Increasing trends in a low 5-minute Apgar score among (near) term
singletons: a Dutch nationwide cohort study

C.E. Tacke!, Wes Onland!, Petra Bakker?, Floris Groenendaal®, Ageeth Rosman*, Lisa
Broeders*, Jasper Been®, and Anita Ravelli?

! Amsterdam UMC Locatie AMC Afdeling Neonatologie

2Amsterdam University Medical Centers

3Universitair Medisch Centrum Utrecht - Locatie Wilhelmina Kinderziekenhuis
4Perined

*Erasmus MC Sophia Kinderziekenhuis

March 21, 2023

Abstract
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5-minute Apgar score <7 and <4 increased significantly between 2010 and 2019 (1.04-1.42% (p<0.001), 0.17-0.19% (p=0.009),
respectively). While neonatal mortality remained unchanged, NICU admissions and low umbilical artery pH’s increased signifi-
cantly. Many perinatal characteristics showed a significant association with low Apgar scores. The highest risks were found for
nulliparity, epidural analgesia, emergency caesarean section, instrumental vaginal delivery, prolonged second stage of labour,
male sex and delivery in secondary care. The obstetric interventions induction of labour, epidural analgesia and planned cae-
sarean section showed an increasing trend. Instrumental vaginal delivery and emergency caesarean section were performed
less frequently over time, however within these obstetric intervention subgroups the highest increase in low Apgar scores was
observed. Conclusions In the Netherlands, the risk of a low 5-minute Apgar score increased significantly over the last decade,
with the highest increase being observed in the obstetric intervention subgroups of instrumental vaginal delivery and emergency

caesarean section. Neonatal mortality remained stable over the study period.

Increasing trends in a low 5-minute Apgar score among (near) term singletons:
a Dutch nationwide cohort study

C.E. Tacke?, W. Onland™?, P. Bakker?, F. Groenendaal?, A.N. Rosman®, L. Broeders®, J.V. Been%",
A.C.J. Ravelli*®, on behalf of N3 Benchmarking group.*

Affiliations:

1. Department of Neonatology, Emma Children’s Hospital, Amsterdam University Medical Centers, Am-

sterdam, the Netherlands

Amsterdam Reproduction & Development Research Institute, Amsterdam, the Netherlands

3. Department of Obstetrics and Gynaecology, Amsterdam University Medical Centers, Amsterdam, the
Netherlands.

N



4. Department of Neonatology, Wilhelmina Children’s Hospital, University Medical Center Utrecht,

Utrecht University, Utrecht, the Netherlands

Perined, Utrecht, the Netherlands

6. Division of Neonatology, Department of Paediatrics, Erasmus MC Sophia Children Hospital, University
Medical Centre Rotterdam, Rotterdam, the Netherlands

7. Department of Obstetrics and Gynaecology, Erasmus MC Sophia Children’s Hospital, University Med-
ical Centre Rotterdam, Rotterdam, the Netherlands

8. Department of Medical Informatics, Amsterdam UMC, Amsterdam, the Netherlands.

o

* The members of the N3 benchmarking group are listed in Appendix A.
Corresponding author:

C.E. Tacke

Department of Neonatology

Emma Children’s Hospital

Amsterdam University Medical Centers

Amsterdam, The Netherlands

Email: c.e.tacke@amsterdamumec.nl

Running title

Increasing trends in low Apgar scores in near term singletons

Word count

3380

Abstract

Objective:

To investigate trends in low 5-minute Apgar scores in (near) term singletons.
Design:

Nationwide cohort study.

Setting:

The Netherlands.

Population:

A cohort of 1,583,188 singletons liveborn between 357%and 4276 weeks of gestation in the period 2010-2019
from the Dutch Perinatal Registry.

Methods:

We studied trends using Cochrane-Armitage trend tests. Risk factors were studied by logistic regression
analysis and Population Attributable Risk (PAR) calculation.

Main outcome measures:
Low 5-minute Apgar score (<7 and <4) as primary outcome.
Results:

The proportion of infants with low 5-minute Apgar score <7 and <4 increased significantly between 2010
and 2019 (1.04-1.42% (p<0.001), 0.17-0.19% (p=0.009), respectively). While neonatal mortality remained



unchanged, NICU admissions and low umbilical artery pH’s increased significantly. Many perinatal charac-
teristics showed a significant association with low Apgar scores. The highest risks were found for nulliparity,
epidural analgesia, emergency caesarean section, instrumental vaginal delivery, prolonged second stage of
labour, male sex and delivery in secondary care. The obstetric interventions induction of labour, epidural
analgesia and planned caesarean section showed an increasing trend. Instrumental vaginal delivery and emer-
gency caesarean section were performed less frequently over time, however within these obstetric intervention
subgroups the highest increase in low Apgar scores was observed.

Conclusions

In the Netherlands, the risk of a low 5-minute Apgar score increased significantly over the last decade, with
the highest increase being observed in the obstetric intervention subgroups of instrumental vaginal delivery
and emergency caesarean section. Neonatal mortality remained stable over the study period.
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Introduction

The neonatal period is the most vulnerable period for a child’s survival. The child’s risk of dying is the
highest in the first 28 days of life. One of the leading causes of neonatal death is birth asphyxia. The
World Health Organization (WHO) defines birth asphyxia as “the failure to initiate and sustain breathing
at birth”.(1) In birth asphyxia, the marked impairment of blood flow or gas exchange to or from the fetus in
the period before, during or directly after birth, leads to progressive hypoxemia, hypercapnia, and significant
metabolic acidosis. Globally, birth asphyxia is responsible for an estimated 900,000 neonatal deaths each year,
and it is the main cause of death in term infants admitted to the neonatal intensive care unit (NICU).(2,
3) Furthermore, birth asphyxia is a major cause of morbidity with both significant short and long-term
consequences. (4, 5)

The Apgar score provides a rapid assessment of the infant’s clinical status immediately after birth and of
the response to resuscitation if needed.(6, 7) In term infants without severe congenital malformations, a low
5-minute Apgar score has the best predictive value for neonatal mortality and is highly associated with sub-
sequent neurological disability such as cerebral palsy, cognitive impairment, attention deficit/hyperactivity
disorder, and epilepsy even in the era of therapeutic hypothermia.(8-12)

Previous studies showed that the risk of a low 5-minute Apgar score <7 among term singletons slightly
decreased in the period 1999-2009 in the Netherlands, but significantly increased in the subsequent period
(from 9.9/1000 in 2010 to 10.9/1000 in 2014,p< 0.001).(13-15) This latter observation is worrisome. An
association with epidural analgesia was suggested, because the study presenting data from 2010-2014 also
showed that the strongest risk factor for an Apgar score <7 was the use of epidural analgesia.(14) To the
best of our knowledge, there are no studies presenting more recent trends in the Netherlands for a low Apgar
score in the Netherlands, including Apgar score <4.

The primary aim of the present study was to investigate recent trends in indicators of birth asphyxia over
the last decade (2010-2019) in the Netherlands, with a low 5-minute Apgar score as main outcome measure.
The secondary aim was to identify risk factors for a low Apgar score, and to describe trends over time in
low Apgar scores in subgroups of infants based on obstetric interventions and level of care.

Methods

Data sources



Data for this study were extracted from a national cohort using the Netherlands Perinatal Registry
(www.Perined.nl). The Perined registration consists of population-based clinical and laboratory data on
pregnancies, deliveries and neonatal (re)admissions until 28 days after delivery. Data in this national reg-
istry are collected by caregivers. The database covers about 96% of all deliveries at more than 22 completed
weeks of gestation in the Netherlands.(16)

For this study we selected all singletons liveborn between 3579 and 4216 weeks of gestation in the period
between January 15¢ 2010 and December 315 2019. We did not include more recent years 2020 and 2021 be-
cause of the possible influence of the COVID-19 pandemic.(17) Infants with severe congenital malformations
and infants who died before or during birth (defined as fetal mortality) were excluded.

Outcome measures

Indicators of birth asphyxia were studied as outcome measures among liveborn infants. Our primary outcome
was a low 5-minute Apgar score, defined as Apgar <7 and Apgar <4. Secondary outcomes were: NICU
admission for 24 hours or more, low umbilical artery pH (pH <7.1 and pH <7.0), and neonatal mortality
(within 7 and 28 days after birth). We limited NICU admissions to admissions for at least 24 hours to
prevent misclassification of infants admitted for transient symptoms of fetal-to-neonatal transition.

Covariates

Several sociodemographic characteristics and factors related to pregnancy, labour and health care were
collected and studied as risk factors for a low Apgar score. Sociodemographic characteristics included
maternal age (<25 years, 25-34 years, and [?]35 years), ethnicity (Western vs. non-Western), urbanisation
(very urban with >2500 addresses per square kilometre (km?), intermediate with 500 — 2500 households/km?
and very rural with <500 households/km2), and neighbourhood socioeconomic status (SES; in quintiles (Q1
very low/deprived to Q5 very high)).(18) Variables related to pregnancy were: parity (nulliparous PO,
multiparous P1-P2 and multiparous P3+), hypertensive disorder including pre-eclampsia, maternal diabetes
including gestational diabetes, medical history with caesarean section, and severe vaginal bleeding during
gestation.

Variables studied related to labour were: obstetric interventions (induction of labour, instrumental vaginal
delivery, planned (primary) and emergency (secondary) caesarean section, and use of epidural analgesia),
presentation at birth (cephalic vs. non-cephalic), prelabour rupture of membranes (>24 hours before birth),
prolonged second stage of labour (>120 minutes for nulliparous women and >60 minutes for multiparous
women), and meconium-stained amniotic fluid. Characteristics at birth were: year of birth, fetal sex,
gestational age in weeks, and small (SGA) or large for gestational age (LGA). SGA was defined as <10!
percentile and LGA as >90*" percentile according to the Dutch reference curves.(19) As health care related
factors we studied: time of birth (daytime 8-17 hours, evening 18-24 hours or night 24-8 hours), day of birth
on a week or weekend day and level of care (primary vs. secondary at onset of birth and at delivery). Level of
care was studied because the Dutch maternity care model is based on risk selection. Antepartum-judged low-
risk pregnancies are under surveillance of primary care, whereas high-risk pregnancies are under secondary
care. Primary care is provided by midwives, and on a small scale general practitioners, and includes home
births, and births in a birth centre or in a hospital under the care of a midwife. Secondary obstetric care is
provided by an obstetrician in a general hospital or tertiary academic centre.(20)

Statistical analysis

First, we studied trends over time in indicators of birth asphyxia. We calculated the number and rate of
births with the outcome measurements for each year of the study. To analyse possible trends over time,
we performed Cochrane-Armitage trend tests. The absolute difference was the outcome in year 2019 minus
2010. The relative difference (in percentage) was the absolute difference divided by the outcome in year
2010.

Second, we investigated risk factors for a low 5-minute Apgar score, both <7 and <4, by calculating risk per
100 births and performing logistic regression analysis. We assessed crude and adjusted odds ratios (ORs)



with 95% confidence intervals (CI). The Population Attributable Risk (PAR), which takes the number of
exposed individuals into account, was calculated for the variables with statistically significant ORs for Apgar
score, both <7 and <4.

Thirdly, we studied trends in prespecified obstetric interventions (induction of labour, use of epidural analge-
sia, planned and emergency caesarean section, and instrumental delivery) and in level of care. In subgroups
based on these obstetric interventions, we also separately assessed trends in low Apgar scores.

Finally, we performed a multivariate logistic regression analysis to adjust for the co-variates. Collinearity
diagnostics was performed to find possible interaction of factors. Data of confounders were missing in less
than 0.5% of the cases, except for arterial umbilical cord blood pH’s. Arterial umbilical cord blood pH’s are
not routinely collected and were available in 9.6% of all infants. Missing data of co-variates were imputed.
All analyses were complete case analyses. All statistical analyses were carried out with SAS software version
9.4 (SAS Institute Cary, North Carolina USA). A p- value of less than 0.05 was considered statistically
significant.

Ethical Approval

The committee for research and ethics of Perined approved the study protocol (Perined approval 21.13).
The registry contains anonymous data and takes the European privacy policy into account. Medical ethical
approval and individual informed consent for participation were not necessary.

Results
Study population

In the Perined registry, 1,602,867 singletons were registered with gestational age between 3510 and 4216
weeks in the period between January 15¢ 2010 and December 315¢ 2019 (Supplementary Figure 1 ). We
excluded 17,504 infants with severe congenital anomalies, and 2,175 deliveries with fetal mortality, leaving
1,583,188 liveborn eligible singletons for this study. Fetal mortality after a pregnancy of [7)35 weeks decreased
significantly by 23.5% over the years (from 0.17% (n=279) in 2010 to 0.13% (n=193) in 2019 (p <0.0001) -
Supplementary Table 1 ).

Trends in outcome measurements

Table 1 shows the trends in the primary outcomes, both 5-minute Apgar score of <7 and <4. An Apgar
score <7 was present in 1.20% of all liveborn singletons, and significantly increased by 36.5% over the years
(from 1.04% in 2010 to 1.42% in 2019 (p <0.0001)). A 5-minute Apgar score <4 was recorded in 0.18% of
all liveborn infants. The Apgar score <4 increased significantly by 11.8% over time (from 0.17% in 2010 to
0.19% in 2019, p =0.0003).

Table 2 shows the trends in the secondary outcome measurements. Neonatal mortality within the first week
of life was 0.049%, and within the first month was 0.059%. Both remained stable over the study period.
The percentage of infants being admitted to the NICU for 24 hours or more increased by 19.3% from 0.57%
in 2010 to 0.68% in 2019 (p <0.0001). Arterial umbilical cord blood pH’s were available in 9.6% of all
liveborn infants during the whole study period. The availability increased from 6.8% in 2010 to 10.8% in
2019 (p<0.001). Over the years, we observed a significant increase in proportion of infants with an umbilical
artery pH <7.1 and pH <7.0 (both p <0.0001).

Risk factors for a low 5-minute Apgar score

Supplementary table 2 describes risk factors for a low 5-minute Apgar score <7 and <4. Many perinatal
characteristics showed a significant association with low Apgar scores. The intermediate risk factors for
an Apgar score <7 with a high crude OR and PAR were: emergency caesarean section (OR 4.84, 95% CI
4.63-5.05), delivery in secondary care (OR 4.25, 95% CI 4.01- 4.47), instrumental vaginal delivery (OR, 3.49,
95% CI 3.33-3.65). Risk factors for an Apgar score <7 with a high crude OR and PAR were: nulliparity
(OR 1.99, 95% CI 1.93-2.05, PAR=29.0%), prolonged second stage of labour (OR 1.94, 95% CI 1.87-2.00,



PAR=12.1%), male sex (OR 1.28, 95% CI 1.24-1.31, PAR=15.4%), epidural analgesia (OR 1.48 , 95% CI
1.44-1.54, PAR=17.1%), induction of labour (OR 1.42, 95% 1.38 -1.47, PAR 8.2%), and meconium-stained
ammniotic fluid (OR 1.76, 95% CI 1.70-1.83, PAR=8.0%)).

For an Apgar score <4, the most notable risk factors were overall comparable to the risk factors for an Apgar
<7. With a slightly stronger effect for non-western Ethnicity, non-cephalic presentation, and less effect of
induction of labour.

Trends in obstetric interventions, level of care and low Apgar scores in subgroups

Table 3 shows trends in the five prespecified obstetric interventions and the incidences of a low Apgar
score (<7 and <4) in these subgroups. The incidence of induced labour, use of epidural analgesia and
planned caesarean section increased significantly between 2010 and 2019 (from 19.8% to 23.9% (p <0.0001),
from 15.2% to 20.5% (p< 0.0001), and from 6.5% to 7.2% (p <0.0001), respectively). Epidural analgesia
showed the strongest increase, with a significant relative increase of 34.8% between 2010 and 2019 (from
15.2% in 2010 to 20.5% in 2019). In total, 8.4% of all infants were born by instrumental vaginal delivery
and 8.1% by emergency caesarean section. Incidences of both interventions showed a decreasing trend;
instrumental vaginal deliveries decreased from 10.2% to 7.1% (-31.4% relative difference,p <0.0001), and
emergency caesarean sections from 9.0% in 2010 to 7.9% in 2019 (-10.8% relative difference,p <0.0001).

Within all five obstetric intervention subgroups, a significant increase in infants with an Apgar score <7
was observed. The highest increase in low Apgar score <7 was observed in the subgroups of instrumental
vaginal delivery (relative increase of 52.4%, with absolute percentages increasing from 2.1% in 2010 to 3.2%
in 2019 (p <0.0001)), and emergency caesarean section (relative increase of 63.3%, with absolute percentages
increasing from 3.0% in 2010 to 4.9% in 2010 (p <0.0001)).

For the Apgar score <4, a significant trend was only observed in the subgroups of instrumental vaginal
delivery and emergency caesarean section. In the subgroup of instrumental vaginal delivery, the proportion
of infants with Apgar score <4 increased with 32% (from an absolute percentage of 0.24% in 2010 to 0.32%
in 2019,p <0.001). For the subgroup of emergency caesarean section, the relative increase in low Apgar score
<4 was 30% (from an absolute percentage of 0.63 in 2010 to 0.82 in 2019,p <0.0001).

Table 4 shows the results of the analysis performed for level of care. Overall, 28.7% of infants was born
in primary care and 71.3% in secondary care. As expected, the risk of a low Apgar score <7 and <4 was
higher for infants born in secondary care compared to primary care. Both in primary and secondary care
there was a significant increase in infants with a low Apgar score <7, but the highest increase was observed
in secondary care. Over time, the Apgar score <4 remained stable in primary care. In secondary care,
the proportion of infants with Apgar score <4 increased significantly (from 0.22% to 0.26%, with a relative
difference of 18.2%) in subgroup with onset of birth in secondary care, and from 0.22% to 0.25% (significant
relative increase of 18%) in subgroup with delivery in secondary care).

In the multivariate analysis, where we controlled for the co-factors in separate models, still the trend in
the low 5-minute Apgar <7 (1.04, 95% CI 1.04 to 1.05) and Apgar <4 (1.03, 95% CI 1.02 to 1.03) was
significantly increased (Supplement Table 3).

Discussion
Main findings

In this nationwide Dutch study, we found a significant increase in low 5-minute Apgar scores, <7 and <4,
in (near) term liveborn singletons over the period 2010-2019. Neonatal mortality remained unchanged.
The obstetric interventions planned caesarean section, induction of labour and epidural analgesia showed a
significant increase over the last ten years. Strikingly, instrumental vaginal delivery and emergency caesarean
section were performed less frequently over the last 10 years, but within these obstetric intervention subgroups
the highest increase in low Apgar scores (<7 and <4) was observed. In primary care, we observed an overall
low risk for a low Apgar score.



Interpretation

Ravelli et al . previously showed that the risk of a low 5-minute Apgar score <7 among term singletons
in the Netherlands increased in the period 2010-2014 (from 9.9/1000 in 2010 to 10.9/1000 in 2014, p<
0.001).(13, 14) This observation was worrisome because it had been reported in numerous studies that a
low Apgar score is associated with adverse neonatal outcome.(8-12, 21, 22) However, studies reporting more
recent data on low Apgar scores are currently lacking for the Netherlands. Overall, the rates of low Apgar
scores that we found in this study are in line with the literature. We report that 1.20% of (near) term
liveborn singletons had a 5-minute Apgar score <7. A study from the United Kingdom found similar results:
1.54% of all liveborn infants had an Apgar score <7.(23) The EURO-Peristat project, covering twenty-three
countries or regions in Europe, reported rates between 0.3-2.4% for Apgar scores <7 for the period 2004 to
2010.(24) For the more recent period 2015-2019, unfortunately, data on Apgar scores were not reported by
the EURO-Peristat project.(25)

A low 5-minute Apgar score was chosen as main outcome measure of this study. The Apgar score has been
widely embedded into clinical practice as an accepted method for standardised assessment of the neonate
immediately after birth on the basis of heart rate, respiration, colour, muscle tone and reflex irritability.(6)
There are numerous factors, apart from birth asphyxia, that can influence Apgar scores, including maternal
medication or anaesthesia, gestational age, congenital malformations, trauma, and interobserver variability
of the Apgar assessment.(26, 27) A low Apgar score alone is not sufficient to diagnose birth asphyxia.(7)
However, in term infants without congenital malformations a low 5-minute Apgar score most likely reflects
birth asphyxia.(8) In this study, including only (near) term singletons without congenital malformations, we
therefore used a low 5-minute Apgar score as proxy for birth asphyxia.

A major limitation of this study is the lack of information on long-term outcomes. However, it has been shown
in large population-based studies that low Apgar scores are well correlated with long-term outcomes in a dose-
dependent manner across the entire range of Apgar scores. Prior studies showed a strong association between
5-minute Apgar scores below 7 and cerebral palsy, epilepsy, special needs and cognitive impairment.(8-12, 21,
22). Selvaratnam et al. recently showed that there is an adverse relation between the 5-minute Apgar score
and poor developmental and educational outcomes. The least favourable outcomes were seen for infants with
an Apgar score of 0 to 3, compared to those with an Apgar score of 10. Increasingly favourable outcomes
were observed for infants with Apgar closer to 10, but Apgar scores of 7, 8 and 9 were also associated with
poorer educational outcomes.(28) The increase in low 5-minute Apgar scores that we observed in our study
is therefore relevant and needs further attention.

Our observations suggest an increase in infants with birth asphyxia. The trends observed in low Apgar
scores are supported by the increasing trends in NICU admissions and low umbilical artery pHs over the
past decade. We can only speculate about the reasons for these observations. The highest PARs were found
for nulliparity, epidural analgesia, emergency caesarean section, instrumental vaginal delivery, prolonged
second stage of labour, male sex and delivery in secondary care. Nulliparity and male sex are risk factors
that cannot be changed, but the other variables can be influenced and are therefore of special interest. It is
remarkable that the intervention subgroups of instrumental vaginal delivery and emergency caesarean section
show the highest increase in low 5-minute Apgar scores. For Apgar score <7 we observed a relative increase
of 52.4% and 63.3%, respectively, compared to an increase of 36.5% in the total cohort. For Apgar score
<4, this was 33.3% and 30.1%, respectively, compared to 11.8% in the total cohort. Both interventions are
generally performed when fetal distress is suspected. In our study, these interventions were less frequently
performed over the last decade, but these intervention subgroups showed a relatively high increase in low
Apgar scores. There are two possible explanations for these observations. The first explanation is a better
selection of infants with fetal distress over time due to improved fetal monitoring, with the interventions only
being performed when there is a strong medical indication. However, a second potential explanation could
be a more reluctant attitude towards obstetric interventions emergency caesarean section and instrumental
vaginal delivery. This reluctance might cause a delay in time to intervention, and thus have a negative impact
on the outcome of pregnancies resulting in more infants with lower Apgar scores. These two explanations,



or a combination of both, and residual confounding may play a role, but the current study design, being an
observational study cohort, limited us to investigate causality.

The level of care was studied because of the unique Dutch maternity care system. As expected, in primary
care, with only low-risk pregnancies, the overall risk of a low Apgar score was remarkably low. The increase
in low Apgar scores (<7 and <4) was relatively high in secondary care compared to primary care. This could
implicate that health care factors, implemented in secondary care (such as obstetric interventions), are the
most relevant.

Strengths and limitations and future research

The main strength of our study is that we studied a large cohort of more than one million infants using a
national registry that covers nearly all births (98%) in the Netherlands. An important limitation, besides
the lack of the long-term outcome, is that data about therapeutic hypothermia were missing. As therapeutic
hypothermia was not registered yet as item in the national registry, we could not study trends in the main
treatment for severe birth asphyxia. We want to collect these data for future studies.

In this study we did not focus on higher 5-minute Apgar scores of 7, 8 and 9, but there is growing evidence
that children with these Apgar scores are also more likely to have developmental vulnerability at population
level, compared to children with Apgar score of 10.(28) It would be interesting to analyse trends in these
higher Apgar scores in future studies.

Conclusions

In the Netherlands, the risk of a 5-minute Apgar score <7 and <4 increased significantly over the last decade.
Neonatal mortality remained unchanged. The incidence of secondary caesarean section and instrumental
delivery decreased over time, but in these obstetric intervention subgroups the highest increase in infants
with a low Apgar score was observed.
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