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Background: Prenatal and perinatal care of pregnant mothers has been adversely
affected during the COVID-19 pandemic. Hypoxic-ischemic encephalopathy (HIE)
is a leading cause of neonatal death and long-term neurological disabilities.
Therapeutic hypothermia is effective for neonatal HIE. This study evaluated the
effect of the pandemic on neonatal HIE.

Methods: This retrospective single-center study compared neonatal HIE
evaluation and hypothermia treatment between pre-COVID-19 pandemic
(1 January 2018-31 December 2019) and COVID-19 pandemic (1 January
2020-31 December 2021) periods. Infants with abnormal neurological
examination and or significant metabolic acidosis were admitted to NICU for
evaluation of HIE and therapeutic hypothermia. Demographics, NICU admission
and interventions, and neonatal outcomes were compared between infants born
during the two periods using 12, t-test, and Wilcoxon rank-sum test as
appropriate. Statistical Process Control charts show the yearly proportion of
infants evaluated for HIE and those treated with therapeutic hypothermia.
Results: From the pre-pandemic to the pandemic period, the proportion of infants
that met HIE screening criteria increased from 13% to 16% (p<0.0001), the
proportion of infants admitted to NICU for HIE evaluation increased from 1% to
1.4% (p=0.02), and the maternal hypertension rates of the admitted infants
increased from 30% to 55% (p=0.006). There was no difference in the
proportions of the infants diagnosed with HIE (0.7% vs. 0.9%, p = 0.3) or treated
with therapeutic hypothermia (0.2% vs. 0.3%, p = 0.3) between the two periods.
There were no differences in the HIE severity and outcomes of the infants
treated with therapeutic hypothermia between the two periods.

Conclusion: During the COVID-19 pandemic, we observed a significant increase
in NICU admission for HIE evaluation. While we did not find significant increases
in neonatal HIE and the need for therapeutic hypothermia, larger studies are
needed for a comprehensive assessment of the impact of the COVID-19
pandemic on neonatal HIE.
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Introduction

Neonatal encephalopathy is a leading cause of infant mortality
and long-term neurodevelopmental abnormalities (1-4). It is a
clinically defined syndrome of newborns manifested by an
abnormal level of consciousness or seizures, often accompanied by
difficulty with initiating and maintaining respiration and depression
of tone and reflexes (5). Hypoxic-ischemic encephalopathy (HIE) is
the subset of neonatal encephalopathy with evidence of a recent
hypoxic-ischemic cause of the encephalopathy. Therapeutic
hypothermia (TH), initiated within the first 6 h of life, is the only
proven effective neuroprotective therapy for moderate and severe
neonatal HIE (6-10). Timely evaluation of newborns at risk of HIE
and early initiation of TH is critical for better outcomes (11, 12).

The COVID-19 pandemic has had a profound impact on
prenatal and perinatal care. While COVID-19 infection during
pregnancy directly increases maternal and neonatal morbidity
and mortality (13-16), the indirect factors associated with the
pandemic also adversely affect maternal health, pregnancy, and
neonatal outcomes (17). During the COVID-19 pandemic, many
aspects of the healthcare system were disrupted, and pregnant
women experienced fear, mental stress, and a worsening in
socioeconomic disparities (17, 18). Many studies have shown
increased pregnancy complications, including maternal diabetes,
hypertension, and obesity during the pandemic (19-26). These
complications are known risk factors for perinatal sentinel events
and fetal and neonatal hypoxic-ischemic injury (27-30).

To date, there is limited information on the effect of the
COVID-19 pandemic on neonatal HIE. Our institution established
standardized protocols for HIE screening, evaluation, and TH in
2008. This study compared our HIE data between the pre-
COVID-19 and COVID-19 periods to assess the effect of the
pandemic on the incidence and outcomes of neonatal HIE.

Methods
Study design and subjects

This is a single-center, retrospective, observational study
conducted in a public safety-net hospital. The study includes two
time periods: the pre-COVID-19 period (January 2018-December
2019) and the COVID-19 period (January 2020-December 2021).
We included infants born at >35 weeks gestation during the study
periods. Infants with no intent to resuscitate or those who died in
the delivery room were excluded. The study was approved by the
institutional review board.

Standardized protocols for HIE screening, evaluation and
therapeutic hypothermia in infant >35weeks GA

Our standardized neonatal HIE evaluation and total body TH
protocols were established in 2008 based on the published
multicenter randomized controlled trials (6, 7), which have not
been changed since then. Cord blood gas (CBG) with pH <7.15
and/or base deficit (BD) >10 mmol/L are reported to NICU
immediately. The HIE screening and evaluation process is shown
in Figure 1. HIE screening criteria includes a history of perinatal
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sentinel hypoxic or ischemic events, DR resuscitation with chest
compressions or positive pressure ventilation >10 min, 5 min
Apgar scores <5, abnormal neurological examination at birth,
and/or CBG with pH <7.15 and/or BD > 10 mmol/L. Infants who
meet the screening criteria are examined by pediatric providers.
Infants with abnormal neurological examination and or CBG pH
<7.0 and/or BD >16 mmol/L are admitted to NICU for HIE
evaluation and treatment. Infants who have normal neurological
examination at birth, but with persistent metabolic acidosis
>10 mmol/L or if neurological examination becomes abnormal
during re-evaluation at one hour of life are admitted to NICU.
Infants who meet criteria for TH (Figure 1) are cooled as soon
as possible. Infants with an abnormal neurological examination
but do not meet the TH criteria on initial assessment continue to
be monitored and evaluated for up to five hours of life. Ongoing
evaluation includes follow-up infant blood gas within the first
hour of life, serial neurological examinations, bedside two-
channel (C3-P3, C4-P4) aEEG monitoring (Natus Medical,
Middleton, WI, USA), and laboratory tests for assessing
multiorgan injuries (29, 31). Hypothermia is initiated in infants
with persistent or worsening neurological examination, abnormal
aEEG (with raw EEG tracing) and/or evidence of multiorgan
injuries. HIE evaluation ends if the neurological examination is
normalized during the first hours of life.

Total body TH is performed according to the published
method (6). During TH, infants’ neurological status is assessed
by daily neurological examination, continuous bedside aEEG/
EEG, and cerebral O2 saturation monitoring. These infants are
evaluated and followed by pediatric neurology service, including
full channel video EEG evaluation. Brain MRI is performed after
TH is completed and when the infant is medically stable to
assess brain injury, generally on day of life 4-7. Brain MRI is
reviewed by a pediatric radiologist or a neuroradiologist. The
severity of brain injury is scored using the scoring system
published by Barkovich et al. (32).

Data collection

Maternal and infant demographics, maternal hypertension
(chronic hypertension in pregnancy, and gestational hypertension
diabetes
gestational) (35, 36), infection, perinatal events, DR interventions,
HIE screening, NICU admission for HIE evaluation, TH, and
length of NICU stay were obtained from NICU database and
electronic medical records.

and preeclampsia) (33, 34), (pre-gestational and

NICU
neonatal outcomes were compared between infants admitted to

Demographics, DR measures, interventions, and
NICU for HIE evaluation during pre-pandemic and pandemic
periods using )(2, Fisher’s exact, t-test, Wilcoxon (Mann-
Whitney) rank-sum test as appropriate. STATA 14.0 (Statacorp,
TX, USA) was used for statistical analysis. A p-value <0.05 was
considered significant. We used Statistical Process Control (QI
macros 2019 Excel add-on software, KnowWare International,
Denver, CO, USA) to show the yearly proportion of infants
evaluated for HIE in NICU and infants treated with TH as p charts.
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FIGURE 1

Hypoxic ischemic encephalopathy (HIE) screening and evaluation flow chart and criteria for initiating therapeutic hypothermia (TH).

Results

During the four-year study period, there were 10,956 infants
born at GA of >35 weeks (pre-COVID-19, n = 5,638, COVID-19,
n=>5,318) (Table 1) at our institution. Of these deliveries, 3,910
CBG were done, and there was no difference in the percentages
of CBG between the two periods (35% vs. 36%, p=0.7). From
the pre-COVID-19 period to the COVID-19 period, the
proportion of infants that met HIE screening criteria increased
from 13% to 16% (p<0.0001), and the proportion of infants
admitted to NICU for HIE evaluation increased from 1% to 1.4%
(p=0.02). There was no difference in the proportions of infants
diagnosed with HIE (0.7% vs. 0.9%, p=0.3) or treated with TH
(0.2% vs. 0.3%, p =0.3) between the two periods.

Statistical process control charts show a significant increase in the
percentage of infants admitted to NICU for HIE evaluation in year
2021 (Figure 2) but no significant increase in the percentage of
infants who received TH during pandemic years (Figure 3).

The maternal and infant demographics and clinical characteristics
of the 131 cases that required NICU admission for HIE evaluation are

TABLE 1 Hypoxic ischemic encephalopathy screening and evaluation .

shown in Table 2. During the COVID-19 period, there was an increase
in maternal hypertension from 30% to 55% (p = 0.006). There were no
differences in other pregnancy morbidities or delivery complications.
Three mothers had asymptomatic or mild COVID-19 infection
during pregnancy, and their newborns tested negative for SARS-Co-
2 virus. During the COVID-19 period, there was a reduction in BW
(—297 grams, p=0.005) and a 7% increase in small for GA (SGA),
although not statistically significant (p=0.09). During the pre-
COVID-19 period, six infants (11%) received chest compressions
(CPR) compared to one infant (1%) in the COVID-19 period. Three
of the six infants who received CPR had brief CPR for 30-60 s and
were not intubated. One and five minute Apgar scores in the
COVID-19 period were lower than the COVID-19 period. However,
Apgar scores <5 were not different between the two periods. There
was no difference in infants who had pH <7.0 in the CBG or first
infant blood gas between the two periods, but there was an increase
in infants with severe metabolic acidosis in the COVID-19 period
(BD > 12 mEg/L: 22%-55%, p <0.0001). There was no difference in
abnormal neurological examination at one hour of life and
multiorgan failure between the two periods. There were no

Pre-COVID-19 (2018-2019) COVID-19 (2020-2021) p-value
Birth >35 weeks GA, n N=5,638 N=5318
Cord blood gas obtained, n (%) 2,001 (35) 1,909 (36) 0.7
Cord/infant blood gas met screening criteria (pH >7.15 or BD > 10), n (%) 733 (13) 851 (16) <0.0001
Infants admitted to NICU for HIE evaluation, n (%) 54 (1) 77 (1.4) 0.02
Infants diagnosed with HIE, n (%) 38 (0.7) 45 (0.9) 0.3
Infants treated with therapeutic hypothermia, n (%) 12 (0.2) 18 (0.3) 0.3

GA, gestational age; HIE, hypoxic ischemic encephalopathy.
The bold values are statistically significant (p < 0.05).
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NICU admission for HIE evaluation

1.80% -
1.60%
1.40%
1.20%

1.00%

0.80%

Live births, %

0.60%

0.40%

0.20% |

0.00% T T T T T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

year

FIGURE 2
Statistical process control (p) chart shows the percent of infants admitted to NICU for evaluation of hypoxic ischemic encephalopathy (HIE) each year. The
central line (solid) represents the mean and upper and lower control limit lines (dashed) represent 3 standard deviations from the mean.
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FIGURE 3

Statistical process control (p) chart shows the percent of infants treated with therapeutic hypothermia for hypoxic ischemic encephalopathy (HIE) each
year. The central line (solid) represents the mean and upper and lower control limit lines (dashed) represent 3 standard deviations from the mean.

differences in the HIE severity and short-term outcomes of the infants ~ significant increase in maternal hypertension and infants with
treated with TH between the two periods (Table 3). severe cord blood metabolic acidosis and abnormal neurological
status at birth, resulting in a 40% increase in NICU admission for
HIE evaluation. We did not find a significant difference in infants

Discussion diagnosed with HIE or treated with TH between the two periods.
Universal screening of antenatal and perinatal risk factors for
In this study, we examine the effect of COVID-19 on neonatal  hypoxic-ischemic injury and recognition of the signs and symptoms
HIE and TH. During the COVID-19 pandemic, we observed a  of neonatal encephalopathy is essential for early identification and
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TABLE 2 Infants admitted to NICU for hypoxic ischemic encephalopathy
evaluation.

10.3389/fped.2023.1206137

TABLE 3 Characteristics and outcomes of infants treated with therapeutic
hypothermia.

Pre-COVID-19 = COVID-19 p- Pre-COVID-19 = COVID-19 | p-value
(2018-2019) | (2020-2021) @ value (2018-2019) = (2020-2021)
N=54 N=77 N=12 N=18
Maternal Demographics HIE
Maternal age, Mean (SD) 31.1 (6.8) 31.4 (7.3) 0.8 Mild, n (%) 4 (33) 4 (22) 0.7
Gravida, Median (IQR) 2 (1, 4) 3 (1.5, 4) 0.6 Moderate and Severe, n (%) 8 (67) 14 (78)
Para, IQR) 2 (1, 3) 2 (1, 3) 0.9 Seizures, 1 (%) 1(8) 4 (22) 0.3
Multiples, # (%) 0 40 0.1 Brain MRI severity score, n (%)
Hypertension, n (%) 16 (30) 42 (55) 0.006 0 7 (58) 15 (83) 02
Diatetes, n (%) 10 (19) 23 (30) 0.2 1 3 (25) 16
Thyroid disease, n (%) 2 (4) 3 (4) 0.7 2 1(8) 0
COVID during pregnancy, n (%) 3 (4) 3 1(8) 2(11)
Perinatal events Multiorgan injury, n (%) 8 (67) 10 (56) 0.5
Chorioamnionitis, 1 (%) 14 (26) 16 (21) 0.5 Death (NICU), n (%) 1(8) 0 0.4
Abnormal Fetal Heart rate 18 (33) 27 (35) 0.8 LOS, day, Median (IQR) 9 (7.5, 19.5) 10.5 (7, 16) 0.8
tracing, (%? - At discharge, n (%)
Acute abruption, n (%) 3 (6) 2 (3) 0.3 Abnormal Neuro exam 0 3017) 02
1 0y
Uterine Rupture, 7 (%) 1@ 0 04 Anti-seizure medication 0 0
Cord prolapse, n (%) 2 (4) 0 0.2 G-tube 0 0
Shoulder dystocia, 7 (%) 3 (6) 2 (3) 0.3
Urgent/Emergency C/S, n (%) 26 (48) 30 (39) 03 HIE, hypoxic ischemic encephalopathy; LOS, length of stay.

Infant Demographics
GA, week, Median (IQR)

39.1 (38, 40.4) | 39.0 (37.7, 39.6) 0.08

Birth weight, gram, Mean (SD) 3,485 (631) 3,188 (548) 0.005
Male, n (%) 28 (52) 41 (53) 0.9
Small for gestational age <10% 2 (4) 9 (12) 0.09
ile, n (%)

Large for gestational age >90% 9 (17) 6 (8) 0.1
ile, n (%)

Delivery room outcomes

DR Intubation, n (%) 4 (7) 3 (4) 0.3
DR Chest compressions, n (%) 6 (11) 1(1) 0.02
1 min APGAR, Median (IQR) 35 (2, 6) 5(2,7) 0.02
5 min APGAR, Median (IQR) 6.5 (5, 8) 8 (6, 9) 0.002
5 min APGAR <5, 1 (%) 16 (30) 16 (21) 0.2
Critical cord or infant first hour blood gas

pH <7, n (%) 20 (37) 36 (47) 0.3
BD > 16 mmol/L, n (%) 14 (26) 41 (53) 0.002
BD > 12 mmol/L, n (%) 22 (41) 55 (71) <0.0001

Abnormal neurological 70 58 0.9
examination >1 h of life, n (%)

Multiorgan injury, n (%) 13 (24) 15 (20) 0.5

Early onset of sepsis, 1 (%) 0 0

GA, gestational age; DR, delivery room; BD, base deficit.
The bold values are statistically significant (p <0.05).

initiation of TH for all eligible newborns (12, 37). Our institution
developed and implemented a neonatal HIE screening protocol
based on the published criteria for TH (6) in 2008. Between 2008
and 2020, our annual rates of infants admitted to NICU for
evaluation of HIE were within the range of 0.6%-1.1%. The rates
started to trend above the mean level in 2019. However, they did
not become statistically significant until 2021, when the rate
reached 1.6%. During 2019-2021, there were no practice changes in
obstetric delivery management, pediatric DR resuscitation, or HIE
screening. This change is likely related to the COVID-19 pandemic,
which started in early 2020 in the US. The pandemic has had an
unprecedented negative impact on public health and well-being.

Frontiers in Pediatrics

The adverse effect was more profound in racial and ethnic minority
groups and people with lower socio-economic status. As a public
safety-net hospital, over 70% of our pregnant mothers are Hispanic,
and a majority of them with significant socio-economic disparities.
The up trend in infants requiring HIE evaluation indicates a
progressive increase in infants with severe metabolic acidosis and
abnormal neurological status at birth. In 2021, the second year of
the COVID-19 pandemic, the rate of HIE evaluation was
significantly above the historical level, suggesting that women who
experienced the negative impact of the pandemic during their entire
pregnancy had worse birth outcomes.

Maternal hypertension may be a significant contributing factor
to the increased rate of NICU admission for HIE evaluation during
the pandemic. Maternal hypertension, if not well controlled, causes
poor placental perfusion and fetal growth, which in turn increases
the risk for fetal intolerance during labor, sentinel events, metabolic
acidosis, birth asphyxia, hypoxic-ischemic injury and neonatal HIE
(27-30, 38-40). According to the 2022 CDC report, the overall
prevalence of maternal hypertension in the US was 14.6% during
2017-2019, and the prevalence in Hispanic women was 12.5%
(41). Our institution’s pre-COVID-19 (2018-2019) maternal
hypertension rate was 22% and increased to 26% during the
pandemic. Notably, the maternal hypertension rate for those
requiring HIE evaluation increased from 30% in the pre-
pandemic to 55% during the pandemic. The pandemic could
have exacerbated maternal hypertension and negatively impacted
newborns’ metabolic and neurological status. There are multiple
reasons for maternal hypertension increase during the pandemic.
Our patient population experienced significant financial, physical,
and mental stress. Their access to routine, in-person health
services and prenatal care were interrupted. They had limited
resources for adapting to changes in the health care system,
including online health services. All these could have contributed
to less monitoring and treatment of chronic diseases and
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pregnancy-related complications. Similar to our study, Rao et al. (19)
conducted a retrospective cohort study in a tertiary medical center in
New York City, an epicenter of the pandemic. They found that
women who delivered during the pandemic (27 March-31 May
2020) had a significantly higher rate of hypertensive disorders of
pregnancy in maternal hypertension compared to women who
delivered prior to the pandemic (27 March-31 May 2019) (OR =
1.05-1.85). Molina et al. (42) analyzed data from more than 1.6
million pregnant patients who gave birth in 463 US hospitals
before and during the pandemic. They found a small but
statistically significant increase in hypertensive disorders of
pregnancy during the pandemic (OR, 1.04-1.08). A meta-analysis
including 40 publications in 2020-2021 did not show a change in
maternal hypertension during the pandemic (14). The discrepancy
across the studies may reflect the difference in the timing and
duration of studies, social environment due to infection control
measures, and study populations.

Among the infants admitted to NICU for HIE evaluation, the
average BW was significantly lower in the COVID-19 than in the
pre-COVID-19 pandemic period (3,485 grams vs. 3,199 grams).
The percentage of SGA infants increased from 2% in the pre-
pandemic to 9% during the pandemic but was not statistically
significant. BW is mainly determined by the duration of gestation
and intrauterine growth. In this study, we included infants born at
>35 weeks gestation, and the average GA of the infants admitted
to NICU was not different between the two periods. Poor
uteroplacental blood perfusion is the common pathophysiologic
growth (43-47).
Furthermore, a fetus with placental insufficiency already suffers a

mechanism of intrauterine restriction
baseline oxygen deficit at rest and has poor tolerance for labor.
The superimposed hypoxic stress by uterine contractions during
delivery can further worsen hypoxia and acidosis. In addition to
maternal hypertension, other risk factors, such as, poor nutrition,
prenatal maternal psychological distress (depression, anxiety, and
stress) and substance use disorder, could have contributed to the
low BW and SGA during the pandemic.

In our study, the pre-pandemic group had a higher rate of chest
compressions. However, it only reflected six infants; three had brief
chest compression and did not require intubation. The pre-
pandemic group had less number of infants with severe metabolic
acidosis but had overall low Apgar scores, even though the
percentage of Apgar scores <5 was comparable to the pandemic
period. Apgar scores and CBG are both commonly used in the
newborn assessment (48, 49). CBG and acid-base balance, the
most objective determinations of fetal hypoxia and metabolic
condition at birth, are essential for diagnosing asphyxia and HIE
(6, 48). The Apgar score provides an accepted and convenient
method for of the
immediately after birth and the response to resuscitation. While

reporting the status newborn infant
low Apgar scores may be one of the first indications of neonatal
encephalopathy, its alone cannot be considered as the evidence or
consequence of asphyxia. It does not predict individual neonatal
mortality or neurologic outcome. In population-based studies, 5-
and 10-minute Apgar scores > five confer a clear increased risk of
cerebral palsy (49). Several studies have shown a poor correlation

between 1- and 5-minute Apgar scores and neonatal acid-base
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status (50-53). In addition to asphyxia, low Apagar scores can
result from genetic diseases, congenital anomalies, maternal
mediation during delivery, acute airway obstruction, as well as
many other prenatal, perinatal, and postnatal factors that may not
present with metabolic acidosis at birth. On the other hand, some
neonates with reassuring Apgar scores still have a risk of CBG
acidemia and poor birth outcomes (52, 54).

The global incidence of neonatal encephalopathy varies
between 1 and 8 per 1,000 live births (1). Moderate/severe
neonatal encephalopathy affects 0.5-3/1,000 live births in high-
income countries, but higher in low- and middle-income
countries (1, 55). In our patient population, the rate of HIE
requiring TH has been relatively stable at 1-4/1,000 live births
over the past 14 years. During the pandemic, the numbers of
infants for HIE evaluation increased by 40% but the number of
infants who met the diagnosed of HIE did not change
significantly. This is because some infants who met the HIE
screening criteria based on their cord blood acidosis had
transient abnormal neurological examination, which was
first hour of life, hence were not
diagnosed with HIE. While the severity and outcomes of the

infants who were treated with TH were comparable between the

normalized within the

two periods, the number of cases are very small. Few studies
have assessed the impact of the COVID-19 pandemic on
neonatal HIE. A single-center study found that more infants
were diagnosed with HIE and treated with hypothermia during
the first wave of the pandemic in Turkey (56). Similarly, a higher
incidence of HIE was observed in a large NICU in the UK
during the pandemic (57). Data from level-3 NICUs in the
Canadian Neonatal Network (58). showed increased HIE and TH
treatment during pandemic lockdown. However, the severity of
HIE, associated morbidities, and mortality were not significantly
different during the pandemic. Since this study used the hospital
data from level-3 cooling centers, it is unclear whether the
overall incidence of HIE, including mild HIE and their outcomes
were affected by the pandemic.

TH is a standard of care therapy for infants with moderate and
severe HIE. However, the risk-benefit balance of TH in mild HIE
remains to be determined (37). In our study, mild HIE accounted
for 33% and 22% of the TH cases in the pre-pandemic and
pandemic periods, respectively. The decision to cool mild HIE cases
was based on our evaluation protocol, which did not change during
the study periods. In our practice, infants at risk for HIE but who
do not meet the criteria for TH immediately after birth continue to
be evaluated during the first five hours of life. TH treatment is used
in infants with persistent mild abnormal or worsening neurological
examinations, abnormal aEEG (with raw EEG tracing), or
laboratory tests showing evidence of multiorgan injuries.

Our study has several limitations. It is a single-center
retrospective study. While we observed a significant increase in
NICU admission for HIE evaluation during the pandemic, other
factors might have contributed to this change. It is important to
continue monitoring the trend and identify other possible
underlying causes for improving maternal and infant outcomes.
Our sample sizes of HIE evaluation and TH are small. More
studies with larger sample sizes are needed to confirm our findings.
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Conclusion

During the COVID-19 pandemic, we observed a significant
increase infants with severe metabolic acidosis and abnormal
neurologic status at birth, resulting in an increased NICU
admission for HIE evaluation. Increased maternal hypertension
during the pandemic may be a significant contributing factor.
The adverse effect of the COVID-19 pandemic on maternal
morbidities may persist beyond the pandemic and should be
closely monitored. While this single canter data did not show
significant increases in neonatal HIE and the need for
therapeutic hypothermia, larger studies and meta-analyses are
needed for a comprehensive assessment of the impact of the

COVID-19 pandemic on neonatal HIE.
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