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Abstract
Objective To compare maternal and neonatal birth
outcomes and morbidities associated with the intention
to give birth in a freestanding primary level midwifeled maternity unit (PMU) or tertiary level obstetric-led
maternity hospital (TMH) in Canterbury, Aotearoa/New
Zealand.
Design Prospective cohort study.
Participants 407 women who intended to give birth in
a PMU and 285 women who intended to give birth at the
TMH in 2010–2011. All of the women planning a TMH birth
were ‘low risk’, and 29 of the PMU cohort had identified
risk factors.
Primary outcomes Mode of birth, Apgar score of less
than 7 at 5 min and neonatal unit admission. Secondary
outcomes: labour onset, analgesia, blood loss, third
stage of labour management, perineal trauma, nonpharmacological pain relief, neonatal resuscitation,
breastfeeding, gestational age at birth, birth weight, severe
morbidity and mortality.
Results Women who planned a PMU birth were
significantly more likely to have a spontaneous vaginal
birth (77.9%vs62.3%, adjusted OR (AOR) 1.61, 95% CI
1.08 to 2.39), and significantly less likely to have an
instrumental assisted vaginal birth (10.3%vs20.4%, AOR
0.59, 95% CI 0.37 to 0.93). The emergency and elective
caesarean section rates were not significantly different
(emergency: PMU 11.6% vs TMH 17.5%, AOR 0.88, 95% CI
0.55 to 1.40; elective: PMU 0.7% vs TMH 2.1%, AOR 0.34,
95% CI 0.08 to 1.41). There were no significant differences
between the cohorts in rates of 5 min Apgar score of
<7 (2.0%vs2.1%, AOR 0.82, 95% CI 0.27 to 2.52) and
neonatal unit admission (5.9%vs4.9%, AOR 1.44, 95% CI
0.70 to 2.96). Planning to give birth in a primary unit was
associated with similar or reduced odds of intrapartum
interventions and similar odds of all measured neonatal
well-being indicators.
Conclusions The results of this study support
freestanding midwife-led primary-level maternity
units as physically safe places for well women to
plan to give birth, with these women having higher
rates of spontaneous vaginal births and lower rates of
interventions and their associated morbidities than those
who planned a tertiary hospital birth, with no differences
in neonatal outcomes.

Strengths and limitations of this study
►► This is the first prospective cohort study of maternal

and neonatal outcomes of women who planned to
give birth in freestanding primary level midwife-led
units, compared with women of similar risk status
who planned to give birth in a tertiary level obstetricled hospital in New Zealand.
►► Participants in both cohorts received the same
model of care—midwife-led continuity of care—
with their own primary care midwife for antenatal,
intrapartum and postpartum care, with additional
specialist care as required.
►► Women were not randomised to their place of birth.
Selection bias was minimised by prospectively
identifying women’s planned place for birth
antenatally at study entry and analysing the
outcomes according to the place where women
intended to give birth. The risk status of participants
on admission in labour could not be drawn from the
data source. There was no loss to follow-up.
►► The seriously disruptive earthquakes, which
occurred during the study period resulted in the
premature end of recruitment, some disruption
to birthplace choices and generalised community
stress and trauma. This may have had a confounding
effect on the outcomes, yet could not be controlled
for in the data analysis.

Introduction
In Aotearoa/New Zealand, birthplace options
include 18 secondary-level and 6 tertiary-level
obstetric-led maternity hospitals (TMHs),
which have midwifery and specialist obstetric,
anaesthetic and paediatric services onsite; 54
freestanding primary level midwife-led maternity units (PMUs) offering birthing facilities,
which have midwifery services onsite and
funded home birth.1 In 2014, 87.6% of births
occurred in a secondary or tertiary hospital,
9.1% in a freestanding PMU and 3.4% were
home births.2 This study examined outcomes
for women who planned to give birth in the
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immediate Christchurch area, which has a TMH and four
PMUs.
The maternity system has continuity of care as a core
tenet, resulting in women receiving continuity of care
regardless of planned or actual birthplace.3 Midwives
were the primary maternity care provider (lead maternity carer) for 93.4% of women nationally,2 and all of
the participants in this study. The midwives in this study
continued as the primary caregiver whether the woman
planned to give birth at the TMH or a PMU, changed her
birthplace plan or needed specialist consultation. Consequently, the current study did not have the confounding
factor of two different models of care for women in the
two cohorts, so was able to compare the differences in
outcomes related to planned birthplace independently of
model of care.
At the time the study was proposed there were no
contemporary, comprehensive systematic data addressing
the important differences between the clinical outcomes
achieved in freestanding primary maternity units
compared with tertiary hospitals in Australia or New
Zealand. The existing evidence from both Australia4 and
New Zealand5 supported primary units as safe birthplaces.
However, this research was limited, extremely dated and
set in a context of organisation of maternity care which
no longer exists (with general practitioners as the main
care providers in primary units).
The contemporary international research into the
comparative clinical outcomes for PMUs and obstetric-led hospitals (TMH/OU) include prospective cohort
studies,6–8 a retrospective study9 and population-based
cohort studies.10–14 All but three of these studies report
the same pattern of similar or improved neonatal
outcomes and reduced ‘interventions’ (such as labour
augmentation, instrumental assisted birth, episiotomy
and emergency caesarean section) and their associated
maternal morbidity for women planning a PMU birth,
when compared with women of similar well-being (risk
status) planning a TMH birth. The three discrepant
studies, which report worse neonatal outcomes for PMU
babies than those born in an OU, are population-based
studies from the USA.10 12 13 The lack of integration of
midwifery and midwife-led maternity units (birth centres)
in the American maternity system arguably limits the
applicability of these, and other research from the USA,
in other contemporary western contexts.
This article reports on the New Zealand arm of a
larger prospective cohort study to Evaluate primary freestanding midwife-led Maternity Units (EMU) undertaken
in Australia and New Zealand (2010–2012). The larger
study was funded by the National Health and Medical
Research Council of Australia (project grant number:
571901). The primary objective of the larger study was
to compare the clinical outcomes for well (‘low risk’)
women intending to give birth in an TMH with those for
women intending to give birth in a freestanding PMU in
Australia or New Zealand. Primary outcomes were mode
of birth, Apgar score of less than 7 at 5 min and admission
2

to the neonatal unit. Secondary outcomes were onset of
labour, analgesia, blood loss, management of third stage
of labour, perineal trauma, non-pharmacological pain
relief, neonatal resuscitation, breastfeeding, gestational
age at birth, birth weight, severe morbidity and mortality.
Methods
Sample and recruitment
The study was set in the Christchurch area, in Canterbury.
There is a TMH and four PMUs in the area. Two of the
PMUs are located semi-rurally outside the city boundaries
(19.6 and 35.4 km from the TMH), and the two urban units
are situated on hospital sites but operate independently
as freestanding primary maternity units (3.8 and 10.8 km
from the TMH). Women who develop complications are
transferred to the TMH. The TMH has a neonatal unit
(NNU) which includes a tertiary level neonatal intensive
care unit and lower level special care nursery.
All of the women invited to join the study had a
midwife as their Lead Maternity Caregiver (LMC), who
provided continuity of care from booking until 6 weeks
post partum. The clients of 95% of local midwives were
invited. The midwives were either members of the New
Zealand College of Midwives’ owned Maternity and
Midwifery Provider Organisation (MMPO)—90% of local
midwives—or they had agreed to complete the forms
required (17 midwives). Only 5% of local midwives,
who were not members of the MMPO, did not agree to
complete the forms required. All eligible women booked
to give birth in any one of the four PMUs were invited
to participate. Women who booked into the tertiary
hospital were invited, if they were well (at ‘low risk’ of
pregnancy complications) based on information on the
hospital booking form. An a priori decision was made to
invite all women booked to give birth in any one of the
PMUs to participate, regardless of the presence of risk
factors. For the purposes of this study, women with ‘risk
factors’ were defined as those with any level two or three
referral criteria as defined in the New Zealand Maternity Referral Guidelines.3 For example, women who had
had a previous caesarean section or were expecting twins
were ineligible. Eligible women were invited to participate via a postal invitation to join the study, with a phone
follow-up to those who did not respond. After 6 months
of recruitment, ethics approval was sought and granted
to change the study protocol and extend the follow-up
calls from only PMU booked to both PMU-booked and
TMH-booked eligible women, when it became evident
that they were an effective recruitment tool. The recruitment rates for each group then became similar for the
two cohorts. Women were able to join the study any time
after hospital booking and before labour.
Recruitment began in March 2010, was suspended for
1 month after a major earthquake in September 2010
and stopped prematurely after a subsequent severe
earthquake in February 2011. Following the September
earthquake, two PMUs were closed for a week and
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Figure 1 Flow chart of EMU study recruitment, inclusions and exclusions. EMU, Evaluate primary freestanding midwife-led
Maternity Units; PMU, primary level midwife-led maternity unit; TMH, tertiary level obstetric-led maternity hospital.

services resumed within 2 weeks. After the February
earthquake, the city’s busiest PMU closed and was
subsequently demolished, and another was closed for 7
weeks. The semi-rural PMUs remained open. The TMH
was also affected through damage to its water supply and
drainage systems but remained open. Participants gave
birth between March 2010 and August 2011, with 39%
giving birth before the first earthquake, 41% between
Grigg CP, et al. BMJ Open 2017;7:e016288. doi:10.1136/bmjopen-2017-016288

the two major quakes and 20% after the February earthquake. Figure 1 details the study recruitment, inclusions
and exclusions details.
Data collection
The clinical outcome data for 88% of participants were
collected from data submitted by midwives to the MMPO.
Participants’ midwives also completed the ‘Midwives
3
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Transfer Form’ to collect some data not captured by
the MMPO database. The remaining 12% of data were
provided by 17 midwives, who were not members of
the MMPO, on customised study forms. Data collected
(including that from the 6-week postpartum survey)
were manually checked for completeness and accuracy,
with incomplete or inconsistent records followed-up
with the MMPO database staff, the participants’
midwives or hospital records.
Data analysis
Women’s outcomes were analysed by stated intention to
give birth either in a PMU or TMH at the time of study
entry. Measures of categorical data were analysed with χ2
tests and continuous data were analysed using t-test. Fisher’s exact test was used with cell size <5 (need for neonatal
resuscitation variable). Independent variables known
from prior studies to be associated with the outcome
of interest were examined. Those variables found to be
associated in the univariate analysis with p<0.05 were
then examined in multivariate models. ORs with 95% CIs
were calculated for the primary and secondary outcomes.
Multivariate logistic regression was used for dichotomous
outcomes to adjust for relevant confounders. Likelihood
ratio tests were used to assess the contribution of each
independent variable nested in the full model. Adjustments for all outcomes are outlined below the tables.
Multivariate regression models were restricted to subjects
with no missing values. No inferential statistics were
carried out on severe maternal/neonatal morbidity and
mortality outcomes due to the rarity of events and small
numbers involved.

Results
Participants
A total of 702 women joined the study based on their
intended birthplace. Overall approximately 30% of those
invited joined the study; this included women who were
followed-up by telephone. Figure 1 details of the study’s
recruitment, inclusions and exclusions. The cohort allocation was based on the intended birthplace the women
identified on their study consent form. Among the
10 women excluded from the TMH cohort analysis due
to their risk status, which was subsequently identified
from the database, were two women having twins, three
women with BMI >40 and three women with a ‘neurological disorder’ (eg, epilepsy). Among the 29 women
included in the PMU cohort identified as having ‘risk
factors’ were 15 women with body mass indices (BMIs)
of 35–42, 2 with a ‘neurological disorder’, 7 with ‘thyroid
disease’ and 2 with previous caesarean (and subsequent
vaginal birth). While women who have had caesareans
previously are not recommended for primary unit birth in
New Zealand, these two women had their PMU booking
accepted. Consequently, 29 PMU women with known
risk factors, and no TMH women with known risk factors
4

or complications which made them unable to book at a
PMU, were included in the analysis. There was no loss to
follow-up.
Approximately half (46.9%) of the women who
intended to give birth in a PMU did so, with most plan
changes occurring antenatally or in labour prior to admission. Only 12.6% of those admitted to a PMU in labour
were transferred to the TMH, a further 4.7% transferred
between birth and 48 hours (four women, five babies),
giving a total postadmission transfer rate of 17.3%. Details
of the rates, reasons timing, urgency and outcomes of
transfers have been reported previously.15
Table 1 shows the demographic differences between
the groups. There were some significant differences
between the two cohorts. The women who planned to
give birth in a PMU were younger, heavier, more likely
to have given birth before, to be Māori and to live rurally,
than the women who planned to give birth in the TMH.
There were no differences in the groups’ smoking or
relationship status. Additionally, data on the participants’
income and education levels were sought in the survey
(82% response rate) as they are not collected by the database. The TMH respondents had significantly higher
incomes than those planning a PMU birth, with no significant differences in the education levels identified.
The study’s primary maternal outcome measures,
analysed by intended birthplace on study entry, are illustrated in table 2. After adjusting for confounding factors
(maternal age, smoking status, parity, term, augmentation, induction, excludes elective caesarean section),
women from the PMU cohort were significantly more
likely to have a spontaneous vaginal birth (77.9% vs 62.3%,
AOR 1.61, 95% CI 1.08 to 2.39) and less likely to have an
instrumental-assisted (ventouse or forceps) vaginal birth
(10.3% vs 20.4% ,AOR 0.59, 95% CI 0.37 to 0.93). The
caesarean section rate—elective (0.7% PMU vs 2.1%
TMH) or emergency (11.6 PMU vs 17.5% TMH)—was
not significantly different between the cohorts.
Table 2 describes secondary maternal outcomes,
showing the numbers, percentages and ORs by planned
place of birth. The PMU cohort was significantly more
likely than women from the TMH cohort to have spontaneous labour onset (66.8% PMU vs 49.1% TMH),
meconium liquor (18.7% PMU vs 12.6% TMH), no
analgesia (42.4% PMU vs 25.0% TMH) or use non-pharmacological pain relief (75.0% PMU vs 65.2% TMH)
and have physiological management of the third stage of
labour (41.8% PMU vs 19.3% TMH). Women from the
PMU cohort were significantly less likely to have labour
augmentation (17.2% PMU vs 28.2% TMH) or an episiotomy (7.8% vs 19.7% TMH), compared with women
from the TMH cohort. The cohorts had similar rates
of induction, postpartum haemorrhage, other perineal
trauma (table 2) and length of labour (data not shown).
The primary neonatal outcome measures are detailed
in table 3. There were no significant differences between
the cohorts in rates of 5 min Apgar score of less than 7
(incidence rate of 2.0% PMU and 2.1% TMH AOR 0.82,
Grigg CP, et al. BMJ Open 2017;7:e016288. doi:10.1136/bmjopen-2017-016288
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Table 1 Participants’ demographics by planned birthplace

Characteristics
Mean age
 <25

Primary (PMU)
(n=407)
no (%)
30.8
56 (13.8)

Tertiary (TMH)
(n=285)
no (%)
32.1
26 (9.2)

 25–29 years

127 (31.2)

67 (23.6)

 30–34 years

142 (34.9)

120 (42.3)

83 (20.2)

71 (25)

 ≥35 years
Median (mean) parity
Proportion of nulliparous
women

p Value
χ2
(<0.05)
0.001
0.01

1 (0.9)

0 (0.5)

<0.0001

167 (41.0%)

157 (54.1%)

<0.0001

308 (75.7%)

226 (79.3%)

Ethnicity
 NZ European
 Māori

30 (7.4%)

6 (2.1%)

 Other

69 (17.0%)

53 (18.6%)

<0.009

Smoker

31 (7.6%)

15 (5.3%)

NS

308 (75.7%)

248 (87.0%)

<0.0001

Residence
 City or semirural
 Rural or remote rural

99 (25.3%)

37 (13.0%)

377 (92.4%)

260 (91.6%)

 <25

233 (58.7%)

196 (69.3%)

 25–35

149 (37.5%)

79 (27.9%)

15 (3.8%)

8 (2.8%)

Has a partner
BMI

 >35
Income*

(n=326), no (%)

(n=226), no (%)

 <NZ$25 000 per annum
before tax

20 (6.1%)

14 (6.2%)

 $25 000 to $50 000

95 (29.1%)

34 (15.0%)

 $50 000 to $75 000
 >NZ$75 000
Education*

99 (30.4%)

70 (31.0%)

112 (34.4%)

108 (47.8%)

(n=331), no (%)

0.001

(n=230), no (%)

 No postschool completed

67 (20.2%)

36 (15.7%)

 Apprenticeship, certificate

55 (16.6%)

32 (13.9%)

56 (16.9%)
153 (46.2%)

41 (17.8%)
121 (52.6%)

 Diploma
 Degree

0.02

NS

*Different denominator—survey response data, not full study cohorts (82%).
BMI, body mass index; NS, not significant;

95% CI 0.27 to 2.52) and admission to the neonatal unit
(5.9% vs 4.9% AOR 1.44, 95% CI 0.70 to 2.96). There were
also no significant differences in the secondary neonatal
outcomes, as detailed in table 3.

Discussion
This study found that women planning a freestanding
PMU birth when compared with women of similar wellbeing (risk status) planning a TMH birth had more
favourable clinical outcomes.
Grigg CP, et al. BMJ Open 2017;7:e016288. doi:10.1136/bmjopen-2017-016288

Studies such as this observational prospective cohort
study have both limitations and strengths. The limitations include the small study size which prevented
strongly powered statistical analysis of clinical outcomes
and not knowing the ‘risk status on admission in
labour’ of participants. The major disruptive earthquakes which occurred during the study period were
a serious ‘confounder’, resulting in the premature end
of recruitment; and major damage to the city and its
infrastructure, including power, water, roads and hospitals. This caused generalised community stress and
5

6
47 (11.6%)

 Emergency caesarean

76 (18.7)

24 (5.9%)

 >1000 ml

4 (1.0%)

32 (7.8%)

9 (2.2%)

200 (49.0%)

4 (1.41%)

56 (19.7%)

5 (1.8%)

119 (41.9%)

54 (19.0%)

230 (80.7%)

55 (19.3%)

13 (4.6%)

57 (20.1%)

215 (75.4%)

*Adjusted for maternal age, smoking status, parity, term, augmentation, induction.
†Adjusted for maternal age, smoking status, parity, term.
‡Adjusted for maternal age, smoking status, parity, term, augmentation, excludes elective CS.
§Adjusted for maternal age, smoking status, parity, term, augmentation, induction, excludes elective CS.
¶Adjusted for maternal age, smoking status, parity, term, excludes elective CS.
**Statistically significant p values and outcomes are presented in bold.
NS, not significant.

 Extended to third/fourth

 
Episiotomy

Episiotomy

 Third/fourth

 First/second/labial/vaginal

 None/graze

62 (15.2%)

237 (58.2%)

 Active

Perineal trauma

170 (41.8%)

 
Physiological

Management of third stage of labour

71 (17.4%)

311 (76.4%)

 500–999 ml

 <500 ml

Postpartum haemorrhage

81 (28.5%)

128 (31.4%)

 NO2

23 (8.1%)
71 (25.0%)

18 (4.4%)
173 (42.4%)

 Intramuscular/intravenous narcotic

107 (37.5%)

182 (65.2)

36 (12.6%)

80 (28.2%)

6 (2.1%)

55 (19.3%)

140 (49.1%)

50 (17.5%)

58 (20.4%)

177 (62.3%)

Tertiary
(n=285)

 
No analgesia

85 (20.9%)

 
Epidural/spinal

Analgesia

303 (75.0)

Meconium liquor

Non-pharmacological
pain relief

70 (17.2%)

3 (0.7%)

59 (14.5%)

 
Augmentation

 Elective caesarean

 Induction

 
Spontaneous
272 (66.8%)

42 (10.3%)

Labour onset

318 (77.9%)

 
Spontaneous vaginal

 
Instrumental assisted vaginal

Primary
(n=407)

Maternal clinical outcomes by planned place of birth

Mode of birth

Outcome

Table 2

0.69 (0.17 to 2.79)

0.35 (0.22 to 0.55)

1.26 (0.42 to 3.80)

1.35 (0.99 to 1.83)

0.77 (0.51 to 1.15)

3.0 (2.11 to 4.27)

1.30 (0.65 to 2.60)

0.84 (0.57 to 1.24)

1.05 (0.74 to 1.50)

1.15 (0.82 to 1.60)

2.20 (1.58 to 3.08)

0.52 (0.28 to 0.99)

0.44 (0.31 to 0.62)

0.63 (0.45 to 0.87)

0.63 (0.41 to 0.97)

0.53 (0.37 to 0.76)

0.34 (0.09 to 1.38)

0.71 (0.47 to 1.06)

2.09 (1.53 to 2.85)

0.61 (0.40 to 0.94)

0.45 (0.29 to 0.69)

2.14 (1.53 to 2.99)

Unadjusted OR (95% CI)

NS

<0.0001

NS

NS

NS

<0.0001

NS

NS

NS

NS

<0.0001

NS

<0.0001

<0.01

<0.05

0.001

NS

NS

<0.0001

0.026

<0.0001

<0.0001

p Value (<0.05)

0.61 (0.13 to 2.85)¶

0.42 (0.26 to 0.69)¶

1.43 (0.46 to 4.42)¶

1.20 (0.88 to 1.66)¶

1.05 (0.68 to 1.64)¶

2.43 (1.63 to 3.60)§

1.74 (0.85 to 3.59)*

1.07 (0.70 to 1.61)*

0.80 (0.54 to 1.18)*

0.91 (0.64 to 1.29)§

2.04 (1.40 to 2.96)§

0.58 (0.30 to 1.11)§

0.57 (0.38 to 0.85)§

0.59 (0.42 to 0.84)‡

0.54 (0.35 to 0.85)‡

0.54 (0.37 to 0.79)†

0.34 (0.08 to 1.41)†

0.77 (0.50 to 1.16)†

1.94 (1.40 to 2.67)†

0.88 (0.55 to 1.40)*

0.59 (0.37 to 0.93)*

1.61 (1.08 to 2.39)*

Adjusted OR (95% CI)

NS

0.001

NS

NS

NS

<0.001

NS

NS

NS

NS

<0.001

NS

0.006

<0.01

<0.01

0.002

NS

NS

<0.001

NS

0.02

0.02**

p Value
(<0.05)

Open Access

Grigg CP, et al. BMJ Open 2017;7:e016288. doi:10.1136/bmjopen-2017-016288

Open Access
Table 3 Neonatal clinical outcomes by planned place of birth
Primary
(n=407)

Tertiary
(n=285)

Unadjusted OR
(95% CI)

p Value
(<0.05)

Adjusted OR
(95% CI*)

p Value
(<0.05)

Apgar score <7 at 5 min
Need for resuscitation

8 (2.0%)

6 (2.1%)

0.93 (0.32 to 2.72)

0.90

0.82 (0.27 to 2.52)*

0.72

 Nil

345 (84.8%)

234 (82.1%)

NS†

0.97 (0.63 to 1.50)‡

NS‡

 Suction

11 (2.7%)

9 (3.2%)

 Supplemental oxygen

15 (3.7%)

17 (6.0%)

 IPP (mask)

33 (8.1%)

25 (8.8%)

 IPP (endotracheal tube)

3 (0.7%)

0

Admission to NNU

24 (5.9%)

14 (4.9%)

1.21 (0.61 to 2.37)

NS

1.44 (0.70 to 2.96)

NS

 IUD§ or stillbirth¶

2 (0.5%)

0 (0.0%)

††

NS

††

 Neonatal death**

1 (0.26%)

0 (0.0%)

††

NS

††

 <2500

7 (1.7%)

6 (2.1%)

 2500–4500

386 (95.1%)

268 (94.7%)

 >4500

13 (3.2%)

11 (3.5%)

Outcome

Perinatal outcome

Birth weight (g)

NS

Gestational age (completed
weeks)

NS

 <37

13 (3.2%)

11 (6.6%)

 37–41

379 (93.1%)

264 (92.6%)

 42–43

15 (3.7%)

10 (0.2)

Breastfeeding
 At birth

383 (96.7%)

271 (97.8%)

0.60 (0.24 to 1.74)

NS

0.73 (0.26 to 2.01)*

NS

 Exclusive at 48 hours
 Exclusive or fully at 6weeks

355 (89.2%)
328 (80.6%)

240 (85.4%)
224 (78.6%)

1.41 (0.89 to 2.23)
1.13 (0.78 to 1.64)

NS
NS

1.35 (0.84 to 2.20)*
1.14 (0.76 to 1.70)*

NS
NS

*Adjusted for maternal age, smoking status, parity, augmentation, induction, term.
†Fisher's exact test for listed proportions of modes of resuscitation.
‡Refers to a dichotomous outcome of ‘resuscitation or not’ adjusted for maternal age, smoking status, parity, augmentation, induction, term.
§Antenatal IUD identified at 38 weeks during routine antenatal visit, baby slightly small for gestational age (SGA), no cause found, no
pregnancy complications, well woman.
¶Stillbirth antepartum haemorrhage (APH)/placental abruption at 34 weeks; transfer to TMH and obstetric supervised care at 20 weeks with
pregnancy induced hytertension (PIH) ×3 a/n admissions.
**Neonatal death at 3 weeks of age, late onset group B stretococcus (GBS) infection.
††Numbers too small. Multivariate model cannot converge.
IPP, inspiratory positive pressure; IUD, intrauterine death; NNU, neonatal unit (includes neonatal intensive care or special care nursery);

trauma and had a major confounding effect on birthplace choice (with 28% of antenatal changes in planned
birthplace due to earthquakes16). It is not possible to
quantify the quakes’ impact on individual participants
or identify if one cohort was more adversely affected
that the other.
Another limitation is that the study sample is not representative of the childbearing women in New Zealand. The
proportion of women under the age of 25 who joined
the study is considerably lower than in the population
of women from the region who gave birth at the time
(11.9% as compared with 21.5% of women giving birth
were under 25 in the study and the Canterbury region,
respectively). Māori women were also less likely to take
part in the study—5.2% of the participants and 12.5%
Grigg CP, et al. BMJ Open 2017;7:e016288. doi:10.1136/bmjopen-2017-016288

of women birthing in Canterbury in 2010 were Māori.17
Self selection bias is also present in both groups, as all
of the women chose their preferred birthplace, leaving
open the possibility of psychological or motivational
differences between the groups. Selecting a prospective
comparative reference cohort from the referral hospital
goes some way in addressing the selection bias.
Differences in the beliefs and values of the women
in the PMU and TMH cohorts in this study have been
identified and discussed in previous publications.16 18 In
common with prior research, we found that ‘safety’ was
the paramount consideration in women’s birthplace
decision-making, although the two groups had different
perceptions of the concept. Accessing the specialist
services/facilities (if needed) was the most important
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factor for women planning a TMH birth.16 In contrast,
the PMU group identified several factors, including
‘closeness to home’, ‘ease of access’, the ‘atmosphere’
of the unit and avoidance of unnecessary intervention’
as important.16 This study found women who planned
a PMU birth expressed confidence in the birth process,
their ability to give birth, the maternity system (for
specialist referral or transfer) and/or the primary unit
itself.18 In contrast, women who planned a TMH birth did
not express confidence in these things, although almost
all study participants expressed confidence in their
midwife.18
The influence of the personal philosophy of midwives
who choose to offer women particular birthplace options
were beyond the scope of this study. In this context, LMC
midwives work autonomously and independently of the
birth facilities and choose their practice context, which
arguably means they are not providing labour and birth
care in a place in which they do not feel confident and
competent. This does not mean that their practice is not
influenced by the organisational context of the respective facilities, as has been demonstrated in previous New
Zealand research.19 20 The focus of the current research
was the women and not the 135 midwives providing their
care, the majority of whom provide care in both PMU
and TMH facilities and a few of whom offer only one
or other option to women. The women also chose their
own midwife, knowing the options she offered prior to
booking with that midwife, with a few changing midwives
during pregnancy, if they found the midwife’s beliefs
and values in conflict with their own.16 As reported previously, a relatively small proportion of study participants
identified their decision was influenced by the recommendation of their midwife (PMU 4.35%, TMH 6.24%)
via the 6-week postpartum survey (82% response rate).16
Additionally, women indicated the extent to which their
midwife influenced their birthplace decision on a Likert
scale, with significantly more women in the TMH cohort
indicating that their midwife had no influence on their
decision (39% vs 23% for PMU cohort).16 Similar proportions of each cohort identified their midwives as having ‘a
lot’ of influence (26% and 25%).16
It is unclear the extent to which the different beliefs and
values held by midwives and/or women influence the clinical outcomes in respective birth environments. Research
to date has also identified other variables, including the
design of a ‘birth space’21 22 and the institutional control
exerted.23 24 It is difficult to control for these influences,
both independently and collectively, and therefore identify the extent of their impact.
The study’s strengths include its context of New
Zealand’s unique system of maternity care, where women
receive continuity of care from a midwife, even in the
event of specialist consultation and regardless of the
place of birth. (Most other studies of PMUs and TMHs
are confounded by having to also compare, and not be
able to control for, different models of care.6–8 10–14) Data
were collected prospectively and comprehensively on all
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aspects of antenatal, labour and postnatal transfers for
women planning a primary unit birth in a contemporary western context, where all the women in the study
received continuity of care.
Some of the clinical outcomes that were found to be
different between primary and tertiary cohorts in other
studies were not significantly different here. For example,
all other comparable studies have reported higher rates
of caesarean section for TMH groups compared with
PMU groups, whereas this study found no difference in
caesarean section rates—elective or emergency.6–9 25 The
other New Zealand research had the highest caesarean
section rate differential reported to date (relative risk
4.62).9 This difference may be due to the small size of
the current study or by differences in the timing of the
identification of the cohorts. The retrospective Davis et
al9 (2011) study is the only one to identify the cohorts
by intended birthplace in labour, whereas the cohorts in
each of the other studies were established antenatally (on
hospital booking or study entry). Our prospective study
found 107 (26.3%) of the total PMU cohort of 407 women
changed plans to give birth at the tertiary hospital prior
to labour. The risk status of women at the start of labour
cannot be identified for this or the other New Zealand
research.
This study, along with the Danish study8 found no significant differences in the neonatal outcomes measured.
In contrast, the large Birthplace in England study, the
Australian EMU study and the previous New Zealand
study all reported higher rates of neonatal unit admission
for tertiary than primary cohorts.6 9 26 What is consistent in
these studies is that those who plan to give birth in a freestanding PMU have been shown to have similar or better
neonatal outcomes, and none which are worse than the
women (of similar risk status) who plan to give birth in a
hospital. This study is no exception, further underlying
the beneficial results of primary maternity unit care with
a higher proportion of Māori women and rural dwelling
women (table 1).
The international evidence published to date is that
well women who plan to give birth in a TMH are more
likely to suffer physical harm in the form of peripartum
morbidity, such as episiotomy and caesarean section, than
those who plan to give birth in a freestanding PMU.6 8 9 25–27
This morbidity is not resulting in better outcomes for
their babies, as the evidence to date, including this study,
reports the clinical outcomes for babies from the two
groups as either comparable8 26 or better for the PMU
cohorts.6 9 11 28 The notion that the ‘interventions’ undertaken at the tertiary hospital on well women are either
protecting the wellbeing of women or ‘saving babies’ is
not supported by the evidence published in comparable
contexts. Given the complexity of birth, it is difficult to
identify causal factors for the increased rate of ‘interventions’ and their associated morbidities in tertiary when
compared with primary facilities. Arguably, it is not
possible to undertake a comprehensive and sufficiently
powered study to establish the relative physical safety of
Grigg CP, et al. BMJ Open 2017;7:e016288. doi:10.1136/bmjopen-2017-016288

Open Access
freestanding maternity units and tertiary hospitals for
well women at ‘low risk’ of complications. Birthplace
research is difficult and complex, with several potential
biases and confounding factors.29–31 The commonly held
anecdotal association of hospitalisation and reduced
mortality and morbidity rates has never been supported
by evidence.32 33 Despite this, the supposition of ‘safety’
of hospital birth for all women remains, arguably as a
result of the power of obstetrics and its hold on ‘authoritative knowledge’.34 Hospital has become the cultural
‘gold standard’ by default.
While it is possible that rare and severe incidents
might happen at a PMU, which might have been
prevented or mitigated if the woman was at a TMH, it
is also possible that as many iatrogenic or nosocomial
rare and severe incidents happen at a TMH. Childbearing women and their families are concerned that
their ‘safety’ is optimised and harm minimised; maternity care providers, healthcare funders and planners
share these concerns. This study, and other recent
research, has found planning to give birth at a PMU
for well (‘low risk’) women is ‘safer’ for women and at
least as safe for their babies, if safety is defined as ‘the
reduction of risk of unnecessary harm to an acceptable minimum’.35 Even using the narrow outcome
measure of physical ‘safety’ or well-being, the existing
evidence does not support hospitals as safer places
for well women to give birth, in the context of professional skilled caregivers, effective referral and transfer
systems and access to specialist facilities and services
for those in need of them.
This study provides clinicians and maternity policy-makers and planners with evidence which supports the
safety of freestanding PMUs and their role in a modern
integrated maternity system. It illustrates the efficacy of
referral and booking guidelines and midwives’ use of
them in practice. It provides evidence of the effective
systems of collaborative multidisciplinary consultation
and transfer between facilities, including emergency
and non-emergency transport. Generalisation of these
findings should be undertaken with caution, as it is
unclear if the model of maternity care, with continuity
of midwifery care for all participants, has impacted on
the outcomes.
Future research, including a larger national prospective
cohort study in Aotearoa/New Zealand, would provide
stronger evidence of comparative birthplace clinical
outcomes between primary and tertiary level facilities in
this context. The inclusion of all participants’ risk status
on admission in labour and the details of antenatal and
preadmission labour birthplace plan changes and labour
transfers would strengthen the findings. Further research
into other potentially influential variables such as the
beliefs and values of women and caregivers, birth space
design and institutional control would also be valuable in
helping to identify the causes of different outcomes for
well women giving birth in different context.
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Conclusion
This research adds to the growing international body of
research on freestanding PMUs. It adds to the worldwide
body of research confirming primary units as physically,
socially and emotionally/psychologically safe places for
well women to plan to give birth, in contexts of maternity systems with integrated midwifery care and primary
level maternity units or birth centres. The task now is
to disseminate this research, combined with the international primary maternity unit birthplace literature,
to childbearing women, maternity care providers and
healthcare policy-makers and planners. This research
is unique as it is the first birthplace prospective cohort
study undertaken in Aotearoa/New Zealand, the only
country in the world to have continuity of care as a core
tenet in its maternity system. As such, it is important for
all those with an interest in all aspects of the safety of
birth.
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