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abstractOBJECTIVE: To provide contemporary data on infants inborn at 22 to 25 weeks’ gestation and re-
ceiving care at level 3 and 4 neonatal intensive care units in the United States.

METHODS: Vermont Oxford Network members submitted data on infants born at 22 to 25 weeks’
gestation at a hospital with a level 3 or 4 NICU from 2020 to 2022. The primary outcome was
survival to hospital discharge. Secondary outcomes included survival without severe complica-
tions, length of stay, and technology dependence.

RESULTS: Overall, 22 953 infants at 636 US hospitals were included. Postnatal life support in-
creased from 68.0% at 22 weeks to 99.8% at 25 weeks. The proportion of infants born at 22
weeks receiving postnatal life support increased from 61.6% in 2020 to 73.7% in 2022. For all
infants, survival ranged from 24.9% at 22 weeks to 82.0% at 25 weeks. Among infants receiv-
ing postnatal life support, survival ranged from 35.4% at 22 weeks to 82.0% at 25 weeks. Sur-
vival without severe complications ranged from 6.3% at 22 weeks to 43.2% at 25 weeks.
Median length of stay ranged from 160 days at 22 weeks to 110 days at 25 weeks. Among sur-
vivors, infants born at 22 weeks had higher rates of technology dependence at discharge
home than infants born at later gestational ages.

CONCLUSIONS: Survival ranged from 24.9% at 22 weeks to 82.1% at 25 weeks, with low propor-
tions of infants surviving without complications, prolonged lengths of hospital stay, and fre-
quent technology dependence at all gestational ages.
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WHAT’S KNOWN ON THIS SUBJECT: The management of
infants born extremely preterm presents clinicians and
families with difficult and complex decisions.

WHAT THIS STUDY ADDS: Contemporary data on
interventions and outcomes among infants born extremely
preterm helps inform these decisions.
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In recent years, neonatal intensive care has been pro-
vided to infants at ever lower gestational ages. From
2014 to 2020 in the United States, the frequency of ac-
tive treatment among neonates born alive between
22 weeks 0 days and 25 weeks 6 days increased signifi-
cantly.1 Although only 2% of infants receiving care in a
NICU in the United States are born at 22 to 25 weeks’ ges-
tation,2 these infants present clinicians and families with
difficult, often agonizing decisions and place burdens on
care management and health care financing.3

As the management of infants born at 22 to 25 weeks
changes, contemporary data on interventions and out-
comes in this population helps inform these decisions. In
this study, we present data for infants with gestational
ages of 22 to 25 weeks born from 2020 to 2022 in a
large and diverse set of hospitals with level 3 and 4
NICUs, which have the full range of technology and ca-
pabilities to provide care for all infants born ex-
tremely preterm.4

METHODS

Vermont Oxford Network (VON) is a voluntary world-
wide community of practice dedicated to improving
the quality, safety, and value of newborn care through
a coordinated program of data-driven quality improve-
ment, education, and research.5 VON member hospitals
contributed standardized data on live births of infants
401 to 1500 grams or 22 0/7 to 29 6/7 weeks’ gestational
age who were inborn or transferred to the reporting
hospital within 28 days of birth.6 The University of
Vermont Institutional Review Board determined that
the use of data from the deidentified VON Research
Repository for this study was not human subjects
research.

Infant Measures

This study included infants inborn from 22 0/7 to 25
6/7 weeks’ gestational age without a minimum birth weight
at US VON member hospitals with a level 3 or 4 NICU,
which was defined as a unit not required by state regulation
or local hospital policy to transfer infants for assisted venti-
lation, from January 1, 2020 to December 31, 2022. We ex-
cluded infants with congenital anomalies (n 5 1339) and
birth weights >4 SD greater than the mean by week and
sex (n 5 38).

Definitions for maternal and infant characteristics and
interventions at discharge are found in the VON Manual
of Operations.6 Postnatal life support was defined as the
receipt of face mask ventilation, nasal continuous posi-
tive airway pressure, endotracheal intubation, surfactant
therapy, mechanical ventilation, chest compressions, or
epinephrine.

Outcomes

The primary outcome was survival to hospital discharge,
which applied to all infants, including those who died in
the delivery room or were transferred. Infants trans-
ferred to another hospital were tracked by the referring
hospital for survival status and length of stay until ulti-
mate birth hospitalization discharge.

Secondary outcomes included, among infants receiving
postnatal life support, survival, severe complications of pre-
maturity (severe intraventricular hemorrhage, severe bron-
chopulmonary dysplasia, severe retinopathy of prematurity,
periventricular leukomalacia, necrotizing enterocolitis or fo-
cal intestinal perforation, or late infection), length of stay,
and technology dependence at discharge. Severe intraven-
tricular hemorrhage was defined as grades 3 or 4.7 Severe
bronchopulmonary dysplasia was defined as mechanical
ventilation at 36 weeks’ postmenstrual age.8,9 Severe reti-
nopathy of prematurity was defined as stages 3 through
5.10 Necrotizing enterocolitis was diagnosed using clinical
signs and diagnostic imaging findings and included both
medical and surgical cases.6 Late-onset sepsis applied to in-
fants who survived to day 4 from birth and included the re-
covery of a bacterial pathogen on a specified list from blood
or cerebrospinal fluid, coagulase-negative Staphylococcus
from blood or cerebrospinal fluid, or a fungus obtained
from a blood specimen; coagulase-negative Staphylococcus
also required systemic signs of infection and treatment with
intravenous antibiotics for 5 days or more.6 Survival with-
out severe complications was defined as survival to dis-
charge home without any of the complications defined
above. Severe bronchopulmonary dysplasia was imputed as
no for infants discharged from the hospital or transferred
before the date of week 36 without supplemental oxygen.

Statistical Analysis

Demographics and unadjusted outcomes are presented us-
ing standard descriptive statistics. Statistical analyses were
performed by using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Overall, 22 953 inborn infants at 636 US hospitals with
level 3 and 4 NICUs were included (infants per hospital:
median, 26; range, 1 to 228). Birthing people and infant
characteristics are described in Table 1. Of people who
gave birth at 22 weeks, 13.9% experienced hypertension,
55.9% were exposed to antenatal steroids, 44.3% were
exposed to antenatal magnesium sulfate, and 40.7% were
exposed to both. Of people who gave birth at 25 weeks,
31.8% experienced hypertension, 91.7% were exposed to
antenatal steroids, 81.0% were exposed to antenatal
magnesium sulfate, and 79.3% were exposed to both.

The use of postnatal life support was 68.0%, 95.3%,
99.1%, and 99.8% among infants born at 22, 23, 24, and
25 weeks, respectively (Table 1). The proportion of infants
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born at 22 weeks’ gestation receiving postnatal life support
increased from 61.6% in 2020 to 73.7% in 2022 and re-
mained stable for infants born at 23, 24, and 25 weeks.

Among all infants, 24.9% born at 22 weeks survived
(39.2% died in the delivery room, 8.2% died within
12 hours of admission to the NICU, and 27.7% died after

12 hours of admission), whereas 52.8% born at 23 weeks,
71.1% born at 24 weeks, and 82.1% born at 25 weeks sur-
vived (Fig 1).

Among infants who received postnatal life support,
survival to discharge from the hospital ranged from
35.4% of infants born at 22 weeks to 82.0% of infants

TABLE 1 Birthing Person and Infant Characteristics Among All Infants by Completed Gestational Age Week

22 wk (N 5 2765) 23 wk (N 5 5349) 24 wk (N 5 6933) 25 wk (N 5 7903)

n n n n

Birthing person characteristics

Hypertension, % 382 13.9% 1056 19.8% 1876 27.2% 2513 31.9%

Chorioamnionitis, % 928 33.9% 1650 31.0% 1759 25.4% 1702 21.6%

Diabetes, % 203 7.4% 368 6.9% 548 7.9% 774 9.8%

Antenatal steroids, % 1540 55.9% 4559 85.5% 6199 89.5% 7240 91.7%

Antenatal magnesium sulfate, % 1219 44.3% 4000 74.9% 5468 79.0% 6398 81.0%

Antenatal steroids and magnesium sulfate, % 1121 40.7% 3866 72.5% 5337 77.1% 6268 79.4%

Vaginal delivery, % 2164 78.3% 2152 40.2% 1884 27.2% 1925 24.4%

Infant characteristics

Birth wt, g, med (Q1–Q3) 2746 490 (440–540) 5337 570 (510–635) 6927 660 (580–732) 7902 760 (650–850)

Male, % 1450 52.5% 2764 51.7% 3650 52.6% 4104 51.9%

Multiple gestation, % 703 25.4% 1208 22.6% 1398 20.2% 1625 20.6%

Any support, % 1880 68.0% 5100 95.3% 6872 99.1% 7888 99.8%

2020, % 514 61.7% 1620 94.5% 2323 99.3% 2538 99.8%

2021, % 654 68.0% 1749 96.2% 2284 99.0% 2666 99.8%

2022, % 712 73.6% 17.1 95.3% 2265 99.1% 2684 99.9%

Data from inborn infants born from 2020 to 2022 at level 3 and 4 NICUs reported to VON. Information is reported at the infant level and was missing as follows: hypertension,
83 (0.4%); chorioamnionitis, 115 (0.5%); diabetes, 112 (0.5%); antenatal steroids, 40 (0.2%); magnesium sulfate, 42 (0.2%); vaginal delivery, 4 (0.0%); birth weight, 38 (0.2%); sex,
3 (0.0%); multiple gestation, 3 (0.0%); any support, 1 (0.0%). A birthing person may be represented in birthing person characteristics more than once if infants were part of a
multiple gestation. N represents the total number of infants; n represents the number of infants who met the definition for the data item for whom data are available. Data are
presented as percentages or median (Q1–Q3) as noted.

FIGURE 1
Distribution of survival status by gestational age among all infants.
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born at 25 weeks and survival without severe complica-
tions ranged from 6.3% of infants born at 22 weeks to
43.2% of infants born at 25 weeks (Table 2). Among sur-
vivors, infants born at 22 weeks had higher rates of tech-
nology dependence at discharge home than infants born
at later gestational ages. The median length of stay
ranged from 160 days (Q1: 134, Q3: 199) for survivors
born at 22 weeks to 110 days (Q1: 94, Q3: 133) for sur-
vivors born at 25 weeks.

DISCUSSION

Among 22 953 infants with gestational ages of 22 to 25
weeks born from 2020 to 2022 receiving care at 636
VON US member hospitals, survival ranged from 24.9%
at 22 weeks to 82.0% at 25 weeks. The use of postnatal
life support increased with gestational age. The propor-
tion of infants born at 22 weeks’ gestation receiving
postnatal life support increased from 61.6% in 2020 to
73.7% in 2022. Of infants receiving postnatal life support,
survival to discharge ranged from 35.4% at 22 weeks to
82.0% at 25 weeks, whereas survival without severe
complications ranged from 6.3% at 22 weeks to 43.2%
at 25 weeks. These contemporary data should help
providers and families who are making decisions about
the management of infants born at 22 to 25 weeks’
gestation.

Decisions about the obstetric management of extremely
preterm births should consider both maternal and infant in-
terests, especially in the face of limited evidence from clinical
trials; few of the interventions for infants born extremely
preterm have been evaluated in trials, including antenatal
corticosteroids.11 However, with increasing evidence from
observational data that antenatal corticosteroid exposure
with postnatal life support improved survival compared with
no exposure,12–15 the American College of Obstetricians and
Gynecologists and the Society for Maternal-Fetal Medicine
recommends the consideration of antenatal corticosteroid

exposure with counseling starting at 22 0/7 weeks if resusci-
tation is planned.16 Magnesium sulfate for neuroprotection
has limited evidence from trials and recommendations re-
garding infants <25 weeks’ gestation are unclear.17 The
available evidence suggests that magnesium sulfate given be-
fore anticipated early preterm birth reduces the risk of cere-
bral palsy in surviving infants and that physicians electing to
use magnesium sulfate for fetal neuroprotection should de-
velop specific guidelines regarding inclusion criteria, treat-
ment regimens, concurrent tocolysis, and monitoring in
accordance with one of the larger trials.18 Despite the ques-
tions about magnesium sulfate, concomitant exposure to
corticosteroids and magnesium sulfate may reduce se-
vere neurodevelopmental impairment or death.19 In the
present study, only 40.7% of those who gave birth to in-
fants at 22 weeks were exposed to both corticosteroids and
magnesium sulfate, compared with 72.3%, 77.1%, and
79.3% of those who gave birth to infants at 23, 24, and 25
weeks, respectively. According to the American College of
Obstetricians and Gynecologists and the Society for Mater-
nal-Fetal Medicine, cesarean delivery for fetal indication is
not recommended at 22 weeks’ gestation, should be consid-
ered at 23 or 24 weeks, and is recommended at 25 weeks.11

In this study, 78.2% of those who gave birth to infants at
22 weeks had vaginal deliveries, compared with 40.2%,
27.2%, and 24.2% of those who gave birth to infants at
23 weeks, 24 weeks, and 25 weeks, respectively.

The American College of Obstetricians and Gynecolo-
gists and the Society for Maternal-Fetal Medicine recom-
mend the use of the extremely preterm birth outcomes
tool,20 which estimates outcomes for infants born at 22
to 25 weeks.11 The estimates were developed from data
on infants born at centers participating in the National
Institute of Child Health and Development Neonatal Re-
search Network (NICHD NRN) from 2006 and 2012. A
study that validated the estimates using data from VON
member hospitals for infants born from 2006 to 2016

TABLE 2 Survival, Survival Without Severe Complications, Technology Dependence, and Length of Stay Among Those Receiving Postnatal Life Support
by Gestational Age Week

22 wk (N 5 1880) 23 wk (N 5 5100) 24 wk (N 5 6872) 25 wk (N 5 7888)

n n n n

Survival 673 36.1% 2794 55.1% 4872 71.5% 6417 82.0%

Survival without complications 112 6.2% 697 14.4% 1686 26.2% 3012 40.9%

Among Survivors (N 5 673) (N 5 2794) (N 5 4870) (N 5 6417)

Tracheostomy 27 4.0% 68 2.4% 104 2.1% 103 1.6%

Gastrostomy tube 89 13.3% 300 10.8% 441 9.1% 396 6.2%

Oxygen 499 74.1% 1905 68.3% 2844 58.4% 2858 44.6%

Monitor 469 69.7% 1802 64.6% 2758 56.7% 2856 44.6%

Length of stay, d, med (Q1–Q3) 670 160 (134–201) 2783 140 (120–170) 4854 127 (109–155) 6400 111 (94–134)

Data from inborn infants born from 2020 to 2022 at level 3 and 4 NICUs reported to VON. Information is reported at the infant level and was missing as follows: survival, 160
(0.7%); survival without morbidity, 1287 (5.9%); tracheostomy, 41 (0.3%); gastrostomy, 41 (0.3%); oxygen, 10 (0.1%); monitor, 15 (0.1%); length of stay, 47 (0.3%). N represents the
total number of infants; n represents the number of infants who met the definition for the data item for whom data are available. Data are presented as percentages or median
(Q1–Q3) as noted.
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revealed that the hospital of birth contributed equally as
much as gestational age.21 VON offers its members up-to-
date hospital-specific estimates of survival on its report-
ing Web site.22

Postnatal life support after birth for infants born at 22
to 25 weeks has increased in recent years.1,13,23–26 Our
study sample includes inborn infants at hospitals with
level 3 and 4 NICUs. The most comparable sample, 4635
infants with gestational ages of 22 to 25 weeks born
from 2013 to 2018 at 19 academic centers in the NICHD
NRN, reported postnatal life support for 36.5% and
88.5% at 22 and 23 weeks’ gestation, compared with the
rates of 68.0% and 95.3% that we report.27 Studies using
national data from the United States1,26 and from Califor-
nia24,25 also have lower rates, but these studies included
all infants, regardless of the level of care available at the
birth hospital.

Survival of infants born at 22 to 25 weeks’ gestation
has increased in the United States and other high-income
countries.13,23,26–32 We found that for infants born from
2020 to 2022, survival to hospital discharge among in-
fants receiving postnatal life support was 35.4%, 54.8%,
71.3%, and 81.9% for infants born at 22, 23, 24, and 25
weeks’ gestation, respectively. These proportions com-
pare with 10.9%, 49.4%, 69.9%, and 79.2% for infants at
those gestational ages born from 2013 to 2018, as re-
ported by the NICHD NRN.27

The differences may be explained partially by the more
recent cohort that we report. Differences in hospital-level
factors may also play a role. Rysavy and colleagues, in a
study from the NICHD NRN, found that the initiation of ac-
tive treatment clustered at the hospital level and differences
in practices regarding the initiation of active treatment in
extremely preterm infants appear to explain a large portion
of the between-hospital variation in survival among such
patients.23 Although the hospital factors responsible for this
clustering are not known, attitudes and beliefs about active
treatment among neonatal care teams and hospital policies
at the 19 academic centers in the NICHD NRN may differ
from those at the larger more diverse set of 636 NICUs in
the present study, potentially contributing to the higher
rates of active resuscitation and survival we observed.

From 2020 to 2022, survival without severe complica-
tions during the initial hospitalization ranged from 6.3% at
22 weeks to 43.2% at 25 weeks. The severe complications
that we evaluated are all associated with poor develop-
mental outcomes long into childhood.33–40 Rates of <1%
at 22 weeks’ gestation to 18% at 25 weeks were reported
for infants born extremely preterm in California from 2015
to 2019, although the California study included all births,
not just those at hospitals with level 3 and 4 NICUs.25

We observed long lengths of hospital stay, ranging
from a median of 159 days at 22 weeks’ gestation to
110 days at 25 weeks’ gestation, with 25% of surviving

infants at 22 weeks hospitalized for >193 days and 25%
of infants at 25 weeks staying >133 days, resulting in pro-
longed family separation. Substantial numbers of infants
were discharged on oxygen and monitors and with trache-
ostomies and gastrostomies, creating further stress and fi-
nancial burdens on families. However, we do not have data
after the initial birth hospitalization. In the NICHD NRN,
survival with no or minor neurodevelopmental impairment
at 22- to 26-month follow-up occurred in 10% of infants
born at 22 weeks and nearly 40% at 25 weeks.27 In a sys-
tematic review of same-center cohorts over time, there
was no significant change in neurodevelopmental impair-
ment rates in infants born at <27 weeks’ gestation or
<1000 grams birth weight between 1990 and 2020.41

Research on the safety and efficacy of interventions for
the obstetric, delivery room, and neonatal management of
extremely preterm births is lacking. Few extremely pre-
term infants, and almost none born at 22 weeks, have
been included in randomized trials.23 However, as postna-
tal life support at lower gestational ages is increasingly of-
fered to and chosen by families, research to support
evidence-based practice is urgently needed, especially be-
cause care management designed and developed for in-
fants born at older gestational ages is now used on infants
born at earlier gestational ages. Randomized trials for ex-
treme prematurity are challenging to conduct; therefore,
well-designed observational studies are also needed. The
Multicenter Inventory of Neonatal-Perinatal Interventions
of the Tiny Baby Collaborative collects detailed data on
outcomes and practices on infants born at 22 to 23 weeks,
such as endotracheal tube size.42 Artificial womb and arti-
ficial placenta technologies are innovative approaches with
the potential to transform the management of extreme
prematurity.43,44 Randomized trials of these technologies
are on the horizon raising important ethical questions
about the management of extreme prematurity.45,46

Targeted quality improvement has the potential to im-
prove outcomes for extremely preterm infants and their fami-
lies. Perhaps most important is improving communication
and shared decision-making with families about the obstetric,
delivery room, and neonatal management of extremely pre-
term deliveries, as outlined over 30 years ago.47,48 The Amer-
ican Academy of Pediatrics guidelines state that decisions
regarding life support for infants born extremely preterm
should be shared with the family, guided by considering both
the likelihood of death or morbidity and the parents’ desires
for their unborn child.46 Improvement efforts that address
how risks are communicated and how these difficult deci-
sions are made and implemented are of critical importance.
Other potential areas for improvement include discharge
readiness,49 establishing dedicated small baby units and
teams,50–52 and adopting the model of family integrated care
and early continuous skin-to-skin care.53–55
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The ultimate goal of neonatal intensive care is to achieve
the long-term health and well-being of infants and their
families, in which health is understood in the broadest of
terms, not just from a biomedical perspective.56 Adverse
clinical events experienced in the neonatal period are only
one factor in long-term well-being; the social determinants
of health play a significant and perhaps predominant
role.57,58 To achieve better outcomes for infants and fami-
lies, we must accept our responsibility to follow through,
practicing social as well as technical medicine, improving
the health and well-being of infants and families by address-
ing the social determinants of health and promoting equi-
ty.59,60 This need is important, particularly given the well-
documented but poorly understood differences in the provi-
sion of postnatal life support for infants born extremely pre-
term.1,61–63 Additionally, financial burdens and parental
stress associated with prolonged lengths of stay and tech-
nology dependence at discharge will fall most heavily on
families who are economically disadvantaged and socially
stressed. Follow-through may provide the greatest opportu-
nity in the near term for improvement for the infants and
families we serve.

Mortality rates are higher among preterm infants born in
hospitals with a low-level or mid-level NICU than among
those born in hospitals with a high-level NICU.64–66 How-
ever, the proportion of extremely preterm births occurring
at hospitals with lower-level NICUs increased between 2009
and 2020.67 Reversing this trend toward de-regionalization
will require state policies enforcing certification criteria for
the care of extreme prematurity.68 By establishing and im-
plementing risk-appropriate neonatal care standards, the
NICU Verification Program of the American Academy of Pe-
diatrics can improve outcomes for extreme prematurity by
ensuring that every infant receives care in a facility with the
personnel and resources appropriate for the newborn’s
needs and condition.69 This need is of particular importance
for extremely preterm births.

Our study includes standardized reporting in recent
years by a large and diverse set of hospitals. However, we
restricted our analysis to infants born at hospitals with
level 3 and 4 NICUs to reflect infants born at facilities best
able to care for infants born extremely preterm. Therefore,
our data should not be interpreted as providing results for

all births at 22 to 25 weeks because many occur at hospi-
tals without level 3 or 4 NICUs. In addition, our study does
not include infants transferred to hospitals that do not
have delivery services because care for infants born ex-
tremely preterm begins in the delivery room; however,
many infants born at 22 to 25 weeks may be transferred
to such facilities shortly after birth. Finally, the period for
this study includes the severe acute respiratory syndrome
coronavirus 2 pandemic. The increased use of personal pro-
tective equipment and changes in hospital policies could
have influenced outcomes.

CONCLUSIONS

Of infants inborn at level 3 and 4 NICUs receiving postna-
tal life support, overall survival ranged from 24.9% at 22
weeks to 82.0% at 25 weeks. Among infants receiving
postnatal life support, survival to discharge ranged from
35.4% at 22 weeks to 81.8% at 25 weeks, whereas sur-
vival without severe complications ranged from 6.3% at
22 weeks to 43.2% at 25 weeks, with long lengths of stay
and technology dependence at discharge. Research to iden-
tify new interventions for the obstetric, delivery room, and
neonatal management of extreme preterm birth, quality
improvement to reliably apply current evidenced based
practices, follow-through to address social determinants of
health, and policies to ensure that extreme preterm births
are cared for at hospitals with the appropriate facilities,
services, and staff may help improve outcomes.

ACKNOWLEDGMENTS

We are indebted to our colleagues who submit data to
VON on behalf of infants and their families. The list of hos-
pitals contributing data to this study is in Supplemental
Table 3.

ABBREVIATIONS

NICHD NRN: National Institute for Child Health and
Development Neonatal Research Network

VON: Vermont Oxford Network

Chief Executive Officer of Vermont Oxford Network and an unpaid member of the Vermont Oxford Network board of directors. Vermont Oxford Network has
received funding from Vitara Biomedical, Inc, which had no role in the design, analysis, interpretation or reporting of the present study.

COMPANION PAPER: A companion to this article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2024-067390

REFERENCES

1. Venkatesan T, Rees P, Gardiner J, et al. National trends in pre-
term infant mortality in the United States by race and socioeco-
nomic status, 1995-2020. JAMA Pediatr. 2023;177(10):1085–1095

2. Edwards EM, Horbar JD. Variation in use by NICU types in the
United States. Pediatrics. 2018;142(5):e20180457

3. Mowitz ME, Gao W, Sipsma H, et al. Burden of comorbidities
and healthcare resource utilization among Medicaid-enrolled

54 EDWARDS et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/154/4/e2024065963/1717347/peds.2024-065963.pdf
by Morton Plant Hospital, Alfonso Vargas
on 05 September 2025

http://www.pediatrics.org/cgi/doi/10.1542/peds.2024-067390


extremely premature infants. J Health Econ Outcomes Res. 2022;
9(2):147–155

4. American Academy of Pediatrics Committee on Fetus and New-
born. Levels of neonatal care. Pediatrics. 2012;130(3):587–597

5. Edwards EM, Ehret DEY, Soll RF, Horbar JD. Vermont Oxford Network:
a worldwide learning community. Transl Pediatr. 2019;8(3):182–192

6. Vermont Oxford Network. Manual of operations: part 2. data defi-
nitions and infant data booklets for infants born in 2022. 26.2.
Available at: https://vtoxford.zendesk.com/hc/en-us/articles/
4405064008467-2022-Manual-of-Operations-Part-2-Release-26-2-PDF.
Accessed January 5, 2024

7. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of
subependymal and intraventricular hemorrhage: a study of infants
with birth weights less than 1,500 gm. J Pediatr. 1978;92(4):529–534

8. Jensen EA, Dysart K, Gantz MG, et al. The diagnosis of broncho-
pulmonary dysplasia in very preterm infants. an evidence-based
approach. Am J Respir Crit Care Med. 2019;200(6):751–759

9. Jensen EA, Edwards EM, Greenberg LT, et al. Severity of broncho-
pulmonary dysplasia among very preterm infants in the United
States. Pediatrics. 2021;148(1):e2020030007

10. Chiang MF, Quinn GE, Fielder AR, et al. International classification
of retinopathy of prematurity, third edition. Ophthalmology. 2021;
128(10):e51–e68

11. The American College of Obstetricians and Gynecologists; Society
for Maternal-Fetal Medicine. Obstetric care consensus: periviable
birth. Obstet Gynecol. 2017;130(4):e187–e199

12. Backes CH, Rivera BK, Pavlek L, et al. Proactive neonatal treat-
ment at 22 weeks of gestation: a systematic review and meta-
analysis. Am J Obstet Gynecol. 2021;224:158–174

13. Ehret DEY, Edwards EM, Greenberg LT, et al. Association of ante-
natal steroid exposure with survival among infants receiving
postnatal life support at 22 to 25 weeks’ gestation. JAMA Netw
Open. 2018;1(6):e183235

14. Chawla S, Wyckoff MH, Rysavy MA, et al. Eunice Kennedy Shriver
National Institute of Child Health and Human Development Neona-
tal Research Network. Association of antenatal steroid exposure
at 21 to 22 weeks of gestation with neonatal survival and sur-
vival without morbidities. JAMA Netw Open. 2022;5(9):e2233331

15. Vidavalur R, Hussain Z, Hussain N. Association of survival at 22
weeks’ gestation with use of antenatal corticosteroids and mode
of delivery in the United States. JAMA Pediatr. 2023;177(1):90–93

16. The American College of Obstetricians and Gynecologists, Society
for Maternal-Fetal Medicine. Practice advisory: use of antenatal
corticosteroids at 22 weeks of gestation. Available at: https://
www.acog.org/clinical/clinical-guidance/practice-advisory/
articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-
gestation. Accessed January 5, 2024

17. Crowther CA, Middleton PF, Voysey M, et al. AMICABLE Group. As-
sessing the neuroprotective benefits for babies of antenatal
magnesium sulphate: an individual participant data meta-analy-
sis. PLoS Med. 2017;14(10):e1002398

18. Magee LA, Silva DAD, Sawchuck D, et al. No. 376-magnesium sul-
phate for fetal neuroprotection. J Obstet Gynaecol Can. 2019;41(4):
505–522

19. Gentle SJ, Carlo WA, Tan S, et al. Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD) Neonatal
Research Network. Association of antenatal corticosteroids and
magnesium sulfate therapy with neurodevelopmental outcome in
extremely preterm children. Obstet Gynecol. 2020;135(6):1377–1386

20. National Institute of Child Health and Human Development. Ex-
tremely preterm birth outcomes tool. Available at: https://www.
nichd.nih.gov/research/supported/EPBO. Accessed June 10, 2024

21. Rysavy MA, Horbar JD, Bell EF, et al. Eunice Kennedy Shriver National
Institute of Child Health and Human Development Neonatal Research
Network and Vermont Oxford Network. Assessment of an updated
neonatal research network extremely preterm birth outcome model
in the Vermont Oxford Network. JAMA Pediatr. 2020;174(5):e196294

22. Vermont Oxford Network. Nightingale internet reporting system.
Available at: https://nightingale.vtoxford.org. Accessed June 10, 2024

23. Rysavy MA, Mehler K, Oberth€ur A, et al. An immature science: in-
tensive care for infants born at #23 weeks of gestation. J Pe-
diatr. 2021;233:16–25.e1

24. Chen X, Lu T, Gould J, et al. Active treatment of infants born at
22–25 weeks of gestation in California, 2011–2018. J Pediatr.
2022;249:67–74

25. Higgins BV, Baer RJ, Steurer MA, et al. Resuscitation, survival
and morbidity of extremely preterm infants in California 2011-
2019. J Perinatol. 2024;44(2):209–216

26. Silva ER, Shukla VV, Tindal R, et al. Association of active postnatal
care with infant survival among periviable infants in the US.
JAMA Netw Open. 2023;6(1):e2250593

27. Bell EF, Hintz SR, Hansen NI, et al. Eunice Kennedy Shriver Na-
tional Institute of Child Health and Human Development Neonatal
Research Network. Mortality, in-hospital morbidity, care practi-
ces, and 2-year outcomes for extremely preterm infants in the
US, 2013-2018. JAMA. 2022;327(3):248–263

28. Patel RM, Rysavy MA, Bell EF, Tyson JE. Survival of infants born at
periviable gestational ages. Clin Perinatol. 2017;44(2):287–303

29. Norman M, Hallberg B, Abrahamsson T, et al. Association be-
tween year of birth and 1-year survival among extremely pre-
term infants in Sweden during 2004-2007 and 2014-2016. JAMA.
2019;321(12):1188–1199

30. Kono Y, Yonemoto N, Nakanishi H, et al. Changes in survival and
neurodevelopmental outcomes of infants born at <25 weeks’
gestation: a retrospective observational study in tertiary centres
in Japan. BMJ Paediatr Open. 2018;2(1):e000211

31. Backes CH, Rivera BK, Pavlek L, et al. Proactive neonatal treat-
ment at 22 weeks of gestation: a systematic review and meta-
analysis. Am J Obstet Gynecol. 2021;224(2):158–174

32. Qattea I, Farghaly MAA, Kattea MO, et al. Survival of infants born
at periviable gestation: the US national database. Lancet Reg
Health Am. 2022;14:100330

33. Tr�eluyer L, Chevallier M, Jarreau PH, et al. Intraventricular hem-
orrhage in very preterm children: mortality and neurodevelop-
ment at age 5. Pediatrics. 2023;151(4):e2022059138

34. Boyce GC, Smith TB, Casto G. Health and educational outcomes of
children who experienced severe neonatal medical complica-
tions. J Genet Psychol. 1999;160(3):261–269

PEDIATRICS Volume 154, number 4, October 2024 55

Downloaded from http://publications.aap.org/pediatrics/article-pdf/154/4/e2024065963/1717347/peds.2024-065963.pdf
by Morton Plant Hospital, Alfonso Vargas
on 05 September 2025

https://vtoxford.zendesk.com/hc/en-us/articles/4405064008467-2022-Manual-of-Operations-Part-2-Release-26-2-PDF
https://vtoxford.zendesk.com/hc/en-us/articles/4405064008467-2022-Manual-of-Operations-Part-2-Release-26-2-PDF
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-gestation
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-gestation
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-gestation
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2021/09/use-of-antenatal-corticosteroids-at-22-weeks-of-gestation
https://www.nichd.nih.gov/research/supported/EPBO
https://www.nichd.nih.gov/research/supported/EPBO
https://nightingale.vtoxford.org


35. Katz TA, Vliegenthart RJS, Aarnoudse-Moens CSH, et al. Severity of
bronchopulmonary dysplasia and neurodevelopmental outcome
at 2 and 5 years corrected age. J Pediatr. 2022;243:40–46.e2

36. Msall ME, Phelps DL, DiGaudio KM, et al. Severity of neonatal reti-
nopathy of prematurity is predictive of neurodevelopmental func-
tional outcome at age 5.5 years. Pediatrics. 2000;106(5):998–1005

37. Fang L, Wang C, Yang Y, et al. A meta-analysis of adverse effects
of retinopathy of prematurity on neurodevelopment in preterm
infants. Medicine (Baltimore). 2023;102(50):e36557

38. Cai S, Thompson DK, Anderson PJ, Yang JYM. Short- and long-
term neurodevelopmental outcomes of very preterm infants with
neonatal sepsis: a systematic review and meta-analysis. Children
(Basel). 2019;6(12):131

39. Bazacliu C, Neu J. Necrotizing enterocolitis: long term complica-
tions. Curr Pediatr Rev. 2019;15(2):115–124

40. Spittle AJ, Cheong J, Doyle LW, et al. Neonatal white matter ab-
normality predicts childhood motor impairment in very preterm
children. Dev Med Child Neurol. 2011;53(11):1000–1006

41. Kaempf JW, Campbell B, Sklar RS, et al. Implementing potentially
better practices to improve neonatal outcomes after reducing
postnatal dexamethasone use in infants born between 501 and
1250 grams. Pediatrics. 2003;111(4 Pt 2):e534–e541

42. Rysavy M, Nakamura T, Mehler K, et al; Tiny Baby Collaborative.
Use of 2.0-mm endotracheal tubes for periviable infants. J Peri-
natol. 2022;42(9):1275–1276

43. Flake AW, De Bie FR, Munson DA, Feudtner C. The artificial pla-
centa and EXTEND technologies: one of these things is not like
the other. J Perinatol. 2023;43(11):1343–1348

44. Horbar JD. Bet 815. long bets: the arena for accountable predic-
tions. Available at: https://longbets.org/815/. Accessed June 10, 2024

45. Kozlov M. Human trials of artificial wombs could start soon.
Here’s what you need to know. Nature. 2023;621(7979):458–460

46. Werner KM, Baker AC, Mercurio MR. Unique ethical considerations
of the artificial womb and placenta: the threshold for patient eligi-
bility in clinical trials. J Perinatol. 2023;43(11):1335–1336

47. Silverman WA. Overtreatment of neonates? A personal retrospec-
tive. Pediatrics. 1992;90(6):971–976

48. Harrison H. The principles for family-centered neonatal care. Pe-
diatrics. 1993;92(5):643–650

49. Gupta M, Pursley DM, Smith VC. Preparing for discharge from the
neonatal intensive care unit. Pediatrics. 2019;143(6):e20182915

50. Morris M, Cleary JP, Soliman A. Small baby unit improves quality
and outcomes in extremely low birth weight infants. Pediatrics.
2015;136(4):e1007–e1015

51. Pavlek LR, Mueller C, Jebbia MR, et al. Perspectives on develop-
ing and sustaining a small baby program. Semin Perinatol.
2022;46(2):151548

52. Kaempf JW, Gautham K. Do small baby units improve extremely
premature infant outcomes? J Perinatol. 2022;42(2):281–285

53. Thernstr€om Blomqvist Y, Ågren J, Karlsson V. The Swedish ap-
proach to nurturing extremely preterm infants and their families:
a nursing perspective. Semin Perinatol. 2022;46(1):151542

54. Klemming S, Lilliesk€old S, Westrup B. Mother-newborn couplet
care from theory to practice to ensure zero separation for all
newborns. Acta Paediatr. 2021;110(11):2951–2957

55. Franck LS, Axelin A, Van Veenendaal NR, Bacchini F. Improving
neonatal intensive care unit quality and safety with family-
centered care. Clin Perinatol. 2023;50(2):449–472

56. Fiscella K, Epstein RM. Why the United States needs a multiface-
ted definition of health. Health Aff Sch. 2023;1(4):qxad048

57. Brumbaugh JE, Vohr BR, Bell EF, et al. Eunice Kennedy Shriver
NICHD Neonatal Research Network. Early-life outcomes in relation
to social determinants of health for children born extremely pre-
term. J Pediatr. 2023;259:113443

58. Sullivan BA, Doshi A, Chernyavskiy P, et al. Neighborhood depriva-
tion and association with neonatal intensive care unit mortality
and morbidity for extremely premature infants. JAMA Netw Open.
2023;6(5):e2311761

59. Horbar JD, Edwards EM, Ogbolu Y. Our responsibility to follow
through for NICU infants and their families. Pediatrics. 2020;146(6):
e20200360

60. Edwards EM, Ehret DEY, Horbar JD. Potentially better practices
for follow through in neonatal intensive care units. Pediatrics.
2024;154(1):e2023065530

61. Boghossian NS, Geraci M, Edwards EM, et al. Regional and racial-
ethnic differences in perinatal interventions among periviable
births. Obstet Gynecol. 2020;135(4):885–895

62. Tucker Edmonds B, Fager C, Srinivas S, Lorch S. Racial and eth-
nic differences in use of intubation for periviable neonates. Pedi-
atrics. 2011;127(5):e1120–e1127

63. Dworetz AR, Natarajan G, Langer J, et al. Human Development
Neonatal Research Network. Withholding or withdrawing life-sus-
taining treatment in extremely low gestational age neonates.
Arch Dis Child Fetal Neonatal Ed. 2021;106(3):238–243

64. Phibbs CS, Baker LC, Caughey AB, et al. Level and volume of neo-
natal intensive care and mortality in very-low-birth-weight in-
fants. N Engl J Med. 2007;356(21):2165–2175

65. Lasswell SM, Barfield WD, Rochat RW, Blackmon L. Perinatal re-
gionalization for very low-birth-weight and very preterm infants:
a meta-analysis. JAMA. 2010;304(9):992–1000

66. Jensen EA, Lorch SA. Effects of a birth hospital’s neonatal inten-
sive care unit level and annual volume of very low-birth-weight
infant deliveries on morbidity and mortality. JAMA Pediatr.
2015;169(8):e151906

67. Boghossian NS, Geraci M, Phibbs CS, et al. Trends in resources
for neonatal intensive care at delivery hospitals for infants born
younger than 30 weeks’ gestation, 2009-2020. JAMA Netw Open.
2023;6(5):e2312107

68. Kroelinger CD, Rice ME, Okoroh EM, et al. Seven years later: state
neonatal risk-appropriate care policy consistency with the 2012
American Academy of Pediatrics Policy. J Perinatol. 2022;42(5):
595–602

69. Stark AR, Pursley DM, Papile LA, et al. Standards for levels of
neonatal care: II, III, and IV. Pediatrics. 2023;151(6):e2023061957

56 EDWARDS et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/154/4/e2024065963/1717347/peds.2024-065963.pdf
by Morton Plant Hospital, Alfonso Vargas
on 05 September 2025

https://longbets.org/815/

