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Abstract

Objective: This study estimated the effects of weekend and off-hour childbirth and the size of perinatal medical
care center on the incidence of cerebral palsy.

Methods: The cases were all children with severe cerebral palsy born in Japan from 2009 to 2012 whose data were
stored at the Japan Obstetric Compensation System for Cerebral Palsy database, a nationally representative
database. The inclusion criteria were the following: neonates born between January 2009 and December 2012 who
had a birth weight of at least 2000 g and gestational age of at least 33 weeks and who had severe disability
resulting from cerebral palsy independent of congenital causes or factors during the neonatal period or thereafter.
Study participants were restricted to singletons and controls without report of death, scheduled cesarean section,
or ambulance transportation. The controls were newborns, randomly selected by year and type of delivery (normal
spontaneous delivery without cesarean section and emergency cesarean section) using a 1:10 case to control ratio
sampled from the nationwide Japan Society of Obstetrics and Gynecology database.

Results: A total of 90 cerebral palsy cases and 900 controls having normal spontaneous delivery without cesarean
section were selected, as were 92 cerebral palsy cases and 920 controls with emergent cesarean section. A
significantly higher risk for cerebral palsy was found among cases that underwent emergent cesarean section on
weekends (odds ratio [OR] 1.72, 95% confidence interval [CI] 1.06–2.81) and during the night shift (OR 2.29, 95% CI
1.30–4.02). No significant risk was found among normal spontaneous deliveries on weekends (OR 1.63, 95% CI 0.97–
2.73) or during the quasi-night shift (OR 1.26, 95% CI 0.70–2.27). Regional perinatal care centers showed significantly
higher risk for cerebral palsy in both emergent cesarean section (OR 2.35, 95% CI 1.47–3.77) and normal
spontaneous delivery (OR 2.92, 95% CI 1.76–4.84).

Conclusion: Labor on weekends, during the night shift, and at regional perinatal medical care centers was
associated with significantly elevated risk for cerebral palsy in emergency cesarean section.
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Key message
Labor on weekends, during the night shift, and at re-
gional perinatal medical care center was associated with
significantly elevated risk for cerebral palsy.

Introduction
Over the past two decades, a growing body of evi-
dence has demonstrated an association between work
outside of the Monday through Friday schedule and
increased morbidity and mortality in hospital settings
[1]. Most studies that have found worsened outcomes
in patients admitted during the weekend and during
off-hour shifts have evaluated patients requiring ur-
gent or emergency intervention, with conditions such
as stroke [2], myocardial infarction [3], traumatic
brain injury [4], pulmonary embolism [5], gastrointes-
tinal hemorrhage [6], pediatric surgery [7], and mor-
tality in critical care admission [8]. In obstetrical and
perinatal outcomes, several studies have indicated the
unfavorable influence of weekend and night delivery
on neonatal death [9–14], birth-related injury,[14, 15]
asphyxia, [16] intraventricular hemorrhage, [11] neo-
natal encephalopathy [17], maternal complication [18],
and perinatal complication [12, 14, 18, 19]. Recent
studies have analyzed the impact of staff fatigue [20],
lack of medical personnel [17, 18], high volume [21],
and institutional characteristics (e.g., academic teach-
ing hospital [22] or secondary/tertiary hospital [23,
24]) on weekend and off-hour outcomes. A report
from Sweden found an increased risk of asphyxia in
infants born at night [16]. This indicates a possible
negative weekend and off-hour effect on obstetrical
care. Definitive conclusions have not been reached in
this area due to narrowly focused research settings
and the range of disease and symptom outcomes
assessed [11, 18, 21, 25–28].
This study focuses on cerebral palsy (CP) as an out-

come to evaluate weekend and off-hour effects in Jap-
anese settings. In Japanese obstetrical care, stillbirth
outcomes have improved, but risk for CP remains
among surviving infants [29]. One study that used
data from one hospital in Japan reported that adverse
neonatal outcomes among cesarean births increased
during the night [30]. The number of obstetricians is
decreasing in Japan [31], and access to obstetric care
is being reduced, especially on weekends and during
off-hours. To tackle this urgent and problematic
shortage, perinatal medical care has been consoli-
dated, and tertiary (comprehensive and regional) peri-
natal care centers have been established. This
consolidation may modify weekend and off-hour ef-
fects. This study evaluated whether there are weekend
and off-hour effects and examined the potential ef-
fects of the type of perinatal medical care center on

the incidence of CP, using nationwide Japanese
databases.

Methods
Study design and participants
This was a retrospective case-control study that used
data extracted from nationwide Japanese databases,
namely, the Japan Obstetric Compensation System for
Cerebral Palsy (JOCSC) and the Japan Society of Ob-
stetrics and Gynecology (JSOG). The JOCSC is a
government-supervised compensation system intended
to provide prompt, no-fault compensation for children
diagnosed with severe CP caused by trauma during
labor and delivery and for their families, as well as to
provide information that could help in prevention, the
early resolution of disputes, and improving the quality
of obstetric health care. All cases were approved for
compensation by the JOCSC Operations Branch re-
view board, which consists of obstetricians, pediatri-
cians, midwives, and lawyers. Inclusion criteria for
this study were the following: neonates born between
January 2009 and December 2012, with a birth weight
of at least 2000 grams and a gestational age of at
least 33 weeks, and with a severe disability resulting
from CP independent of congenital causes or factors
during the neonatal period or thereafter. A compar-
able and compatible database period was used be-
cause the diagnosis of CP cases completed at 5 years
old in JOCSC criteria and the data format of JSOG
database was changed in 2013. In CP cases, disability
is certified as having a first- or second-degree sever-
ity, according to the grade of disability definitions in
the Welfare of Physically Disabled Persons Act [32],
equivalent to grade three or severe in the gross motor
function classification system. The study flow diagram
is shown in Fig. 1.
Control group data were obtained from the JSOG peri-

natal database, an offline national and peerless birth
registry that was established in 1974. The JSOG database
contains attending physician-submitted annual data, in a
standardized common format, for all pregnant women
treated at the 253 comprehensive and regional perinatal
care centers of the Perinatal Research Network of Japan
[33]. Both types of care centers accept high-risk preg-
nant women and newborns with serious conditions, and
both offer advanced perinatal care. Comprehensive peri-
natal care centers have more staff and equipment for
special care and accept round-the-clock emergency re-
ferrals [34]. Data are stored with strict quality control
implemented by the JSOG Perinatal Committee. The
JSOG database, described in detail previously [35], is the
largest obstetrics database in Japan, representing about
10% of the total number of births throughout the coun-
try each year. The JSOG database was used, despite its
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lack of comprehensive hospital and clinic coverage, be-
cause no comparable database exists in Japan.
Generally, in case-control studies, case and control

groups should be sampled from a common population
in terms of causal CP relationships, dates, and times.
Controls sampled from the JSOG included birth records
from comprehensive and regional perinatal care centers
to match the backgrounds of the cases. Births following
transportation by ambulance from other facilities incorp-
orate challenging backgrounds. Therefore, study partici-
pants were restricted to cases and controls from
perinatal care center hospitals without ambulance trans-
portation for whom complete data for all analyzed items
were available in the JOCSC database (for those born
2009–2012) in March 2017 and in the JSOG database
(for those born in 2009–2011). To avoid the inclusion of
CP cases among the controls, controls who matched
cases in terms of sex, date of birth, birth weight, gesta-
tional week, and maternal age were excluded. Cases and
controls with scheduled cesarean sections were excluded
because scheduled procedures typically do not occur on
the weekend or during a night shift. Instrumental deliv-
ery was included in the normal (vaginal) spontaneous
delivery category. Because obstetrical processes for nor-
mal spontaneous delivery and emergence cesarean were
identical, we applied stratified matching and stratified
analysis for normal spontaneous delivery and delivery

with emergent cesarean section. Matched analysis in
matched sampled case-control studies can induce sam-
pling bias [36], so we conducted un-matched analyses.
Case and control data were extracted from the delivery
medical records.
In case-control studies, matching is a means of provid-

ing a more efficient stratified analysis rather than a dir-
ect means of preventing confounding [36]. The data in
the JSOG contained a few outlier values, typographical
errors, and transfer errors from the hospital to the
JSOG. To reduce the possibility of including inappropri-
ate controls and to increase statistical power, cases were
matched with 10 controls by birth year (2009, 2010, and
2011–2012) and type of birth (normal spontaneous de-
livery without cesarean section and emergency cesarean
section).

Assessments
The weekend was defined as Saturdays, Sundays, na-
tional holidays, and December 29–January 3. All other
days were defined as weekdays. For the definition of off-
hour time shifts, we aggregated blocks of time into three
shifts: day (0800–1800), quasi-night (1800–2400), and
night (2400–0800). The definition of pregnancy-induced
hypertension (PIH) included preeclampsia and gesta-
tional hypertension. Gestational hypertension was de-
fined as onset of hypertension after 20 weeks’ gestation

Fig. 1 Study flow diagram

Toyokawa et al. Environmental Health and Preventive Medicine           (2020) 25:52 Page 3 of 8



(defined as systolic blood pressure of 140 mmHg or dia-
stolic blood pressure of 90 mmHg) on at least two occa-
sions, 4 h apart. Preeclampsia was defined as gestational
hypertension with proteinuria (0.3 g in a 24-h urine spe-
cimen or a protein-to-creatinine ratio of > 0.30). Preterm
labor is labor that begins before the 37th week of preg-
nancy. Fetal growth restriction was assessed using the
standard deviation (SD) for birth weight [37].

Statistical analyses
Continuous variables were reported as means ± SDs and
were compared using Welch’s t test. Categorical vari-
ables were reported as frequencies and proportions and
were compared using a chi-squared test. The relation-
ships between CP and weekend/off-hour delivery were
evaluated using multivariable logistic regression with CP
as the dependent variable. The independent variables in
Model 1 for cases and controls without cesarean section
included day, perinatal care center level (comprehensive
or regional ), shift, and year of delivery; Model 2 added
the covariates prescription of prostaglandin or oxytocin,
maternal age, parity, PIH, preterm labor, gestational
week, birth weight, and SD for birth weight. Models 3
and 4 included the same covariates as Models 1 and 2
for cases and controls with normal spontaneous delivery.
Models 5 and 6 included the same covariates as Models
1 and 2 for cases and controls with emergency cesarean
section. The results were expressed as an odds ratios
(ORs) and 95% confidence intervals (CIs). The goodness
of fit of the multivariate models was evaluated using the
Hosmer–Lemeshow test. Two-tailed P values less than
0.05 were used to define statistical significance. All ana-
lyses were conducted using Stata version 13.0 (STATA
Corporation, College Station, TX, USA).

Results
A total of 182 CP cases with normal spontaneous deliv-
ery without cesarean section and with emergent cesarean
section (Table 1) were selected by year (2009, 64
[35.2%]; 2010, 49 [26.9%]; 2011–2012, 69 [37.9%]) from
the JOCSC database (Table 1). These were matched to
1820 controls, also sampled by year (2009, 640 [35.2%];
2010, 490 [26.9%]; 2011–2012, 690 [37.9%]). In all cases
of either normal spontaneous delivery or emergent
cesarean section, significantly more preterm labor (P <
0.001), fewer gestational weeks (P < 0.001), more fetus
growth restriction (SD for birth weight; P < 0.001), more
weekend delivery (P = 0.015), and more use of regional
perinatal care centers (P < 0.001) were seen in the CP
cases.
Table 2 shows that significantly more cases than con-

trols had night deliveries, adjusted for year and obstetric
condition (Model 2: OR 1.56, CI 1.05–2.32). Significantly
more cases than controls also had weekend deliveries,

adjusted for year and obstetric condition (Model 2: OR
1.59, CI 1.12–2.25). In addition, significantly more cases
than controls had delivery in regional perinatal care cen-
ters, adjusted for year (Model 1: OR 2.41, CI 1.74–3.33)
and obstetric condition (Model 2: OR 2.50, CI 1.78–3.50).
For those with normal spontaneous delivery (Table 3),

significantly more cases than controls were delivered at
regional perinatal care centers, adjusted for year (Model
3: OR 2.69, CI 1.69–4.30) and obstetric condition
(Model 4: OR 2.92, CI 1.76–4.84).
For those with cesarean section (Table 4), significantly

more cases than controls had weekend (OR 1.75, CI
1.09–2.80) or night (OR 2.40, CI 1.40–4.11) deliveries
(Model 5). In the multivariable model adding obstetric
conditions (Model 6), cases again had significantly more
weekend (OR 1.72, CI 1.06–2.81) and night (OR 2.29, CI

Table 1 Demographics and prenatal participant characteristics

Variable CP (N = 182) Control (N = 1820) P value

Birth year

2009 64 (35.2%) 640 (35.2%) NA

2010 49 (26.9%) 490 (26.9%)

2011–2012 69 (37.9%) 690 (37.9%)

Delivery

Normal 90 (49.5%) 900 (49.5%) NA

Emergency CS 92 (50.5%) 920 (50.5%)

Age, years 32.0 ± 5.1 31.9 ± 5.4 0.865

Parity

One or more 77 (42.3%) 688 (37.8%) 0.233a

Prescription

Prostaglandin 22 (12.1%) 156 (8.6%) 0.112a

Oxytocin 41 (22.5%) 479 (26.3%) 0.266a

PIH 13 (7.1%) 116 (6.4%) 0.687a

Preterm labor 68 (37.4%) 230 (12.6%) < 0.001a

Gestational week 37.8 ± 2.3 38.8 ± 1.7 < 0.001

SD for birth weight -0.304 ± 1.032 0.003 ± 1.039 < 0.001

Perinatal care centers

Comprehensive 60 (33.0%) 992 (54.5%) < 0.001a

Regional 122 (67.0%) 828 (45.5%)

Day

Weekday 122 (67.0%) 1344 (73.9%) 0.015a

Weekend 60 (33.0%) 476 (26.2%)

Time shift

Day 89 (48.9%) 1015 (55.4%) 0.088a

Quasi-night 44 (24.2%) 435 (23.9%)

Night 49 (26.9%) 370 (20.3%)

Data are expressed as means ± SDs or numbers (percentages). P values are
derived from Welch’s t test
NA not applicable or being used in matching, CP cerebral palsy, PIH
pregnancy-induced hypertension, CS caesarian section, SD standard deviation
aThe chi-squared test
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1.30–4.02) deliveries. Significantly more cases than con-
trols had a cesarean section in a regional perinatal care
center, adjusted for year (Model 5: OR 2.24, CI 1.42–
3.53) and obstetric condition (Model 6: OR 2.35, CI
1.47–3.77).
The Hosmer–Lemeshow test showed a fairly good fit

for all models (no significant P values were observed in
any models).

Discussion
Using two nationwide perinatal databases, our case-
control study in comprehensive and regional perinatal

care centers found no weekend or off-hours effects on
CP evident in normal spontaneous deliveries. However,
we observed a 1.7-fold weekend and 2.3-fold night on
CP for delivery with emergency cesarean section without
emergency transportation. To the best of our knowledge,
this is the first study to investigate the risk for CP associ-
ated with delivery during the weekend and off-hour
periods.
In Japan, approximately 2500 facilities provide delivery

services for approximately one million deliveries per year
[31]. Because pregnant women often prioritize the acces-
sibility and comfort of delivery facilities, deliveries are
not intensively performed, and more than half of all de-
liveries occur in private clinics operated by one or two
obstetricians [31]. Nevertheless, the perinatal mortality
rate and maternal mortality rate in Japan in 2012 were 4
per 1000 and 4 per 100,000 births, respectively [38], the
lowest figures worldwide. Thus, the safety standards of
prenatal practice in Japan are at least equivalent to those
in other developed countries.
The incidence of CP in Japan is estimated to be 2.0

per 1000 births [39], which is about the same as that in
other developed countries [40]. CP occurrence related to
labor management should be limited, but the current
study indicates that the risk might be elevated on the
weekend and at night even in comprehensive and re-
gional perinatal care centers that offer advanced peri-
natal care.
Previous studies on weekend and off-hour effects on

obstetrical and perinatal outcomes have proposed several
explanations: staff fatigue [20], a lack of medical
personnel [17, 18], high volumes [21], and institutional
characteristics [22–24]. Other previous studies have

Table 2 Odds ratios for weekend and off-hour effects on
cerebral palsy

Variable Bivariate Model 1 Model 2

Perinatal care centers

Comprehensive 1.00 1.00 1.00

Regional 2.40, 1.74–3.32 2.41, 1.74–3.33 2.50, 1.78–3.50

Day

Weekday 1.00 1.00 1.00

Weekend 1.50, 1.08–2.08 1.41, 1.01–1.97 1.59, 1.12–2.25

Shift

Day 1.00 1.00 1.00

Quasi-night 1.25, 0.86–1.83 1.28, 0.87–1.87 1.29, 0.87–1.92

Night 1.48, 1.02–2.14 1.43, 0.98–2.08 1.56, 1.05–2.32

Hosmer–Lemeshow test P = 0.636 P = 0.415

Data are expressed as odds ratios and 95% confidence intervals with logistic
regression models
Cases: N = 182, controls: N = 1820; covariates: (Model 1) birth year; (Model 2)
adding birth year, prescription of prostaglandin, prescription of oxytocin,
maternal age, parity, pregnancy-induced hypertension, preterm labor,
gestational week, standard deviation for birth weight, and delivery

Table 3 Odds ratios for weekend and off-hour effects on
cerebral palsy for normal spontaneous delivery

Variable Bivariate Model 1 Model 2

Perinatal care centers

Comprehensive 1.00 1.00 1.00

Regional 2.65, 1.66–4.21 2.69, 1.69–4.30 2.92, 1.76–4.84

Day

Weekday 1.00 1.00 1.00

Weekend 1.20, 0.76–1.91 1.17, 0.73–1.88 1.63, 0.97–2.73

Shift

Day 1.00 1.00 1.00

Quasi-night 1.44, 0.85–2.44 1.51, 0.89–2.58 1.65, 0.93–2.95

Night 1.04, 0.62–1.75 1.00, 0.59–1.71 1.26, 0.70–2.27

Hosmer–Lemeshow test P = 0.075 P = 0.897

Data are expressed as odds ratios and 95% confidence intervals with logistic
regression models
Cases: N = 90, controls: N = 900; covariates: (Model 3) birth year; (Model 4)
adding birth year, prescription of prostaglandin, prescription of oxytocin,
maternal age, parity, pregnancy-induced hypertension, preterm labor,
gestational week, and standard deviation for birth weight

Table 4 Odds ratios for weekend and off-hour effects on
cerebral palsy for delivery with emergent caesarian section

Variable Bivariate Model 1 Model 2

Perinatal care centers

Comprehensive 1.00 1.00 1.00

Regional 2.19, 1.40–3.43 2.24, 1.42–3.53 2.35, 1.47–3.77

Day

Weekday 1.00 1.00 1.00

Weekend 1.89, 1.19–2.99 1.75, 1.09–2.80 1.72, 1.06–2.81

Shift

Day 1.00 1.00 1.00

Quasi-night 1.06, 0.61–1.84 1.04, 0.59–1.81 1.15, 0.64–2.07

Night 2.46, 1.45–4.17 2.40, 1.40–4.11 2.29, 1.30–4.02

Hosmer–Lemeshow test P = 0.700 P = 0.561

Data are expressed as odds ratios and 95% confidence intervals with logistic
regression models
Cases: N = 92, controls: N = 920; covariates: (Model 5) birth year; (Model 6)
adding birth year, prescription of prostaglandin, that of oxytocin, maternal
age, parity, pregnancy-induced hypertension, preterm labor, gestational week,
and standard deviation for birth weight
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reported no difference in patient management on the
weekend versus on weekdays for spontaneous labor [41]
nor any increase in adverse maternal and neonatal out-
comes from cesarean births at night [25]. Another study
of weekend and off-hour effects on other health out-
comes have offered explanations, such as fewer
personnel, lower staffing levels, reduced numbers of se-
nior staff, cross-cover of clinical specialties, proportion-
ally more urgent procedures, deficits in continuity of
care, and presenting patients often being in a more com-
plex or more critical condition than those who typically
present on weekdays [42]. Our target hospitals, compre-
hensive and regional perinatal care centers, must meet
staff and facility requirements for 24 h operation; how-
ever, medical staff is reduced during the night and on
weekends, meaning that fewer obstetricians are available
to handle serious cases. Weekend and night CP effects
during emergency cesarean sections might be the result
of multiple simultaneous factors: lower staffing levels,
fewer senior staff, cross-cover of clinical specialties, and
proportionally more urgent procedures on weekends
and at night.
In all models, regional perinatal care centers had a 2.2-

fold or higher risk of CP compared to comprehensive
perinatal care centers. Generally, the minimum staffing
and equipment requirements at regional perinatal care
centers are lower than for comprehensive perinatal care
centers [43]. Severe institutional risk conditions induced
by deliveries may thus occur more frequently in regional
perinatal care centers.
In a previous study, delays in diagnosis and treatment,

including maternal transport, intervention, and blood
transfusion, were associated with maternal death in
Japan [26]. In fact, such cases encounter several prob-
lems in diagnostic procedures, treatment strategies, and
inter- and intra-hospital systems [31]. In 2000, inad-
equate obstetric services were associated with maternal
mortality in Japan. Reducing the number of deliveries in
single-obstetrician facilities and establishing regional 24
h inpatient obstetric facilities for high-risk cases might
reduce maternal mortality in Japan [44].
This weekend and holiday problem in regional peri-

natal care centers may reflect the current condition of
obstetric medical care, in particular, the shortage of ob-
stetricians. To tackle this shortage, the Medical Reform
Committee of JSOG published its Grand Design 2015
[45], which recommended that obstetric services be con-
solidated in secondary and tertiary care hospitals, and
regional and comprehensive perinatal care centers, to
reach a sufficient number of full-time obstetricians. Con-
solidation of obstetric facilities impairs access, but a
higher caseload and better staffing have the potential ad-
vantages of better clinical outcomes and reduced costs
[46]. Metropolitan areas could develop plans to

consolidate perinatal medical care; however, rural re-
gions would not be able to achieve similar consolidation.
The redistribution of care centers and obstetricians
should also be accelerated. Comprehensive perinatal care
centers are not distributed throughout the country to
provide efficient access to perinatal care. According to
the current results, appropriate management and inten-
sive care is needed in regional perinatal care centers dur-
ing the night and on weekends and holidays.
Consolidation progressed during the study period 2009–
2011. Further study is needed to fully capture the
current situation.
This study has several strengths. First, we included a

large number of CP patients from a nationwide database.
Statistical power was estimated at 86.0, 62.6, and 97.8%,
respectively, for night, weekend, and regional perinatal
care center effects for the bivariate analysis of delivery
with emergent cesarean section. Second, data were
drawn from available medical information and did not
include self-administrated questionnaires, attenuating
potential recall bias. However, this study also had several
limitations. First, to provide grounds for comparison, it
focused on cases and controls in comprehensive and re-
gional perinatal care centers without ambulance trans-
portation. Labor in general obstetrics clinics and
hospitals with a limited number of obstetricians and
midwives might be associated with exaggerated risk dur-
ing weekend and off-hour delivery or in emergent cases
with ambulance transportation. Second, only partici-
pants with births at 33 or more weeks were eligible to
participate, so night and weekend effects were not stud-
ied for births outside of these restrictions. Third, the
quality of the dataset was not balanced because the
JOCSC data were manually confirmed by JOCSC investi-
gators but the JSOG data were automatically transcribed
from electronic patient records. Individual risk behav-
iors, i.e., alcohol drinking and drug use, were assessed
with different questions between databases. No pair of
comparable databases exists. Individual risk behaviors
occur more often during weekends and at night and may
therefore be a cause of weekend and night effects pro-
duced in this study [2]. Pregnant women usually avoid
risk behaviors; however, the potentially confounding ef-
fects of individual behaviors were not analyzed in the
current study. Fourth, the time between amniotic rup-
ture and total delivery was not included in the analysis
due to uncertain data recording.

Conclusions
In conclusion, in a case-control analysis, we found that
weekend and night delivery were significantly associated
with an elevated risk of CP in emergency cesarean sections
without ambulance transportation in comprehensive and
regional perinatal care centers. Regional perinatal care
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centers exhibited significantly higher risk for CP than
comprehensive perinatal care centers. These findings
should motivate health policymakers to consolidate peri-
natal medical care and to ensure that management and in-
tensive care are appropriately applied in regional perinatal
care centers during the night as well as on weekends and
holidays.
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