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Objective Data from the academic medical centers in the United States showing
improvements in survival of periviable infants born at 22 to 24 weeks GA may not be
nationally representative since a substantial proportion of preterm infants are cared for
in community hospital-based neonatal intensive care units. Our objective was to
examine the national trends in survival and other short-term outcomes among preterm
infants born at 24 weeks gestational age (GA) in the United States from 2009 to 2018.
Study Design This was a retrospective, repeated cross-sectional analysis of the
National Inpatient Sample for preterm infants 24 weeks GA. The primary outcome
was the trends in survival to discharge. Secondary outcomes were the trends in the
composite outcome of death or one or more major morbidity (bronchopulmonary
dysplasia, necrotizing enterocolitis stage 2, periventricular leukomalacia, severe
intraventricular hemorrhage, and severe retinopathy of prematurity). The Cochran–
Armitage trend test was used for trend analysis. p-Value <0.05 was considered
significant.
Results Among 71,854 infants born at 24 weeks GA, 34,251 (47.6%) survived less
than 1 day and were excluded. Almost 93% of those who survived <1 day were of 23
weeks GA. Among the 37,603 infants included in the study cohort, 48.1% were born at
24 weeks GA. Survival to discharge at GA  23 weeks increased from 29.6% in 2009 to
41.7% in 2018 (p < 0.001), while survival to discharge at GA 24 weeks increased from
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58.3 to 65.9% (p < 0.001). There was a significant decline in the secondary outcomes
among all the periviable infants who survived 1 day of life.
Conclusion Survival to discharge among preterm infants 24 weeks GA significantly
increased, while death or major morbidities significantly decreased from 2009 to 2018.
The postdischarge survival, health care resource use, and long neurodevelopmental
outcomes of these infants need further investigation.

• Survival increased significantly in infants 24 weeks GA in the United States from 2009 to 2018.
• Death or major morbidity in infants 24 weeks GA decreased significantly from 2009 to 2018.
• Death or surgical procedures including tracheostomy, VP shunt placement, and PDA surgical closure in infants <¼24
weeks GA decreased significantly from 2009 to 2018.

Periviable births have been defined as deliveries occurring
from 200/7 to 256/7.1 These infants are born at the cusp of
viability and are at high risk for death or serious morbidities
and also incur substantial health care costs during the initial
birth hospitalization.2,3 Despite the extremely high rate of
mortality in this group of infants, several studies have
reported a gradual improvement in the survival rate over
the last few decades. Younge et al. published a study in 2017
which included 4,000 preterm infants with GA between 22
and 24 weeks from 11 academic centers in the United States
and demonstrated that survival and survival without neurodevelopmental impairment significantly increased during
the study period.4 Another study that included preterm
infants from 26 U.S. centers participating in Neonatal Research Network showed that survival increased markedly for
infants born at 23 and 24 weeks GA between 1993 and 2012.5
Similar results have been reported from other developed
countries.6,7
However, these outcomes vary among hospitals and geographic regions due to differences in the practice of offering
potentially lifesaving treatments before and after birth.8,9
These variations in the initiation of active treatment are not
surprising given that clinicians and parents may elect to only
provide comfort care rather than the resuscitation of premature infants not expected to survive. The interventions
considered active treatment include any of the following:
surfactant therapy, tracheal intubation, ventilatory support
(including continuous positive airway pressure, bag–valve–
mask ventilation, or mechanical ventilation), parenteral
nutrition, epinephrine, or chest compressions.8
In the 1970s, most states in the United States developed
coordinated regional systems for perinatal care that were
predominantly focused on neonatal outcomes. Three levels
of perinatal services were designated as levels I, II, and III in
an increasing order of intensity and complexity for both
maternal and neonatal care.10,11 The designated regional or
tertiary care centers provided the highest levels of obstetric
and neonatal care and served smaller facilities’ needs
through education and transport services. These regional
perinatal centers were mostly academic centers.12–14
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Since the 1980s, there has been a breakdown of the
regionalization of perinatal and neonatal care services due
to the explosion in the growth and number of neonatal
intensive care units (NICUs) in nonacademic community
hospitals.15–18 Thus, a growing number of extremely preterm
infants, including periviable infants, are born and cared for in
some of these community hospital-based NICUs. As a result,
data from the academic medical centers in the United States
showing improvements in the survival of periviable infants
born at 22 to 24 weeks GA may not be nationally representative. Additionally, there are limited data on the trends in
major morbidities in this population of extremely preterm
infants. Constantly changing data on outcomes of extremely
premature infants may affect decisions to intervene in the
event of preterm delivery. A population-based nationally
representative outcome data obtained from community
hospitals can better aid in guiding clinicians, families, hospitals, and policymakers. We aimed to examine the national
trends in survival to discharge and in-hospital outcomes of
major morbidities among extremely preterm infants born at
24 weeks gestation in the United States from 2009 to 2018.

Materials and Methods
Study Design and Data Source
We conducted a retrospective, repeated cross-sectional analysis of the Healthcare Cost and Utilization Project’s (HCUP)
National Inpatient Sample (NIS) database from 2009 through
2018 (the latest available data year at the time of analysis).19
The NIS is the largest publicly available all-payer database of
hospital discharges from community, nonrehabilitation hospitals in the United States. The NIS is released every year by
HCUP, and it includes a 20% stratified sample of all discharges
(approximately 7 million) from U.S. community hospitals.
The number of states and hospitals contributing data to NIS
increased from 1,045 hospitals in 38 states in 2006 to 4,584
hospitals in 48 states in 2017. In 2012, the NIS design
changed from including all discharges within a 20% stratified
random sample of hospitals to a 20% self-weighted, stratified,
systematic random sample of discharges from all hospitals.
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Key Points

These discharges captured in the NIS contain 35 million
hospitalizations annually and represent approximately 97%
of all U.S. hospitalizations when weighted. We used the
“TRENDWT” variable provided by HCUP for the years prior
to 2012 to make estimates comparable to the new NIS design
which began in 2012.20 Each hospitalization in this database
is deidentified and maintained as a unique entry that has 1
primary diagnosis and <30 secondary diagnoses along with
up to 25 procedure codes using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9 CM) and
10th Revision (ICD-10 CM). The NIS database has been
extensively used by researchers and policymakers to make
national estimates of health care utilization and outcomes in
numerous conditions.21–25 The study involved publicly available deidentified data and was, thus, exempt from the
institutional review board review.

Study Population
We identified neonates (age 28 days) using the “Neomat”
variable which identifies discharges with neonatal and/or
maternal diagnoses and procedures. The inclusion criteria
were neonatal hospitalizations with gestational age (GA)
24, birthweight 750 g, and survival for at least 1 day. All
preterm hospitalizations with birthweight >750 g were excluded to avoid the inclusion of errors related to improbable
birthweights. Early death (<12 hours of age) among extremely low-birth-weight infants may reflect an assessment
of nonviability by obstetricians and neonatologists.26 Due to
variations in clinical practice guiding active resuscitation
and withdrawal of care to periviable preterm infants, all
infants who survived for <1 day were excluded to avoid the
inclusion of infants who received only comfort care. To avoid
duplication of data, we identified and excluded neonates
who were transferred out to short-term hospitals, skilled
nursing facilities, or intermediate care facilities, or another
type of facility, using the “DISPUNIFORM” variable in keeping
with previous studies that utilized HCUP databases.23,25,27
Details of the population derivation are shown in ►Fig. 1.

Definition of Variables
Patient-level characteristics such as sex, race, median household income as per ZIP code, primary payer (Medicare/Medicaid, private insurance, self-pay, and other), and hospital-level
characteristics such as hospital location (rural or urban) and
teaching status (rural, urban nonteaching, and urban teaching),
hospital bed size (small, medium, and large), and hospital
region (Northeast, Midwest, South, and West;) were abstracted. The distribution of the various states in each census region
is available at https://www.hcup-s.ahrq.gov/db/nation/nis/
NIS_Introduction_2017.jsp#table2app1. Race was categorized
as White, non-Hispanic Black, Hispanic, and others.
Comorbidities/complications were identified with ICD-9 and
ICD-10 diagnostic and procedure codes as shown in
►Supplemental Table S1, (available online only).

Outcome Measures
Our primary outcome was the trend in survival to discharge
of periviable preterm infants 24 weeks GA from 2009
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through 2018. The secondary outcomes were to quantify
and trend the short-term in-hospital outcomes of death or
any of the major morbidities defined as bronchopulmonary
dysplasia (BPD), necrotizing enterocolitis (NEC) stage 2,
periventricular leukomalacia (PVL), severe intraventricular
hemorrhage (IVH; grade 3 or 4), severe neurological injury
(including grade 3 or 4 IVH or PVL), and severe retinopathy of
prematurity (ROP; stage 3–5) in keeping with previous
studies.28–31 Other outcomes included in-hospital death or
any of these procedures: surgical closure of patent ductus
arteriosus (PDA), tracheostomy, ventriculoperitoneal shunt
placement, and gastrostomy tube placement. These co-morbidities and procedures were identified with ICD-9 and ICD10 procedure codes.

Statistical Analysis
We reported proportions with standard error of the mean for
categorical variables. The periviable infants included in the
study were stratified into two groups based on GA (23
weeks and 24 weeks). We used the chi-square test for
proportions to compare these two groups. The Cochran–
Armitage trend test for categorical variables was used to
assess trends in both the primary and secondary outcomes
during the study period. Statistical analyses were performed
using SPSS V26.0 (IBM Corp, Armonk, NY). A p-value of < 0.05
was considered significant for all analyses.

Results
We identified 37 million live births, and 71,854 infants were
born at or before 24 weeks gestation during the study period
from the years 2009 to 2018. Among these, 34,251 (47.7%)
survived less than 1 day and were excluded from the study.
Almost 93% of those who survived less than 1 day were 23
weeks GA. ►Fig. 1 shows the derivation of the eligible
population. Of the hospitalizations that met the inclusion
criteria, 19,520 infants were born at 23 weeks GA and
18,083 infants were born at 24 weeks GA.
The demographic and baseline characteristics of infants
included in the study are shown in ►Table 1. Briefly, 40.2% of
the infants were delivered by a cesarean section, 35.6% were
White, 34.2% were Black, 35.3% had private insurance, and a
majority of them were discharged from large bed size (69.5%)
or teaching hospitals (86.4%). Compared with infants born at
23 weeks GA, those born at 24 weeks GA were more likely to
have maternal hypertension (2.5 vs. 1.1%), placental abruption (2.9 vs. 2.0%), and more likely to have a cesarean delivery
(53.4 vs. 28.0%) (►Table 2). There were no significant differences in racial origin and median household income.
Our primary outcome was survival to discharge among
the periviable infants. Over the study period, a significant
proportion of these infants died during the initial hospitalization. The mortality rate was exceptionally high among
infants born at 23 weeks GA as compared with those born at
24 weeks GA (64.7 vs. 35.7%, p < 0.001) (►Supplemental
Table S2 and ►Supplemental Fig. S1). However, the trends
in survival to discharge during the study period showed a
significant improvement (►Fig. 2). Survival to discharge
American Journal of Perinatology
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Fig. 1 Patient flow and eligibility diagram.

among infants born at 23 weeks GA increased from 29.6% in
2009 to 41.7% in 2018 (p < 0.001). Similarly, survival to
discharge for infants born at 24 weeks GA increased from
58.3% in 2009 to 65.9% in 2018 (p < 0.001).
Our secondary outcomes included a composite of death or
any of the major morbidities, including BPD, severe NEC,
severe neurological injury, and severe ROP. We also compared the composite outcome of death or procedures such as
ventriculoperitoneal (VP) shunt, tracheostomy, or gastroAmerican Journal of Perinatology
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stomy tube (GT) placement, and surgical closure of PDA. All
the composite outcomes were significantly higher among
infants born at 23 weeks GA (►Supplemental Table S2).
About 90% of infants born at  23 weeks GA either died or had
one of the major morbidities compared with 80% among
infants born at 24 weeks GA. The prevalence of procedures
such as VP shunt, tracheostomy, or GT placement, and
surgical closure of PDA were also significantly higher in
the lower GA group.
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Table 2 Comparison of baseline characteristics of infants
born at 24 weeks GA, stratified by GA
GA 23 wk
N ¼ 19,520
% (SEM)

GA 24 wk
N ¼ 18,083
% (SEM)

p-Value

Multiple Gestation

1.6 (0.2)

1.4 (0.2)

0.59

N ¼ 37,603
% (SEM)
GA group
GA 23 wk

51.9 (0.5)

Malpresentation

2.6 (0.2)

2.8 (0.3)

0.64

GA 24 wk

48.1 (0.5)

1.1 (0.2)

2.5 (0.2)

<0.001

Multiple gestation

1.5 (0.2)

Maternal
hypertension

Malpresentation

2.7 (0.2)

Maternal diabetes

1.6 (0.2)

2.0 (0.2)

0.17

Maternal hypertension

1.8 (0.1)

Chorioamnionitis

2.5 (0.3)

2.5 (0.2)

0.95

Maternal diabetes

1.8 (0.1)

Prolonged rupture
of membranes

3.7 (0.3)

4.3 (0.3)

0.12

Chorioamnionitis

2.5 (0.2)

Placental abruption

2.0 (0.2)

2.9 (0.3)

0.02

Prolonged rupture of membranes

4.0 (0.2)

Gender

Placental abruption

2.4 (0.2)

Male

51.0 (0.7)

48.8 (0.8)

Cesarean birth

28.0 (0.7)

53.4 (1.0)

<0.001

SGA

1.2 (0.2)

2.5 (0.2)

<0.001
0.57

Gender
Male

Female
49.9 (0.5)

Female
Cesarean birth

40.2 (0.7)

Race

SGA

1.8 (0.1)

Caucasian

34.9 (0.9)

36.4 (0.9)

Race

Black

34.4 (0.8)

34.0 (0.9)

Caucasian

35.6 (0.7)

Hispanic

18.4 (0.7)

18.1 (0.7)

Black

34.2 (0.7)

Other

12.3 (0.5)

11.6 (0.6)

Hispanic

18.3 (0.6)

Other

12.0 (0.4)

Median household income national quartile for patient
ZIP code

Median household income national quartile for patient
ZIP code

0–25th percentile

36.3 (0.8)

36.1 (0.9)

25–50th percentile

25.3 (0.7)

25.1 (0.7)

0–25th percentile

36.2 (0.7)

50–75th percentile

22.3 (0.6)

23.2 (0.7)

25–50th percentile

25.2 (0.6)

75–100th percentile

16.2 (0.9)

15.6 (0.8)

50–75th percentile

22.7 (0.5)

Type of insurance

75–100th percentile

15.9 (0.8)

Private

55.0 (0.8)

57.7 (0.9)
42.3 (0.9)

35.3 (0.7)

Medicaid/
self-pay/other

45.0 (0.8)

Private
Medicaid/self-pay/other

64.7 (0.7)

Hospital teaching status

Type of insurance

Nonteaching

15.5 (0.6)

11.5 (0.8)

84.5 (0.6)

88.5 (0.8)

Small/medium

31.2 (0.9)

29.8 (1.0)

30.5 (0.9)

Large

68.8 (0.9)

70.2 (1.0)

69.5 (0.9)

Hospital region
Northeast

14.3 (0.6)

14.5 (0.7)

Hospital teaching status
Nonteaching

13.6 (0.7)

Teaching

Teaching

86.4 (0.7)

Hospital bed size

Hospital bed size
Small/medium
Large
Hospital region
Northeast

14.4 (0.6)

Midwest

23.5 (0.9)

21.1 (1.0)

Midwest

22.4 (0.9)

South

41.4 (1.0)

44.1 (1.1)

South

42.7 (1)

West

20.8 (0.7)

20.2 (0.9)

West

20.5 (0.8)

Abbreviations: GA, gestational age; SEM, standard error of the mean;
SGA, small for gestational age.

0.79

0.02

<0.001

0.18

0.03

Abbreviations: GA, gestational age; SEM, standard error of the mean;
SGA, small for gestational age.
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Table 1 Baseline characteristics of infants born at 24
weeks GA and survived 1 day in the United States from
2009 through 2018
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Fig. 2 Trends in survival to discharge of periviable preterm infants born at 24 weeks GA, 2009 to 2018. GA, gestational age.

However, this high incidence of adverse outcomes among
periviable infants showed an encouraging trend over the
years 2009 to 2018 (►Fig. 3). There was a significant decline
in the composite outcome of death or any major morbidity
(BPD, severe NEC, severe ROP, and severe neurological injury)
during the study period. The proportion of these periviable
infants who died prior to discharge or underwent procedures
including tracheostomy, VP shunt placement, and surgical
PDA closure also showed a consistently declining trend. The
incidence of in-hospital death or GT placement showed a
statistically insignificant decline (p ¼ 0.18) (►Figs. 2A–H).

Discussion
In this analysis of a nationally representative sample, we
showed that periviable infants continue to have a significantly
high rate of mortality during the initial hospitalization. However, over the last decade, the rate of survival to discharge has
considerably improved, and this improvement in survival is
more pronounced for infants born at 22 and 23 weeks GA.
Similarly, the incidence of death or major short-term inhospital morbidities continues to be high but shows significantly improving trends over the study period.
Our findings are consistent with several other studies
conducted at large national and international academic
centers.4,5,32,33 On the contrary, some studies have reported
improved survival for extremely premature infants but no
significant change in the short-term morbidities.34,35 Perinatal care practices have been shown to be different across
hospitals, and this can at least partially account for variation
in outcomes of periviable infants.8,36 Geographic and regionAmerican Journal of Perinatology
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al variations in policies affecting perinatal interventions and
outcomes of extremely preterm infants have also been
documented.9,37 Perinatal interventions such as antenatal
corticosteroids, neonatal resuscitation, and mechanical ventilation may not be offered to infants born at the cusp of
viability. Instead, centers may provide comfort care when
faced with these situations. We excluded infants who survived less than 1 day to account for practices where neonatal
resuscitation is actively withheld. The difference in
approaches to providing resuscitative and intensive care to
periviable infants is likely because most of the outcome data
are reported from large academic centers with frequent use
of intensive care.38 These academic centers are selected by
peer review and represent academic institutions with large
obstetric and neonatal services, expertise in caring for highrisk mothers and extremely preterm infants, and experience
in multicenter clinical research. All delivery hospitals at NRN
sites are included in the registry and represent almost 5% of
all extremely preterm births in the United States.5 Research
from California has demonstrated that teaching hospitals
and hospitals with integrated delivery systems are more
likely to have 24-hour on-call physician staffing patterns
(childbirth physicians and anesthesiologists) and more likely
to be able to perform an emergency cesarean section in
30 minutes when compared with community hospitals.39
Thus, the trends in outcomes at these academic centers
may not reflect practices in other smaller or nonacademic
hospitals and, thus, are not representative of the entirety of
the United States. Our study attempts to address this limitation in the generalizability of previously available data. The
NIS approximates a 20% stratified sample of discharges
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Fig. 3 Trends in the composite outcomes of death or morbidity among infants born at 24 weeks GA, 2009 to 2018. The broken lines represent
the linear trend line. Severe neurological injury includes grade 3 or 4 IVH or PVL. (A) p-Value for trend in death or BPD ¼ 0.001. (B) p-Value for
trend in death or severe NEC <0.001. (C) p-Value for trend in death or severe ROP ¼ 0.012. (D) p-Value for trend in death or severe neurological
injury ¼ 0.042. (E) p-Value for trend in death or VP shunt placement ¼ 0.004. (F) p-Value for trend in death or PDA ligation < 0.001. (G) p-Value for
trend in death or tracheostomy <0.001. (H) p-Value for trend in death or GT placement ¼ 0.18. BPD, bronchopulmonary dysplasia; GA,
gestational age; NEC, necrotizing enterocolitis.
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from U.S. community hospitals (both academic and nonacademic) from 48 U.S. states and, when weighted, represents 97%
of all U.S. hospitalizations. As a result, the data regarding inhospital outcomes and trends in the outcomes reported in the
present study can be generalized to the entire country.
While we found a significant decrease in the composite
outcome of in-hospital death or any of these procedures:
surgical closure of PDA, tracheostomy, and ventriculoperitoneal shunt placement, the decreased death or gastrostomy
tube placement was not statistically significant. These trends
are due in part to the significant decline in mortality and
improvement in survival to discharge. While recent studies
have demonstrated increased placement of gastrostomy
tubes in very low birth weight preterm infants and those
with BPD,40,41 we did not find the decreased trend of the
composite outcome of death or gastrostomy tube placement
significant. This could be due to the divergent and opposite
trajectories of the two, decreasing mortality leading to
increased survival of these periviable preterm infants who
later receive the gastrostomy tubes.
We acknowledge certain limitations related to this study.
The accuracy of the NIS database depends on the appropriate
coding of diagnoses and procedures. This leads to a potential
for inaccuracies related to documentation and coding. However, major primary diagnoses involving periviable GAs and
major morbidities such as BPD, severe IVH, etc., and mortality
are more likely to be coded reliably. NIS being an administrative database, it is possible that some of the data may be
missing. However, this is likely to have an insignificant effect
on the results due to the large sample size. Additionally, any
study evaluating the trends in morbidities and mortality of
preterm infants cannot be reliably interpreted without the
information on antenatal corticosteroid administration. Multiple reports have shown that antenatal corticosteroid administration improves the outcomes of preterm infants, even those
born at the margins of viability.42,43 Since the NIS database
does not provide any medication information, we were unable
to evaluate the impact of antenatal corticosteroids on the
outcomes of our study. Also, since ICD coding does not segregate infants born at 22 and 23 weeks GA, we could not compare
the outcomes between these groups. Lastly, the NIS database
only provides all-cause mortality. Consequently, we cannot
comment on factors or causes affecting the trends in mortality.
Improving the survival of periviable and extremely preterm infants may lead to a longer length of stay. It may also
lead to a higher number of infants with significant inhospital morbidities and the need for additional beds, personnel, and equipment. Our study provides more refined and
latest data on outcomes of periviable infants. It can help
health care providers develop or modify current perinatal
practices to be more evidence-based. This data can enable
health systems to devise policies that address the changing
health care needs of periviable infants.

Conclusion
In this retrospective cross-sectional study using a nationwide database, we found that survival to discharge of periAmerican Journal of Perinatology
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viable infants born between 22 and 24 weeks of GA increased
significantly from 2009 to 2018. Simultaneously, the incidence of major morbidities associated with extreme prematurity continues to be high but shows an improving trend.
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