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Variation in NICU Admission Rates Without
Identiﬁable Cause
Kathryn A. Ziegler, DO,a David A. Paul, MD,b,c Matthew Hoffman, MD, MPH,d Robert Locke, DO, MPHb,c

ABSTRACT

OBJECTIVES: Admission to the NICU is inﬂuenced by physiologic compromise and by hospital
care protocols. Providing appropriate care must be balanced with adverse consequences of NICU
admission, such as interrupting maternal–infant bonding and unnecessary interventions. This study
aims to determine the variation in NICU admissions in term and late preterm infants among
19 hospitals.
METHODS: We used the Consortium on Safe Labor (CSL) database to determine NICU admission
rates. This database includes data from 217 442 infants aged 35 to 42 weeks within 19 US maternal
delivery hospitals from 2002 to 2008. NICU admission rates were evaluated for absolute factors
including, but not limited to, sepsis, asphyxia, respiratory distress, and intracranial hemorrhage, as
well as relative factors, such as maternal drug use, chorioamnionitis, and infant birth weight
#2500 g.

RESULTS: Percentage of infants 35 to 42 weeks’ gestation admitted to the NICU without an
identiﬁable absolute or relative cause for intensive care services ranged from 0% to 59.4% (mean,
10.8%; P , .001). Among infants 35 to 42 weeks’ gestation and $2500 g, infants without absolute or
relative identiﬁed cause accounted for 9.1% of total NICU days and had lower length of stays (–2.7
days; 95% conﬁdence interval –3.4; –2.1) compared to those with an identiﬁed reason.

CONCLUSIONS: There is signiﬁcant variation in admission rates among NICUs that cannot be
explained by infant health conditions. Further analysis is needed to determine the cause of betweensite variation and potential opportunities to reﬁne protocols and optimize use of NICU services.
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NICU admission rates may be inﬂuenced by
multiple factors, including hospital care
protocols as well as infant physiologic
compromise. Physicians are challenged to
appropriately triage infants to critical and
noncritical care units. Balancing safety,
effectiveness, equity, timeliness, patientcenteredness, and efﬁciency in today’s
health care environment is increasingly
challenging, and triaging infants with
comorbidities falls within this challenge.1
Speciﬁcally, neonatal care providers are
tasked with balancing multiple factors such
as infant physiologic needs, patient safety,
hospital care protocols, and health care
utilization and costs.
Utilization of health care resources in the
United States is under much scrutiny,2 and
health care providers are faced with
ﬁnancial decisions on a daily basis. Given
the high cost of neonatal intensive care,
optimizing NICU utilization is important.
There has been minimal research on
neonatal triage and use of NICU resources.
Previous studies have shown that infants
with limited physiologic compromise
account for 9.5% of NICU costs.3
The purpose of the present study was to
evaluate a recent cohort of infants born
between 35 and 42 weeks to compare
between-hospital NICU admission rates. We
hypothesized that NICU admission rates
would differ between centers after
controlling for infant physiologic
compromise.

METHODS
Information from the Consortium on Safe
Labor (CSL) database was analyzed.4 The
CSL included 12 clinical centers with
19 hospitals across 9 American College of
Obstetricians and Gynecologists US districts.
These districts were designed to represent
all regions of the country. The CSL created
the database by using information provided
to it from the electronic medical records of
the 19 participating hospitals. Centers
included 8 university teaching hospitals,
9 community teaching hospitals, and
2 nonteaching community hospitals. The CSL
collected data from the electronic medical
records of the participating hospitals and
stored the data in a validated comprehensive
database. A total of 228 668 deliveries with

233 844 newborns delivered between
2002 and 2008 were included in the data. Due
to participating institutions’ initiation of
electronic medical records, a majority of the
births in the database (87%) occurred
between 2005 and 2007.4
The CSL abstracted the data from newborn
discharge summaries as International
Classiﬁcation of Diseases, Ninth Revision,
codes. A level 0 NICU was deﬁned as no NICU.
A level I NICU was deﬁned as basic care, a
level II NICU was a specialty nursery, and a
level III NICU was a subspecialty care unit.
All of the included NICUs have associated
maternity centers. None of the included
NICUs were referral children’s hospitals.
By deﬁnition, all infants included in the CSL
database are inborn to 1 of the
participating delivery hospitals. The CSL
collected data, including maternal
demographic characteristics, maternal
medical conditions, and labor and delivery
information. The CSL determined gestational
age by using best obstetrical estimate. The
CSL abstracted data on birth weight, infant
diagnoses such as sepsis, intracranial
hemorrhage, periventricular hemorrhage,
intraventricular hemorrhage, pneumonia
(infectious or aspiration), asphyxia, hypoxicischemic encephalopathy, respiratory
distress syndrome, seizures, transient
tachypnea of the newborn, chromosomal
anomalies, oxygen use in the NICU,
mechanical ventilation or continuous
positive airway pressure use in the NICU,
maternal chorioamnionitis, and maternal
recreational drug use from each
institution’s electronic medical record; this
information was added to the database. The
CSL performed data cleaning, logic
checking, and validation checks, and a high
level of accuracy was conﬁrmed. All
participating institutions obtained
institutional review board approval. The
data set did not provide a NICU diagnosis of
hypoglycemia, and there are no cost data
available from this data set. Further details
about the CSL database, including methods
of data abstraction and validation of the
database, have been previously reported.4
For the purposes of the present study, we
examined a cohort of infants from 35 to
42 weeks’ gestation because most centers

routinely admit infants to the NICU outside
of those parameters. We selected an a priori
list of conditions that commonly necessitate
NICU admission (Table 1). The list was then
subdivided into absolute indications (ie,
aspects in which it would be reasonable to
agree that neonatal intensive care services
were required) and relative aspects (ie, in
which some, but not all, neonatal care
providers and institutions admit to the
NICU). We considered infants admitted to the
NICU, but not having 1 of the listed
conditions, as having an unidentiﬁable
cause for admission. Infants with missing
data for 1 or more conditions, but who had
an identiﬁed reason for other variables,
were included in the data set as an
admission with an identiﬁed cause. Infants
not having at least 1 of the listed absolute
or relative conditions and missing data
ﬁelds for conditions were removed from the
list. This list and the inclusion of infants
were designed to be overly inclusive. Not
every credited diagnosis would require an
infant to be in the NICU but having that
diagnosis would be a reasonable indication
for NICU admission. Conversely, the absence
of at least 1 of these diagnoses creates the

TABLE 1 Identiﬁable Causes for NICU
Admission
Absolute Criteria

Relative Criteria

Sepsis
Pneumonia, infectious

Birth weight
#2500 g

Pneumonia, aspiration
Intrapartum aspiration

Maternal
chorioamnionitis

Hypoxic-ischemic
encephalopathy
Asphyxia

Maternal
recreational drug
use

Seizures
Intracranial hemorrhage
Intraventricular/
periventricular
hemorrhage
Respiratory distress
syndrome
Transient tachypnea
of the newborn
Congenital anomaly
Any oxygen use
Any mechanical ventilation
Any continuous positive
airway pressure
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possibility that a NICU admission was
unwarranted. Potential reasonable
diagnosis for NICU admission not accounted
for in the analysis exists. If the common
reasons for NICU admission in the study
population are accounted for in Table 1, the
degree of inter-NICU variation should then
be small.
The study analysis included descriptive
statistics, x2 tests for unadjusted site
comparison and categorical data, and
mixed linear analysis for the NICU length of
stay comparison based on identiﬁed cause
(adjusting for gestational age). Generalized
logistical regression allowed for modeling
of comparative NICU admission percentages
based on absolute/absolute 1 relative
diagnosis, hospital characteristic
(eg, hospital type, NICU level, in-house
neonatology coverage, number of annual
deliveries in 2006), and demographic
characteristics (eg, public versus private
insurance, maternal race/ethnicity, year of
birth, gestational age). Generalized
regression models allowed for adjusted
site comparison (Wald x2 tests with
estimated margin means). Model
comparisons included comparative Akaike
information criterion and dispersion
characteristics (value/df). There was
redundancy in hospital subcharacteristics,
with individual hospital de-identiﬁed
site used in multivariate modeling.
Use of this variable improved model
characteristics compared with inclusion
of subcharacteristics in modeling of NICU
admission percentages based on
absolute 1 relative diagnosis.

RESULTS
The complete CSL database consisted of
233 844 live births from 19 hospitals.
Characteristics of the 19 hospitals/NICUs
are presented in Table 2. Among the
217 442 infants 35 to 42 weeks’ gestation,
there were 19 213 NICU admissions. There
was a wide range between hospitals in NICU
admission rates (NICU admission/total
hospital births) among infants who were
$35 weeks’ gestation at birth according to
birth weight, maternal chorioamnionitis,
and maternal recreational drug use
(Table 3). Among infants admitted to the
NICU, the percentage of infants admitted

TABLE 2 Hospital Site Characteristics
Site

NICU Level

Hospital Type

1

3

University

4647

2

3

Teaching community

6730

3

3

Teaching community

4172

4

2

University

2810

5

3

University

3665

6

3

University

3472

7

0

Nonteaching

2251

8

2

Nonteaching

3856

9

3

Teaching community

4417

10

3

Teaching community

4390

11

3

University

6883

12

3

Teaching community

4063

13

3

Teaching community

2731

14

3

Teaching community

3782

15

3

University

6513

16

2

Teaching community

1689

17

3

Teaching community

7124

18

3

University

1309

19

3

University
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without an absolute or relative identiﬁable
cause (as deﬁned earlier) is presented in
Table 4. There was wide variation in the
percentage of NICU admissions without an
absolute or relative identiﬁable cause
among the 19 NICUs (Fig 1); this variation
was statistically signiﬁcant for all
absolute and relative categories for NICU
admission (range, 0%–59.4%; mean, 10.8%;
P , .001).
In multivariate modeling, hospital site
was the most important variable
associated with percentage of NICU
admissions with absolute or relative
causes. Interhospital variation for
percent NICU admissions without an
identiﬁable cause remained statistically
signiﬁcant across all models when
controlling for birth gestational age,
race/ethnicity, and insurance. Inclusion of

No. of Deliveries/Year

birth gestational age slightly improved
model characteristics. Year of birth was
not statistically signiﬁcant.
Among infants $35 weeks’ gestation,
infants without an identiﬁed cause (most
inclusive category) for NICU admission
accounted for 9.1% of the total NICU
admission days. Controlling for gestational
age, the mean NICU length of stay was
2.7 days shorter (95% conﬁdence interval,
–3.4 to –2.1; P , .001) for infants with no
identiﬁable cause (most inclusive category)
compared with those infants with an
identiﬁable cause.

DISCUSSION
This study found that there was a high rate
of unexplained variability in the percentage
of NICU admissions among infants 35 to
42 weeks’ gestation without an identiﬁable

TABLE 3 NICU Admission by Birthweight, Maternal Chorioamnionitis, and Recreational Drug Use
Data for All NICUs (N 5 19)

% of Hospital Births $35 Weeks’ Gestation Admitted to the NICU
Birth Weight
#2000 g

Range, %
P

9.1–98.6
,.001

#2500 g
7.0–58.6
,.001

Maternal
Chorioamnionitis
6.0–91.7
,.001
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Maternal Recreational
Drug Use
2.8–71.1
,.001
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TABLE 4 NICU Admission by Absolute and Relative Criteria
Variable

Criteria for Identiﬁable Cause for Admission

Admitted Without Identiﬁed Cause, %
Mean 6 SD

Range

P

Absolute criteria for NICU admission

Identiﬁed intensive care service need (n 5 17 327)

29.4 6 23.0

0–84.3

,.001

Relative criteria for NICU admission

Identiﬁed intensive care service need or #2500 g
(n 5 17 604)
Identiﬁed intensive care service need or maternal
chorioamnionitis or recreational drug use
(n 5 13 558)
Identiﬁed intensive care service need or #2500 g or
maternal chorioamnionitis or recreational drug
use (n 5 14 472)

24.2 6 18.6

0–69.2

,.001

13.5 6 21.9

0–70.1

,.001

10.8 6 17.8

0–59.0

,.001

cause in 19 hospitals (university,
community-teaching, and community) from
a geographically diverse database.
Admission to the NICU can be lifesaving for
those infants requiring intensive care
services. For infants who are
unnecessarily admitted to the NICU, in
addition to separation from the mother,
there are associated higher care
expenditures. These data suggest that
reducing institutional variability in NICU
utilization may be an important target for
cost reduction.

Because potential causes were gleaned
from care provider declaration, institutional
coding, and chart review, the data from this
study represent a conservative analysis of
NICU admissions without identiﬁable causes.
We could not determine from our analysis
the reasons behind the variability in NICU
admissions without an identiﬁable cause.
The sites themselves were diverse: they
included 8 university teaching hospitals,
9 community teaching hospitals, and
2 nonteaching community hospitals. When
determining the conditions included in the

identiﬁable causes for NICU admission, we
attempted to err on the more conservative
side in developing the criteria, and we
stratiﬁed the analysis along reasonable
absolute and relative reasons for the need
for NICU services. For example, 2500 g was
chosen as the weight cutoff as a reason for
an infant to be admitted to the NICU. By
setting the weight threshold to 2500 g, we
attempted to give sites more leeway in an
acceptable reason to admit to the NICU,
thereby decreasing variability. As evident in
Table 3, some sites used a lower weight or

FIGURE 1 Percentage of NICU admissions with an absolute or relative cause for NICU admission stratiﬁed according to site (de-identiﬁed 1–19);
100% indicates that an identiﬁed cause was met for all sites. The difference between 100% and the value is the percentage of infants
admitted to the NICU without an identiﬁable absolute or relative cause. Chorio, chorioamnionitis; Drug, maternal recreational drug use;
LBW, low birth weight.
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did not use weight at all in determining NICU
admission. We also included all recreational
maternal drug use as an acceptable reason
for NICU admission regardless of infant
symptoms.
Despite being relatively “lenient” with our
admission criteria, our study continued to
show unexplained variability in NICU
admissions without an identiﬁable cause
between hospitals. Relative admission
criteria may be a starting place to attempt
to limit variability and deliver higher value
care. Based on the criteria we used to
determine unexplained NICU admissions, the
variability between NICUs may be even
greater then portrayed by our conservative
analysis. Although our data are
representative of geographically diverse
NICUs, we did not assess utilization based
on geography. Our data highlight the
possibility that NICU utilization may be
related to hospital-level factors in addition
to infant-level factors.

and reasons for admission have been
understudied. The high level of variability
that exists between the NICUs (and within
each individual NICU) when analyzing the
absolute and different relative admission
criteria indicate potential opportunities to
reduce unnecessary NICU admissions. There
are many potential explanations for why
variability exists between hospitals in NICU
admissions without an identiﬁable cause.
Hospital-speciﬁc policies for NICU admission
may play an important role in the observed
variability. Our data suggest that further
dialogue and standardization of these types
of clinical pathways are needed to optimize
NICU utilization.

Infants admitted to the NICU without
identiﬁable cause had a shorter length of
stay than those infants who had reason to
be admitted. This ﬁnding provides further,
although indirect, support that some of
these infants may not have required NICU
admission. It also illustrates the need to
determine the multitude of potential factors
inﬂuencing variation in NICU admissions.
Decreasing variation may also allow the
creation of a length of stay prediction model
as previously described in the PICU
population.5,6 Such a tool would be
important for benchmarking allowing
institutional comparison of NICU utilization.
Alternatively, the excess admissions without
an identiﬁable cause may also be an
appropriate medical decision for an
individual infant based on a particular birth
hospital’s system-wide care plan. The fact
that other birth hospitals can have lower
unexplained admission percentages illustrates
that opportunities exist for an individual
hospital with elevated rates to improve their
processes related to NICU admission.

Our study has a number of other important
limitations. Although we obtained the
potential causes through chart abstraction,
inadequate chart documentation and chartspeciﬁc extraction may account for some
degree of unexplained variation. We
attempted to develop a comprehensive list
of diagnoses that are common and would
necessitate NICU admission. An important
omission from our admission criteria was
hypoglycemia requiring intravenous ﬂuids
or hyperbilirubinemia requiring
phototherapy. These diagnoses may or may
not be distributed equally across the
19 hospitals. The diagnoses would unlikely
account for the wide variation seen between
the highest and the lowest hospitals
(maximum inter-NICU range, 83%). We
cannot determine from these data whether
infants truly needed admission to the NICU.
Because we could not measure illness
severity, there were likely infants outside of
our set diagnostic criteria that warranted
admission. There are likely further rare
diagnoses that would warrant admission to
the NICU that differ according to study
center, but given the broadly comprehensive
list (Table 1), this scenario is unlikely to
explain more than a small proportion of the
detected variability. We also acknowledge
that data abstraction for this database
commenced in 2002 and concluded in 2008.

To date, variability in NICU care has focused
on speciﬁc therapies or bundles of care.
Variability has been shown in provision of
transfusions, respiratory care, and
discharge policies.7–10 Admission to the NICU

Unwarranted variation in NICU admissions
may represent poor utilization of health
care systems and a suboptimal
family–infant–birth hospital interaction. The
data from this large cohort cannot be used

to determine if different admission criteria
between NICUs are appropriate given the
individual systems of care within various
hospital systems. NICU admission criteria
may vary appropriately across centers to
meet underlying patient safety needs due
to nonequivalent systems of care
characteristics between hospitals. The
high level of variability indicates that there
are potential opportunities to safely
reduce a portion of the detected variability
through NICU admission criteria and
hospital system changes. Efﬁcient use of
NICU services has the potential to improve
patient care and patient satisfaction and
to reduce costs without compromising
care. These ﬁndings indicate the need to
initiate discussions among hospital
centers, hospital leadership,
neonatologists, and pediatric hospitalists
regarding admission requirements for
individual NICUs and systems of care to
optimize non-NICU supportive
maternal–newborn practices.

Acknowledgments
Institutions involved in the CSL include, in
alphabetical order, the following: Baystate
Medical Center, Springﬁeld, Massachusetts;
Cedars-Sinai Medical Center Burnes Allen
Research Center, Los Angeles, California;
Christiana Care Health System, Newark,
Delaware; Georgetown University Hospital,
MedStar Health, Washington, DC; Indiana
University Clarian Health, Indianapolis,
Indiana; Intermountain Healthcare and the
University of Utah, Salt Lake City, Utah;
Maimonides Medical Center, Brooklyn, New
York; MetroHealth Medical Center, Cleveland,
Ohio; Summa Health System, Akron City
Hospital, Akron, Ohio; The EMMES
Corporation, Rockville, Maryland (data
coordinating center); University of Illinois at
Chicago, Chicago, Illinois; University of Miami,
Miami, Florida; and University of Texas Health
Science Center at Houston, Houston, Texas.

REFERENCES
1. Institute of Medicine Committee on
Quality of Health Care in America.
Crossing the Quality Chasm: A New
Health System for the 21st Century.
Washington, DC: National Academies
Press; 2001

HOSPITAL PEDIATRICS Volume 6, Issue 5, May 2016

Downloaded from http://hosppeds.aappublications.org/ by guest on February 22, 2019

259

2. Slonim AD, Pollack MM. Integrating the
Institute of Medicine’s six quality aims
into pediatric critical care: relevance
and applications. Pediatr Crit Care Med.
2005;6(3):264–269

5. Ruttimann UE, Pollack MM. Variability
in duration of stay in pediatric
intensive care units: a
multiinstitutional study. J Pediatr. 1996;
128(1):35–44

8. Guillén U, Cummings JJ, Bell EF, et al.
International survey of transfusion
practices for extremely premature
infants. Semin Perinatol. 2012;36(4):
244–247

3. Zupancic JA, Richardson DK.
Characterization of the triage process in
neonatal intensive care. Pediatrics. 1998;
102(6):1432–1436

6. Ruttimann UE, Patel KM, Pollack MM.
Length of stay and efﬁciency in pediatric
intensive care units. J Pediatr. 1998;
133(1):79–85

9. Sant’Anna GM, Keszler M. Developing a
neonatal unit ventilation protocol for the
preterm baby. Early Hum Dev. 2012;
88(12):925–929

4. Zhang J, Troendle J, Reddy U, et al;
Consortium on Safe Labor. Contemporary
cesarean delivery practice in the United
States. Am J Obstet Gynecol. 2010; 203(4):
326.e1–326.e10

7. Altman M, Vanpée M, Cnattingius S,
Norman M. Moderately preterm infants
and determinants of length of hospital
stay. Arch Dis Child Fetal Neonatal Ed.
2009;94(6):F414–F418

10. Touch SM, Greenspan JS, Kornhauser
MS, O’Connor JP, Nash DB, Spitzer AR.
The timing of neonatal discharge: an
example of unwarranted variation?
Pediatrics. 2001;107(1):73–77

260

ZIEGLER et al

Downloaded from http://hosppeds.aappublications.org/ by guest on February 22, 2019

Variation in NICU Admission Rates Without Identifiable Cause
Kathryn A. Ziegler, David A. Paul, Matthew Hoffman and Robert Locke
Hospital Pediatrics 2016;6;255
DOI: 10.1542/hpeds.2015-0058 originally published online January 1, 2016;

Updated Information &
Services

including high resolution figures, can be found at:
http://hosppeds.aappublications.org/content/6/5/255

References

This article cites 9 articles, 3 of which you can access for free at:
http://hosppeds.aappublications.org/content/6/5/255.full#ref-list-1

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints

Information about ordering reprints can be found online:
http://classic.hosppeds.aappublications.org/content/reprints

Downloaded from http://hosppeds.aappublications.org/ by guest on February 22, 2019

Variation in NICU Admission Rates Without Identifiable Cause
Kathryn A. Ziegler, David A. Paul, Matthew Hoffman and Robert Locke
Hospital Pediatrics 2016;6;255
DOI: 10.1542/hpeds.2015-0058 originally published online January 1, 2016;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://hosppeds.aappublications.org/content/6/5/255

Hospital Pediatrics is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 2012. Hospital Pediatrics is owned,
published, and trademarked by the American Academy of Pediatrics, 345 Park Avenue, Itasca,
Illinois, 60143. Copyright © 2016 by the American Academy of Pediatrics. All rights reserved.
Print ISSN: 2154-1663.

Downloaded from http://hosppeds.aappublications.org/ by guest on February 22, 2019

