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ABSTRACT

Objectives Delay in the induction of labour (I0L) process
is associated with poor patient experience and adverse
perinatal outcome. Our objective was to identify factors
associated with delay in the I0L process and develop
interventions to reduce delay.

Design and settings We performed a retrospective cohort
study of maternity unit workload in a large UK district
general hospital. Electronic hospital records were used

to quantify delay in the I0L process and linear regression
analysis was performed to assess significant associations
between delay and potential causative factors. A novel
computer maternity unit simulation model, MUMSIM
(Maternity Unit Management SIMulation), was developed
using real-world data and interventions were tested to
identify those associated with a reduction in delay.
Participants All women giving birth at Stoke Mandeville
Hospital, Buckinghamshire National Health Service (NHS)
Trust in 2018 (n=4932).

Primary outcome measure Delay in the IOL process of
more than 12 hours.

Results The retrospective analysis of real-world
maternity unit workload showed 30% of women had 10L
and of these, 33% were delayed >12 hours with 20%
delayed >24 hours, 10% delayed >48 hours and 1.3%
delayed >72hours. Delay was significantly associated with
the total number of labouring women (p=0.008) and the
number of booked IOL (p=0.009) but not emergency I0L,
spontaneously labouring women or staffing shortfall. The
MUMSIM computer simulation predicted that changing
from slow release 24-hour prostaglandin to 6-hour
prostaglandin for primiparous women would reduce

delay by 4% (p<0.0001) and that additional staffing
interventions could significantly reduce delay up to 17.9%
(p<0.0001).

Conclusions Planned obstetric workload of booked 10L
is associated with delay rather than the unpredictable
workload of women in spontaneous labour or emergency
I0L. We present a novel maternity unit computer simulation
model, MUMSIM, which allows prediction of the impact of
interventions to reduce delay.

INTRODUCTION
Induction of labour (IOL) is a common
obstetric intervention and the number of
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Strengths and limitations of this study

» Large retrospective data set provides an accurate
picture of workload and activity in a UK maternity
unit and quantifies delay in the induction of labour
process.

» Computer simulation model is innovative and trans-
ferable with the potential to be customised to indi-
vidual maternity units’ activity.

» This study uses delay as a proxy marker for clinical
risk therefore cannot extrapolate to adverse clinical
outcomes.

women having IOL is increasing annually,
from 20.4% in 2007-2008 to 32.6%in 2017-
2018 in England.' * The reasons for this are
unclear but it has been attributed to the
changing demographic of pregnant women,
with rising incidence of obesity, advanced
maternal age and increasingly complex
needs. There is an increasing body of
evidence suggesting that labour induction at
term is associated with fewer perinatal deaths
and fewer caesarean sections’ * which may
have alleviated clinicians’ concerns about the
risks of induction and moved the balance of
risk and benefit to a more intervention-based
approach.

However, the rise in induction rate has
resulted in increased workload for maternity
units,” and the impact of this on patient care
is not well understood. National Institute
of Clinical Excellence (NICE) guidance on
inducing labour acknowledges that IOL can
place more strain on labour wards than spon-
taneous labour.® In a recent Each Baby Counts
report by the Royal College of Obstetricians
& Gynaecologists, delay in the process of
IOL has been identified as a key contributory
factor to stillbirth, early neonatal death and
severe brain injury occurring during labour
at term.” Studies of the patient experience of
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women undergoing IOL describe a poor experience of
care with protracted delays frequently resulting in patient
complaints.®”

Despite this, there is very little published literature
regarding factors associated with delay in the IOL process
or interventions to reduce delay and mitigate clinical
risk. One study suggested that earlier post-term IOL in
high-risk women would only modestly increase obstetric
workload in a non-tertiary hospital but made no mention
of delay in the process."” Another study on the impact
of outpatient induction on midwifery workload found no
change in self-reported work demand.'' One published
quality improvement project focused on reducing inpa-
tient stay by improvement of organisational factors and
alterations to the process of IOL, such as outpatient induc-
tion and change of prostaglandin preparations; however,
the sample sizes were small in each quality improvement
cycle and the project took time to assess the impact of
each intervention.’

In view of the sparsity of evidence, there is a clear need
to investigate the factors associated with delay in the
IOL process and how these can be mitigated. Computer
simulation has been used widely to model healthcare
situations'® as it provides rapid analysis of the impact
of interventions that would otherwise be difficult, time-
consuming and expensive to carry out in real life.

Our objective was to identify factors associated with
delay in the IOL process and develop interventions to
reduce delay using computer simulation.

METHODS

This study is comprised of two elements—a retrospective
cohort study of real-world maternity unit workload in a
large UK district general hospital and a computer simula-
tion model based on the results of the cohort study. The
methods for each element are described separately here
for clarity.

Setting

Stoke Mandeville Hospital is a large district general
hospital in the UK with approximately 5000 births per
year atits maternity unit. The structure of the labour ward
comprises 10 delivery rooms and 4 observation beds for
high-risk patients, as well as a three-bedded Triage unit
for women attending the labour ward acutely with either
antenatal concerns or labour. In the event of more than
three patients attending Triage simultaneously, women
may be assessed in delivery rooms on the labour ward.
There are 22 antenatal beds and 24 postnatal beds in a
single large ward within the maternity unit. Additionally,
there is a co-located midwifery-led birth centre adjacent
to the labour ward.

The maternity unit has two obstetric theatres, one where
elective category 4 caesarean sections are performed on
a separate operating list with separate staffing to emer-
gency operative obstetric procedures. Emergency opera-
tive obstetric procedures, including category 3 emergency

caesarean sections, are performed by the on-call team
and staffed by labour ward midwives.

The maternity unit staffing structure is to have nine
midwives on labour ward at all times of day with the ability
to increase this by two additional on-call midwives if the
workload is high. One of these midwives acts as the labour
ward coordinator and one coordinates the Triage unit,
while the remaining seven midwives provide one-to-one
care in labour for women on both the labour ward and the
co-located birth centre. The antenatal and postnatal ward
staffing structure is to have seven midwives in hours and
five midwives out of hours. Obstetric staffing comprises
one consultant who is non-resident out of hours, two
resident middle-grade registrars and one resident junior
doctor at all times.

In the unit, planned IOLs are booked in antenatal
clinic, allowing a maximum of five inductions per day.
Women undergoing IOL are admitted to the antenatal
ward at 08:00 where they receive prostaglandin E2 (PGE2)
for cervical ripening. Primiparous women receive a PGE2
vaginal pessary for 24 hours, followed by a maximum of
two PGE2 tablets given at 6-hour intervals. Multiparous
women who have had a previous vaginal delivery receive
a maximum of two PGEZ2 tablets given vaginally at 6-hour
intervals. Multiparous women who have had a previous
caesarean delivery are induced on the labour ward using
a maximum of one PGE2 tablet. Patients having IOL are
transferred to the labour ward if active labour commences,
spontaneous rupture of membranes occurs or when the
cervix is deemed favourable enough for artificial rupture
of membranes (ARM). ARM is only performed on labour
ward and intravenous oxytocin is commenced immedi-
ately afterwards in primiparous women and after 2hours
in multiparous women who do not contract after ARM.

Design of retrospective cohort study

The retrospective cohort study was undertaken to provide
an initial baseline analysis of real-world maternity unit
workload and to quantify delay in the IOL process.

Anonymised electronic hospital records of all patient
admissions in 2018 to the maternity unit were searched
for the data described in box 1. No patient identifiable
information was used and this information is routinely
collected as part of maternity clinical care for all women.

Additionally, the number of antenatal presentations to
labour ward via Triage per day and the number of cate-
gory 3 caesarean sections per day were recorded, as these
also contribute to the labour ward workload. Incomplete
data were available for three records therefore these were
excluded from the analysis but there were no exclusion
criteria.

In this study, IOL was defined as any labour started
artificially by any means in the absence of spontaneous
labour. This included women electing to have induction
with oxytocin for pre-labour rupture of membranes in the
absence of contractions but excluded women receiving
oxytocin for augmentation of spontaneous labour where
contractions were present. IOL was defined as booked or
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Box 1 Maternity unit data variables

Date and time of admission to hospital.
Parity—primiparous/multiparous.

Type of onset of labour—spontaneous/induction/caesarean section
before labour.

Indication for induction.

Booked or emergency induction.

Medications used for induction.

Length of time waiting for transfer from antenatal ward to labour
ward.

Length of labour.

Date and time of delivery.

Mode of delivery—spontaneous vaginal delivery/operative vaginal
delivery/caesarean section.

Number of postnatal days in hospital.

Date and time of discharge from hospital.
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emergency depending on their indication and method of
arranging the time and date of IOL. Booked inductions
were defined as those arranged as a planned intervention
via the established booking system in antenatal clinic as
described in the Settings section of this paper. Emergency
IOL was defined as unplanned or planned with a 24-hour
window and arranged directly through the antenatal ward
or labour ward. Outpatient induction is not offered at this
maternity unit and therefore there are no data for this.
Within the electronic hospital patient maternity records,
length of labour was defined from diagnosis of active
labour according to local hospital guidelines to time of
birth in women labouring spontaneously and from ARM
and/or commencing of oxytocin infusion in women
having induced labour.

These data were then used to quantify delay in the
IOL process. Delay in the IOL process was defined as the
length of time awaiting transfer to the labour ward from
the antenatal ward once a decision had been made for
transfer after all cervical priming with prostaglandin had
taken place or rupture of membranes had occurred. The
study aimed to quantify the length of time that women
having IOL were delayed and the number of women expe-
riencing delay. The authors considered that a delay of up
to 12 hours should be the benchmark as this represents
the length of a typical staffing shift in the maternity unit
and allows for the turnover of staff to address workload
capacity issues.

The study aimed to quantify staffing shortfall per
24-hour period and staffing levels were assessed using the
Birthrate Plus (BR+) system.'” BR+is a nationally endorsed
planning tool which allows calculation of the number of
midwives required on a labour ward, accounting for both
demand and case mix. BR + calculatesthe number of
midwives required by adding up the total time mothers
spend on the labour ward and multiplying each of five
categories of mother according to interventions received
during labour by a multiplier, allowing for increased
midwife support for higher acuity labours. This produces
a ‘Workload Index’ which describes the total midwife

staffing recommended for coping with the caseload mix.
When compared with actual staffing, BR + allows calcu-
lation of the staffing shortfall, expressed as the number
of midwives short for the case mix described over a given
period of time.

Statistical analysis of retrospective cohort maternity unit
workload data

Simple univariate linear regression analysis was performed
to assess significant associations between delay in IOL and
potential causative factors. The unit of analysis for the
linear regression was a week and the outcome assessed
was the number of IOL delayed by more than 12 hours
within that week—this was selected in preference to
single days to allow for the natural variation of workload
within any given 24-hour period. Linear regression was
selected to assess the continuous variable of number of
women delayed per week. Causative factors were selected
by author consensus on the basis of their impact on
patient flow of workload through the unit. Clinical factors
were also considered but this work is not presented here
for conciseness.

Design of Maternity Unit Management SIMulation computer
simulation model

The computer simulation was designed to create a
computerised artificial maternity unit with simulated
patients attending the unit that matched the real-world
workload of Stoke Mandeville Hospital as closely as
possible, including the creation of simulated delay in
patients having IOL. The simulation was named MUMSIM
(Maternity Unit Management SIMulation). By building
this, the authors were able to plan and test interventions
within the simulated unit by changing set parameters and
assess their impact on the predicted patient delay.

Simulation model description

MUMSIM is a computerised simulation of the maternity
unit at Stoke Mandeville Hospital, Buckinghamshire
National Health Service (NHS) Trust, written in the
Python programming language. The model simulates
pregnant women arriving at the hospital at random,
sampled from a distribution modelled on the real-world
data observed at Stoke Mandeville Hospital, collected in
the retrospective cohort study. These real-world data are
further described in the online supplemental file.

These simulated patients are simulated to go through
the labour experiences that are observed in real life,
including IOL and spontaneous labour, transferring
through the simulated antenatal ward, labour ward
and postnatal ward. The individual labour experience
is generated at each step in the process within numer-
ical bounds and likelihoods ascertained from the cohort
study (for example, range of lengths of active labour and
likelihood of particular lengths). For example, the real-
world data describe the number of women spontaneously
labouring per day with a 40% probability that between
four and sixwomen will present in spontaneous labour
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on any given day and a 16% probability that a woman in
spontaneous labour will present between 08:00 and 12:00.
The simulation therefore generates women in sponta-
neous labour arriving to the simulated maternity unit
with a frequency and at a time that corresponds to these
probabilities. The simulation also takes into account
the longer labour lengths of primiparous women and
induced labours and these variables are programmed
into the simulation to match the real-world data ranges
of lengths of labour by parity and type of onset of labour.

The current state of the simulation, including bed
usage and midwife staffing availability, affects the flow
of the patients through their experiences. For example,
if the simulated labour ward beds are full, a simulated
induction would not be transferred to the labour ward,
thus creating delay with the simulation.

The induction process used in the unit is described in
the Settings section of this paper and it required close
replication in our simulation. Data on each step of this
process were collected from the cohort study, and used to
generate range and frequency for the time scales of each
step in the process. This included the likelihood at any
time of a step ending in an alternative outcome such as
emergency caesarean section. This is then reflected in the
MUMSIM model.

Simulation calibration

The simulation moves forward in 1-minute intervals and
an array of data is collected at each interval, allowing
production of detailed data for each simulated patient
journey through the unit. The data are then output to
spreadsheet-compatible formats. This allows users to see
when problems arise such as when patients having IOL
are delayed waiting to go to the labour ward.

MUMSIM was validated against the data collected
in the retrospective cohort study to confirm accurate
representation of the real maternity unit. For example,
the number of women presenting within a certain time
period in the simulation mirrors the ranges and total
numbers seen within the real-life data collected. This was
validated by running the simulation repeatedly, and then
comparing the simulated data with real-life data. CIs of
the proportion of the whole were calculated for the real-
life data and the simulation was deemed validated when
the simulated output fell between the real-world data CIs.

Simulated interventions

Once validated, MUMSIM was used to test the outcomes
of interventions by changing the simulation parameters
and observing the impact on the target metric of women
waiting more than 12 hours for transfer from antenatal
ward to labour ward. The interventions tested are detailed
in box 2.

These interventions were chosen by consensus between
the authors as representing modifiable parameters that
could be altered in real life within our unit, while recog-
nising that this is not an exhaustive list. Interventions such
as outpatient induction with balloon catheters were not

Box 2 Interventions tested using Maternity Unit

Management SIMulation computer simulation to reduce
delay in induction of labour process

1. Allow maximum of two primiparous booked inductions per day.

2. Allow a maximum of four booked inductions per day and distribute
inductions throughout the week to reduce variation in number of
inductions per day.

3. Change from slow release 24-hour prostaglandin pessary to 6-hour
prostaglandin tablet or gel for primiparous women.

4. Change start of induction from 08:00 to 20:00.

5. Increase midwifery staffing to eliminate shortfall.

— One extra midwife during working hours 08:00-17:00.

One extra midwife at all times.

One extra on-call midwife.

Two extra midwives during working hours 08:00-17:00.

Two extra midwives at all times.

Two extra on-call midwives.

tested due to the absence of real-world data that could
accurately inform the simulation in its current design.
All possible combinations of interventions were tested in
the simulation but the authors have presented the most
salient findings in this paper for conciseness.

Each simulation run represents the simulated mater-
nity unit over a period of 6 months and each interven-
tion was tested with 30 simulation runs. Each run of the
simulation has an individual seed number, which creates
a different set of patients, presentations and time scales
for each seed. This allows the simulation to be run several
times to confirm it accurately reflects the cohort data, as
each seed will be different and reduces the possibility that
the result of any single run is an outlier by chance. Any
individual seed can be run with changes to the variable
(simulated interventions) to accurately model any effect.
As a result, each run of the simulation can be ‘paired’ to
any subsequent run with an intervention—the exact same
set of simulated patients will ‘arrive’ at the unit but the
only change will be the intervention and this allows exact
comparison of the effect of the intervention.

The measured outcome from each simulation run was
the percentage of simulated patients having IOL who
experienced delay of more than 12 hours over a simu-
lated 6-month period with the denominator being all
simulated patients having IOL. As each individual simu-
lation run starts with an individual seed set of patients,
each run generates a different final percentage outcome
measurement. After 30 simulation runs, the percentages
are pooled to derive an overall mean outcome measure-
ment and SE of the mean and to allow normality testing
and statistical analysis—thereby n=30 for the baseline and
each tested intervention.

Statistical analysis of computer simulation

Anderson Darling and Shapiro Wilk normality tests were
used to confirm log-normal distribution of the simulation
run data. Paired t-tests were used to compare simulation
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Table 1 Results—type of onset of labour by parity

No of primiparous women No of multiparous women Total
Spontaneous labour 1104 1459 2563
Induction of labour (IOL) 797 718 1515

Booked IOL Emergency IOL Booked IOL Emergency IOL

516 281 476 242

Pre-labour caesarean 210 641 851
Total 2111 2818 4929

runs to assess for significant differences. In all cases,
results were considered significant at p<0.05.

Patient and public involvement
No patients were involved in this retrospective analysis of
anonymised routinely collected hospital data.

RESULTS

There were 4932 births at Stoke Mandeville Hospital,
Buckinghamshire NHS Trust in 2018, of which 3 records
were incomplete and were excluded from the analysis.
Fifty-two per cent of women (n=2565) laboured sponta-
neously with 31% having IOL (n=1515) and 17% having
a caesarean section before labour (n=851). Of the women
having IOL, 53% were primiparous (n=797) and 47%
were multiparous (n=718). These results are summarised
in table 1.

Of the women having IOL, 65% had a planned booked
induction (n=992) and 35% had an unplanned emer-
gency induction (n=523). The indications for emergency
induction included prolonged rupture of membranes
without spontaneous labour, meconium-stained liquor
or a new diagnosis of an obstetric complication such as
pre-eclampsia or fetal growth restriction requiring urgent
delivery. The median length of labour was 9hours for
primiparous women and 3 hours for multiparous women
and further data on this are available in the online supple-
mental file.

Of the women having IOL, 42% of women were delayed
more than 6hours awaiting transfer to labour ward with
33% delayed more than 12 hours, 20% delayed more
than 24 hours, 11% delayed more than 48 hours and
1.3% delayed more than 72 hours.

The results of the linear regression analysis are shown
in figure 1A-H. Delay of more than 12 hours was signifi-
cantly associated with the total number of labouring
women (p=0.008), the total number of IOLs (p=0.041)
and the number of booked inductions of labour
(p=0.009). There was no significant association between
delay and the number of women in spontaneous labour,
the number of emergency inductions of labour, staffing
shortfall, antenatal presentations to the labour ward or
category 3 emergency caesarean sections.

The MUMSIM computer simulation was used to test the
impact of interventions to reduce delay in the IOL process
of more than 12 hours by changing the parameters of the

simulation and comparing with the baseline runs. The
interventions tested are detailed in the methodology and
the results of the simulation runs are shown in figure 2.
Results were considered significant at statistically signifi-
cant at p<0.05 and are marked on the Figure with asterisks.

As shown in figure 2A, Intervention C of changing from
slow release 24-hour prostaglandin pessary to 6-hour pros-
taglandin tablet or gel for primiparous women reduced
delay by 4% (p<0.0001) compared with the baseline
simulation. No other single intervention reduced delay
significantly.

As shown in figure 2B, combined interventions
including Intervention C significantly reduced delay
compared with the baseline simulation (p<0.0001). No
other combination of interventions significantly reduced
delay compared with the baseline simulation. When
compared with Intervention C alone, the combined
Intervention A+C showed a further 1.2% reduction in
delay (p<0.0487). No other combination of interventions
significantly reduced delay compared with Intervention
C alone.

As shown in figure 2C, all additional staffing interven-
tions significantly reduced delay compared with the base-
line simulation (p<0.0001 in all cases). Intervention E1 of
one extra midwife during working hours of 08:00-17:00
reduced delay by 7.7%, while Intervention E2 of one extra
midwife at all time reduced delay further by 11.7%. Inter-
vention E3 of one extra midwife available on call reduced
delay to a lesser degree by 6.5%. Further reductions in
delay were observed with the same patterns of staffing but
with two extra midwives in Interventions E4 of 15.2%, Eb
of 17.9% and E6 of 10.8%.

DISCUSSION
Our study is the first to quantify the incidence of delay
in the IOL process and shows that delay is a common
occurrence. The induction rate in our unit of 30% is
consistent with the national rate of 32.6%. Our findings
demonstrate that delay is significantly associated with the
total number of labouring women and booked IOL but
not emergency IOL, spontaneously labouring women or
staffing shortfall.

The MUMSIM computer simulation suggests that
reduction in delay within our unit is possible with simple
cost-neutral interventions to the IOL pathway, both in the
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(EMCS) per week. IOL, induction of labour; NS, not significant.

booking process and in the method of induction used. A
significant reduction in delay was observed by changing
from slow release 24-hour prostaglandin pessary to 6-hour
prostaglandin tablet or gel for primiparous women. The
simulation does take into account the longer labour of
primiparous women and this variable is programmed into
the simulation, meaning that although this intervention
makes the initial cervical priming phase of induction
analogous between primiparous and multiparous women,

the subsequent active labour phase is still differentiated
and therefore describes two separate pathways from this
point in the simulation afterwards. This therefore does
not make all women in the simulated data effectively
multiparous and retains differential to allow assessment
of the intervention. Cumulative benefit of combining this
intervention with limiting the number of primiparous
inductions per day to two was also observed. This suggests
that there may be benefit for the single intervention of
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30 Staffing Interventions

E1—One extra midwife during
working hours 0800-1700h

E2 — One extra midwife at all times

E3 —One extra On Call midwife

E4 — Two extra midwife during
working hours 0800-1700h

E5 — Two extra midwife at all times

% of IOL delayed >12hrs

E6 — Two extra On Call midwife

Figure 2 MUMSIM computer simulation analysis of
interventions tested to reduce delay. (A) Single interventions;
(B) combined interventions; (C) staffing interventions. IOL,
induction of labour; MUMSIM, Maternity Unit Management
SlIMulation,

limiting the number of primiparous inductions per day
to two for units currently not using a slow release 24-hour
prostaglandin pessary. All interventions with additional
staffing significantly reduce delay and this highlights the
importance of staffing in managing obstetric workload
safely.

The list of interventions described was chosen by
consensus between the authors as representing modifi-
able parameters that could be altered in real life within
our unit and it is acknowledged that there are many more
modifiable variables that may contribute to delay in the
IOL process and thus scenarios that could be tested using
the MUMSIM computer simulation. For example, there
is scope for further work using MUMSIM to test the role
of outpatient induction using balloon catheters, although
the absence of real-world data from our unit to map the
patient pathway within the simulation meant that this
was not possible in this study. One limitation was lack of
robust data on postnatal ward occupancy which can some-
times cause outflow delay from labour ward so although
it was calibrated within the simulation, it was not possible
to assess for an association by linear regression from the
real-world data.

This is a novel study underpinned by a large data set
which provides an accurate picture of workload and
activity in our unit. The authors recognise that individual
maternity units may have different IOL protocols, work-
load and rate of delay, therefore interventions demon-
strated to be of benefit in one unit may not be widely
applicable to all. While the interventions described in
our study may not be fully generalisable, the MUMSIM
computer simulation model is innovative and transfer-
able with the potential to be customised to individual
maternity units’ activity. Simulations have the additional
benefit of engaging clinicians and healthcare leaders in
sharing and testing ideas for improvement without fear
of failure. One limitation of this study is that it uses delay
as a proxy marker for clinical risk and cannot extrapolate
to adverse clinical outcomes. Another limitation is that
the study does not yet have sufficient follow-up real-world
data to confirm the effect of the interventions suggested
by the simulation, although further work is ongoing to
demonstrate evidence of confirmed benefit in real life.
The reason for this is that the nature of fluctuations
within the week to week pressure on the units means that
a significant period of time of at least 6 months is needed
to see the true effect of an intervention. This is a limita-
tion, but also highlights the need for simulation—testing
individual interventions in the real world would take
2years to test four interventions alone.

Our analysis shows that planned obstetric workload
of booked IOL is associated with delay rather than the
unpredictable workload of women in spontaneous labour
or emergency IOL. This suggests that regulating the
planned obstetric workload has the potential to improve
workflow and reduce delay and thereby clinical risk.
Induction may be perceived by clinicians as reducing
the risk of adverse perinatal outcome for an individual
patient; however, creating excess workload for a mater-
nity unit may increase the cumulative risk for all the
women being induced because of capacity. This makes
a strong argument for avoiding further increases in the
rate of IOL as it may exacerbate delay. Elective induction
at 39weeks has been proposed as a potential strategy to
reduce adverse perinatal outcome'® but paradoxically
may exceed the workload capacity of a maternity unit
creating additional delay and increasing the risk of avoid-
able intrapartum harm. Further research using MUMSIM
computer simulation would help quantify the impact of
such a policy on maternity units’ workload capacity.

Although delay is not associated with staffing short-
fall, there is a marked reduction in delay in our simula-
tion with additional staffing. This suggests that delay is
unlikely to be due to shortterm fluctuations in staffing
but rather that it represents a fixed constant within mater-
nity units. Increasing staffing levels therefore forms part
of the solution to reducing delay by increasing workload
capacity. There is widespread recognition that there is a
national shortage of midwives in the UK so increasing
staffing levels may be an unrealistic intervention to pilot
in maternity units already short staffed. Nevertheless,
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our findings demonstrate that some patterns of staffing
are more effective at reducing delay than others and
this has cost implications for maternity units considering
increasing staffing levels.

CONCLUSION

Our study demonstrates that many women experience
significant delay during the IOL process and the caus-
ative factors include the planned obstetric workload of
booked induction. Use of a novel computer simulation,
MUMSIM, can predict the potential impact of interven-
tions to reduce delay quickly and at zero cost. Further
research is needed to ascertain the impact of further rises
in the rate of IOL on workload capacity for maternity
units, given the potential impact on clinical risk.

TWEETABLE ABSTRACT

Delay during IOL is common and associated with clinical
risk. Computer simulation may help plan interventions to
reduce delay.
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