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Abstract

IMPORTANCE High emergency department (ED) pediatric readiness is associated with improved
survival among children receiving emergency care, but state and national costs to reach high ED
readiness and the resulting number of lives that may be saved are unknown.

OBJECTIVE To estimate the state and national annual costs of raising all EDs to high pediatric
readiness and the resulting number of pediatric lives that may be saved each year.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from EDs in 50 US states and
the District of Columbia from 2012 through 2022. Eligible children were ages O to 17 years receiving
emergency services in US EDs and requiring admission, transfer to another hospital for admission, or
dying in the ED (collectively termed at-risk children). Data were analyzed from October 2023 to

May 2024.

EXPOSURE EDs considered to have high readiness, with a weighted pediatric readiness score of 88
or above (range O to 100, with higher numbers representing higher readiness).

MAIN OUTCOMES AND MEASURES Annual hospital expenditures to reach high ED readiness from
current levels and the resulting number of pediatric lives that may be saved through universal high
ED readiness.

RESULTS A total 842 of 4840 EDs (17.4%; range, 2.9% to 100% by state) had high pediatric
readiness. The annual US cost for all EDs to reach high pediatric readiness from current levels was
$207 335302 (95% Cl, $188 401692-$226 268 912), ranging from $0 to $11.84 per child by state. Of
the 7619 child deaths occurring annually after presentation, 2143 (28.1%; 95% Cl, 678-3608) were
preventable through universal high ED pediatric readiness, with population-adjusted state estimates
ranging from O to 69 pediatric lives per year.

CONCLUSIONS AND RELEVANCE In this cohort study, raising all EDs to high pediatric readiness was
estimated to prevent more than one-quarter of deaths among children receiving emergency
services, with modest financial investment. State and national policies that raise ED pediatric
readiness may save thousands of children’s lives each year.
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Key Points

Question What are the state and
national costs of raising all emergency
departments (EDs) to high pediatric
readiness and the potential number of

lives saved?

Findings In this cohort study of 4840
EDs across the US, 842 (17.4%) had high
pediatric readiness and the annual cost
to reach high pediatric readiness was
$207 335302, ranging from $0 to $11.84
per child by state. An estimated 2143
pediatric lives may be saved each year
through universal high ED pediatric
readiness.

Meaning These results suggest that
raising all EDs to high pediatric readiness
would potentially save thousands of
pediatric lives each year, with modest
financial investment.
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Introduction

Emergency department (ED) pediatric readiness represents the ability to care for acutely ill and
injured children, which encompasses care coordination, personnel, quality improvement, safety,
policies and procedures, and equipment.’ A high level of ED pediatric readiness is associated with
improved survival compared with low-readiness EDs among critically ill children,? injured children
admitted to trauma centers,®* and children with injuries and medical conditions requiring
hospitalization.® The survival benefit persists to 1year after the ED visit.>® There is a modestly higher
cost of delivering care in high readiness EDs’ and the hospital costs needed to reach and sustain high
ED readiness.® Raising all EDs in the US to high pediatric readiness is more cost-effective than several
routine childhood vaccinations and the level of cost-effectiveness for high ED readiness meets all
commonly accepted thresholds.® '

While evidence for the benefits of high ED pediatric readiness is compelling, a 2023 national
assessment' showed that pediatric readiness stagnated from 2013 to 2021 with decreases among
EDs that took both assessments. There has also been a steady decline in pediatric inpatient services
and consolidation of pediatric admissions in urban tertiary care hospitals over the past decade,
resulting in longer travel distances for these services.'*'> Combined with known barriers in access to

pediatric trauma care,'®"

ensuring universal access to high-quality pediatric emergency care is one

mechanism to address the limited distribution of pediatric resources and increasing mortality among
children in the US.™ In this study, we estimated the state-by-state and national costs of raising all EDs
to high pediatric readiness from current levels and the resulting annual number of pediatric lives that

may be saved.

Methods

Study Design

This observational study was reviewed and approved by institutional review boards (IRBs) at Oregon
Health and Science University and the University of Utah School of Medicine. The IRBs waived the
requirement for informed consent because this study was based on existing data sources and met
criteria for a Health Insurance Portability and Accountability Act waiver. We followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) cohort study
reporting guidelines. We used several data sources to estimate current levels of ED pediatric
readiness across the US, the costs to raise all EDs to high pediatric readiness, the annual number of
deaths among children receiving emergency services, and the number of potential lives saved
through universal high ED pediatric readiness (eTable 1and eAppendix 1in Supplement 1).

Study Setting

We identified all EDs caring for children in the US, their levels of pediatric readiness and annual
volumes of children. Among the 5150 EDs invited to complete the 2021 national pediatric readiness
assessment, 3557 had sufficient data to calculate the level of readiness and pediatric volume.™ For an
additional 1064 EDs that did not complete the 2021 assessment, we used their responses from the
2013 national assessment. We matched EDs to the 2021 American Hospital Association (AHA) annual
survey to provide additional information on each facility. We excluded hospitals in US territories,
specialty hospitals, hospitals with no ED, EDs without coverage for 24 hours per day and 7 days per
week, long-term acute care hospitals, and hospitals with insufficient information to confirm the
presence of an ED (eFigure 1in Supplement 1). For 289 EDs with matched AHA data that did not
complete either national readiness assessment, we imputed ED pediatric readiness and annual
pediatric volumes using hospital-level multiple imputation' with fully conditional specification.2°-!
In total, we included 4840 EDs from 50 states and the District of Columbia (eFigure 1in
Supplement 1).
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Patient Population

We included children aged O to 17 years receiving emergency services and requiring hospitalization,
transferred for hospitalization to a different hospital, or who died in the ED (collectively termed
at-risk children). Children were followed through the duration of their hospital stay. At-risk children
are sensitive to different levels of ED pediatric readiness®® and represent approximately 3.7% of all
children presenting to EDs.”

Emergency Departments and Pediatric Readiness

To measure the level of ED pediatric readiness, we used the weighted Pediatric Readiness Score
(WPRS) from 2 recent national assessments that included US EDs providing emergency care 24 hours
per day, 7 days per week.">?2 The 2021 assessment was completed from May through August 2021
(71% response rate, 3557 of 5150 invited hospitals)™ and the 2013 assessment was completed from
January through August 2013 (83% response rate, 4146 of 5017 invited hospitals).?? The wPRS is a
weighted score from O to 100 based on questions with moderate-to-high clinical importance in 6
domains,?® with 100 representing the highest level of ED pediatric readiness'>?2 and alignment with
national ED guidelines for the care of children.?* Calculation of the wPRS was similar in both national
assessments. The wPRS has been used to quantify ED pediatric readiness across US hospitals™2? and
trauma centers.*?> We matched the national assessments to each ED using hospital name, address,
and zip code. The threshold of wPRS associated with improved survival has ranged from 88 to 95 in
prior studies.®>® Because the largest evaluation of ED pediatric readiness (796 937 children cared for
in 983 EDs in 11 states) showed that wPRS 88 or higher was associated with increased survival,® we
used this level to define high ED pediatric readiness.

Outcomes

The primary outcomes were state-specific annual costs (adjusted to 2023 US dollars®®) to reach and
sustain high ED pediatric readiness from current levels and the resulting number of pediatric lives
that may be saved through high ED pediatric readiness.

Statistical Analysis

Cost Estimations

To estimate the annual state-specific costs to reach and sustain high ED pediatric readiness, we
applied previously derived hospital-based annual cost estimates specific to annual ED pediatric
volume and current levels of ED readiness® for every ED in each state. To estimate the costs per child
in each state, we divided the annual cost to reach high ED readiness by the number of children (ages
0 to 17 years) residing in the state using the 2022 American Community Survey population averages
for 2018 to 2022.%” We estimated uncertainty in the estimates based on previously calculated means
and 95% Cls for hospital-level costs,® with bootstrapped standard errors weighted by the number
of EDs in each readiness quartile and volume category (defined below).

Estimating Number of Lives Saved

To estimate the annual number of lives that may be saved in each state under a scenario of universal
high ED pediatric readiness, we first calculated the annual number of at-risk children in each state.
Because standard data sources do not capture these children in every state, we developed a method
to estimate state-specific numbers. Based on the cohort of children receiving emergency services in
11 states,® we created a hospital-level distribution of at-risk children by wPRS quartile (O to 58, 59 to
72,730 87, and 88 to 100) and annual ED volume of children (less than 1800 children; 1800 to
4999 children; 5000 to 9999 children; 10 000 children or more). For each of the 16 combinations
of ED pediatric readiness and annual pediatric volume, we calculated the median annual number of
at-risk children per ED (eTable 2 in Supplement 1) and applied this distribution to all 4840 US EDs
based on known values for pediatric readiness and annual volume. We validated the estimates using
2019 data for 14 states participating in the Health Care Utilization Project and reporting the number
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of children hospitalized through the ED,%® combined with the number of children who died in the ED
as available in the Centers for Disease Control and Prevention WONDER database®® (eFigure 2 in
Supplement 1). We selected 2019 as the most recent year approximating current annual numbers of
at-risk children because the COVID-19 pandemic in 2020 temporarily reduced the number of ED
visits across the US.3%3!

Based on the number of at-risk children in each state, we estimated the annual number of
deaths among children presenting to EDs under current levels of pediatric readiness by applying the
observed probability of death in each of the 16 combinations of pediatric readiness and annual ED
pediatric volumes. We estimated the probability of death using the cohort of 796 937 children
receiving emergency services in 983 EDs,® with validation of the state-specific death estimates
against the 2019 numbers in all 50 states using the WONDER database?' (eFigure 3 in Supplement 1).
Because WONDER does not separate inpatient deaths by admission source, we used a ratio from 11
states® to estimate the number of inpatient deaths among children admitted through the ED.

To estimate the annual reduction in pediatric deaths (lives saved) in each state under a scenario
of universal high ED pediatric readiness, we applied the adjusted reduction in probability of death
associated with high ED readiness to the annual number of deaths, accounting for current levels of
ED readiness and ED pediatric volumes. To estimate the risk-adjusted reduction in probability of
death associated with high ED readiness, we used a hierarchical, mixed effects logistic regression
model with a random slope and random intercept to account for clustering by the initial ED
separately for children presenting with injuries vs acute medical illness.® We calculated the adjusted
predictive margins for quartiles 1to 3 of ED pediatric readiness vs the counterfactual scenario of high
ED readiness (quartile 4), plus the corresponding standard errors. The difference between the annual
number of deaths at current levels of ED pediatric readiness vs universal high ED readiness yielded
the estimated number of lives that may be saved by state. We summed the state-specific estimates
to generate a national estimate and calculated uncertainty using the standard errors of observed
and counterfactual probabilities of death with bootstrapping to generate 95% Cls.32 Details of the
methods and data sources used to generate state and national estimates for costs and lives saved are
included in Supplement 1. We used data from 2012 through 2022, which we analyzed between
October 2023 to May 2024.

We used SAS version 9.4 (SAS Institute Inc) for data management, analysis, and imputation,
Stata version 18 (StataCorp) for model-based estimates of mortality reduction, and R version 4.3.2 (R
Foundation for Statistical Computing) for graphing. All statistical tests were 2-sided with an a < .05.

Results

We estimated that 669 019 at-risk children receive emergency services in 4840 EDs across the US
each year (Table). Among the 4840 EDs, the median (IQR) wPRS was 69 (59-82; range, 26-100).
Based on current levels of ED pediatric readiness, 842 of 4840 EDs (17.4%) had high readiness (ie,
WPRS 88 or above) with a range of 2.9% in Arkansas to 100% in Delaware. The annual cost for all EDs
in the US to reach high ED pediatric readiness from current levels was $207 335302 (95% Cl,

$188 401692-$226 268 912), ranging from $0 in Delaware to $18 045 405 in Texas (Table). Current
annual investment in ED pediatric readiness and the cost to reach high ED readiness are shown in
Figure 1. The annual costs per child to reach universal high ED pediatric readiness ranged from $0 in
Delaware to $11.84 in North Dakota (Figure 2).

Among the 669 019 at-risk children cared for in EDs each year, we estimated that 7619 (1.1%) die
during the acute care visit, including ED and inpatient deaths. The annual number of pediatric deaths
under current levels of ED readiness ranged from 8 in Wyoming to 691in Texas (Table). We estimated
that 2143 (28.1%; 95% Cl, 678-3608) of the 7619 childhood deaths each year may be preventable
through universal high ED pediatric readiness, ranging from zero in Delaware (100% of EDs currently
at high readiness) to 507 in New York (25.8% of EDs currently at high readiness) (Table). Figure 3
shows the number of pediatric deaths under current vs universal high ED readiness after accounting
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Table. State and National Estimates of Emergency Departments, Children Served, Deaths in the Context of Pediatric Readiness,
and Costs to Reach High Pediatric Readiness

Annual child deaths  Annual child deaths  Annual child lives that
Annual at-risk ED given current level if all EDs had high could be saved if all EDs

No. of EDs caring visits by children, of ED readiness, pediatric readiness, had high pediatric Annual cost to reach high
States for children, No. (%) No. (%)? No. (%) No. (%) readiness, No. (%) ED readiness, $ (%)
US total 4840 669019 7619 5476 2143 207 335302
Alabama 89 (1.8) 7611 (1.1) 110(1.4) 63(1.2) 47 (2.2) 4567670(2.2)
Alaska 23(0.5) 993 (0.1) 15(0.2) 7(0.1) 8(0.4) 993108 (0.5)
Arizona 79 (1.6) 14730 (2.2) 159 (2.1) 120 (2.2) 39(1.8) 3191078 (1.5)
Arkansas 68 (1.4) 4317 (0.6) 68 (0.9) 33(0.6) 35(1.6) 3687004 (1.8)
California 332(6.9) 62122 (9.3) 659 (8.6) 506 (9.2) 153 (7.1) 12764775 (6.2)
Colorado 88(1.8) 11313 (1.7) 132 (1.7) 90 (1.6) 42 (2.0) 4216015 (2.0)
Connecticut 36 (0.7) 8332(1.2) 87 (1.1) 71(1.3) 16 (0.7) 1267156 (0.6)
Delaware 10(0.2) 2369 (0.4) 25(0.3) 25(0.5) 0 0
District of Columbia 7(0.1) 3071 (0.5) 30(0.4) 28(0.5) 2(0.1) 197767 (0.1)
Florida 253(5.2) 50347 (7.5) 547 (7.2) 418 (7.6) 129 (6.0) 10501726 (5.1)
Georgia 133(2.7) 25665 (3.8) 282(3.7) 210 (3.8) 72 (3.4) 6461980 (3.1)
Hawaii 24(0.5) 1090 (0.2) 20(0.3) 9(0.2) 11(0.5) 1061408 (0.5)
Idaho 40(0.8) 1499 (0.2) 31(0.4) 13(0.2) 18(0.8) 1866838(0.9)
Illinois 184 (3.8) 25118 (3.8) 274 (3.6) 239 (4.4) 35(1.6) 4334009 (2.1)
Indiana 134 (2.8) 10667 (1.6) 143 (1.9) 89 (1.6) 54 (2.5) 6243104 (3.0)
lowa 118(2.4) 5883 (0.9) 88(1.2) 57 (1.0) 31(1.4) 4989895 (2.4)
Kansas 131(2.7) 5703 (0.9) 86 (1.1) 47 (0.9) 39(1.8) 5938061 (2.9)
Kentucky 99 (2.0) 11123(1.7) 139 (1.8) 97 (1.8) 42(2.0) 4591956 (2.2)
Louisiana 109 (2.3) 12459 (1.9) 151 (2.0) 86 (1.6) 65 (3.0) 6151792 (3.0)
Maine 35(0.7) 1327 (0.2) 25(0.3) 10(0.2) 15(0.7) 1512136 (0.7)
Maryland 49(1.0) 11608 (1.7) 116 (1.5) 93(1.7) 23(1.1) 1496515 (0.7)
Massachusetts 64 (1.3) 19487 (2.9) 202 (2.7) 164 (3.0) 38(1.8) 2494113 (1.2)
Michigan 137(2.8) 18786 (2.8) 219(2.9) 155(2.8) 64 (3.0) 5958542 (2.9)
Minnesota 130(2.7) 8346 (1.2) 107 (1.4) 67 (1.2) 40(1.9) 5550742 (2.7)
Mississippi 83(1.7) 5691 (0.9) 79 (1.0) 42(0.8) 37(1.7) 4071543 (2.0)
Missouri 111(2.3) 13749 (2.1) 159 (2.1) 111 (2.0) 48(2.2) 5254258 (2.5)
Montana 59(1.2) 1377 (0.2) 28 (0.4) 14(0.3) 14 (0.7) 2407609 (1.2)
Nebraska 84 (1.7) 3065 (0.5) 50(0.7) 28(0.5) 22 (1.0) 3694226 (1.8)
Nevada 34(0.7) 6113 (0.9) 65 (0.9) 42(0.8) 23(1.1) 1525894 (0.7)
New Hampshire 28 (0.6) 2509 (0.4) 30(0.4) 22 (0.4) 8(0.4) 1037750(0.5)
New Jersey 70 (1.4) 27228 (4.1) 256 (3.4) 205 (3.7) 51(2.4) 2711031 (1.3)
New Mexico 39(0.8) 3551(0.5) 46 (0.6) 29 (0.5) 17(0.8) 1855436 (0.9)
New York 186 (3.8) 65113 (9.7) 627 (8.2) 507 (9.3) 120 (5.6) 7338606 (3.5)
North Carolina 120(2.5) 20372 (3.0) 229 (3.0) 166 (3.0) 63(2.9) 5690537 (2.7)
North Dakota 44(0.9) 811(0.1) 17(0.2) 7(0.1) 10(0.5) 2163254 (1.0)
Ohio 162 (3.3) 25660 (3.8) 294 (3.9) 210(3.8) 84 (3.9) 7391500 (3.6)
Oklahoma 115 (2.4) 6826 (1.0) 95(1.2) 50(0.9) 45(2.1) 5642392 (2.7)
Oregon 59(1.2) 6208 (0.9) 78 (1.0) 49(0.9) 29(1.4) 2748889 (1.3)
Pennsylvania 152 (3.1) 19352 (2.9) 238(3.1) 165 (3.0) 73(3.4) 6885955 (3.3)
Rhode Island 9(0.2) 1803 (0.3) 18(0.2) 15(0.3) 3(0.1) 352041 (0.2)
South Carolina 67 (1.4) 11572 (1.7) 141 (1.9) 103 (1.9) 38(1.8) 3414640(1.6)
South Dakota 54 (1.1) 1071 (0.2) 23(0.3) 8(0.1) 15(0.7) 2035263 (1.0)
Tennessee 114 (2.4) 19834 (3.0) 212 (2.8) 185 (3.4) 27 (1.3) 2655495 (1.3)
Texas 428 (8.8) 60963 (9.1) 691 (9.1) 495 (9.0) 196 (9.1) 18045405 (8.7)
Utah 49 (1.0) 4603 (0.7) 54(0.7) 37(0.7) 17(0.8) 1666549 (0.8)
Vermont 14 (0.3) 1088 (0.2) 13(0.2) 8(0.1) 5(0.2) 506739 (0.2)
Virginia 94 (1.9) 17219 (2.6) 190 (2.5) 135 (2.5) 55 (2.6) 4546805 (2.2)
Washington 90 (1.9) 8993 (1.3) 112 (1.5) 61(1.1) 51(2.4) 4345589 (2.1)
West Virginia 46 (1.0) 2520 (0.4) 36 (0.5) 16 (0.3) 20(0.9) 2169785 (1.0)
Wisconsin 131(2.7) 7389(1.1) 115 (1.5) 66 (1.2) 49 (2.3) 6095491 (2.9)
Wyoming 26 (0.5) 373(0.1) 8(0.1) 3(0.1) 5(0.2) 1045230(0.5)

2@ Children were defined as at-risk if they received care in emergency departments (EDs) and required admission, transfer to another hospital for admission, or died in the ED.
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for the number of children residing in each state. Population-adjusted estimates for the number of
additional pediatric lives that may be saved varied from zero in Delaware to 69 in South Dakota
(Figure 4).

Figure 1. Current Annual Investment in ED Pediatric Readiness and the Annual Cost to Reach High Readiness by State
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Figure 2. Annual Cost per Child Resident to Reach Universal High ED Pediatric Readiness by State
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The estimates were robust to sensitivity analyses evaluating heterogeneity in the association of
high ED pediatric readiness with survival across states. These analyses were also consistent when
using 2013 estimates for ED readiness when 2021 values were missing (detailed in eAppendix 2 in
Supplement 1).

Discussion

We estimated the state and national costs to reach universal high ED pediatric readiness and the
number of pediatric lives that may be saved through this investment. The state-specific costs per
child resident to raise all EDs to high readiness were modest, ranging from $0 to $12 per year. This
study adds to the growing body of research demonstrating the association between high ED
pediatric readiness and increased survival in children,?® small incremental costs of delivering care in
high-readiness EDs,” modest hospital expenditures to reach high ED readiness,® and the cost
effectiveness of raising all EDs in the US to high readiness ($9300 per quality-adjusted life-years
gained, $244 000 per life saved).™ These results provide policy makers, states, and national
organizations the information needed to potentially save thousands of children’s lives each year and
to address inequities in access to high quality emergency services for children.

Our results suggest that more than one quarter of deaths among children receiving emergency
care in the US may be preventable through ED pediatric readiness. The magnitude of benefit is
explained in part by the time to death among children who die after presenting for emergency care.
Among children presenting to EDs who died within 1 year, death most commonly occurred at the
initial ED>3 and often within hours of arrival.® That is, the window to intervene is early and narrow.
Based on the way that ED pediatric readiness is organized and conceptualized, any hospital can
achieve high ED pediatric readiness, regardless of inpatient services or hospital type. The
opportunity for all EDs to reach high pediatric readiness allows small EDs in rural regions to provide
the same level of high-quality emergency care to children as large tertiary care hospitals in urban
settings. When our results are combined with the known decreases in pediatric inpatient services

14.15 1617 ¢

over the past decade™ " and large regions without immediate access to pediatric trauma care,

Figure 3. Population-Adjusted Estimates of the Annual Number of Pediatric Deaths Under Current Levels of ED Pediatric Readiness vs Universal High ED Readiness
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Washington, DC is excluded because many children cared for in District hospitals came from outside the District, creating an artificially high population-adjusted estimate based on
children residing in the District.
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is clear that there are large health care deserts across the US where children lack access to high-
quality acute pediatric care. Increasing the number of high-readiness EDs would partly reduce the
number and size of these deserts. The impact of high ED pediatric readiness may be magnified in the
setting of disasters, mass casualty incidents, pandemics, and other events that further strain the
emergency care system.

Strategies for implementing our findings include a combination of regulation, incentives, and
policy-based initiatives. Hospital accreditation organizations could require all hospitals with EDs to
have high pediatric readiness. For example, the American College of Surgeons Committee on Trauma
added completion of the ED pediatric readiness assessment to the trauma center verification
criteria.>* Medicaid and private insurance reimbursement for ED pediatric visits could be modified to
incentivize hospitals to reach high ED pediatric readiness, using pay-for-performance and value-
based purchasing practices® to improve pediatric emergency care. In addition, state pediatric
recognition programs that encourage EDs to raise pediatric readiness have been associated with
higher levels of readiness.3® Federal programs to improve hospital preparedness®’ and specify
conditions of participation (ie, Centers for Medicare and Medicaid Services) could formally integrate
ED pediatric readiness. Policies seeking to raise ED pediatric readiness should incentivize adding
Pediatric Emergency Care Coordinators (PECCs), who are integral to all aspects of ED readiness>® and
associated with high observed-to-expected pediatric survival in US trauma centers.>® In all but the
busiest EDs, PECCs are part-time positions filled by existing nurses and physicians.54°

An equally important question to health policy is who should bear the costs of raising ED
pediatric readiness. Saving children’s lives benefits families, communities, and society at large, which
suggests the need for societal investment. High ED pediatric readiness is highly cost effective,
demonstrating the value of such an investment.'? We quantify the costs to reach high ED pediatric
readiness at the hospital level, but funding this effort could be operationalized in a number of ways.
Plausible funding options include state and federal subsidies, public and private insurers, regionalized

Figure 4. Population-Adjusted Estimates for the Annual Number of Pediatric Lives Saved Through Universal High ED Pediatric Readiness by State
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health care systems, taxpayer initiatives, and reimbursement incentives. Ideally, funding ED pediatric
readiness would be done at the federal level to avoid the uneven patchwork of health care services
that already exists across states.

Limitations

This study has limitations. To generate state-specific estimates for lives saved, we applied an 11-state
distribution of at-risk children and pediatric deaths generated from previous research to all states
based on known levels of readiness and ED volumes. While it is possible that children receiving
emergency care in the 11 states differed from children in other states, external validation of these
estimates showed good agreement and suggested the estimates were conservative. As the number
of children requiring emergency services returns to and eventually exceeds pre-COVID pandemic
levels, the number of lives saved from high ED pediatric readiness will exceed our estimates.
Sensitivity analyses showed our results to be robust to these assumptions.

Analysis reflects the state of ED pediatric readiness in 2021. For hospitals that did not complete
the 2021 assessment, we used their 2013 information (22% of all EDs in the sample). Given the
stagnation of ED readiness from 2013 to 2021," the sensitivity analyses showed that this strategy
was robust and valid, but it is possible that ED readiness could have changed in some hospitals. We
used quartiles of wPRS and categories of ED pediatric volume based on previous outcome studies?®

and the national assessments, '>%?

which decreased granularity in the association between ED
readiness and mortality, but allowed for sufficient sample sizes across all states. In addition, we
estimated the hospital costs to reach high ED readiness based on previous research® and the number
of inpatient deaths among children admitted through the ED based on a ratio from our previous
study.® Finally, there may be inherent differences between EDs with high vs low pediatric readiness
and between hospitals in each state (ie, unmeasured confounding) that could have affected our
mortality reduction estimates. However, our estimates were consistent with similar research done in

different states? and across different hospitals.~

Conclusions

In summary, we quantified the state-specific costs to reach universal high ED pediatric readiness and
showed that this investment may prevent more than one quarter of deaths among children receiving
emergency services in the US each year. The costs and number of lives saved varied across states,
but consistently showed large benefits for low costs per child resident. These estimates provide
policy makers the necessary information to enhance the US pediatric emergency care system and
save lives.

Accepted for Publication: August 27, 2024.

ARTICLE INFORMATION
Published: November 1, 2024. doi:10.1001/jamanetworkopen.2024.42154

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Newgard
CD et al. JAMA Network Open.

Corresponding Author: Craig D. Newgard, MD, MPH, Department of Emergency Medicine, Center for Policy and
Research in Emergency Medicine, Oregon Health & Science University, 3181 SW Sam Jackson Park Rd, Mail code
CR-114, Portland, OR 97239-3098 (newgardc@ohsu.edu).

Author Affiliations: Center for Policy and Research in Emergency Medicine, Department of Emergency Medicine,
Oregon Health & Science University, Portland (Newgard, Lin, Malveau, Cook, Salvi, McConnell, Babcock);
Department of Health Policy, School of Medicine, Center for Health Policy, Freeman Spogli Institute, Stanford

[5 JAMA Network Open. 2024;7(11):e2442154. doi:10.1001/jamanetworkopen.2024.42154 November 1,2024 9/12

Downloaded from jamanetwork.com by guest on 02/25/2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.42154&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
mailto:newgardc@ohsu.edu

JAMA Network Open | Emergency Medicine State and National Estimates of Cost of ED Pediatric Readiness and Lives Saved

University, Stanford, California (Goldhaber-Fiebert); Departments of Pediatrics and Surgery, Dell Medical School,
University of Texas at Austin, Austin (Remick); Los Angeles County Emergency Medical Services, Harbor-UCLA
Medical Center, Torrance, California (Gausche-Hill); Division of Trauma and Burn Surgery, Center for Surgery Care,
Children’s National Hospital, Washington, DC (Burd); Department of Surgery, Indiana University School of
Medicine, Indianapolis (Jenkins); Department of Pediatrics, University of Utah School of Medicine, Salt Lake City
(Ames, Mann, Hewes); Department of Surgery, Rutgers New Jersey Medical School, Newark (Glass); Department
of Surgery, University of Louisville School of Medicine, Norton Children’s Hospital, Louisville, Kentucky (Fallat);
Icahn School of Medicine at Mount Sinai, New York, New York (Carr); Center for Health Systems Effectiveness,
Department of Emergency Medicine, Oregon Health and Science University, Portland (McConnell); Department of
Surgery, University of California, San Francisco (Stephens); Oregon Emergency Medical Services for Children
Program, Oregon Health Authority, Portland (Ford); Departments of Pediatrics and Emergency Medicine, Yale
University School of Medicine, New Haven, Connecticut (Auerbach); Departments of Emergency Medicine and
Pediatrics, University of California, Davis School of Medicine, Sacramento (Kuppermann).

Author Contributions: Ms Lin and Dr Newgard had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.

Concept and design: Newgard, Lin, Goldhaber-Fiebert, Remick, Gausche-Hill, Cook, Mann, Carr, Ford,
Kuppermann.

Acquisition, analysis, or interpretation of data: Newgard, Lin, Burd, Malveau, Cook, Jenkins, Ames, Mann, Glass,
Hewes, Fallat, Salvi, McConnell, Stephens, Auerbach, Babcock, Kuppermann.

Drafting of the manuscript: Newgard, Lin, Remick, Salvi.

Critical review of the manuscript for important intellectual content: Newgard, Lin, Goldhaber-Fiebert, Remick,
Gausche-Hill, Burd, Malveau, Cook, Jenkins, Ames, Mann, Glass, Hewes, Fallat, Carr, McConnell, Stephens, Ford,
Auerbach, Babcock, Kuppermann.

Statistical analysis: Newgard, Lin, Salvi.

Obtained funding: Newgard, Mann.

Administrative, technical, or material support: Malveau, Cook, Mann, Hewes, Ford, Kuppermann.
Supervision: Newgard, Remick, Gausche-Hill, Mann.

Conflict of Interest Disclosures: Dr Mann reported grants from National Highway Traffic Safety Administration
outside the submitted work. Dr McConnell reported grants from the National Institutes of Health (NIH) during the
conduct of the study; he reported receiving personal fees from Genesis Research Group for survey review and
Massachusetts Medical School for review of an evaluation report outside the submitted work. No other disclosures
were reported.

Funding/Support: This project was supported by the Eunice Kennedy Shriver National Institute of Child Health
and Human Development (grant No. R24 HD085927) and the US Department of Health and Human Services
Health Resources and Services Administration (Emergency Medical Services for Children Targeted Issue Grant,
grant No. H34M(C33243-01-01).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content is solely the responsibility of the authors.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. Emergency Medical Services for Children (EMSC) National Resource Center. National Pediatric Readiness
Project. Accessed April 18, 2022. https://femscimprovement.center/domains/pediatric-readiness-project

2. Ames SG, Davis BS, Marin JR, et al. Emergency department pediatric readiness and mortality in critically ill
children. Pediatrics. 2019;144(3):e20190568. doi:10.1542/peds.2019-0568

3. Newgard CD, Lin A, Goldhaber-Fiebert JD, et al; Pediatric Readiness Study Group. Association of emergency
department pediatric readiness with mortality to 1year among injured children treated at trauma centers. JAMA
Surg. 2022;157(4):e217419. doi:10.1001/jamasurg.2021.7419

4. Newgard CD, Lin A, Olson LM, et al; Pediatric Readiness Study Group. Evaluation of emergency department
pediatric readiness and outcomes among US trauma centers. JAMA Pediatr. 2021;175(9):947-956. doi:10.1001/
jamapediatrics.2021.1319

[5 JAMA Network Open. 2024;7(11):e2442154. doi:10.1001/jamanetworkopen.2024.42154 November 1,2024 10/12

Downloaded from jamanetwork.com by guest on 02/25/2026


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.42154&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://emscimprovement.center/domains/pediatric-readiness-project
https://dx.doi.org/10.1542/peds.2019-0568
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2021.7419&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2021.1319&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2021.1319&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154

JAMA Network Open | Emergency Medicine State and National Estimates of Cost of ED Pediatric Readiness and Lives Saved

5. Melhado C, Remick K, Miskovic A, et al. The association between pediatric readiness and mortality for injured
children treated at US trauma centers. Ann Surg. Published online October 26, 2023. doi:10.1097/SLA.
0000000000006126

6. Newgard CD, Lin A, Malveau S, et al; Pediatric Readiness Study Group. Emergency department pediatric
readiness and short-term and long-term mortality among children receiving emergency care. JAMA Netw Open.
2023;6(1):62250941. doi:10.1001/jamanetworkopen.2022.50941

7. Newgard CDSM, Smith M, Lin A, et al; Pediatric Readiness Study Group. The cost of emergency care for children
across differing levels of emergency department pediatric readiness. Health Aff Sch. 2023;1(1):qxad015. doi:10.
1093/haschl/qxad015

8. Remick KE, Gausche-Hill M, Lin A, et al; Pediatric Readiness Study Group. The hospital costs of high emergency
department pediatric readiness. J Am Coll Emerg Physicians Open. 2024:5(3):e13179. doi:10.1002/emp2.13179

9. Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness-the curious resilience of the $50,000-per-
QALY threshold. N Engl J Med. 2014;371(9):796-797. doi:10.1056/NEJMp1405158

10. Sanders GD, Neumann PJ, Basu A, et al. Recommendations for conduct, methodological practices, and
reporting of cost-effectiveness analyses: second panel on cost-effectiveness in health and medicine. JAMA. 2016;
316(10):1093-1103. doi:10.1001/jama.2016.12195

11. Yanovskiy M, Levy ON, Shaki YY, Zigdon A, Socol Y. Cost-effectiveness threshold for healthcare: justification
and quantification. Inquiry. Published online May 13, 2022. doi:10.1177/00469580221081438

12. Weyant C, Lin A, Newgard CD, et al. Cost-effectiveness and health impact of increasing emergency department
pediatric readiness in the US. Health Aff (Millwood). 2024;43(10):1370-1378. doi:10.1377/hlthaff.2023.01489

13. Remick KE, Hewes HA, Ely M, et al. National assessment of pediatric readiness of US emergency departments
during the COVID-19 pandemic. JAMA Netw Open. 2023;6(7):e2321707. doi:10.1001/jamanetworkopen.
2023.21707

14. Cushing AM, Bucholz EM, Chien AT, Rauch DA, Michelson KA. Availability of pediatric inpatient services in the
United States. Pediatrics. 2021;148(1):e2020041723. doi:10.1542/peds.2020-041723

15. Leyenaar JK, Freyleue SD, Arakelyan M, Goodman DC, O'Malley AJ. Pediatric hospitalizations at rural and urban
teaching and nonteaching hospitals in the US, 2009-2019. JAMA Netw Open. 2023;6(9):e2331807. doi:10.1001/
jamanetworkopen.2023.31807

16. Burdick KJ, Lee LK, Mannix R, Monuteaux MC, Hirsh MP, Fleegler EW. Racial and ethnic disparities in access to
pediatric trauma centers in the United States: a geographic information systems analysis. Ann Emerg Med. 2023;
81(3):325-333. doi:10.1016/j.annemergmed.2022.08.454

17. US Government Accountability Office. Pediatric Trauma Centers—Availability, Outcomes, and Federal Support
Related to Pediatric Trauma Care. March 2017. Accessed August 27, 2024. https://www.gao.gov/assets/690/
683914.pdf

18. Woolf SH, Wolf ER, Rivara FP. The new crisis of increasing all-cause mortality in US children and adolescents.
JAMA. 2023;329(12):975-976. doi:10.1001/jama.2023.3517

19. Rubin DB. Multiple Imputation for Nonresponse in Surveys. John Wiley & Sons, Inc; 1987.

20. van Buuren SBJ, Groothuis-Oudshoorn CGM, Rubin DB. Fully conditional specification in multiple imputation.
J Stat Comput Simul. 2006;76:1049-1064. doi:10.1080/10629360600810434

21. LiuY, De A. Multiple imputation by fully conditional specification for dealing with missing data in a large
epidemiologic study. Int J Stat Med Res. 2015;4(3):287-295. doi:10.6000/1929-6029.2015.04.03.7

22. Gausche-Hill M, Ely M, Schmuhl P, et al. A national assessment of pediatric readiness of emergency
departments. JAMA Pediatr. 2015;169(6):527-534. doi:10.1001/jamapediatrics.2015.138

23. Remick K, Kaji AH, Olson L, et al. Pediatric readiness and facility verification. Ann Emerg Med. 2016;67(3):320-
328.el. doi:10.1016/j.annemergmed.2015.07.500

24. Remick K, Gausche-Hill M, Joseph MM, Brown K, Snow SK, Wright JL; American Academy of Pediatrics
Committee on Pediatric Emergency Medicine and Section on Surgery; American College of Emergency Physicians
Pediatric Emergency Medicine Committee; Emergency Nurses Association Pediatric Committee. Pediatric
readiness in the emergency department. Pediatrics. 2018;142(5):€20182459. doi:10.1542/peds.2018-2459

25. Remick K, Gaines B, Ely M, Richards R, Fendya D, Edgerton EA. Pediatric emergency department readiness
among US trauma hospitals. J Trauma Acute Care Surg. 2019;86(5):803-809. doi:10.1097/TA.
0000000000002172

[5 JAMA Network Open. 2024;7(11):e2442154. doi:10.1001/jamanetworkopen.2024.42154 November 1,2024 1/12

Downloaded from jamanetwork.com by guest on 02/25/2026


https://dx.doi.org/10.1097/SLA.0000000000006126
https://dx.doi.org/10.1097/SLA.0000000000006126
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.50941&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://dx.doi.org/10.1093/haschl/qxad015
https://dx.doi.org/10.1093/haschl/qxad015
https://dx.doi.org/10.1002/emp2.13179
https://dx.doi.org/10.1056/NEJMp1405158
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.12195&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://dx.doi.org/10.1177/00469580221081438
https://dx.doi.org/10.1377/hlthaff.2023.01489
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.21707&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.21707&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://dx.doi.org/10.1542/peds.2020-041723
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.31807&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.31807&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://dx.doi.org/10.1016/j.annemergmed.2022.08.454
https://www.gao.gov/assets/690/683914.pdf
https://www.gao.gov/assets/690/683914.pdf
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2023.3517&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://dx.doi.org/10.1080/10629360600810434
https://dx.doi.org/10.6000/1929-6029.2015.04.03.7
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.138&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.42154
https://dx.doi.org/10.1016/j.annemergmed.2015.07.500
https://dx.doi.org/10.1542/peds.2018-2459
https://dx.doi.org/10.1097/TA.0000000000002172
https://dx.doi.org/10.1097/TA.0000000000002172

JAMA Network Open | Emergency Medicine State and National Estimates of Cost of ED Pediatric Readiness and Lives Saved

26. Bureau of Economic Analysis. Personal Consumption Expenditures Price Index. Bureau of Economic Analysis.
March 29, 2024. Accessed April 8, 2024. https://www.bea.gov/data/personal-consumption-expenditures-
price-index

27. United States Census Bureau; US Department of Commerce. American Community Survey. June 18, 2024.
Accessed July 24, 2023. https://www.census.gov/programs-surveys/acs/about.html

28. Healthcare Cost and Utilization Project. Agency for Healthcare Research and Quality. Accessed August 22,
2024. https://datatools.ahrg.gov/hcupnet/

29. National Vital Statistics System. Mortality 2018-2021 on CDC WONDER Online Database, released in 2021.
Data are from the Multiple Cause of Death Files, 2018-2021, as compiled from data provided by the 57 vital
statistics jurisdictions through the Vital Statistics Cooperative Program. Centers for Disease Control and
Prevention, National Center for Health Statistics. Accessed August 22, 2024. https://wonder.cdc.gov/controller/
datarequest/D158

30. Boserup B, McKenney M, Elkbuli A. The impact of the COVID-19 pandemic on emergency department visits
and patient safety in the United States. Am J Emerg Med. 2020;38(9):1732-1736. doi:10.1016/j.ajem.2020.06.007

31. DeLaroche AM, Rodean J, Aronson PL, et al. Pediatric emergency department visits at US children’s hospitals
during the COVID-19 pandemic. Pediatrics. 2021;147(4):e2020039628. doi:10.1542/peds.2020-039628

32. Hesterberg T. Bootstrap. Wiley Interdiscip Rev Comput Stat. 2011;3(6):497-526. doi:10.1002/wics.182

33. Ames SG, Salvi A, Lin A, et al; Pediatric Readiness Study Group. Timing and causes of death to 1 year among
children presenting to emergency departments. Acad Emerg Med. 2024;31(6):555-563. doi:10.1111/acem.14875

34. American College of Surgeons. Resources for Optimal Care of the Injured Patient—2022 Standards. Revised
March 2022. Accessed July 2, 2024. https://www.facs.org/media/lqumyf4b/2022_vrc_injured-patient-
standardsmanual_final.pdf

35. Chee TT, Ryan AM, Wasfy JH, Borden WB. Current state of value-based purchasing programs. Circulation.
2016;133(22):2197-2205. doi:10.1161/CIRCULATIONAHA 115.010268

36. Whitfill TM, Remick KE, Olson LM, et al. Statewide pediatric facility recognition programs and their association
with pediatric readiness in emergency departments in the United States. J Pediatr. 2020;218:210-216.€2. doi:10.
1016/j.jpeds.2019.10.017

37. US Department of Health & Human Services; Administration for Strategic Preparedness & Response. Hospital
Preparedness Program (HPP). Accessed May 1, 2024. https://aspr.hhs.gov/HealthCareReadiness/HPP/Pages/
default.aspx

38. Tucker A, Bailey T, Edwards C, Stewart A. Emergency department pediatric readiness: a trauma center quality
improvement initiative. J Trauma Nurs. 2024;31(1):23-29. doi:10.1097/JTN.0000000000000765

39. Remick K, Smith M, Newgard CD, et al. Impact of individual components of emergency department pediatric
readiness on pediatric mortality in US trauma centers. J Trauma Acute Care Surg. 2023;94(3):417-424. doi:10.
1097/TA.0000000000003779

40. Foster AA, Li J, Wilkinson MH, et al. Pediatric emergency care coordinator workforce: a survey study. J Am Coll
Emerg Physicians Open. 2023;4(4):e13006. doi:10.1002/emp2.13006

SUPPLEMENT 1.

eTable 1. Data Sources, Years, and Variables Used for the Study

eFigure 1. Schematic of Emergency Department Cohort Creation

eTable 2. Median Annual Number of At-Risk Children by Weighted Pediatric Readiness Score (WPRS) Quartile and
Emergency Department (ED) Pediatric Volume Across 11 States

eFigure 2. State-level Comparison of Estimated Versus Actual Annual Numbers of At-Risk Children Receiving Care
in Emergency Departments in 14 States in 2019

eFigure 3. State-level Comparison of Estimated Versus Actual Annual Number of Deaths Among Children
Presenting to EDs in 50 States in 2019

eAppendix 1. Details of the Statistical Analysis

eAppendix 2. Description of Sensitivity Analysis

eReferences

SUPPLEMENT 2.
Data Sharing Statement

[5 JAMA Network Open. 2024;7(11):e2442154. doi:10.1001/jamanetworkopen.2024.42154 November 1,2024 12/12

Downloaded from jamanetwork.com by guest on 02/25/2026


https://www.bea.gov/data/personal-consumption-expenditures-price-index
https://www.bea.gov/data/personal-consumption-expenditures-price-index
https://www.census.gov/programs-surveys/acs/about.html
https://datatools.ahrq.gov/hcupnet/
https://wonder.cdc.gov/controller/datarequest/D158
https://wonder.cdc.gov/controller/datarequest/D158
https://dx.doi.org/10.1016/j.ajem.2020.06.007
https://dx.doi.org/10.1542/peds.2020-039628
https://dx.doi.org/10.1002/wics.182
https://dx.doi.org/10.1111/acem.14875
https://www.facs.org/media/1qumyf4b/2022_vrc_injured-patient-standardsmanual_final.pdf
https://www.facs.org/media/1qumyf4b/2022_vrc_injured-patient-standardsmanual_final.pdf
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.010268
https://dx.doi.org/10.1016/j.jpeds.2019.10.017
https://dx.doi.org/10.1016/j.jpeds.2019.10.017
https://aspr.hhs.gov/HealthCareReadiness/HPP/Pages/default.aspx
https://aspr.hhs.gov/HealthCareReadiness/HPP/Pages/default.aspx
https://dx.doi.org/10.1097/JTN.0000000000000765
https://dx.doi.org/10.1097/TA.0000000000003779
https://dx.doi.org/10.1097/TA.0000000000003779
https://dx.doi.org/10.1002/emp2.13006

