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INTRODUCTION

The Dutch perinatal care system

The organization of the Dutch perinatal care system is unique since, in contrast to most other
high-income countries, certified community midwives play an independent role in the care
for pregnant women. Community midwives care for pregnant women with an assumed
or estimated low-risk for medical complications starting from the early prenatal until the
postpartum period. If during pregnancy no risks are detected, women have the option of
delivering at home, at a birthing centre orin a hospital, in all cases under the supervision of
their community midwife. Should complications (threaten to) occur, community midwives
refer women under their supervision to secondary care by obstetricians in a hospital setting.
If necessary, secondary caregivers then refer women who are severely ill and/or have
threatened pregnancies to tertiary perinatal care, which is located in academic hospitals
and in non-academic hospitals with obstetric high care and neonatal intensive care units.
Approximately one out five women directly starts antenatal care at a secondary or tertiary
hospital due to their initial high-risk status.

The functioning of this unique system depends on the mutual cooperation of the health
care professionals involved, the availability of (different) facilities, the absence of financial
barriers, and adequate information to the patients.'

Underperformance of the Dutch perinatal care system

The merits of this system have come under scrutiny since the national perinatal mortality
rate showed to be one of the highest in Europe.?* Other concerns about the Dutch perinatal
system include economic and process inefficiency of the current risk selection, since high
referral rates to secondary care exist during antepartum care and delivery. Concerns were
alsoraised on the higher rate of medical interventions in planned hospital births compared
with planned homebirths in assumed low risk women and concerns were raised on the
negative perceptions of birth experiences with obstetric care.>’ A final concern is on the
substantial maternal and perinatal health inequalities between ethnic minority groups,
between low and high socio-economic class, and between urban and non-urban regions.??

Response to the underperformance of the Dutch perinatal care system

Over time, health care professionals, insurance companies, patient organizations

and policy makers have initiated various improvements of Dutch perinatal health



on local and national level. Each actor addressed different aspects focusing either
on health care factors, economic factors, patient factors, or environmental factors,
resulting in a fragmented and often self interest guided response, rather than an
integral response.

In 2009 the underperformance of the Dutch perinatal care system was further demonstrated
in the so called ‘Signalement-studie; a national report on the priority setting of perinatal
research on behalf of ZonMw (The Netherlands Organisation for Health Research and
Development).’® The ‘Signalement-studie’ adopted a public health, system-oriented
approach. It related the Dutch perinatal care system to patient, environmental and health
care factors in an integrated way. The study introduced the concept of Big4; four perinatal
conditions which precede perinatal mortality in 85% of cases. At least three of them offer
some interventional opportunities in terms of diagnosis, preventive actions or treatments
when these are detected timely (see further). The occurrence of these conditions and their
progression in perinatal death are influenced by the accumulation and interaction of patient,
environmental and health care factors.

At the same time as the issuing of the Signalement study, an advisory group on
pregnancy and birth commissioned by the Dutch health authorities proposed a report
in 2010, “A Good Beginning” (Een Goed Begin)."" This rapport discussed possible causes
and mechanisms underlying the poor performance of the Dutch perinatal care system,
resulting in recommendations at the system level.

The preceding integral analysis and the suggestions to improve care provision was put
into practice in the Rotterdam urban perinatal health program called ‘Ready for a Baby''?
This program was instituted by the municipal council of Rotterdam and the Erasmus
Medical Centre in 2009, as perinatal health in Rotterdam was even worse compared to
the current national average. The main objective of this 10-year program was to improve
perinatal health and to reduce perinatal mortality in all districts of Rotterdam to at least
the current national average. It covered the five phases of perinatal health care namely;
preconception-, antenatal-, birth-, post partum- and youth care phase and mainly focused
onimproving risk selection and structural cooperation across disciplines. The five different
phases were connected to each other both on the clinical and on the organizational level
('ketenzorg’) in agreement with the “Good Beginning” report.'" Programs such as ‘Ready
for a Baby’ and numerous other initiatives directed to perinatal health improvement, all
require methods to detect deficits, to guide the changes in process and outcome and
to assess the final effects of these changes. While some of these methods were already
available, new ones had to be developed.
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AIMS OF THIS THESIS

This thesis focusses on the possible explanations for the relative high Dutch
perinatal mortality, on innovations put forward for improvement, and on the
evaluation methods required to proof the benefits claimed. We introduce the
concept of Big4 as a new method to improve case mix adjustment in observational
studies and to analyse the occurrence of perinatal mortality in two steps: the
development towards perinatal morbidity, and the subsequent occurence of
mortality. It further elaborates on methods to assess the non clinical aspects of
quality of care, introducing the responsiveness concept in perinatal care. The general
responsiveness concept was introduced by the World Health Organization (WHO),
and is defined as the way an individual is treated and the environment in which she is
treated during health system interactions.' As universal concept used on a global scale
and applied to health systems, it seemed - after tailoring to perinatal care - suitable to
measure the chain of care as experienced by the heterogeous Rotterdam population.

This thesis consists of three questions and ten subquestions:

Part I. What are possible explanations for the underperformance of the Dutch perinatal
care system, in particular focussing on risk selection and midwife-led birth care?

1. How does the current risk selection of the Dutch perinatal care system perform?
(chapter 2)

2. Does planned place of birth in community midwife-led deliveries influence perinatal
mortality outcomes? (chapter 3)

3. Does planned place of birth within community midwife-led deliveries influence
intervention rates and, subsequently, perinatal mortality? (chapter 4)

Part Il. How can Dutch perinatal care be improved, in particular, are there innovative
strategies available to improve risk selection and midwife-led birth care?

4. Does the introduction of a midwife-led birth centre improve perinatal outcomes and
the indication for interventions compared to other planned places of birth? (chapter 5)

5. Is the prior detection of Small for Gestational Age improved when an adjuvant risk
selection tool at birth is introduced? (chapter 6)

6. Can occupational safety be reached in the midwife-led birth centre Sophia when
reintroducing nitrous oxide analgesia during labour? (chapter 7)

7. What s the effect of the introduction of nitrous oxide analgesia in a midwife-led birth
centre on patient flow and pain relief? (chapter 8)



Part lll. How can the performance of the Dutch perinatal care be evaluated on non clinical
aspects of quality of care?

8. What are the psychometric properties of the newly developed responsiveness
questionnaire ReproQ? (chapter 9)
9. Should different domain weight adjustment be used for subgroups within the Dutch
perinatal care system? (chapter 10)
10. Whatare the responsiveness outcomes of maternal experiences during perinatal care
using the ReproQ? (chapter 11)

Part I. What are possible explanations for the underperformance of the
Dutch perinatal care system, in particular focussing on risk selection and
midwife-led birth care?

Challenges arise when evaluating the Dutch perinatal care system since the primary
outcome perinatal mortality is rare and since its causes are multifactorial, consisting of
patient-, environment- and health-care related factors, which may occur during the entire
gestational period which starts before conception. In addition, the Dutch perinatal care
system is organized in a complex way. It consists of primary, secondary, and tertiary care;
referral may happen during pregnancy, delivery and thereafter, and care is provided at
different places including midwife-led birth at home, in birthing centres or a hospital.

Pivotal to the Dutch perinatal system is the estimation of a pregnant woman's risk
status (in comparative analysis pointed to as case mix), since risk status determines
obstetric care, the professional(s) involved and the place of birth. The community
midwife offers care to low and medium risk women, and the gynaecologist to high
risk women. Assuming risk selection is effective at least to an acceptable degree, the
case mix of pregnant women attending primary and secondary care should be rather
different when the effectiveness of risk-led care is evaluated, and few high risk cases
are left under midwife’s supervision alone. In contrast, case mix is assumed to be
equal among low-risk women attended in primary care when different modalities of
midwife-led birth care (home vs. hospital vs. birth centre) are compared. To evaluate
the effectiveness of risk selection and the health care performance at different places
of birth, detailed risk information when making comparisons is needed, since both
can only be assessed within observational constraints.'*2' However, in most national
registries, including ours, detailed risk information (case mix) is unavailable, or, for some
factors, partially as recording is not obligatory.

NOILONAOYLNI i
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In order to gain more insight in the causes of perinatal mortality and in the single or
joint impact of patient-, environment-, and health care related factors, the ‘Signalement
study’ introduced the concept of Big4."° This concept of Big4 was attained from detailed
analysis of the complete perinatal dataset of the Netherlands Perinatal Registry (PRN), years
2000-2007, containing 1.25 million records of pregnancies.'® The analysis showed that any
of four specific well defined conditions precede perinatal mortality in 85% of cases. These
conditions were defined as: (1) congenital abnormalities (list defined); (2) intrauterine
growth restriction (SGA, birth weight below the 10th percentile by gestational age, gender
and parity); (3) preterm birth (< 37th week of gestation); or (4) low Apgar score (< 7, measured
at 5 minutes after birth). Factors influencing the aetiology of Big4 were distinguished from
factors influencing its course (‘prognosis’) once a Big4 exists. The resulting two-staged
model gives more insight in causes leading to perinatal mortality, hereby creating insightin
opportunities for corresponding intervention strategies (see figure 1.1). It hypothesised that
an accumulation of risk factors, consisting of patient, environment and health care related
factors, leads to the occurrence of Big4 (etiology), and subsequently influences its prognosis.
The prevalence of Big4 then can serve as a proxy of the population’s risk status (case mix)
and thus be used in two ways. (1) Within the analyses of the quality of the Dutch perinatal
risk selection system, the Big4 (with the exception perhaps of asphyxia, low Apgar) may
represent the outcome measure used to evaluate succes of antenatal risk selection. (2) When

PARENTS
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Figure1.1 Two-staged model of the various causes, including client factors and care factors, leading
to the occurrence of a Big4 complication and causes eventually leading to fetal and neonatal mortality.
(Bonsel GJ et al, Lijnen in de Perinatale Sterfte, Signalementstudie Zwangerschap en Geboorte 2010)



the quality of midwife-led birth care in different settings is compared, the Big4 represents
an objective estimate of the risk load at birth, suitable as adjustment factor.

Partll. How can Dutch perinatal care be improved, in particular are there
innovative strategies available to improve risk selection and midwife-led
birth care?

Strategies to improve the quality of care can be arranged according to Donabedian’s model. This
model was designed to analyse the quality of care of health care systems and includes three
levels: structure, process and outcome.?>2 Structure refers to prerequisites, such as setting, staff
and equipment. Process describes the professional activities associated with care. Outcome
refers to evaluation of goal achievements. An innovation strategy can affect all three levels of
Donabedian’s model. Strategies to improve the Dutch perinatal care system on the structure
level include: more integral organization of care (shared care), centralization of delivery care,
continuous availability of acute care with senior staffing, introduction of midwife-led birth
settings, connecting the different perinatal phases on an organizational level (‘'ketenzorg’), and
a different dividing of financial funding and insurance. Strategies on the general process level
include: closer co-operation between health care professionals, improving risk selection and
risk management, the introduction orimproved use of (new) diagnostic tools and therapies, the
transition to a more proactive attitude towards pregnancy, the transition of care provisionin a
more patient oriented way. Strategies on the outcome level include the application of specific
interventions in special cases e.g. the specific use of (new) therapies in specific patient groups.

One innovation strategy to improve Dutch perinatal care is the introduction of a new birth
setting, namely a midwife-led birth centre. Its introduced changes at all levels. In our thesis
it served as an important place to implement and evaluate innovations.

The birth centre Sophia, an midwifery care unit adjacent to the hospital, was established
in October 2009.% It was designed to provide an intermediate setting of care between
home and hospital birth for midwife-led birth care for low risk women. It is a separate and
independently functioning unit, of four single birthing rooms, located on the same floor as
the obstetric labour ward (100 meters). The unit is staffed by local community midwives. Low
risk women, as defined by Dutch guidelines, may choose to deliver at the birth centre Sophia
under supervision of their own community midwife.” These midwives, and the maternity

care provider are co-responsible, together with the hospital, for the facility as business unit.

Table 1.1 gives an overview of the innovations that are currently implemented in the birth
centre Sophia. The general strategy of the unit is to provide a safe, homelike environment
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where every woman can give labour and receive postpartum care (while different perinatal
phases are connected). The unit aims to provide risk led care, including assessing the risk
status of each patient at different time intervals and act accordantly using standardised
protocols (improvement of risk led care). Special attention is given to certain ethnic groups
and women with a low social economic background (patient centred care). Protocols, new
interventions and adverse outcomes are continuously monitored by an expert group
consisting of a gynaecologist, midwives, maternity nurses, a public health expert and
administrating staff (integral organization of care, closer co-operation between health care
professionals). It also seeks to develop new interventions to improve midwife-led birth care
(use of new therapies).

In this thesis we elaborate on the assessment of the midwife-led birth centre as a new
birth setting focusing on clinical outcomes and possible use of a new therapy, being the
reintroduction of nitrous oxide as an analgesic option during labour. In addition, we assess
innovation strategies improving risk led care.

Part lll. How can the performance of the Dutch perinatal care be evaluated
on non clinical aspects of quality of care?

In 1948 the World Health Organization (WHO) defined health as‘a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity" It was
recognized that health systems must address the medical needs of individuals, but that it
should also focus on the non clinical aspects affecting their well being.”™

The measurement of non clinical aspects resulted in questionnaires on patient satisfaction.
Patient satisfaction tries to capture patient perceptions of the quality of care and is
thought to be an interaction among patient’s preferences, patient’s expectations, and
patient’s actual experience.?*?” Therefore, difficulties may arise since patient satisfaction
surveys may not capture what actually happens when patients come in contact with the
health care system, since satisfaction is strongly influenced by his/hers expectations and
characteristics.” Accordingly, literature showed that expectations do vary across individuals
and populations, both between and within countries.?*?° Other difficulties include the
type and the components of interaction. Patient satisfaction surveys often capture general
attitudes or satisfaction over longer periods. In addition, patient satisfaction surveys
generally focus upon interactions in medical facilities alone, and often patient satisfaction
surveys generally include both clinical and non clinical components of an interaction, where
the clinical adequacy (the choice of diagnostic or treatment modality) may be impossible
to judge for the client.”™

NOILONAOYLNI i
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Partly for these reasons, focus has moved from patient satisfaction surveys to surveys and
interviews capturing more factually patients actual experiences with the health system.
Responsiveness is one of the available approaches to address actual experiences of the non
clinical aspects of health care, introduced by the World Health Organization (WHO). The WHO
defines responsiveness as the way an individual is treated and the environment in which she
is treated during health system interactions.” It contains non-financial, non clinical qualities
of care (‘domains’) that reflect respect for human dignity and interpersonal aspects of the
care process. The patient preferably reports on his or her own most recent experiences with
the health system, reflecting on specified topics within these domains. The eight domains
distinguished are: Dignity, Autonomy, Confidentiality, Communication, Prompt Attention,
Social Consideration, Quality of Basic Amenities, and Choice and Continuity.

Responsiveness outcomes are already obtained for the whole Dutch health system.*
However, a problem with the available WHO questionnaire is its general scope. Research
and application by health insurance companies has therefore moved in recent years to
more specific surveys with specific fields of interest.?® Sofar responsiveness outcomes are
unavailable for the Dutch perinatal care system, while such data are needed in view of
the challenged quality of the system and the many innovations started. We developed
the ReproQ, focussing on the Dutch perinatal care within the Netherlands. For integral
judgement, the questionnaire covers the different disciplines and settings; it does not
assume fixed combinations of disciplines, settings and client characteristics as the system
changes rapidly in this respect. We tested the newly developed ReproQ for psychometric
properties such as validity and general acceptability (including women with low socio
economic status and a migrant background), As part of that we checked whether all domains
where about equally valued by different subgroups.
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ABSTRACT

Objective To quantify if risk selection in Dutch obstetric care (by midwives) results in a
true low risk population in primary care at the end of pregnancy. This is an essential quality
of care indicator as a distinction is made between primary care for low risk pregnancies by
independently practicing community midwives, and secondary/tertiary care for high risk
pregnancies by obstetricians.

Methods All singleton pregnancies (=22 weeks'gestation, 2000-2007, n=1,407,387) from
The Netherlands Perinatal Registry were selected. We defined high risk pregnancy as the
presence of >1 Big4 morbidities, the main precursors of perinatal mortality: congenital
anomalies, preterm birth, small for gestational age (SGA), or low Apgar score. Referral
patterns of high risk pregnancies were studied during pregnancy and parturition; adequate
risk selection implies no high risk pregnancies in primary care. Additionally, we applied a
diagnostic test framework to study effectiveness of SGA selection (and referral) by defining
true positives (referral of SGA), false positives (referral of non-SGA), false negatives (non-
referral of SGA), and true negatives (non-referral of non-SGA). Sensitivity, specificity, negative
predictive value (NPV), negative likelihood ratio (LR-), and false negative rate (FN) were
determined for eight patient subgroups.

Results 59% of Big4 were referred during pregnancy, 19% during parturition; 22% remained
in primary care. SGA ‘test’ characteristics differed considerably for subgroups (sensitivity
15%-59%, specificity 54%-87%, NPV 89%-97%, LR- 0.69-1.05, FN 3%-11%).

Conclusion Risk selection in Dutch obstetric care does not realise its aim of a true low risk
group in primary care at the end of pregnancy. Methods for improvement are warranted.



INTRODUCTION

In The Netherlands perinatal mortality exceeds the European average.' The unique Dutch
system of obstetric care has been regarded as a potential contributing factor.* This system
is characterised by three risk-based levels of care. Primary care for low risk pregnancies is
provided by independently practicing community midwives and a small percentage of
general practitioners (GPs). Assumed low risk pregnant women can either opt for a home
birth or a short-stay hospital birth under supervision of a community midwife. Secondary/
tertiary care for assumed high risk pregnancies is provided by obstetricians in hospitals.

Currently, approximately 80% of pregnant women start antenatal care in primary care.
Whenever risk factors (for adverse perinatal or maternal outcome) are present before
pregnancy or arise during pregnancy or parturition, women shift from low risk to high risk
and are referred to secondary care or from secondary to tertiary care, also during parturition.
This ongoing risk assessment during pregnancy and during parturition is called risk selection’
In formal terms, the aim of risk selection is to identify and refer high risk pregnancies in order
to obtain a true low risk group of pregnant women (expressed as high negative predictive
value of risk selection) in the primary care setting.>® Thus, risk selection adequacy is an
essential quality of care indicator of the Dutch obstetric care system.

Although the effectiveness of risk selection in Dutch primary obstetric care has been studied,
a nationwide systematic evaluation on the performance of the risk selection process is still
absent.>*¢1 The present nationwide retrospective study quantifies the performance of risk
selection (during pregnancy and during parturition) by community midwives in terms of its
ability to achieve a true low risk population at the end of pregnancy.

METHODS

Data

We selected data from all singleton pregnancies for the period 2000-2007 as registered in
The Netherlands Perinatal Registry, which is subject to Dutch law regulations regarding
confidentiality. In agreement with the World Health Organization (WHO) reporting
guidelines, only pregnancies with a gestational age of =22 weeks were included.”
The registry contains population-based information of >97% of all pregnancies in The
Netherlands.' Source data are collected by 94% of midwives, 99% of gynaecologists and
68% of paediatricians (including 100% of Neonatal Intensive Care Unit paediatricians) as part
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of their routine medical dossier; see website for detailed description www.perinatreg.nl.'®
The board of The Netherlands Perinatal Registry granted permission to use the anonymous
registry data for this study. The Netherlands Perinatal Registry has been extensively
described and used in several recent studies.!>*101315

Assignment of high risk

In Dutch obstetric care a pregnancy is considered a valid high risk, justifying referral, if an
adverse perinatal outcome, adverse maternal outcome or combination of both is present
or is to be expected. Indications for referral are listed in the so called ‘List of Obstetric
Indications’ (in Dutch: Verloskundige Indicatie Lijst).> Community midwives are trained in
the use of the‘List of Obstetric Indications’ to detect (expected) high risks.

Judgment of adequacy of high and low risk assignment

As a retrospective measure to judge whether assumed low risk women truly were low risk,
we used the prevalence of so-called Big4 morbidities as an indicator of risk status (gold
standard).?'® From a detailed analysis of The Netherlands Perinatal Registry we know that
four specific morbidities precede perinatal mortality in 85% of cases, the so-called Big4
morbidities.>”® These are: congenital anomalies (list defined), preterm birth (<37th week
of gestation), small for gestational age (SGA, birthweight <10th percentile for gestational
age’'®) or low Apgar score (<7, 5 minutes after birth). Congenital anomalies are registered
postpartum through a standard coding system with eight different organ systems, and
further distinction into 51 specific and 20 more global categories. By using remnant Big4
morbidity among assumed low risk women as yard stick we focus on undetected risks which
are relevant to perinatal mortality. This focus by definition does not include any unexpected

adverse maternal outcome in low risk women.

Effectiveness of risk selection

The primary outcome in quantifying the effectiveness of risk selection is the Big4 (high risk)
prevalence at the end of pregnancy in primary care. In the theoretical perfect case Big4
morbidity is absent in assumed low risk pregnancies.

From this starting point, we utilise three methods to quantify effectiveness of risk selection:

Method 1. with a flow chart approach describing the proportional shift of women from
primary care to secondary/tertiary care over the course of pregnancy, distinguishing



between two referral moments (during pregnancy and during parturition); risk selection
should preferably take place during pregnancy;

Method 2. by comparing eight, mutually exclusive, patient subgroups in terms of the level
of care at first antenatal booking (primary, secondary/tertiary care) and subsequent referral,
where Big4 prevalence and perinatal mortality are observed in the various subgroups;
preferably, perinatal mortality is only increased in the secondary/tertiary care group with

referral of Big4 pregnancies during parturition being a rare event.

The eight subgroups were defined according to parity (primiparous/multiparous), ethnicity
(Western/non-Western), and living in a deprived neighbourhood (yes/no, based on 4-digit
zip codes and an official public list of 40 deprived zip code based neighbourhoods).”” The
eight groups presumably differ according to Big4 prevalence and care characteristics.

Method 3. by formal analysis of diagnostic performance of selection and referral of one Big4
category, i.e.,, SGA.The theoretical goal is to obtain a SGA-free population in the primary care
setting, which is studied for the same eight patient subgroups as before. If the subgroup
SGA prevalence matches the subgroup variation in test characteristics, then, the selected
patient subgroup factors (parity/ethnicity/neighbourhood) are likely to be responsible for
the between subgroup differences in test characteristics. However, if there is a discrepancy,
other factors may explain the subgroup test characteristics variation factors, e.g., system
related factors.

SGA was chosen as, together with congenital anomalies, it can be detected the easiest in
the antenatal phase. Moreover, there is general consensus on (improving) detection of SGA
because of the inherentincreased risk for adverse outcome’®, and most congenital anomalies
are now detected by routine ultrasound (introduced in 2007) at 20 weeks of gestational age.

Referral categories
To describe the referral process we defined five mutually exclusive categories:

. First antenatal booking in secondary/tertiary care, no referral by definition, birth in
hospital in secondary/tertiary care.

Il. First antenatal booking in primary care, referral during pregnancy, birth in hospital in

secondary/tertiary care;

ll. First antenatal booking in primary care, referral during parturition, birth in hospital in

secondary/tertiary care;
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IV. First antenatal booking in primary care, no referral, home birth in primary care;
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V. First antenatal booking in primary care, no referral, short-stay hospital birth in primary

care.

Diagnostic performance of SGA referral and selection

For the third quantification of effectiveness of risk selection we applied a diagnostic test
framework in which SGA selection (and referral) during pregnancy and during parturition
are treated as a positive ‘test result, whereas the presence of SGA at birth is regarded as
the ‘gold standard’ outcome. The related 2x2 table is illustrated in table 2.1: ‘A’ represents
true positives (referral of SGA), ‘B’ false positives (referral of non-SGA), ‘C’ false negatives
(non-referral of SGA), and ‘D’ true negatives (non-referral of non-SGA).

The following five diagnostic test characteristics were determined applying method 3'%2"

Sensitivity [A/(A+C)], the proportion of SGA cases referred;
Specificity [D/(B+D)], the proportion of non-SGA cases which are not referred;

Negative predictive value (NPV) [D/(C+D)], the proportion of non-referred women
without a SGA baby;

Negative likelihood ratio (LR-), [1-sensitivity/specificity], determines whether a negative
‘test’result, i.e., no referral, decreases the probability of having a SGA baby for women
who are not referred. A negative likelihood ratio ranging from 0 to <1 implies diagnostic
value of the test, a value of 1 represents a test without diagnostic value (‘similar to
flipping a coin’) regarding SGA selection and referral. The lower the LR-, the higher the
diagnostic value, i.e., non-referral being associated with absence of SGA;

SGA false negative rate (FN) [1-NPV], i.e., the proportion of non-referred women with

a SGA baby (false negative).

Table2.1 Main 2x2 table with actual referral to secondary/tertiary
care treated as a positive ‘test result’and the presence of SGA (small
for gestational age) at birth treated as the‘gold standard’ outcome

SGA present at birth

Yes No
Yes A B
Referral
No C D

A:True positive / B: False positive / C: False negative / D: True negative.



The NPV, LR- and FN can be considered the most important test characteristics. These
characteristics pertain to the least desirable situation, i.e., a woman with a high risk (e.g.,
SGA) pregnancy giving birth in primary care which is only intended for low risk pregnancies.

RESULTS

Process of risk selection

Atotal of 1,407,387 single pregnancies were analysed. Figure 2.1 displays the selection and
referral of Big4 pregnancies by referral category in a flowchart; 15% of all pregnancies are
Big4 pregnancies.The dark grey area represents the Big4 proportion in primary care (above
the dashed line) and in secondary/tertiary care (below the dashed line). The dark grey area
above the dashed line diminishes in width if Big4 pregnancies are referred from primary
care to secondary/tertiary care during pregnancy or during parturition. Over the course of
pregnancy, the proportion of Big4 pregnancies in primary care decreases from 14% at first
antenatal booking to 6% in women giving birth at home and to 9% among women with a
short-stay hospital delivery under the supervision of a community midwife.

Table 2.2 displays demographics and outcomes in the overall study population by the referral
categories. Most women are multiparous (54%), between the ages of 20-35 years (84%),
of Western origin (84%) and living in a non-deprived neighbourhood (94%). The largest
referral group is the group of women referred during pregnancy (group Il, n=466,415). In
the group referred during parturition (group lll), 70% of women are primiparous compared
to 48% of women referred during pregnancy (group ). Group IV has the lowest risks, the

group with the highest risk is group I.

Method 2: Big4 and perinatal mortality prevalence by patient subgroup
and referral category

Table 2.3 shows the Big4 and perinatal mortality (overall 9.8 per 1,000) prevalence for the
different subgroups in the five referral categories. Late Big4 referral, i.e., Big4 prevalence in
women referred during parturition is not rare with a range of 14-19%; perinatal mortality,
however, is relatively low ranging from 3.5 to 8.3 per 1,000 births.

Overall, there are large differences in perinatal mortality and Big4 prevalence between
subgroups and referral categories: in all referral categories, primiparous women have
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higher Big4 prevalences compared to multiparous women (range 8-30% versus 5-27% for
multiparous women). Perinatal mortality, however, is lower in primiparous women referred
during parturition compared to multiparous women (3.5-5.5 vs. 6.2-8.3 per 1,000 births,
respectively). In almost all subgroups and referral categories, non-Western women have
higher Big4 and perinatal mortality prevalences; outcome differences between living in a
non-deprived versus living in a deprived neighbourhood are smaller.

Method 3: SGA selection during pregnancy

Table 2.4 shows the SGA prevalence before and after selection (and subsequent referral),
and diagnostic test characteristics for SGA selection and referral during pregnancy and during
parturition. Of all women exposed to the selection and referral process during pregnancy
(referral categories Il to V), non-Western primiparous women in deprived neighbourhoods
have the highest SGA prevalence (13%). For all subgroups, SGA prevalence is lower after
selection compared to before. Sensitivity and specificity of SGA selection during pregnancy
ranges from 49% to 59% and from 58% to 63% respectively. The range of NPV is 89-97%.
The negative likelihood ratio (LR-) ranges from 0.69 to 0.85, indicating that that the SGA
prevalence decreases (after the selection / ‘test’) in the group of women who are not referred
during pregnancy. However, the values are close to 1 (which would imply a test without
diagnostic value) which implies a modest discriminating value. The FN ranges from 3-11%
depicting the percentage of non-referred women having SGA babies.

Method 3: SGA selection during parturition

Of all women exposed to the selection and referral process during parturition (referral
categories Il to V) primiparous non-Western women have the highest SGA prevalence
(11%). For all subgroups, there is no difference in SGA prevalence before and after selection.
Sensitivity and specificity of SGA selection during parturition range from 15% to 45% and
from 54% to 87%, respectively. For primiparous women the sensitivity is higher than for
multiparous women. Specificity, on the other hand, is higher for multiparous women than
for primiparous women. The NPV is similar to that for the SGA selection process during
pregnancy 89-97%. The LR- ranges from 0.97 to 1.05 implying no diagnostic value of risk
selection for SGA during parturition. The FN ranges from 3-11%.
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DISCUSSION

Principal findings

To our knowledge, this is the largest study on the effectiveness of risk selection in Dutch
primary obstetric care. The main focus was to examine whether risk selection realises its
aim of a true low risk group of pregnant women by identifying and referring high risk
pregnancies. Even though many Big4 pregnancies are referred, our results demonstrate that
a true low risk population is never attained, with a Big4 prevalence of up to 15% in primary
care (table 2.3), intended for low risk pregnancies only. Also, Big4 prevalence among late
referrals (during parturition) was still substantial, ranging from 14% to 19%.

We further observed a suboptimal discrimination of SGA and non-SGA pregnancies (low
sensitivity, LR- close to 1 in all subgroups) with a SGA prevalence of 3% to 11% still being

born in primary care.

Moreover, we observed a discrepancy in the subgroup SGA prevalence and the subgroup
variation in SGA selection test characteristics (table 2.4). This implies other factors to be
responsible for the suboptimal test characteristics instead of the selected patient factors,
e.g., system related factors. One may think of differences in availability of SGA screening
methods.

Home birth versus short-stay hospital birth

In primary care, short-stay hospital births showed higher Big4 prevalence compared to
home births (9% vs. 6%). This may reflect an unintentional selection process by either the
midwife or self-selection by pregnant women, i.e., more healthy women appear to opt for
home birth. This has also been observed in other studies.??

Preventability

From our results, the question arises whether the birth of a Big4 baby in a primary rather
than secondary care setting is a preventable situation. As stated, congenital anomalies
and SGA are better predictable than (spontaneous) preterm birth and a low Apgar score.
In accepting that a NPV of 100% is not attainable, we actually state that Big4 deliveries in
a primary care are to some extent inevitable in a system with different risk-based settings.



The subsequent question then refers to the observed ‘setting safety’ of a primary care
setting. Both general consensus and the’List of Obstetric Interventions’agree that a neonate
with a Big4 morbidity is better off in a hospital setting under the care of an obstetrician/
paediatrician.” The benefit of this so-called ‘setting safety’ may be related to availability of
neonatological expertise, continuous fetal heart rate monitoring or advanced resuscitation

equipment.*1°

As we showed less optimal SGA selection, and more referrals during parturition for
primiparous women, we believe that all primiparous women should deliver in a hospital
environment, either under supervision of a midwife (birth centre) or an obstetrician. This
also follows from unequivocal evidence from previous studies*?, where others generally
waive the primary care option.?*

Strengths and limitations

The strengths of the current study include the nationwide approach and high coverage of
pregnancies in The Netherlands Perinatal Registry over a long period of time. In addition,
the use of Big4 morbidities, as the major precursors of perinatal mortality, allows for an
easy-to-comprehend proxy measure of high risk pregnancy. 2'* Also, the application of a
diagnostic test framework allows the results to be interpreted objectively in a standardised
way; comparisons with other diagnostic test studies can be easily made. Another strength
pertains to the use of subgroups. It is interesting at the very least to see a discrepancy
between the level of subgroup differences for SGA prevalence compared to the smaller
subgroup differences in test characteristics.

This study also has limitations. Firstly, it is not possible to determine the exact indication for
why women were referred because of the retrospective nature of The Netherlands Perinatal
Registry. For our study objective, the effect of this limitation is limited as we focused on high
risk births taking place in primary care, which is intended for low risk births. Our estimate
of prevalence of high risk births in primary care is conservative as it is likely to be higher,
providing it would have been possible to take into account all referral indications. Another
possible limitation is that with the Big4 approach, maternal and other non-Big4 related
risks are disregarded. This problem also appears to be limited as the majority of referral
indications according to the‘List of Obstetric Interventions’ pertain to fetal/neonatal risks
alone? Finally, the impact of routine ultrasound examination at 20 weeks of gestational age
(introduced in 2007) on congenital abnormality rates and perinatal mortality rates due to
second trimester abortions cannot be evaluated in our 2000-2007 dataset.
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Previous studies on risk selection in the Dutch system

Our findings contradict most previous studies on the effectiveness of risk selection in
Dutch primary obstetric care, stating that risk selection is effective.®® In contrast with our
study, these studies took into account maternal morbidity and obstetric interventions
(e.g., caesarean section). However, these studies have been conducted some time ago, are
restricted to smaller study groups, specific regions or did not evaluate the risk selection
process systematically.5® Another limitation of previous studies is that they defined the
effectiveness of risk selection not only as prevention of adverse perinatal outcomes
but also as prevention of obstetric interventions such as a caesarean section.”” While
we recognise that the assessment of risk selection must be weighed against the risk of
possibly unnecessary obstetric interventions, the primary goal of adequate risk selection
and subsequent referral is to prevent adverse perinatal and/or maternal outcomes, the
prevention of (unnecessary) obstetric interventions being an important secondary goal.**

Several reports have expressed concern on the effectiveness of risk selection in Dutch
primary obstetric care.2*'° A recent Dutch study revealed that in 43% of Neonatal Intensive
Care Unit (NICU) admissions the pregnancy had been indicated as low risk, and thus
parturition had started in primary obstetric care.'® Furthermore, infants of pregnant women
at supposedly low risk whose labor started in primary care had a significantly higher delivery
related perinatal mortality risk than the infants of assumed high risk women whose labor
started in secondary care (relative risk 2.33, confidence interval 1.12-4.83).* Infants of women
who were referred during parturition had a 3.66 times higher risk of delivery related perinatal
mortality than infants of women who started labor in secondary care, and a 2.5-fold higher
risk of NICU admission.* These studies emphasise that the level of healthcare provision
could be improved for a proportion of supposedly low risk pregnant women at the onset
of labor. Whether the delay in referral is related to late diagnosis (no continuous fetal heart
rate monitoring during parturition in primary care), transport to hospital or assessment
(‘primary care is supposedly low risk’), is yet unclear.*'°

Possible implications

Our results demonstrate that the aim of risk selection in Dutch primary obstetric care
is suboptimally attained. We propose some directions of improvement. As stated in the
‘List of Obstetric Interventions, risk selection is currently exclusively done by primary
care community midwives. Possible improvements could be the increase of midwives’

competence and capabilities, or introduction of a checklist-based standardised risk



selection strategy at first antenatal booking. However, we believe that the required pace
of change is more likely to be achieved through a combination of the latter with ‘shared
care”: better cooperation between midwives and obstetricians who are jointly responsible
for the determination of a woman’s risk status, thereby joining their expertise which is either
physiology-based (midwives) or pathology-based (obstetricians).®® Shared obstetric care
has already been implemented in some form in other Western countries such as Australia
and the United Kingdom.*?3' One study demonstrated a 27% increase in the detection rate
of intrauterine growth restriction for women receiving shared obstetric care as opposed to
conventional obstetric care.> For more generalisable results however, a study to evaluate
different shared care strategies has to be conducted in The Netherlands because of the
unique system of obstetric care. We believe that our recommendation for shared care also
applies to countries which are considering or already have an obstetric care system with
features similar to the Dutch system, such as Canada.®*3¢
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ABSTRACT

Objective The purpose of our study was to compare the intrapartum and early neonatal
mortality rate of planned home birth vs. planned hospital birth in community midwife-led
deliveries, after case mix adjustment.

Methods Perinatal outcome of 679,952 low-risk women was obtained from the Dutch
Perinatal Registry (2000-2007). This group represents all women who had a choice between
home and hospital birth. Two different analyses were performed; natural prospective
approach (intention-to-treat like analysis) and perfect guideline approach (per-protocol like
analysis). Unadjusted and adjusted odds ratios were calculated. Case mix was based on the
presence of at least one of the following: congenital abnormalities, small for gestational age,
preterm birth, or low Apgar score. We also investigated the potential risk role of intended
place of birth. The technique used was multivariable stepwise logistic regression.

Results Intrapartum and neonatal death 0-7 days was observed in 0.15% of planned
home vs. 0.18% in planned hospital births (crude RR 0.80 95%C| 0.71-0.91). After case mix
adjustment, the relation is reversed, showing non-significant increased mortality risk of
home birth (OR 1.05 95%Cl 0.91-1.21). In certain subgroups additional mortality may arise
at home if risk conditions emerge at birth (up to 20% increase).

Conclusion Home birth, under routine conditions, is generally not associated with
increased intrapartum and early neonatal death, yet in subgroups additional risk cannot
be excluded.



INTRODUCTION

The debate on the safety of home births continues in the literature as recently addressed
in the Lancet.! In the Netherlands, approximately 50% of women give birth under the
supervision of a community midwife. The community midwives are independent health
care professionals in the Netherlands, operating either solely or in group practices. The
proportion of home birth deliveries in the Netherlands has steadily decreased over the
last decade but is currently stable at 25% of all births. Several Anglo-Saxon countries are
considering the reintroduction of home births, based on recent claims of sufficient safety.?
The reverse trend is observed in the Netherlands, where the debate has intensified since
the national perinatal mortality rate showed to be one of the highest in Europe.?

In the Dutch system, independently operating community midwives provide care for low-
and medium-risk pregnant women (primary healthcare). High-risk pregnant women are
referred to the gynaecologist for remaining ante- and intrapartum care. If no or only a few
risk factors are present, women can stay with the midwife and decide where the delivery
will take place: at home or in the hospital, both supervised by the community midwife.
For pregnant women with so called ‘medium-risk’ delivery in hospital is obligatory but can
still be under the supervision of the community midwife. A strict definition of medium
risk, created and agreed upon by midwives and gynaecologists together, is defined in the
Dutch guidelines.* The claimed benefits of planned home births include the reduction of
maternal-fetal morbidity, a lower risk for unjustified medical interventions, and psychosocial
advantages for the mother. These benefits may be counterbalanced by the disadvantages
associated with a high intrapartum referral rate and an increased perinatal mortality,
morbidity and long term negative effects.>"

This paper re-addresses the Dutch evidence focusing on two critical features of previous
analyses. First, previous studies compared outcomes after exclusion of pregnant women
whoin view of the delivery guidelines should have been referred to a gynaecologist. Second,
previous studies did not apply case mix analysis, assuming risk equivalence of home and
hospital groups.>®'%'® Case mix may, however, differ across planned place of delivery, due
to self selection or due to the midwife’s proposal, with the healthiest and most affluent
women receiving home birth (confounding the comparison by indication bias).> 711921

The purpose of our study was to compare the intrapartum and early neonatal mortality
rate of planned home birth vs. planned hospital birth in community midwife-led deliveries,
after case mix adjustment. We compared a natural prospective approach without ex post
exclusion of unsuitable midwife cases (intention-to-treat like), with the conventional
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approach based on a theoretical midwife population under perfect guideline adherence
(per-protocol like). We hypothesised that while in general no difference may exist between
home and hospital outcomes, for specific risk groups the hospital setting is protective as
obstetrical and neonatal expertise and clinical facilities are directly available (so-called
“setting safety”).

METHODS

Data

The Netherlands Perinatal Registry (PRN) contains population-based information of 96%
of all pregnancies in The Netherlands. Source data are collected by 95% of midwives,
99% of gynaecologists and 68% of paediatricians (including 100% of Neonatal Intensive
Care Unit paediatricians).>?? (See website for detailed description: www.perinatreg.nl). We
selected the records of all singleton pregnant women, under supervision of a community
midwife at the onset of labour between 2000-2007 (693,592 women). The onset of labour
was defined as spontaneous contractions or the spontaneous rupture of membranes by
the PRN. Two subsets of pregnant women were further excluded from the original set of
693,592 women. First, 13,384 women with so called‘medium risk; for example women with
a history of postpartum haemorrhage or obesity (BMI>30). Dutch guidelines prescribe a
hospital delivery for these women which may be supervised by the community midwife.
Secondly we excluded records were the data was incomplete (n=256).

The remaining women (n=679,952) were categorised according to intended place of birth,
which usually is concordant with the observed place of birth either home or hospital. For
some women the place was not decided until the onset of labour. This could be due to
indifference on the part of the woman; or delayed antepartum care. The intended place
was then coded ‘unknown'’ This yielded 3 intention groups: home, hospital, and, unknown.

Outcome measures, maternal and neonatal risk factors

Outcome was defined as intrapartum and early neonatal mortality , i.e. (I) intrapartum
death, (Il) neonatal death up to 24 hrs, and (lll) neonatal death up from 1 day to 7 days post
partum. In our low risk group under midwife supervision, mortality beyond 8 days is rare,
and regarded to be unrelated to place of delivery. The PRN does not include long term child
outcomes for example psychomotor development and behavioural function.



Maternal risk factors were parity (nulliparous vs. multiparous), age, ethnicity (Western/non-
Western; based on a more refined classification in the registry), and living in a deprived
neighbourhood (yes/no, based on 4-digit zip-codes and a public list of deprived, zip-code
based, neighbourhoods issued by the Dutch government).

Detailed risk information is unavailable in national registries. Case mix of any defined
group of women was primarily represented by the prevalence (single or combined) of
Big4 conditions (see below). From detailed analysis of the complete perinatal dataset of
the same Netherlands Perinatal Registry (PRN), years 2000-2007, (1.25 million records)*, it
appeared that the presence of any of 4 conditions preceded perinatal mortality in 85% of
cases. These conditions were defined as; congenital abnormalities (list defined), small for
gestational age (SGA, birth weight below the 10th percentile for gestational age, gender and
parity specific), preterm birth (< 37th week of gestation) or low Apgar score (< 7, measured
5 minutes after birth). We will continue to refer to these 4 conditions as the Big4. The main
results of this detailed analysis are found in figure 3.1.

In our current analysis these so called Big4 represent an objective estimate of the risk
challenge at birth. The preventability of their occurrence, either antenatally or during
delivery, is not at issue. Here we intentionally use it as a risk indicator, an explanatory
factor at onset. By doing so, we ignore differential management effects of setting on the
emergence of these Big4, in particular low Apgar, should they exist.

Data analysis

As primary analysis we present the results of the natural prospective approach (NPA), resem-
bling an intention-to-treat analysis. For comparison we added a perfect guideline approach
(PGA), resembling a per-protocol analysis. The NPA approach establishes, within observational
constraints, the intrapartum and early neonatal death of planned home versus planned hospital
births. It stems from the viewpoint of a pregnant woman starting birth under supervision of
a midwife (the denominator is n=679,952). The natural approach thus includes spontaneous
preterm labour since to some extent this group was not referred to the gynaecologist during
labour or was referred late during (home) delivery. Therefore a direct setting effect (admission
to hospital at the onset of labour) may be visible to the advantage of the hospital. Furthermore
indirect setting effects may be present, for example the timing of referral.

PGA includes the subset of women within the NPA population, who in retrospect were
compliant with the guidelines which define low risk at the onset of labour and therefore
allowed to choose between a home or hospital birth under supervision of a midwife.
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Figure 3.1 Perinatogram illustrating in a Venn diagram the relationship between (combinations
of) Big 4 morbidities and perinatal mortality defined as death from 22 weeks of gestational age
until 7 days postpartum. In 85% of all cases of perinatal mortality, one or more Big4 morbidities are
present; for instance, a low Apgar score combined with preterm birth occurs in 30.3% of all cases
of perinatal mortality. *Prevalence per 1,000 births of separate and combined Big 4 morbidities and
their contribution to all cases of perinatal mortality (‘percentage); this adds up to 85% of all cases of
perinatal mortality. The dashed circles connect low Apgar score with preterm birth and congenital
abnormality with intrauterine growth restriction.

Non-compliance exists if a high risk condition was already detectable at the onset of labour.
These conditions applied to women with a gestational age <37 or >41 weeks, prolonged
rupture of membranes (>24hr) and intrauterine death with unclear timing relative to onset
of labour (see figure 3.2). PGA (n=602,331) still included undetected SGA and congenital
malformations that emerge at birth, as detection failure cannot be regarded as non-
compliance from the viewpoint of current guidelines.

First we compared characteristics of the NPA and PGA populations by intended place of
birth (t-tests for comparisons). Then we investigated the potential risk role of intended place



of birth by a set of predefined nested multivariable logistic regression models (stepwise
analysis; inclusion p<0.05; exclusion p>0.10) where we added maternal and neonatal (case
mix) explanatory variables. For these variables, hospital birth was set as the reference.
All stepwise analyses were repeated with a forward and backward approach, and finally
forced inclusion of predictive variables (p<0.05). Risk factor coefficients were only shown

Pregnant women under
supervision of the mid-
wife at the start of
labor with a singleton
pregnancy, 2000-2007
N=693,592

Y

Y

Low-risk women under
supervision of the mid-
wife at the start of
labor for the natural
propective approach
n=679,952

Women excluded: n=13,640
Medium risk: 13,384
Missing values: 256

{

Y

!

Planned home birth
(natural prospective
approach)
n=402,912; 59.3%

Planned hospital birth
(natural prospective
approach)
n=219,105; 32.2%

Planned place unknown
(natural prospective
approach)
n=57,935; 8.5%

Y

Low-risk women under
supervision of the mid-
wife at the start of
labor for the perfect
guideline approach
n=602,331

Women excluded: n=77,621
Intrauterline death: 651
Gestational age less than
37 weeks: 30,153

Prolonged ruptured membranes:

27,539
Gestational age more than
41 weeks: 9,199
Missing values: 10,079

'

Y

!

Planned home birth
(perfect guideline
approach)
n=363,568; 60.4%

Planned hospital birth
(perfect guideline
approach)
n=190,098; 31.6%

Planned place unknown
(perfect guideline
approach)
n=48,665; 8.1%

Figure 3.2 Flow of women through the study.
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in case of significance p<0.05. Results across the three approaches were similar unless
stated otherwise.

We graphically described the crude mortality of the planned home and planned hospital
population, for the series of populations which result from successive exclusion of women
meeting a criterion for non-compliance (figure 3.3; dotted lines). This successive exclusion
through non-compliance criteria gradually transforms the NPA population into the PGA
population. If the mortality rate of a non-compliance group is average, home and hospital
mortality rates do not change on its exclusion. If the rates decrease at a different gradient
(e.g. hospital steeper than home, as after exclusion of pregnancy duration < 36 weeks) this
may point to either differential prevalence of the non-compliance factor (as here), or to
differential case fatality by setting where the largest mortality decrease is observed in the
setting with the highest case fatality (interpretable as lowest setting safety).

To support this interpretation, we first divided the crude mortality of the home and hospital
group by the respective prevalence of Big4 conditions to obtain case mix adjustment. This
assumes Big4 prevalence to be a suitable risk indicator at the group level. Subsequent
division of the resulting home/Big4 mortality ratio by the hospital/Big4 mortality yields
an index (Big4 adjusted homebirth mortality index; figure 3.3; black line). If this index is
100%, then relative mortality in home births and hospital births is equal. If the index is for
example 120%, then home births have 20% excess mortality taking our case mix differences
into account. Combining crude mortality changes with index changes allows for tentative
interpretation of setting effects.

RESULTS

Table 3.1 describes the baseline characteristics of both the NPA and PGA populations
(n=679,952 vs. 602,331).

In both the NPA and PGA populations about 60% of women planned a home delivery and
about 32% planned a hospital delivery. Compared to women who planned birth in the
hospital or with unknown location, the women with planned home birth were more likely to
be multiparous, 25 years or older, of Dutch origin and to live in a privileged neighbourhood
(all of which are favourable conditions). In home birth women, neonatal case mix compared
also favourably. Premature delivery was less common, as was the prevalence of a Big4
condition (NPA home birth 8.7% vs. hospital 10.8% vs. unknown 10.5%; PGA home birth
6.5% vs. hospital 8.2% vs. unknown 7.5%; p<0.001 in both cases).



Intrapartum and early neonatal mortality was 1099/679,952=1.62 %o in the NPA women and
551/602,331=0.91%0 in PGA women. Mortality was lower in women who were multiparous,
between 24-34 year, of Dutch origin, or living in a privileged neighbourhood (both NPA and
PGA), see table 3.1. Within the group with intrapartum and early neonatal mortality, Big4
conditions were found in 792 of the 1099 deaths (72.1%) in the NPA women, compared to
290 out of 551 deaths (52.6%) in the PGA group.

In the NPA population, crude mortality risk was significantly lower for women who planned
to give birth at home (RR 0.80 95%C1 0.71-0.91) and for women with unknown intention (RR
0.96 95%C1 0.77-1.19) compared to those who intended to give birth in hospital (P<0.05) (see
table 3.2). All maternal and neonatal risk factors, except living in a deprived neighbourhood,
showed significant effect sizes in agreement with the expected direction. Mortality was
significantly increased in infants with a Big4 outcome, especially in infants with multiple
Big4 conditions (RR 168.9 95%Cl 148.9-191.4).

The nested multivariable logistic regression analysis showed that in the presence of
adjusting maternal factors only (model 2), the intended place of birth had no significant
impact on outcome. The maternal factors showed risks similar to the univariable (crude)
analysis. The addition of Big4 case mix adjustment (model 3) showed the intended place of
birth to be a significant co-variable, yet the contrast of planned home birth (OR 1.05 95%ClI
0.91-1.21) vs. hospital birth (reference=1) turned out to be non-significant. The effect of
maternal risk factors was affected to a limited degree by the introduction of Big4 case mix.

We repeated the analysis for the PGA population (table 3.3). The results of the crude analysis
were close to the NPA analysis. However, the effect of ethnic background was considerably
stronger in the PGA population. In all analyses the intended place of birth showed a
consistent significantimpact on intrapartum and early neonatal mortality, yet the contrast
between home and hospital birth never reached statistical difference. After Big4 case mix
adjustment home birth showed a non-significant increased risk (OR 1.11 95%Cl 0.93-1.34).

Figure 3.3 describes the crude mortality risk (left Y-axis) and the Big4 adjusted home birth
mortality index (right Y-axis), where each dot represents the mortality risk results after the
group listed on the X-axis has been excluded from the population.

The crude mortality (dotted lines) initially shows a difference in favour of home delivery
(home: 0.18% vs. hospital: 0.22%), which converges towards a much lower average level if
premature births are excluded. Further exclusions lower the crude mortality rate, leaving
the small difference almost unaffected. The mortality index (black line) shows a distinct
change from an initial level of about 100% towards about 120% after exclusion of the
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Figure 3.3 Big 4 adjusted mortality index of home birth (hospital based birth under midwife
supervision=100%).

pregnancy duration <36 weeks. Combined with the similar crude mortality rates of home
and hospital delivery from then onwards, this suggests setting safety for the risk groups
still included i.e. all groups right to the exclusion label ‘pregnancy duration <36 weeks.
For example after exclusion of pregnancy duration > 41 weeks (PGA group), the adjusted
mortality index is 120%, which is slightly larger than the non significant regression result
of 111% (table 3.3).

DISCUSSION

Planned home birth within the Dutch maternity care system has a lower crude mortality
rate compared to a community midwife led planned hospital birth. However, after case
mix adjustment, the relation is reversed, showing a non-significant increased perinatal
mortality rate of home birth. Excess setting dependent mortality may arise at home if
risk conditions are present or emerge at birth, yet remnant confounding by indication
effect (Big4 conditions are more prevalent in hospital) and low mortality prevalence limits
statistical proof. Authors favouring a comparison of settings among ‘suitable’ home births
only (PGA), usually exclude risk conditions with a potential setting effect. This mechanism
may explain the apparently contradictory results from previous studies.'>7101517.18



A strength of this study was the size of the study population, which reflects the complete
Dutch experience from 2000-2007. The amount of missing explanatory data is negligible,
mortality data have been shown to be complete. No annual trends are observed in the
relations shown, except for a minimal gradual decrease in total perinatal mortality.?

Our case mix adjustment proved to be essential. The assumption of comparability across
home vs. hospital populations appeared not to be justifiable judging from the unequal
prevalence of Big4 conditions. These primarily have their origin in early negative fetal
conditions and disadvantaged genetic background of the parents. Only in the case of low
Apgar, one may argue that the midwifery management during labour might influence it’s
occurrence, while a management role in SGA, spontaneous prematurity, and congenital
anomalies at that stage is unlikely. We decided to include low Apgar cases assuming the
role of management to be small compared to the disadvantage of the home setting once
a child with persistent low Apgar is born. Thus, our point of departure starts from the risk
challenge represented by Big4 at the onset of labour, and investigates whether setting
matters in terms of prognosis. The mechanisms underlying the apparent favourable
selection for home birth are still to be elucidated. Self selection by the pregnant women
can coincide with implicit or explicit selection by the midwife who may tend to ‘refer’ to
hospital if she feels uncomfortable with the risk level at home. The difference in the ratio
home:hospital community midwifery led deliveries among the four largest Dutch cities
suggests the presence of substantial professional and setting effects. In Amsterdam and
Utrecht the ratio is 2:1, and in Rotterdam and the Hague it is 1:2.

Several study limitations merit discussion. While an improvement compared to previous
studies, our case mix control is still incomplete because Big4 is unrelated to 15% of deaths.
In the PGA population this proportion is even 48%. Thus we cannot rule out remnant
confounding by indication as little is known on the factors underlying choice of setting.

RCT would be the superior design to address our research question. However when home
birth was part of a trial, participation hampered? and introduced selective participation
which limited generalisability. Moreover if following one’s choice impacts outcome,
estimates of setting effects are also biased.?*? Despite their shortcomings, in particular
when considering the difficulty to overcome the confounding by indication phenomenon,
observational studies as ours are therefore invaluable. A comparison with a 100%
gynaecologist hospital-based system is not included. The data from an otherwise very
similar country as Flanders?” suggest that more favourable results may be expected in low
risk women in general from a hospital-based system. In Flanders perinatal mortality is about
33% less than in the Netherlands, while the caesarean section rates show little difference.
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This study primarily focuses upon the disadvantages and neglects the claimed benefits
when comparing planned home versus planned hospital births. However studies accessing
mother’s opinion show that preventing these disadvantages easily outweighs the claimed
benefits.?®

Our results appear compatible with most other reports even though previous studies show
conflicting results. Planned home births attended by registered professional attendants are
not associated with an increased risk of adverse perinatal outcomes in cohort studies in
North America’'?, the United Kingdom'4, Europe >'"'>7, Australia® and New Zealand*. In
contrast, other cohort studies have shown a higher risk of perinatal mortality in planned
home births compared to planned hospital births.!%13161830 A]| studies are limited by
voluntary submission of data”®'""'4173132 non representative sampling®'3, lack of appropriate
comparison groups’'#'>%, or insufficient statistical power>'72%32, A critical factor, as our
study shows, is the in retrospect exclusion of unplanned and unsuitable home births from
analysis."®

Our results partly agree with those of Kennare at al.3** who found higher standardised
perinatal mortality ratios among planned home deliveries after limited adjustment (birth
weight, gestational age). Our results also partly agree with the meta-analysis by Wax et al.:
differences in the prevalence of SGA, premature births and congenital anomalies seem
equally presentin planned home vs. hospital births. They reported a twofold higher neonatal
mortality rate but no increase in perinatal mortality. These results are in agreement with
figure 3.3 where the fetal death subgroup does not benefit from setting safety. It should be
noted that the study of Wax et al. received methodological criticisms®*=¢ most notably the
inclusion of the study of Pang and the exclusion of the study of De Jonge. Our conclusions
apparently contradict those of De Jonge et al. who concluded equal intrapartum and
early neonatal outcome of planned home birth vs. hospital birth in apparently the same
population.’” However, the point of departure is not the same. Of our two comparisons of
home delivery vs. hospital delivery, one parallels the approach of De Jonge. Our principal
approach (NPA) compares neonatal mortality in the actual populations delivering at home
vs. hospital, while the approach of De Jonge compares neonatal mortality in a hypothetical
group resembling our PGA population. Our adjustment procedure however goes further
than the maternal factor adjustment of De Jonge.®

From our study we conclude that planned home birth, under routine conditions, is not
associated with a higher intrapartum and early neonatal mortality rate. However in
subgroups additional risk cannot be excluded.
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ABSTRACT

Objectives To compare the intervention rate and the intervention specific mortality rates
of planned home birth versus hospital birth in community midwife-led deliveries.

Methods The perinatal intervention and mortality rates of 679,952 low-risk women, all
offered choice between home and hospital birth, were obtained from the Dutch Perinatal
Registry (2000-2007). An intention-to-treat like analysis was performed. Unadjusted and
adjusted odds ratios were calculated. Adjustment included maternal, child and health care
factors. Child factors (case mix) were based on the presence of at least one of the following
risk factors: congenital abnormalities, small for gestational age, preterm birth, or low Apgar
score. Moreover, the intervention specific mortality rates by intended place of birth were
calculated. The techniques used were nested multiple stepwise logistic regression and
stratified analysis.

Results The intervention rate was lower in planned home birth compared to planned
hospital births (10.9% 95%CI 10.8-11.0 vs. 13.8% 95% Cl 13.6-13.9). Intended place of birth
had significantimpact on the likelihood to intervene when adjusted for maternal, neonatal
(case mix) and health care related factors (planned home birth (OR 0.77 95% Cl. 0.75-0.78)
versus hospital birth).

The mortality rate was lower in planned home births versus planned hospital births
(0.15% vs. 0.18%). When adjusting for maternal, neonatal case mix and health care related
factors, the intended place of birth as well as the interaction term with intervention had
no significant impact on mortality (p > 0.05).

Stratified analysis showed rather similar intervention rates for nulliparous women and
universally lower intervention rates for multiparous women planning their delivery at home.
For obvious risk groups, e.g. small for gestational age or preterm birth, some disadvantage
may exist of lower intervention rates within the planned hospital group.

Conclusion The impact of home birth setting on intervention and perinatal mortality
rates differs by sub-risk group. Multiparous women show universally lower intervention
rates in planned home births (60%), where in the lowest risk group the presence of under-
or overtreatment is difficult to interpret. In primiparous women, the intervention rate is
rather similar between home and hospital births. A mortality disadvantage of the setting
was observed both within primiparous and multiparous women in the emerging increased

risk in a presumed low risk population.



INTRODUCTION

The challenge of obstetric care is to optimize maternal and neonatal health outcomes
and the mother’s experience of childbirth with the least possible interventions in
the normal process.! This challenge has led to a widely debate in recent years about
relative benefits and risks of birth in different settings and the associated risk of medical
interventions.”®

In the Netherlands, approximately 50% of pregnant women start birth in primary care under
the supervision of a community midwife. Community midwives are independent health care
professionals working either solely or in group practices® who provide care for low risk and
medium risk pregnant women according to Dutch guidelines.” Pregnant women with so
called‘medium risk’ must give childbirth in the hospital, yet supervised by the community
midwife only. Low risk women, on the other hand, can stay with the community midwife
and choose the place where to deliver: at home or in the hospital, both supervised by the
community midwife only.

The debate on different birth settings in the Netherland has intensified since the national
perinatal mortality rate showed to be one of the highest in Europe.” While the proportion
of home birth deliveries in the Netherlands has steadily decreased to 21% of all births'?,
several Anglo-Saxon countries consider the reintroduction of home births. This is based
on recent claims of equal safety at lower intervention rates compared to hospital births
where overtreatment might be present'®, the claimed reduction of maternal-fetal
morbidity and claimed psychosocial advantages for the mother.>*58 These benefits may
be counterbalanced by the disadvantages associated with delayed treatment or even
undertreatment in planned home births leading to an increased risk of perinatal mortality,
morbidity and long term adverse effects.''

Conclusions from previous studies on these claimed benefits and disadvantages can
be challenged due to the observational study design; lack of valid case mix adjustment
especially when comparing home versus hospital delivery??; selective exclusion ex post
of women who according to the delivery guidelines should have been referred to the
gynaecologist before the onset of labour.>%; and failure to calculate intervention specific
mortality rates (case fatality analysis).>¢ These conclusions may therefore have been subject
to incomparable groups with the healthiest women opting for a home birth, which may
lead to a different tendency to intervene.
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The purpose of present study is to compare the intervention rate and the intervention
specific mortality rates of home birth versus hospital birth in community midwife-led
low-risk deliveries, applying case mix adjustment in an intention-to-treat like approach.

METHODS

Data

The Netherlands Perinatal Registry (PRN) contains population-based information of 96% of
all pregnancies in The Netherlands. Source data are collected by 95% of midwives, 99% of
gynecologists and 68% of paediatricians (including 100% of Neonatal Intensive Care Unit
paediatricians).''® (See www.perinatreg.nl for details.)

Included were the records of all singleton pregnant women (693,592 women) who at
the onset of labour were supervised by community midwives between 2000-2007. The
onset of labour in the PRN is defined as spontaneous contractions or spontaneous rupture
of membranes. Excluded were 13,384 women with so called ‘medium risk; e.g. women
with a history of postpartum hemorrhage or obesity (BMI > 30) since Dutch guidelines
prescribe a hospital delivery for these women. Secondly, we excluded 256 incomplete
data records.

The remaining 679,952 women were categorized according to intended place of birth
(home/hospital) which usually is concordant with the actual place of birth. For some women
the place was undecided or not recorded until the actual onset of labour. In these cases,

the intended place was coded ‘unknown

Outcome measures

Two primary outcomes were defined to assess whether over- or undertreatment is
suggested. First, receiving at least one intervention (including operative vaginal delivery
and/or caesarean section). Second, perinatal outcome was defined as the intrapartum and
early neonatal mortality rate up to 7 days post partum. The PRN does not include long
term child outcomes in terms of e.g. psychomotor development and behavioural function.

Case mix adjustment

Detailed information on risk factors is only partially available in the PRN registry. Case mix
adjustment is different for mortality and intervention outcomes.



When comparing mortality rates, case mix of any defined group of women was primarily
represented by the prevalence (single or combined) of Big4 conditions (see below). The
presence of any of the four conditions is known to precede perinatal mortality in 85%
of cases (PRN dataset, years 2000-2007, 1.25 million records)'. These four conditions
were; congenital abnormalities (list defined), intrauterine growth restriction (SGA,
birth weight below the 10" percentile for gestational age, gender and parity specific),
preterm birth (< 37" week of gestation) or low Apgar score (< 7, measured 5 minutes
after birth)."®

When comparing mortality rates in this paper, we refer to these 4 conditions as the Big4.
In the current analysis Big4 represent an objective estimate of the risk load at birth and
therefore used as casemix adjustment.

When evaluating intervention rates between planned home and hospital births, the
intervention precedes the outcome measure low Apgar score, and should therefore be
excluded from the Big4 casemix adjustment. We will continue to refer to this type of
casemix adjustment as the Big3. However, when evaluating mortality rates, low Apgar
score does precede the outcome mortality, and therefore we included this outcome in the
Big4 casemix adjustment. By doing so, we ignore potential differences in policy between
planned home and hospital births on the evolvement of these Big4 either antenatally
or during delivery. We decided to adjust for low Apgar when comparing mortality, as
we assumed the disadvantage of the home setting once a child with low Apgar is born
to be more relevant at that stage than the differences in incidence due to differences in
setting policy.

Data analysis

As primary analysis we present the results of the intention-to-treat analysis, a nested
multiple stepwise logistic regression. The intention-to-treat analysis approach establishes
the intervention rates and the intrapartum and early neonatal death rates of planned home
versus planned hospital births. It stems from the viewpoint of a pregnant woman starting
birth under supervision of a midwife (denominator n=679,952). The intention-to-treat
approach thus includes spontaneous preterm labour since to some extent this group was
not referred to the gynaecologist at the onset of labour or during labour or was referred
late during (home) delivery.

First we compared characteristics of the population by intended place of birth using
Student’s t-tests for continuous variables with normal distributions and chi-square tests
for nominal or ordinal variables. Next we investigated the potential risk of receiving an
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intervention (odds ratios) associated with intended place of birth by various predefined
nested multivariable logistic regression models (stepwise analysis (likelihood); inclusion
p<0.05; exclusion p>0.10) to which we added maternal, neonatal (case mix) and health
care related explanatory variables.

Maternal risk factors were parity (nulliparous/multiparous), age, ethnicity (Western/non-
Western; based on a more refined classification in the registry), and living in a deprived
neighbourhood (yes/no, based on 4-digit zip-codes and a public list of deprived, zip-code
based, neighbourhoods issued by the Dutch government).” Health care related factors
were time of birth (day 8.00-18.00, night 18.00-8.00), day of birth (week day, weekend) and

receiving an intervention (yes/no).

Next we investigated the potential risk of intended place of birth on intrapartum and early
neonatal mortality by a set of predefined nested multivariable logistic regression models
(stepwise analysis; inclusion p<0.05; exclusion p>0.10) to which where we added maternal,
neonatal (case mix) and health care related explanatory variables respectively (models 2-4).
Receiving an intervention and its interaction with intended place of birth was added to
the regression model to assess its effect on mortality. For both analyses on mortality and
intervention, hospital birth was set reference. All stepwise analyses were repeated with
a forward and backward approach, and finally forced inclusion of all predictive variables
(p<0.05). Risk factor coefficients were only shown if p<0.05.

Results across the three approaches were similar unless stated otherwise.

Interpretation of over- and undertreatment

Finally, we calculated intervention specific mortality rates (case fatality analysis) to gain
deeperinsight when judging the differences in intervention rates in relation with mortality
rates, hereby assessing whether undertreatment or overtreatment might be present. In
absence of a trial design, we carefully stratified women into predefined risk groups as
prior evidence showed that a lower risk (different case mix) is found among planned
home births (namely: noBig3, SGA, premature birth, congenital anomaly, combination
Big3). Stratified analysis allows for the comparison of mortality rates by receiving an
intervention (yes/no) and by planned place of birth (home/hospital). Rate ratios were
calculated for the intervention and mortality rates, where the home rate was divided by
the hospital rate.

Figure 4.1 displays eight typical intervention patterns that describe the relationship between

intervention rate ratio (i.e. intervention rate home/intervention rate hospital), mortality rate



Intervention  Mortality ratio Mortality ratio Suggestive for  Suggestive for

ratio (home/  non intervened intervened Selection undertreatment overtreatment
Pattern hospital) (home/hospital) (home/hospital)  effects in home in hospital
1 <1/= <1/= <1/= = = =
2 << <1/= <1/= 4 = +
3 <1/= <1/= >1 - 3 —/+
4 << <1/= >1 4 =/ +
5 <1/= >1 <1/= = i -
6 << >1 <1/= 4 AF =
7 <1/= >1 >1 = s -
8 << >1 >1 + Sat -

- Very suggestive not to be present.
—-/+  Not very suggestive to be present.
+ Suggestive to be present.

++  Very suggestive to be present.

Figure4.1 Differencesin intervention rate and mortality rate between planned home and hospital
births classified into eight patterns.

ratios in intervened and non-intervened pregnancies, selection effects and the suggestion
of undertreatment in home deliveries or overtreatment in hospital deliveries.

Given this grouping, interpretations whether patterns are suggestive for under- or
overtreatment, were made using the mortality ratio in the non intervened and intervened
group.
The rate ratios were interpreted as follows:
i. a rate ratio of close or slightly less than 1.0: an equal of slightly lower tendency to
intervene in home deliveries in the stratum at hand (</=);
ii. arate ratio less than 1.0 (typically in the range 0.3-0.6): considerable lower tendency
to intervene in home deliveries (<<).

Two effects should be considered when interpreting these patterns. First, residual
confounding may still be present, resulting in a favourable case mix in home deliveries.
Secondly, selection effects may occur, i.e. a differential tendency to intervene given
the planned place of birth. This may select ‘healthy’ patients receiving an intervention
(overtreatment) or ‘sick’ patients not receiving an intervention (undertreatment).

Suggestive for the presence of undertreatment is when the mortality ratio in the non
intervention group exceeds 1, when comparing home vs. hospital. Suggestive for the
presence of overtreatment is when selection effects are present and the mortality ratio is
about equal in the intervened and non intervened group.
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RESULTS

Table 4.1 describes the baseline characteristics of the intention-to-treat-like population
(n=679,952).

In the population about 59% of women planned a home delivery and about 32% planned
a hospital delivery. Compared to women who planned birth in the hospital or unknown
place of birth, women with planned home birth were more likely to be multiparous,
25 years or older, of Dutch origin and to live in a privileged neighbourhood; all conditions
for associated with lower intervention rates and lower mortality rates. Neonatal case mix
in home birth women also compared favourably. Premature delivery was less common,
as was the prevalence of Big4 conditions (home birth 11.0% versus hospital 13.1% versus
unknown 12.7%; p<0.001).

Interventions were less common in planned hospital birth (home birth 10.9% versus hospital
13.7% versus unknown 12.2%; p<0.001). Intrapartum and neonatal mortality was 0.15%
for planned home births and 0.18% for planned hospital births.

Intervention rates

The crude intervention risk was significantly lower for women who planned home birth (RR
0.76,95%Cl 0.75-0.78, p<0.001) and for women with unknown planned place (RR 0.87, 95%Cl
0.84-0.89, p<0.001) compared to those who planned hospital birth (Table 4.2, Model 1).
All maternal and neonatal risk factors (except the presence of SGA), showed significant
differences in RR in agreement with the expected direction.

The adjusted intervention risks are displayed in models 2-4. Consecutive adjustment for
maternal, Big3 case mix and health care related factors showed that the intended place of
birth had a significant impact on the likelihood of intervention (planned home birth (OR
0.77, 95%Cl. 0.75-0.78; see model 1-3) versus hospital birth. The similarity of crude and
adjusted ORs indicates that the differences in tendency to receive an intervention between
birth places are unaffected by maternal, Big3 case mix and health care related factors.

Mortality rates

The crude mortality risk was significantly lower for women who planned home birth (RR
0.80 95%Cl 0.71-0.91, p<0.001) and for women with unknown intention (RR 0.96 95%CI
0.77-1.19, p<0.001) compared to those who planned hospital birth (Table 4.3, model 1).
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All maternal and neonatal risk factors, except the presence of a single SGA, showed
significant differences in RR in agreement with the expected direction.

When adjusting for maternal, Big4 case mix and health care related factors respectively,
the intended home birth group who received an intervention had a significant impact on
the likelihood of mortality compared to the intended hospital birth group receiving no
intervention, where as the intended hospital group who received intervention did not
have a significant impact.

Table 4.4 describes the results of the case fatality analysis for certain risk groups. High
mortality rates were seen within in the primiparous with a Big3 combination (6.8%, data
not shown) and multiparous women (9.2%, data not shown). The intervention rate was
lower for women who planned to give birth at home, except for congenital anomalies in
primiparous women (RR=1.03).

Grouping the intervention rate ratios into various risk groups, we observed the following
patterns as observed in table 4. 4.

The primiparous NoBig3 (pattern 1) accounts for 39% of all deliveries, and the multiparous
NoBig3 group (pattern 4) accounts for 50% of all deliveries, the remaining risk
groups for 11%.

DISCUSSION

The intervention rate of planned home birth in the Dutch maternity care system is lower
compared to a community midwife led planned hospital birth after case mix adjustment,
especially in multiparous women. Although we cannot provide an overall judgement on the
impact of birth setting on the presence of under- and overtreatment, this seems justified for
some risk groups. In the NoBig3 primiparous group equal intervention rates seem present.
The surprisingly low mortality rate in this primiparous group might be an artefact due to
lack of complete case mix adjustment or a true advantage of avoiding hospital-related risks.
In the Big3 primiparous group, the mortality rate was lower in planned hospital births than
in planned home births, suggestive for undertreatment in home births in these emerging
risk groups at birth.

In multiparous women, in contrast, the substantially lower intervention rate associated
with planned home births and its association with under- and overtreatment is much
more diverse. In Big3 multiparous groups some disadvantage of undertreatment exists. In
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the NoBig3 multiparous group (about 50% of total), however, the benefit of substantially
fewer interventions in the NoBig3 multiparous home group seems to be counterbalanced
by substantially increased mortality if intervention occurs. Observational data cannot
demonstrate that the outcome of these interventions would have profited from a
planned hospital birth, since data point to good risk selection here as the mortality rate
in the no intervention multiparous noBig3 group of planned home births is extremely
low. If risk selection can be improved both in terms of detection and timely referral, in
particular multiparous women could experience benefits from the non-medical setting
at no price.

We found the mortality rate in Big3 pregnancies generally less favourable in planned
home births compared to planned hospital births. Possible explanations are
overtreatment in the planned hospital group, selection of only worst cases within the
home group (‘'undertreatment’), or delayed timing of referral. One important source of
delay is travel time from home to the hospital. Amelink et al found that 0.4% of all low
risk pregnancies need urgent referral. In the Netherlands, average time to the nearest
hospital is about 13 minutes (ranging from 0 to 60 minutes), but about 30 minutes should
be added for ambulance arrival and patient preparation. They concluded that the net
travel time from home to hospital of 20 minutes or more by car is associated with an
increased risk of mortality and adverse outcomes in term women.?® Moreover, Ravelli et
al found that delivery at 37 weeks of gestation or 41 weeks of gestation in combination
with travelling time increased the risk of mortality even further.?' A second source of
delay is the delay of the referral decision as suggested by Evers."* They observed a more
than 3.5-fold higher perinatal death rate in women who were referred from primary to
secondary care during labour compared with infants of women who started labour in
secondary care.

Strengths and limitations

A strength of this study was the size and completeness of the study population, covering
the complete Dutch experience from 2000-2007. The amount of missing data was negligible
and mortality data have been shown to be complete. Annual trends in the studied relations
were absent, except for a minimal gradual decrease in total perinatal mortality'".

Our case mix adjustment turned out to be essential. We previously showed that, within the
low risk group of midwife led deliveries, unequal prevalence of Big4 conditions is present
in planned home versus hospital births. This suggests an unequal risk load at the onset of
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childbirth since, either due to self selection or due to the midwife’s proposal, the healthiest
and most affluent women are more likely to receive home birth. When one fails to adjust
for this, one may introduce confounding by indication bias.™

Another strength was the inclusion of women ex post, who according to delivery guidelines
should have been referred to the gynaecologist before the onset of labour. We previously
showed, that under the Dutch system, health care performance during labour should include
the performance of the preliminary antenatal phase in terms of distinguishing between
low risk (midwife) and high risk (gynaecologists) pregnancies (intention-to-treat-analysis
like approach).’

Several limitations merit discussion. A RCT would be the superior design to address our
research question, in particular as the referral process and the indication for an intervention
interact, and are subject to external effects (e.g. travel time, judgement of caregiver) which
may differ by intended place of birth. However the only RCT on home versus hospital birth
resulted in low participation rates and introduced selective participation.?? Treatment
groups composed on the basis of women's preference for setting is likely to affect outcome,
producing biased estimates of setting effects. Hence a RCT design is unfeasible within our
obstetric system?>?%, As next-best option, we applied case mix adjustment to the extent
the data permitted. A severe limitation is that few data are available on the precise clinical
assessment leading to referral or intervention which would allow for better judgement
on setting-dependent overtreatment or undertreatment in our analysis. Moreover, the
Big4 adjustment does not adjust for potential differences in morbidity associated with the
remaining 15% of perinatal deaths not covered by Big4.

We are aware that a comparison with low risk women planning a gynecologist-led hospital
birth is not included as this option is unavailable in the Dutch system. An observational
study by Maassen et al on gynaecologist led care of presumably low risk women, is difficult
to interpret, since detailed risk factors are not routinely collected, thereby limiting case

mix adjustment.?

Our study is limited in that only intervention rate and mortality are used as outcome
indicators, ignoring mother’s experience. However, studies addressing the trade-off
between intervention disadvantages to the mother (e.g. caesarean section) versus safety
of the child clearly indicate that even small advantages to the child’s outcome outweigh
the disadvantage of an intervention or the general disadvantage of birth in a hospital®.

Our results appear compatible with most of the few available reports on this issue. Previous
studies on planned home births attended by registered community midwives confirm
the lower risk of receiving an intervention and suggest equal mortality.>® However these



studies are limited by lack of applying complete case mix adjustment, thereby suggesting
risk equivalence of home and hospital groups??, ex post exclusion of unplanned and
unsuitable home births from analysis.?®%, voluntary submission of data*%?, or lack of
statistical power?3°8, These limitations generally tend to benefit outcome in favour of home
birth. Surprisingly, none of these studies has performed a case fatality analysis based on
predefined risk groups.

While multiparous women show universally lower intervention rates (60%) in planned
home births, interpretation whether undertreatment in home births or overtreatment in
hospital births is present, is difficult in the low risk group (NoBig3). However, in emerging
increased risk in a presumed low risk groups (Big3) undertreatment in planned home birth
seems present. In primiparous women, the intervention rate is rather similar for planned
place of birth. A similar mortality disadvantage of setting suggestive for undertreatment
in home deliveries was observed in emerging risk groups (Big3).
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PART I

How can Dutch perinatal
care be improved, in
particular, are there
Innovative strategies

available to improve risk

selection and midwife-led
birth care?
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ABSTRACT

Background In perinatal care concerns are raised whether the small additional risk of
home deliveries is of fact by the claimed advantage of lower intervention rates compared
to planned hospital births. Homelike birth centres have been proposed as an alternative.

Objectives This paper addresses whether the introduction of a midwife-led birth centre
adjacent to an academic hospital leads to better outcomes.

Method Anonymized data, between January 2007 and June 2012, was collected from
participating practices. Women (n=5,558) were categorized according to intended place of
birth. Women's characteristics and outcomes were compared between the period before
and after its introduction using chi-square and Fisher’s Exact tests. Direct and indirect
standardized rates were calculated for different outcomes (I) intrapartum and neonatal
mortality (7 days), (Il) composite outcome of neonatal morbidities, (Ill) composite outcome
of maternal morbidities, and (IV) medical intervention.

Results Women'’s characteristics were most unfavourable for intended birth centre births.
After its introduction neonatal morbidities decreased (5.0% vs. 3.8%) as did maternal
morbidities (8.3% vs. 7.3%). Interventions were about equal. Neonatal morbidities occurred
more in birth centre births compared to home or hospital births (5.3% vs. 1.9% vs. 2.7%
respectively), while maternal morbidities were about equal.

Conclusion Neonatal morbidity and maternal morbidity tended to decrease, while overall
intervention rates were unaffected. This change could be interpreted by the redistribution
of the higher risk women among the low risk population intending birth at the birth centre
instead of home. Alternative explanations are still to be explored.



INTRODUCTION

There are considerable variations in organization of Perinatal Care. In the Netherlands,
approximately 50% of women start delivery under supervision of a community midwife.
Dutch community midwives are independent health care professionals who provide care
for low risk and medium risk pregnant women. Dutch guidelines define low, medium and
high risk pregnant women." A low risk pregnant woman who becomes high risk is referred
antenatally or during delivery to the gynaecologist for remaining ante- and intrapartum
care. Low risk women are allowed to choose the place where to deliver: at home, in the
hospital or in a birth centre, all supervised by the community midwife. The frequency of
these different midwife-led birth places differs across regions, with fewer home deliveries
in urban areas.? Pregnant women with so called medium risks should deliver in the hospital
according to Dutch guidelines, yet supervised by the midwife only.

One of the concerns raised regarding the Dutch Perinatal Care System is whether the
additional risk on adverse perinatal outcome of home deliveries is of fact by the claimed
advantage of lower intervention rates compared to planned hospital births.3 Birth centres
adjacent to hospitals have been proposed a new setting that combines the advantages of
home and hospital.'>'*They are designed to provide an intermediate option of care between
home and hospital birth for low risk women. Despite existing organization differences, birth
centre care generally includes a homelike, nonclinical environment, a rather autonomous
midwifery practice, and a commitment to and belief in normal, physiologic birth.!"124

In this paper we address whether the introduction of a midwife-led birth centre adjacent
to the hospital combines the advantages of home and hospital deliveries by studying
the regional perinatal outcomes before and after the introduction of the birth centre
hereby comparing the different places of birth. Additionally, we investigate whether the
introduction of a midwife-led birth centre leads to a different risk selection of women
planning their delivery either at home, at the hospital or at the birth centre, resulting in an
altered risk for perinatal, maternal morbidities and intervention pattern.

METHODS

Birth centre

The birth centre Sophia started care in October 20009. It is a separate unit, consisting of
four single birthing rooms and 12 rooms for post partum maternity care. It is located on
the same floor as the obstetric labour ward (100 meters), yet with its own entrance and
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home-like interior. The unit is staffed by local community midwives. The unit fits to the
UK National Perinatal Epidemiology Unit report description of a‘midwife-led birth centre
adjacent to the hospital; i.e. “An alongside midwifery care unit offering care to women
with straightforward pregnancies during labour and birth in which midwives take primary
professional responsibility for care. During labour and birth diagnostic and treatment
medical services, including obstetric, neonatal and anaesthetic care are available, should
they be needed, in the same building, or in a separate building on the same site. Transfer
will normally be by trolley, bed or wheelchair. “**

The aim of the unit is to provide a safe, homelike environment where low risk women can
give birth. Women with a medical indication requiring a hospital birth under supervision
of the midwife are thus excluded (medium risk; a small (1%) category according to
current guidelines). The unit aims to provide risk led care, including assessing the risk
status of each women at different time intervals and act promptly and accordingly using
standardised protocols and the Dutch guidelines.! Special attention is given to certain
ethnic minority groups and women with a low social economic background both in terms
of risk monitoring and tailored provision of care, both covered in standardized protocols.
An expert group consisting of a gynaecologist, midwives, maternity nurses, a public
health expert and administrating staff is responsible for the continuous development,
revision and extension of these protocols and new interventions. Furthermore, the expert
group has a standard obstetrician-led audit procedure for all cases with poor intrapartum
related outcome.

Local community midwives take full responsibility for the care delivered, thus developing
and maintaining their competence. Labour is managed traditionally; the fetal heart rate
is monitored with a hand held Doppler apparatus, and interventions are minimal. During
labour continuous one-to-one care is given by a maternity nurse. If (acute) complications
arise, obstetrical and neonatal expertise and clinical facilities are directly available. Rarely, in
non acute cases, transferral from the birth centre to the adjacent hospital is impossible for
logistic reasons. Women are then referred to another hospital in Rotterdam. This occurred
in 50 (3%) of the cases.

Design and Data

A regional study in the north of Rotterdam was designed comparing outcomes before and
after the introduction of the midwife-led birth centre in October 2009, using direct and
indirect standardization. Anonymized data were collected from the registries of the four

largest local community midwife practices in the region, whose women are allowed to choose



place where to deliver (in the birth centre, at home or in nearby hospitals). If women deliver
in the birth centre, the data registration is still the midwife’s responsibility through internet
entry. Data were collected between January 2007 and June 2012. We selected the records
of all singleton pregnancies supervised by a community midwife at the onset of labour
(5,953 women) according to their planned place of birth. This also included those pregnant
women who according to current guidelines should not deliver under the supervision of
the midwife, e.g. preterm deliveries, small for gestational age. When women were preterm
at the onset of labour they were often directly referred to secondary care, except for those
women who were occasional rapid and too late for transport. The onset of labour was defined
as spontaneous contractions or the spontaneous rupture of membranes. Excluded were 62
women with so called’medium risks’(e.g. women with a history of postpartum haemorrhage
orobesity (BMI>35) and another 333 women since their planned place of birth was unknown.
The remaining 5,558 were divided into two groups, the period before the introduction of
the birth centre (n=1834) and the period after its introduction (n=3724).

Within each period women were categorized by intended place of birth (at home, at the
hospital or at the birth centre), which usually is concordant with the true place of birth.

The retrospective use of anonymized medical records exempted institutional review of the
Medical Ethics Committee.

Outcomes

Four primary outcomes were chosen: (I) intrapartum and early neonatal mortality
(up to 7 days), (I) a composite outcome of intrapartum related neonatal morbidities
(neonatal encephalopathy, brachial plexus injury, fractured clavicle, cephaloheamatoma,
neonatal infection, low Apgar score (<7 after 5 minutes), neonatal hospital admission, or
other trauma related to birth), (lll) a composite outcome of intrapartum related maternal
morbidities (third/fourth degree rupture or postpartum haemorrhage > 1000cc), and (IV)
the presence of a medical intervention (vacuum extraction, forceps extraction, or caesarean

delivery). For the latest outcome we also provided results on caesarean delivery only.

Data handling

Of the 27 selected variables, the variable education level had =30% missing values and
was therefore excluded from analysis. For all other variables missing values were <30% and
were replaced by mean, median and mode, for respectively, numeric (normally distributed),
ordinal and nominal values.
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Data analysis

First, we compared women'’s characteristics between the period before and after the
introduction of the midwife-led birth centre, using chi-square tests and Fisher’s Exact
tests. We compared women'’s profiles before and after the introduction of the birth centre,
according to the intended place of birth (see table 5.1, column A; home before vs. after
the introduction of the birth centre, and B; hospital before vs. after the introduction of the
birth centre). Secondly, we compared women'’s profiles for the different places of birth, after
the introduction of the Sophia birth centre (see table 5.1, column C; home vs. birth centre
and D; hospital vs. birth centre).

We calculated the detailed birth weight distribution (according to the national birth
weight reference curves™) for all low risk singleton pregnant women, under supervision
of a community midwife at the onset of labour between 2000-2007 in the municipality of
Rotterdam (29,357 women), according to the planned place of birth. This served as reference
for the birth weight distribution in the four practices, which we calculated for the periods
before (1,834 women) and after (3,724 women) the introduction of the birth centre, again
according to their intended place of birth.

Finally, since no detailed risk factors are available in the registry, we provided the
prevalence of Big3 pregnancies as a proxy for risk load, which can be used to adjust for
case mix differences. The term ‘Big’ was chosen since these conditions were found to be
three big causes preceding perinatal mortality. Big3 pregnancies are defined as: congenital
abnormalities (list defined), intrauterine growth restriction (SGA, birth weight below the
10th percentile for gestational age, gender and parity specific), or preterm birth (<37" week
of gestation).’ Detailed analysis of the complete perinatal dataset of the Perinatal Registry
of the Netherlands (PRN), covering all pregnancies of the years 2000-2007 (1.25 million
records), show that the presence of any of these three conditions preceded perinatal
mortality in 80% of cases.'® A p-value (two sided) < 0.05 was considered a statistically
significant difference.

The data were analysed with Statistical Package of Social Sciences version 20.0 for Windows
(SPSS Inc, Chicago, IL, USA).

Standardization

Toincrease the validity of our results of the comparison before and after the introduction of
the birth centre, we applied direct as well as indirect standardization. The index population
(i.e. the population of interest) consisted of the women who could plan their birth the



midwife-led birth centre (n=3,724 of which 470 home, 1,583 hospital and 1,671 birth centre).
The standard or reference population consisted of 1,834 eligible women who could not plan
their birth in the birth centre (443 planned home births, and 1,391 planned hospital births).

In our analysis the index population was standardized according to the strata of the standard
population. The index populations of planned birth centre births and planned hospital
births were standardized using the standard populations of planned hospital births, since
women's profiles were similar. The index population of planned home birth was standardized
using the standard population of planned home births.

This analysis was repeated using the index population which consisted of women who could
plan their birth at the midwife-led birth centre (n=3,724 of which 470 home, 1,583 hospital
and 1,671 birth centre). Herewith we controlled for historic trends. Within this analysis the
planned hospital birth population was set as reference population (n=1,583).

Populations were stratified for parity (nulliparous vs. multiparous), age (<24 years,
25-34 years, >35 years), ethnicity (Dutch vs. non-Dutch) and the presence of Small for
Gestation Age (SGA, birth weight below the 10*" percentile for gestational age, gender and
parity specific; yes vs. no). In our analysis the presence of SGA represented an objective

estimate of the risk challenge at birth.>'®

The direct standardized rates were estimated as a weighted average of the index strata-
specific outcome rates where the weights represent the strata-specific sizes of the standard
population. The indirect standardized rates were estimated as the strata-specific outcome
rates from the standard population to derive expected outcome rates in the index
population for the four different outcomes. For both rates 95% confidence intervals were
calculated.'”"

We only presented direct standardized rates, unless indirect rates showed contrasting results.

RESULTS

Before the introduction of the Sophia birth centre, 443 (21%) of women planned a home
delivery and 1391 (67%) planned a hospital delivery. After the introduction of the birth
centre, 470 (12%) women planned a delivery at home, 1583 (41%) at the hospital, and 1671
(44%) at the birth centre.

After the introduction of the birth centre, women who planned birth at home were
significantly more likely to be multiparous or had taken more often preconceptional folic
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acid (all favourable characteristics) compared to this group before the introduction (see
column A). After the birth centre introduction, also the group of women who planned
birth at the hospital showed a more favourable profile compared to this group before.
This group was significantly more often multiparous, older, married or living together,
had taken preconceptional folic acid, and had received antenatal care before 14 weeks of
gestation (see column B).

The women who planned birth at the birth centre showed more unfavourable characteristics
compared to home as well as hospital birth in the same period (more likely to be nulliparous,
of younger age, of non Western origin, from unprivileged neighbourhoods, single, did more
often not take preconceptional folic acid, and more often received antenatal care after
14 weeks of gestation (see column C + D)).

In the birth centre women, neonatal case mix compared unfavourable too; the total
prevalence of Big3 was higher (planned home 7% vs. planned hospital 11% vs. planned
birth centre 12%).

After the introduction of the birth centre, the intrapartum and early neonatal
mortality decreased combining all deliveries regardless of place (4/1834=2.2%o vs.
2/3724=0.5%o).

Intrapartum related neonatal morbidities were significantly more common in the period
before the introduction of the birth centre (91/1834=5.0% vs. 140/3724=3.8%; data not
shown), as described in table 5.2. After the introduction significantly more intrapartum
related neonatal morbidities occurred in planned birth centre births compared to planned
home or planned hospital births (5.3% vs. 1.9% vs. 2.7% respectively). This difference
was primarily related to the difference of neonatal infections (1.80% vs. 0.64% vs. 0.57%
respectively)

Intrapartum related maternal morbidities were also lower in the period after the introduction
(153/1834=8.3% vs. 270/3724=7.3%). After the introduction of the birth centre they were
highest among planned hospital births. Interventions were about equal in both periods
(14.9% vs. 14.3%). In the period after the introduction, interventions occurred significantly
more often in birth centre deliveries compared to planned home or planned hospital
births (16% vs. 11% vs. 14% respectively). Although not significantly, caesarean delivery
occurred more often in transferred patients from planned birth centre deliveries compared
to transferred patients from planned home or planned hospital births (6% vs. 3% vs. 5%
respectively).
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Figure 5.1 shows the birth weight distribution for all low risk singleton pregnant women,
under supervision of a community midwife at the onset of labour, between 2000-2007 in
Rotterdam, according to the planned place of birth. This was also shown for the periods
before and after the introduction of the birth centre. In all periods, weights below the 10"
percentile were lowest in planned home deliveries. The proportion of weights below the
2.3 percentile decreased substantially in planned home deliveries after the introduction
of the birth centre (2.9% (95% Cl 1.7-5.0%) to 0.9%(0.3-2.2%)).

After the introduction of the birth centre, standardized intrapartum and early neonatal
mortality rate decreased for all the different planned places of birth (taking the period
before introduction as standard, see Table 5.3). Also intrapartum related neonatal morbidity
and intrapartum related maternal morbidity rate decreased for all the different planned
places of birth. Standardized intervention rates increased for home births and decreased for
hospital births, and remained similar for planned birth centre births. However, standardized
caesarean delivery rates increased for all the different planned places of birth. Direct and
indirect standardization provided similar results.

When comparing the planned places of birth after the introduction of the birth centre,
standardized intrapartum and early neonatal mortality rates and intrapartum related
neonatal morbidity increased for birth centre births and decreased for home births
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Figure 5.1 Birth weight distribution for all low risk singleton pregnant women, under supervision
of a community midwife at the onset of labour, between 2000-2007 in Rotterdam, according to the
planned place of birth.
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compared to planned hospital (see Table 5.4). The intrapartum related maternal morbidity
rate decreased for both home and birth centre births. Standardized intervention rates
increased for home and birth centre births, but caesarean delivery decreased for planned
home and birth centre births. Direct and indirect standardization provided similar results.

DISCUSSION

The introduction of a midwife-led (homelike) birth centre led to a redistribution of intended
place of midwife-led births. Low risk women planning their delivery in the midwife-led birth
centre have a higher risk profile compared to low risk women who planned their delivery
at home or in the hospital, all under supervision of the midwife. This was confirmed by the
birth weight distribution. Although the study did not have sufficient power to interpret
the observed change in intrapartum and early neonatal death after the introduction of the
birth centre (0.22% vs. 0.05%), the decreasing trend observed in planned home, hospital
and birth centre births, suggests on average better care through more adequate selection.
Alternative explanations of this trend should yet be explored (e.g. increased quality of care
through the implementation of risk-led care, and the availability of acute obstetric and
pediatric care). A similar trend was observed in intrapartum related neonatal morbidities,
decreasing from 5.0% to 3.8%. Standardized rates showed the largest decrease in intended
planned hospital births compared to planned home and birth centre births. A similar trend
was observed in intrapartum related maternal morbidities (decreasing from 8.3% to 7.3%).
Standardized rates showed the largest decrease in the planned birth centre births. The rate
of interventions in our entire study population was 14.5%. Total intervention rates appeared
unaffected by the introduction of the birth centre. Standardized rates of interventions were
higher in planned home births, lower in planned hospital births and at the expected rate
in birth centre births. Surprisingly, this trend was not observed for caesarean deliveries,
which increased after the introduction of the birth centre.

Our cohort study showed some strengths. We used an intention-to-treat-like approach
without ex post exclusion of unsuitable midwife cases to create a fair, unbiased comparison
of planned home, hospital and birth centre births in this observational context. These
unsuitable cases show poorer outcomes, and should therefore be included.’

Our case mix adjustment, using the presence of SGA, proved to be essential. The assumption
of comparability across planned places of birth appeared not to be justified, judging from
the unequal risk profiles, with home deliveries clearly representing the healthiest group.
Self selection by the pregnant women can coincide with implicit or explicit selection by
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the midwife who may tend to ‘refer’to a hospital or birth centre if she feels uncomfortable
with the risk level at home. Our adjustment of neonatal outcomes with birth weight was
done before in similarly standardized analyses.?

Both direct and indirect standardization rates were applied to avoid the effect of accidental
outlying subgroups. Direct standardization (weights taken from the index population)
gives greater comparability but requires more data. Indirect standardization (weights taken
from the standard population) requires fewer data but provides less comparability (unless
the distribution of the standardization variable is identical across the study populations,
in which case standardization is unnecessary since the crude mortality rates could have
been compared directly).

Asour results show the complete experience of the introduction of a midwife-led birth centre
adjacent to the hospital on maternal and perinatal outcome in the north side of Rotterdam,
its generelizability is mainly for urban areas in the Netherlands. Some study limitations
merit discussion. A randomized controlled trail would be the superior design to address our
research question. However when homebirth was part of a trial, participation hampered?'2
and introduced selective participation which limits generalizability. Moreover if following
one’s choice impacts outcome, as expected here, estimates of setting effects are biased
too.2"% Observational studies as ours are therefore indispensable, despite their shortcomings,
in particular the difficulty to overcome the confounding by indication phenomenon.

Secondly, the study did not have sufficient power to assess intrapartum and early neonatal
death. Thirdly, besides the introduction of the birth centre other reasons might be
responsible for the improvements observed in the historical comparison. Fourthly, while
the presence of SGA was used as additional case mix adjustment, our case mix adjustment
could be furtherimproved by detailed risk factors. We cannot rule out remnant confounding
by indication as little is known on the factors underlying choice of setting. In addition, we
categorized women into Dutch and non-Dutch women for reasons of power, where adverse
outcomes may differ among the different ethnic groups (e.g. the increased prevalence of
postpartum haemorrhage?!). When the registration of detailed risk factors is improved one
may consider a case-control model to compare the different places of birth.

Lastly, this study largely neglects the emotional aspects and the aspect of autonomy when
comparing places of birth. The choice of the place of birth is largely upon the pregnant
woman. The current growth of the share of birth centre and hospital births suggests overall
positive balance of these effects, in particular since the economic incentive is in favour of
home delivery. Studies assessing the mother’s opinion show that any increase of medical
safety easily outweighs other benefits, i.e. emotional aspects.”



Mixed effects of the introduction of the birth centre are observed since women planning
their pregnancy in the midwife-led birth centre apparently have a higher risk profile
compared to women who planned their pregnancy at home or in the hospital. A similar
trend is observed in the Birthplace cohort?®, while most other international studies show
the opposite.”! Differential use of these options can be explained by several factors, either
intentional or coincidental. After the introduction of the birth centre, low risk women could
not plan their delivery in the hospital adjacent to the birth centre anymore, but are still
able to plan their delivery in one of the other nearby hospitals. This may have led to a shift
from the previously planned hospital births to the birth centre. Secondly, our birth centre
aims to provide risk led care, with special attention to ethnic minorities and women with
of low social economic background. This encourages caregivers to offer the higher risk
women (among the low risk group) more explicitly the option of a birth centre delivery.
Furthermore, in contrast to planned hospital births, women can receive postpartum care
for at least four days in the midwife-led birth centre as an option. This may also attract

caregivers of high risk groups.

The decreasing trend in mortality rate after the introduction of the birth centre (0.22% vs.
0.05%) should be interpreted with caution due to small numbers. If this, however, truly
represents a decrease, it may in part be explained by the beneficial effect of local and
national initiatives to lower perinatal mortality, in particularimproved risk selection across all
delivery options.334 Our study showed an overall decreasing intrapartum related neonatal
morbidity rate after the birth centre had been introduced (5.0% vs. 3.8%). Standardized
rates showed a larger decrease of neonatal morbidity in planned hospital births compared
to planned birth centre and home births. This may be due to residual confounding or an
actual positive setting effect of planned hospital births, which is also observed by Evers
et al.* The observed decreasing trend suggests on average better care through more
adequaterisk selection. Alternative explanations are the increased quality of first and second
trimester screening, a higher awareness of malpractice procedures of both midwifes and
obstetricians, and the continuous presence of senior obstetricians in perinatal centres. For
unknown reasons neonatal infections were highest for planned birth centre births compared
to planned hospital and home births within the same period. Differences in local protocols,
definitions and management should be further explored.

The total prevalence of intrapartum related maternal morbidities also decreased after the
introduction of the birth centre (8.3% to 7.3%). The decreasing trend observed in planned
home, hospital and birth centre midwife-led births, may suggest on average better care
through more adequate selection of women and/or more adequate management in all
settings, e.g. exact measurement of blood loss and early use of intramuscular oxytocin.
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Overall intervention rates were not affected by the introduction of the birth centre. While
the underlying pattern suggests better fit of risk profile to setting and a better fit of risk
profile to the choice for interventions, the introduction of an extra hospital-based facility did
not represent an up- or downward pressure towards intervention rates in general. Previous
studies on birth centres showed lower intervention rates combined with an equal, or even
better, performance.®®* These studies, however, did not or only partially adjust for case mix
differences.?®3° The few available randomized controlled comparisons also showed lower
rates'>'3, or at most an equal intervention rate with equal perinatal outcomes.?3% As these
trials suffered from non participation or study small size'>'3%3637 ‘and showed difficult to
combine results'', our study adds observational evidence from a large unselected cohort.

CONCLUSIONS

The introduction of a midwife-led birth centre led to a redistribution of women planning
their midwife-led delivery at home, at the hospital, or at the local birth centre. Women
opting for a delivery in the midwife-led birth centre had the most unfavourable risk profile.

Intrapartum and early neonatal mortality and intrapartum related neonatal and maternal
morbidities tended to decrease, while overall intervention rates were unaffected. The
introduction of the midwife-led birth centre seems to benefit the outcome of midwife-
led deliveries. This change could be interpreted by the redistribution of the higher risk
women among the low risk population intending birth at the birth centre instead of home.
Alternative explanations of this trend should yet be explored. We therefore conclude that
a risk profile should guide the choice of the proper place of delivery. The innovation of a
midwife-led birth centre might be a first step to shared care where both midwives and
obstetricians work together and learn from each other’s expertise. This study may inform
policy makers how to organize delivery care for low risk women.
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ABSTRACT

Objective Inthe Netherlands perinatal mortality rates exceed the European average. The
highest rates of perinatal mortality and morbidity are observed in the four largest cities, in
particular in deprived neighbourhoods. The prevalence of small for gestational age (SGA) in
assumed low-risk pregnancies at the onset of birth is still high (8%; which are 27% of all SGA
cases) indicating that the performance of the current antenatal risk detection is suboptimal.
We aimed to improve the detection of SGA by using the Rotterdam Reproductive Risk
Reduction (R4U) as an adjuvant diagnostic tool in an assumed low-risk population.

Methods A prospective cohort study of all 1578 women who gave birth between October
2009 and December 2011 at the Sophia birth centre, Rotterdam, the Netherlands. SGA was
defined as birth weight below the 10" percentile for gestational age, gender and parity.
Multiple logistic regression analysis was used to develop a prediction model for undetected
SGA, stratified for ethnic group. The performance of the prediction model was evaluated
using six prognostic test characteristics.

Results The prevalence of undetected SGA at the onset of birth was 5.8% (95% Cl 4.0-8.2)
in Dutch and 10.4% (95% Cl 8.4-12.6) in non-Dutch women. Factors predicting undetected
SGA among Dutch women were: being unemployed (OR 3.16;95% Cl 1.29-7.74), living in a
deprived neighbourhood (OR 2.78; 95% Cl 1.29-6.01), having a history of prematurity (OR
7.37;95% Cl 1.46-37.29) and having a previous SGA (OR 5.67; 95% Cl 1.92-16.73). Factors
predicting undetected SGA in non-Dutch women were: being single (OR 2.22; 95% Cl
1.38-3.56), case file social work (OR 3.78; 95% Cl 1.40-10.22), nulliparity (OR 1.91; 95% Cl
1.13-3.23) and having a previous SGA (OR 5.77; 95% Cl 2.94-11.30). Diagnostic accuracy for
the different thresholds increased mainly for Dutch women compared to the total group.

Conclusion The power to predict the risk of undetected SGA at birth in an assumed low-
risk population seems optimal when both obstetric and social risk factors and ethnicity are
taken into account. The R4U is a valuable adjuvant diagnostic tool for this purpose.



INTRODUCTION

In the Netherlands perinatal mortality rates have exceeded the European average for
numerous years. In the four largest Dutch cities, i.e. Amsterdam, Rotterdam, The Hague and
Utrecht, these rates are even higher, with the highest rates of perinatal mortality (18 per
1000 births) and morbidity being observed in deprived neighbourhoods.' In the Dutch
system, independently operating community midwives provide care for assumed low-risk
and medium-risk pregnant women. Assumed high-risk pregnant women are referred to
the gynaecologist for evaluation and for antepartum and intrapartum care when the risk
is confirmed.® The current selection of risk is primarily done by all midwives and based on
the List of Obstetric Indications (LOI), a national indication list which mainly focuses on the
presence of clinical (e.g. medical and obstetric) risk factors.c The purpose of risk selection is
that the proportion of high risk pregnancies and deliveries under midwife responsibility is
kept to a minimum. The proportion of small for gestational age (SGA) births under midwife’s
responsibility therefore serves as an indicator of the degree of suboptimal risk selection,
since the presence of SGA is judged as a high risk pregnancy and should therefore be referred
to the gynaecologist. Early detection and referral of SGA may improve perinatal outcome.'”®
The rationale behind this study includes two reasons. Firstly, despite the current LOI-based
antenatal risk selection, which mainly focuses on medical and obstetric risk factors, fundus
height measurements, and the use of ultra sound when indicated, the prevalence of SGA
in women who start birth under the supervision of a midwife is still about 8%, which are
27% of all SGA cases.? This suggests that the current process of risk selection should be
improved. Secondly, several studies have shown that not only clinical risk factors but also
pre-existent socioeconomic factors play a role in the occurrence of SGA. Timely recognition
of these risks can be beneficial to detect SGA.*'* Other studies showed that predictors may
differ for different ethnic groups.’*'®

In order to improve the antenatal detection rates of SGA we developed an adjuvant
diagnostic tool: the Rotterdam Reproductive Risk Reduction Questionnaire (R4U). The R4U
is a checklist screening tool which recognizes both clinical and non-clinical (e.g. social,
health care and lifestyle) factors. The R4U was developed within an Urban Perinatal Health
Programme to Improve Perinatal Health."” The R4U can be used at several stages during
pregnancy; the appropriate consecutive action depends on the stage and on the risk
factors identified.

In Rotterdam, a midwife-led birth centre adjacent to a hospital was established in order
to provide a safe environment for low-risk women to give birth. When women enter the
birth centre, the R4U is used to detect a subgroup of women who could profit of specialised
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care. One of the purposes of the R4U is to screen women who enter the birth centre on the
presence of undetected SGA.

In this prospective study we evaluate if the detection of SGA in an assumed low-risk population
can be improved by using the R4U as adjuvant diagnostic tool. We hypothesise that even at
the onset of birth both clinical and non-clinical factors are of relevance in triage. In addition
we assess whether the prediction of SGA is the same among different ethnic groups. As
this was a proof of principle study no clinical interventions were implemented at this stage.

METHODS

Study design and setting

The study was a prospective cohort study. All women who started birth at the midwife led
Sophia birth centre, Rotterdam, the Netherlands, between October 2009 and December
2011 were included. The centre was established in October 2009 adjacent to a hospital
and is staffed by local community midwives to attend low risk pregnant women in a
facilitated home-like environment. Women who start birth in the Sophia birth centre are
low-risk assuming that the national LOI criteria have been applied timely and effectively.
A pregnancy is low-risk at the start of birth when it is a singleton pregnancy, >37.0 weeks
gestational age, without a medical or obstetric history requiring referral to secondary or
tertiary care prior to delivery.

Dutch law exempts institutional review of the Medical Ethics Committee since anonymized
medical records were used retrospectively.

Data collection

Data were abstracted from a medical paper registration form, which was routinely
filled in by midwives. The form contains data on maternal, child and process outcomes
(e.g. interventions and referral) and risk factors from the Reproductive Risk Reduction
Questionnaire (R4U). No personal data were abstracted (strict anonymous data).

R4U-B checklist

The R4U can be used antenatal, at the onset of birth and postnatal. The R4U used at the
Sophia birth centre is called the R4U-B (birth). Most of the R4U-B is filled in at the birth
centre at the start of birth, but some factors e.g. the pre-existing non-clinical factors can
already be obtained in the antenatal stage.



The R4U-B consists of 60 variables grouped to five domains: social, health care, lifestyle,
medical history and obstetric history. Of these 60 variables, 37 were selected for their known
association with SGA based on literature and since these were routinely asked.>*12141827 Of
the 37 variables associated to SGA, 20 non-clinical variables were grouped to three domains.
The social domain (11 variables) consists of: marital status, domestic violence, case file
social work in the past 2 years, maternal employment status, work during first trimester,
net household income (<€1000 or >€1000), paternal employment status, educational level,
living in a deprived neighbourhood (based on 4-digit zip codes and a public list of deprived
zip-code based neighbourhoods issued by the Dutch government. The list of deprived
zip-code based neighbourhoods is based on 18 indicators. Those indicators refer to both
(social and physical) problems as well as (social and physical) deprivation. Next to objective
criterions (statistics and numbers), also subjective criterions (views of residents) have been
used.®), ethnic background (Dutch/non-Dutch) and language proficiency. The health care
domain (5 variables) consists of: health insurance (insured/uninsured), pregnancy planning,
spontaneous or assisted conception, maternal age, and the gestational age at booking. The
lifestyle domain (4 variables) consists of: smoking, alcohol use, recreational drug use, and
pre-pregnancy body mass index (BMI; in kg/m2).

Theremaining 17 clinical variables consisted of the medical domain (9 variables (e.g. history
of medical disease, medication use during pregnancy)) and the obstetric domain (8 variables
e.g. parity, history of operative vaginal delivery).

Definition of SGA

The presence of small for gestational age (SGA) was defined as birth weight below the 10
percentile for gestational age, gender and parity specific according to the national birth
weight reference curves.? Birth weight reference curves were unavailable for specific ethnic
groups, except for Surinamese-Hindustani newborns. Application of Hindustani-specific
weight references for Surinamese-Hindustani children did not change our prediction
models.? Hence, for parsimony we did not use ethnic specific percentiles.

Missing data

Of the 1578 women in our study population, 77 women were excluded because they
had >20% missing values of their variables. Of the remaining 1501 women, 63 women
were excluded because the outcome SGA was missing. The study population available for
analysis consisted of 1438 women with 20 non-clinical and 17 clinical variables. Missing rates
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per variable varied from 1% up to 29%. For our analysis missing variable data within the study
population were replaced orimputed. For variables that were unrelated to other data, missing
values were replaced by mean, median and mode, for numeric (normally distributed), ordinal
and nominal values, respectively. Correlated variables (p<0.05) were imputed using multiple
imputation. For each missing value five draws were performed providing five substituted data
per missing variable, which in turn created five different imputed data sets. Analyses were
performed separately on each imputed dataset and thereafter combined into one overall
result. An association was considered significant only if the same significant association was
observed across at least four of the imputed datasets. In that case we report on the median
of the five coefficients with its 95% confidence interval (Cl).>3°

Statistical analysis

The data were analysed with Statistical Package of Social Sciences version 20.0 for Windows
(SPSS Inc, Chicago, IL, USA). Analyses were done for the total study group and for Dutch
and non-Dutch women separately, because we expected different predictors for SGA in
Dutch and non-Dutch women.'#'¢

First, we compared characteristics between Dutch and non-Dutch women using chi-square
tests and Fisher Exact Tests. We calculated crude odds ratios (OR, 95% Cl) for SGA for all
variables separately (univariate logistic regression analysis). We then applied multivariable
logistic regression analysis (forced entry method; and stepwise analyses with inclusion
p<0.05 and exclusion p>0.10). All analyses were repeated with a stepwise forward and
stepwise backward approach and finally inclusion of only predictive variables (p<0.05)
for all imputed datasets. Results across the three approaches were similar unless stated
otherwise. Regression coefficients were used to produce a woman’s probability of having
SGA at birth centre entry.

Finally, the performance of the prediction models was evaluated using the proportion of
correctly predicted women. In order to assess the validity and the potential usefulness
of this diagnostic tool, the following six diagnostic test characteristics were determined:

» Sensitivity, the proportion of SGA pregnancies correctly identified as such;

> Specificity, the proportion of non-SGA pregnancies correctly identified as such;

» Positive predictive value (PPV), the proportion of pregnancies correctly classified by the
R4U-B as being a SGA pregnancy;

> Negative predictive value (NPV), the proportion of pregnancies correctly classified by
the R4U-B as being a non-SGA pregnancy;



» Number needed to screen (NNS), the number of low-risk women needed to screen at
birth centre entry to identify one case of SGA (1/absolute risk reduction);

» Diagnostic accuracy (DA), the proportion of presence or absence of SGA correctly
classified as such by the R4U-B.

In addition we report the absolute number of women who were correctly identified as
SGA (true positive), the number who were incorrectly identified as SGA (false positive), the
number correctly identified as non-SGA (true negative) and the number who had SGA but
were not detected (false negative).

We calculated test characteristics for the following thresholds: 0.10,0.15,0.20, 0.25 and 0.30
(e.g., a threshold of 0.20 means that all women with a predicted risk of having SGA >20%
are considered to have SGA). We estimated the optimal thresholds by reviewing the test
characteristics described above and considering the different clinical implications of false
negatives and false positives; this judgement ultimately is subjective. 332 The performance of
the various prediction modules of the total population was also tested using data-splitting,
since no other population was available. In accordance with the principles of data-splitting,
five datasets were distinguished by random sampling. Four datasets were used to fit the
model and one dataset was used for validation. Each dataset was used both for validation
and to fit the model.

RESULTS

Risk profiles

Table 6.1 describes the baseline characteristics of the study population by ethnic group. Of
the 1,438 included women, 36% were Dutch, 59% non-Dutch and the remaining 5% was
unknown.The observed prevalence of SGA births in the Sophia birth centre was 8.6% (95%
Cl17.2-10.2%) and differed significantly between Dutch and non-Dutch women 5.8% (95%
Cl14.0-8.2%) and 10.4% (95% Cl 8.4-12.6%), respectively (p<0.001).

In all domains, the prevalences of risk factors differed between Dutch and non-Dutch women.
Social risk factors were more common in non-Dutch women, except for work during the
first trimester. Domestic violence and case file social work were not significantly different.
Health care related risk factors were more common in non-Dutch women, except for assisted
conception. Maternal age was not significantly different between the groups. The prevalence
of lifestyle related risk factors smoking and recreational drug abuse was about the same for
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Table 6.1 Characteristics and outcome of women in the total and stratified population

Total Dutch Non-Dutch
Variable % % % p-value
Social domain
Marital status (Single or not living together) 19.9 12.8 24.2 **
Missing 9 1.0 7
Domestic violence (Yes) 4.1 3.9 45 NS
Missing 18.8 13.3 20.8
Contact with social care (Yes) 2.2 1.9 24 NS
Missing 21.1 15.5 23.2
Employment status (Unemployed) 15.9 8.3 20.2 **
Missing 13 4 1.9
= Work during first trimester (Yes) 67.8 88.2 55.4 **x
g Missing .6 4 8
% Net income (<1,000) 11.6 5.0 15.3 **
ri'n Missing 22.7 16.1 255
E Employment status partner (Unemployed) 10.9 52 14.4 **
E\ Missing 4.0 1.2 5.4
C;) Educational level (Primary) 8.1 1.9 12.2 **
:_an Missing 17.5 54 24.1
§ Neighbourhood (Underprivileged neighbourhood) 50.2 354 59.1 **
§ Missing 0 0 0
E Etnic background (Dutch) 36.0
5 Missing 49
% Language proficiency (Linguistic barrier) 9.0 0 14.8 **
P Missing 3.6 0 54
"2’ Health care domain
s Health insurance (No health insurance) 1.0 0 1.8 *
Missing 7.3 6.8 7.6
Planned pregnancy (Unplanned) 20.2 10.6 26.1 **
Missing 11.0 7.5 125
Assisted conception (KID, IVF, O, 1UI, ICSI) 1.9 4.1 6 **
Missing 3.8 3.7 3.8
Maternal age (<18 years or >40 years) 95.7 94.4 96.5 NS
Missing .1 0 0
Gestational age at booking (= 14 weeks) 229 12.8 28.6 **
Missing 30.0 325 28.5
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Lifestyle domain

Smoking (Before or throughout pregnancy) 20.1 19.7 20 NS
Missing 9 1.2 .8
Alcohol use (Before or throughout pregnancy) 12.1 224 6.4 **
Missing 13 1.7 .8
Recreational drug use (Yes) 1.7 1.0 2.1 NS
Missing 1.9 23 1.6
Pre-pregnancy BMI (<18 or >30) 28.2 19.1 328 **
Missing 43 43 44

Medical domain

Medical history (Yes) 234 26.3 21.3 *
Missing 8 1.0 7
Surgery in history (Yes) 26.4 358 20.9 ** =
Missing .6 4 7 é
Blood transfusion (Yes) 1.7 1.7 1.9 NS z
Missing 7 4 7 ,.;,.,
Preconception medication (Yes) 7.9 8.3 7.6 NS %
Missing 1.6 2.1 1.4 i
Medication during pregnancy (Yes) 15.5 12.6 17.4 * %
2
Missing 1.5 23 1.1 2
Preconception folic acid use (No) 53.5 33.8 65.3 ** E
Missing 3.9 3.7 4.1 §
Chlamydia in history (Yes) 6.4 7.2 5.9 NS a
Missing 5.2 4.1 5.5 5
Chlamydia during pregnancy (Yes) 1 6 9 NS %
Missing 8.1 74 84 %
Psychiatric history (Yes) 1.4 14.7 10.0 * ’;‘
Missing 1.8 19 14 =

Obstetric history domain

Parity (Primiparous) 54.0 65.4 471 ks
Missing 0 0 0

2 or more miscarriages in history (Yes) 43 4.1 4.1 NS
Missing 0 0 0

Prematurity in history (Yes) 2.0 15 22 NS
Missing 6.3 5.6 6.9

Low apgar in history (Yes) 4 2 5 NS
Missing 17.9 124 20.9

(continued)
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Table 6.1 Continued

Total Dutch Non-Dutch

Variable % % % p-value
SGA in history (Yes) 6.5 4.1 7.9 *
Missing . 0 N
Congenital abnormality in history (Yes) 24 1.9 2.8 NS
Missing 1.3 1.2 13
Perinatal death/IUFD in history (Yes) 4 A4 5 NS
Missing . 2 0
History of VE/forceps (Yes) 6.7 7.5 6.2 NS
Missing 33 23 3.9

Outcome
SGA (Yes) 8.6 5.8 10.4 *

p-value Dutch vs. non-Dutch. * = p<0.05; ** = p<0.001; NS = not significant.

Determinants included (reference): Marital status (Married or living together), Domestic violence (No),
Case file social work (No), Maternal employment status (Employed), Work during first trimester (No),

Net income (>€1,000), Paternal employment status (Employed), Educational level (Secondary or higher),
Neighbourhood (Privileged neighbourhood), Ethnic background (Dutch), Communication (Unimpeded),
Health insurance (Yes), Pregnancy planning (Yes), Assisted conception (No), Maternal age (19-39 years),
Gestational age at booking (<14 weeks), Smoking (No), Alcohol use (No), Recreational drug use (No),

BMI (18-30), History of medical disease (No), History of surgery (No), Blood transfusion (No),
Preconception medication use (No), Medication use during pregnancy (No), Preconception folic acid use (Yes),
History of Chlamydia (No), Chlamydia during pregnancy (No), History of psychiatric disease (No),

Parity (Multiparous), History of 2 or more miscarriages (No), History of History of prematurity (No),
History of low Apgar score (No), History of SGA (No), History of congenital abnormality (No),

History of perinatal death/IUFD (No), History of operative vaginal delivery (No).

both groups. Alcohol abuse was more common among Dutch women, while more non-Dutch
women had a pre-pregnancy BMI of <18 or >30. Of the medical risk factors, medication use
during pregnancy and non-use of preconception folic acid were more common among
non-Dutch women. Therisk factors history of medical disease, history of surgery and history
of psychiatric disease were more common among Dutch women. In the obstetric domain,
only parity and history of SGA were significantly different between both groups. More Dutch
women were primiparous, while more non-Dutch women had a history of SGA.

Logistic regressions

Table 6.2 shows the results of univariate and multiple logistic regression analyses (entry
method and stepwise forward approach). Results were different for the total and for
the stratified populations, but all prediction models consisted of social and obstetric
factors only. In the total population (Table 6.2a), three variables were significantly



Table 6.2a Association between individual risk factors and the incidence of SGA, results from five
imputed datasets for the total population

Total (R> = 9%)

Model 1 Model 2 Model 3

OR  95%Cl p OR 95%Cl p OR 95%Cl p

Social domain

Marital status (Single or not 286 1.94-421 ** 221 131-375 * 278 1.85-416 **
living together)

Domestic violence (Yes) 1.71 0.79-3.69 1.13  0.47-2.72 nie

Case file social work (Yes) 3.87 1.69-885 * 281 1.03-763 * 254 1.06-6.13 *
Maternal employment status 222 1.45-3.39 ** 132 0.60-2.91 nie

(Unemployed)

Work during first trimester 0.70  0.47-1.03 1.05 0.59-1.85 nie

(Yes)

Net income (< €1,000) 1.53 0.98-2.41 0.70 0.39-1.27 nie

Paternal employment status 1.54  0.92-2.59 1.06 0.54-2.08 nie

(Unemployed)

Educational level (Primary) 1.08 0.62-1.91 091 0.46-1.78 nie

Neighbourhood 127 0.88-1.84 1.14 0.76-1.71 nie
(Underprivileged

neighbourhood)

Ethnic background 1.78 1.18-2.69 * 177 1.08-288 * nie

(Non-Dutch)

Language proficiency (Linguistic  0.87  0.43-1.75 0.86 0.38-1.96 nie

barrier)

Health care domain
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