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ABSTRACT

BACKGROUND
The frequency of planned out-of-hospital birth in the United States has increased
in recent years. The value of studies assessing the perinatal risks of planned out-
of-hospital birth versus hospital birth has been limited by cases in which transfer
to a hospital is required and a birth that was initially planned as an out-of-hospital
birth is misclassified as a hospital birth.

METHODS

We performed a population-based, retrospective cohort study of all births that oc-
curred in Oregon during 2012 and 2013 using data from newly revised Oregon
birth certificates that allowed for the disaggregation of hospital births into the
categories of planned in-hospital births and planned out-of-hospital births that
took place in the hospital after a woman’s intrapartum transfer to the hospital.
We assessed perinatal morbidity and mortality, maternal morbidity, and obstetri-
cal procedures according to the planned birth setting (out of hospital vs. hospital).

RESULTS

Planned out-of-hospital birth was associated with a higher rate of perinatal death
than was planned in-hospital birth (3.9 vs. 1.8 deaths per 1000 deliveries, P=0.003;
odds ratio after adjustment for maternal characteristics and medical conditions,
2.43; 95% confidence interval [CI], 1.37 to 4.30; adjusted risk difference, 1.52 deaths
per 1000 births; 95% CI, 0.51 to 2.54). The odds for neonatal seizure were higher
and the odds for admission to a neonatal intensive care unit lower with planned
out-of-hospital births than with planned in-hospital birth. Planned out-of-hospital
birth was also strongly associated with unassisted vaginal delivery (93.8%, vs. 71.9%
with planned in-hospital births; P<0.001) and with decreased odds for obstetrical
procedures.

CONCLUSIONS
Perinatal mortality was higher with planned out-of-hospital birth than with
planned in-hospital birth, but the absolute risk of death was low in both settings.
(Funded by the Eunice Kennedy Shriver National Institute of Child Health and
Human Development.)
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PLANNED OUT-OF-HOSPITAL BIRTH AND BIRTH OUTCOMES

N RECENT YEARS, U.S. RATES OF PLANNED

out-of-hospital birth (i.e., births intended to

occur at home or at a freestanding birth cen-
ter) have increased. The rate of birth at home
increased by 20% (from 0.56% to 0.67%) be-
tween 2004 and 2008 and by approximately 60%
between 2008 and 2012, reaching 0.89% of all
births.! There has been a parallel trend in the
use of birth centers, from 0.23% in 2004 to
0.39% in 2012.2

According to recent U.S. studies of out-of-
hospital birth, women planning to deliver at home
had lower rates of obstetrical intervention,>® and
their infants had higher rates of complications
and death.>®” Potential explanations for these
findings as they relate to obstetrical interven-
tions include differences in models for obstetri-
cal care (i.e., care provided by an obstetrician, by
a certified nurse-midwife, or by certified profes-
sional midwife®), in the practices of the birth
attendant, in provider and maternal preference
for (and the availability of) medical technology,
and in maternal characteristics. Few studies
have compared outcomes at birth centers with
those at other birth settings.>>® A key shortcom-
ing of prior studies of planned home birth is the
classification of births by the eventual rather
than the intended place of birth (i.e., intrapar-
tum home-to-hospital transfers were counted as
hospital births).>"1

In 2012, the home birth rate in Oregon was
2.4%, which was the highest rate of any state;
another 1.6% of women in Oregon delivered at
birth centers. Before licensure became manda-
tory in 2015, Oregon was one of two states in
which licensure was not required for the practice
of midwifery in out-of-hospital settings.!? Al-
though the 2003 revision of the U.S. Standard
Certificate of Live Birth distinguishes planned
home births from unplanned home births, at the
national level there is still no way to disaggre-
gate hospital births that were intended to occur
at a hospital and those that had not been in-
tended to occur at a hospital. On January 1,
2012, Oregon introduced new questions on the
birth certificate to document the planned place
of delivery at the time a woman began labor."
We used birth-certificate data to assess maternal
outcomes and fetal and neonatal outcomes ac-
cording to the planned place of delivery.

METHODS

STUDY DESIGN

Our intent was twofold: to assess the rates of
outcomes according to planned place of delivery
(hospital or out of hospital) in Oregon with the
use of multiple adjustment techniques and to
show the effects of the misclassification of out-
of-hospital-to-hospital transfers on these com-
parisons. With this second aim, we used new
data on planned birth setting to improve the
interpretation of studies in which investigators
could not disaggregate in-hospital births that
had been planned to be out-of-hospital births
from births that had been planned to be in-
hospital births.

We analyzed data from Oregon state birth,
infant death, and fetal death certificates from
January 1, 2012, through December 31, 2013
(certificates were provided by the Oregon Center
for Health Statistics). We matched death records
with birth records; the linkage rate for infant
deaths was 95%.

The new Oregon birth certificate queries the
planned place of delivery by asking all women
who have in-hospital deliveries the question “Did
you go into labor planning to deliver at home
or at a freestanding birthing center?”** This step
enabled us to disaggregate out-of-hospital-to-
hospital transfers from planned hospital births
and analyze them according to planned place of
delivery. Since the question does not distinguish
between planned home births and planned birth-
center deliveries, we used a single “planned out-
of-hospital” group for the purposes of analysis.
We excluded home births that were unplanned,
births whose status with regard to intended plan
was unknown, and births that occurred in other
locations recorded on the birth certificate (e.g.,
clinic or doctor’s office).

Planned hospital births included all births
that occurred in the hospital with the exception
of births that occurred after intrapartum trans-
fer to the hospital of a woman who had planned
an out-of-hospital delivery. We compared planned
hospital births with planned out-of-hospital births
(an aggregate group of planned home births and
planned birth-center births), including the out-
of-hospital-to-hospital transfers. We also calcu-
lated outcome rates before reclassification to
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determine the effect of misclassification in stan-
dard vital statistics data, including prior U.S.
studies on place of birth.

We characterized the maternal demographic
and health-related profile of women who chose
hospital birth, women who chose out-of-hospital
birth (overall, home, and birth center), and
women who chose out-of-hospital birth but de-
livered in the hospital after transfer. We strati-
fied planned out-of-hospital births according to
eventual place of delivery to enable the compari-
son between completed out-of-hospital births and
planned out-of-hospital births that took place in
the hospital after the mother’s intrapartum
transfer and to better characterize differences
between the women with these two types of
birth experiences. We also described pregnancy
characteristics (e.g., planned type of birth atten-
dant when the woman entered labor and length
of gestation).

OUTCOMES
We considered a range of prespecified maternal,
fetal, and neonatal outcomes, including fetal
death, neonatal death (defined as death during
the first 28 days after birth), perinatal death (a
composite of fetal and neonatal deaths), and
infant death (defined as death during the first
year of life). Other neonatal outcomes that were
assessed included a 5-minute Apgar score of less
than 7, a 5-minute Apgar score of less than 4,
neonatal seizure, ventilator support (of any dura-
tion), and admission to the neonatal intensive
care unit (NICU). Outcomes of labor and deliv-
ery included induction of labor, augmentation of
labor, and type of delivery, which was catego-
rized as unassisted vaginal delivery (vaginal de-
livery without the use of forceps or vacuum),
operative vaginal delivery, or cesarean delivery.
Maternal outcomes included admission to the
intensive care unit (ICU), blood transfusion, and
severe perineal lacerations (third or fourth de-
gree). These analyses were restricted to non-
anomalous, singleton, cephalic-presenting births,
at or after term (defined as gestational age >37
weeks). Because stillbirth is a crucial outcome
that may result from variations in obstetrical
care, we included stillbirths in the denominator
for analyses of stillbirth and perinatal death. We
restricted the denominator to live births for all
other outcomes, since only live-born neonates
were at risk for those outcomes (e.g., neonatal
death).

STUDY OVERSIGHT

This research was approved by the institutional
review board at Oregon Health and Science Uni-
versity, which did not require informed consent
for the use of preexisting administrative data.
The first author, who had full access to all study
data, assumes responsibility for the data analysis.

STATISTICAL ANALYSIS

We used chi-square tests to compare outcomes
according to planned place of delivery and used
Fisher’s exact test when necessary (if the sub-
group size was £5). Two-sided P values of less
than 0.05 were considered to indicate statistical
significance. We used multivariable logistic-
regression models to adjust for potential con-
founders, including maternal race or ethnic
group (non-Hispanic white vs. other), parity
(nulliparous vs. multiparous), insurance status
(public or none vs. other), extent of prenatal
care (5 visits vs. <5 visits), advanced maternal
age (235 years vs. <35 years), maternal education
(>12 years vs. £12 years), history or no history
of cesarean delivery, and a composite marker of
conditions that confer increased medical risk.
This composite variable denoted the presence
of one or more of the following conditions:
chronic hypertension, gestational hypertension,
preeclampsia, eclampsia, prepregnancy diabetes,
or gestational diabetes. We calculated the odds
ratio and the absolute risk difference to provide
estimates of effect on both relative and absolute
scales.

To assess the robustness of the results of
our regression analysis, we performed covari-
ate adjustment with derived propensity scores
to calculate the absolute risk difference (details
are provided in the Supplementary Appendix,
available with the full text of this article at
NEJM.org).**> To calculate the adjusted abso-
lute risk difference, we used predictive margins
and G-computation (i.e., regression-model-based
outcome prediction in both exposure settings:
planned in-hospital and planned out-of-hospital
birth).1®1” Finally, we conducted post hoc analy-
ses to assess associations between planned out-
of-hospital birth and outcomes (cesarean deliv-
ery and a composite of perinatal morbidity and
mortality), which were stratified according to
parity, maternal age, maternal education, and risk
level. All data management and analyses were
performed with the use of Stata software, ver-
sion 12 (StataCorp).
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RESULTS

POPULATION CHARACTERISTICS

Our sample included 79,727 cephalic, singleton,
term, nonanomalous deliveries in Oregon in
2012 and 2013. A total of 75,923 women (95.2%)
planned to deliver in the hospital and did so,
3203 women (4.0%) chose and completed out-of-
hospital birth (1968 at home and 1235 at a birth
center), and 601 women (0.8%) planned out-of-
hospital birth but delivered in the hospital after
intrapartum transfer.

The proportions of women who were white,
had private insurance or paid out of pocket, or
were of advanced maternal age were higher
among women who planned out-of-hospital birth
than among those who planned in-hospital birth
(Table 1). Preexisting medical conditions (e.g.,
hypertension and diabetes mellitus) and preg-
nancy-related medical conditions (e.g., gestation-
al hypertension or preeclampsia and diabetes)
were less common among women planning out-
of-hospital birth than among those planning
in-hospital birth (Table 2). Among women who
planned to deliver outside the hospital, women
who were transferred to the hospital had higher
rates of these conditions than did women who
completed an out-of-hospital birth. Women who
planned to deliver in hospitals were more likely
than women who planned and completed out-of-
hospital births to deliver during the early-term
period (37 to 38 weeks’ gestation) (21.6% vs.
11.1%, P<0.001) and less likely to deliver at 42
weeks’ gestation and beyond (1.1% vs. 4.9%,
P<0.001).

OUTCOMES
The rate of fetal death did not differ signifi-
cantly between groups before reclassification
(1.3 per 1000 deliveries among in-hospital births
vs. 0.6 deaths per 1000 deliveries among out-of-
hospital births, P=0.30). After hospital transfers
were reclassified as belonging to the planned
out-of-hospital birth category, the rate of fetal
death was higher (though not quite reaching the
level of significance) among out-of-hospital
births than among in-hospital births (2.4 vs. 1.2
deaths per 1000 deliveries, P=0.05) (Table 3).
Similarly, rates of perinatal and neonatal death
did not differ significantly before transfers were
reclassified (P>0.1 for all comparisons) but were
higher in the case of planned out-of-hospital
births than in the case of planned in-hospital

births after reclassification (perinatal death, 3.9 vs.
1.8 deaths per 1000 deliveries, P=0.003; neo-
natal death, 1.6 vs. 0.6 deaths per 1000 deliveries,
P=0.02).

Obstetrical procedures were more common
among women who had planned in-hospital
births than among women who delivered out
of the hospital (30.4% vs. 1.5% for induction of
labor and 26.4% vs. 1.1% for augmentation
of labor, P<0.001 for both comparisons) (Table 3).
Hospital procedure rates were unaffected by the
reclassification of transferred patients, but the
out-of-hospital rates for obstetrical procedures
rose after reclassification of transfers (to 4.8%
for induction and to 7.5% for augmentation).
Among all women who delivered in the hospital,
24.7% had cesarean deliveries. After the reclas-
sification of transferred patients, the out-of-
hospital rate of cesarean delivery (performed by
a physician who was not the planned birth at-
tendant) was 5.3%. Serious adverse events in the
mother were rare in all birth settings.

In analyses adjusted for maternal race and
ethnic group, age, parity, and medical condi-
tions associated with greater risk, the associa-
tions between planned location of delivery and
most adverse outcomes and obstetrical proce-
dures remained significant (Table 4). Planned
out-of-hospital birth was associated with in-
creased odds of perinatal death (adjusted odds
ratio, 2.43; 95% confidence interval [CI], 1.37 to
4.30; adjusted risk difference, 1.52 deaths per
1000 births; 95% CI, 0.51 to 2.54 per 1000) and
neonatal death (adjusted odds ratio, 2.87; 95% CI,
1.10 to 7.47; adjusted risk difference, 0.63 deaths
per \1000 births; 95% CI, 0.03 to 1.24 per 1000),
but there was no significant increase in the odds
of infant death. The odds of NICU admission
were lower with planned out-of-hospital births
than with planned in-hospital births (adjusted
odds ratio, 0.71; 95% CI, 0.55 to 0.92).

Planned out-of-hospital birth remained strong-
ly associated with decreased odds of induced
labor (adjusted odds ratio, 0.11; 95% CI, 0.09 to
0.12), cesarean delivery (adjusted odds ratio,
0.18; 95% CI, 0.16 to 0.22), and other obstetrical
procedures and increased odds of unassisted
vaginal delivery (adjusted odds ratio, 5.63; 95%
CI, 4.84 to 6.55). However, the odds of maternal
blood transfusion were increased among women
who had planned out-of-hospital delivery (ad-
justed odds ratio, 1.91; 95% CI, 1.25 to 2.93).
The results of propensity-score-adjusted analyses
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Table 3. Outcomes for Hospital vs. Out-of-Hospital Births, with and without Reclassifying Transfers as Planned Out-ofHospital Births.*

Without Reclassifying Transfer

With Reclassifying Transfer

Outcome
Total Out-of-
Hospital Hospital
Birth Births
percent
Fetal and neonatal
Fetal death 0.13 0.06
Perinatal death 0.19 0.19
Neonatal death 0.06 0.12
Infant death 0.16 0.19
5-Minute Apgar score
<7 1.9 1.7
<4 0.4 0.4
Neonatal seizures 0.04 0.16
Ventilator support 33 33
NICU admission 3.0 0.9
Maternal
Induction of labor 30.4 1.5
Augmentation of labor 26.4 1.1
Type of delivery
Unassisted vaginal 71.8 100.0
Operative vaginal 3.5 0
Cesarean 24.7 0
ICU admission 0.1 0.1
Blood transfusion 0.4 0.6
Severe perineal lacerations 13 0.8

Planned Planned Out-of-

Home  Birth-Center Hospital Hospital

Birth Birth P Value Birth Birth
percent

0.10 0 0.30 0.12 0.24
0.15 0.24 0.97 0.18 0.39
0.05 0.24 0.16 0.06 0.16
0.05 0.40 0.66 0.15 0.21
1.2 2.5 0.51 1.8 2.3
0.3 0.6 0.96 0.4 0.6
0.10 0.24 0.004 0.04 0.13
2.5 4.5 0.92 33 3.8
0.8 1.1 <0.001 2.9 1.7
1.3 1.9 <0.001 30.4 4.8
1.2 1.1 <0.001 26.3 7.5

<0.001

99.9 100.0 71.9 93.8
0.1 0 3.5 1.0
0 0 24.7 53
0.1 0.2 0.92 0.1 0.1
0.5 0.7 0.15 0.4 0.6
0.4 1.4 0.02 1.3 0.9

P Value

0.05
0.003
0.02
0.39

0.05
0.04
0.02
0.07
<0.001

<0.001
<0.001
<0.001

0.69
0.05
0.07

5

Births include nonanomalous, term, postterm, singleton, and cephalic births. The denominator for fetal death and perinatal death is all

births (79,727); for all other outcomes, the denominator is live births (79,626). All P values are calculated for the comparison of in-hospital
births with total out-of-hospital births. The rates of outcomes in planned, completed home births and planned, completed birth-center births
are presented for the sake of completeness but do not figure into the calculation of P values. ICU denotes intensive care unit, and NICU

neonatal ICU.

and lower rates of obstetrical interventions and
NICU admission than in-hospital births, findings
that corroborate the results of earlier studies.>”
These associations follow logically from the more
conservative approach to intervention that char-
acterizes the midwifery model of care®* and
from the fact that obstetrical interventions are
either rare (e.g., induction of labor)® or unavail-
able (e.g., cesarean delivery, whether at home or
at a birth center) outside the hospital setting.
There are few current data available on rates
of out-of-hospital-to-hospital transfer in the United
States. The observed rate of 16.5% in this study

N ENGLJ MED 373;27

NEJM.

is informative and is consistent with rates report-
ed in a recent systematic review of transfers in
developed countries (including the United States),
in which intrapartum transfer rates ranged from
10 to 17%.%

The limitations of our study require consider-
ation. First, a major limitation is the inability in
the case of planned home births to distinguish
between transfers from birth centers and trans-
fers from home. Although there are important
differences between these two settings,”> most
state offices of vital statistics do not as yet dis-
tinguish between them in the case of transfers.
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Second, we controlled for maternal characteris-
tics in regression models, but there are probably
differences between women who choose to give
birth in a hospital and those who choose out-of-
hospital birth. Women who choose out-of-hospi-
tal birth have different values and goals for their
delivery (e.g., control over surroundings and a
nonmedicalized experience without unnecessary
interventions) than do women who choose hos-
pital birth (e.g., the availability of pain relief and
access to emergency services).”? Third, although
Oregon has a high out-of-hospital birth rate, the
annual number of births in the state is relatively
small (approximately 45,000, before exclusions),
which provides low power for the analysis of
rare outcomes. Our study was underpowered to
analyze specific outcomes according to provider
type, making this a useful area for future re-
search. Fourth, since we analyzed data from
only one state, it is hard to generalize our find-
ings. Fifth, the accuracy of vital statistics data
has well-known limitations, especially in regard
to patient conditions before pregnancy; the cod-
ing of these conditions is less sensitive than that
for procedures.??¢

Finally, misclassification or residual confound-
ing may have affected our results. There are also
differences in completion of birth certificates
according to birth setting,>*>* and the accuracy
of the reporting of many demographic and
clinical variables is unknown. For example, the
fact that 27 transfer patients are listed as having
a physician as their planned birth attendant is
most likely due to errors in birth-certificate
completion; data are currently lacking to inform
the degree of misclassification related to this and
others factors that affect the study outcomes.

Out-of-hospital birth remains controversial.
Studies from Europe have shown that out-of-
hospital birth can be a safe option for women
and their babies when the risk of complications
is low.?®3° The European Union defines uniform
standards for the education and training of mid-
wives,? whereas the United States takes a piece-
meal approach to the training and credentialing
of out-of-hospital birth attendants. The Ameri-
can College of Nurse-Midwives and the North
American Registry of Midwives recommend that
midwives should at minimum meet the stan-
dards of midwifery established by the Interna-
tional Confederation of Midwives (ICM), which
include completion of a formal midwifery educa-

N ENGLJ MED 373;27

A Neonatal Outcome

No. of P Value for
Subgroup Events Adjusted Odd Ratios Interaction
Parity i 0.35
Nulliparous 291 , ——
Multiparous 250 —E—I—
Maternal age : 0.02
<3S yr 459 —_
=35yr 82 i — &
Maternal education E 0.54
<12yr 210 —=
>12yr 318 D —
Maternal risk profile : 0.44
High-risk 99 :
Low-risk 442 ——
Overall E
T 1 T T 7T
0.5 1.0 1.5 2.0 3.0 4.0
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Risk Risk
B Cesarean Delivery
No. of P Value for
Subgroup Events Adjusted Odd Ratios Interaction
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Nulliparous 7,378 - H
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Maternal age : 0.93
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Figure 1. Association between Planned Out-of-Hospital Birth and a Composite
Neonatal Outcome and Cesarean Delivery, According to Subgroups.

Panel A shows a composite neonatal outcome (fetal death, infant death, a
5-minute Apgar score of less than 4, or neonatal seizures) in subgroups de-
fined according to maternal characteristics. Panel B shows the rate of cesarean
delivery according to the same maternal characteristics. An odds ratio of
more than 1 indicates that the risk of the outcome is increased with planned
out-of-hospital birth as compared with planned hospital birth. An odds ratio
of less than 1 indicates that the risk of the outcome is decreased with planned
out-of-hospital birth as compared with planned hospital birth. All the models
were adjusted for maternal race or ethnic group, parity, insurance status
(for cesarean delivery), extent of prenatal care, maternal age and education,
history of cesarean delivery, and a composite of maternal conditions associ-
ated with an increased medical risk (chronic hypertension, gestational hyper-
tension, preeclampsia, eclampsia, prepregnancy diabetes, or gestational
diabetes). The sizes of the boxes are proportional to statistical precision.
Horizontal lines represent 95% confidence intervals and arrows 95% con-
fidence intervals that were clipped when the confidence limits extended to
extreme values (e.g., odds ratios of 0.03 or 9.5) in order to maintain the
readability of the central portion of the graph.
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tion program, national certification, and licen-
sure in the local jurisdiction of practice.??3
Certified professional midwives (CPMs) may
achieve certification through apprenticeship and
portfolio evaluation without obtaining a formal
midwifery degree; within CPM professional or-
ganizations efforts are under way to uniformly
adopt ICM standards.®*** Oregon has followed
this trend; in 2015 licensure became mandatory
for attendants at out-of-hospital births.

The extent to which midwifery is integrated
into a health care system probably explains some
of the differences in practice and outcomes re-
ported in U.S. and European studies. For exam-
ple, the Dutch home-birth system (in which home
birth is common and adverse outcomes are rare)
includes formal collaborative agreements between
out-of-hospital and in-hospital providers, clear
and mutually agreed-upon stratification of risk,
and protocols for the transfer of care.>>3® The
process of devising evidence-based guidelines for
U.S. home births is under way.

Rates of obstetrical intervention are high in
U.S. hospitals, and we found large absolute dif-
ferences in the risks of these interventions be-
tween planned out-of-hospital births and in-
hospital births.?® In contrast, serious adverse
fetal and neonatal outcomes are infrequent in all
the birth settings we assessed, and the absolute
differences in risk that we observed between
planned birth locations were correspondingly

small; for example, planned out-of-hospital births
were associated with an excess of less than 1 fetal
death per 1000 deliveries in multivariate and
propensity-score-adjusted analyses. Consideration
of maternal preferences, including preferences
for obstetrical services, is also important; the
fact that U.S. hospitals generally decline to allow
vaginal birth after a woman has undergone
cesarean section may be associated with the in-
crease in home births.103940

Using data from Oregon birth certificates, we
showed that the rates of obstetrical interventions
were lower but the risks of perinatal death and
other adverse neonatal outcomes were higher
with planned out-of-hospital birth than with
planned in-hospital birth; however, the absolute
differences in the risks of adverse neonatal out-
comes were small. Our findings highlight the
effect that the misclassification of intended
birth setting has on the accuracy of U.S. vital
statistics.
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