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Abstract

Extracorporeal membrane oxygenation (ECMO) is only available in specialized medical centers.
We conducted a geospatial analysis and found state- and region-level variation in the supply of
ECMO centers and the number of children who had access to ECMO. These findings may help
target areas for the development of new ECMO programs.



Extracorporeal membrane oxygenation (ECMO) is a highly specialized, resource-intense
form of life support for patients with severe cardiac and/or respiratory failure refractory to
conventional medical management. Extracorporeal cardiopulmonary resuscitation (ECPR)
refers to the use of ECMO to restore circulation during CPR for refractory cardiac arrest while
underlying causes are treated. Despite their life-saving potential, these time-sensitive
interventions, particularly ECPR, depend on rapid activation and deployment of complex,
multidisciplinary systems, limiting their widespread use.[1]

Thus, children generally only receive ECMO support in referral centers such as
children’s hospitals or large general hospitals, which are not uniformly distributed throughout the
United States (US). Recent literature has shown that 1 in 3 children in the US do not live within
a 60-minute drive of an ECMO center and that even though interfacility transfer systems could
expand access to nearly the entire US pediatric population, this potential has not yet been
realized.[2—4] In addition, very few children live close enough to an ECMO center to receive
ECPR in the case of out-of-hospital cardiac arrest (OHCA), though there is growing interest in
expanding access to selected children who suffer OHCA in light of emerging data that ECPR is
associated with improved outcomes.[5-8]

To date, however, all studies of access to ECMO services have been at the national
level, which may obscure important variation at the state and regional levels. In the US, child
health policies, including hospital regulation and payment policy (eg, Medicaid and the
Children’s Health Insurance Program) are typically set at the state rather than federal level.
Thus, initiatives to improve pediatric ECMO delivery through payment reforms, statewide
coordination, or investments in infrastructure (such as air transfer networks), would likely be
driven by state-level policymakers, as has been seen in other pediatric conditions.[9—14]
However, state borders do not capture coherent systems of acute care that span general
emergency care through definitive specialty services (such as children’s hospitals).[15] These

networks, which are bound together by shared referral and practice patterns, are better



described by regional systems such as Pediatric Emergency Referral Regions (PERRSs) defined
in the recently developed “Atlas of Pediatric Acute Care”.[16] Although state policy generally
drives “top down” system change, regional analysis better captures actual patterns of care
delivery in their local context, especially in areas where children frequently cross borders to
receive care. [15,17] Thus, regional analysis may enable “anchor” children’s hospitals to
coordinate practice and referral patterns across the areas from which they receive
patients.[17,18]

State and regional variation in the supply of pediatric ECMO centers, and access to
these centers, has not yet been described. Because doing so may inform future changes in the
organization of ECMO referral systems in the US, we conducted a cross-sectional geospatial
analysis to answer these questions. We hypothesized that there would be significant variation

among states and regions in ECMO center supply and access.

Methods

We first identified all centers providing pediatric or neonatal (hereafter “pediatric’) ECMO
and ECPR services in the US (consisting of the 50 states and the District of Columbia, hereafter
“states”) using the Extracorporeal Life Support Organization (ELSO) registry, which our group
and others have previously used to study access to ECMO services.[2,4,19,20] As in prior work,
we used ELSO criteria to identify centers who reported providing ECMO services: ELSO
classifies any center as providing a service if it reported at least 1 case meeting criteria (ie, a
specific support modality and patient age group) in the last 5 years.[2,4] We manually extracted
center characteristics, including the services provided and ECMO center addresses, between
April 15, 2025 and May 19, 2025.

We additionally accessed the 104 PERRs defined by the “Atlas of Pediatric Acute Care”
for the states in our analysis.[16] Analogous to Hospital Referral Regions from the “Dartmouth
Atlas for Adult Care”, PERRs describe geographically distinct systems of pediatric acute care at
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the tertiary/referral level; in general, more than 90% of pediatric acute care referrals stay within
a PERR. These regions frequently cross state borders, and most states have more than 1
PERR.

Because PERRSs are constructed from ZIP codes and their associated spatial
representations known as ZIP Code Tabulation Areas (ZCTAs), we performed our geospatial
analysis at this level. We linked ZIP codes to their population centroids from the US Department
of Housing and Urban Development, which enable accurate population-level analyses by
representing the average geographic location of a person with a given ZIP code.[21,22] We
used the American Community Survey to access the population <15 years of age for each
ZCTA, since this approach more specifically identifies pediatric care patterns.[23-25]

We first measured the number of ECMO centers in each region and state and calculated
Pearson correlation coefficients between their pediatric population and the number of ECMO
centers. Adapting our prior methods, we then measured access at the ZIP code level by using
ArcGIS Pro software to define “service areas” around ECMO centers, which represent the
geographic area from which a patient could reach an ECMO center under given travel
assumptions.[4] If a ZIP code’s population centroid fell within the service area, all children in the
ZIP code were assigned as having access to ECMO; if it fell outside the service area, all
children in the ZIP code were assigned as not having access.

To facilitate comparison with prior literature, we conducted our analysis using three
scenarios we published previously.[4] First, we calculated “direct access” to ECMO, defined as
the share of children <15 years of age who could reach an ECMO center by car within 60
minutes under typical traffic or weather conditions. We chose this threshold to align with other
studies of access to pediatric services including ECMO, inpatient hospitalization, and certified
trauma centers.[2,26—28] Second, we calculated “any access” to ECMO by adding the share of
children with “indirect access” to those with direct access. We defined “indirect access” as the

share of children <15 years of age living within a 60-minute drive of a hospital capable of



facilitating timely air transfer to ECMO services. “Indirect access” hospitals were defined as
those within a 120-mile radius of an ECMO center, representing a 1-hour 1-way helicopter
transport or 3-hour round-trip transport (including dispatch time and time at the bedside). We
chose this threshold to align with the primary analysis in the largest analogous study of indirect
access to ECMO services for adult populations.[29] Third, we calculated potential access to
ECPR services in case of OHCA, which we defined as living within 15 minutes of a center
providing pediatric ECPR services. We chose this threshold to align with recent models of
ground-based EMS transport of adult patients suffering OHCA to ECPR centers.[30,31]

We calculated all access findings at the ZIP code level and then aggregated our findings
by state and PERR. Importantly, we intentionally structured our analysis to not require children
to have access to services within the state or region in which they live. Rather, we measured the
share of children living within a state or region who have timely access to ECMO and ECPR
services, even if they must cross a state border to do so, as this better reflects the reality of
pediatric acute care delivery.[15]

As analysis of publicly available facility- and census tract-level data, this investigation is
not human subjects research and is exempt from Institutional Review Board requirements. We
conducted data manipulation in R version 4.4.0 and geospatial analysis in ArcGIS Pro version
3.3.2.

Results

We identified 258 pediatric ECMO centers and 169 pediatric ECPR centers. As shown in
Figure 1, there was variation in ECMO center supply, with a median of 4 ECMO centers per
state (interquartile range [IQR] 2 — 6) and 2 centers per region (IQR 1 — 3). Six states and 14
regions had no ECMO centers. The Pearson correlation coefficient between state population
and ECMO center supply was 0.92; the coefficient between regional population and ECMO

center supply was 0.80.



Direct access to ECMO centers varied widely by state and region (see Figure 2). In the
median state, 69.2% of children had direct driving access to ECMO services (IQR 44.1% —
79.5%). In the median region, 70.0% of children had direct access to ECMO services (IQR
64.7% — 89.0%). In 14 states and 27 regions, <50% of children had direct driving access to
ECMO services.

However, when accounting for indirect access (see Figure 3), access was near-
universal. In the median state, 98.5% of children had access via direct and/or indirect methods
(IQR 89.7% - 99.8%), with only 5 states having <50% access under this model. In the median
region, 99.7% of children had direct and/or indirect ECMO access (IQR 96.4% - 100%), with
only 6 regions demonstrating <50% access under this model.

Very few states and regions had meaningful ECPR access (see Figure 4). In the median
state, 11.2% of children (IQR 4.1% - 14.0%) had access to ECPR services; only 2 states (the
District of Columbia and Rhode Island) demonstrated >25% access. In the median region,
10.3% of children had access to ECPR (IQR 4.8% - 15.7%); only 7 regions demonstrated >25%
access to ECPR services.

We report the raw data, including the raw number and share of children with access to
ECMO and ECPR services, in the Supplement.

Discussion

In this geospatial analysis, we found significant variation among states and regions in
both the supply of pediatric ECMO centers and the ability of children to access these centers.
Despite improvements in potential accessibility using interfacility transport, a meaningful share
of children in some areas still lack access to ECMO services. We also found that very few areas
have a meaningful share of children with potential access to ECPR for OHCA.

Our study builds upon earlier work by demonstrating variation in ECMO access at the
levels of the system at which child health is most directly affected. These findings can directly

inform how state policymakers and regional leaders approach the organization of ECMO



centers and the design of high-functioning interfacility transfer systems. Although the state-level
variation in ECMO center supply is strongly correlated with population, there is more variation in
ECMO supply at the regional level. Although some regions have no ECMO centers, others have
as many as 9 centers serving the shared patient population living in the region. Hospital leaders
in regions without ECMO centers should consider whether their region needs (and can support)
its own pediatric ECMO program, even if located within an adult hospital or a non-academic
hospital.[32] Conversely, hospital leaders in regions with many centers should carefully consider
whether their region strikes the right balance of competition, coordination, and centralization for
ECMO and related services such as cardiac surgery.[33] Though competition can spur quality
improvement, it may also reduce patient volume at individual centers, which may not be
desirable in light of volume-outcome relationships for ECMO care and cardiac surgery.[34-37]
In some areas where children cross state borders to receive acute care, the organization
of ECMO centers within states may not fully reflect the areas served by those centers. However,
one strength of our analysis of access is that it allows for children to cross borders to reach
ECMO services, yet we still reveal meaningful state- and region-level variation in access to
ECMO. In many states, most children live within driving distance of ECMO centers, and in most
states, timely interfacility transfers can extend access to ECMO services to nearly all children.
However, some important gaps in access remain, especially in sparsely populated parts of the
rural western US. In these areas, low population density prohibits the development of specialty
centers such as children’s hospitals with sufficient volume, and the large geographic area
complicates the rapid transfer of patients to specialty centers. Some children’s hospitals in the
West provide quaternary services to many of these areas through existing transfer networks, but
these are above the level of regional tertiary services as defined by PERRs.[38,39] Although this
may ultimately extend ECMO access beyond what we model, these long-distance transfers do

not represent timely access within existing systems of tertiary care delivery.



Our finding of limited accessibility of ECPR centers aligns with national data. However,
studying access at smaller areas reveals one important finding: some regions and states may
serve as ideal “laboratories” to develop and refine ECPR systems for pediatric OHCA. In small
states such as Rhode Island and the District of Columbia, large shares of the pediatric
population live near ECPR centers, as in some densely populated regions (such as New York
City). The optimal use of ECPR for pediatric OHCA remains a major evidence gap in the newest
Pediatric Life Support guidelines, but retrospective data suggest ECPR may lead to higher
survival than conventional CPR in comparable populations.[7,8] Thus, there remains interest in
developing streamlined ECPR systems that incorporate prehospital recognition of eligible
patients to activate hospital-based ECMO services. There have even been some efforts to
provide mobile ECMO and ECPR, with evidence of early success in the Minneapolis-based
program.[40] Thus, these states and regions may be poised to lead further expansion of these
efforts, especially in pediatric patients.[30,31]

Finally, our findings add to a century’s worth of observations that the structure, function,
and outcomes of the health care system vary widely at the regional level.[41-44] Recent
decades have seen significant changes in the organization of pediatric acute care services,
though these changes have not been uniform across the US.[25,45-47] Future studies should
explore how state- and regional-level variation in the structure of pediatric acute care systems
relate to outcomes and costs; given the variation we document here, ECMO may be a useful
paradigm in which to study these questions.

Although the ELSO database is the largest database of ECMO services in the US, it is
voluntary and has limited granularity. Thus, there may be a small number of ECMO-capable
centers that are not in the ELSO database, and conversely, some adult centers that provide
ECMO only to adult-sized teenagers qualify as providing pediatric ECMO in our study. We
expect the net effect of these factors to represent “best-case” scenarios of access. We also are
limited by our assumptions about travel, including the availability of rotor-wing transport. Though
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these choices are in some ways arbitrary, we chose these assumptions to facilitate comparisons
to prior literature.[2,26—29] In some areas, air transfer may not always be available due to
weather conditions or lack of available infrastructure; in this case, our data provide an estimate
of the potential gains in access available from investments in infrastructure.

In conclusion, we found significant variation among states and regions in both the supply
of pediatric ECMO centers and the ability of children to access these center . These findings
have the potential to guide policymakers and hospital leaders in the organization of ECMO

services as these programs continue to grow.
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Figure 1: State and Regional Variation in the Supply of ECMO Centers
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Figure 2: State and Regional Variation in Direct Access to ECMO Centers
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Figure 3: State and Regional Variation in Access to ECMO Centers via Direct or Indirect Access
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Figure 4: State and Regional Variation in Access to ECPR Centers
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