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Abstract

BACKGROUND: To define a method for identifying neonatal intensive care unit (NICU)
admissions using administrative claims data.

METHODS: This was a retrospective cohort study using claims from Optum’s de-identified
Clinformatics® Data Mart Database (CDM) from 2016 — 2020. We developed a definition to
identify NICU admissions using a list of codes from the /nternational Classification of Diseases,
10" Revision, Clinical Modification (ICD-10-CM), Current Procedural Terminology (CPT), and
revenue codes frequently associated with NICU admissions. We compared agreement between
codes using Kappa statistics and calculated positive predictive values (PPV) and 95% confidence
intervals (CI).

RESULTS: On average, revenue codes (3.3%) alone identified more NICU hospitalizations
compared to CPT codes alone (1.5%), whereas the use of CPT and revenue (8.9%) and CPT
orrevenue codes (13.7%) captured the most NICU hospitalizations, which aligns with rates of
preterm birth. Gestational age alone (4.2%) and birthweight codes alone (2.0%) identified the least
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number of potential NICU hospitalizations. Setting CPT codes as the standard and revenue codes
as the “test,”, revenue codes resulted in identifying 86% of NICU admissions (sensitivity) and
97% of non-NICU admissions (specificity).

CONCLUSIONS: Using administrative data, we developed a robust definition for identifying
neonatal admissions. The identified definition of NICU codes is easily adaptable, repeatable, and
flexible for use in other datasets.

Keywords
Claims data; infant; neonatal intensive care unit; validation

1. Introduction

Infants cared for in the Neonatal Intensive Care Unit (NICU) is a heterogenous population
consisting of infants born preterm (<34 weeks’ gestation), late preterm (34-36 weeks’
gestation), and full-term (>37 weeks’ gestation) who receive specialized care for a
variety of low acuity and highly complex conditions. Although the NICU primarily cares
for those born preterm(<37 weeks’ gestation) or born very low birthweight (VLBW)
(<1500 grams), approximately 40%-49% of NICU admissions include infants born full-
term (i.e.,>37 weeks’ gestation) [1, 2]. Term infants may be admitted to the NICU for
congenital abnormalities, difficulty with birth transition (e.g., birth trauma or respiratory
issues), hypoglycemia, or drug exposure in utero [3]. Over the past decade, survival rates
have increased for the most vulnerable and medically complex infants [4], regardless of
gestational age at birth or birthweight, due to advances in medical and nursing care [5].
Given the increasing prevalence of infant survival beyond the NICU, investing in high-
quality methods to correctly identify NICU admissions is vital to our understanding of
long-term infant health, epidemiology and outcomes research and quality improvement.

Health services research often repurposes administrative billing or claims data, allowing for
epidemiological surveillance of medical conditions across populations. Historically, neonatal
health services research has focused on specific subgroups, such as infants born very

low birthweight (VLBW) (i.e., less than 1500 grams), extremely preterm (i.e.,<27 weeks’
gestation), or specific diagnoses such as necrotizing enterocolitis, congenital heart defects,
or hypoxic-ischemic encephalopathy [6, 7]. There is evidence that events such as very low
birthweight, cesarean delivery, or maternal hypertension are coded with a high degree of
accuracy in administrative data [8]. Furthermore, several validation studies are available

for identifying preterm births using gestational age categories [9-11] or birthweight [12,
13]. Presumably, all infants born less than 35 weeks’ gestation will be admitted to the

NICU for care; however, algorithms relying on infant age or weight alone fail to account

for infants born at or near term (i.e., not preterm) or capture infants whose reason for
admission is a medically complex condition. Currently, no definition is available to identify
NICU admissions (e.g., any or all infants admitted to the NICU). Such a definition would
address a significant gap within the literature, advance perinatal and neonatal health services
research, and further our understanding of how NICU care impacts future infant health and
development. Thus, this study aimed to define a method for identifying NICU admissions
using administrative claims data.
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2. Methods

Using Optum’s de-identified Clinformatics® Data Mart Database (CDM), we developed
a definition to identify NICU admissions. CDM includes a statistically de-identified

large claims data warehouse of administrative health claims for approximately 140
million children and adults from all 50 states, including approximately 13 million

annual private insurance lives. Data include enrollees covered by employer-sponsored and
individual insurance, including Health Insurance Marketplace plans. The University of
Michigan Institutional Review Board deemed this project exempt, as it uses de-identified
administrative claims data.

2.1. Algorithm sample

Our study population included all hospital deliveries between 2016 and 2020. All birthing
individuals were identified who met the following criteria: ages 15-44, with one insurance
plan, and continuous enrollment during the entire calendar year of the delivery. These
birthing individuals were then linked to their newborns (See Fig. 1).

2.2. Statistical analysis

Hospitals use three standardized coding systems to describe services provided to patients:
(1) International Classification of Diseases, 10"! Revision, Clinical Modification (ICD-10-
CM) diagnosis codes (descriptive codes that evaluate a patient’s condition, injury), (2)
Current Procedural Terminology (CPT) codes to identify medical services and procedures
that occurred during a patient’s visit, and (3) revenue codes that denote hospital services
provided to a patient (e.g., emergency room, intensive care, etc.). We generated a list

of ICD-10-CM, CPT, and revenue codes frequently associated with a NICU admission
identified from published literature and neonatal clinical research experts (See supplemental
materials for lists of ICD-10 and CPT codes used to define conditions). We created flags to
identify the presence or absence of (1) preterm birth (i.e., extremely preterm [<27 weeks’
gestation] and preterm [28-36 weeks’ gestation]), very low birthweight (P07 codes), and
small/light for gestational age (P05 codes) using ICD-10-CM codes; (2) type of neonatal
care (i.e., critical [99468, 99469] and intermediate care [99477-99480]) using CPT codes;
and (3) place of care using neonatal revenue codes (Levels 11-1V as defined by the American
Academy of Pediatrics(14); see supplemental materials). Revenue codes are used to identify
the place of department within a hospital where care was given and useful in identifying
type, place of care.

We analyzed the frequency of these codes in the data and compared whether a delivery

had evidence of codes in the following categories: (1) Infant codes: gestational age vs.
birthweight, (2) NICU codes: CPT codes vs. revenue codes, and (3) NICU codes vs. infant
codes. These comparisons helped identify which codes (i.e., infant or NICU) appeared more
frequently to better assess a true NICU admission. We estimated agreement between these
codes using Cohen’s kappa statistic. Kappa values range from 0 to 1, where greater values
indicate more agreement. To interpret kappa statistics, we used the following ranges: weak
agreement (0.4-0.59), moderate agreement (0.60-0.79), strong agreement (0.8-0.9), and
almost perfect (>0.9).(15)

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 March 06.
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To further explore the value of our definition, we conducted analysis by using CPT codes as
the reference group because clinicians document these codes based on services rendered. We
assessed the sensitivity, specificity, positive predictive value (PPV), and negative predictive
value of using revenue codes (the “test”) against CPT codes (the “standard). For deliveries
with revenue codes, the positive predictive value provides the probability of such deliveries
identifying NICU admissions. For deliveries without revenue codes, the negative predictive
value provides the probability of these deliveries identifying non-NICU admissions. All
statistics reported 95% confidence intervals (CI). We conducted data management and
analyses using SAS v.9.4 (Cary, NC) and R version 4.1.1 (R Core Team, 2021) including the
MultinomialCl package (v1.2).(16)

3. Results

Our study identified 359,542 deliveries and the demographic characteristics of the birthing
individual appear in Table 1. From 2016 — 2020 on average, less than 1% of deliveries had
evidence of extreme preterm birth (<27 weeks), 8% had evidence of preterm birth (28 — 33
weeks), 2% had evidence of low birthweight, 4% had evidence of small/light birthweight,
5% had evidence of critical NICU care (CPT code), 9% had evidence of intermediate NICU
care(CPTcode),and12%hadevidenceofNICUcare by revenue codes.

For each year, we evaluated the presence of NICU and infant codes in the following
categories: (1) infant: gestational age vs. birthweight, (2) NICU: CPT vs. revenue codes, and
(3) NICU (CPT and revenue codes) vs. infant (gestational age and weight) codes (see Table
2). For example, in 2020, the evidence for NICU admissions using CPT codes alone were
1.5%, revenue codes alone were 3.3%, evidence of CPT and'revenue codes combined was
8.9%, and evidence of CPT orrevenue codes was 13.7%. In comparison to the infant codes,
the evidence of preterm birth only (e.g., gestational age) was 4.2%, birthweight only was
2.0%, evidence of gestational age and birthweight was 4.0%, and evidence of gestational age
orbirthweight was 10.7% (see Fig. 2). For each year of data, revenue codes alone identified
more potential NICU admissions than CPT codes alone (see Table 2). When combined, the
evidence for NICU admissions using revenue and CPT codes on average was 9%; however,
the evidence for these admissions was greatest when using CPT orrevenue codes (14% on
average). Overall, CPT and revenue codes had the highest agreement among the categories
(kappa 0.75), whereas gestational age and birthweight codes, and NICU and infant codes
had weak agreement (see Table 3).

Using NICU CPT codes as the standard, we explored sensitivity and specificity compared to
revenue codes. Setting CPT as the standard and revenue as the “test,” using 2016 data,
revenue codes resulted in identifying 86% of NICU admissions (sensitivity) and 97%

of non-NICU admissions (specificity) (see Table 4). If revenue codes identified a NICU
admission, the delivery would have a 75% PPV of NICU care. If a delivery did not appear
to have NICU care using revenue codes, the delivery had a 98% NPV of not having a NICU
admission. Thus, revenue codes accurately identified a large portion of NICU admissions
and were able to discriminate those hospitalizations that were not NICU related.

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 March 06.
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4. Discussion

4.1.

4.2.

In this study, we developed and tested a definition to identify NICU admissions using a
large administrative claims dataset. This effort improves our ability to ascertain a broad
NICU cohort, previously limited by existing methods that only identified potential NICU
admissions based on preterm status or birthweight. Based on the evidence reported above,
revenue and CPT codes offer a greater chance of correctly identifying NICU admissions.
Revenue codes alone identified more NICU admissions compared to CPT codes (12% vs.
10% on average, respectively), whereas the use of CPT and/or revenue codes offer the
broadest identification. Our analysis suggests that revenue codes are sensitive and specific
to identifying infants receiving care in the NICU; thus, making them ideal for use across
multiple datasets. Clinicians and/or administrative staff may enter CPT codes into the
medical record based on services rendered and thus could be susceptible to variations in
clinician or health system practices/norms. Yet, billing departments often rely on CPT codes
to assign a revenue code. The decision to use CPT and'revenue codes compared to CPT or
revenue codes will likely depend on researcher preference, the research question, and the
information available (e.g., presence of all or some of the codes listed above).

Interpretation and usefulness of a NICU admission definition

With this study being among the first to examine neonatal codes, it provides researchers
with a robust and valid definition to study neonatal care and outcomes among infants truly
admitted to a Neonatal Intensive Care Unit. The strengths of this study include the large
sample size, use of standardized codes for healthcare encounters, and a rich administrative
dataset. Based on our analysis, CPT OR revenue codes captured the broadest range of
infants who may have had a NICU admission, regardless of preterm or birthweight status.
Reliance on algorithms that estimate gestational age or birthweight may underestimate the
population of interest (e.g., infants admitted to the NICU), and study findings can differ
based on the method selected [17]. If future neonatal health services research used the
proposed criteria identified in this work (i.e., CPT OR/AND revenue codes), the cohort
selection process should begin with the most permissive or broadest group, allowing for
further refinement using additional criteria to create subgroups. In doing so, we could
advance our current understanding of outcomes associated with neonatal care and infant
illness trajectories more broadly [18], rather than for specific subgroups (i.e., VLBW,
preterm, small for gestational age). It is important to remember that not all infants receiving
care in the NICU are born preterm and almost half NICU admission are for infants born
full-term with potentially life-threatening or complex conditions (e.g., congenital birth
defects, neonatal abstinence syndrome) [19]. Thus, limiting a cohort to those born <37
weeks’ gestation or based on birthweight needs to be carefully matched with the research
question. Researchers must balance the need for accuracy with data availability and ease
of implementation when choosing the best method for cohort selection and subsequent
analysis.

Limitations

This study has a few limitations to consider. First, we tested our definition in one
administrative dataset representing commercial claims from privately insured individuals.

J Neonatal Perinatal Med. Author manuscript; available in PMC 2024 March 06.
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There may be subtle differences in the completeness of information in other datasets

such as IBM MarketScan or Medicaid datasets. Even so, ICD-10, CPT and revenue

codes are standard across all healthcare encounters and thus easily testable in any given
dataset, including electronic health record, which also contain some degree of missing and
incomplete data. Future effort could focus on creating datasets that link claims data to
additional information in the electronic health records [8]. Lastly, we acknowledge that our
use of CPT codes as the reference group (i.e., gold standard) may appear circular in nature,
given that one could simply use NICU CPT codes to identify NICU admissions. Yet, as our
analysis revealed the combined use of CPT and Revenue codes (as an OR in the definition),
had the greatest sensitivity in identification and revenue codes alone identified more NICU
admissions than CPT codes (4% vs. 2%, respectively). The widespread use and familiarity
of CPT codes make it a feasible and effective standard for our exploration of a potential
gold standard. Without a common NICU indicator in claims dataset there are limitations

in accurately determining the denominator (e.g., known total of NICU admissions in the
dataset), which may result in underestimating NICU admissions. Yet, analysis from this
paper offers one potential algorithm (CPT AND Revenue codes (8%)) for identifying the
closest possible estimate of a denominator in this and other administrative datasets.

5. Conclusion

To our knowledge, this analysis represents one of the first studies to define specific criteria
for identifying NICU admissions using administrative claims data in lieu of available
electronic health records. We recommend identifying NICU admissions using the broadest
or most permissive criteria (i.e., definition: CPT OR revenue codes), then refining the group
based on gestational age, medical diagnosis, and/or birthweight.

Given the increasing prevalence of infant survival beyond the NICU, investing in high-
quality methods to measure and study neonatal (NICU) care is vital to our understanding

of long-term infant and family well-being and outcomes [20]. Those who use administrative
data to answer questions (e.g., clinicians, researchers, policymakers) should recognize the
multifaceted uses of information collected from patients—not just for clinical care or for
billing purposes, but to address opportunities for health equity and improvement of health
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Flow chart of the study cohort.
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In the deliveries studied, evidence for NICU hospitalizations was 10.8% using low GA or BW codes (a), 14% using CPT or
revenue codes (b), and 11% using infant or NICU codes (c).

Fig. 2.
Evidence of defined codes in delivery cohort, 2020.
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