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OBJECTIVE: To understand the characteristics of infants admitted to US NICUs.

STUDY DESIGN: 2006-2014 linked birth certificate and hospital discharge data for potentially viable deliveries in Pennsylvania and
South Carolina were used. NICU admissions were identified using revenue codes. NICU-admitted infants were categorized by
gestational age (GA), birthweight, and condition severity (for GA 35+ weeks). We also assessed total patient days and trends over time.
RESULTS: 12% of infants were admitted to a NICU; 13.6% were GA < 32 weeks (45.3% of total days); 36.1% were GA 32-36 weeks
(31.2% of total days); and 50.4% were GA 37+ weeks (23.5% of total days). 20% of admissions were for infants with GA 35+ weeks and
mild conditions. Admissions increased numerically from 11.2% (2006) to 13.0% (2014), with increases among infants 35+ weeks.
CONCLUSION: Most NICU admissions are for infants 35+ weeks GA, many with mild conditions who may be accommodated in well-

baby units.

Journal of Perinatology; https://doi.org/10.1038/s41372-024-02039-6

INTRODUCTION

NICU admission rates have increased in the past several decades
[1], with at least 10% of all infants receiving some level of NICU
care [1-4]. Such care is essential and life-saving for many infants,
especially those born preterm or with serious complications [5-7].
However, term infants with minor conditions may be admitted
unnecessarily [1, 6], and studies have shown a high level of
variation in NICU admission rates between facilities, particularly
among lower acuity infants [1, 4, 8-13].

Understanding the characteristics of infants admitted to NICUs
and their contributions to total NICU utilization may help
contextualize trends in NICU admissions, further identify potential
areas of variability in NICU admissions, and inform resource
planning. However, NICU admissions have not been studied
longitudinally at the population level (i.e., longitudinally within a
discrete population) [3]. Further, many existing studies of NICU
admissions rely only on birth certificate data, which substantially
undercount NICU admissions and omit important clinical details
[14, 15]. Additionally, most other studies explore NICU admissions
in subgroups of infants, for example, focusing on specific
gestational ages, birthweights, or condition severities in isolation
[10, 12, 13, 16] without examining the overall population-based
trends in such admissions.

Our study aims to describe population-level NICU admissions
among all live births in Pennsylvania and South Carolina from
2006 to 2014. We use linked birth certificates and hospital
discharge records to identify infants admitted to a NICU during
initial admission to the hospital for delivery using revenue codes
for neonatal intensive care services from the hospital discharge
records, and divided such admissions by the severity of illness of
the infants. We describe the characteristics of individuals (infants

and their mothers), the general disposition of newborns (gesta-
tional age [GA], birthweight [BW]), the conditions leading to NICU
admission and relative contribution of these conditions to total
number of patient hospital days for the delivery admission, and
potential trends over time.

MATERIALS AND METHODS

Data source and study sample

We used data from linked birth certificate and hospital discharge records
for all births in Pennsylvania and South Carolina from 2006-2014. The
process of linking birth certificates to discharge records has been shown to
have a linkage rate of roughly 95% or higher [7, 16, 17].

Our analysis included potentially viable, liveborn infants (GA = 22 weeks
and BW =400 g) for in-hospital deliveries with birth certificates that could
be linked to hospital discharge records. Infants were excluded if: their GA
was <22 weeks, BW was <400 g, or GA and BW were missing and could not
be accounted for using ICD-9 codes (n=4738); their unique birth
certificate identifier had an exact duplicate (in which case one record
was retained and one was deleted) or non-exact duplicate with another
record (in which case both records were deleted) (n = 330); or their birth
certificate could not be linked to a hospital discharge record (n=11,512).
In total, 0.9% (16,580/1,751,277) of infant records were excluded based on
these criteria, for a final sample of 1,734,697 infants. See Supplemental
Fig. 1 for study flow.

Where possible, infant records were also linked to maternal hospital
discharge records; however, since the goal of our analysis was to describe
the infant population, babies whose records could not be linked to
maternal discharge records were not excluded.

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki.
It was approved by the Institutional Review Boards at Stanford
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University (protocol 38429), the Children’s Hospital of Philadelphia
(protocol 16-013134), and the data agencies for Pennsylvania and South
Carolina, with waivers of the need for informed consent for use of
secondary data with no patient contact.

Measures

For each infant, we assessed NICU admission status and hospital length of
stay (LOS, including both NICU and non-NICU days) for the delivery
hospitalization using the hospital revenue codes for neonatal intensive

Table 1. Characteristics of infants and NICU admissions in Pennsylvania and South Carolina from 2006 to 2014.

Overall
1,734,697
Maternal Age, mean (sd) 27.6 (6.0)
Mother’s race/ethnicity
White 65.0% (1,127,347)
Black 18.9% (327,461)
Hispanic 9.4% (163,554)
Asian 3.1% (53,186)
Other 1.1% (19,156)
Multiple 1.9% (32,750)

Missing/unknown 0.6% (11,243)
Mother’s education

15.7% (272,246)
26.0% (450,725)
28.2% (489,624)
29.5% (512,356)

0.6% (9746)

Less than high school diploma

High school diploma/GED

Some college

4-year college or more

Missing/other/unknown
Mother’s insurance

Private 52.2% (905,073)
38.2% (662,448)
2.8% (48,630)
6.8% (118,546)
33.1% (572,330)
51.1% (886,712)

Government
Self-pay
Missing/other/unknown
C-section delivery
Male gender

Number of babies

Singleton 96.4% (1,672,353)
Twin 3.5% (59,927)
Triplet or more 0.1% (2,402)
Missing/unknown 0.0% (15)

Gestational age (weeks)

0.6% (10,811)
1.1% (18,614)
2.7% (46,332)
6.2% (106,794)
89.5% (1,552,146)

Extremely preterm (<28)
Very preterm (28-31)
Moderate/late preterm (32-34)
Late preterm (35-36)
Term or more (37+)
Birthweight (g)
Extremely Low BW (<1000 g)
Very Low BW (1000-1499 g)
Low BW (1500-2499 g)
Normal BW (2500-4199 g)
High BW (>4200 g)
Length of stay, days (sd)®

0.7% (11,354)
0.9% (15,263)
7.3% (125,893)
87.3% (1,513,416)
3.9% (67,893)

4.2 (10.0)

Admitted to NICU

No

% (n)
1,527,052
27.6 (6.0)

65.6% (1,001,803)
18.2% (277,181)
9.5% (145,371)
3.1% (47,469)
1.1% (17,016)
1.9% (28,631)
0.6% (9581)

15.5% (236,443)
25.8% (393,929)
28.1% (429,200)
30.1% (459,426)
0.5% (8054)

52.9% (807,955)
37.6% (573,860)
2.8% (42,742)
6.7% (102,495)
30.7% (467,755)
50.5% (771,776)

97.7% (1,492,506)
2.2% (34,308)
0.0% (234)

0.0% (4)

0.1% (823)

0.0% (413)

0.3% (4,440)
4.8% (73,890)
94.6% (1,447,486)

0.1% (794)

0.0% (421)

4.1% (62,572)
91.9% (1,402,129)
4.0% (60,364)

25 (1.4)

Yes

% (n)
207,645
27.7 (6.3)

60.5% (125,544)
24.2% (50,280)
8.8% (18,183)
2.8% (5717)
1.0% (2140)
2.0% (4119)
0.8% (1662)

17.2% (35,803)
27.4% (56,796)
29.1% (60,424)
25.5% (52,930)
0.8% (1692)

46.8% (97,118)
42.7% (88,588)
2.8% (5888)
7.7% (16,051)
50.9% (104,575)
55.4% (114,936)

86.6% (179,847)
12.3% (25,619)
1.0% (2,168)
0.0% (11)

4.8% (9,988)
8.8% (18,201)
20.2% (41,892)
15.8% (32,904)
50.4% (104,660)

5.1% (10,560)
7.2% (14,842)
30.5% (63,321)
53.6% (111,287)
3.6% (7529)
16.4 (25.6)

% admitted
to a NICU
12.0%

11.1%
15.4%
11.1%
10.7%
11.2%
12.6%
14.8%

13.2%
12.6%
12.3%
10.3%
17.4%

10.7%
13.4%
12.1%
13.5%
18.3%
13.0%

10.8%
42.8%
90.3%
73.3%

92.4%
97.8%
95.2%
40.6%
6.7%

93.0%
97.2%
50.3%
7.4%

11.1%

Of the 823 infants with GA 22-27 weeks who were not admitted to a NICU based on hospital discharge data, 754 had a code for fetal or neonatal death. Of the
413 infants with GA 28-31 weeks who were not admitted to a NICU based on hospital discharge data, 83 had a code for fetal or neonatal death, and most had

a very short LOS.

®The median LOS for the overall population and non-NICU-admitted population was 2 days; the median LOS among infants admitted to a NICU was 7 days.

Please see Supplementary Fig. 2 for additional information on LOS distribution among selected groups.
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care from hospital discharge records. These codes should be present for all
NICU admissions as they are required for hospitals to receive the higher
NICU payments. We defined NICU admission as any of the revenue codes
associated with NICU care (identified by revenue codes 172, 173, or 174)
during delivery hospitalization. Infants who were transferred (linked and
unlinked) from their initial birth/delivery facility to another facility were
also categorized as having a NICU admission, regardless of revenue code,
under the assumption that any transfer was for care not available at the
delivery hospital. Most transfers were linked and had a NICU revenue code.

We used information from birth certificates for the following newborn,
delivery, and maternal characteristics: GA (weeks); BW (g); sex; plurality and
mode of delivery; and mother's age, race/ethnicity, education, and insurance
type. Due to differences in birth certificate reporting over time, some
characteristics (eg, mother’s education and insurance type) were frequently
missing; we categorized infants with missing maternal data as missing/
unknown and did not exclude them from our analysis. Missing (n = 5967) or
implausible (>7500g, n=11) BW from birth certificates was supplemented
using ICD-9 codes where available (n = 1621). Missing GA (n = 11,848) was
supplemented using Kotelchuck imputation (using BW and sex, n =11,634)
where available, and using ICD-9 codes where BW was also missing (n = 214).

To understand the reasons leading to NICU admission for infants GA
35+ weeks, we categorized their condition acuity—based on ICD-9 codes
in hospital discharge data—as mild/minor, moderate, or severe. Condition
acuity definitions are described below and were based in part on those
used in previous studies [12, 18]; the California Maternal Quality of Care
(CMQCCQ), National Quality Forum, and The Joint Commission, definitions of
unexpected moderate and severe complications in term newborns [19, 20];
and a review of ICD-9 codes and associated conditions in our dataset. We
then further categorized infants into mutually exclusive groups based on
highest level of condition acuity; for example, an infant with one mild
condition and one moderate condition would be categorized in the
“moderate is highest” group.

Minor/mild acuity was defined as: mild hyperbilirubinemia, mild
hypoglycemia, neonatal abstinence syndrome (drug NAS), observation
for suspected infection, mild respiratory condition, or LOS < 6 days (except
for neonatal jaundice) for infants who did not have conditions that met
criteria for moderate or severe. Moderate acuity was defined as: less
serious but significant birth trauma, moderate respiratory complications,
moderate neurological complications, or LOS>5 days (except for those
with jaundice or social problems) for infants who did not have conditions
that met criteria for severe. Severe acuity was defined as: any anomaly with
measurable mortality risk from prior work [18], use of extracorporeal
membrane oxygenation (ECMO), pulmonary hypertension, aspiration
syndrome, mechanical ventilation, intraventricular hemorrhage grade 3
or 4, major surgery, severe hypoxia/asphyxia, severe respiratory complica-
tions, severe neurological complications, serious infection, shock, or in-
hospital death. See Supplementary Table 1 for detailed acuity definitions
and their specific conditions (including ICD-9 codes).

In our analysis, we used descriptive statistics to understand relative
proportions of NICU admissions and total patient days by GA and BW. We
also assessed total patient days, transfer status, and survival for very
preterm infants (GA 22-31 weeks) who did not have a documented NICU
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admission by revenue code, since it is generally standard practice to admit
to a NICU all very preterm liveborn infants.

We further assessed the contribution of mild, moderate, and severe
condition acuity among infants with GA 35+ weeks to overall NICU
admissions and total patient days. To understand whether NICU admission
rates have changed over time, we tabulated NICU admissions from 2006 to
2014 by GA; BW; condition acuity among infants with GA 35+ weeks; and
for specific newborn conditions leading to NICU admission among infants
with GA 35+ weeks.

We performed our analysis using Stata version 17.1 (Stata Statistical
Software: Release 17. College Station, TX: StataCorp LP). Code available
upon reasonable request.

RESULTS

Of 1,734,697 infants meeting eligibility criteria, 12.0% (n = 207,645)
were admitted to a NICU in Pennsylvania and South Carolina during
the analysis period. Slightly less than half of infants (49.6%) admitted
to a NICU were preterm (GA < 37 weeks), and less than half (42.8%)
had low BW (BW <2500 g). NICU-admitted infants accounted for
more than 3.4 million hospital days, with a mean LOS of 16 days (vs
3 days for non-admitted infants). Table 1 provides additional
characteristics of infants in our analysis.

Overall, a higher proportion of infants born to Black mothers were
admitted to a NICU compared to infants born to mothers of other
races and ethnicities (15.4% for infants born to Black mothers vs
~11% for infants of other races and ethnicities). NICU admissions
generally decreased with increasing maternal educational attain-
ment (13.2% for infants born to mothers with less than a high school
education, vs 10.3% for infants born to mothers with a 4-year college
degree or more), and those with government insurance had a
higher admission rate than other insurance/payment types (Table 1).
Nearly all extremely or very preterm and low BW infants were
admitted to a NICU (>92%); most (91.6%) extremely preterm infants
who were not admitted to a NICU died shortly after delivery.

In terms of NICU care utilization by GA, infants who were 22-31
weeks GA made up 13.6% of NICU admissions and 45.3% of total
patient days. Infants 32-36 weeks GA accounted for 36.1% of NICU
admissions and 31.2% of patient days. Infants 37+ weeks GA were
50.4% of the admitted population and had 23.5% of patient days.
Admissions and total patient days followed similar trends by
birthweight. Figure 1 provides proportions of NICU admissions
and total patient days by GA and BW.

Admissions, total patient days, and condition acuity in infants
35+ weeks GA

Infants GA 35+ weeks made up 66.2% of the overall NICU-
admitted population and accounted for 33.1% of total patient

Pennsylvania + South Carolina (n=207,645)

60%

= % of NICU admissions

50%
40%

30%

20%
10%
o | D I i

<28 28-31 32-34 35-36 37-41

Gestational age (weeks)

Fig. 1

m % of total patient days

[DI | -

42+ Extremely  Very low Low Normal High
low (<1000) (1000-1499) (1500-2499) (2500-4199) ~ (4200+)

Birthweight (grams)

Composition of NICU admissions by gestational age and birthweight. Breakdown of NICU admissions and hospital total patient days

among NICU-admitted infants by gestational age and birthweight in Pennsylvania and South Carolina for births occurring from 2006-2014.
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Table 2. Condition acuity among NICU-admitted infants with GA 35+ weeks.

Gestational age 35+ weeks
Mild/minor only
Any mild hyperbilirubinemia
Any mild hypoglycemia
Any mild drug NAS
Any mild suspected infection
Any mild respiratory support
All other mild conditions not specified
Only one specified mild condition
Only mild hyperbilirubinemia
Only mild hypoglycemia
Only mild drug NAS
Only mild suspected infection
Only mild respiratory support
Two specified mild conditions
Three specified mild conditions or more
Moderate is highest
Any CMQCC moderate condition
Moderate birth trauma
Moderate respiratory complications
Moderate neurological complications
All other moderate conditions not specified®
Any above mild condition and LOS > 5 days®
Other conditions and LOS > 5 days®
Only one specified moderate condition
Two specified moderate conditions or more
Severe is highest
Any serious anomaly
Any mechanical ventilation (no CPAP) (ICD-9)
Any pulmonary hypertension
Any ECMO
Any aspiration syndrome
Any major surgery
Any intraventricular hemorrhage (grade 3 or 4)
Any in-hospital death
Any CMQCC severe condition
Severe infection or septicemia
Severe neurological complication (incl. procedure)
Severe respiratory complication (incl. procedure)
Severe birth trauma
Severe hypoxia/asphyxia (incl. procedure)
Severe shock and resuscitation (incl. procedure)
Only one specified severe condition
Two specified severe conditions
Three specified severe conditions or more

(n)
137,458
41,393
12,247
3836
1168
12,448
513
17,336
18,517
8151
1667
655
7852
192
4936
604
53,078
38,114
1734
37,084
211
14,964
12,064
2900
37,203
911
42,987
10,887
4343
535
416
4829
2653
117
947
34,684
21,788
4276
13,586
1508
1480
7532
23,929
9702
8482

% of NICU admissions
66.2%
19.9%
5.9%
1.8%
0.6%
6.0%
0.2%
8.4%
8.9%
3.9%
0.8%
0.3%
3.8%
0.1%
2.4%
0.3%
25.6%
18.4%
0.8%
17.9%
0.1%
7.2%
5.8%
1.4%
17.9%
0.4%
20.7%
5.2%
2.1%
0.3%
0.2%
2.3%
1.3%
0.1%
0.5%
16.7%
10.5%
2.1%
6.5%
0.7%
0.7%
3.6%
11.5%
4.7%
4.1%

Total patient days
1,124,480
135,046
44,074
13,301
4381
41,760
1626
52,309
62,701
28,931
5587
2316
25,310
557
17,712
2324
433,026
233,857
10,098
227,330
2542
199,169
170,171
28,998
227,837
6020
556,408
228,753
54,793
14,633
24,828
52,075
115,624
3532
21,600
447,712
293,600
106,656
232,944
17,298
20,915
133,314
212,325
122,252
214,331

% of total patient days
33.1%
4.0%
1.3%
0.4%
0.1%
1.2%
0.0%
1.5%
1.8%
0.9%
0.2%
0.1%
0.7%
0.0%
0.5%
0.1%
12.8%
6.9%
0.3%
6.7%
0.1%
5.9%
5.0%
0.9%
6.7%
0.2%
16.4%
6.7%
1.6%
0.4%
0.7%
1.5%
3.4%
0.1%
0.6%
13.2%
8.7%
3.1%
6.9%
0.5%
0.6%
3.9%
6.3%
3.6%
6.3%

Length of stay (LOS) includes all in-hospital days regardless of nursery level (NICU and non-NICU) for the infant’s delivery hospitalization.

Definitions of severity: Mild/minor mild condition: one or more of mild hyperbilirubinemia, mild hypoglycemia, mild drug NAS (neonatal abstinence syndrome),
observation for suspected infection, mild respiratory condition, LOS < 6 days (except jaundice or social problems), and conditions that did not meet criteria for
moderate or severe. Moderate condition: less serious but significant birth trauma, respiratory complications, and neurological complications, as well as
LOS > 5 days (except for those with jaundice), as defined by CMQCC. Severe condition: any serious anomaly with measurable mortality risk, ECMO, pulmonary
hypertension, aspiration syndrome, mechanical ventilation, intraventricular hemorrhage grade 3 or 4, major surgery, severe hypoxia/asphyxia, shock/
resuscitation, serious infection or septicemia, severe birth trauma, severe neurological complications, severe respiratory complications, or in-hospital death.

NAS neonatal abstinence syndrome.

®Does not include moderate birth trauma, moderate respiratory conditions, or moderate neurological conditions.
PDoes not include infants with only mild hyperbilirubinemia and LOS >5 days or only social conditions and LOS > 5 days. Of the 12,064 infants with 1+
specified mild condition(s) and LOS > 5 days: More than half (58.3%; 7039/12,064) were 35-36 weeks GA, multiple gestation, or 24+ mild conditions; 33.0%
(3986/12,064) of infants with 1+ specified mild condition(s) and LOS > 5 days were discharged from the hospital by day 7 (i.e., had an LOS < 8 days). See
Supplementary Fig. 2 for additional information on LOS by condition severity.
Length of stay (LOS) includes all in-hospital days regardless of nursery level (NICU and non-NICU) for the infant’s delivery hospitalization.
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days (1,124,480/3,393,518 days) (Table 2). Those with only minor/
mild conditions were 20% of all NICU admissions (19.9%; 41,393/
137,458), but accounted for only 4.0% of total patient days
(134,046 days). More than 25% of infants admitted to NICUs were
35+ weeks GA with moderate condition acuity (25.6%), and 20.7%
were 35+ weeks GA with severe condition acuity. Table 2 provides
additional details on condition acuity among infants 35+ GA
admitted to NICUs.

Nearly 9% (8.9%) of all NICU admissions were for infants 35+
weeks with only one of the 5 specified mild/minor conditions—
most commonly hyperbilirubinemia and observation for sus-
pected infection. Nearly 6% (5.9%, 12,247/207,521) of all NICU
admissions were in infants with GA 35+ weeks who had
hyperbilirubinemia and mild acuity; most of these infants
(66.6%; 8,151/12,247) had only hyperbilirubinemia and no other
specified conditions (Table 2).

Secular trends in NICU admissions from 2006 to 2014

Over time, the number of deliveries in Pennsylvania and South
Carolina decreased slightly from 200,003 infants in 2006 to
188,585 in 2014; and the proportion of infants born preterm
(GA < 37 weeks) also decreased from 11.2% in 2006 to 9.9% in
2014 (See Supplemental Table 2). Conversely, the absolute
number and percentage of newborns admitted to a NICU
increased numerically from 11.2% (22,242/200,003) in 2006 to
13.0% (24,580/188,587) in 2014.

The observed numeric increase in absolute number of NICU
admissions was among infants born 354 weeks across all
condition acuities. The proportion of NICU-admitted infants with
mild condition acuity increased by 20% (2.1% to 2.5%), those with
moderate condition acuity increased by 37% (2.7% to 3.7%), and

15%
g
©
£
g 11.8%
g 11.2% 11.0% 11.2%
5
@

0,
T 10% 41%
g 40%  a0%  40%
=
S
2
>
]
c
c
g 24%
£ 2.3% 23% 2.3%
2
o 5%
F3
©
e 3.0%
b 25%
Q
=
E
°
®
2 2.2% 2.3%
€
= 0%
2006 2007 2008 2009

m Mild only (35+ weeks)

m Moderate is highest (35+ weeks)
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infants with severe condition acuity increased by 22% (2.3% to
2.8%). See Fig. 2 for trends in admissions over time.

Among infants with mild condition acuity, the absolute
proportion admitted to a NICU with hyperbilirubinemia as the
sole specified condition varied during the observation period, with
a high of 4.6% in 2008 and then generally decreased to 3.3% in
2014. The proportion of NICU-admitted infants with GA 35+
weeks and only mild suspected infection generally increased
numerically. See Supplemental Table 2 for additional details
regarding trends in time among the NICU-admitted population.

DISCUSSION

In our analysis, we found that 12% of infants born during the
analysis period in Pennsylvania and South Carolina were admitted
to a NICU. The majority of admissions were in near-term or
term infants (GA 35+ weeks), and one-fifth of all NICU admissions
were for infants with mild condition acuity. While infants with
higher GA and BW made up a large proportion of admissions,
they accounted for a much lower relative proportion of
hospital days. Importantly, we found that over time, the overall
percentage of infants admitted to a NICU increased numerically
from 2006 to 2014, with increases occurring among infants with
GA 35+ weeks.

Our analysis helps to address a relative dearth of information
regarding NICU admissions at the population level, and it expands
the understanding of these conditions by documenting their
prevalence and estimating care utilization among newborns with
these conditions longitudinally in two discrete states. Information
regarding NICU admissions—and particularly the characteristics of
NICU-admitted newborns and conditions leading to admission—is
critical to future policies and guidelines regarding maternal and

13.0%
123% 12.4% 12.6% 12.5%
4.0%
41 40% A% 44%
2.8%
25%  25%  26% 259
3.2% 3.2% 3.3% 3.4% 3.7%
2.5% 2.6% 2.6% 2.49% 2.5%
2010 2011 2012 2013 2014
Severe is highest (35+ weeks)  GA <35 weeks

Fig. 2 NICU admissions by gestational age and condition acuity from 2006-2014. Definitions of severity: Mild only: one or more of mild
hyperbilirubinemia, mild hypoglycemia, mild drug NAS (neonatal abstinence syndrome), observation for suspected infection, mild respiratory
condition, LOS < 6 days (except jaundice or social problems), and conditions that did not meet criteria for moderate or severe. Moderate is
highest: less serious but significant birth trauma, respiratory complications, and neurological complications, as well as LOS > 5 days (except for
those with jaundice) and the absence of conditions defined as severe, as defined by CMQCC. Severe is highest: any serious anomaly with
measurable mortality risk, ECMO, pulmonary hypertension, aspiration syndrome, mechanical ventilation, intraventricular hemorrhage grade 3
or 4, major surgery, severe hypoxia/asphyxia, shock/resuscitation, serious infection or septicemia, severe birth trauma, severe neurological
complications, severe respiratory complications, or in-hospital death. NAS neonatal abstinence syndrome.
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newborn care and resource allocation. Our findings may useful in
the implementation of initiatives to help improve outcomes, as
term NICU admissions are a potential target for quality improve-
ment programming, may be markers of value of care, or may
indicate potential NICU overutilization [3, 21, 22].

Lower-acuity infants may receive care through well-baby units,
which can improve healthcare experiences and reduce health-
care costs, without increasing risks to newborns [4, 23, 24]. This
issue should not be taken lightly, since NICU admissions (when
not clearly indicated) may increase the risk of unnecessary
intervention, medication errors, and infection—particularly
among infants GA 354 weeks with minor conditions [25, 26].
Further, NICU admission can cause distress for parents and are
associated with an increased risk of maternal mental illness; it
may also interfere with parental-infant bonding and breastfeed-
ing [27, 28]. Such risks may have both short- and long-term
implications for infants and their families. Accommodating
lower-acuity infants in well-baby units may also help focus NICU
care on preterm newborns and those with moderate and severe
conditions. That said, delays in NICU admission among infants
whose conditions warrant additional care may also lead to longer
lengths of stay and hospital readmissions. Additionally, while
recent changes to guidelines and management protocols (for
example, higher thresholds for phototherapy to treat jaundice in
otherwise healthy newborns, and the availability of photother-
apy in well-baby nurseries [29-31]) may further enable care for
low-acuity infants GA 35+ weeks in well-baby units, other
changes to hospital-based care for newborns (for example,
increased rooming-in practices) may make non-NICU care for
marginal newborns more challenging (like those with meconium
exposure or suspected infection who may require more frequent
monitoring).

Further, several studies have shown a high level of variation in
NICU admission rates between facilities [1, 4, 8, 9]—variation that
is not fully explained by variation in the severity of conditions for
which infants are admitted [9-13]. This has raised substantial
concerns that supply-side factors, like NICU bed availability and
financial incentives, may influence NICU admissions in term
infants with mild conditions [11, 32]. While our study does not
specifically explore variability in or modifiability of NICU admis-
sions, our expanded definition of condition acuity and use of a
robust and population-level dataset may help inform future
studies. Factors affecting facility-level variability in NICU admis-
sions within levels of condition acuity, including potential
differences in clinical practices (i.e., provider habits), care
organization (i.e, care available in well-baby units), and other
health system factors (e.g, bed availability and payment
structures), should be explored further.

Our findings are consistent with other studies of NICU
admissions, which found similar proportions of NICU admissions
overall [3], and substantial proportions of admissions that were
among infants with relatively high gestational ages and birth-
weights but low condition acuity [1, 2, 9, 12]. Differences in
relative proportions of NICU admissions by mother's race,
ethnicity, and education level in our analysis compared to other
studies are likely due to demographic differences in study
populations; for example, our study includes all linked infants
born in Pennsylvania and South Carolina, while other recent
studies of NICU admissions were among cohorts born in California
[2, 3, 12] or among US birth cohorts [1, 33].

We found a higher overall rate of admissions than what was
found in several other studies [1, 33], which is to be expected,
given our use of hospital revenue codes as opposed to birth
certificate data [15, 17, 34]. However, our finding of a numeric
increase in overall NICU admissions (from 11.2% in 2006 to 13.0%
in 2014) is similar in magnitude and direction to that of Harrison
and Goodman (from 6.4% in 2007 to 7.8% in 2012) and Kim (6.6%
in 2008 to 9.1% in 2018) [1, 33]. An analysis by Braun et al.,

SPRINGER NATURE

conducted in a large, integrated healthcare system in California
found a similar overall rate of admissions (12.2% overall from 2010
to 2018), but a decrease in NICU admissions over time, especially
among larger infants with lower condition acuity [3]. However, as
the authors note, several “systemwide quality improvement
initiatives” were implemented during the study period (such as
risk calculators and strategies affecting timing and mode of
delivery), each of which has been found to reduce NICU
admissions in other studies [3].

The observed yearly increases in NICU admissions for infants GA
35+ weeks with moderate or severe condition acuity may be due to
changes over time in how more severe conditions are identified
and managed (e.g., technology to aid in the identification of serious
anomalies) [35]. It may also be due to other factors, like changes in
the maternal population (increases in maternal age, use of assisted
reproductive technologies, metabolic conditions) [36-39], increases
in the use of interventions during delivery [40-42], or other factors,
such as changes in the way conditions are diagnosed or coded
[33, 43]. Future studies should further assess the potential statistical
significance of differences among groups and over time, along with
drivers of increases in conditions leading to admissions.

Our study has some limitations, including differences in ICD
coding between health facilities and between states, and missing-
ness of data, especially for mothers, due to inconsistent tracking of
some demographic data in birth certificates. However, we did not
exclude infants based on missingness of maternal data, and our use
of hospital discharge data—including revenue codes and ICD codes
—is a major strength versus using birth certificate data alone. While
our use of hospital discharge data may still result in some missed or
misclassified NICU admissions or newborn conditions, the prevalence
of such errors is lower than that of birth certificates, as described
below. Second, among infants admitted to a NICU and sent back to a
newborn nursery or vice versa, determining the number of days
spent in the NICU cannot be obtained from our data. Also, infants
who spend a few hours in a NICU are billed and coded the same
amount as infants spending a complete day in the NICU, with
differences in resources used between the patients. Lastly, due to the
highly detailed and granular nature of billing data and the numerous
potential conditions that may arise in newborns, our definitions of
condition acuity may differ from those in other studies. For example,
our moderate condition acuity group includes infants with a length
of stay longer than 5 days for conditions not specified as severe;
some infants in this group may have conditions that, if assessed at
the individual level, may be considered severe by clinicians.

Our study has several strengths, most notably our use of
hospital revenue codes to identify NICU admissions, as compared
to studies relying on birth certificate data alone, which can miss as
many as 40% of NICU admissions, have low sensitivity for some
conditions, and are sometimes completed before clinical condi-
tions arise during admission [17, 34]. Given that NICU revenue
codes must be included in the discharge record for the hospital to
receive the higher payment for infants cared for in the NICU, it is
reasonable to assume that the revenue codes are included for all
infants who were actually admitted to a NICU. We also used ICD-9
codes to better understand and appropriately define condition
acuity within our study. Another strength is the size and duration
of the analytic sample, covering the vast majority of liveborn
infants in all birth facilities over nearly 10 years in 2 states in the
US. However, NICU admissions and conditions leading to
admission may differ in other states.

While our study provides descriptive details regarding infants
admitted to NICUs—given the paucity of recent representative
data on the subject—further studies should explore variability in
NICU admissions among infants 35+ weeks GA (especially in those
with lower condition acuity) to understand potential drivers of
admissions, including maternal factors and facility factors. Future
studies should also assess differences in admissions within and
among groups and changes over time.
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CONCLUSION

Of the 12% of infants admitted to NICUs during our study period,
20% were considered to be low acuity based on gestational age
and condition severity. These infants make up a substantial portion
of the NICU population; understanding this population and its
contribution to NICU utilization may help inform reorganization of
care. Low-acuity infants may benefit from non-NICU care in well-
baby (or similar) nurseries. This may help focus NICU care on higher
acuity infants, reduce risks and improve experiences among low-
risk infants and their families, and reduce costs. Future studies
should assess variability in NICU admissions between hospitals,
resource utilization for NICU-admitted infants by varying condition
severities, and changes in the NICU-admitted population over time.
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