched women with the same length
of follow-up as the VBAC group, as well as a cohort of
women who delivered consecutively in a 2-month period
who attended for pelvic floor ultrasound examination. In
total, 88/355 (24.8%) women who delivered in this period
agreed to participate and attended for the ultrasound
assessment (Figure 2). The mean follow-up was 3.5 years
in the VBAC group and 1 year in the control group.

The demographic details and birth outcomes of the
groups are summarized in Table 1. There was a statis-
tically significant difference in age (32.7 vs 30.1 years;
P <0.05) and BMI (28.4 vs 27.4 kg/m?; P < 0.05) between
the VBAC and control groups. Furthermore, compared
with controls, the VBAC cohort had significantly shorter
duration of the first and second stages of labor (293.1
vs 345.9min; P <0.05 and 27.6 vs 35.3min; P <0.035,
respectively). Obstetric anal sphincter injury (OASI) was
observed in six women in the VBAC group, while none
of the controls was affected (P=0.03). The groups did
not differ in the frequency of other degrees of perineal
or vaginal trauma (Table 1). Very few women (7 =4 per
group) had an operative vaginal delivery, which was by
vacuum extraction in all cases.

LAM avulsion occurred in 32.6% of women in the
VBAC group (Table 2) and was more frequent on the right
side, however, the difference in laterality did not reach
statistical significance (right-sided, 14.9%; left-sided,
9.2%; bilateral, 8.5%; P=0.2). The LAM avulsion rate

Ultrasound Obstet Gynecol 2021.
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was significantly higher in the VBAC group than in
controls (32.6% vs 18.6%; P=0.01), and this difference
remained significant even after controlling for age and
BMI. The adjusted odds ratio (OR) was 2.1 (95% ClI,
1.1-3.9) and did not differ substantially from the crude
OR. The relative risk of LAM in the VBAC group was
1.35 (95% CI, 1.1-1.7). The observed difference between
the VBAC and control groups was present only in the

Paymova et al.

rate of unilateral, but not bilateral, avulsion (Table2).
No statistically significant difference in the area of the
levator hiatus at rest (12.0 vs 12.6cm?; P=0.28) or
on maximum Valsalva maneuver (18.6 vs 18.7 cm?;
P=0.55) was observed. Similarly, the incidence of
levator hiatal ballooning was comparable in the VBAC
and control groups (17.7% and 18.6%; P=0.86)
(Table2).

Excluded (n=204):
Ongoing pregnancy/another
delivery (n=54)

Cases

Controls

Women identified on
database search
(n=356)

Women case-matched
to VBAC, 2012-2016
(n=25)

Had perineal surgery (n=1)
Uncontactable/declined to participate
(n=149)

Excluded (n=11):

N

Primiparae delivering

<

A 4

Women examined
(n=152)

Women available for
statistical analysis
(n=113)

Incomplete or missing data (n=11)

Figure 2 Flowchart summarizing study population.

N

Women available for
statistical analysis
(n=141)

May/June 2019
(n=288)

Table 1 Demographic characteristics and birth outcomes of women with vaginal birth after Cesarean section (VBAC) and primiparous

women with vaginal delivery (controls)

Parameter VBAC (n=141) Controls (n=113) P
Age (years) 32.7+3.6 30.1+4.6 0.0001*
BMI (kg/m?) 28.4+4.3 27.4+6.0 0.0236*
Gestational age at delivery (weeks) 39.6+1.2 394+1.2 0.45*
Birth weight (g) 3372.24+401.9 3307.9+467.5 0.28*
Duration of first stage of labor (min) 293.14+139.3 345.9+£129.0 0.0004*
Duration of second stage of labor (min) 27.6+19.3 35.3+£28.1 0.02*%
Operative vaginal delivery 4(2.8) 4 (3.5) 1.001
Intact or minimal perineal trauma 29 (20.6) 24 (21.2) 0.91%
First-degree tear 15 (10.6) 11 (9.7) 0.80%
Second-degree tear 16 (11.3) 14 (12.4) 0.81%
Obstetric anal sphincter injury 6 (4.3) 0 (0) 0.031
Mediolateral episiotomy 74 (52.5) 51(45.1) 0.23%
Vaginal tear > 5 cm 24 (17.0) 18 (15.9) 0.80%
Data are presented as mean =+ SD or 7 (%). *Wilcoxon two-sample test. tFisher’s exact test. 2 test. BMI, body mass index.
Table 2 Findings on pelvic floor ultrasound in women with vaginal birth after Cesarean section (VBAC) and primiparous women with
vaginal delivery (controls)
Parameter VBAC (n=141) Controls (n=113) P
Any LAM avulsion 46 (32.6) 21 (18.6) 0.01*
Unilateral LAM avulsion 34 (24.1) 11 (9.7) 0.003*
Bilateral LAM avulsion 12 (8.5) 10 (8.8) 0.92%
Levator hiatal area (cm?)
At rest 12.0+3.4 12.6+3.7 0.28%
On maximum Valsalva maneuver 18.6+7.3 18.7+6.3 0.551
Increase from rest to maximum Valsalva maneuver 6.6+6.2 6.1+4.5 0.83t
Hiatal ballooning 25(17.7) 21 (18.6) 0.86*

Data are presented as 7 (%) or mean 4 SD. *x? test. TWilcoxon two-sample test. LAM, levator ani muscle.

© 2021 International Society of Ultrasound in Obstetrics and Gynecology.
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DISCUSSION

In this case—control ultrasound study of LAM trauma
after VBAC, we found that women who had VBAC are
at an increased risk of LAM injury than are primiparous
women after a vaginal birth. Women with VBAC were
older at the time of delivery and had a higher BMI, but
their LAM avulsion rate was higher when compared with
controls, even after controlling for these confounders. The
size of the levator hiatus and the ballooning rate were com-
parable between the VBAC and control groups despite the
difference in the avulsion rate. Urogenital hiatus enlarge-
ment probably occurs later in life*®. Furthermore, only a
small proportion of ballooning of the levator hiatus can
be explained by LAM injury at the time of childbirth?”.

The main risk factors for LAM avulsion include age,
primiparity, birth weight, head circumference, length
of the second stage of labor and forceps delivery?$—3°.
Although most of these risk factors are commonly
associated with VBAC, the difference between the groups
in this study remained significant even after controlling
for age and BMI, suggesting that VBAC represents an
additional risk factor. Although only speculative, the
faster progression of labor in the VBAC cases, allowing
less time for adaptation of the pelvic floor, could lead to
an increased risk of its injury.

It has been suggested that LAM injury is more frequent
in women sustaining OASI®32, In agreement with
other studies, we observed more OASI in our VBAC
cohort®~1%12 However, our study was not designed or
powered to test this outcome, nor was this one of our
objectives.

To our knowledge, there are no other published studies
designed to evaluate LAM avulsion rate after VBAC that
could be compared with our study. Only one study indi-
cated a possible increased avulsion rate after VBAC and
suggested further investigation?. The authors hypothe-
sized that ‘the combination of a vaginally nulliparous
pelvic floor, a larger baby and more powerful uterine con-
tractility may result in an increased likelihood of pelvic
floor trauma’. Although women in the VBAC group did
not deliver a larger baby in our study, more powerful
uterine contractility reflected by shorter first and second
stages of labor, when compared with the control group,
was observed. The relative shortening of labor could also
have been caused by the fact that trial of labor after CS is
more likely to be terminated by an iterative CS. However,
this approach would be more protective towards the pelvic
floor and would not explain the higher avulsion rate.

A review of the literature revealed that 13-36% of
women undergoing their first vaginal delivery sustain
LAM avulsion'#; the LAM avulsion rates reported in both
groups in our study fall within this range. A very recent
review showed an incidence of LAM avulsion after the first
spontaneous vaginal delivery of 15%33. Caudwell-Hall
et al.>* published a large study on the incidence of LAM
injury after vaginal delivery, and in their series of 609
women who delivered vaginally, they reported an avulsion
rate of 16%. Interestingly, they identified a family history
of CS (mother, sister) as a risk factor for LAM avulsion.

© 2021 International Society of Ultrasound in Obstetrics and Gynecology.

In our study, a past history of CS was identified as another
risk factor for LAM avulsion. The slightly higher avulsion
rate in the control group compared with that in the
abovementioned studies could be explained by selection
bias, since only a quarter of the women in the control
group attended the examination. Symptomatic women
were more prone to attend in previous studies’’.

The increased rate of LAM trauma after VBAC cannot
be explained by a higher operative vaginal delivery rate,
as this was comparable between the VBAC and control
groups. The slightly higher avulsion rate in the control
group compared with the data of the abovementioned
studies could be explained by the inclusion of cases with
operative vaginal delivery in the analysis. However, this
is rather improbable given the negligible proportion of
women with an operative vaginal delivery (2.8 vs 3.5%;
P=1.0). These low numbers are a reflection of Czech
obstetric practice, in which the rate of operative vaginal
birth is generally very low, with a preference towards the
use of vacuum extraction because of the associated lower
risk of OASIs and LAM avulsion. The latter was also
reported by Friedman et al.!3 in their meta-analysis, in
which a substantial association between mode of delivery
and LAM avulsion was demonstrated.

We acknowledge that our study has some limitations.
In spite of the inclusion of women from two tertiary
referral centers over a relatively long study period, the
number of women with VBAC was still limited. Several
women became pregnant or had another delivery after
the first VBAC and hence were not included in our
analysis. The same issues made it impossible to include
enough controls with the same length of follow-up. The
retrospective nature of the study is another limitation
because it did not allow us to report on the VBAC
success rate, as information on trial of labor after CS was
not collected in our databases. Similarly, comparison of
the area of the levator hiatus before and after delivery
was not possible. In contrast, the methodology of the
ultrasound assessment is a major strength of the study.
The analysis was performed offline by two expert
sonographers specializing in pelvic floor ultrasound
(K.S., Z.R.), who were blinded to the patients’ data,
according to the standardized internationally accepted
methodology??. Furthermore, the inclusion of more than
one center increases the external validity of our findings.
It eliminates local variations in the management of labor
and perineal care provided in the second stage of labor.
Comparison of the VBAC cohort with a control group
of primiparous women delivering in the same institution
constitutes another strength of the study. This design
allowed us to study the effects of VBAC because women
in the two groups delivered under comparable conditions.

In conclusion, VBAC appears to be associated with
an increased risk of LAM avulsion, which remained
significant after controlling for age and BMI. Our findings
confirm the hypothesis that the combination of a vaginally
nulliparous pelvic floor and more powerful uterine con-
tractility in VBAC may result in an increased likelihood
of pelvic floor trauma. Based on our observations, women
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after a CS could be informed about an increased proba-
bility of LAM trauma following vaginal delivery, but our
results should be validated in a study with a larger cohort.
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Pritbéh porodu pred cisarskym fezem a incidence
avulze musculus levator ani pri prvnim nasledném
vaginalnim porodu — pilotni studie

Timing of caesarean section and its impact on levator ani musle avulsion
at the first subsequent vaginal birth — a pilot study

L. Paymova', K. Svabik?, V. Kalis", K. M. Ismail®, Z. Rusavy'
' Gynekologicko-porodnické klinika LF UK a FN Plzer

2Gynekologicko-porodnicka klinika 1. LF UK a VFN v Praze
3Biomedicinské centrum, LF UK Plzen

Souhrn: Cil: Cilem této multicentrické observacni kohortové studie bylo objasnit vliv indikace cisaiského fezu (SC - cesarean section) na
riziko vzniku avulze levatoru (MLA - musculus levator ani) pti ndsledném vaginalnim porodu. Metodika: Do studie byly zafazeny Zeny, které
porodily poprvé vaginalné po predchozim cisafském fezu (VBAC - vaginal birth after cesarean section) v obdobi 2012-2016 na Gynekologicko-
-porodnické klinice LF UK a FN v Plzni a na Gynekologicko-porodnické klinice 1. LF UK a VFN v Praze. Rodi¢ky byly rozdéleny do dvou skupin - po
elektivnim a akutnim cisafském fezu — a nasledné vysetieny pomoci 4D transperinedlniho ultrazvuku. Z 66 nasnimanych volumu pédnevniho dna
byla offline vyhodnocena pfitomnost avulzniho poranéni a velikost urogenitélniho hidtu. Data byla statisticky zhodnocena. Vysledky: V obou
centrech porodilo celkem 356 Zen po pfedchozim SC. Ultrazvukové vysetieni podstoupilo 152 z nich (42,7 %), kompletni data byla dostupna
u 141 rodicek. Po akutnim SC bylo 80 Zen, 61 Zen po elektivnim SC. Incidence avulzniho poranéni byla vy3si ve skupiné rodi¢ek po elektivnim
SC, avsak bez priikazu statistické vyznamnosti (26,3 vs. 41 %, p = 0,0645). Pii vysetfeni urogenitdlniho hidtu a pfitomnosti ballooningu nebyl
prokazan signifikantni rozdil. Zavér: VBAC je asociovan se signifikantné vyssiincidenci avulzniho poranéni MLA ve srovnani s prvnim vaginalnim
porodem. Zda se, Ze riziko avulze MLA nezavisi na priibéhu porodu pfed pfedchozim cisaiskym fezem. K potvrzeni vysledkl bude jisté tieba
studii s vétsi kohortou pacientek.

Klicova slova: 4D transperinedlni ultrazvuk — musculus levator ani - avulzni poranéni — vaginalni porod po cisaiském fezu - panevni dno

Summary: Objective: The aim of this multicentric observational study was to explore the impact of the timing of cesarean section (SC) on
levator (MLA - levator ani musle) avulsion at the first subsequent vaginal birth. Methods: All women after term vaginal birth following
a cesarean section (VBAC) for their second delivery at the Departments of Gynecology and Obstetrics, Faculty of Medicine, Charles University
and University Hospital in Pilsen and the 1st Faculty of Medicine, Charles University and General Hospital in Prague, between 2012 and
2016 were identified. Hospital database and surgical notes were used to collect basic characteristics of the patients including the indication
and course of their previous delivery. These women were divided into two groups according to indication of prior SC in the previous delivery
to women with elective SC and acute SC. All participants were invited for a 4D pelvic floor ultrasound to assess levator trauma. Levator avulsion
and the levator hiatus area were assessed off-line from the stored pelvic floor volumes. Data were statistically assessed. Results: A total of
356 women had a VBAC for their second delivery during the study period. Of these, 152 (42.7%) attended the ultrasound examination and
full data were available for 141 women for statistical analyses. These were further divided into 80 women after acute SC and 61 women
after elective SC. The levator avulsion rate was higher in the elective SC subgroup, but the difference was not significant (26.3 vs. 41.0%,
P = 0.0645). No statistical differences in urogenital hiatus enlargement and ballooning were observed. Conclusion: VBAC is associated
with a significantly higher rate of levator ani avulsion compared to the first vaginal birth in nulliparous women. However, it seems that risk
of levator ani avulsion doesn't depend on the timing of SC in previous labor. More studies are needed to confirm the results of this pilot
study.

Key words: 4D transperineal ultrasound - levator ani muscle — avulsion injury — vaginal birth after cesarean section — pelvic floor
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Uvod
Vagindlni porod po predchozim cisaf-
ském fezu (VBAC - vaginal birth after ce-
sarean section) je jednim z efektivnich
zpUsobd, jak snizit celosvétové se zvy-
Sujici incidenci cisafskych rez( [1-3]. Az
jednu tfetinu viech indikaci k cisafskému
fezu v USA tvofi pravé pfedchozi cisarsky
fez vanamnéze rodicky [4]. Oponenti ve-
deni porodu touto cestou upozoriuji na
relativné nizkou Uspésnost dokonceni
porodu vaginalni cestou (TOLAC - trial
of labor after cesarean) a na zvysené ri-
ziko ruptury délozni se véemi svymi ne-
ptiznivymi dasledky [5]. Nicméné tyto
komplikace se vyskytuji jen zfidka a pro-
cento Uspésnosti dokonceni porodu va-
gindlni cestou je akceptovatelné. To vie
pod podminkou dodrzeni evidence-ba-
sed doporucenych postupt [6].

Pfestoze je VBAC velmi dobfe prostu-
dovanou problematikou, jen malo vé-
deckych praci se zaméfilo na zkoumani
poranéni panevniho dna po tomto zp0-
sobu porodu. Avulzni poranéni muscu-
lus levator ani (MLA) je relativné castou
komplikaci vaginalné vedeného porodu.
Vede ke snizeni kontraktility svalstva
panevniho dna, zvysuje vaginalni la-
xitu [7,8] a hraje zasadni roli v patofyzio-
logii rozvoje sestupu panevnich organu
se véemi svymi negativnimi dusledky na
zivot zeny v¢. jeji sexuality [9-11]. Metaa-
nalyza praci ukdzala, Ze incidence avulz-
niho poranéni po prvnim spontannim
vaginalnim porodu je 15 % [12]. Z jiné
observacni studie vyplyva, Ze incidence
avulzniho poranéni MLA u sekundipar
po cisaiském fezu je 33 % [13]. Zvysené
riziko u VBAC bylo pfi¢itdno kombinaci
rychleji progredujiciho porodu, vétsiho
plodu a silngjsi kontraktility délohy u vi-
cerodi¢ky ve spojeni s panevnim dnem
nerodivsi Zeny [14]. Vliv délky expozice
porodnimu dé&ji pfed provedenim cisaf-
ského fezu na porodni poranéni MLA
pfi ndsledném vaginalnim porodu zatim
studovan nebyl.

Cilem studie bylo zjistit, jaky vliv na
vznik avulzniho poranéni MLA ma fakt,
ze predchozi cisafsky fez byl proveden

elektivné nebo akutné v pribéhu pred-
choziho porodu Zeny.

Metodika

Jedna se o sekundérni zhodnoceni dat
multicentrické observacni kohortové
studie hodnotici incidenci avulzniho po-
ranéni MLA u rodi¢ek po prvnim VBAC
ve srovnani s kontrolni skupinou béz-
nych primipar [13]. Do studie byly za-
fazeny véechny terminové sekundipary
s cisafskym fezem v anamnéze, které
porodily na Gynekologicko-porodnické
klinice LF UK a FN v Plzni a Gynekolo-
gicko-porodnickeé klinice 1. LF UK a VFN
v Praze v obdobi 2012-2016. Zeny po
opakovaném VBAC, pred¢asném po-
rodu nebo porodu mrtvého plodu byly
vyfazeny. S pouzitim nemocni¢niho in-
formacniho systému byla zaznamenéana
data charakterizujici obé skupiny Zen
(vék pfi porodu, BMI, gestacni stéfi, po-
rodni hmotnost novorozence, trvani
l. a ll. doby porodni, event. operativni
ukonceni porodu, porodni poranéni).
Dokumentace ohledné porodu pred
pfedchozim cisafskym fezem byla vyu-
zita k rozdéleni VBAC do dvou podsku-
pin — po elektivnim a akutnim cisaiském
fezu. ,Akutni cisafsky fez” byl proveden
v aktivni fazi porodu, tedy pti vaginalnim
nalezu branky > 4 cm.V pfipadé, ze pred-
chozi cisafsky fez probihal v jiném zdra-
votnickém zafizeni, byla ve spolupraci
s nim tato data ziskdna dodatecné.

Zeny po podepsani informovaného
souhlasu byly vysetfeny v supinaéni po-
loze, po vyprazdnéni mocového mé-
chyfe pomoci 4D transperinedlni so-
nografie (GE Voluson E8-GE Kretz Medi-
zintechnik, Zipf, Austria). Konvexni 4D
sonda s frekvenci 4-8 MHz a akvizi¢nim
Uhlem 85° byla vyuzita k nasnimani vo-
lumd panevniho dna. Volumy byly vy-
hodnoceny offline dvéma zkusenymi ne-
zavislymi hodnoticimi pomoci software
4D View, a to bez znalosti dalsich dat.
Rozméry plochy urogenitdlniho hiatu
v klidu a pfi Valsalvové manévru byly
méfeny v roviné jeho minimalnich roz-
mér(, kterd je ve stfedni sagitdlni roviné

ohranic¢ena hyperechogenitou zadni
stény spony stydké a hyperechogeni-
tou predni hranice MLA. Vyhodnoceni
pfitomnosti avulze MLA za kontrakce
svald panevniho dna z nasnimanych vo-
luma bylo provedeno z tomografickych
fez(l (TUI - tomographic ultrasound ima-
ging) Sife 2,5mm v oblasti 5mm pod
a 12,5mm nad rovinou minimalni plochy
urogenitalniho hiatu, tak aby byl zahrnut
kompletné musculus puborectalis. Avulze
MLA byla diagnostikovéana v pripadé po-
tvrzeni abnormalni inzerce MLA ve tfech
centralnich fezech [15,16], coz odpovida
vzdélenosti Uponu levatoru ke stydké
kosti od stfedu uretry > 25 mm. Zaroven
jsme vyuzili TUl k hodnoceni skrytého
porodniho poranéni analniho sfinkteru.

Ziskana data byla zpracovédna pomoci
statistického softwaru SAS 9.4 (SAS In-
stitute Inc., Cary, NC, USA). Srovnani
proménnych mezi skupinami bylo pro-
vedeno pomoci Wilcoxonova testu (ne-
parametrickd ANOVA) ¢i Fisherovym
exaktnim testem dle rozloZeni norma-
lity. Kategorické proménné byly porov-
nany pomoci kontingen¢nich tabulek.
Hladina statistické vyznamnosti byla ur-
¢ena jako hodnota p < 0,05.

Studie byla schvalena etickou komisi
LF UK a FN v Plzni (¢islo 92/2017) a etic-
kou komisi VFN v Praze (¢islo 100/17).

Vysledky

Za studované obdobi porodilo vagi-
nalné po predchozim cisafském fezu
a kritéria pro zarazeni do studie spl-
nilo celkem 356 Zen. Z nich bylo 54 vy-
fazeno pro dalsi pravé probihajici té-
hotenstvi nebo stav po dalsim porodu,
149 zen nebylo mozné telefonicky kon-
taktovat, pfipadné nesouhlasily s ucasti
ve studii. Jedna Zena od svého porodu
podstoupila perineoplastiku. Zbylych
152 Zen (42,7 %) podstoupilo ultrazvu-
kové vysetieni. Dodate¢né bylo vylou-
¢eno 11 Zen pro inkompletni nebo chy-
béjici data z vysetieni (obr. 1). Studovana
skupina Zen byla ddle rozdélena do pod-
skupin po elektivnim (61) a akutnim ci-
safském fezu (80) na zakladé posouzeni

174
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prabéhu porodu pred cisafskym rezem -

jako cut-off byla stanovena aktivni VBAC rodicky

vs. pasivni faze |. doby porodni, tedy po-

rodnicka branka > 4 cm. Tyto podsku- rodi¢ky spliujici kritéria zafazeni

piny byly mezi sebou porovnany. do studie
Demografické charakteristiky a cha- 356

rakteristiky porodu jsou shrnuty

v tab. 1. Ve véku rodi¢ek pfi porodu téhotné/po daliim porodu - 54

(32,5 vs. 33,1 let; p = 0,4346) a BMI st.p. perineoplatice - 1

(28,9 vs. 27,9kg/m? p = 0,2477), gestac- odmitly G¢ast/nedostupné - 146 ]

nim stafi a hmotnosti novorozence nebyl 204

shleddn statisticky vyznamny rozdil mezi v

obéma skupinami. Trvani |. a ll. doby po-

rodni bylo srovnatelné, stejné tak pocty vysetieni pomoci USG

pfipadd, ve kterych bylo nutné ukoncit 152

porod instrumentalné. Vzdy se jednalo

o pouziti vakuumextraktoru. Porodni

poranéni analniho sfinkteru (OASIS - ob- vyfazeny pro nekompletni data
stetric anal sphincter injuries) bylo za- n
znamenano u péti rodicek po akutnim

cisafském fezu, u rodi¢ek po elektivnim

cisafském fezu bylo zaznamenano jen SN 2 MG e

v jednom ptipadé. Vzhledem k malému 141

poctu pozorovani nebyl rozdil statisticky

vyznamny (5/79 vs. 1/60; p = 0,235). Sku- USG - ultrasonograf, VBAC - vaginalni porod po cisaiském fezu

piny se nelisily ani v dal3ich kategoriich

porodniho poranéni. Obr. 1. Schéma rodi¢ky po predchozim cisaiském fezu zafazené ve studii.
Incidence avulzniho poranéni MLA po  Fig. 1. Scheme of the mother after the previous caesarean section included in the

prvnim VBAC byla ve skupiné obecng ~ Study.

32,6 %. S prihlédnutim k prabéhu pred-

choziho porodu, ktery skoncil cisafskym  safském fezu (26,3 vs. 41,0 %; p = 0,06). s ohledem na malou cetnost Zzen v obou
fezem, byla incidence avulzniho pora-  Na prvni pohled napadny rozdil bohuzel  skupinach. V pfipadé jednostranné
néni MLA vyssi u Zen po elektivnim ci-  nenabyl statistické vyznamnosti, snad  avulze pfi hodnoceni jeji laterality jsme

Tab. 1. Charakteristika porovnavanych skupin rodicek v souboru.
Tab. 1. Characteristics of compared groups of mothers in the group.

po al‘(’lllgtﬁ?m SC =hiins po ele‘ll(ltsil\\rﬁl’m sC . PUCS I
avulze 21/80 26,3 % 25/61 41,0 % 0,0645>
pravostranna 5/80 6,3 % 16/61 26,2 % 0,00152
levostranna 8/80 10,0 % 5/61 82 % 0,7769°
bilateralni 8/80 10,0 % 4/61 6,6 % 0,5533?
plocha hiatu v klidu (cm?) 11,99 3,65 12,04 3,0 0,5109'
plocha hiatu pfi Valsalva (cm?) 18,67 7,75 18,49 6,8 0,9023'
rozdil plochy hiatu pfi valsalva a v klidu (cm?) 6,68 6,28 6,46 6,2 0,995
ballooning 17/80 21,3 % 8/61 13,1 % 0,21023

'Wilcoxonv dvouvybérovy test

? Fisherdv exaktni test

® Chi-kvadrat test

SC - cisafsky fez, SD — smérodatna odchylka, VBAC — vaginalni porod po cisaiském fezu
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Tab. 2. Zhodnoceni panevniho dna u VBAC rodicek.
Tab. 2. Pelvic floor evaluation in VBAC mothers.

VBAC

VBAC

po akutnim SC choliv po elektivnim SC SR rcEhels)

vék (roky) 32,5 3,9 33,1 3,20 0,4346"
BMI 27,9 3,5 28,9 4,38 0,2477'
gestacni stafi pfi porodu (tyden) 39,5 1,2 39,6 1,18 0,7264'
porodni hmotnost (g) 3349,9 387,9 3401,7 424,39 0,6972'
I. doba porodni (min) 283,8 139,9 305,3 140,07 0,2371"
II. doba porodni (min) 29,5 20,0 25,0 18,32 0,1674
operativni ukonceni porodu 2 2,5% 2 333% 12
perineum intaktni/s minimalnim poranénim 16 20,3 % 13 21,67 % 0,839°
ruptura perinea l. st. 6 7,6 % 9 15,00 % 0,1634°
ruptura perinea ll. st. 9 11,4 % 7 11,67 % 0,96
OASIS 5 6,3 % 1 1,67 % 0,23527
episiotomie 44 55,7 % 30 50,00 % 0,505°
ruptura pariet. vaginae nad 5 cm 16 20,3 % 8 13,33 % 0,285°
ruptura cervixu 12 15,2 % 12 20,00 % 0,4574°

'WilcoxonGv dvouvybérovy test
2 Fisher(iv exaktni test
3 Chi-kvadrat test

OASIS - porodni poranéni analniho sfinkteru, SC — cisarsky fez, SD — smérodatna odchylka, VBAC - vaginalni porod po cisaiském fezu

zjistili statisticky vyznamny rozdil v inci-
denci pravostranného avulzniho pora-
néni MLA. Opét ve skupiné rodi¢ek po
elektivnim cisafském fezu (26,2 vs. 6,3 %;
p = 0,0015). Pfi hodnoceni levostranné
a bilateralni avulze statisticky vyznamny
rozdil pozorovan nebyl. Ani v ostatnich
ultrasonografickych markerech (plocha
urogenitdlniho hiatu v klidu, pfi Valsa-
vové manévru a incidence ballooningu)
nebyly zjistény signifikantni rozdily
v obou skupinach rodicek (tab. 2).

Diskuze

Dle dosud publikované literatury maji
zeny rodici po pfedchozim cisafském
fezu vétsi riziko avulzniho poranéni MLA
oproti prvorodickam obecné. Ze sekun-
dérni analyzy nasich dat pfitom vyplyva,
ze pokrocilost porodu pred cisaiskym
fezem toto riziko statisticky vyznamné
neméni. Stejné tak nema faze predcho-
ziho porodu vliv na velikost urogenital-
niho hidtu a incidenci ballooningu. Ve-
likost plochy urogenitadlniho hidtu pfi
maximalnim Valsalvové manévru pfi-
tom velmi Uzce koreluje s rizikem vzniku

poklesu panevnich organa [17]. Tyto
zmény pravdépodobné vznikaji az poz-
déji po porodu [18]. Kromé toho z do-
stupnych studii vime, Ze jen u malé
skupiny zen s nalezem ballooningu je
soucasné pfitomno poporodni avulzni
poranéni MLA [19].

Pti srovnani skupin rodi¢ek po elek-
tivnim a akutnim cisafském fezu jsme
méli k dispozici sice malé, ale prakticky
shodné skupiny. Rodicky se nelidily de-
mografickymi Udaji ani charakteristi-
kami porodu, porodily novorozence
s obdobnou porodni hmotnosti. Pfesto
rozdil v incidenci avulze MLA nebyl sta-
tisticky vyznamny. Power analyza na za-
kladé nasich dat ukazala, Ze pro prikaz
statisticky signifikantniho rozdilu na hla-
diné alfa 5 % a pfi pozadované 80% sile
testu by pfi zjisténych cetnostech bylo
tfeba v kazdém rameni studie pravé
161 pacientek.

Pokud je ndm zndmo, v tuto chvili ne-
existuje jind publikovana odborna stu-
die zabyvajici se incidenci avulzniho
poranéni MLA u VBAC rodicek, kterd
soucasné hodnoti vliv prlibéhu pred-

choziho porodu, ktery vedl k cisafskému
fezu. Z nedévno publikované prehle-
dové préace vime, Ze incidence avulze
MLA po prvnim vaginalnim porodu je
v rozmezi 15-52 % (15 % po spontan-
nim vaginalnim porodu, 21 % pfi pou-
ziti vakuumextraktoru, 52 % pfi ukon-
¢eni porodu per forcipem) [12]. Incidence
uvadéna v obou skupinach VBAC ro-
dicek v nasi sekundarni analyze spada
do uvedeného rozmezi. Caudwell-
-Hall et al publikovali rozsahlou odbor-
nou praci, kde sledovali 609 zen, které
porodily vagindlné, a avulzi MLA zjis-
tili u 16 % z nich. Zajimavé bylo zjis-
téni, ze cisarsky fez v rodinné anamnéze
(u matky, sestry) patti mezi rizikové fak-
tory avulzniho poranéni MLA. | z jiné od-
borné prace vyplyva, ze samotny VBAC
se zda byt rizikovym faktorem pro vznik
avulzniho poranéni MLA [13]. Pozna-
menejme jesté, ze vyssi incidenci avulz-
niho poranéni ve skupiné VBAC rodi¢ek
nelze vysvétlit vyssi cetnosti operativ-
niho ukonceni porodu. Z nasich dat vy-
plyva, ze $lo pouze o jednotky procent.
Tato nizka ¢isla reflektuji ¢eskou porod-
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nickou skolu, kde je obecné procento
operativnich porodd velmi nizké, s pre-
ferenci vakuumextrakce pred forcepsem
pro nizsi riziko poranéni analniho sfink-
teru a avulze MLA [20].

Nase studie ma jisté své limitace. Na-
vzdory tomu, ze jsme zahrnuli zeny ze
dvou perinatologickych center v CR
a ze studie probihala relativné dlouhou
dobu, pocet Zen rodicich po predchozim
cisafském fezu byl omezeny. Zaroven né-
kolik Zen mezitim znovu otéhotnélo nebo
porodilo, a proto musely byt ze studie
vyfazeny. Na zékladé vysledku vyse zmi-
néné power analyzy bude jisté mozné
sestavit studii s vétsi kohortou Zen k ové-
feni nami zjisténych vysledka. Dalsi limi-
taci je retrospektivni design studie, ne-
zname Uspésnost vedeni porodu po
pfedchozim cisaiském fezu. Chybi udaj
0 poctu porodd, které nakonec skoncily
iterativnim cisafskym fezem (TOLAC).
Obdobné nebylo mozné porovnat ve-
likost urogenitalniho hidtu u zeny pred
porodem a po ném.

Mezi silné stranky studie patfi me-
todika pouzitd pfi vedeni této studie.
Analyza nasnimanych volum( dle me-
zindrodné uznavané metodiky [16]
byla provadéna offline dvéma nezavis-
lymi expertnimi sonografisty, bez pfi-
stupu k ostatnim charakteristikdm rodi-
¢ek a datim o porodu. Zahrnuti vice nez
jednoho centra do studie eliminuje lo-
kalni odlisnosti ve vedeni porodu a chra-
néni hraze provaddéném na koncill. doby
porodni.

Zavér
Po zhodnoceni nasich dat potvrzujeme,
ze zeny rodici vaginalné po predcho-

zim cisaiském fezu maiji vyssi riziko po-
ranéni MLA ve srovnani se Zenami pfi
jejich prvnim spontannim vaginalnim
porodu. Z nasich dat dale vyplyva, ze
neni statisticky vyznamny rozdil v inci-
denci avulzniho poranéni MLA s ohle-
dem na priibéh predchoziho porodu
pfed cisafskym fezem. Vzhledem k malé
Cetnosti Zen ve skupinach je ale nutné
tato data ovéfit ve studii s vétsi kohor-
tou Zen. Zeny po cisafském fezu by mély
byt informovany o riziku poranéni svalli
panevniho dna pfi nasledujicim vaginal-
nim porodu. Po porodu by pak nasledné
mély byt vysetfeny, aby se vhodnou re-
habilitaci a omezenim plsobeni dalsich
rizikovych faktord mohlo zabranit roz-
voji sestupu panevnich organl se viemi
dlsledky.
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Background There is variation in the reported incidence rates of
levator avulsion (LA) and paucity of research into its risk factors.

Objective To explore the incidence rate of LA by mode of birth,
imaging modality, timing of diagnosis and laterality of avulsion.

Search strategy We searched MEDLINE, EMBASE, CINAHL,
AMED and MIDIRS with no language restriction from inception
to April 2019.

Study eligibility criteria A study was included if LA was assessed
by an imaging modality after the first vaginal birth or caesarean
section. Case series and reports were not included.

Data collection and analysis REvMaAN v5.3 was used for the meta-
analyses and SW SAS and STATISTICA packages were used for
type and timing of imaging analyses.

Results We included 37 primary non-randomised studies from 17
countries and involving 5594 women. Incidence rates of LA were
1, 15, 21, 38.5 and 52% following caesarean, spontaneous,
vacuum, spatula and forceps births, respectively, with no
differences by imaging modality. Odds ratio of LA following

spontaneous birth versus caesarean section was 10.69. The odds
ratios for LA following vacuum and forceps compared with
spontaneous birth were 1.66 and 6.32, respectively. LA was more
likely to occur unilaterally than bilaterally following spontaneous
(P < 0.0001) and vacuum-assisted (P = 0.0103) births but not
forceps. Incidence was higher if assessment was performed in the
first 4 weeks postpartum.

Conclusions LA incidence rates following caesarean, spontaneous,
vacuum and forceps deliveries were 1, 15, 21 and 52%,
respectively. Ultrasound and magnetic resonance imaging were
comparable tools for LA diagnosis.

Keywords Assisted birth, birth, caesarean, forceps, hiatus, labour,
magnetic resonance imaging, operative, parturition, pelvic floor,
perineum, prolapse, transperineal, ultrasound, vacuum, ventouse.

Tweetable abstract Levator avulsion incidence rates after
caesarean, spontaneous, vacuum and forceps deliveries were 1, 15,
21 and 52%, respectively.

Please cite this paper as: Rusavy Z, Paymova L, Kozerovsky M, Veverkova A, Kalis V, Kamel RA, Ismail KM. Levator ani avulsion: a Systematic evidence

review (LASER). BJOG 2021; https://doi.org/10.1111/1471-0528.16837.

Introduction

Gainey was probably the first to document a possible asso-
ciation between vaginal birth and levator ani muscle abnor-
malities in living women in 1943." However, DeLancey and
associates were the first to demonstrate this on magnetic

Prospero registration: CRD42019120206

Presentation: Not presented at the time of submission

resonance imaging (MRI).> Levator ani trauma plays a key
role in the pathophysiology of pelvic organ prolapse. Indeed,
the associated urogenital hiatus ballooning leads to a four-
fold higher risk of pelvic organ prolapse development in
women after obstetric levator avulsion (LA).*> Furthermore,
it is an important risk factor for cystocele recurrence after
urogynaecological reconstructive surgery.*®

Palpation of the site of insertion of the levator ani muscle'
or assessment of ballooning of the levator hiatus using pelvic

© 2021 John Wiley & Sons Ltd.
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organ prolapse quantification system parameters’ have been
suggested as methods of assessing the levator ani muscle; how-
ever, the diagnostic accuracy of these methods is dependent
on the skill of the examiner and natural variation in anatomy
can pose some limitations. Hence, diagnosis relies on imaging
modalities mainly in the form of three-dimensional/four-
dimensional (3D/4D) ultrasonography or MRL* !

There has been a variation in the description of levator
ani muscle injuries depending on the diagnostic imaging
modality. Using MRI, a muscle injury grading system
ranging from 0, no injury, to 3, complete loss of the pub-
ococcygeal portion, was proposed; based on the overall
score for both sides, the trauma is classified into minor
or major defects.'*> However, the term ‘levator avulsion’,
was coined by Dietz and Lanzarone to describe the loss
of continuity between the levator ani muscle and the pel-
vic sidewall."”” This was further defined on tomographic
ultrasound,' a method that is now internationally
standardised."

There is wide variation in the reported incidence rates of
LA following the first childbirth, which could be due to
several factors. Furthermore, there are no set standards for
the optimal postnatal time to assess the levator ani muscle.
The aim of this systematic review was to assess the current
published literature with regards to the reported incidence
rate of LA by mode of birth, imaging modality and the
timing of diagnosis. Finally, because of our interest in the
biomechanical factors involved in avulsion, we wanted to
explore if there were any differences in LA laterality and
mode of birth.

Methods

Eligibility criteria, information sources and search
strategy
A protocol using widely recommended methods for sys-
tematic reviews of observational studies was developed
and pre-registered with PROSPERO (CRD42019120206)
and the PRISMA statement and checklist were followed
throughout the review preparation, conduct and reporting.
Patients were not involved in the development of this
review and we did not use any particular core outcome set.
MEDLINE, EMBASE, CINAHL, AMED and Maternity
and Infant Care (MIDIRS) databases were searched elec-
tronically from inception to April 2019. A combination of
medical subject headings (MeSHs), encompassing different
modes of birth and LA, keywords, and word variants using
Boolean operators ‘OR’ and ‘AND’ to capture relevant text
citations were used (for search strategy, see Table S1). We
included all study designs in our search, with the exception
of case series and case reports, No language restrictions
were applied, but the search was limited to human studies.
A database of all citations’ abstracts was compiled.

Study selection

Studies were selected in a three-stage process. First, two
independent reviewers (LP and AV) screened titles and
abstracts of potential articles identified by our search using
the RAYYAN software package'® and the full selected arti-
cles were obtained. Second, two independent reviewers (LP
and MK) assessed each of the selected articles against pre-
designed inclusion/exclusion criteria. A study was included
only if LA was assessed by an imaging modality and it
reported data on LA in primiparous women following a
first vaginal birth (spontaneous or operative) or those
delivered by caesarean section (CS). Case—control studies,
where recruitment was based on presence or absence of LA,
and studies not presenting LA by mode of birth were
excluded from our review. Finally, reference lists of
included articles were manually searched to identify rele-
vant papers not captured by electronic searches.

Data extraction and synthesis

Data were extracted on study design, participants’ charac-
teristics, mode of birth, type(s) of imaging used, timing of
imaging in relation to birth, laterality of avulsion and the
diagnostic criteria used for diagnosis. LP and MK extracted
data independently in duplicates. Extracted information
was logged in an excel spreadsheet.

Any discrepancies in the study selection or extracted
information were reviewed by VK, ZR and KI for a final
decision.

REVMAN v5.3 was used for the meta-analyses, which were
performed if data from two or more eligible studies were
available."” The number of positive events and the total
number of potential events were analysed and summarised
with the resulting incidence rate and its 95% CI. Meta-
analytical estimates of the overall incidence rate (point esti-
mate and 95% CI) were obtained by fitting random-effects
models because of the high likelihood of clinical and statis-
tical heterogeneity; the inverse variance method with Log-
transformation of the incidence rate was used. For these
analyses the event mean and 95% CI were used to calculate
the standard error of the mean using the calculator facility
in RevMan. If the 95% CI was not provided in the study,
then it was calculated based on a Gaussian approximation.
Binomial approximation (exact confidence limits calcula-
tion) was used for smaller n and smaller or greater P. For
odds ratios (OR) comparisons, only the studies that
reported on both of the compared modes of birth con-
tributed to the analysis and these were calculated using the
Cochran—Mantel-Haenszel approach. The I statistic was
used as a measure of statistical heterogeneity, where the
cut-offs for low and high heterogeneity were considered to
be <25 and >75%, respectively.'"®'® The Gaussian approxi-
mation calculation of the standard error of the mean and
the comparisons for the type of imaging modality, timing
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of imaging and laterality of LA were performed using SW
SAS (SAS Institute Inc., Cary, NC, USA) and STATISTICA
(StatSoft Inc., Tulsa, OK, USA). A P value <0.05 was used
as a cut-off for statistical significance.

Assessment of risk of bias

Data were extracted regarding study design, target popula-
tion, participant selection process, participant characteris-
tics and statistical methodology. Two independent
reviewers (RK and KI) used the Joanna Briggs Institute
Prevalence Critical Appraisal Tool (Table S2) to assess the
risk of bias and quality of included studies.”® Quality
assessment was then used to assess the methodological ade-
quacies of the included studies and assist with interpreta-
tion of the systematic review findings and potential bias
resultant from study heterogeneity.

Results

Study selection and study characteristics

The literature search for this review was conducted on 25
April 2019 following an a priori set strategy (Table S1). It
identified 363 citations, from which 57 full articles were
selected for detailed review. Reference lists review of the
selected articles did not identify any further articles for
consideration. Of the 57 selected articles, 20 did not meet
our inclusion criteria and were excluded from further anal-
ysis (Table S3). A total of 37 primary non-randomised
studies from 17 countries and involving 5594 women were
included in our systematic review (Figure 1, Tables S4,
85).>132175% All studies were reported in English with the
exception of one study, which was in Czech, and hence the
authors undertook the translation.

Risk of bias of included studies

None of the included studies fulfilled all ten quality
assessment criteria. Eight studies (20.5%) fulfilled nine of
the ten criteria. Twenty-one (53.8%) and seven (17.9%)
studies satisfied eight and seven of the ten criteria, respec-
tively. The remaining three studies (7.7%) fulfilled at least
five out of the ten assessment parameters (Table S6). No
studies were excluded from the systematic review for fail-
ure to fulfil the quality criteria. The risk of publication
bias for pooled data was assessed by funnel plots (Fig-
ures S1-S5).

Synthesis of results

Incidence rate of LA by mode of birth irrespective of
imaging modality

For studies that have assessed LA at multiple postpartum
time-points, we used the last reported time-point for this
analysis.

Levator ani avulsion

Levator avulsion and CS

A total of 23 studies involving 1207 women who were only
delivered by CS contributed data for this out-
come 1321-2527.2831-33,35,39-44.495153.54 Al the  studies
reported no LAs with the exception of Araujo et al.,*’ Gue-
dea et al.’® and Aydin et al.,”® who reported LA incidence
rates of 14, 5 and 40%, respectively. A meta-analysis of all
23 studies showed an overall incidence rate of 0.03 (3%)
(0.00-0.05, I = 66%). The incidence rate reported by Aydin
et al.”®> was deemed an outlier compared with the rest of the
results and removal of this study from the analysis reduced
I from 66% to zero; hence a decision was made to exclude
this study from further analyses because of its effect on the
degree of statistical heterogeneity. Meta-analysis of the
remaining 22 studies, involving 1120 women, showed a
pooled incidence rate of 0.01 (1%) (0.00-0.02, I? = 0%) for
LA in women delivered by CS (Figure 2, Figure S1).

Levator avulsion and first spontaneous vaginal delivery

We identified 23 studies involving a total of 2152 women
that assessed LA following the first spontaneous vaginal
birth,2212428.29.31-34,37,39.41.43-4850 5355 The pooled incidence
rate of LA in these studies was 0.16 (16%) (0.13-0.19,
I> = 73%). The highest incidence rate of LA of 0.58 (58%)
was reported by Araujo et al,*> which was much higher
than the rates reported by other studies. Excluding this study
reduced the degree of heterogeneity, as measured by I* from
73 to 66%. Excluding this study from the analysis resulted
in an overall LA incidence rate following a spontaneous
birth of 0.15 (15%) (0.12-0.18; Figure 2, Figure S1).

Levator avulsion and vacuum extraction in the first vaginal
delivery

Thirteen studies including 796 women contributed to this
analysis,»?!"2429732343941.4647.52 'The pooled incidence rate
for LA following vacuum extraction was 0.21 (21%) (0.16—
0.27, I* = 68%; Figure 2, Figure S1).

Levator avulsion and forceps in the first vaginal delivery

A total of 469 women from 13 studies contributed to this
analysis,>>!/2428731,33,36:39,4143,532 The gverall incidence rate
of LA following the first vaginal birth by forceps was 0.52
(52%) (0.44-0.61, I* = 66%; Figure 2, Figure S1).

There was only one study that reported on LA and the
use of a spatula in the first vaginal delivery. In their study,
Guedea et al reported that five of the 13 women delivered
by spatula (38.5%) were diagnosed with LA postnatally.”*

Odds ratios of LA by mode of birth irrespective of imaging
modality

It was decided a priori that odds ratios would be calculated
for the following clinically meaningful comparisons; spon-
taneous delivery versus CS, vacuum versus spontaneous

© 2021 John Wiley & Sons Ltd.
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Figure 1. PRISMA flow diagram.

delivery, forceps versus spontaneous delivery and forceps
versus vacuum. For this analysis, only studies that reported
on the two compared modalities were included. A total of
12 studies involving 1570 women reported on LA following
spontaneous delivery and CS at first
birth,>21242831733,39.4L445053 'The calculated odds ratio for
having an LA following a spontaneous delivery compared
with CS was 10.69 (5.44-21.0, I* = 0%) (Figure 3, Fig-
ure S2). The odds ratio of an LA following vacuum com-
pared with spontaneous delivery was 1.66 (0.99-2.79,
I> = 62%). This was based on 12 studies reporting on a
total of 1783 births (Figure 3, Fig-
ure §3).%21242931,3239,39414647,32 \Whereas that following
forceps versus spontaneous delivery was 6.32 (4.56-8.76,
I* = 0%) (Figure 3, Figure S4) as assessed by ten studies
involving 1372 women,>?"?#282%31.334L5L52 oy this analy-
sis we did not include the study by Thibault-Gagnon
et al.*® because removing this study from the analysis
reduced the I* from 47 to 0% without much change in the
OR (5.68 [3.49-9.22]). LA following forceps compared with
vacuum extraction at the first vaginal birth was reported by

nine studies and the pooled odds ratio was 4.09 (2.87-5.84,
I =0%) (Figure 3, Figure $5).%2!242931,39.41,52

Incidence rate of LA by imaging modality

Of the 37 included studies, five (13.5%), involving 249
births, used MRL*»*>*"*>»% whereas the rest used ultra-
sound for diagnosis. For this analysis we did not include
the studies by Aydin et al.*> and Araujo et al.** because of
their impact on statistical heterogeneity. The comparisons
for the rates of LA following different modes of birth by
imaging modality are presented in Table 1. None of these
comparisons reached statistical significance. The difference
remained non-significant when all the studies were
included in the analysis.

Laterality of LA by mode of birth

The assessment as to whether a unilateral LA was on the

28,37,46 30,46

right or the left side was assessed by three, two

28,30,36
and three

studies following spontaneous, vacuum
and forceps deliveries, respectively. Assessment regarding

the LA being unilateral or bilateral was reported by

© 2021 John Wiley & Sons Ltd.



Levator ani avulsion

Incidence Incidence
Study or Subgroup Incidence SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Caesarean section

51 Araujo Jn et al. (2013) 0 0.1574 10 0 0.1% 0.00[-0.31, 0.31]

13 Dietz & Lanzarone (2005) 0 0.1454 11 0 0.1% 0.00 [-0.28, 0.28] -1
42 Valsky et al. (2009) 0 0.1112 15 0 0.2% 0.00[-0.22, 0.22] I e—
21 Abdool et al. (2018) 0 0.102 24 0 0.3%  0.00[-0.20, 0.20] D
44 Kamisan Atan et al. (2018) 0 0.0945 18 0 0.3%  0.00[-0.19, 0.19] R
28 Cassado Garriga et al. (2011) 0 0.0859 20 0 0.4% 0.00[-0.17, 0.17] e
43 Araujo et al. (2018) 0.14285714 0.07636036 21 3 0.5%  0.14[-0.01, 0.29]

54 Marsoosi et al. (2015) 0 0.07 25 0 0.6%  0.00[-0.14, 0.14] T
25 Heilbrun et al. (2010) 0 0.0609 29 0 0.7%  0.00[-0.12, 0.12] -
27 Novellas et al. (2010) 0 0.059 30 0 0.8%  0.00[-0.12,0.12] b
32 Guedea et al. (2015) 0.05882353 0.05706721 17 1 0.9% 0.06 [-0.05, 0.17] T
23 Brandon et al. (2012) 0.05 0.04873397 20 1 1.2%  0.05 [-0.05, 0.15] T
40 Volloyhaug et al. (2017) 0 0.0402 45 0 1.7%  0.00 [-0.08, 0.08] -T-

53 Liu et al. (2014) 0 0.0378 48 0 1.9%  0.00[-0.07,0.07] -T-

09 van Delft et al. (2014) 0 0.0378 48 0 1.9%  0.00[-0.07,0.07] -IT-

33 Cassado Garriga et al. (2011) 0 0.0304 60 0 3.0% 0.00 [-0.06, 0.06] T

31 Albrich et al. (2012) 0.05263158 0.02561391 76 4 4.2% 0.05 [0.00, 0.10] *ﬁ
49 Chan et al. (2014) 0 0.0242 76 0 4.7%  0.00 [-0.05, 0.05] T

24 Volloyhaug et al. (2015) 0 0.0183 101 0 8.3% 0.00 [-0.04, 0.04] T

39 Thibault-Gagnon et al. (2014)  0.01538462 0.01526581 65 1 11.9% 0.02[-0.01, 0.05] "

41 Shek & Dietz (2010) 0 0.0147 126 0 12.8% 0.00 [-0.03, 0.03] T

22 Caudwell-Hall et al. (2017) 0 0.008 235 0 43.4%  0.00[-0.02,0.02] | |
Subtotal (95% CI) 1120 10 100.0% 0.01 [-0.00, 0.02]

Heterogeneity: Tau? = 0.00; Chi? = 9.63, df = 21 (P = 0.98); I* = 0%
Test for overall effect: Z = 1.11 (P = 0.27)

1.1.2 Spontaneous delivery

55 Shi et al. (2016) 0.4 0.1549 10 4 0.7% 0.40[0.10, 0.70]

32 Guedea et al. (2015) 0 0.1454 11 0 0.8%  0.00[-0.28, 0.28] S —

44 Kamisan Atan et al. (2018) 0.2593 0.0843 27 7 2.1% 0.26 [0.09, 0.42] —_—
33 Cassado Garriga et al. (2011) 0.15 0.0798 20 3 2.2%  0.15[-0.01, 0.31] —

51 Araujo Jn et al. (2013) 0.0625 0.0605 16 1 3.2% 0.06 [-0.06, 0.18] T

31 Albrich et al. (2012) 0.3857 0.0582 70 21 3.4% 0.39[0.27, 0.50] —_
53 Liu et al. (2014) 0.1702 0.0548 47 8 3.6% 0.17 [0.06, 0.28] -

45 Aydin et al. (2015) 0.369 0.0527 84 31 3.8% 0.37[0.27, 0.47] I
21 Abdool et al. (2018) 0.1176 0.0451 51 6 4.4% 0.12 [0.03, 0.21] —_—

28 Cassado Garriga et al. (2011) 0.1333 0.0439 60 8 4.5% 0.13 [0.05, 0.22] —_

34 Garcia-Mejido et al. (2017) 0.098 0.0416 51 5 4.7% 0.10[0.02, 0.18] —_—

48 Garcia-Mejido et al. (2016) 0.1216 0.038 74 9 5.1% 0.12 [0.05, 0.20] -

46 Garcia-Mejido et al. (2017) 0.0959 0.0345 73 7 5.4% 0.10[0.03, 0.16] -

47 Michalec et al. (2016) 0.0978 0.031 92 9 5.8% 0.10 [0.04, 0.16] -

09 van Delft et al. (2014) 0.0978 0.031 92 9 5.8% 0.10 [0.04, 0.16] -

52 Kearney et al. (2006) 0.1154 0.028 130 15 6.1% 0.12[0.06, 0.17] -

39 Thibault-Gagnon et al. (2014) 0.1438 0.0277 160 23 6.1% 0.14 [0.09, 0.20] -

29 Chan et al. (2012) 0.1542 0.0255 201 31 6.3% 0.15[0.10, 0.20] -

50 Youssef et al. (2019) 0.2137 0.0253 262 56 6.4% 0.21[0.16, 0.26] -

37 Cassado Garriga et al. (2014) 0.1289 0.0241 194 25 6.5% 0.13[0.08, 0.18] -

41 Shek & Dietz (2010) 0.1183 0.0237 186 22 6.5% 0.12[0.07, 0.16] -

24 Volloyhaug et al. (2015) 0.1336 0.0231 217 29 6.6% 0.13[0.09, 0.18] -
Subtotal (95% CI) 2128 329 100.0% 0.15 [0.12, 0.18] (3

Heterogeneity: Tau? = 0.00; Chi? = 61.94, df = 21 (P < 0.00001); /> = 66%
Test for overall effect: Z = 10.63 (P < 0.00001)

1.1.3 Vacuum extraction

21 Abdool et al. (2018) 0.25 0.2165 4 1 1.5%  0.25[-0.17,0.67] —
31 Albrich et al. (2012) 0.4 0.1549 10 4 2.6% 0.40 [0.10, 0.70]
32 Guedea et al. (2015) 0.5 0.1336 14 7 3.3% 0.50 [0.24, 0.76] e —
52 Kearney et al. (2006) 0.1667 0.1076 12 2 4.5%  0.17 [-0.04, 0.38] T
29 Chan et al. (2012) 0.333 0.068 48 16 7.6% 0.33[0.20, 0.47] e
34 Garcia-Mejido et al. (2017) 0.3519 0.065 54 19 8.0% 0.35[0.22, 0.48] —_
09 van Delft et al. (2014) 0.1333 0.0621 30 4 8.3% 0.13[0.01, 0.26] —
39 Thibault-Gagnon et al. (2014) 0.1915 0.0574 47 9 8.8% 0.19[0.08, 0.30] —_
46 Garcia-Mejido et al. (2017) 0.3425 0.0555 73 25 9.0% 0.34[0.23, 0.45] —_—
41 Shek & Dietz (2010) 0.0882 0.0486 34 3 9.9%  0.09[-0.01, 0.18] —
47 Michalec et al. (2016) 0.1196 0.0338 92 11 11.7% 0.12 [0.05, 0.19] -
24 Volloyhaug et al. (2015) 0.145 0.0308 131 19  12.0% 0.14[0.08, 0.21] -
30 Chung et al. (2015) 0.166 0.0237 247 41 12.8% 0.17[0.12, 0.21] -
Subtotal (95% ClI) 796 161 100.0% 0.21 [0.16, 0.27] <&
Heterogeneity: Tau? = 0.01; Chi? = 37.50, df = 12 (P = 0.0002); /1> = 68%
Test for overall effect: Z = 7.64 (P < 0.00001)
1.1.4 Forceps delivery
31 Albrich et al. (2012) 1 0.4975 1 1 0.8% 1.00 [0.02, 1.98] -
21 Abdool et al. (2018) 0.4 0.21908902 5 2 3.2% 0.40 [-0.03, 0.83] T
51 Araujo Jn et al. (2013) 0.222 0.1385799 9 2 5.9%  0.22 [-0.05, 0.49] T
29 Chan et al. (2012) 0.71428571 0.12073632 14 10 6.9% 0.71[0.48, 0.95] —_—
52 Kearney et al. (2006) 0.66666667 0.11111111 18 12 7.5% 0.67 [0.45, 0.88] —_—
09 van Delft et al. (2014) 0.47619048 0.10898517 21 10 7.6% 0.48 [0.26, 0.69] e —
41 Shek & Dietz (2010) 0.35 0.10665365 20 7 7.7% 0.35[0.14, 0.56] I
33 Cassado Garriga et al. (2011) 0.45454545 0.10615895 22 10 7.8% 0.45 [0.25, 0.66] —_—
39 Thibault-Gagnon et al. (2014)  0.40909091 0.10482356 22 9 7.9% 0.41[0.20, 0.61] e —
30 Chung et al. (2015) 0.71428571 0.07573917 42 17 9.9% 0.71[0.57, 0.86] —
28 Cassado Garriga et al. (2011) 0.61666667 0.06276794 60 37  10.9% 0.62 [0.49, 0.74] —_—
36 Krofta et al. (2009) 0.63157895 0.05533237 76 48 11.5% 0.63[0.52, 0.74] —_
24 Volloyhaug et al. (2015) 0.40880503 0.03898746 159 65 12.6% 0.41[0.33, 0.49] —
Subtotal (95% ClI) 469 230 100.0% 0.52 [0.44, 0.61] <o
Heterogeneity: Tau? = 0.01; Chi? = 35.53, df = 12 (P = 0.0004); I* = 66%
Test for overall effect: Z = 11.78 (P < 0.00001)
-0.5 -0.25 0.25 05

Figure 2. Incidence rate of levator avulsion by mode of birth.
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Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
4.1.1 Spontaneous vs. Caesarean delivery
09 van Delft et al. (2014) 9 92 0 48 5.6% 11.04[0.63, 193.81] I
21 Abdool et al. (2018) 6 51 0 24 5.4% 7.00[0.38, 129.54] —
24 Volloyhaug et al. (2015) 29 217 0 101 5.8% 31.77[1.92, 525.36] —
28 Cassado Garriga et al. (2011) 8 60 0 60 5.5% 19.59[1.10, 347.61] R —
31 Albrich et al. (2012) 27 70 4 76  36.7% 11.30 [3.70, 34.50] ——
32 Guedea et al. (2015) 0 11 1 17 4.2% 0.48 [0.02, 12.81] ——
33 Cassado Garriga et al. (2011) 3 20 0 20 5.0% 8.20 [0.40, 169.90] B
39 Thibault-Gagnon et al. (2014) 23 160 1 65 11.1% 10.74 [1.42, 81.32] e —
41 Shek & Dietz (2010) 22 186 0 126 5.8%  34.60 [2.08, 575.94] —
44 Kamisan Atan et al. (2018) 7 27 0 18 5.3% 13.54[0.72, 253.74] T
51 Araujo Jn et al. (2013) 1 16 0 10 4.2% 2.03[0.08, 54.83]
53 Liu et al. (2014) 8 47 0 48 5.5%  20.87[1.17, 372.94]
Subtotal (95% CI) 957 613 100.0% 10.69 [5.44, 21.00] <o
Total events 143 6

Heterogeneity: Tau? = 0.00; Chi® = 6.37, df = 11 (P = 0.85); I = 0%
Test for overall effect: Z = 6.87 (P < 0.00001)

4.1.2 Vacuum vs. Spontaneous delivery

09 van Delft et al. (2014) 4 30 9 92 8.0% 1.42 [0.40, 4.99] I
21 Abdool et al. (2018) 1 4 6 51 3.5% 2.50[0.22, 28.06] —

24 Volloyhaug et al. (2015) 19 131 29 217 12.4% 1.10 [0.59, 2.05] -+

29 Chan et al. (2012) 16 48 31 201 11.8% 2.74[1.35, 5.59] -
31 Albrich et al. (2012) 4 10 27 70 7.5% 1.06 [0.27, 4.11] — T

32 Guedea et al. (2015) 7 14 0 11 2.5%  23.00[1.14, 465.16]

34 Garcia-Mejido et al. (2017) 19 54 5 51 9.2% 4.99 [1.70, 14.69] e
39 Thibault-Gagnon et al. (2014) 9 47 23 60 10.5% 0.38[0.16, 0.93] —

41 Shek & Dietz (2010) 3 34 22 186 8.0% 0.72 [0.20, 2.56] T

46 Garcia-Mejido et al. (2017) 25 73 7 73 10.3% 4.91[1.96, 12.28] —_—
47 Michalec et al. (2016) 11 92 9 92 10.2% 1.25 [0.49, 3.18] i

52 Kearney et al. (2006) 2 12 15 130 6.2% 1.53[0.31, 7.68] [ e —
Subtotal (95% CI) 549 1234 100.0% 1.66 [0.99, 2.79] &
Total events 120 183

Heterogeneity: Tau? = 0.47; Chi? = 28.86, df = 11 (P = 0.002); I* = 62%
Test for overall effect: Z = 1.91 (P = 0.06)

4.1.3 Forceps vs. Spontaneous delivery

09 van Delft et al. (2014) 10 21 9 92 8.8% 8.38 [2.80, 25.15] -
21 Abdool et al. (2018) 2 5 6 51 2.7% 5.00 [0.69, 36.27] T

24 Volloyhaug et al. (2015) 65 159 29 217 42.2% 4.48 [2.71, 7.41] b

28 Cassado Garriga et al. (2011) 37 60 8 60 12.9% 10.46 [4.22, 25.93] —
29 Chan et al. (2012) 10 14 31 201 7.1% 13.71 [4.04, 46.49] e
31 Albrich et al. (2012) 1 1 27 70 1.0% 4.75[0.19, 120.69] —

33 Cassado Garriga et al. (2011) 10 22 3 20 4.8% 4.72[1.07, 20.89] —
41 Shek & Dietz (2010) 7 20 22 186 10.2% 4.01[1.45,11.14] —_—

51 Araujo Jn et al. (2013) 2 9 1 16 1.6% 4.29[0.33, 55.59] —

52 Kearney et al. (2006) 12 18 15 130 8.5% 15.33 [5.01, 46.90] —
Subtotal (95% CI) 329 1043 100.0% 6.32 [4.56, 8.76] L3

Total events 156 151

Heterogeneity: Tau? = 0.00; Chi® = 8.27,df = 9 (P = 0.51); /> = 0%
Test for overall effect: Z = 11.07 (P < 0.00001)

4.1.4 Forceps vs. Vacuum delivery

09 van Delft et al. (2014) 10 21 4 30 6.9% 5.91[1.52, 22.95] e —
21 Abdool et al. (2018) 2 5 1 4 1.5% 2.00[0.11, 35.81] —
24 Volloyhaug et al. (2015) 65 159 19 131 37.7% 4.08 [2.28, 7.28] -
29 Chan et al. (2012) 10 14 16 48 7.4% 5.00 [1.36, 18.45] e
30 Chung et al. (2015) 17 42 41 247 25.8% 3.42 [1.69, 6.89] —&—
31 Albrich et al. (2012) 1 1 4 10 1.1% 4.33[0.14, 132.32]
39 Thibault-Gagnon et al. (2014) 9 22 9 47  10.1% 2.92 [0.96, 8.94]
41 Shek & Dietz (2010) 7 20 3 34 5.6% 5.56 [1.24, 24.93]
52 Kearney et al. (2006) 12 18 2 12 3.9% 10.00 [1.64, 60.92]
Subtotal (95% Cl) 302 563 100.0% 4.09 [2.87, 5.84] ‘
Total events 133 99
Heterogeneity: Tau? = 0.00; Chi® = 2.32, df = 8 (P = 0.97); I> = 0%
Test for overall effect: Z = 7.76 (P < 0.00001)
0.001 0.1 10 1000

Test for subgroup differences: Chi? = 24.77, df = 3 (P < 0.0001), /> = 87.9%

Figure 3. Comparison of risk of levator avulsion between different modes of birth.
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24,28,37,46-48,53,55 four

eight studies following spontaneous,
studies following vacuum®******’ and four studies after
forceps®**®?%%® deliveries. The rate of right LA following
spontaneous delivery was higher compared with left LA
and this difference reached statistical significance
(P = 0.0202). Furthermore, the rate of unilateral LA was
significantly higher than bilateral LA following spontaneous
(P <0.0001) and vacuum (P = 0.0103) deliveries. All the
other comparisons relating to laterality of avulsion and
mode of birth did not reach statistical significance
(Table 1).

Incidence rate of LA depending on timing of imaging after
birth

Similar to the incidence rate of LA by imaging modality
we did not include the Aydin et al.”® and Araujo et al.*’

studies because of their effect on statistical heterogeneity. A
total of cight,77:31:33:42:45,51,5354 9,23,28-30,55

13,21,22,38,39,41,45,50

SIX,
25,26,32,33,36,46-48,52

eight, nine and

six*H?H77404556 tudies reported performing their imaging
modality to assess LA at 0-1, >1-3, >3-6, >6-12 and
>12 months after birth. respectively. Two of the included
studies reported LA avulsion rates at two time-points
each.”®*® Using LA rate at >12 months as the reference
standard there was a trend to higher reported LA rates at
0—1 month for all birth modalities. However, this reached
statistical significance for spontaneous vaginal delivery
only (P < 0.0001). There was also a statistically significant
difference in the reported LA rate after spontaneous and
forceps deliveries at >3—6 months (P = 0.0190) and >6—
12 months (P = 0.0014) when compared with reported LA
for the same mode of birth at >12 months, respectively
(Table 1 and Figure S6).

When all the studies were included, the LA avulsion rate
was significantly higher at 0-1 months in the CS group
(P <0.0001) and at >6-12 months (P = 0.0334) in the
spontaneous birth group compared with the rate
>12 months after the birth. The reported LA avulsion rate
at >3—-6 months following spontaneous birth was not sig-
nificantly different from that reported at >12 months.

Discussion

Main findings

We calculated the pooled incidence rate of LA following
CS, spontaneous, vacuum extraction and forceps-assisted
births to be 1, 15, 21 and 52%, respectively. The odds ratio
of having an LA following a spontaneous delivery com-
pared with CS was 11. The risk of having an LA if a vac-
uum was used to assist the first vaginal birth was not
significantly different from that for a spontaneous birth
while the odds ratio of LA if forceps was used to assist the
first birth was 6 compared with spontaneous delivery. LA

was more likely to occur on the right-hand side following a
spontaneous birth (P = 0.0202). Furthermore, unilateral
compared with bilateral LA was significantly more likely to
occur following spontaneous and vacuum-assisted births
(P <0.0001 and P = 0.0103, respectively). We did not
identify statistically significant differences in the pooled
incidence rates of LA following different modes of birth by
imaging modality. Finally, there was a trend to higher
reported LA rates when assessment was performed in the
first 4 weeks postnatally compared with later dates. How-
ever, this reached statistical significance for spontaneous
delivery only (P < 0.0001).

Strengths and limitations

The main strength of our systematic review lies in the
methodology we followed. Our search strategy and study
selection criteria were set a priori. Furthermore, decisions
about study inclusion and data extraction were all per-
formed in duplicates by two independent reviewers. How-
ever, we appreciate that there are some limitations to our
review that might have introduced bias into our findings.
There was evidence of moderate to high degrees of hetero-
geneity between studies in some of our analyses. This
might be a reflection of variation in obstetric practices
between the studies, but also could be due to differences in
the degree of expertise between practitioners diagnosing the
LA. Second, some of the studies included in our review
were small observational studies and some fulfilled only
half of the quality assessment criteria and, hence, were at
high risk of bias. Nevertheless, we did not exclude any
studies based on their quality assessment because we
wanted our review to be comprehensive and to present a
realistic view of the current state of evidence.

Interpretation

Our results concur with previous studies showing good
agreement between MRI and 3D/4D transperineal ultra-
sound, as reported by several groups.”” > Although MRI
has a superior spatial resolution and fluid-sensitive
sequences allowing for exploration of oedema, ultrasound
assessment is more feasible, acceptable and cost effective.
Indeed, only 14% of studies, providing 249 (4%) of a total
of 5594 patients included in our review, were performed
using MRI.

Friedman et al. published a meta-analysis exploring
mode of birth and the associated risk of LA.®® Their review
included 20 studies that met their inclusion criteria with 12
of these contributing to their calculation of the odds ratios
of LA following forceps and vacuum compared with nor-
mal vaginal delivery. These were 6.94 (4.93-9.78) and 1.31
(1.00-1.72), respectively, both similar to our findings. In
our review we only included studies that have reported on
the first vaginal birth and ensured that this is clearly
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presented in our data to avoid extrapolation of our find-
ings to any assisted vaginal birth. The use of an obstetric
forceps has been identified as an independent intrapartum
risk factor for levator ani injury.*' Our review corroborates
existing evidence of the significantly higher association of
LA with forceps compared with other birth modes. More-
over, we also demonstrated a higher risk of bilateral lesions
with forceps compared with spontaneous and vacuum-
assisted births. Hence, forceps use was not only associated
with a higher risk of injury, but also with the risk of bilat-
eral LA.

When comparing rates of reported right and left LA in
cases of unilateral avulsion, the incidence rate of avulsion
on the right-hand side was higher than the left for all
modes of vaginal birth. However, this difference reached
statistical significance following spontaneous deliveries only
(P < 0.0001). It is plausible that this could be secondary to
the direction of fetal head rotation if in a right occipito-
posterior position. Alternatively, it could be the sigmoid
colon protecting the left levator ani, or otherwise, displac-
ing the head and increasing tension on the right levator ani
muscle. It is unlikely though that this difference could be
attributed to the laterality of an episiotomy, as mediolateral
episiotomy was suggested not to be associated with the
occurrence of LA.®' Indeed, the reason(s) for this difference
is beyond the scope of our systematic review, although it is
an observation that warrants further exploration, probably
via finite element models.*>*’

There is a paucity of research with regard to the optimal
timing for the assessment of the pelvic floor postnatally. In
our study, the incidence rate of LA was higher when imag-
ing was performed in the first month compared with later
time-points. However, this difference was only significant
for spontaneous births. It is possible that the lack of signifi-
cance might be secondary to the small number of events
for some of the time points. It has been suggested that
early imaging can result in over diagnosis because of soft-
tissue changes and haematomas that would undergo a nat-
ural process of remodelling or resolution 6-12 weeks post-
natally.*** Our systematic review has demonstrated that
the calculated LA incidence rate was still significantly
higher at >3-6 and at >6-12 months, compared with
>12 months post birth following spontaneous and forceps
deliveries, respectively. Although only speculative, it is pos-
sible that recovery and remodelling of the pelvic floor takes
longer following a forceps-assisted delivery compared with
a spontaneous birth.

Conclusion

Transperineal ultrasound should be considered the main-
stay modality for the diagnosis of LA for its comparable
efficacy, better availability and lower cost compared with

Levator ani avulsion

other imaging modalities. However, early postpartum imag-
ing is better avoided because of the risk of over-diagnosis.
Although the numbers included in the analysis of imaging
timing were relatively small, it seems reasonable to defer a
final diagnosis till after 6 months postnatally. This duration
might need to be extended to more than 12 months fol-
lowing a forceps-assisted birth.

There is no doubt that forceps delivery is associated with
a higher incidence rate and severity of LA compared with
spontaneous birth. However, given that instruments are
used to assist a vaginal birth only when indicated, we
believe that comparing forceps to spontaneous birth is not
clinically meaningful. What is more relevant is the compar-
ison between forceps-assisted and vacuum-assisted births.
The debate among obstetricians and gynaecologists regard-
ing the use of forceps in current obstetrics given its nega-
tive impact on the pelvic floor in the short-term and long-
term is ongoing. However, irrespective of professionals’
opinions and views, it is important that women are made
aware of the potential implications of our findings so that
they can make an informed choice about their care if their
vaginal birth is to be assisted. Arguably, the same principle
could be applied to vaginal birth and CS; nevertheless, the
latter is a major surgical intervention that has associated
short-term and long-term implications and complications
and these should be included in any counselling about
mode of birth.

Finally, although the clinical relevance of the side of
avulsion is doubtful, it might shed some light on the
pathogenesis of LA, which has the potential to aid in con-
sidering interventions and manoeuvres to mitigate the risk
of such trauma.
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