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Objective To examine the admission practices, frequency of common clinical morbidities, and rates of medical
intervention in infants born at 34-36 weeks gestational age (GA, late preterm).
Study design This retrospective, single institution, cohort study analyzed electronic health records of infants born
late preterm from 2019 through 2021. Infants with known congenital anomalies necessitating neonatal intensive
care unit admission were excluded. Analysis included descriptive and inferential statistics.
Results The study included 1022 infants: 209 (21%) 34 weeks GA, 263 (26%) 35 weeks GA, and 550 (54%)
36 weeks GA. Sixty-three percent of infants at 35 weeks GA and 78% of infants of 36 weeks GA remained in
well newborn care throughout the birth hospitalization; infants born at 34 weeks GA were ineligible for well newborn
care. The need for respiratory support was 32%, 18%, and 11% in infants of 34, 35, and 36 weeks GA, respectively.
Supplemental tube feeds were administered in 55%, 24%, and 8% of infants of 34, 35, and 36 weeks GA, respec-
tively. Most infants born at 34 weeks GA (91%) were placed in an incubator; this was less frequent in infants at 35
(37%) and 36 weeks (16%). Tachypnea, hypoglycemia, and hypothermia were noted in 40%, 61%, and 57% of in-
fants, respectively. A subset of these infants (30% with tachypnea, 23% with hypoglycemia, and 46% with hypo-
thermia) required medical intervention for these abnormalities.
Conclusions This single-center study provides an outlook on the care of infants born late preterm. Multicenter
studies can contextualize these findings in order to develop clinical benchmarks and quality markers for this large
population of infants. (J Pediatr 2025;276:114330).

I
nfants born at late preterm gestation (between 34 and 36 weeks) account for 7% of all births in the US, or over 263 000
infants annually.1 Previously called “near term infants,” this subset of infants was renamed in 2005 to better characterize
their unique clinical needs and developmental immaturity compared with infants born at term.2 These infants are born

at a unique developmental stage during which some thrive and require only routine newborn care, whereas others may develop
complications such as temperature instability, feeding difficulty, hyperbilirubinemia, respiratory distress, and early onset sepsis
that require neonatal intensive care unit (NICU) management.3,4 Significant variation exists across hospitals in NICU admis-
sion rates and admission criteria for infants born late preterm and is not explained by differences in measures of clinical illness
severity between infants.5-8 This suggests that the observed variations in care may represent a knowledge gap regarding which
infants stand most to benefit from NICU-level care. This is important because both the NICU admission itself, and its resultant
separation of the parent-infant dyad, can have negative impacts on breastfeeding, bonding, maternal and paternal mental
health, and health care utilization and expenditures.9-11

Clinical reports by the American Academy of Pediatrics in 2007 and updated in 2019, and multidisciplinary guidelines from
the National Perinatal Association highlight the epidemiology, antenatal care research, clinical morbidities, discharge criteria,
and long-term neurodevelopmental outcomes for infants born late preterm.4,12,13 However, no clinical practice guidelines exist
for their management during the birth hospitalization and there is limited understanding regarding the frequency of need for
medical intervention in this group. A recent study of US’ nurseries showed the minimal admission criteria for well newborn
care varied between 34 and 37 weeks of gestation and 1750 to 2500 g birth weight, suggesting that wide variability exists in
where, and potentially how, infants born late preterm are managed during the birth hospitalization.5

Limited research has examined the care of infants born late preterm during the birth hospitalization, and the few existing
studies in this area are outdated because of changes in newborn care practices such as early breastfeeding initiation, stratified

approaches to determine need for antibiotics, immediate skin-to-skin practices,
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CPAP Continuous positive airway pressure

GA Gestational age

HFNC High flow nasal cannula

IVF Intravenous fluids

NICU Neonatal intensive care unit
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SGA Small for gestational age
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thresholds for initiation of phototherapy, and nursery staff-
ing models following the World Health Organization’s
Baby Friendly Hospital Initiative.3,13-22 With a steadily
increasing rate of late preterm births in the US, understand-
ing the clinical morbidities and needs of infants born late pre-
term is critical to ensure these patients receive appropriate
and cost-effective care during the birth hospitalization.1,13

The objective of this study was to examine the admission
practices, frequency of common clinical morbidities and
rates of medical intervention in infants born late preterm at
a single institution.

Methods

This retrospective study was conducted at a single free-
standing, university-based, tertiary care hospital offering
both obstetric and neonatal care. Neonatal care occurs in a
level I well newborn nursery within a mother-infant dyad, a
level II Special Care Nursery (SCN), and a level III/IV
NICU. Per hospital protocol, infants born late preterm born
on or after 35 weeks gestational age (GA) are admitted to
the level I well newborn nursery if clinically well-appearing;
infants do not need to meet a minimal birth weight criterion.
In the level I well newborn nursery, phototherapy can be pro-
vided. Incubator care for thermoregulation, continuous
cardiorespiratory monitoring, intravenous fluids or medica-
tions, and supplemental tube feeding all require admission
to a level II SCN. Of note, phototherapy can be either deliv-
ered in an open crib or in an incubator to ensure the infant
stays warm when undressed during therapy; some infants
accordingly receive radiant heat for phototherapy delivery
rather than concern for impaired thermoregulation.

For infants needing respiratory support, oxygen by low
flow nasal canula can be provided in the level II SCN.
High flow nasal canula (HFNC), continuous positive airway
pressure (CPAP), mechanical ventilation, and high fre-
quency oscillatory ventilation are provided only in the level
III/IV NICU. Infants with mild symptoms can be moni-
tored and treated in a triage area in the level I well newborn
nursery for <4 hours prior to decision to admit to NICU.
The triage area offers continuous cardiorespiratory moni-
toring, radiant heat, short trials of CPAP support, and
frequent clinical assessments. All infants born late preterm
are eligible to receive supplemental donor human milk.
Physicians are available in house 24/7 for assessment and
evaluation of infants.

All inborn infants born late preterm between January 1,
2019 and December 31, 2021 were eligible for inclusion. In-
fants with prenatally suspected major congenital anomalies,
such as complex congenital heart disease, were excluded
from the cohort prior to analysis; these included all infants
with a prenatal plan for direct NICU admission regardless
of clinical status. Electronic health records were obtained
through a clinic informatics data query, including demo-
graphics, admission locations, laboratory testing, adminis-
teredmedications, completed orders, and nursing flowsheets.
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Admission location, discharge location, need for transfer
to NICU-level care, and length of stay were captured. Clinical
outcomes examined included any single episode of tachypnea
(respiratory rate >60 respirations per minute), hypothermia
(axillary temperature <36.5 �Celsius), and hypoglycemia
(blood glucose <45 mg/dL). The cumulative incidence over
time was reported in 6-hour windows. Infants were counted
once for a clinical outcome. Medical interventions assessed
included use of incubator, nasogastric or orogastric tube
feeds for supplemental nutrition, phototherapy, dextrose-
containing intravenous fluids (IVF), respiratory support,
and antibiotics. Respiratory support included low flow nasal
oxygen, HFNC, CPAP, mechanical ventilation, and high fre-
quency oscillatory ventilation. Antibiotic exposure was deter-
mined by receipt of ampicillin, as all infants with concern for
sepsis receive ampicillin as part of antibiotic regimen in a
standardized protocol. The hospital utilizes a serial clinical
examination-based protocol for determination of need for
antibiotics. Phototherapy is prescribed per clinician discre-
tion. The Premie BiliRecs (https://pbr.stanfordchildrens.
org) Clinician Decision Making Support tool and CoSense
Bilitool (https://bilitool.org) are both incorporated into the
institution’s electronic health record. Maternal data were
not abstracted.
The analysis consisted of descriptive and inferential statis-

tics of eligible infants during the birth hospitalization. Fre-
quencies and proportions were calculated, and stratified by
week of GA (34 weeks, 35 weeks, and 36 weeks). Comparisons
between groups were made using the 2-sided t test, ANOVA,
and c2. A threshold probability value of P < .05 was used to
determine statistical significance. Statistical analyses were
completed using SAS on Demand for Academics (SAS
Version 9.4). The study was approved by the Institutional Re-
view Board at Stanford University.

Results

Our study sample over a 3-year period included 1105 infants
of whom 78 were excluded due to congenital anomalies
necessitating NICU admission. Five infants were excluded
for incomplete data availability. This resulted in 1022 infants
available for study analysis. Characteristics of study partici-
pants are shown in Table I. Of included infants, 209 were
born at 34 weeks (20.5%), 263 at 35 weeks (25.7%), and
550 at 36 weeks (53.8%) gestation.

Admission Patterns
Table II shows admission and discharge patterns for infants
stratified by GA. Figure 1 shows highest level of care
required by gestational age. Notably, 81.8% (n = 215) of
infants of 35 weeks gestational age (GA) and 87.5%
(n = 481) of infants of 36 weeks GA were clinically well
appearing at birth and initially admitted to the level I well
newborn nursery within dyadic care; infants of
34 weeks GA were not eligible for admission to level I
well newborn nursery per institutional protocol. One
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Table I. Characteristics of study participants (n = 1022)

Characteristic n (%) or median (IQR) 34 week n = 209 (20.5) 35 week n = 263 (25.7) 36 week n = 550 (53.8) Total n = 1022

Sex
Female 98 (46.9) 134 (51) 263 (47.8) 495 (48.4)
Male 111 (53.1) 129 (49.1) 287 (52.2) 527 (51.6)

Race*
Asian 57 (27.3) 73 (27.8) 162 (29.5) 282 (28.6)
Black 8 (3.8) 2 (0.8) 6 (1.1) 16 (1.6)
Pacific Islander 1 (0.5) 1 (0.4) 6 (1) 8 (0.8)
White 46 (22) 83 (31.6) 138 (25.1) 267 (26.1)
Other 97 (46.4) 97 (36.9) 214 (38.9) 399 (39)
Unknown 9 (4.3) 7 (2.7) 24 (4.4) 40 (3.9)

Ethnicity*
Hispanic/Latino 78 (37.3) 87 (33.1) 184 (33.5) 349 (34.2)
Non-Hispanic 126 (60.3) 170 (64.6) 343 (62.4) 639 (62.5)
Unknown 5 (2.4) 6 (2.3) 23 (4.2) 34 (3.3)

Primary language
English 171 (81.8) 212 (80.6) 454 (82.6) 837 (81.9)
Language other than English 38 (18.2) 51 (19.4) 96 (17.5) 185 (18.1)

Birth weight
³ 2500 g 48 (23) 120 (45.6) 381 (69.3) 549 (53.7)
2000-2499 g 95 (45.5) 107 (40.7) 143 (26) 345 (33.8)
1500-1999 g 61 (29.2) 31 (11.8) 25 (4.6) 117 (11.5)
< 1500 g 5 (2.34) 5 (2) 1 (0.2) 11 (1.1)

Small for gestational age† (SGA)
SGA 23 (11) 39 (14.8) 79 (14.4) 141 (13.8)
No SGA 186 (89) 224 (85.2) 471 (85.6) 881 (86.2)

Delivery type
Cesarean section 134 (64.1) 150 (57) 277 (50.4) 561 (54.9)
Vaginal 75 (35.9) 113 (43) 273 (49.6) 461 (45.1)

1 minute Apgar 8 (7,8) 8 (8,8) 8 (8,8) 8 (8,8)
5 minute Apgar 9 (8,9) 9 (9,9) 9 (9,9) 9 (9,9)

*Race and ethnicity are self-reported by parents within the electronic health record.
†Birth weight less than 10th percentile for gestational age and sex.
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hundred fifty infants were initially admitted to the level III/
IV NICU at birth. For all others, escalation in level of care
during the hospitalization occurred in 12% (n = 19/158) of
infants of 34 weeks GA, 23.4% (n = 52/222) infants of
35 weeks GA, and 10.8% (53/492) infants of
36 weeks GA (Table III).

Infants of 34 weeks GA had significantly longer median
length of stay (median 11.2 days, IQR 8.3-14.3), than infants
of 35 weeks GA (median 4.2 days, IQR 2.6-8.7) and infants of
36 weeks GA (median 3.2 days, IQR 2.1-4.3), P < .001.
Although infants born via either vaginal or cesarean delivery
at 34 weeks GA had similar lengths of stay (median 10.8 days
Table II. Locations of care for late preterm infants

Well newborn
nursery, n (%)

Level II NICU,
n (%)

Level III NICU,
n (%)

34 wk (n = 209)
Admission 1 (0.5)* 157 (75.1) 51 (24.4)
Discharge 7 (3.4) 202 (96.7) 0 (0)

35 wk (n = 263)
Admission 215 (81.8) 7 (2.7) 41 (15.6)
Discharge 177 (67.3) 84 (31.9) 2 (0.8)

36 wk (n = 550)
Admission 481 (87.5) 11 (2) 58 (10.6)
Discharge 472 (85.8) 74 (13.5) 4 (0.7)

*Infants at 34 weeks require empiric admission to the level II or level III NICU per hospital policy.
This infant was born at 34w6d and turned 35w0d soon after birth and therefore was able to stay
in well newborn care.

Infants Born at Late Preterm Gestation: Management during the
vs 11.3 days, P = .91), infants of 35- and 36-weeks GA had
significantly shorter lengths of stay when born via vaginal
compared with cesarean delivery (35 weeks: 4.8 days vs
7.6 days, P < .001; 36 weeks: 2.9 days vs 5.2 days, P < .001).

Interventions
Figure 2 shows rates of intervention by gestational age.
Overall, 95.2% of infants of 34 weeks GA (n = 199)
received one or more of the 6 medical interventions
examined (antibiotics, respiratory support, phototherapy,
supplemental tube feeding, dextrose-containing IVF, and
incubator care). Comparatively, 46.8% (n = 123) of infants
of 35 weeks GA and 26.5% (n = 146) of infants of
36 weeks GA received one or more medical interventions.
The number of medical interventions received by GA is
shown in Figure 3.
Table III. Transferred to higher level of care during
birth hospitalization by gestational age. Infants
admitted to the NICU at birth are excluded

No, n (%) Yes, n (%)

34 wk (n = 158) 139 (88) 19 (12)
35 wk (n = 222) 170 (76.6) 52 (23.4)
36 wk (n = 492) 439 (89.2) 53 (10.8)

Birth Hospitalization 3



Figure 1. Highest level of care of infants during the birth hospitalization by gestational age.a34 wks infants not eligible for well
newborn care per hospital protocol. One infant was born at 34 w6d gestation and turned 35 w0d within hours of delivery, and
therefore was admitted to the Well Newborn Nursery.
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Infants with birth weights small for gestational age (<10th
percentile for gestational age and sex)23 were more likely to
receive IVF (RR 1.86, 95% CI 1.43-2.41), supplemental tube
feeding (RR 1.77, 1.36-2.3, incubator care (RR 1.64,
1.38-1.95), and phototherapy (1.35, 1.02-1.79) compared
with infants whowere not small for gestational age. No signif-
icant differences were seen for antibiotics (RR 0.83, 0.44-1.57)
or respiratory support (RR 0.73, 0.46-1.14).

Tachypnea
Tachypnea was noted in 54.5% (n = 114) of infants of
34 weeks GA within the first 6 hours of life, and in 35%
(n = 92) and 26% (n = 143) of infants of 35- and 36-
weeks GA, respectively. The cumulative incidence of ta-
chypnea over the first 72 hours of life is shown in
Figure 2. Frequency of medical interventions for late preterm inf

4

Figure 4A; by 72 hours, 40.1% (n = 410) of all infants
had tachypnea. Notably, of those who developed
tachypnea, the majority presented within the first 6 hours
after birth (34 weeks: 86.4%, 35 weeks: 86.8%, 36 weeks:
83.1%). Of the entire cohort, 174 infants (17%) required
some respiratory support (Figure 2). The highest level of
respiratory support in these 174 infants was blow by
oxygen (n = 6, 3.4%), low flow nasal cannula (n = 15,
8.6%), CPAP (n = 137, 78.7%), HFNC (n = 0),
mechanical ventilation (n = 15, 8.6%), and high
frequency oscillatory ventilation (n = 1, 0.5%). Eighty-
eight percent (n = 153/174) of infants who required
respiratory support had documented tachypnea, whereas
30.3% of infants with tachypnea required respiratory
support (n = 153/505).
ants by gestational age.

Joshi et al



Figure 3. Number of medical interventions received during birth hospitalization by gestational age. Possible medical inter-
ventions include antibiotics, IVF, respiratory support, incubator, feeding tube, and phototherapy.
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Concern for Early Onset Sepsis
Themajority of infants receiving antibiotics also received res-
piratory support (n = 73/85, 85.9%); however, 58% of infants
Figure 4. Cumulative incidence of A, tachypnea [respiratory rate
and C, hypothermia [temperature < 36.5 C] by gestational age an

Infants Born at Late Preterm Gestation: Management during the
who received respiratory support did not receive antibiotics
(n = 101/174). The maximum respiratory support received
for the remaining 73 infants on antibiotics was low flow nasal
> 60 breaths per min], B, hypoglycemia [glucose < 45 mg/dL],
d hours after birth.

Birth Hospitalization 5
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cannula (n = 3, 4%), CPAP (n = 57, 78.1%), mechanical
ventilation (n = 12, 16.4%), and high frequency oscillatory
ventilation (n = 1, 1.4%). Six infants received antibiotics
for 5 or more days, representing 7.1% of all infants receiving
antibiotics and 0.6% of the entire study sample. No infants
had culture positive early onset sepsis.

Hypoglycemia
All infants in this study were routinely screened for hypogly-
cemia. Within the first 6 hours of birth, 53.6% of infants of
34 weeks GA (n = 112), 56.3% infants of 35 weeks GA
(n = 148), and 53.1% of infants of 36 weeks GA (n = 292)
had at least one episode of hypoglycemia <45 mg/dL
(Figure 4B). By 12 hours of life, these numbers increased
to 56% (n = 117), 58.6% (n = 154), and 58% (n = 319).
Very few infants developed new hypoglycemia between 12
and 72 hours of birth; by 12 hours of life, 99.2% (n = 117/
118) of infants of 34 weeks GA, 93.3% (n = 154/165) of
infants of 35 weeks GA, and 93.3% (n = 319/342) of infants
of 36 weeks GA with hypoglycemia were identified. By
72 hours, 61.2% (n = 625) of all infants had hypoglycemia.
Of infants who received dextrose-containing IVF, 67%
(n = 146/218) also had one or more episodes of
documented hypoglycemia. Twenty-three percent of infants
with hypoglycemia received dextrose-containing IVF
(n = 146/626).

Hypothermia
Hypothermia was noted in 40.2% (n = 84), 55.9% (n = 147),
41.8% (n = 230) of infants of 34 weeks, 35 weeks, and
36 weeks GA within the first 6 postnatal hours (Figure 4C).
By 12 hours, these numbers increased to 45% (n = 94),
58.6% (n = 154), and 44.2% (n = 243). By 72 hours of life,
the cumulative percentage with any noted hypothermia was
57.1% (n = 584), By GA, this included 130 infants of
34 weeks (62.2%), 180 infants of 35 weeks (68.4%), and
274 infants of 36 weeks (49.8%). The percentage of infants
with documented hypothermia who required radiant heat
was 46.3% (n = 290/616) and 76.3% of infants receiving
radiant heat had at least one low temperature (n = 290/380).

Discussion

Here, we describe the contemporary care practices for man-
agement of infants born late preterm during the birth hospi-
talization, highlighting that most infants of 35 weeks GA
(62.4%) and 36 weeks GA (78.2%) safely received care within
the mother-infant dyad in the level I well newborn nursery
throughout the birth hospitalization. We showed that the ta-
chypnea, hypoglycemia, and hypothermia are very
commonly seen in infants born late preterm but only a subset
of these infants (30.3% with tachypnea, 23% with hypoglyce-
mia, 46.3% with hypothermia) required medical interven-
tion for these abnormalities. Most infants who developed
tachypnea, hypoglycemia, or hypothermia did so within the
first 6 hours of life, reinforcing both that the immediate tran-
6

sition period requires close monitoring of these infants. Only
6% of infants with tachypnea, 7.1% of infants with hypogly-
cemia, and 12% of infants with hypothermia developed these
abnormalities after the first 6 hours of life. This small incre-
mental yield for new infants developing these symptoms after
6 hours of life in addition to only a subset with symptoms
needing intervention can help shape institutional policies
for nursing staffing ratios, location of care, and frequency
of testing and evaluation. Many institutions have 24 or
48 hour required monitoring policies in the NICU for infants
born late preterm regardless of clinical appearance. These
data suggest that neither of these time durations may be
reflective of the physiology of infants born late preterm and
that earlier reunification within a mother-infant dyad in
well newborn care may be safely possible.
Of 1022 infants, only 6 were discharged from the level III/

IV NICU (0.6%), suggesting that level III NICU care, when
needed in these infants, is most often time-limited and that
de-escalation of care across units is a common practice at
this institution. This, in conjunction with that the majority
of infants of 35 and 36 weeks GA were admitted to well
newborn care, promotes the benefits of maintaining care
within a mother-infant dyad and the diligent use of NICU-
level beds.7,9,10,24 Successful and safe escalation and de-
escalation of newborn care is benefited by appropriate
nursing and physician staffing ratios, physical proximity be-
tween units, and systems in place for rapid evaluation of clin-
ically ill infants.
Although prematurity is a risk factor for early onset sepsis,

the overall incidence of early onset sepsis remains low, and
the judicious use of antibiotics requires careful clinical
consideration. Stratification of infants with symptoms neces-
sitating antibiotics is a challenge in the late preterm popula-
tion, where morbidities such as respiratory distress,
hypoglycemia, and hypothermia can be commonly seen sec-
ondary to prematurity but are also overlapping signs of infec-
tion. Despite these clinical symptoms commonly seen in this
cohort, there were no cases of culture positive sepsis. The
overall antibiotic exposure rate in our sample was 8.3% of in-
fants, with only 0.6% of all infants receiving antibiotics for 5
or more days. A recent study across a large population-based
cohort in California NICUs showed the incidence of early
onset sepsis in infants born late preterm to be 0.76 per
1000; this suggests potential for further stratification of in-
fants at lowest risk.25 Low risk infants have previously been
defined as born via Cesarean section, with rupture of mem-
branes at time of delivery, without a trial of labor, and with
no antepartum concerns for intra-amniotic infection or non-
reassuring fetal status.26 A potential area for investigation for
antibiotic stewardship in infants born late preterm is
whether subgroups of symptomatic infants (ie, requiring
short-duration minimal respiratory support for presumed
transient tachypnea of the newborn) can be safely monitored
without empiric initiation of antibiotics; more than half of
infants in this cohort requiring respiratory support did not
receive antibiotics helping support this hypothesis.
Joshi et al
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Without established clinical benchmarks or quality
markers for infants born late preterm, it is difficult to
discriminate whether the remaining rates of medical inter-
vention in this cohort are appropriate, whether they repre-
sent under or overutilization. Documented rates of
tachypnea and hypoglycemia far exceeded intervention
with respiratory support and dextrose-containing IVF,
respectively. This suggests that these symptoms commonly
resolve with either time given for physiological transition-
ing or with lower acuity interventions within a mother-
infant dyad such as skin-to-skin care, feeding, or dextrose
gel. Although documented rates of hypothermia in infants
of 36- and 36-weeks GA similarly exceeded frequency of
intervention, the opposite was true for infants of
34 weeks GA. Here, 91% were placed in an incubator,
despite hypothermia only noted in 74.3%. This is likely
reflective of both developmental immaturity and local
care practices where all infants of 34 weeks GA are
admitted to a NICU and many are placed in an incubator
prior to demonstrated hypothermia. The clinical utility of
empiric thermoregulatory support should be investigated;
it is unclear whether this is a beneficial practice (ie, may
result in quicker weight gain) or overtreatment (ie., may
lengthen birth hospitalization stay without associated ben-
efits). Determining the true incidence of clinical morbid-
ities and their associated need for intervention requires
multisite studies, including from institutions with differing
admission criteria and care protocols to mitigate bias from
any one clinical practice setting.

Establishing clinical benchmarks and quality markers
specific to infants born late preterm can allow for
distancing from groupings common in contemporary liter-
ature – “infants born moderate to late preterm” (32-
36 weeks GA) and “infants born late preterm to term”
(³34 weeks GA). Both of these groupings are a disservice
to the unique needs of this patient population. That a sig-
nificant portion of infants born late preterm in this study
were safely cared for within a mother-infant dyad in well
newborn care suggests their developmental maturity ex-
ceeds the management of prematurity in the moderate pre-
term population, and yet the potential need for medical
intervention and frequency of clinical symptoms under-
scores that infants born late preterm are not the same as
infants born at term.

Our study should be viewed in light of its design. As a
single institution retrospective study without a control
group, our results should be viewed as hypothesis gener-
ating and limited in generalizability. Our institution is a
tertiary-care high resource setting, and both the ability to
closely monitor without intervention and intervene quickly
when needed is a result of the local resources available.
Although this indeed limits the generalizability of our re-
sults knowing that most newborns are taken care of in a
community hospital setting, our study provides an initial
Infants Born at Late Preterm Gestation: Management during the
framework for an understudied large population of hospi-
talized infants and serves as a call to deepen our under-
standing of the care of infants born late preterm during
the birth hospitalization. The demographics of our included
cohort are a reflection of the catchment area of a single
institution, and thus further work should strive to include
communities representative of all infants across the US.
Further expansion into multicenter work, including infants
born within diverse hospital settings and with varying
admission criteria, can help delineate evidence-based
admission criteria, develop clinical practice guidelines, and
identify quality markers for the care of infants born
late preterm.
This large single center study provides an overview of clin-

ical morbidities and medical intervention rates for infants
born late preterm during the birth hospitalization. Further
studies should contextualize these intervention rates across
multiple practice settings in order to develop clinical practice
guidelines and quality measures for late preterm care. Repre-
senting a quarter million births in the US annually, infants
born late preterm stand to benefit from standardization of
care practices and measurement of quality during the
birth hospitalization. n
CRediT authorship contribution statement

Neha S. Joshi: Writing – original draft, Resources, Method-
ology, Investigation, Funding acquisition, Formal analysis,
Data curation, Conceptualization. Jochen Profit: Writing –
review & editing, Supervision, Methodology, Investigation,
Formal analysis, Data curation, Conceptualization. Adam
Frymoyer:Writing – review & editing, Supervision, Method-
ology, Investigation, Formal analysis, Data curation, Concep-
tualization. Valerie J. Flaherman: Writing – review &
editing, Supervision, Methodology, Investigation, Formal
analysis, Data curation, Conceptualization. Yuan Gu:
Writing – review & editing, Formal analysis, Data curation.
Henry C. Lee: Writing – review & editing, Supervision,
Methodology, Investigation, Formal analysis, Data curation,
Conceptualization.

Declaration of Competing Interest

The work in this manuscript was supported by the Stanford
Maternal and Child Health Research Institute (Joshi), Na-
tional Institute for Child Health and Human Development
(1F32HD106763-01A1, Joshi), and the Gerber Foundation
(Joshi). Its contents are solely the responsibility of the au-
thors and do not necessarily represent the official views of
the NIH, the Gerber Foundation, or Stanford University.
Sponsors were not involved in the study design, data collec-
tion, data analysis, interpretation of data, writing of the
report, or the decision to submit the article for publication.
Birth Hospitalization 7



THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 276
The authors have no conflicts of interest relevant to this
article to disclose.

Submitted for publication Jun 29, 2024; last revision received Sep 16, 2024;

accepted Sep 25, 2024.

Reprint requests: Neha S. Joshi, MD, MS, Department of Pediatrics, Stanford

University, Center for Academic Medicine, Mail Code: 5660, 453 Quarry Rd,

Stanford, CA 94305. E-mail: nsjoshi@stanford.edu

References
1. Osterman MJK, Hamilton BE, Martin JA, Driscoll AK, Valenzuela CP.

Births: final data for 2022. Natl Vital Stat Rep 2024;73:1-56.

2. Raju TNK, Higgins RD, Stark AR, Leveno KJ. Optimizing care and

outcome for late-preterm (near-term) infants: a summary of the work-

shop sponsored by the National Institute of Child Health and Human

Development. Pediatrics 2006;118:1207-14.

3. WangML, Dorer DJ, FlemingMP, Catlin EA. Clinical outcomes of near-

term infants. Pediatrics 2004;114:372-6.

4. Engle WA, Tomashek KM, Wallman C, Committee on Fetus and

Newborn, American Academy of Pediatrics. “Late-preterm” infants: a

population at risk. Pediatrics 2007;120:1390-401.

5. Joshi NS, Flaherman VJ, Halpern-Felsher B, Chung EK, Congdon JL,

Lee HC. Admission and care practices in United States well newborn

nurseries. Hosp Pediatr 2023;13:208-16.

6. Schulman J, Dimand RJ, Lee HC, Duenas GV, Bennett MV,

Gould JB. Neonatal intensive care unit antibiotic use. Pediatrics

2015;135:826-33.

7. Braun D, Edwards EM, Schulman J, Profit J, Pursley DM, Goodman DC.

Choosing wisely for the other 80%: what we need to know about the

more mature newborn and NICU care. Semin Perinatol 2021;45:151395.

8. Edwards EM, Horbar JD. Variation in use by NICU types in the United

States. Pediatrics 2018;142:e20180457.

9. Hynan MT, Mounts KO, Vanderbilt DL. Screening parents of high-risk

infants for emotional distress: rationale and recommendations. J Perina-

tol 2013;33:748-53.

10. Hannan KE, Juhl AL, Hwang SS. Impact ofNICU admission on Colorado-

born infants born late preterm: breastfeeding initiation, continuation and

in-hospital breastfeeding practices. J Perinatol 2018;38:557-66.

11. Sen Valencia A, Martin K, Health Care Cost Institute. NICU admissions

and Spending increased Slightly from 2017-2021. AccessedMay 30, 2024.

https://healthcostinstitute.org/hcci-originals-dropdown/all-hcci-

reports/nicu-use-and-spending-1

12. Phillips RM, Goldstein M, Hougland K, Nandyal R, Pizzica A, Santa-

Donato A, et al. Multidisciplinary guidelines for the care of infants

born late preterm. J Perinatol 2013 Jul;33:S5-22.
8

13. Stewart DL, Barfield WD, Newborn C, on FA. Updates on an at-risk popu-

lation: late-preterm and early-term infants. Pediatrics 2019;144:e20192760.

14. Leone A, Ersfeld P, Adams M, Schiffer PM, Bucher HU, Arlettaz R.

Neonatal morbidity in singleton infants born late preterm compared

with full-term infants. Acta Paediatr 2012;101:e6-10.

15. Kuzniewicz MW, Puopolo KM, Fischer A, Walsh EM, Li S, Newman TB,

et al. A quantitative, risk-based approach to the management of neonatal

early-onset sepsis. JAMA Pediatr 2017;171:365-71.

16. Puopolo KM, Benitz WE, Zaoutis TE, AAP Committee on Fetus and

Newborn, AAP Committee on Infectious Disease. Management of neo-

nates born at ³35 0/7 weeks’ gestation with suspected or proven early-

enset bacterial sepsis. Pediatrics 2018;142:e20182894.

17. Kuzniewicz MW, Walsh EM, Li S, Fischer A, Escobar GJ. Development

and implementation of an early-onset sepsis calculator to guide anti-

biotic management in late preterm and term neonates. Jt Comm J

Qual Patient Saf 2016;42:232-9.

18. Cantoni L, Ronfani L, Da Riol R, Demarini S, Perinatal Study Group of

the Region Friuli-Venezia Giulia. Physical examination instead of labo-

ratory tests for most infants born to mothers colonized with group B

Streptococcus: support for the Centers for Disease Control and Preven-

tion’s 2010 recommendations. J Pediatr 2013;163:568-73.

19. Berardi A, Fornaciari S, Rossi C, Patianna V, Bacchi Reggiani ML,

Ferrari F, et al. Safety of physical examination alone for managing

well-appearing neonates ³ 35 weeks’ gestation at risk for early-onset

sepsis. J Matern Fetal Neonatal Med 2015;28:1123-7.

20. Joshi NS, Gupta A, Allan JM, Cohen RS, Aby JL, Kim JL, et al. Manage-

ment of Chorioamnionitis-exposed infants in the newborn nursery using

a clinical examination-based Approach. Hosp Pediatr 2019;9:227-33.

21. Harris DL, Weston PJ, Signal M, Chase JG, Harding JE. Dextrose gel for

neonatal hypoglycaemia (the Sugar Babies Study): a randomised,

double-blind, placebo-controlled trial. Lancet 2013;382:2077-83.

22. Kemper AR, Newman TB, Slaughter JL, Maisels MJ, Watchko JF,

Downs SM, et al. Clinical practice guideline revision: management of hy-

perbilirubinemia in the newborn infant 35 or more weeks of gestation.

Pediatrics 2022;150:e2022058859.

23. Aris IM, Kleinman KP, Belfort MB, Kaimal A, Oken E. A 2017 US refer-

ence for singleton birth weight percentiles using obstetric estimates of

gestation. Pediatrics 2019;144:e20190076.

24. Pursley DM, Zupancic JAF. Using neonatal intensive care units more

wisely for at-risk newborns and their families. JAMA Netw Open

2020;3:e205693.

25. Joshi NS, Huynh K, Lu T, Lee HC, Frymoyer A. Epidemiology and trends

in neonatal early onset sepsis in California, 2010–2017. J Perinatol

2022;42:940-6.

26. Flannery DD, Mukhopadhyay S, Morales KH, Dhudasia MB,

Passarella M, Gerber JS, et al. Delivery characteristics and the risk of

early-onset neonatal sepsis. Pediatrics 2022 Feb 1;149:e2021052900.
Joshi et al

mailto:nsjoshi@stanford.edu
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref1
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref1
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref2
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref2
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref2
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref2
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref3
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref3
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref4
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref4
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref4
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref5
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref5
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref5
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref6
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref6
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref6
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref7
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref7
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref7
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref8
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref8
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref9
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref9
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref9
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref10
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref10
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref10
https://healthcostinstitute.org/hcci-originals-dropdown/all-hcci-reports/nicu-use-and-spending-1
https://healthcostinstitute.org/hcci-originals-dropdown/all-hcci-reports/nicu-use-and-spending-1
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref12
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref12
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref12
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref13
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref13
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref14
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref14
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref14
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref15
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref15
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref15
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref16
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref16
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref16
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref16
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref17
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref17
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref17
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref17
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref18
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref18
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref18
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref18
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref18
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref19
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref19
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref19
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref19
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref20
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref20
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref20
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref21
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref21
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref21
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref22
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref22
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref22
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref22
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref23
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref23
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref23
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref24
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref24
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref24
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref25
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref25
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref25
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref26
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref26
http://refhub.elsevier.com/S0022-3476(24)00433-5/sref26

	Infants Born at Late Preterm Gestation: Management during the Birth Hospitalization
	Methods
	Results
	Admission Patterns
	Interventions
	Tachypnea
	Concern for Early Onset Sepsis
	Hypoglycemia
	Hypothermia

	Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


