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Abstract

Background: Prolonged second stage of labour is an important cause of maternal
and perinatal morbidity and mortality. Vacuum extraction (VE) and second-stage
caesarean section (SSCS) are the most commonly performed obstetric interventions,
but the procedure chosen varies widely globally.

Objectives: To compare maternal and perinatal morbidity, mortality and other
adverse outcomes after VE versus SSCS.

Search Strategy: A systematic search was conducted in PubMed, Cochrane and
EMBASE. Studies were critically appraised using the Newcastle-Ottawa scale.
Selection Criteria: All artictles including women in second stage of labour, giving
birth by vacuum extraction or cesarean section and registering at least one perinatal
or maternal outcome were selected.

Data Collection and Analysis: The chi-square test, Fisher exact's test and binary
logistic regression were used and various adverse outcome scores were calculated to
evaluate maternal and perinatal outcomes.

Main Results: Fifteen articles were included, providing the outcomes for a total of
20051 births by SSCS and 32 823 births by VE. All five maternal deaths resulted from
complications of anaesthesia during SSCS. In total, 133 perinatal deaths occurred
in all studies combined: 92/20051 (0.45%) in the SSCS group and 41/32 823 (0.12%)
in the VE group. In studies with more than one perinatal death, both conducted in
low-resource settings, more perinatal deaths occurred during the decision-to-birth
interval in the SSCS group than in the VE group (5.5% vs 1.4%, OR 4.00, 95% CI
1.17-13.70; 11% vs 8.4%, OR 1.39, 95% CI 0.85-2.26). All other adverse maternal and
perinatal outcomes showed no statistically significant differences.

Conclusions: Vacuum extraction should be the recommended mode of birth, both
in high-income countries and in low- and middle-income countries, to prevent
unnecessary SSCS and to reduce perinatal and maternal deaths when safe anaesthesia
and surgery is not immediately available.

KEYWORDS
caesarean section, maternal, morbidity, mortality, neonatal, operative vaginal delivery, perinatal,
vacuum extraction
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1 | INTRODUCTION

Maternal and perinatal mortality remain important global
health challenges. The global maternal mortality ratio was
211/100000 live births in 2017," and the global perinatal mor-
tality rate was 18.6/1000 births in 2015.> Most maternal and
perinatal deaths occur in low- and middle-income countries
(LMICs)."> When complications occur during the second
stage of labour, including a prolonged second stage, mater-
nal exhaustion or fetal distress, physicians have two options
to expedite birth: caesarean section or assisted vaginal birth.
According to the guidelines of the International Federation
of Gynaecology and Obstetrics (FIGO),® the National
Institute for Health and Care Excellence (NICE),” and the
American College of Obstetricians and Gynecologists
(ACOG),? assisted vaginal birth is the first choice for short-
ening the second stage of labour, when the fetal head has
descended in the maternal pelvis to at least the level of the
ischial spines (station 0). Vacuum extraction (VE) is one of
the key signal functions in both basic and comprehensive
emergency obstetric care worldwide. It is acknowledged as
safe and relatively easy to perform and is less often compli-
cated by anal sphincter injuries compared with forceps ex-
traction.” Therefore, in many countries VE is preferred over
forceps-assisted birth.'0*?

Despite the guidelines, VE is rarely used in many coun-
tries around the globe and instead, second-stage caesarean
section is performed. The global rate of assisted vaginal
birth in hospitals is 2.6% and continues to decrease.”*'® In
sub-Saharan Africa, the proportion of institutional births
by VE or forceps extraction is even below 1% of all births."”
Although several explanations for this low proportion have
been suggested, fear of neonatal complications is identified
as the most important reason."” Other reasons for low rates
of assisted vaginal birth include a lack of equipment, a lack
of trained personnel and a fear of mother-to-child transmis-
sion of HIV or other infectious diseases."”

Second-stage caesarean section (SSCS) is associated with
adverse outcomes such as postpartum haemorrhage (PPH),
infection and sepsis, a need for hysterectomy or admission
to an intensive care unit.'® ™ Risks of caesarean section
extend into every subsequent pregnancy and include uter-
ine rupture, placenta accreta spectrum, PPH and preterm
birth.?** Notwithstanding these risks, the caesarean sec-
tion rate is rising rapidly worldwide and has even doubled
in two decades.””** This drives the need for an assessment
of maternal and perinatal outcomes of SSCS and VE in both
high-income and LMIC settings.

We aimed to compare all available adverse maternal out-
comes (mortality, PPH, urogenital tract injury, infection,
uterine rupture, wound complication, re-operation and du-
ration of hospital stay) and perinatal outcomes (mortality,
low Apgar score, admission to a neonatal intensive care unit
(NICU), hypoxic ischaemic encephalopathy (HIE), infection
and birth trauma) of VE and SSCS, to provide an evidence-
based recommended mode of birth when a shortening of the
second stage is indicated.
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2 | METHODS

2.1 | Protocol and registration

The study protocol was registered in the PROSPERO data-
base: CRD42020156204. This review was conducted in ac-
cordance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement.”

2.2 | Search strategy

A comprehensive systematic search was conducted in
PubMed, Cochrane and EMBASE for all studies compar-
ing VE with SSCS. The search was conducted on 10 April
2022. The search strategy was developed with the support
of the librarian at the University Medical Center Utrecht.
When applicable, predefined search (title/abstract) and
Medical Subject Headings (MeSH)/Emtree terms were used.
No limits were applied to the searches. The full search strat-
egy is provided in Appendix S1. After the removal of dupli-
cates, all publications were screened on title and abstract
by two independent reviewers (ST and AB) using Rayyan
(https://rayyan.qcri.org). Disagreements were resolved by a
third reviewer (MJR). Full-text publications were selected
based on predetermined inclusion and exclusion criteria
(Appendix S1). The reference lists of key publications were
checked to search for relevant additional publications.

2.3 | Critical appraisal

The critical appraisal was based on the Newcastle-Ottawa
scale (NOS) for assessing the quality of non-randomised
studies in meta-analyses,” and was used to appraise the
validity and applicability of the selected studies. Studies
were appraised in three categories: the selection of data, the
comparability of the two cohort groups and the outcomes
(Appendix S2). The assessment was conducted by two inde-
pendent reviewers (ST and AB).

2.4 | Data extraction

Data on study design, sample size, population characteristics
and outcomes were extracted from the studies, when avail-
able, by two reviewers (ST and AB). Authors were e-mailed
for crude data if no isolated results for VE and/or SSCS were
available. The following maternal outcomes were extracted:
mortality; PPH; urogenital injury; infection; uterine rupture;
wound complications; re-operation; and hospitalisation for
>5days. The extracted neonatal outcomes were: mortality;
low Apgar score (<7 at 5 min); NICU admission; infection;
birth trauma; and HIE. As the selected studies had divergent
outcomes, the end points of the literature review were cate-
gorised for three outcomes. Urogenital tract injury included
obstetric fistula, cervical injury, third- and fourth-degree
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perineal tears and operational complications on the urogeni-
tal tract, such as urethral damage. Neonatal encephalopa-
thy included asphyxia, abnormal consciousness, difficulty
maintaining respiration or difficulty feeding of presumed
central origin and abnormal tone or reflexes. Birth trauma
included lesions caused by instrument, intracerebral or sub-
galeal haematoma, nerve injury, clavicular fracture and skull
fracture.

2.5 | Combined outcome

We opted to classify complications according to severity,
and so three combined outcomes were calculated: the ad-
verse outcome index (AOI), the weighed adverse outcome
score (WAQS) and the severity index (S1).?” The AOI cor-
responds to the ratio of births complicated by any ad-
verse outcome, i.e. the total number of complicated births
divided by the total number of births.”” To calculate the
WAOS and SI, every adverse outcome was scored accord-
ing to predefined severity scores (see Appendix S3). The
total score allocated for all complications was divided by
all births to calculate the WAOS, whereas the total score
was divided by the number of births complicated by any
adverse outcome to calculate the SI. These outcomes are
used to evaluate maternal and neonatal adverse outcomes,
while weighing each type of outcome in terms of severity,
thereby providing a more complete picture of the quality of
care and impact of mode of birth (Appendix S3 provides an
extended explanation).”’

2.6 | Statistics

For comparison of results between the two groups, chi-
square testing (or Fisher's exact test if #n<5) and binary lo-
gistic regression were used. To compare the medians of
the AOL, WAOS and SI the two-tailed Student's t-test and
Mann-Whitney U-tests were performed, where applica-
ble. Statistical significance was set at p<0.05. All statistical
analyses were performed with SPSS28 (IBM, Armonk, NY,
USA). A meta-analysis of all included studies was not pos-
sible because of the heterogeneity of the clinical outcome
definitions and the available data.

3 | RESULTS

3.1 | Search and critical appraisal

The search conducted yielded a total of 531 studies (Figure 1).
After the removal of duplicates, 477 publications were
screened on title and abstract, resulting in the selection of
37 articles for full-text screening. After full-text screening,
18 articles were suitable for analysis. One study was excluded
because the same data set had already been used in another
article. Two studies were excluded because of missing crude

data. Fifteen articles were included in the final analysis,
which provided outcomes of 32823 vacuum-assisted births
and 20051 births by SSCS (Table 1).>*"** During the criti-
cal appraisal, one study from Israel met the maximum score
(Table 2).*' Most studies (n = 12/15) did not describe the
duration of follow-up for both women and neonates. Eight
studies adjusted for confounding factors, and five stud-
ies specified for which confounding factors they adjusted,
when comparing outcomes of SSCS with outcomes of VE.
Gurney et al.* adjusted for body mass index (BMI), birth-
weight, parity, mode of analgesia, operator experience, in-
dication for trial, fetal position and fetal station in the birth
canal. Halscott et al.** controlled for maternal race, diabe-
tes (pregestational and gestational), BMI, insurance status
and hospital type. Muraca et al.*® adjusted for maternal age,
parity, birthweight, province of residence and fiscal year.
Tempest et al.** adjusted for potential fetal compromise
(fetal distress ascertained by cardiotocographic abnormality
or fetal scalp pH, antepartum haemorrhage and cord pres-
entation) and demographics: age, BMI, parity, length of first
and second stages of labour, reason for assisted birth, opera-
tor seniority and birthweight.

Nolens et al.*® adjusted for strongest confounding factor
per outcome and included: previous CS, birthweight, indi-
cation of delay, indication of fetal distress, impending uter-
ine rupture, nulliparous and admission in second stage in
their logistic regression. Bailit et al.,*® Giacchino et al.,” and
Hendler et al.>* did not specify for which confounding fac-
tors they adjusted. All studies but one scored the maximum
score with regards to the selection of data, implying that it
was known whether a woman gave birth by VE or SSCS,
and that neither of the maternal or neonatal outcomes men-
tioned above in ‘data extraction” were already present at the
onset of VE or SSCS.

3.2 | Study characteristics

The study characteristics are presented in Table 1 and
Table S1. Definitions of outcomes for each article are pre-
sented in Table S2. The included articles were published be-
tween 2010 and 2021, although there was no date limit to
the search. Two studies were prospective cohort studies, the
other included studies had a retrospective cohort study de-
sign. Most studies (13/15) were conducted in high-income
countries (four in the USA, three each in the UK and Israel,
one each in Canada, Germany and Sweden) and two were
conducted in LMICs (Nigeria and Uganda).

3.3 | Maternal mortality

Three of the included studies reported on maternal mor-
tality.***® The only study population in which ma-
ternal deaths occurred was that of the study conducted
in Uganda.* This study described five maternal deaths,
which all happened in the SSCS group (SSSC 5/245, 1.2%,
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FIGURE 1 PRISMA flowchart for the search and inclusion of studies.

vs VE, 0/358, 0%; p = 0.07). Causes of maternal death were
complete spinal block (n = 5) with cardiac arrest (n = 4)
and complete spinal block with hypoxic brain damage
(n = 1). Contributing factors were severe PPH, sepsis and
aspiration pneumonia.39

3.4 | Perinatal mortality

Eight studies had perinatal mortality as an outcome, in
which five perinatal deaths also occurred (see Table 3 and
Table S5). In the Federal Teaching Hospital of Abakaliki in
Nigeria, defined as a resource-poor setting by the authors,
13.2% (46/348) of neonates died peripartum in the SSCS
group and 4.7% (10/211) of neonates died in the VE group
(OR 3.14, 95% CI 1.55-6.36).”° The decision-to-birth inter-
val (DBI) was registered as less than 30 min in 6% of the
SSCS group compared to 93.4% of the VE group (OR 0.01,
95% CI 0.00-0.01). A total of 27 (7.8%) intrauterine fetal

deaths took place during the DBI in the SSCS group, com-
pared with three (1.4%) in the VE group (OR 2.34, 95% CI
1.00-5.46). In the study conducted in Mulago Hospital,
Kampala, Uganda, there was no difference in the total
number of perinatal deaths between SSCS and VE groups
(11%, 45/410, vs 8.4%, 29/347, OR 1.39, 95% CI 0.85-2.26;
p = 0.227). In this study a higher incidence of intrauterine
fetal deaths during DBI in the SSCS group compared with
the VE group (8.4%, 29/425, vs 0.9%, 3/358, OR 5.07, 95% CI
1.48-17.38) was described.** The DBI exceeded 60min in
81.9% (298/364) of the SSCS group compared with 29.3%
(66/225) of the VE group (OR 0.23, 95% CI 0.16-0.34).”

Three other studies registered one perinatal death, one
study conducted in the USA registered one death after
SSCS,* the second study conducted in Israel registered one
death after VE,* and the third study that registered one
death was also conducted in Israel and registered an intra-
partum death during VE.”” No further explanation of the
cause of perinatal death was given in these studies.
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TABLE 2 Critical appraisal according to The Newcastle-Ottawa
scale (NOS).

Total
Author Selection Comparability Outcome score
Bailit (2016) . * . p
Contag (2010) IS ok 7
Eze (2020) bk ot * 7
Giacchino (2020) et s * 7
Gurney (2020) Rl ot - 8
Halscott (2015) 0k * * 6
Hendler (2017) bk * . 6
Kessous (2013) 0k * 5
Krizman (2019) hk * % 6
Levin (2021) 0t ot 6
Muraca (2018) b ok 4
Nolens (2018) SRR *t ok 3
Polkowski (2018) ek o 7
Shmueli (2017) otk ok otk 9
Tempest (2013) ok ot o 3

Note: The critical appraisal was based on NOS for assessing the quality of
nonrandomised studies in meta-analyses.

3.5 | Maternal morbidity

The results of all maternal and neonatal outcomes are shown
in Tables 3 and S3. The included studies showed conflict-
ing results regarding postpartum infection, haemorrhage
and wound complications. Uterine rupture (during the wait-
ing time for SSCS or VE) occurred more often during the
waiting time for SSCS in one study in Uganda (19, 3.9%, vs
5, 0.8%, OR 4.90, 95% CI 1.82-13.23).>**% Both studies
that included the duration of hospitalisation as an outcome
showed a longer stay in hospital after SSCS.>*** Urogenital
tract injury occurred more often after VE in eight out of ten
studies, and mainly consisted of third- or fourth-degree per-
ineal lacerations.

3.6 | Perinatal morbidity

The included studies showed conflicting results regarding
Apgar score, NICU admission, occurrence of encephalopa-
thy, perinatal infection and birth trauma (Tables 3 and S3).
Either there were no differences between the groups or the
studies resulted in diverging conclusions.

3.7 | Adverse outcome index

The scores of the AOI, WAOS and SI are shown in Table 4.
No statistically significant differences were found between
the two groups. There were no differences in the median
values of the AOI, WAOS and SI. The calculated scores per

study and extended figures are presented in Figure S1 and
Table S4.

4 | DISCUSSION

4.1 | Main findings and interpretation

This systematic review included 15 studies providing the
outcomes for a total of 20051 births by SSCS and 32823
births by VE. In total, five maternal deaths were regis-
tered, all in the SSCS group, and a total of 133 perinatal
deaths occurred: 92/20051 (0.45%) in the SSCS group and
41/32823 (0.12%) in the VE group. In the studies that reg-
istered DBI, there were longer waiting times for SSCS than
for VE.

The five maternal deaths were all a direct result of com-
plications of anaesthesia during caesarean section in a low-
resource setting. These results are aligned with a recent
systematic review on caesarean section complications in
LMICs. The review showed a 100 times higher risk of mater-
nal mortality when women underwent a CS in LMICs, com-
pared with high-income countries (HICs), and a 12 times
increased risk regarding maternal mortality when caesarean
section was performed during the second stage. Therefore,
the authors called out for training and promoting assisted
vaginal birth to decrease the rate of SSCS.*

The two studies that registered more than one perinatal
death were conducted in low-resource settings (Nigeria and
Uganda). In both studies the longer DBI for SSCS compared
with VE was suggested as an important factor contributing
to the higher incidence of perinatal deaths during and after
SSCS. Previous research found a longer DBI, mostly defined
as >30min, as an important factor contributing to perinatal
deaths.***

Urogenital tract injury occurred more frequently after
VE, whereas the hospital stay was longer after SSCS. No dif-
ferences were found between incidences of other maternal
and perinatal complications. This might be the result of the
relatively small study groups, the difference in definitions
of the complications per study, the lack of adjustment for
confounding factors and the inevitable differences in study
groups because of the cohort study designs.

Obstetric fistula, a major complication of obstructed la-
bour, was only registered in one study.” More attention for
this outcome would be appropriate, because of the severity
of the complication and because of the global epidemic of
caesarean sections, which might lead to an increase in iat-
rogenic fistulas."”~* Both the shortening of the second stage
of labour and decreasing the numbers of caesarean sections
might be a way to decrease this complication. Future stud-
ies should therefore include obstetric fistula as a long-term
outcome.

The results concerning neonatal trauma are important,
because it is assumed to be one of the most pressing reasons
why some healthcare professionals are reluctant to perform
VE."?° This study did not show any evidence that SSCS
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TABLE 4 Combined maternal and perinatal outcomes.

VE SSCS p-Value

Adverse outcome index (AOI)
Median (IQR)  24.2 (9.3-42.2)
Weighed adverse outcome scale (WAOS)

17.8 (6.8-50.0) 0.31

Median (IQR) 6.7 (3.1-44.1) 8.2 (1.8-61.4) 0.63
Severity index (SI)
Median (IQR) 25(3.45-104.7) 32.5(19.3-163.6) 0.25

Note: AOI is the number of complicated births/the total number of births. WAOS
is the total score allocated by all adverse outcomes/the total number of births. ST is
the total score allocated by all adverse outcomes/the total number of complicated
births.

Abbreviations: SSCS, second-stage caesarean section; VE, vacuum extraction.

protects neonates from birth trauma or other adverse out-
comes. On the contrary, this review provides evidence that
SSCS and especially the DBI for SSCS could lead to perinatal
death. The perception of healthcare professionals that VE
has a substantial risk of birth trauma is not founded in the
literature. More insights into this perception might provide
information as to why a specific mode of birth is preferred.
Studies included in the review showed conflicting results ac-
cording to neonatal trauma and it is expedient to identify
the causes of these differences. Known factors contributing
to the risk of birth trauma when performing VE include the
type of cup used, the pelvic station at which the VE was per-
formed, the experience of the healthcare professional, and
the number of tractions and cup detachments.”** Such spe-
cifics were missing in most of the included studies. Only four
studies noted the type of cup used and there was no infor-
mation available about the VE procedure. Previous studies
showed that a lack of equipment and well-trained staff are a
problem in low-resource settings.”® Encouragement by a col-
league to perform a VE was found to be a reason to do so,”
whereas attempting assisted vaginal birth without adequate
training or equipment can lead to severe maternal and peri-
natal trauma and should be dissuaded.” Because no infor-
mation about the physicians and VE procedure was included
in the studies, this might also have distorted the outcomes.
Including such information in future studies could lead to
stronger evidence on the safety of VE and could help to rec-
ommend a certain type of cup or training.

4.2 | Strengths and limitations

This is the first systematic review comparing VE and SSCS,
and the first review in which a combination of maternal and
neonatal outcomes was compared using the AOI, WAOS and
SI. It provides valuable information to contribute to the con-
tinuing debate regarding the rising numbers of CS world-
wide. The heterogeneity across studies in design, definitions
and methods was too large to perform a meta-analysis.
Although we have - to the best of our knowledge - collected
all of the evidence available, the included studies were cohort

J Obstetrics and Gynaecology

studies, where groups differ, by definition, at the moment
of the decision to expedite birth. Even when studies did ad-
just for confounding factors at baseline, factors that influ-
ence outcomes, such as the indication to shorten the second
stage or the interpretation of the cardiotocography (CTQG)
tracing at the time of clinical decision making, might have
influenced the birth attendant's choice. There were no ran-
domised controlled trials that compared outcomes of SSCS
with those of VE. A limitation regarding the included stud-
ies is that in none of the studies women were followed into
the next pregnancy, and therefore these studies could not re-
port the effects of a scarred uterus on a subsequent birth or
the long-term effects of neonatal or maternal trauma. Most
of the included studies had too small a number of included
births for certain complications to occur, let alone reach any
statistical significance. Another limitation was that there
were no data available on shared decision making, partner
involvement in decision making, or costs for the mother or
for the health system. Such factors should be taken into ac-
count in future studies.

4.3 | Outcome measures and future studies

In order to compare all maternal and neonatal outcomes
together, combined outcome scores were calculated. No
statistically significant differences were found in median
scores between the two groups, which indicates that there
was no increased overall risk for mother or baby with ei-
ther procedure based on these limited numbers. Although
the short-term outcomes in HICs seem comparable for
these two modes of delivery, the long-term outcomes are
not well researched and are expected to be less favour-
able after SSCS.*'"** Therefore, a randomised controlled
trial will be hard to realise because of ethical objections.
A step-wedge cluster randomised trial could be a study
design to generate robust data while implementing VE in
a setting where VE is not yet used. Further analysis with
more studies and longer follow-up periods, including so-
cial and emotional outcomes, are needed. However, in
the meantime, it seems advisable to implement and ad-
vocate for the use of VE across all settings, also in light
of healthcare costs and qualitative findings favouring VE
over SSCS in the perception of many women.**™® There
certainly is no doubt that in settings where safe anaesthe-
sia and surgery is not immediately available, VE should be
the method of choice.

5 | CONCLUSION

This systematic review showed that in the secondary stage
of labour VE has the potential to decrease perinatal deaths
during DBI in the two studies from low-resource settings,
and that VE has no other adverse outcomes compared with
SSCS, except for more frequent perineal tears. VE might be
able to decrease maternal deaths and other severe adverse
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outcomes, including obstetric fistula and uterine rupture, in
low-resource settings. No evidence was found for the supe-
riority of SSCS over VE in a high-resource setting regarding
adverse maternal and neonatal outcomes in the short-term
follow up. As might have been expected, we found a higher
number of urogenital tract injuries in the VE group com-
pared with the SSCS group in both high- and low-resource
settings. Nevertheless, more studies with different study de-
signs are needed with larger sample sizes to provide more
robust measures of effect. In the meantime, VE should be
the recommended mode of birth in both LMICs and HICs,
to prevent perinatal and maternal deaths in settings where
safe anaesthesia and surgery is not immediately available,
and to prevent unnecessary CSs and associated long-term
consequences in HICs.
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