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Abstract

failed-VD.

and 4.5 (95%Cl; 1.4, 13.9), respectively.

Background: Few studies have focused on the delivery subsequent to a failed vacuum delivery (failed-VD) in secun-
diparas. The objective of the current study was to examine the factors associated with a vaginal delivery following a

Methods: An historical prospective cohort. Obstetric characteristics of secundiparas who underwent a planned cae-
sarean delivery (CD) were compared to those who elected a trial of labour (TOLAC) at single medical-centre, through-
out 2006-2019. The latter were further analysed to study for factures associated with successful vaginal birth (VBAQ).

Results: Among the 115 secundiparas included, 89 (77%) underwent TOLAC. Compared to women who underwent
an elective CD, those who underwent TOLAC were younger by a mean of 4 years, were more likely to have con-
ceived spontaneously, and had a more advanced gestation by a mean of 10 days. VBAC was achieved in 62 women
(70%). New-borns of women with VBAC had in average a lower birth weight compared to those with failed TOLAC,
(-)195 g+£396 g versus (+)197 g+ 454 g respectively, P<0.01. Having a higher neonatal birthweight at P2 by incre-
ments of 500 g, 400 g or 300 g was associated with a failed TOLAC; OR of 9.7 (95%Cl; 2.3, 40.0), 11.5 (95%(Cl; 2.8, 46.7)

Conclusions: Among secundiparas with a previous CD due to a failed-VD, the absolute difference of neonatal BW
was found to be significantly associated with achieving VBAC.

Keywords: Failed vacuum-delivery, TOLAC, VBAC, Birthweight

Background

Assisted vacuum delivery is a common obstetric inter-
vention, practiced in most medical centres, with a prev-
alence of 3-14% [1-3]. Potential neonatal and maternal
complications associated with this mode of delivery
require that the procedure be performed by experi-
enced obstetricians, only when medically indicated, and
when the position of the foetal head, as well as the cervi-
cal conditions, are appropriate [4]. The reported rate of
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emergency caesarean delivery (CD) secondary to failed
vacuum delivery (failed-VD) is consistent among stud-
ies and ranges between 4-6% [5—8]. Although long-term
neurological and haematological complications were not
found to be associated with a failed-VD [9, 10], short-
term adverse neonatal outcomes and maternal com-
plications are well described [11]. Factors known to be
associated with failed-VD include, nulliparity, macroso-
mia, induction of labour, hypotonic uterine contractions,
and persistent occiput posterior presentation (POP)
[5-8]. Few studies have focused on the delivery subse-
quent to the failed-VD [12-14]. Two of these studies,
which included 206 women of various parity, searched

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-022-05151-7&domain=pdf

Reichman et al. BMC Pregnancy and Childbirth (2022) 22:808

for factors that could assist in decision-making prior
to attempting a trial of labour after CD, secondary to a
failed-VD in the previous delivery (TOLAC failed-VD)
[12, 13]. Findings were inconsistent between the stud-
ies, with only one study identifying risk factors from the
index failed-VD associated with a failed TOLAC in the
subsequent delivery. These factors included prolonged
second stage, non-POP, and lower birthweight (BW) of
the new-born [12]. Due to the limited literature available,
the primary objective of the current study was to exam-
ine factors associated with a successful TOLAC in secun-
diparas (parity =2) following a failed-VD. Specifically, we
hypothesized, based on clinical experience, that the dif-
ference between the BW of the new-borns at P1 and P2,
with each woman serving as her own control, would be
a significant factor associated with a successful TOLAC
failed-VD.

Methods

Study design

A historical prospective cohort study was performed in
a single large tertiary university hospital, Shaare Zedek
Medical Centre (SZMC), which manages approximately
10% of the annual national deliveries, 14,500 deliver-
ies per year. The medical centre mainly serves religious
Orthodox Jews and Muslims, a population which tends
to have large families. Twenty five percent of parturients
are nulliparous and approximately 18% are grand mul-
tiparous > 6 deliveries. Over 95% of deliveries are funded
by national public insurance, managed by residents and
midwives and supervised by senior obstetricians at all
times.

TOLAC is a common practice, attempted by 80% of
suitable women at the study facility. Women are eligi-
ble for TOLAC after confirmation of a single previous
low-segment transverse uterine incision (irrespective of
the number of layers of the uterine closure) and a foetal
weight estimation below 4200 g within a week of admis-
sion, either by clinical assessment or ultrasound exami-
nation. After an explanation of the TOLAC protocol and
potential complications to the woman by the admitting
obstetrician, verbal consent is documented in the medi-
cal record.

Study population

All secundiparas (parity 2), at term, with a history of CD
due to a failed-VD in their previous delivery, who deliv-
ered at SZMC throughout January 2006- December
2019 were identified by screening the electronic medical
database for 'failed- VD; as encoded by the International
Classification of Diseases (660.7) at P1. Secundiparas
who delivered P1 at another facility were identified by a
computerized search for "previous failed vacuum" in the
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electronic medical record (EMR). Women with previous
vaginal deliveries, multiple pregnancies, and those who
delivered elsewhere subsequent to the failed-VD were
excluded.

Data collection procedure

Data were extracted from a computerized database that
was updated, in real-time, by midwives and obstetri-
cians attending the labour and delivery. At least 50% of
data fields are fixed and required to be completed before
transferring the parturient to the postpartum floor. Data
retrieved for both P1 and P2 included maternal age, ges-
tational age at delivery and new-born birthweight (BW).
In accordance with findings from previous studies, we
obtained the length of the second stage and POP pres-
entation of P1. Data retrieved from P2 included use of
artificial reproductive treatment, interpregnancy interval
(months), maternal gestational diabetes or hypertension,
onset of labour (spontaneous, induction or planned CD),
augmentation with oxytocin, presence of severe meco-
nium, gender of the new-born, and mode of delivery.
Head circumference (HC) was available only for the neo-
nates born at SZMC. BW of the new-borns were studied
as categorical and continuous variables: (1) absolute delta
between Pland P2, calculated for each woman indepen-
dently categorized into > 500 g, >400 g and > 300 g and (2)
mean delta compared between Pland P2.

Data management and analysis
Data was validated by defining distributions and quan-
tifying missing values. Obstetric characteristics are
presented as proportions or means, for categorical or
continuous variables, respectively, and stratified by a suc-
cessful TOLAC. Statistical significance was defined by
a two-sided p value <0.05 using the Chi-square test for
categorical variables and Student t-test for continuous
ones. Bivariate analysis was performed to evaluate if fac-
tors related to the index failed vacuum delivery, P1, are
associated with a successful VBAC in the subsequent
delivery (OR, 95% CI). A multivariate logistic regression
modelling was to be performed if more than one factor
was to be found associated with a successful TOLAC.
Sample size was estimated based on a previous pub-
lication, which showed that among women undergo-
ing TOLAC failed-VD, with the BW of the new-born at
P2>P1, VBAC rate was 3.5% as opposed to a rate of 47%
for failed TOLAC [12]. Hence, the calculated sample size
required to show such a difference was 30 women (15 in
each group). The large number of deliveries performed
at the study site over the study period (over 200,000) was
deemed sufficient to yield the sample size needed for the
current study.
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Flow chart of study population

All deliveries
Shaare Zedek Medical Center
January 2006-December 2019

n= 202,026

|

Vacuum extraction (VE)

1 |

Spontaneous Vaginal deliveries Cesarean deliveries

n=10,615 (5.3%) n=167,247 n=24,164
Failed VE
n=273 (2.6%) l
= multipara failed VE
= did not return to SZMC
= multiple pregnancies
P2 TOLAC following a Failed VE P2 TOLAC following a Failed VE J
(elsewhere) (SZMC)
n=32 n=57 P2 Planned CD no TOLAC
n=26
P2 TOLAC following a Failed VE
n=89
Successful VBAC Failed VBAC

n= 62 (70%) n=27 (30%)

Fig. 1 Flow chart of study population

Results

During the 14 years of the study period, there were
202,026 deliveries of which 10,615 (5.3%) were instru-
mental vacuum deliveries. Failure followed by an emer-
gency CD was reported in 273 (2.6%) of the vacuum
deliveries. Among the 115 secundiparas (parity =2) that
met inclusion criteria, 89 (77%) underwent TOLAC
(Fig. 1).

Women who underwent TOLAC were younger by a
mean of four years, were more likely to have conceived
spontaneously, and had advanced gestation by 10 days
compared to those who elected for a planned CD, as seen
in Table 1.

VBAC was achieved in 62 women (70%). During the
study period, the overall success rate at our facility for

TOLAC among secundiparas, regardless of the indica-
tion for the previous CD, was 75% (2916/3881). Apply-
ing the x* test demonstrated no significant difference
between the 70% success rate in secundiparas undergo-
ing TOLAC subsequent to a failed-VD to the 75% success
rate of TOLAC subsequent to CDs performed regardless
of the indication for the previous CD, p=0.23. P1 charac-
teristics such as prolonged second stage, POP, macroso-
mia, BW of the new-born and delivery in another facility
were not found to be associated with a VBAC (Table 2).
The absolute difference in the BW of the new-born,
comparing P1 to P2, was significantly associated with
VBAC. New-borns of women with VBAC had in average a
lower birth weight compared to those with failed TOLAC,
(-)195 g+£396 g versus (+)197 g+454 g respectively,
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Table 1 Characteristics of secundiparas following a CD due to failed-VE, stratified by TOLAC versus planned CD
TOLAC planned caesarean P value
n=289 n=26

Factors at P1 (CD due to failed VE)
gestation at delivery (mean = std) 401+£14 3974+14 0.26
indication for VE prolonged 2nd stage N (%) 32 (56.1%) 9 (50%) 0.78
persistent occiput posterior N (%) 8 (13.8%) 2(11.1%) 1.0
birthweight of new-born (mean =+ std) 3395g+363¢g 3366 g+386g 0.72
macrosomia (>4000 g) N (%) 4 (4.8%) 2 (7.7%) 0.62
delivered elsewhere N (%) 32 (36.0%) 8 (30.8%) 0.81

Factors at P2 (TOLAC)
maternal age (mean =+ std) 274437 318457 <0.01
artificial reproductive treatment N (%) 0 6 (30%) <0.01
interpregnancy interval, months (mean = std) 2924105 3544177 0.07
gestational hypertension N (%) 0 0
gestational diabetes N (%) 3 (3.6%) 0 1.0
gestation at delivery (mean = std) 392418 3764+1.0 <0.01
preterm delivery <37 weeks N (%) 5 (5.6%) 1(3.8%) 1.0
thick meconium N (%) 5 (6.8%) 0 (0%) NA
new-born—male N (%) 44 (49.4%) 18 (69.2%) 0.12
macrosomia (>4000 g) 4 (4.5%) 0 057
birthweight of new-born (mean =+ std) 3300 g+4669g 3190942979 0.26
delta birthweight of new-born (P2-P1) (mean =+ std) -73.1g+450g -175g+385¢g 0.30
delta birthweight of new-born>500 g (P2>P1) N (%) 12 (14.3%) 1(3.8%) 0.29
delta birthweight of new-born>300 g (P2>P1) N (%) 17 (20.2%) 2(7.7%) 0.23
delta birthweight of new-born>500 g (P1>P2) N (%) 18 (21.4%) 4 (15.5%) 0.58
delta birthweight of new-born>300 g (P1>P2) N (%) 28 (33.3%) 7 (27.9%) 0.63

VBAC Vaginal birth after caesarean, TOLAC Trial of labour after caesarean

P<0.01. Higher neonatal BW at P1 by 500 g, 400 g or
300 g was associated with a VBAC; OR of 4.5 (95%ClL;
0.97, 21.6), 4.4 (95%CI; 1.2, 16.2) and 3.8 (95%CL; 1.2, 12.7)
respectively. In contrast, higher neonatal birthweight at P2
(TOLAC failed-VD) by 500 g, 400 g or 300 g were asso-
ciated with failed TOLAC; OR of 9.7 (95%CI; 2.3, 40.0),
11.5 (95%CI; 2.8, 46.7) and 4.5 (95%CI; 1.4, 13.9), respec-
tively. Of the 89 secundiparas who underwent TOLAC, 52
(58.4%) had HC documented at both P1 and P2. As noted
in Table 2, there was an absolute HC difference of at least
10 mm P2>P1, calculated per woman, for 10/62 (16%) of
the VBAC women compared to 8/27 (44.4%) of the failed
TOLAC (p=0.36). Artificial reproductive treatments,
pregnancy induced hypertension, gestation diabetes,
POP, and macrosomia were uncommon among the study
group, <4%. Multivariate analysis was not performed given
that only one factor, "the absolute difference in neonatal
BW", was found to be significantly associated with VBAC.

Discussion

In this cohort, 70% of secundiparas (parity=2) who
underwent TOLAC subsequent to failed-VD achieved a
VBAC. The main finding was the strong association of

new-born BW differences between P1 and P2 with VBAC
success. In general, when the BW of the new-born at P1
was higher than BW in the subsequent TOLAC (P2),
then the chance of VBAC increased and vice versa; when
the BW of the new-born at P1 was lower than the subse-
quent TOLAC, then the chance of failure increased. This
association was shown to be strong with an OR of (9-11)
for failed TOLAC, when the absolute weight difference
was 400-500 g P2>P1.

Attempting TOLAC is challenging for both the obste-
trician and the parturient. A successful TOLAC is
associated with an overall decreased risk of maternal
morbidity including blood transfusion, hysterectomy,
chorioamnionitis, postpartum haemorrhage, and injury
to adjacent viscera compared to a planned CD; 3.1%
versus 4.3% respectively. However, a failed TOLAC
increases maternal morbidity significantly to an overall
prevalence of 17% [15]. Therefore, identifying the appro-
priate candidates for TOLAC is crucial to minimise
maternal risks, as such, decision-making for TOLAC
should be individualised. As a result of the findings of
the current study, when considering a TOLAC follow-
ing a failed-VD, the BW of the new-born at the previous
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Table 2 Characteristics of secundiparas undergoing TOLAC following a failed-VE, stratified by a successful VBAC
VBAC Failed P value
n=62 TOLAC
n=27
Factors at P1 (CD due to failed VE)
gestation at delivery (mean = std) 40+1.3 40417 048
indication for VE prolonged ond stage N (%) 21 (55%) 11 (58%) 0.85
persistent occiput posterior N (%) 6 (16%) 2 (10%) 0.70
birthweight of new-born (mean =+ std) 3429943409 3320944079 0.20
macrosomia (>4000 g) N (%) 4 (7%) 0 (0%) 0.31
delivered elsewhere N (%) 25 (40%) 7 (26%) 0.23
Factors at P2 (TOLAC)
maternal age (mean =+ std) 274439 273435 0.92
artificial reproductive treatment N (%) 0 0
interpregnancy interval (months) (mean = std) 276+9.1 3234123 0.10
gestational hypertension 0 0
gestational diabetes N (%) 1(1.6%) 2 (7.4%) 022
gestation at delivery (mean = std) 39+14 38+27 0.21
preterm delivery <37 weeks N (%) 2 (3.2%) 3(11.1%) 0.16
induction of labour N (%) 4(6.5%) 137) 1.0
augmentation with oxytocin N (%) 42 (68%) 16 (59%) 0.30
thick meconium N (%) 5(8.2%) 0 (0%) 0.57
new-born—male N (%) 27 (44%) 17 (63%) 0.09
persistent occiput posterior N (%) 1(1.6%) 2 (7.4%) 0.12
macrosomia (>4000 g) 2 (3.2%) 2 (7.4%) 0.59
birthweight of new-born (mean =+ std) 3247943529 3421 g+6509 0.11
delta birthweight of new-born (mean =+ std) -1959+39%g 197 g+454 g <0.01
delta birthweight of new-born >500 g (P2>P1) 3 (5%) 9 (35%) <0.01
delta birthweight of new-born >400 g (P2>P1) 3 (5%) 10 (39%) <0.01
delta birthweight of new-born >300 g (P2>P1) 7 (12%) 10 (39%) <0.01
delta birthweight of new-born >500 g (P1>P2) 16 (27.6%) 2 (7.7%) 0.04
delta birthweight of new-born >400 g (P1>P2) 21 (36.2%) 3(11.5%) 0.03
delta birthweight of new-born >300 g (P1>P2) 24 (41 .4%) 4 (15.4%) 0.02
head circumference cm (mean = std)? 350+£13 344426 0.29
delta circumference mm P1 minus P2 (mean =+ std) @ 344195 -294+148 0.25
head circumference P2 >P1 by at least 10 mm 10 (28.6%) 8 (44.4%) 0.36

VE Vacuum Extraction, VBAC Vaginal birth after caesarean, TOLAC Trial of labour after caesarean

2 data available for 53 women

delivery is an important factor that should be taken into
consideration.

It is well established that previous vaginal delivery sig-
nificantly increases the success rate of TOLAC and is
one of the strongest factors associated with VBAC. Thus,
women at second delivery undergoing TOLAC, are a
challenging, unique group [16—20]. Therefore, we neu-
tralised the effect of previous vaginal delivery, as the cur-
rent study only included secundiparas with one previous
CD, excluding women with a previous vaginal delivery.

The limited data regarding this group of parturients is,
further, reflected in the fact that both the RCOG Green

top Guidelines: ’Birth after previous caesarean birth’ and
the ACOG Practice Bulletin: "Vaginal birth after cesar-
ean delivery’ do not specifically address this group [16,
17]. Only two previous studies, with a of a total of 206
women, explored factors that could aid in decision mak-
ing prior to attempting TOLAC following failed-VD
(Table 3) [12, 13].

These studies showed similar VBAC rates of 61-67%
to the 70% rate found in the current study [12, 13]. Only
one of the two studies [12], revealed the strong associa-
tion between the difference of new-born BW and VBAC
with a similar OR as was found in the current study. It
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is possible that this association was not shown in Levin’s
study [13] as result of analysing the mean BW of new-
borns, comparing P1 and P2 as two groups, and not com-
paring the detla for the BW in distinct categories and
having each woman serve as her own control.

Unfortunately, other factors that could potentially
affect TOLAC outcome, such as artificial reproductive
treatments, pregnancy induced hypertension, gestation
diabetes, POP and macrosomia, were rare among the
study group, (less than 4%), and as such were not appro-
priate for statistical analysis. This low prevalence was also
true for the two studies cited [12, 13].

A previous study found an association of HC with
mode of delivery [21]. The same group found that HC
had a stronger association to mode of delivery than birth
weight [22]. In the current study, new-borns with HC dif-
ference larger than 10 mm at P2 compared to P1 were at
risk for failed TOLAC (44.4% versus 28.6%), yet this find-
ing didn't reach statistical significance, possibly due to
the small sample size.

The strengths of this study included: (1) The current
study included 89 women, an increase of approximately
50% of women to published reports in the English lit-
erature. (2) Each woman served as her own control, and
as such, much of the unknown confounding factors or
known factors that were not available or missing from
the dataset were neutralised. Examples of such factors
included socioeconomic status, smoking and alco-
hol habits. (3) Powered studies of small samples have
an advantage that if a factor is statistically significant,
there is usually a strong association, emphasizing the
clinical relevance. This was noted in the current study
with a strong significant OR of 9-13 for failed TOLAC
in cases where the BW of the new-born was higher at
P2 than at P1.

The current study has some limitations. (1) Single-cen-
tre studies, by nature, are homogenous unlike multicentre
studies that have potential differences in obstetric man-
agement and treatment protocols, which could affect the
external validity. However, strict inclusion criteria of a nar-
rowly defined group of parturients with similar characteris-
tics described by others, minimises the significance of this
limitation. (2) This study was based on actual birthweight
of the new-born at P1 and P2, yet, from a practical point of
view the birthweight at P2 is estimated prior to delivery by
clinical evaluation or sonographically, both having known
inaccuracies [23]. (3) The disadvantage of a small sample
size leads to the possibility of the study being underpow-
ered to show a significance of association with an OR of
less than 4. For example, preterm delivery was documented
in 2 (3%) women with a successful TOLAC, as compared to
3 (11%) with failed TOLAC, demonstrating a clinically sig-
nificant ratio of 3.6, which was not statistically significant
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(p=0.16). However, the sample size required to show a
statistical significance with a two-sided p value <0.05 and
a power of 80% would have been 366 women. Future "indi-
vidual participant data meta-analysis”, combining data of
studies could potentially overcome this obstacle.

Conclusion

Our study has shown that TOLAC subsequent to a failed-
VD is a reasonable approach with a success rate of 70%.
Women with an expected new-born BW similar or lower
than the previous delivery have an increased likelihood of
a VBAC. Secundiparas attempting TOLAC subsequent
to a failed-VD should be counselled before delivery, tak-
ing into account the previous and the expected neonatal
BWs, together with other known factors associated with
VBAC as maternal BMI, Bishop score, Miillerian anoma-
lies, maternal diabetes, and length of the inter-delivery
interval [24]. In the era of individualised medicine aim-
ing to base decisions on evidence-based medicine, there
is need for additional studies addressing this issue.
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