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Abstract

BACKGROUND: Perinatal services exist today as a dyad of maternal and neonatal care. When
perinatal care is fragmented or unavailable, excess morbidity and mortality may occur in pregnant
women and newborns.

OBJECTIVE: The objective of the study was to describe spatial relationships between women

of reproductive age, individual perinatal subspecialists (maternal-fetal medicine and neonatology),
and obstetric and neonatal critical care facilities in the United States to identify gaps in health care
access.

STUDY DESIGN: We used geographic visualization and conducted surface interpolation, nearest
neighbor, and proximity analyses. Source data included 2010 US Census, October 2013 National
Provider Index, 2012 American Hospital Association, 2012 National Center for Health Statistics
Natality File, and the 2011 American Academy of Pediatrics directory.

RESULTS: In October 2013, there were 2.5 neonatologists for every maternal-fetal medicine
specialist in the United States. In 2012 there were 1.4 level 111 or higher neonatal intensive care
units for every level 111 obstetric unit (hereafter, obstetric critical care unit). Nationally, 87%

of women of reproductive age live within 50 miles of both an obstetric critical care unit and

a neonatal intensive care unit. However, 18% of obstetric critical care units had no neonatal
intensive care unit, and 20% of neonatal intensive care units had no obstetric critical care unit
within a 10 mile radius. Additionally, 26% of obstetric critical care units had no maternal- fetal
medicine specialist practicing within 10 miles of the facility, and 4% of neonatal intensive care
units had no neonatologist practicing within 10 miles.

CONCLUSION: Gaps in access and discordance between the availability of level 111 or higher
obstetric and neonatal care may affect the delivery of risk-appropriate care for high-risk maternal
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fetal dyads. Further study is needed to understand the importance of these gaps and discordance on
maternal and neonatal outcomes.
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Perinatal services exist today as a dyad of maternal and neonatal care. Although most
hospitals deliver babies, only a small proportion provide specialized care.l When perinatal
care is fragmented or unavailable, excess morbidity and mortality may occur in pregnant
women and newborns.2-6

Since 2007, infant mortality rates in the United States have slowly declined.” However,

the United States still lags behind most industrialized nations in preventing infant death.8
In addition, the United States has experienced recent increases in the maternal mortality
rate, although it is unclear whether increases are due to improved identification of maternal
deaths or increased risk of mortality.?

Complementary but distinct levels of maternal and neonatal care were defined to ensure
mothers and neonates receive services in a setting with appropriate resources and personnel
to address their complexity of care (risk-appropriate care).10 Levels of maternal care were
recently proposed, whereas levels of neonatal care have been long-standing.

To assure risk-appropriate care is available to all mothers and neonates, perinatal
regionalization systems have been implemented by states.1112 Although regionalization

is discussed as perinatal (ie, including both the mother and neonate), the focus has
remained on the fetus/neonate.1314 A recent national initiative, Collaborative Improvement
and Innovation Network to reduce infant mortality is supporting states in operationalizing
perinatal regionalization.1® However, working across state borders is likely necessary to
reduce access barriers.16 We conducted spatial and proximity analyses of obstetric and
neonatal critical care units and sub-specialists in the United States to identify where the
potential gaps in access occur.

Materials and Methods

A descriptive analysis of current US perinatal resources was used to determine spatial
relationships between the population of women of reproductive age (ages 15-44 years),
individual perinatal subspecialists (maternal fetal-medicine and neonatology), and obstetric
and neonatal level 111 and higher facilities in the United States. Data are presented by state
and US Department of Health and Human Services (DHHS) region. We used geographic
visualization and conducted surface interpolation, nearest neighbor, and proximity analyses
(described in the following text).1”

All 50 states and the District of Columbia were included. The 2010 US Population Census
was used to determine the number of women of reproductive age nationally and by US
DHHS region.18.19 We assumed pregnant women were equally distributed across the women
of reproductive-age population. Therefore, the proportion of pregnant women within a
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geographic area who had access to a perinatal resource was used as a proxy for access
among women of reproductive age. The number of pregnant women was approximated by
using the number of live births from the 2012 National Center for Health Statistics Natality
File.20

Individual perinatal subspecialists included practitioners who have subspecialty board
certification in maternal-fetal medicine (MFM) or neonatal perinatal medicine (referred
to as neonatologists) according to the October 2013 National Provider Index.2! Only
subspecialists listed as active (currently practicing medicine) were included.

Obstetric critical care unit (OCCU) refers to facilities with a level 111 obstetric unit as
identified in the 2012 American Hospital Association (AHA) annual survey data. AHA
defines a level 111 obstetric unit as one that provides services for all serious illnesses and
abnormalities and is supervised by a full-time maternal-fetal specialist; neonatal critical care
unit (NICU) refers to a facility with a level 111 or higher NICU as identified in the 2011
American Academy of Pediatrics (AAP) directory data.2223 NICUs were linked to the AHA
database using Link Plus software. Unlinked NICUs from the AAP list because of name or
address inaccuracies were resolved using the hospital’s web site.

The Homeland Security Infrastructure Program (HSIP) Gold 2010 hospital data set was used
to confirm hospital locations.2* The HSIP also provides locations for individual facilities
within a hospital system. Records unable to be linked to the HSIP database because

of address inaccuracies were geocoded manually using physical addresses listed on the
facility’s web site.

A surface raster was created to visualize the women of reproductive-age population using
inverse distance weighting spatial interpolation of census block populations.2® Inverse
distance weighting is a deterministic interpolation of values that assumes each measured
point has a local influence that diminishes with distance. Raster and vector map layers
were built for all women of reproductive age. Point layers for each of the different types of
perinatal critical care providers were then created.

Lists of MFM subspecialists and neonatologists were extracted from the National Provider
Index using taxonomy codes specific for their primary practice. Subspecialists were then
geocoded to their listed office location using Centrus Desktop version 6.0. Subspecialist
layers were used to compare the number and distance of subspecialty units and practitioners
using nearest neighbor and proximity analyses.2>

Subspecialist layers were also used to create zonal layers for access to care proximity
analyses. Zonal layers were formed using Euclidean distance buffers placed around each
hospital at 10 and 50 miles and each individual subspecialist at 10 miles. Euclidean distance
buffers use straight line distance (as the crow flies) and appear on a map as perfect circles
around a point. Zones that overlapped were merged to form confluent zones, and zones that
crossed state boundaries were clipped by the state boundaries, allowing zones to be analyzed
by state.
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Thiessen polygons were generated around each hospital for the entire study area (continental
United States, Alaska, and Hawaii) to link women of reproductive age with their nearest
critical care hospital; the size and shape were dependent on the proximity to neighboring
hospitals.2® Polygons that included parts of more than 1 state were divided into 1 or more
sections, with 1 section for each state represented. Women of reproductive age residing in
sections with concordant state locations (section and nearest hospital in the same state) were
considered in-state; women of reproductive age with discordant state locations (section and
nearest hospital not in the same state) were defined as out of state.

To describe access to critical care, population layers were overlaid with zonal layers and
analyzed for spatial proximity.2” The population located within 50 miles of a critical care
facility were considered to have access; those located more than 50 miles from a critical
care facility were considered not to have access. Distance is a well-established barrier

to accessing care; 50 miles was selected based on both the golden hour and because it
approximates the farthest distance most people appear willing to travel for specialized
medical care.28-30 Proportions of women of reproductive age with and without access to
OCCUs and/or NICUs were calculated. In addition, zonal overlap was assessed to estimate
the number of women who had access to both critical care for herself and her newborn.

Distance between the nearest complementary OCCU and NICU was evaluated using a
nearest neighbor analysis to estimate the percentage of facilities requiring transfers of
critically ill mothers or infants.2> OCCUs and NICUs less than 0.25 miles apart were
considered the same facility. Transfers of less than 10 miles, and those of at least 10 miles,
were assessed separately. The number of facilities within 10 miles of each other was also
used to describe clustering of critical care hospitals. The 10 mile distance was based on
examining the distribution of the data. The median distance between subspecialists’ primary
office location and a critical care unit was approximately 0.5 miles. However, we decided to
use a more generous (although somewhat arbitrary) cutoff of 10 miles, which was between 1
and 2 SDs of the mean.

Proximity of MFM practice locations to obstetric units, and neonatologist practice locations
to NICUs, was assessed using a nearest-neighbor analysis. All analyses were conducted
using SAS versions 9.2 and 9.3 (SAS Institute, Cary, NC) and ArcGIS version 10.3 (ESRI,
Redlands, CA).

In October 2013 there were 2.5 neonatologists for every 1 MFM specialist in the United
States (4797 neonatologists; 1888 MFM specialists). Similarly, in 2012 there were 1.4
hospitals with an NICU for every 1 hospital with an OCCU (848 NICUs; 5990CCUs).
The afore-mentioned information corresponds to approximately 6 neonatologists per NICU
(4797/848), compared with approximately 3 MFM specialists per OCCU (1888/599). In
2012, there were 4.8 MFM specialists and 12.0 neonatologists per 10,000 live births,
respectively (Table 1).
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Nearly all obstetric (95%) and NICU (99%) units were located in urban areas. Therefore,
whereas large geographic areas in the United States were not covered by either of the
perinatal facility zones (46%), the vast majority of the population did have access to (defined
as living within 50 miles of) one or both types of critical care units (94%). Specifically, 91%
of the US population of women of reproductive age had access to an OCCU, 93% had access
to an NICU, and 87% had access to both.

However, access to specialized obstetric and neonatal care varied by state and region (Table
2). In all but 2 states within DHHS regions 1-5 (primarily states east of the Mississippi
River), at least 80% of the women of reproductive age had access to an obstetric critical care
unit, and in all states at least 80% of the women of reproductive age had access to an NICU.

In 13 states within regions 6-10 (primarily states west of the Mississippi River), fewer than
80% of the women of reproductive age had access to an OCCU, and in 13 states fewer
than 80% of the women of reproductive-age population had access to an NICU. Across all
regions, 21 states had less than 80% of women of reproductive age located within 50 miles
of both OCCUs and NICUs, and 3 states (Alaska, North Dakota, and Wyoming) had less
than 20% of their population located within 50 miles of both an OCCU and NICU.

The results for Alaska, North Dakota, and Wyoming are driven by insufficient OCCUs

in Alaska and North Dakota; and an absence of both OCCUs and NOCUs in Wyoming.
Although both Alaska and North Dakota show OCCUs (Figure 1A), the 50 mile access
zones do not cover a sufficient proportion of the state’s population of reproductive-age
women, and neither state has a practicing maternal-fetal subspecialist (Figure 3A). A small
proportion of the Wyoming population have access to critical care facilities in neighboring
states (16%), however, only 2% of women of reproductive age in Alaska had access to an
OCCU in a relatively nearby state (Washington).

More than 90% of states had women of reproductive age living closer to a critical care
facility in a neighboring state than to one in their residing state (Figure 1, A and B). In
total, 8.0% of women of reproductive age (approximately 5.0 million women) were closer
(ignoring the 50 mile spatial proximity) to an OCCU in a neighboring state than their

state of residence, 6.3% (approximately 3.9 million women) were closer to an NICU in a
neighboring state, and 9.8% (approximately 6.1 million women) were closer to both critical
care units in a neighboring state.

An estimated 2.3% of women of reproductive age (approximately 1.4 million women) had
access (within a 50 mile spatial proximity) through an OCCU only in a neighboring state,
2.0% (approximately 1.2 million women) had access through an NICU only in a neighboring
state, and 2.4% (approximately 1.5 million women) had access to both critical care units
only through a neighboring state.

In 23 states, women of reproductive age were less likely to have access to OCCUs than to
NICUs, and in 8 of those states, the difference in access was greater than 10% (Table 2).
Conversely, women of reproductive age in 12 states had more access to OCCUs than NICUs,
and in 2 of those states (Delaware and lowa), the difference in access was greater than 10%.
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In 16 states and the District of Columbia, there was no difference or the difference was less
than +1% between access to OCCUs and NICUs.

Sixty-seven percent of OCCUs were adjacent with an NICU, whereas 49% of NICUs were
adjacent with an OCCU. Eighteen percent of OCCUs and 20% of NICUs did not have a
complementary critical care unit within 10 miles (Figure 2). Clustering of OCCUs and of
NICUs was observed. Sixty-one percent of OCCUs had 1 or more OCCUs located within 10
miles, and 77% of NICUs had 1 or more NICUs located within 10 miles.

The availability of subspecialist practitioners to specialized care units varied by subspecialty.
Overall, 26% of OCCUs did not have a MFM specialist practicing within 10 miles of the
facility, whereas only 4% of NICUs did not have a neonatologist within 10 miles (Figure

3, A and B). In addition, only 65% of OCCUs had more than 1 MFM specialist within 10
miles, whereas 91% of NICUs had more than 1 neonatologist within 10 miles of the facility.
Lastly, 10% of MFM specialists practiced more than 10 miles away from an OCCU, whereas
only 3% of neonatologists practiced more than 10 miles away from an NICU.

We provide a spatial assessment of both obstetric and neonatal critical care. Evidence of
gaps in access and discordance between obstetric and neonatal critical care was identified,
with OCCUs and NICUs (level 111 or higher) operating without a complementary critical
care unit (level 111 or higher) nearby (within 10 miles). We defined access based on
distance to the nearest OCCU or NICU. Distance is only 1 component of access, but it

is a fundamental one.

We also identified clustering of critical care hospitals, with multiple OCCUs and NICUs
operating within 10 miles of each other. In addition, access to obstetric critical care lags
behind that for neonatal critical care in 4 ways: (1) fewer hospitals had OCCUs, compared
with NICUs; (2) fewer MFM specialists were currently practicing medicine, compared
with neonatologists; (3) more OCCUs were operating without an MFM specialist nearby;,
compared with NICUs operating without a neonatologist nearby; and (4) fewer OCCUs had
multiple MFM specialists nearby, compared with NICUs that had multiple neonatologists
nearby.

Such disparate capabilities in obstetric and neonatal care are discouraged.3! Whereas the
majority of women of reproductive age in the United States have access to obstetric and
neonatal critical care, access varies widely across states. For almost 10% of women, the
timeliest access to both obstetric and neonatal critical care is in a neighboring state. Our
findings underscore the need for improved perinatal regionalization coordination within and
between states and a renewed focus on maternal critical care.

Critically ill mothers are more likely than non—critically ill mothers to have critically ill
infants. For example, surges of critically ill neonates have resulted from previous public
health emergencies affecting pregnant women, such as iatrogenic prematurity secondary to
the HIN1 pandemic.32 In addition, the growing number of reproductive-age women with
chronic health conditions (eg, diabetes and hypertension) may be increasing the need for

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 July 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brantley et al.

Page 7

perinatal critical care services.33 Planning and coordination between OCCUs and neonatal
critical care units is essential for mitigating both maternal and neonatal morbidity and
mortality.3

A one-size-fits-all approach to perinatal regionalization will not likely be effective. First,
perinatal critical care services are located almost exclusively in urban areas. States with large
rural and frontier areas will have to utilize existing alternative regionalization approaches,
such as telemedicine and formal agreements with facilities in neighboring states, to ensure
access for their populations.3! Second, the unique geographic areas of Alaska and Hawaii
have no adjacent state in which citizens can easily obtain out-of-state care, requiring special
consideration compared with approaches for the 48 contiguous states.

Misclassification of critical care designations may have occurred because on-site validation
was not conducted. Neonatal levels of care were assigned and verified by the AAP through
direct contact with NICU directors. OCCUs were self-reported in the AHA annual hospital
survey. AHA data may be used to determine reimbursement amounts, providing a potential
incentive to overestimate critical care capabilities. However, we reduced the potential for
overestimating OCCUs by verifying that an MFM specialist was currently practicing at

the facility. Therefore, the amount of misclassification is believed to be minimal, with no
substantial effect on conclusions.

In addition, differences in the numbers of MFM specialists and neonatologists supports

our finding of differences between the number of OCCUs and NICUs, despite potential
misclassification. We do not have information about how much time neonatologists and
MFM specialists spend in direct clinical care and how academic clinicians might differ
from private practice clinicians in patterns of care delivery. The discordance identified raises
questions about what might be the ideal distribution as it relates to outcomes.

Maternal and neonatal levels of care were developed and endorsed by national bodies
(American College of Obstetricians and Gynecologists and AAP, respectively). However,
implementation of nationally endorsed policies vary between states, and not all states define
and assess critical care capabilities equally.1® Most states have women of reproductive age
living closer to a critical care facility in a neighboring state than to one in their residing state.
Assuring there are not barriers that inhibit women from receiving care across state borders
will likely help prevent gaps in access.

Clustering of services and providers are potential barriers to accessing maternal and neonatal
critical care. Whereas competition within a cluster could promote high-quality care, it could
also result in marginalizing portions of the population. As US efforts to reduce maternal and
infant mortality continue, it will be important to consider opportunities for strengthening this
dyad of critical care and eliminating gaps in access. The recently proposed maternal levels
of care put forth jointly by the American College of Obstetricians and Gynecologists and the
Society for Maternal-Fetal Medicine is one such opportunity.10

Access gaps and discordance between the availability of obstetric and neonatal critical care
may affect delivery of appropriate care for high-risk maternal fetal dyads. In addition, the
growing number of reproductive-age women with chronic health conditions and congenital
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disabilities may be increasing the need for maternal critical care services. Further study is
needed to better understand the importance of these gaps and discordance on maternal and
neonatal outcomes.l
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FIGURE 1. Reproductive-age women within 50 miles of a perinatal critical care unit
Women of reproductive age (ages 15-44 years) living within 50 miles of a perinatal critical

care unit, by subspecialty and state, 2012. A, Access to level |11 obstetric critical care

unit. Green areas indicate access in state, dark red areas indicate access in state but closest
obstetric critical care unit is out of state, purple areas indicate access but to obstetric critical
care unit out of state, white areas indicate no access, but closest obstetric critical care

unit is in state, blue areas indicate no access and closest obstetric critical care unit is out

of state, and splatter indicates populated area. B, Access to level Il or higher neonatal
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intensive care unit. Green areas indicate access in state, dark red areas indicate access in
state, but closest neonatal intensive care unit is out of state, purple areas indicate access, but
neonatal intensive care unit is out of state, white areas indicate no access but closest neonatal
intensive care unit is in state, blue areas indicate no access, and closest neonatal intensive
care unit is out of state, and splatter indicates populated area.
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FIGURE 2. Proximity relationship of perinatal units
Proximity relationship of perinatal units: 10 mile zones around hospitals with level 111 or

higher obstetric and/or neonatal critical care units, United States, 2012. Dark green circles
indicate obstetric critical care unit and neonatal intensive care unit are adjacent, green circles
indicate an obstetric critical care unit, and pink circles indicate neonatal intensive care unit.
Note: the zone sizes for Alaska and Hawaii were modified to enable visualization.

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 July 31.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Brantley et al.

Page 13

FIGURE 3. Relationship of perinatal practitionersand perinatal critical care facilities
Relationship of perinatal practitioners and perinatal critical care facilities: perinatal critical

care hospitals overlaid with office location of perinatal specialists, United States, 2013. A,
Maternal fetal-medicine practitioners and obstetric critical care units. Black circles indicate
maternal-fetal medicine practitioner, and green circles indicate obstetric critical care unit. B,
Neonatologists and neonatal intensive care units. Black circles indicate neonatologists, and
purple circles indicate neonatal intensive care unit.
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