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ABSTRACT
Objective: To evaluate maternal and neonatal
outcomes associated with operative vaginal deliveries
(OVDs) performed by day and at night.
Design: Prospective cohort study.
Setting: Urban maternity unit in Ireland with off-site
consultant staff at night.
Population: All nulliparous women requiring an OVD
with a term singleton fetus in a cephalic presentation
from February to November 2013.
Methods: Delivery outcomes were compared for
women who delivered by day (08:00–19:59) or at night
(20:00–07:59).
Main outcome measures: The main outcomes
included postpartum haemorrhage (PPH), anal
sphincter tear and neonatal unit admission. Procedural
factors included operator grade, sequential use of
instruments and caesarean section.
Results: Of the 597 women who required an OVD,
296 (50%) delivered at night. Choice of instrument,
place of delivery, sequential use of instruments and
caesarean section did not differ significantly in relation
to time of birth. Mid-grade operators performed less
OVDs by day than at night, OR 0.60 (95% CI 0.43 to
0.83), and a consultant supervisor was more frequently
present by day, OR 2.26 (95% CI 1.05 to 4.83).
Shoulder dystocia occurred more commonly by day,
OR 2.57 (95% CI 1.05 to 6.28). The incidence of PPH,
anal sphincter tears, neonatal unit admission, fetal
acidosis and neonatal trauma was similar by day and at
night. The mean decision to delivery intervals were
12.0 and 12.6 min, respectively.
Conclusions: There was no evidence of an
association between time of OVD and adverse perinatal
outcomes despite off-site consultant obstetric support
at night.

INTRODUCTION
Operative vaginal delivery (OVD) accounts
for more than 10 000 births in Ireland each
year and between 12% and 15% of all deliveries in the UK.1 2 The goal of a vacuum or

Strengths and limitations of this study
This cohort study included detailed data on all
operative vaginal deliveries performed by all grades
of operators, reflecting the entire spectrum of
obstetric care within a busy maternity unit. The
findings are generalisable to similar units in the UK
and Ireland and this approach could be replicated in
other settings and disciplines. A cluster randomised
controlled trial addressing all aspects of emergency
obstetric care would be required to determine
whether an entirely on-site consultant obstetric
workforce is justified.

forceps delivery is to expedite birth in the
maternal and/or fetal interest, while simultaneously
attempting
to
minimise
delivery-related morbidity.3 4 Both instruments have advantages and disadvantages
dependent on maternal, fetal, clinician and
situational factors.3 5–7 In some circumstances, a caesarean section (CS) is the better
option, although second stage caesarean is
technically difﬁcult and has important implications for subsequent deliveries.8–10 The
decision when to intervene, where to deliver,
which instrument to use, when to abandon
the chosen instrument and whether to seek
senior support are challenging elements of
OVD.5 Doctors in training rely primarily on
senior obstetricians to support their learning
needs in terms of decision-making, and on
the acquisition of technical and non-technical
skills on the labour ward.5 11 12
Childbirth and its complications do not
differentiate between day and night. Yet
fatigue, reduced out-of-hours resources and
more limited access to senior obstetric
support are factors that prevail when performing OVDs at night. Several studies have
reported higher levels of morbidity and mortality in relation to operative interventions
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performed outside routine working hours.13–15 Few
studies to date have addressed OVD outcomes in relation to time of birth. The purpose of this study was to
evaluate maternal and neonatal outcomes associated
with OVDs performed by day and at night. The ﬁndings
will contribute to the debate on safe obstetric care and
workforce planning and have important implications for
all surgical specialties where emergency care is required
at night.

METHODS
The Coombe Women and Infants University Hospital,
Dublin is a consultant-led university teaching hospital
with between 8500 and 9000 deliveries annually. The
OVD rate in 2012 was 15% (30% in nulliparae) and the
CS rate was 27%. Maternal and neonatal care is provided
by an interdisciplinary team of midwives, obstetricians,
anaesthetists and paediatricians. Routine care on the
labour ward is provided by midwives with medical
rounds taking place twice daily at 08:00 and 17:00.
Obstetricians in training are allocated to the labour
ward and receive direct or indirect supervision depending on their level of experience and expertise.
Consultant support is readily available between the
hours of 08:00 and 20:00 when consultants are usually
on-site. Consultants are likely to be off-site between the
hours of 20:00 and 08:00 and provide an on-call service
to the labour ward. In addition, consultants attend the
delivery of private patients (approximately 15% of
the overall caseload),16 and any consultant who is on
the premises at the time of an emergency will provide
immediate assistance. At night, there are either one or
two obstetric trainees resident on-call, depending on
experience, and one on-call consultant who is nonresident. Labour ward protocols for OVDs are in accordance with the RCOG Guidelines.3 The on-call consultant
is expected to attend for all second stage CSs, all OVDs
conducted in an operating theatre (complex procedures
usually involving a malposition or mid-cavity station) and
whenever the obstetric trainee (or senior midwife)
requests support.
Cohort
All women who required an OVD were eligible for inclusion in the study if they were nulliparous (no previous
delivery ≥24 weeks of gestation), with a live singleton
pregnancy and a cephalic presentation at term (gestation of ≥37 weeks). A team of research midwives and
obstetricians identiﬁed participants from daily labour
ward records and the electronic maternity database. The
recruitment period took place from 1 February 2013 to
19 November 2013. We recorded detailed data on each
mother and baby up until the time of hospital discharge.
The study was non-interventional and required no direct
patient contact, and no request for follow-up information. Under these circumstances, we were not required
2

to seek individual written patient consent and were able
to include all eligible women in the study.
Explanatory variables
Handwritten contemporaneous patient records and
computerised obstetric and neonatal databases were
consulted to complete individual case report forms for
each participant. In addition, a detailed OVD proforma
completed by the operator immediately following the
delivery was assessed for procedural details and immediate delivery outcomes. Maternal and infant characteristics, labour and postnatal details and the outcome
measures detailed below were entered in the data set by
a research fellow, including morbidities up until the ﬁrst
hospital discharge.
Outcome measures
The primary outcome measures of interest were maternal and neonatal morbidities following OVDs occurring
during the day (08:00–19:59) and at night (20:00–
07:59). Maternal outcomes included postpartum haemorrhage (estimated blood loss >500 mL), third or fourth
degree perineal tear (anal sphincter injury), shoulder
dystocia and prolonged length of stay (>3 days).
Neonatal outcomes included traumatic injury (excluding
instrument marks and minor bruising), Apgar scores
(subclassiﬁed as Apgar score of ≤3 at 1 min or <7 at
5 min), paired cord blood results (subclassiﬁed as arterial pH of <7.00) and neonatal intensive care unit
(NICU) admission. Procedural factors included grade of
operator, sequential use of instruments, more than three
pulls with an instrument (s) and CS after abandoned or
failed OVD. Obstetricians at the grade of senior house
ofﬁcer or junior registrar were classiﬁed as ‘junior operators’ and typically had between 1 and 3 years’ experience in obstetrics. Obstetricians at the grade of year 1–3
registrar were classiﬁed as ‘mid-grade’ operators and
had between 3 and 6 years’ obstetric experience. Senior
operators included trainees at the grade of registrar year
4 or above, and typically had between 6 and 10 years’
experience. Consultant operators varied, with between
10 and 30 years’ experience, some of whom had ﬁxed
daytime sessions on the labour ward. In all cases, where
women were transferred to the operating theatre in the
second stage of labour, an assessment was made to
decide whether to attempt an OVD or to proceed to
immediate CS.
Statistical analysis
The purpose of the cohort study was to gain insights on
OVD from an entire population of affected women.
A binary variable was created for time of OVD performed
during the day (08:00–19:59) and at night (20:00–07:59).
We used descriptive statistics for the maternal, neonatal,
labour and delivery details to characterise the cohort in
relation to the two time periods. Results were reported as
ORs and 95% CIs. Multivariable logistic regression analyses were performed to address potential confounding
Butler K, et al. BMJ Open 2014;4:e006291. doi:10.1136/bmjopen-2014-006291
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factors. Factors were chosen for the regression analyses
primarily based on statistically signiﬁcant differences
between the two groups for baseline clinical and procedural variables. We also included choice of primary instrument as it is likely to have an important bearing on
delivery outcomes. We estimated that we would have
adequate statistical power to detect important differences
in postpartum haemorrrhage, third and fourth degree
tears and neonatal unit admission.6 A sample size of 600
deliveries could detect an OR of 2.25 with 80% power
and 5% signiﬁcance level assuming a complication rate
of 5% in the lower risk group. Data analysis was performed with the statistical package SPSS (V.20.0).
RESULTS
A total cohort of 597 nulliparous women consented for
an OVD between February and November 2013. Of
these, 9 women (1.5%) proceeded to a spontaneous
vaginal delivery and 22 (3.7%) delivered by CS. The
cohort was evenly divided between delivery by day
(n=301; 50.4%) and at night (n=296; 49.6%). The peak
times for OVD were 18:00–20:00 and 23:00–00:00, and
the quietest time periods were 03:00–04:00 and 08:00–
10:00 (ﬁgure 1). Maternal and neonatal characteristics
are presented in table 1. Women with pre-eclampsia were
less likely to deliver by day than at night, OR 0.29 (95%
CI 0.09 to 0.91) and low birthweight babies (<2.5 kg)
were more likely to deliver by day, OR 5.58 (95% CI 1.23
to 25.38). The maternal and neonatal characteristics of
the cohort were otherwise similar in relation to time of
birth. Labour characteristics and indication for OVD
were similar except for induction of labour where women
delivered more frequently at night (43% vs 56%; OR 0.59
(95% CI 0.43 to 0.81) for daytime delivery; table 2).

The primary instrument of choice for all OVDs was
the Kiwi disposable vacuum (64.8%) followed by nonrotational forceps (26.5%) (table 3). More than half the
deliveries were mid-station at each time period and
similar proportions required rotation for a malposition.
The grade of operator varied by time of birth with a
higher proportion of OVDs performed by mid-grade
operators at night (37.9% vs 50.4%; OR 0.60 (95% CI
0.43 to 0.83) for daytime delivery). A second operator
was more likely to be involved during the day, OR 2.84
(95% CI 1.24 to 6.48), as was a supervising consultant,
OR 2.26 (1.05 to 4.85). There were no signiﬁcant differences between the incidence of sequential use of instruments, CS after assessment for OVD, or CS after a failed
attempt at OVD. The mean time taken to complete the
delivery was similar by day and at night (decision to
delivery intervals 12.0 and 12.6 min, respectively).
The maternal and neonatal morbidity outcomes are
presented in table 4. The incidence of shoulder dystocia
was higher by day than at night, adjusted OR 2.57 (1.05
to 6.28), but there were no other signiﬁcant differences
in maternal complications. One woman who delivered
by day required a bladder repair for an injury at CS.
The incidence of low Apgar scores, fetal acidosis, neonatal trauma and NICU admission was not signiﬁcantly
different by day and at night. There were no perinatal
deaths and the incidence of severe adverse perinatal outcomes was low. Four babies (three by day and one at
night) were treated for hypoxic ischaemic encephalopathy and in all cases the cerebral function analysis
monitor was normal and brain cooling was not required.
Two babies (both by day) had an intracranial haemorrhage diagnosed on ultrasound scan, but in each case a
follow-up MRI was normal. Three babies (one by day
and two at night) had a brachial plexus injury at the
time of hospital discharge and ﬁve babies (four by day
and one at night) were admitted to the special care baby
unit for more than 7 days.
DISCUSSION
Main findings
This cohort study provides detailed information on
obstetric practice and morbidity outcomes for OVDs performed by day and at night in a teaching hospital
setting. Half of all OVDs and second stage CSs occurred
outside routine working hours when consultants are
likely to be at home. Although a greater proportion of
OVDs were performed by mid-grade operators at night
with less direct consultant supervision, this did not result
in worse outcomes for mothers and babies. Despite
reduced stafﬁng at night, mean decision-to-delivery
intervals of between 12 and 13 min were achievable.

Figure 1 Operative vaginal deliveries performed throughout
the 24-hour time period.
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Table 1 Maternal and neonatal characteristics in relation to time of operative vaginal delivery

Maternal
Maternal age >35 years
BMI† ≥30.0
Caucasian
Diabetes (type 1/2 or gestational)
Pre-eclampsia
Cigarette smoker
Alcohol in pregnancy
Illicit drug use
Private patient
Neonatal
Gender male
Head circumference ≥37.0 cm
Birth weight ≥4.0 kg
Birth weight <2.5 kg

Daytime
08:00–19:59
n=301 (%)

Night-time
20:00–07:59
n=296 (%)

OR (95% CI)

33 (11.0)
25 (8.3)
274 (91.0)
15 (5.0)
4 (1.3)
17 (5.6)
4 (1.3)
3 (1.0)
45 (15.0)

32 (10.8)
26 (8.8)
270 (91.2)
12 (4.1)
13 (4.4)
14 (4.7)
2 (0.7)
1 (0.3)
46 (15.5)

1.02
0.94
0.98
1.24
0.29
1.21
1.98
2.97
0.96

(0.61 to 1.70)
(0.53 to 1.67)
(0.56 to 1.72)
(0.57 to 2.70)
(0.09 to 0.91)†
(0.58 to 2.49)
(0.36 to 10.89)
(0.31 to 28.7)
(0.61 to 1.49)

155 (51.5)
30 (10.0)
47 (15.6)
11 (3.7)

157 (53.0)
32 (10.8)
42 (14.2)
2 (0.7)

0.94
0.91
1.12
5.58

(0.68 to 1.30)
(0.54 to 1.55)
(0.71 to 1.76)
(1.23 to 25.38)*

*p<0.05.
†BMI, body mass index measured as booking weight divided by the square of height (kg/m2).

hospital. The morbidity outcomes compare favourably
with centres in the UK.15 17 18 Recruitment methods
were robust and multiple sources of ascertainment
ensured that no OVDs were missed. Medical records and
case report forms were cross-checked with computerised
records which minimised missing data and allowed validation for accuracy. It would have been possible to

include a much larger cohort using routinely collected
data and a retrospective study design, but detailed information on intrapartum care would have been unavailable.19 Restricting recruitment to nulliparous women
resulted in a smaller cohort, but eliminated confounding factors associated with previous deliveries. Labour
can be a lengthy process, particularly for induced

Table 2 Labour characteristics in relation to time of operative vaginal delivery

Induction of labour
First stage of labour >12 h
Second stage of labour >2 h†
Oxytocin in first stage of labour
Oxytocin in second stage of labour
Meconium stained liquor
Pathological CTG (first stage)
Pathological CTG (second stage)
Fetal blood sample (FBS) performed
Low pH <7.20 on FBS
Regional analgesia (spinal/epidural)
Local analgesia (pudendal/perineal)
Fetal malposition (OP or OT)‡
Mid-cavity station (0/+1 cm)
Caput succedaneum >+1§
Moulding >+1¶

Daytime
08:00–19:59
n=301 (%)

Night-time
20:00–07:59
n=296 (%)

OR (95% CI)

130 (43.2)
20 (6.6)
164 (54.5)
194 (64.5)
225 (74.8)
49 (16.3)
17 (5.6)
120 (39.9)
79 (26.2)
5 (1.7)
263 (87.4)
12 (4.0)
36 (12.0)
204 (67.8)
67 (22.3)
9 (3.0)

167 (56.4)
21 (7.1)
141 (47.6)
193 (65.2)
219 (74.0)
40 (13.5)
16 (5.4)
114 (38.5)
95 (32.1)
4 (1.4)
264 (89.2)
15 (5.1)
38 (12.8)
205 (69.3)
84 (28.4)
9 (3.0)

0.59 (0.43
0.93 (0.49
1.32 (0.95
0.97 (0.69
1.04 (0.72
1.30 (0.86
1.05 (0.52
1.06 (0.76
0.75 (0.53
1.23 (0.33
0.84 (0.51
0.78 (0.36
0.92 (0.57
0.93 (0.66
0.72 (0.50
0.98 (0.39

to 0.81)*
to 1.76)
to 1.82)
to 1.35)
to 1.50)
to 1.95)
to 2.11)
to 1.47)
to 1.07)
to 4.64)
to 1.38)
to 1.69)
to 1.50)
to 1.32)
to 1.05)
to 2.51)

*p<0.05.
†Included the passive and active phases of the second stage of labour.
‡Occipito-posterior (OP) or occipito-transverse (OT).
§Caput succedaneum refers to the oedematous swelling formed on the presenting part of the fetal scalp during labour and is measured in
centimetres.
¶Moulding refers to the change in shape of the fetal head as it adapts to the pelvic canal. It is classified as none when the fetal skull bones
are normally separated, + when the bones touch, ++ when the bones overlap but separate easily with digital pressure and +++ when the
bones overlap but are not separable with digital pressure.
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Table 3 Procedural factors in relation to time of operative vaginal delivery

Vacuum—primary instrument
Forceps—primary instrument
Sequential use of instruments
More than 3 pulls with instrument (s)
Junior operator (SHO/junior registrar)
Mid-grade operator (registrar year 1–3)
Senior operator (registrar year 4–5+)
Consultant operator
Second operator involved
Consultant supervisor present
Consultant called after complication
Transfer to theatre
Caesarean section assessed for OVD
Caesarean section after failed instrumental
Caesarean no attempt at instrumental
Mean DDI in minutes (SD)†

Daytime
08:00–19:59
n=301 (%)

Night-time
20:00–07:59
n=296 (%)

OR (95% CI)

195
95
28
21
69
114
48
70
22
22
5
26
12
2
10
12.0

213
79
38
13
52
149
35
60
8
10
3
37
10
6
4
12.6

0.72 (0.51 to 1.01)
1.27 (0.89 to 1.81)
0.70 (0.42 to 1.17)
1.63 (0.80 to 3.33)
1.40 (0.93 to 2.09)
0.60 (0.43 to 0.83)*
1.42 (0.89 to 2.26)
1.19 (0.81 to 1.76)
2.84 (1.24 to 6.48)*
2.26 (1.05 to 4.85)*
1.65 (0.39 to 7.00)
0.66 (0.39 to 1.12)
1.19 (0.51 to 2.79)
0.32 (0.07 to 1.62)
2.51 (0.78 to 8.09)
−0.6 (−0.3 to 1.1)

(64.8)
(31.6)
(9.3)
(7.0)
(22.9)
(37.9)
(15.9)
(23.3)
(7.3)
(7.3)
(1.7)
(8.6)
(4.0)
(0.7)
(3.3)
(8.1)

(72.0)
(26.7)
(12.8)
(4.4)
(17.6)
(50.4)
(11.8)
(20.3)
(2.7)
(3.4)
(1.0)
(12.5)
(3.3)
(2.0)
(1.3)
(8.7)

*p<0.05.
†DDI—the time between the decision to intervene to the delivery of the infant; difference in means.
DDI, decision to delivery interval; OVD, operative vaginal delivery; SHO, senior house officer.

nulliparous women, and women requiring an OVD may
have received care across the two time periods of day
and night. For the purpose of the analyses, we deﬁned
cases by time of birth, which is the most objective
measure. The study was powered to address the commonly occurring maternal and neonatal complications,
but the sample size was insufﬁcient to address rare outcomes such as neonatal seizures and perinatal death.
OVD is one of several emergency obstetric procedures
that have implications for workforce planning on labour
wards, and further work addressing emergency CS and

the management of obstetric emergencies would be
required to reﬂect the full spectrum of obstetric care by
day and at night.
Interpretation
We found no signiﬁcant associations between time of
OVD and maternal and neonatal morbidities. This is
consistent with two previous studies.20 21 The US
Maternal-Fetal Medicine Units Network Cesarean
Registry found no association between change of shift
for physicians and maternal or neonatal morbidity

Table 4 Maternal and neonatal outcomes in relation to time of operative vaginal delivery

Maternal
Postpartum haemorrhage (>500 mL)
3rd/4th degree perineal tear
Shoulder dystocia
Pyrexia/antibiotic treatment
Prolonged length of stay (>3 days)
Hospital readmission
Neonatal
Apgar score ≤3 at 1 min
Apgar score <7 at 5 min
Arterial pH <7.00
Neonatal trauma‡
Neonatal unit admission

Daytime
08:00–19:59
n=301 (%)

Night-time
20:00–07:59
n=296 (%)

OR (95% CI)

Adjusted OR† (95% CI)

57
24
17
56
44
3

(18.9)
(8.0)
(5.6)
(18.6)
(14.6)
(1.0)

55
19
8
54
60
5

(18.6)
(6.4)
(2.7)
(18.2)
(20.3)
(1.7)

1.02 (0.68
1.26 (0.68
2.16 (0.92
1.02 (0.68
0.67 (0.44
0.59 (0.14

to 1.54)
to 2.36)
to 5.07)
to 1.55)
to 1.03)
to 2.47)

1.15 (0.75 to
1.34 (0.70 to
2.57 (1.05 to
1.10 (0.72 to
0.67 (0.43 to
0.53 (0.12 to

1.78)
2.55)
6.28)*
1.69)
1.04)
2.34)

5
2
4
17
35

(1.6)
(0.7)
(1.2)
(5.6)
(11.6)

2
0
4
18
37

(0.7)
(0.0)
(1.2)
(6.1)
(12.5)

2.48 (0.48
–
0.98 (0.24
0.92 (0.47
0.92 (0.56

to 12.90)

2.20 (0.42 to
–
1.13 (0.27 to
0.89 (0.44 to
0.91 (0.55 to

11.67)

to 3.97)
to 1.83)
to 1.51)

4.67)
1.78)
1.51)

*Statistically significant p<0.05.
†Adjusted for induction, pre-eclampsia, birth weight, operator grade, instrument used.
‡Excluding bruising and skin abrasions, including facial nerve palsy, Erb’s palsy, fractures, retinal haemorrhage, cerebral injury and
cephalhaematoma.
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following an unscheduled CS.20 Another US study found
no difference in timing of birth and resident duty-hour
restrictions on outcomes for small preterm infants.21
However, a recent retrospective cohort study in the
Netherlands found that evening (18:00–22:59) and
night-time (23:00–07:59) deliveries requiring obstetric
interventions or labour augmentation were associated
with increased perinatal morbidity and mortality.13
Another retrospective study evaluating neonatal morbidity in an unselected population found increased rates of
emergency CS and NICU admission during the hours of
23:00 and 03:00.14 Varying study designs, obstetric environments and limited ability to control for confounding
factors may have contributed to the conﬂicting ﬁndings.
We found a higher rate of shoulder dystocia during the
day, which was unexpected but may reﬂect our policy of
prioritising inductions of labour for pregnancies with
suspected macrosomia and diabetes early in the day.
Operator inexperience has been linked to excessive
number of pulls at OVD, use of multiple instruments
and CS for failed OVD, all of which increase the risk of
trauma to the mother and neonate.8 22–25 It was perhaps
surprising that there was no evidence of excess morbidity at night, even though a greater proportion of deliveries were performed by mid-grade operators with access
to a consultant but in most cases no direct supervision.
It was also notable that the mean decision-to-delivery
intervals were under 15 min in both time periods.26 Our
ﬁndings suggest that consultant support was available
when necessary and that the travel time associated with
attendance from home did not compromise patient
care. Fewer OVDs were completed by mid-grade operators during the day, which was directly related to a
higher proportion of daytime deliveries performed by
junior operators. From a training perspective, it is essential that obstetricians have opportunities for both direct
and indirect supervision in order to develop clinical
decision-making skills and this appears to happen for
mid-grade operators more often at night.
The overall complement of staff available at night is
another important consideration. The obstetric stafﬁng
for a unit of this size falls below the recommended levels
described by the RCOG.27 This is probably the case for
many units in the UK and Ireland. While appropriate
stafﬁng, both quality and quantity, underpins the safety
of any clinical service, it is important that there is an evidence base informing workforce planning and resource
allocation. An additional beneﬁt of this study was that it
demonstrated when peak activity occurs and staff could
be deployed accordingly. Nonetheless, OVDs occurred
frequently throughout the day and at night. The current
drive to implement consultant-provided care for all
patients has important resource implications for disciplines providing a 24 h/7 day service. A cluster randomised controlled trial would be the ideal approach to
determine whether an entirely on-site consultant obstetric workforce, as recommended by the RCOG, is the way
forward. It would also be interesting to replicate this
6

study in other settings and in other disciplines where
emergency care is provided by day and at night.
CONCLUSIONS
There are many valid reasons why consultant obstetricians should be equally available on the labour ward by
day and at night. For now, with a predominantly off-site
consultant staff at night in most units in the UK and
Ireland, women and health service providers can at least
be reassurred that care is not compromised in terms of
maternal and fetal outcomes at OVD.
Acknowledgements The authors thank all the women, labour ward midwives,
obstetricians and neonatologists who took part in the study.
Contributors DJM had the original idea for the study. DJM, MR, CD and KB
designed the study. CD, MR, MF AM and KM collected the data. CD, MR and
KB prepared the database. KB and DJM performed the analyses. KB and DJM
drafted the manuscript, which was revised by all authors. DJM is the
guarantor.
Funding KB received an undergraduate summer scholarship from the Health
Research Board of Ireland.
Competing interests None.
Ethics approval We received ethical approval from the Ethics Research
Committee in the Coombe Women & Infants University Hospital on
12 December 2012.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.
Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work noncommercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.

Consumer guide to maternity services in Ireland [Internet]. Ireland,
2011. http://www.bump2babe.ie/column/N/statistics/ (accessed
31 May 2014).
BirthChoiceUK [Internet]. UK, 2013. http://www.birthchoiceuk.com/
Professionals/Frame.htm (accessed 31 May 2014).
Bahl R, Strachan B, Murphy DJ. Royal College of Obstetricians and
Gynaecologists. Operative vaginal delivery. Greentop guideline No.
26. January 2011.
Patel RR, Murphy DJ. Forceps delivery in modern obstetric practice.
BMJ 2004;328:1302–5.
Bahl R, Murphy DJ, Strachan B. Decision making in operative
vaginal delivery: when to intervene, where to deliver and which
instrument to use? Qualitative analysis of expert practice. Eur J
Obstet Gynecol Reprod Biol 2013;170:333–40.
Demissie K, Rhoads GG, Smulian JC, et al. Operative vaginal
delivery and neonatal and infant adverse outcomes: population
based retrospective analysis. BMJ 2004;329:24–9.
Ekéus C, Högberg U, Norman M. Vacuum assisted birth and risk for
cerebral complications in term newborn infants: a population-based
cohort study. BMC Pregnancy Childbirth 2014;14:36.
Murphy DJ, Liebling R, Verity L, et al. Cohort study of the early
maternal and neonatal morbidity associated with operative delivery in
the second stage of labour. Lancet 2001;358:1203–7.
Spencer C, Murphy DJ, Bewley S. Caesarean section in the second
stage of labour. BMJ 2006;333:613–14.
Gei AF. Prevention of the first cesarean delivery: the role of
operative vaginal delivery. Semin Perinatol 2012;36:365–73.
Bahl R, Murphy DJ, Strachan B. Qualitative analysis by interviews
and video recordings to establish the components of a skilled
rotational forceps delivery. Eur J Obstet Gynecol Reprod Biol
2013;170:341–7.

Butler K, et al. BMJ Open 2014;4:e006291. doi:10.1136/bmjopen-2014-006291

BMJ Open: first published as 10.1136/bmjopen-2014-006291 on 29 October 2014. Downloaded from http://bmjopen.bmj.com/ on November 18, 2019 by guest. Protected by copyright.

Open Access

12.

13.
14.

15.
16.
17.
18.

19.

Bahl R, Murphy DJ, Strachan B. Non-technical skills for obstetricians
conducting forceps and vacuum deliveries: qualitative analysis by
interviews and video recordings. Eur J Obstet Gynecol Reprod Biol
2010;150:147–51.
Gijsen R, Hukkelhoven CW, Schipper CM, et al. Effects of hospital
delivery during off-hours on perinatal outcome in several subgroups:
a retrospective study. BMC Pregnancy Childbirth 2012;8:1–11.
Kalogiannidis I, Marguioula-Siarkou C, Petousis S, et al. Infants
births during the internal night are at increased risk for operative
delivery and NICU admission. Arch Gynecol Obstet
2011;284:65–71.
Aylin P, Alexandrescu R, Jen MH, et al. Day of week of procedure
and 30 day mortality for elective surgery: retrospective analysis of
hospital episode statistics. BMJ 2013;346:f2424.
Murphy DJ, Fahey T. A retrospective cohort study of mode of
delivery among public and private patients in an integrated maternity
hospital setting. BMJ Open 2013;3:e003865.
Macleod M, Strachan B, Bahl R, et al. A prospective cohort study of
maternal and neonatal morbidity in relation to use of episiotomy at
operative vaginal delivery. BJOG 2008;115:1688–94.
Murphy DJ, Macleod M, Bahl R, et al. A randomised controlled trial
of routine versus restrictive use of episiotomy at operative vaginal
delivery—a multi-centre pilot study. Br J Obstet Gynaecol
2008;115:1695–702; discussion 1702–3.
Bahl R, Van de Venne M, Macleod M, et al. Maternal and neonatal
morbidity in relation to the instrument used for midcavity rotational

Butler K, et al. BMJ Open 2014;4:e006291. doi:10.1136/bmjopen-2014-006291

20.
21.
22.
23.

24.
25.
26.
27.

operative vaginal delivery: a prospective cohort study. BJOG
2013;120:1526–32.
Bailit JL, Landon MB, Thom E, et al. The MFMU cesarean registry:
impact of time of day on cesarean complications. Am J Obstet
Gynecol 2006;195:1132–7.
Bell EF, Hansen NI, Morriss FH Jr, et al. Impact of timing of birth
and resident duty-hour restriction on outcomes for small preterm
infants. Pediatrics 2010;126:223–31.
Murphy DJ, Liebling RE, Patel R, et al. Cohort study of operative
delivery in the second stage of labour and standard of obstetric care.
Br J Obstet Gynaecol 2003;110:610–15.
Murphy DJ, Macleod M, Bahl R, et al. A cohort study of maternal
and neonatal morbidity in relation to use of sequential instruments at
operative vaginal delivery. Eur J Obstet Gynecol Reprod Biol
2011;156:41–5.
Ben-Haroush A, Melamed N, Kaplan B, et al. Predictors of failed
operative vaginal delivery: a single-center experience. Am J Obstet
Gynecol 2007;197:308.e1–5.
Towner D, Castro MA, Eby-Wilkens E, et al. Effect of mode of
delivery in nulliparous women on neonatal intracranial injury. N Engl
J Med 1999;341:1709–14.
Murphy DJ, Koh DM. Cohort study of the decision to delivery interval
and neonatal outcome for ‘emergency’ operative vaginal delivery.
Am J Obstet Gynecol 2007;196:145.e1–7.
Royal College of Obstetricans and Gynaecologists. Responsibility of
consultant on-call. Good Practice No. 8. London RCOG Press, 2009.

7

BMJ Open: first published as 10.1136/bmjopen-2014-006291 on 29 October 2014. Downloaded from http://bmjopen.bmj.com/ on November 18, 2019 by guest. Protected by copyright.

Open Access

