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Abstract

BACKGROUND: Extremely preterm infants may use medical technology after discharge from
neonatal intensive care. The aim of the study was to determine which inpatient morbidities have
the strongest associations with technology at toddler-age follow-up.
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METHODS: Retrospective cohort analysis of 3904 extremely preterm infants born 22.0-26.6
weeks’ gestation from 2014 to 2019 who survived to 36 weeks’ postmenstrual age and had data on
medical technology at 22—-26 months’ corrected gestational age.

RESULTS: 18.8% of children used medical technology; 10.1% used one and 8.7% = 2. Use of a
gastrostomy tube was most common (12.8%), followed by pulse oximeter (8.2%), oxygen (5.9%),
tracheostomy (3.9%), shunt for hydrocephalus (3.6%), ventilator/continuous positive airway
pressure (2.2%), apnea monitor (1.4%), and total parenteral nutrition (0.3%). After adjusting

for significant maternal and infant characteristics, Grade 2 or 3 bronchopulmonary dysplasia
(BPD) was most strongly associated with medical technology (aOR (95% Cl): 3.20 (2.65, 3.87)),
followed by serious brain injury (SBI) 3.06 (2.55, 3.66) and surgical NEC (sNEC) 2.67 (1.84,
3.87).

CONCLUSIONS AND RELEVANCE: In this cohort of extremely preterm infants, BPD, SBI
and sNEC were most associated with medical technology use at toddler-age. These findings
provide information for counseling of families and support during discharge planning.

CLINICALTRIALS.GOV ID: Generic Database: NCT00063063.

INTRODUCTION

Families have told researchers that it is not the presence of morbidities, but rather the
functional outcomes of them, that are most important after discharge.! Children with
medical complexity may use medical technology after discharge from the neonatal intensive
care unit (NICU). Medical technology is defined as a piece of equipment that supports or
compensates for a limitation in physiologic function that is essential to survival (i.e., devices
supporting feeding, respiration) or is necessary for “other life activities and participation”
(i.e., mobility devices, communication augmentation devices).2 Children with chronic use
of technology to sustain vital functions are at highest risk for admission to pediatric
intensive care units and prolonged stays when admitted,3# particularly those infants who
are discharged after 28 days post term corrected age with medical technology and meet

the definition of chronic critical illness.> A child’s use of medical technology also has

a significant impact on family functioning in multiple domains, including financial and
caretaking responsibilities that can dramatically affect daily life.6-10

It has been well-described that certain inpatient morbidities such as bronchopulmonary
dysplasia (BPD), serious brain injury (SBI), and retinopathy of prematurity (ROP)

are independently associated with risk of future neurodevelopmental impairment,11-13

and the presence of multiple morbidities further increases risk of death or short and
long-term disability.14-17 However, it is unknown if these same inpatient risk factors
predispose extremely preterm infants to persistent medical technology use, an important
and common complication of prematurity, as studies are limited. One large Canadian study
of children born <29 weeks’ gestation from 2009 to 2011 did demonstrate increased use of
medical technology at discharge among infants with BPD, sepsis, and surgical necrotizing
enterocolitis1?, and BPD and SBI18 have been associated with gastrostomy tube use in the
United States. More studies in the modern epoch are needed to investigate how a broader
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range of morbidities could affect risk for multiple types of medical technology for our most
at-risk extremely preterm infants.

Understanding which children are at highest risk for persistent medical technology use in
early childhood can help inform counseling and interventions to support families. In this
study, we aimed to identify the inpatient morbidities most associated with persistent need for
medical technology at 22—-26 months’ corrected age.

This study was a retrospective cohort analysis of data from the National Institute of Child
Health and Human Development Neonatal Research Network (NICHD NRN). Trained
research coordinators prospectively collected maternal and neonatal data using previously
described protocols with IRB approval.19 Follow-up assessments were performed at 22-26
months’ corrected age for infants born at 22-26 weeks’ gestation in 2014-2019 at 15
network centers. Infants with syndromes such as trisomies 13, 18, and 21 and infants with
congenital malformations were excluded. Assessments included a report of current use of
supportive medical equipment.

Neonatal morbidities were then examined as potential risk factors for technology use at 22—
26 months’ corrected age. Medical technology at 22—-26 months’ corrected age was defined
as the presence of one of more of the following: gastrostomy tube, total parenteral nutrition,
pulse oximeter, oxygen, tracheostomy, ventilator/CPAP, apnea monitor or intracranial shunt
for hydrocephalus. If an infant had a shunt for hydrocephalus placed in the NICU, medical
technology use was recorded as present at 22—-26 months.

Morbidities investigated included: BPD grades 2 or 3 by Jensen criteria,? early-onset
infection (culture-proven sepsis/meningitis <72 h of age), late-onset infection (culture-
proven sepsis/meningitis =72 h of age), necrotizing enterocolitis (NEC, Bell stages |1

or I11), NEC requiring surgical intervention (SNEC), patent ductus arteriosus (PDA)
undergoing surgery or catheterization for closure, SBI (one or more of the following:

grades 3 or 4 intraventricular hemorrhage (I'\VH), intraparenchymal echodense lesions, cystic
periventricular leukomalacia (PVL), porencephalic cysts, ventriculomegaly with or without
IVH, cerebellar hemorrhage), and severe ROP (stage 3 or greater or presence of surgery for
ROP/retinal detachment or anti-VEGF injection).

In the second step of the analysis, relationships between these morbidities and persistent
medical technology use at 22—-26 months’ corrected age were adjusted for statistically
significant infant and maternal characteristics based on p-values from tests of fixed effects
at a 0.05 significance level. Characteristics examined included those previously used

as predictors in the NICHD extremely preterm birth outcome tool model (infant sex,
birthweight, plurality (single vs. multiple gestation), gestational age at birth, and exposure to
antenatal corticosteroids)?! and maternal characteristics as listed in Table 1. Maternal race
and ethnicity were included as they are known to be associated with differences in both
treatment and outcomes for preterm infants.22
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Analyses were performed using SAS Enterprise Guide 7.15 (SAS Institute Inc., Cary, NC,
USA 2017) and STATA/MP 17.0 (StataCorp LLC., College Station, Texas 77845 USA
2023) from July 2023 to March 2024. Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guidelines were followed.23

RESULTS

Among 4692 eligible infants who survived to 36 weeks’ postmenstrual age (PMA), 125 died
during the hospital stay, 60 children died after discharge, and 603 were lost to follow-up.
3904 children had information on medical technology at 22—-26 months’ corrected age; of
these, 735 used medical technology and 3169 did not (see Appendix Fig. 1).

Forty-one percent of children in the overall cohort were diagnosed with Grade 2 or 3 BPD,
25.2% had late-onset infection, 23.9% had SBI, 23.5% had severe ROP, 13.2% had PDA
undergoing surgery or catheterization, 9.7% had NEC, 3.5% had surgical NEC, and 2.9%
had early-onset infection. 27.6% of children had none of the listed morbidities.

Nineteen percent of children had medical technology use at 22—26 month corrected age
follow-up; cohort maternal and infant characteristics by medical technology use are found
in Table 1. Persistent need for medical technology was more common with certain maternal
(younger age, lower educational attainment, non-Hispanic/Latino ethnicity, lower rates of
prenatal magnesium sulfate) and infant (younger gestational age, lower birth weight, and
higher rates of postnatal indomethacin and surfactant) characteristics.

Among the 3904 infants with data on medical technology, 10.1% (396/3904) of infants

used one technology, and 8.7% (339/3904) used two or more. A gastrostomy tube was the
most frequently present piece of medical equipment (12.8%, 501/3904), followed by pulse
oximeter (8.2%, 318/3904), oxygen (5.9%, 232/3904), tracheostomy (3.9%, 152/3904),
shunt for hydrocephalus (3.6%, 141/3904), ventilator/CPAP (2.2%, 84/3904), apnea monitor
(1.4%, 56/3904) and total parenteral nutrition (0.3%, 11/3904).

Grade 2 or 3 BPD was the morbidity most strongly associated with medical technology use
(OR (95% CI): 3.74 (3.15, 4.44)), followed by SBI (OR (95% CI) 3.17 (2.67, 3.75)) and
SNEC (OR (95% CI): 3.10 (2.19, 4.40)). These findings were similar after adjusting for
significant maternal and infant characteristics in multiple variable models (aOR (95% ClI):
3.20 (2.65, 3.87), 3.06 (2.55, 3.66), and 2.67 (1.84, 3.87)) (Table 2). This analysis allowed
for infants to have concurrent morbidities (i.e., infant may have both BPD and SBI). When
the analysis was repeated for isolated morbidities, with smaller numbers (1059 infants had
BPD alone, 410 SBI alone, and 31 sNEC alone), adjusted ORs were as follows for BPD, SBI
and sNEC (aOR (95% CI)): 3.88 (3.02, 5.00), 4.48 (3.30, 6.08), and 4.02 (1.68, 9.61).

Depending on the morbidity, the type of medical equipment varied (i.e., SBI has intracranial
shunt as the second most common type, see Table 3).

Six percent of children with no neonatal morbidities used medical technology at 22—-26
months’ corrected age (Table 4).
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Persistent medical technology use at 22—-26 months’ corrected age was associated with

a longer neonatal hospitalization; 28.8% of extremely preterm infants in this cohort
(1053/3642) were still in the hospital/not discharged by 44 weeks’ corrected age. The
majority of the infants discharged >44 weeks’ corrected age, or 66.4% (416/1053), had

later medical technology use. Children discharged <44 weeks’ corrected age were much less
likely to use medical technology later with a frequency of 33.7% (211/2589) (Fig. 1).

DISCUSSION

In this large multicenter cohort of extremely preterm infants, we report that BPD, SBI and
surgical NEC had the largest risk for persistent medical technology use at 22—-26 months’
corrected age. These data provide an important link from neonatal morbidities to long-term
outcomes of importance to families.

Presence of medical technology, an important aspect of chronic critical illness, has a
significant impact on child health and family functioning in multiple domains. Children
with medical technology are more likely to be re-hospitalized, require more outpatient
services, and have neurodevelopmental delay.1% Families have detailed extensive caretaking
responsibilities related to home medical technology use that are “relentless,” and
dramatically affect daily life,6-8 resulting in the role of an “intense parent.”24 This results
from a parent’s need to take on additional roles of case manager, advocate, expert, and
home nurse, to name a few, in order to ensure their child gets the care they need.® Home
medical technology can also have significant financial implications; parents have described
challenges with both paying for and obtaining coverage for home health care and nursing
support due to incredibly complex systems.2

Despite the significant impacts of persistent medical technology use on children and
families, medical technology has been an underrecognized and underreported result of
neonatal care. Parents of preterm children with BPD in outpatient NICU follow-up rank
medical technology as the third most important outcome, after “more vulnerable to

other problems” and “trouble with breathing,” with other aspects of neurodevelopmental
impairment far lower in importance score.2% In another investigation of pulmonary-oriented
outcomes, parents after discharge in follow-up care prioritize not the neonatal diagnosis

of BPD but rather the limitations of home oxygen, tracheostomy, and other devices such

as gastrostomy.! The data presented here represent an important step in linking neonatal
morbidities to long-term medical technology outcomes of importance to families.

The neonatal hospitalization offers an opportunity to help prepare for a child’s future and
life at home. Because the morbidities presented here are easily identified prior to discharge,
they can be used to help inform counseling for families at highest risk of persistent medical
technology needs. Most parents of children going home with home ventilation say at
discharge they worry most about medical management. However, parents report that they
quickly adapt to this at home but soon feel most unprepared for the extensive changes

to family life, financial strain, and changes to their home?7 secondary to the technology
itself. Neonatal fellows, when conducting home visits to children they had discharged,
have noted this same gap in discharge preparation as related to medicalization of the
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home and the relevance of social context to discharge planning.28 Families of children

with high-risk morbidities, who might use not only technology at discharge, but long-term,
would likely benefit from question prompt lists at discharge to help with discussions of

the “Big Picture” and what life can/could look like at home.2® Providers engaging in these
discussions should be mindful, however, that family comprehension may be overwhelmed
by excessive information,30 and to have these conversations when families are both involved
and receptive to them.

NICU teams can foster connections between families of children with high-risk morbidities
or those with medical technology use at discharge with peer mentors to facilitate the
transition home.3! Identification of children with high-risk morbidities can also be useful to
allocate social supports, such as home visits and direct focus for post-discharge interventions
in the setting of a particular social and physical context.32

In addition to connecting morbidities with medical technology use, measuring medical
technology needs as an independent, important outcome both at discharge and throughout
follow-up is critical to improving our understanding of the consequences of extremely
premature birth and of trials that aim to reduce the impact of these morbidities.
Incorporating medical technology as an outcome of interest would align with many calls
to underscore the importance of the parental perspective in clinical trials.33

Knowledge that a variety of commonly experienced individual neonatal morbidities in the
modern era are associated with toddler-age medical technology use, in addition to death
or neurodevelopmental impairment, can change both neonatal counseling and perception
of these inpatient complications. More qualitative work on the parent perspective of how
to best discuss NICU morbidities and their associations with important post-discharge
outcomes, like medical technology use, is needed to complement these findings.

LIMITATIONS

This study has several limitations. First, although this NRN cohort is large and diverse in
terms of sociodemographic characteristics and geography, it is limited to those who received
care at a select number of U.S. medical centers and includes only infants born <27 weeks’
gestation. Future cohorts investigating the persistent use of medical technology in infants
born later, such as at term gestational age at birth, are needed. Second, complete medical
technology outcomes were missing for 17% of the overall cohort. Third, we only present
data here on medical technology needs at 22—-26 months’ corrected age rather than discharge
(technology initiated before or after discharge). However, unlike medical technology use

at discharge from the NICU that may facilitate an earlier discharge and/or have more
substantial variation by center, medical technology use at 22—-26 months’ corrected age
measures a more impactful and longitudinal presence. Future studies can investigate
differences in the qualitative family experience amongst children who are discharged with
medical technology versus those who have it initiated later after discharge as well. Lastly,
while we focused on the definition of medical technology that is “essential to survival”

per one section of the Millar et al. Delphi definition,? there are other types of advanced
medical therapies and technologies that impact child and family wellbeing, including the use
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of adaptive devices to facilitate mobility or communication; longer term follow-up is needed
to capture more data about these important variables.

CONCLUSIONS

Among extremely preterm infants who survived to 36 weeks’ PMA, BPD, SBI, and SNEC
were most associated with persistent medical technology use at 22—-26 months’ corrected
age. These findings provide additional information for counseling and support of families
during discharge planning.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPACT:

. In this cohort of extremely preterm infants <27 weeks’ gestation at birth,
nearly 1 in 5 children used medical technology at 22—-26 months’ corrected
age.

. The inpatient morbidities of bronchopulmonary dysplasia, serious brain

. These findings provide important information for counseling families of

injury, and surgical necrotizing enterocolitis were most associated with
persistent medical technology use.

children with these morbidities during the hospital stay and call for increased
support of these families after discharge.

Pediatr Res. Author manuscript; available in PMC 2026 January 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Dorner et al.

Page 13

90

80 78.9
70 66.4
60

50

40

Percentage

33.7

30
21.2
20

10
No medical technology use Medical technology use
Fig. 1. Discharge timing and percentage of medical technology use at 22-26 months’ corrected

age.
B Discharge <44 weeks’ corrected age O Discharge >44 weeks’ corrected age.
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