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Background:  For the military beneficiary population with cardiac or congenital anomalies, the 

Fiscal Year 2019 health care costs were $83 million, including $55 million for newborns who 

were less than one year of age and $28 million for youth ages 1 to 17 (Kennell and Associates 

Inc., 2020).  The 2019 Military Health System (MHS) costs were approximately $50 billion 

(Mendez, 2019) and are expected to increase significantly through 2028 (Congressional Budget 

Office, 2014).  In an attempt to close the gap between cost and benefit for its 9.6 million 

beneficiaries, the MHS has considered targeted inclusion of Centers of Excellence (CoE) for 

purchased care within TRICARE insurance coverage and MHS policies.  In general, a CoE 

produces consistent outstanding measurable outcomes for a specific medical condition.  A 

Congenital Heart Defect (CHD) is the presence of abnormalities in the heart structure that 



  

develop in the uterus during pregnancy.  CHDs are the most common types of birth defects and 

the principal cause of illness and death for birth defect conditions.  CHDs are associated with 

comorbidities and repeat surgical interventions resulting in significant use of health care services 

during infancy, childhood, and adulthood, making CHDs a great candidate for CoE use. 

Objective:  To compare health care use, costs, and quality of care for pediatric CHD care at 

CoEs and non-CoEs for the military beneficiary population. 

Data Sources:  Retrospective claims data from the MHS Data Repository for MHS beneficiaries 

aged 0 to 17 years who received CHD care from 2016 to 2020. 

Study Design:  Using an instrumental variable approach to estimate the impact of CoE use on 

clinical outcomes (annual admissions, annual emergency room use, and mortality) and health 

care costs (total costs and hospitalization costs) for pediatric CHD care within the military 

beneficiary population. 

Results:  A total of 10,865 patients were included, of which 82.9% used a CoE at some point for 

CHD care.  Results suggested that racial disparities in CoE use were not significant for CHD 

care for the military beneficiary population.  There were disparities noted in CoE use by military 

rank, suggesting that Senior Enlisted and Other ranks were associated with lower odds of CoE 

use than Junior Enlisted ranks.  Results of the IV approach proved that the causal effect of CoE 

use was a lower probability (-14.1) of emergency room use post one-year CHD diagnosis for the 

military beneficiary population (p<0.01).  The causal effect of CoE use on annual admissions and 

mortality was insignificant at the .05 significance level but proved that CoE use did not increase 

annual admissions nor jeopardize patients’ survival post one-year CHD diagnosis for the military 

beneficiary population.  The causal effect of CoE use on CHD related annual costs was a 

$40,898 decrease in annual costs (p=.059).  Although the relationship was not significant at the 



  

.05 level, the magnitude of the reduction was approximately 53% of the mean annual cost.  

When stratified by complexity of CHD diagnosis, the causal effect of CoE use on CHD related 

annual costs was a statistically significant reduction of $84,852 in annual costs post one-year 

CHD diagnosis for patients diagnosed with a moderate-complex or single ventricle CHD 

diagnosis, equating to an approximate 76% reduction in mean annual costs.  The causal effect of 

CoE use on CHD related hospitalization costs was a $33,170 decrease in hospitalization costs 

(p=.087).  Although the relationship was not significant at the .05 level, the magnitude of the 

reduction was approximately 47% of the mean hospitalization costs.  When stratified by CHD 

diagnosis complexity, the causal effect of CoE use on CHD related hospitalization costs was a 

statistically significant reduction of $73,084 in hospitalization costs post one-year CHD 

diagnosis for patients diagnosed with a moderate-complex or single ventricle CHD, equating to 

an approximate 76% reduction in the mean admission costs. 

Conclusions:  Patients with more severe CHD diagnoses were more likely to use CoEs.  After 

adjusting for selection bias due to disease severity, CoE use improved clinical outcomes, reduced 

health care resource utilization, and reduced costs for CHD care for the military beneficiary 

population.   
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 Chapter 1: Center of Excellence (CoE) Overview 

Introduction 

 

In 2013, pediatric hospitalizations for congenital heart defects (CHDs) accounted for 

nearly $6.1 billion in costs in the U.S, representing 15% of costs for all pediatric hospitalizations 

for 2009 (CDC, 2019a).  For the military beneficiary population with cardiac or congenital 

anomalies, the Fiscal Year 2019 health care costs were $83 million, including $55 million for 

newborns who were less than one year of age and $28 million for youth ages 1 to 17 (Kennell 

and Associates Inc., 2020).  The current Military Health System (MHS) costs are approximately 

$50 billion (Mendez, 2019) and are expected to significantly increase through 2028 

(Congressional Budget Office, 2014).  In an attempt to close the gap between cost and benefit for 

its 9.6 million beneficiaries (Beneficiary Population Statistics, 2020), the MHS has considered 

targeted inclusion of Centers of Excellence (CoEs) for purchased care within TRICARE 

insurance coverage and MHS policies.  CoEs also known as high-performance networks may 

provide the opportunity to improve health care delivery (Mehrotra et al., 2013a).  In general, a 

CoE for clinical care is a health care team that focuses on a specific area of medicine that uses 

evidence-based practice and produces consistent outstanding measurable outcomes (Elrod & 

Fortenberry, 2017).  The establishment of CoEs in healthcare is an industry standard approach to 

improve quality and outcomes while reducing costs (Elrod & Fortenberry, 2017); however, 

current research on CoEs is largely focused on bariatric surgeries and little is known about the 

impact of CoE use on pediatric CHDs.  To my knowledge, this is the first study to study the 

impact of CoE use on pediatric CHDs among military TRICARE beneficiaries.   
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Although CoEs have demonstrated to improve health outcomes (Silver et al., 2015; 

Winegar et al., 2011) and reduce costs (Elrod & Fortenberry, 2017), not all patients benefit from 

CoE use.  For example, studies suggest that outcomes are no better at CoEs for patients who 

undergo bariatric surgery (Childers et al., 2019; Sugerman, 2013).  For these reasons, there is a 

critical need to better understand CoE use, related outcomes, and costs regarding MHS 

purchased care to identify high volume, high risk, and high cost medical conditions to target for 

potential CoE utilization.  We conducted a review of the literature to detail previous and current 

CoE use and associated costs and outcomes compared to non-CoEs and to identify targeted 

conditions and treatments.   

The objective of this dissertation was to target CoE utilization among the TRICARE 

beneficiary purchased care population and provides specifics on CoE facility designation criteria 

and associated costs and benefits for pediatric CHD care.  CHDs are the principal cause of illness 

and death for birth defect conditions, representing approximately 24% of deaths at birth (The 

Children’s Heart Foundation, 2020) with death generally occurring within the first 28 days of 

birth (CDC, 2019b).  About 1 in 4 infants born with a CHD have a critical CHD that requires an 

operation during the first year of life (CDC, 2019b).  Furthermore, CHD care has significant 

variability in outcomes and costs among hospitals (Pasquali et al., 2014).  It has been shown that 

outcomes are highly variable among centers that perform CHD procedures, yet the current 

pediatric care system is decentralized across many centers, some of which have small volumes of 

operations (Pasquali, Dimick, et al., 2015).  In addition, pediatric CHDs are an important 

example of a condition that requires technologically sophisticated, high-cost care, thus 

prompting numerous hospitalizations and large health care resource expenditures (Islam et al., 

2018).  Due to the associated prevalence, risk of mortality, cost of health care, and specialized 



 

 

3 

 

medical treatment requirements for pediatric CHDs, pediatric CHD treatment is a great candidate 

for CoE utilization since CoEs have been shown to improve outcomes and reduce costs.  My 

central hypotheses are that clinical outcomes will be better and health care costs will be lower 

among TRICARE beneficiaries who received care at CoEs versus non-CoEs.  

To inform discussions surrounding benefits associated with CoE use, the three essays in 

this dissertation are: (i) examine disparities in CoE utilization based on sponsor race and sponsor 

rank for TRICARE beneficiaries who used CoEs to those who did not for pediatric CHD care 

(ages 0 to 17), since there are disparities that exist in the MHS private sector purchased care (T. 

P. Koehlmoos et al., 2022); (ii) compare clinical outcomes (annual readmissions, annual 

emergency room utilization, and mortality) for TRICARE beneficiaries who used CoEs to those 

who did not for pediatric CHD care (ages 0 to 17), and (iii) compare health care costs for 

TRICARE beneficiaries who used CoEs to those who did not for pediatric CHD care (ages 0 to 

17).   

Study Chapter Summaries 

 

 Chapter 1 describes the civilian industry’s use of CoEs, details targeted conditions of 

previous CoE use, explains characteristics of CoEs and designation criteria, and discusses current 

and future functions of CoEs in the U.S. healthcare system.  Chapter 1 also reviews the evidence 

that describes how CoEs have improved health care outcomes and reduced associated health care 

costs.  It presents a review of the literature that explores whether CoEs improve outcomes and 

reduce costs for pediatric CHD care and reviews the theoretical framework for the dissertation.   

Chapter 2 explores the disparities in the use of CoEs for pediatric CHD care within the 

purchased care setting based on race and rank of sponsor.  Chapter 3 compares clinical outcomes 

(readmissions, emergency room utilization, and mortality) for pediatric CHD purchased care for 
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TRICARE beneficiaries who used CoEs to those who used non-CoEs.  Chapter 4 compares costs 

for purchased care (total cost one-year post-CHD diagnosis and hospitalization costs one-year 

post-CHD diagnosis) for pediatric CHD care for TRICARE beneficiaries who used CoEs to 

those who used non-CoEs.  Chapter 5 synthesizes the evidence across the three studies, considers 

policy implications, and provides recommendations and suggestions for future research.  Taken 

together, the results of this dissertation offer new insights into the importance of CoE use in the 

MHS to lessen health care utilization disparities associated with pediatric CHD care, improve 

clinical outcomes, and reduce health care costs. 

CoE Overview 

Literature Synthesis Methods 

 

Material was collected based on a search of 2000 to 2021 material from peer-reviewed 

publications (EBSCO Host, PubMed, Web of Science, Academic Search Ultimate, and Public 

Health (ProQuest) and grey literature (RAND and Google Scholar).  Search terms included 

pediatric CHDs, centers of excellence, high-volume pediatric centers, children’s hospitals, and 

center of excellence use, costs, and outcomes which were searched individually and in 

combination.  The following inclusion criteria were established: focus on centers of excellence or 

CHD; outcomes were focused on health care use, costs, and clinical outcomes; publication dates 

were from January 2000 to October 2022.  The following exclusion criteria were established:  

outcomes focused on something other than health care use, costs, or clinical outcomes; 

international study without a sample from the U.S. with the exception of Canadian studies; 

studies published before 2000; and non-empirical or non-peer-reviewed articles.  Based on 

keyword search, article abstracts were reviewed and either included or excluded from the 

synthesis based on defined criteria.  Included articles were thoroughly read to determine 
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appropriateness and categorized by theme.  Next, the references of included articles were 

examined to identify additional resources until the state of saturation on the topic was reached. 

Literature Review 

 

This literature synthesis describes the role of high-quality facilities known as CoEs and 

details the relationship of CoE use with health care costs and clinical outcomes.  First, the 

characteristics of CHDs, their prevalence, and risks, as well as the complexities of pediatric CHD 

care are explained.  Next, the expanded use of CoEs for general health care needs that have been 

explored in the literature are presented along with characteristics of CoEs.  The relatively few 

studies that have examined CoE use for pediatric or adult CHD care are detailed along with the 

most important predictors of related outcomes, use, and costs.  Next, a synthesis of MHS health 

care related disparities is presented.  This study’s CoE designation criteria is then presented 

along with the conceptual framework and determinants of CoE use, clinical outcomes, and costs.  

This literature synthesis concludes with gaps and limitations of current research related to 

pediatric CHD care and the future directions of research efforts.  The culmination of this 

information provides motivations for the three aims of this study. 

Prevalence, Risks, and Care of Pediatric CHDs 

 

A CHD is the presence of abnormalities in the heart structure that develop in the uterus 

during pregnancy (Sun et al., 2015).  Some CHDs are diagnosed during pregnancy by ultrasound, 

while others are detected at birth or as the child ages (The Children’s Heart Foundation, 2020).  

According to the Centers for Disease Control and Prevention, CHDs are the most common types 

of birth defects, affecting nearly 1% or about 40,000 births per year in the U.S., equating to 

approximately one every 15 minutes (CDC, 2019b).  Also, CHDs are the principal cause of 
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illness and death for birth defect conditions, representing approximately 24% of deaths at birth 

(The Children’s Heart Foundation, 2020) with death generally occurring within the first 28 days 

of birth (CDC, 2019b).  Furthermore, about 1 in 4 infants born with a CHD have a critical CHD 

that requires an operation during the first year of life (CDC, 2019b).  Unfortunately, 

approximately 25% of infants born with a critical CHD will not live to see their first birthday 

(The Children’s Heart Foundation, 2020).   

There has been significant progress in the field of pediatric cardiac surgery since 1999 

and medical advancements in this area have decreased death rates from CHDs in the U.S. by 

37.5% (The Children’s Heart Foundation, 2020).  With advances in technology and delivery of 

care, 85% of infants born with a CHD are living to the age of 18 and beyond (The Children’s 

Heart Foundation, 2020).  In fact, researchers estimated that there are approximately 1 million 

children and 1.4 million adults in the U.S. living with a CHD (Gilboa Suzanne M. et al., 2016).  

Additionally, CHDs are associated with comorbidities and repeat surgical interventions resulting 

in significant use of health care services during infancy, childhood, and adulthood (Gilboa et al., 

2016).  In 2004, CHDs accounted for more than 46,000 hospitalizations and nearly $1.4 billion 

in costs in the U.S. (Gilboa et al., 2016).  For the military beneficiary population with cardiac or 

circulatory congenital anomalies, the Fiscal Year 2019 health care costs were $83 million, 

including $55 million for newborns who were less than one year of age and $28 million for 

youth age 1 to 17 (Kennell and Associates Inc., 2020).  Furthermore, since there are no Military 

Treatment Facilities (MTFs) within the MHS that perform surgical interventions for CHDs, 95% 

of MHS costs for cardiac or circulatory congenital anomalies care was accumulated in the 

purchased care network (Kennell and Associates Inc., 2020). 

 

Complexity of CHD Care  
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CHDs are an essential example of a condition that requires technologically sophisticated, 

high-cost care, thus prompting numerous hospitalizations and large health care resource 

expenditures (Islam et al., 2018).  Although there has been a focus on reform to advance health 

care outcomes, quality, and foster integrated health systems within the U.S., pediatric care has 

not received as much focus (Pasquali, Dimick, et al., 2015).  Among centers that perform CHD 

procedures, it has been shown that outcomes are highly variable yet the current pediatric care 

system is decentralized across many centers some of which have small volumes of operations 

(Pasquali, Dimick, et al., 2015).  For example, about two-thirds of centers that perform 

congenital heart surgery complete fewer than 10 Norwood operations per year, a complex 

procedure to treat hypoplastic left heart syndrome, resulting in mortality rates from 10% to 40%  

post Norwood operation (Pasquali, Dimick, et al., 2015).  Survival of infants with CHDs depends 

on the severity of the condition, the time of diagnosis, and the treatment which make it 

challenging to evaluate hospital performance associated with pediatric heart surgery (Vinocur et 

al., 2013).  Additionally, other factors such as patient demographics, types of insurance, referral 

patterns, and other center-specific effects may affect quality of care (Vinocur et al., 2013).  Since 

1995, mortality rates in children and adults undergoing heart surgery in centers with lower 

volume have been repeatedly shown to be significantly associated with higher in-hospital 

mortality and with higher mortality in patients with a complication (Allen et al., 2003; Chang & 

Klitzner, 2002; Hirsch et al., 2008; Jenkins et al., 1995a; Jenkins & Gauvreau, 2002; Pasquali et 

al., 2012; Welke et al., 2009).  In sum, CHD care is a valid candidate for regionalized CoE 

initiatives but still requires research-based evidence on quality outcomes in order to make 

informed decisions.   

The Case for Pediatric CHD Care Regionalization 
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Regionalization of health care is defined as “a structured system of care to improve 

patient outcomes by directing patients to facilities with optimal capabilities for a given type of 

illness or injury” (Lorch et al., 2010).  CHD care is a great candidate for regionalization due to 

significant variability in outcomes and costs among hospitals (Pasquali et al., 2014).  Complete 

regionalization of pediatric care has not been realized, creating a need to better understand the 

pros and cons of regionalizing pediatric care to optimize clinical outcomes specific to CHD care.  

Regionalization of neonatal intensive and pediatric trauma care has been used to progress quality 

of care and increase efficiencies while reducing costs (Lorch et al., 2010).  A movement toward 

regionalization in pediatric cardiac care was noted from 2000 to 2012 for mostly low to medium 

risk patients due to the association of high-case volume with better outcomes (mortality, costs, 

and complications) (Sakai‐Bizmark et al., 2019).  A regionalization simulation study for CHD 

surgeries in the U.S. denoted reductions from 153 to 37 hospitals, ensuring that each hospital 

performed more than 310 operations and noted 12.5% to 17.4% statistically significant fewer 

deaths but a median patient travel increase from 38.5 to 69.6 miles (Welke et al., 2019).  These 

researchers also noted that regionalization restrictions to only high-risk CHD operations may 

limit mortality reduction and not prove as advantageous as regionalization of all CHD 

procedures (Welke et al., 2019).  Further insight on the effects on distances patients travel, health 

care costs, clinical outcomes, and strategic thought on which procedures to regionalize are 

required to further the efforts to regionalize pediatric CHD care.  This study categorizes facilities 

as CoEs and non-CoEs to assess the effect of high-performing facilities, also known as CoEs, on 

pediatric CHD care for the MHS beneficiary population to fill the gaps on CoE designation 

criteria and the effect of CoE use on pediatric CHD care.  Since there is no overarching CoE 

designation authority nor standard CoE criteria for pediatric CHD care, this study examines the 
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characteristics and designation criteria of general health care CoEs to better understand their 

characteristics and users.   

The Expanding Role of CoE Use 

 

CoEs offer many advantages to their treatment populations and have been commonly 

used for specialty areas such as “cardiology, orthopedics, oncology, ophthalmology, bariatric 

surgery, and neurology” (Elrod & Fortenberry, 2017).  CoE programs use innovative tools, 

technologies, and processes to increase efficiencies and enhance treatment quality and patient 

outcomes (Elrod & Fortenberry, 2017).  Employers, private insurance companies, and 

government agencies in the U.S have implemented CoE use to improve outcomes and reduce 

cost; however, the challenge to CoE implementation success is a strategic approach to identify 

proper medical conditions and medical center CoE designation criteria.  

According to Willis Towers Watson’s Health Care Access and Delivery Survey, a large 

number of employers have implemented use of CoEs to realize better outcomes at a more 

affordable cost (Stephens, 2019).  This section details organizations that have implemented CoE 

use.  In fact, 80 percent of respondents plan to include CoEs within their health plans and 65 

percent plan to include high-performing networks (Stephens, 2019).  According to Li et al., 

“these entities include private health insurers (e.g., Aetna Institutes, Blue Cross Blue Shield Blue 

Distinction Centers), medical specialty professional societies (e.g., American College of 

Surgeons and the American Society for Metabolic and Bariatric Surgery accredited bariatric 

surgery CoEs), government organizations (e.g., National Cancer Institute), employer professional 

associations (e.g., Pacific Business Group on Health), individual employers (e.g., Lowes, 

Walmart) and hospitals themselves (e.g., Willis-Knighton Health System)” (2019).  Since each 
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entity has its own criteria and method for defining a CoE (Li et al., 2019), this study captures 

CoE designation criteria for facilities, conditions, and treatments.   

Aetna Institutes has a network of high-performing hospitals, clinics, and healthcare 

facilities that focus on bariatric, cardiac, and orthopedic surgeries, transplant support and 

infertility services (Aetna IOQ, 2020a).  These facilities are categorized as Institutes of 

Excellence or Institutes of Quality.  Aetna’s Institutes of Quality focus on bariatric, cardiac, and 

orthopedic procedures based on quality and cost efficiency (Aetna IOQ, 2020a).  Factors that are 

considered include patient satisfaction, level of care, and readmissions (Aetna IOQ, 2020a).  

Mandatory requirements include board certifications for specialists, appropriate accreditation, 

membership in appropriate patient safety and quality improvement programs, as well as minimal 

volumes, risk adjusted morbidity and mortality rates based on procedure to include cardiac 

medical interventions, cardiac surgery, and rhythm disorders (Aetna IOQ, 2020a).  Detailed 

criteria for cardiac facility program requirements are found in Appendix A of this study.  There 

is a facility listing with identified facilities designated as Institutes of Quality for cardiac 

treatments and procedures located at Aetna IOQ Facilities.  Blue Cross Blue Shield has two 

distinct recognitions, Blue Distinction Centers and Blue Distinction Centers+.  Blue Distinction 

Centers include facilities and providers recognized for their expertise, quality of care, and better 

outcomes.  Blue Distinction Centers+ include facilities with more affordable care, high quality of 

care, treatment expertise, and better outcomes (Blue Cross Blue Shield, 2020).  There is a center 

facility finder (BCBS Facilities) that helps patients search for care based on specialty to include 

bariatric surgery, cancer care, cardiac care, chimeric antigen receptor T cell therapy, fertility 

care, ocular disorder, knee and hip replacement maternity care, spine surgery, substance use 

treatment and recovery, and transplants within the U.S. (Blue Distinction Center Facility Finder | 

https://www.aetna.com/individuals-families/member-rights-resources/commitment-quality/institutes-of-quality/cardiac-care-facilities.html
https://www.bcbs.com/blue-distinction-center/facility
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Blue Cross Blue Shield, 2020).  In addition, the United Healthcare CoE program for congenital 

heart disease provides access to 20 centers to include some of the nation’s leading programs, 

saves on average between 20 to 40 percent on standard billed charges per episode and realizes a 

35 percent reduction in length of stay versus a non-CoE facility (UnitedHealthcare, 2017). 

Companies including Lowe’s, Walmart, McKesson, and JetBlue Airways partnered with 

Pacific Business Group and Health Design Plus to employ the Employers Centers of Excellence 

Network (Slotkin et al., 2017).  The Pacific Business Group represents public purchasers and 

employers who purchase health care, while Health Design Plus has expertise in development and 

management of travel surgery programs.  The Employers Centers of Excellence Network assists 

employers with identifying quality providers at negotiated rates for joint replacements, spinal 

surgery, and bariatric surgery (Slotkin et al., 2017).  Criteria for admission into the Employers 

Centers of Excellence Network for medical centers are determined by Health Design Plus, 

Pacific Business Group, and other clinical staff, requiring an extensive review of quality 

(institutional and physician-level performance metrics), outcomes (length of stay, return to 

surgery, infection rates, and procedure-specific outcomes), and patient satisfaction (Slotkin et al., 

2017).  Furthermore, Pacific Business Group and Health Design Plus conduct an on-site visit and 

use a patient tracer methodology to review the patient experience including: airport arrival, 

process of care, and departure for home.  Walmart’s partners in CoEs include Cleveland Clinic, 

Emory Healthcare, Geisinger Health System, Johns Hopkins, the Mayo Clinic, and Memorial 

Hermann (Leisure, 2019).   

General Benefits of CoE Implementation 

 

Benefits for employers include better quality of care, financial savings due to pre-set 

rates, higher customer bases, increased revenues, and avoidance of unnecessary surgeries 
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(Slotkin et al., 2017).  In order to meet admission requirements, care delivery is generally 

reengineered thereby improving processes, increasing efficiencies, and realizing integrated 

practice efforts (Slotkin et al., 2017).  The Employers Centers of Excellence Network negotiates 

for rates that usually average 10 to 15 percent less than standard fee-for-service rates (Slotkin et 

al., 2017).  Based on Employers Centers of Excellence Network data, nearly all of the 450 spine 

patients who presented to centers within their local market were recommended for surgery; 

however, after evaluation by a CoE site, only 62 percent of these patients were deemed suitable 

candidates for surgery (Slotkin et al., 2017).  For total joint replacements, 16 percent of patients 

who were recommended for surgery by their local markets were not recommended for surgery by 

a CoE (Slotkin et al., 2017).  In fact, avoidance of unnecessary surgeries is a significant benefit 

of CoE use.  For example, Lowe’s claims data noted $1.3 million saved alone for avoidance of 

unnecessary surgeries (Slotkin et al., 2017).  Lowe’s also realized reduced requirements for 

skilled nursing care after surgery and fewer readmissions within 30 days for Employers Centers 

of Excellence Network joint surgeries compared to care received at local facilities (Slotkin et al., 

2017).  Furthermore, estimates for the Employers Centers of Excellence Network spine program 

indicated annual savings of $1 million to $2 million (Slotkin et al., 2017).  Furthermore, Willis-

Knighton Health System implemented 11 CoEs to consolidate specialty care to strategic 

locations achieving economies of scale, reduced costs, and pooled resources for care, fostering 

efficiencies and effectiveness, including cancer, orthopedics, reproductive medicine, women’s 

and children’s health, transplants, bariatric, metabolic, stroke, eye, and heart, vascular, and 

rehabilitation services (Elrod & Fortenberry, 2017). 

Incentives for the patient include no out-of-pocket costs (facility fees, professional fees, 

ancillary care, implants, durable medical equipment), avoidance of unnecessary surgeries, and 
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higher patient satisfaction care since all travel and medical expenses are covered at pre-selected 

treatment facilities (Slotkin et al., 2017).  Another benefit is higher patient satisfaction with 

Employers Centers of Excellence Network use captured within studies by Lowe’s and Boeing 

(Slotkin et al., 2017).  Per Lowe’s, the typical patient undergoing joint replacement within the 

Employers Centers of Excellence Network saves approximately $3,300 in copayments and fees 

compared to patients who receive the same care from a non-Employers Centers of Excellence 

Network center (Slotkin et al., 2017).  In other cases, insurers may offer differential copayments 

to steer patients to specific providers (Li et al., 2019).  Furthermore, benefits to society include 

the development of national markets for elective treatments or episodes which may create 

competition within the market to cause consistency and efficiency for local providers (Delbanco 

et al., 2016).  This type of competition may cause non-CoEs to reduce prices and improve quality 

of care (Delbanco et al., 2016).  Lastly, utilization of CoEs has the potential to increase provider 

options and improve access to CoE facilities that may offer better discharge plans and continuity 

of care (Delbanco et al., 2016).  This section details civilian entities that have employed CoEs 

along with their designation criteria and benefits, thereby serving as a basis to consider CoE 

implementation within MHS policy.  A compilation of benefits associated with CoE 

implementation is listed in Table 1.  The next section details research on CHD specific care.   

 

Table 1:   Benefits of CoE Implementation 

Life-Years Saved 

Health Status Improvements 

Medical Expenditure Reduction 

Avoidance of Unnecessary Surgeries 

Reduced Requirements for Skilled Nursing 

Care after Surgery 

Fewer Readmissions within 30 Days 

Higher Patient Satisfaction 

Increased Market Competition 
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CoE Evaluations 

 

Although not specific to CHDs, there have been several studies that evaluated CoE versus 

non-CoE outcomes and the results are inconsistent.  In 2006, the Centers for Medicare and 

Medicaid implemented a medical policy to only reimburse its beneficiaries for bariatric 

procedures conducted at centers with accreditation from the American College of Surgeons and 

the American Society for Metabolic and Bariatric Surgery (Phurrough et al., 2006).  A study on 

data from before and after implementation of the policy suggested a decrease in mortality, 

complications, and readmissions with differences largely explained by a change in procedure 

type and patient characteristics (Flum et al., 2011).  A different study showed that academic 

centers with accreditation had fewer in-house mortalities, especially for patients with higher 

severity of illness, versus centers without accreditation (Nguyen et al., 2012).  A review of 13 

studies on bariatric patients covering more than 1.5 million patients showed a decrease in 

mortality in six of eight studies, two studies showed no significant difference, and eight of 11 

studies showed a decrease in morbidity in CoEs versus those without the designation (Azagury & 

Morton, 2016).  Furthermore, a handful of studies have found no statistically significant 

differences in clinical outcomes or associated costs (Birkmeyer et al., 2010; Dimick et al., 2013; 

Livingston, 2009).  In fact, the Centers for Medicare and Medicaid reversed its accreditation 

requirement for bariatric surgeries in 2013 due to insufficient evidence of improvements to 

health outcomes (Jacques et al., 2013).  Moreover, an evaluation of spine surgeries found no 

difference in composite complication rate or readmission rate at designated hospitals compared 

to other hospitals (Mehrotra et al., 2013b).  Mehrotra et al. also found that patients with a knee 
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replacement at a designated hospital did not have a statistically lower complication rate, but that 

patients with a hip replacement did have a statistically lower risk of complications (2013a). 

Costs, Resource Use, and Clinical Outcomes Research on Pediatric CHD Care 

 

CoE Research 

 

The literature on CoE use for CHD care was minimal but summarized below.  For an 

adult Canadian population, researchers noted a reduction in mortality and odds of death for 

patients, predominantly for patients with severe CHDs, who received care at specialized Adult 

Congenital Heart Disease (ACHD) centers versus non-ACHD specialty facilities (Mylotte 

Darren et al., 2014).  An ACHD is a center with expert surgeons trained in CHDs and listed in a 

national, volunteer clinical ACHD program registry (Mylotte Darren et al., 2014).  Conversely, 

Fernandes et al. found no significant difference in mortality between specialty ACHD centers 

and non-specialty ACHD centers (2015).  For a New York state sample, researchers classified 

facilities as CoEs based on criteria from Aetna, BCBS, and Cigna for a CHD procedure, 

percutaneous coronary interventions, and found no differences in 30-day risk standardized 

readmission rates for the three CoE programs; however, they found Aetna CoE facilities had a 

higher 30-day risk standardized mortality rate (1.4 vs 1.1, p=.002) per 100 cases versus BCBS 

and Cigna programs (Khatana et al., 2019).  Since there is no overarching CoE designation 

authority within the U.S., there is limited research on actual CoE use for pediatric care.  On the 

other hand, a majority of pediatric CHD research has utilized hospital surgery volume to 

categorize and compare surgery centers.   

 

Surgery Volume Based Research  
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Studies conducted that compare outcomes amongst healthcare facilities for pediatric 

CHDs typically utilize hospital surgery case volume as the primary independent variable of 

interest (Chan et al., 2015; Pasquali et al., 2012; Sakai‐Bizmark et al., 2019; Vinocur et al., 2013; 

Welke et al., 2019).  The fact that high-volume hospitals demonstrate better clinical outcomes for 

CHD care has been repeatedly shown since Jenkins et al. noted the effect in 1995.  For children 

who underwent surgery for a CHD in California in 1988 or Massachusetts in 1989, the risk of in-

hospital mortality was significantly lower if the surgery occurred in a facility that performed 

more than 300 cases per year (K. J. Jenkins et al., 1995).  The aforementioned researchers agreed 

that high-volume hospitals have lower odds of mortality than low-volume facilities; for this 

reason, hospital volume has served as the quality indicator for pediatric CHD care.  Hospital 

surgery volume has been calculated by examining annual volume of pediatric CHD surgeries 

across the years of the analysis, excluding hospitals with less than 10 cases per year, and dividing 

by three to establish three volume quartiles (low, medium, and high-volume) (Sakai‐Bizmark et 

al., 2019).  Furthermore, high-volume hospitals have been associated with lower health costs 

compared to low-volume hospitals (Chan et al., 2015; Sakai‐Bizmark et al., 2019). In 2015, Chan 

et al. noted hospitalization costs for CHD care at high-volume, medium-volume, and low-volume 

facilities to be $37,775, $41,085, and $43,270, respectively.   

Hospital Costs and Utilization Research 

 

The evidence of the effect of resource utilization and costs are limited with regard to 

CHD care.  Researchers have found higher hospital costs to be associated with lower inpatient 

mortality for pediatric CHD surgery (Pasquali et al., 2011; Sakai‐Bizmark et al., 2019), 

associating an increase from the 25th percentile of hospital costs to the 75th percentile, resulting 

in a reduction in risk-adjusted mortality of 13.6 percent (Romley et al., 2014).  Additionally, 
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researchers proved that health care resource utilization (health care hospitalizations, ambulatory 

care, physician claims, and drug dispensing) for children with CHD within the first five years of 

life amplifies as CHD severity increases, and is the greatest for the most severe group (single 

ventricle group) (Islam et al., 2018).  Children were considered to have a CHD if ICD version 10 

codes for the disease were found in any of the 25 diagnostic fields in the inpatient database 

(Islam et al., 2018).  The study population was categorized into four groups:  single ventricle 

CHD, moderate-complex CHD, and simple CHD based on the hierarchy of the complexity of 

CHD, and other CHD (Islam et al., 2018).  Conversely, there is disagreement on whether this is 

always true for complex and non-complex surgeries.  For, example, researchers analyzed 

variation in treatment costs among children undergoing surgery for four pediatric CHDs 

(tetralogy of Fallot repair, arterial switch operation, atrial septal defect repair, and ventricular 

septal defect repair) and found high center volume to be associated with lower hospital costs 

only for lower complexity surgeries (atrial septal defect repair and ventricular septal defect 

repair) (Pasquali et al., 2011).  Furthermore, researchers have found a positive association 

between mortality and health resource utilization, admissions, (Yuli et al., 2011) and health care 

costs (Pasquali et al., 2011) for CHD surgeries.  Pasquali et al. found a positive association 

between costs and inpatient mortality for tetralogy of Fallot and arterial switch operation repairs 

but not for atrial septal defect repair or ventricular septal defect repair repairs (2011).   

Disparities in Pediatric CHD Outcomes  

 

There is agreement on the existence of racial and ethnic disparities in risk adjusted in-

hospital mortality rates (Benavidez et al., 2006; Kucik et al., 2014; Oster et al., 2011) and 

mortality (Nembhard et al., 2008) following CHD with the exception of Fixler et al., 2012.  

There is further consensus that Non-Hispanic non-Whites have a greater risk of dying after 
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congenital heart surgery versus Non-Hispanic Whites based on analysis of national databases 

(Benavidez et al., 2006; Lopez Keila N. et al., 2020; Oster et al., 2011) and state databases 

(Gonzalez et al., 2003).  After adjusting for income, insurance type, and region, Benavidez et al. 

indicated that racial and ethnic disparities amplified with age through infancy and were greater in 

infants with critical CHDs, partially explained by gender and region but not insurance type 

(2006).  Specifically, Black children and Hispanic children had a higher risk of death than 

Whites with a 1.65 and 1.24 odds ratio, respectively (Benavidez et al., 2006).  In addition, 

researchers found race to be associated with referral to higher-mortality hospitals (DeMone et al., 

2003).  Since there are no known studies on racial or rank disparities for pediatric CHD care 

within the military beneficiary population, the next section describes studies that have captured 

racial or rank disparities specific to the military population. 

 

Military Health System Disparities  

 

This study is specific to the military population, which is a population that receives 

universal access to medical care for its active duty, retiree, and dependent beneficiary population, 

so it is essential to consider prior medical military studies that examine the role of sponsor race 

and sponsor rank on health care outcomes.  In a 2008 to 2012 cohort of MHS beneficiaries, the 

odds of preterm birth for Blacks compared to Whites was 1.30 and the odds of preterm birth for a 

child with a parent of junior enlisted rank was 1.08 (Engelhardt et al., 2018).  Furthermore, odds 

of preterm birth were lower in families with married parents and with a mother considered active 

duty (Engelhardt et al., 2018).  In addition, a study of racial disparities in diabetes readmissions 

in the U.S. MHS noted disparities for Native American/Alaskan Native populations in MTF care 

and purchased care (Frankel et al., 2020).   
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A synthesis of 32 studies to assess racial disparities in the MHS across the areas of 

surgery, trauma, opioid prescription and usage, women’s health, and others is summarized next.  

A study on MHS care found no difference in Black and White patients in 30-, 90-, and 180-day 

mortality nor readmission post-surgery; however, Black patients had a higher rate of major 

morbidity (T. P. Koehlmoos et al., 2022).  Furthermore, researchers found no difference between 

Black and White patients in post-operation complications or mortality (T. P. Koehlmoos et al., 

2022).  Within MHS care, minority patients were more likely to choose minimally invasive, 

robotic prostatectomy, but there was no difference in outcomes (T. P. Koehlmoos et al., 2022).  

Furthermore, Black children with osteomyelitis were more likely to undergo surgical 

interventions than White patients (T. P. Koehlmoos et al., 2022).  Overall, there is significant 

evidence of mitigation of surgical disparities within the MHS, especially in the direct care setting 

(T. P. Koehlmoos et al., 2022).  Next, White children had a higher fracture incidence compared 

to other races with the exception of American Indians or Alaska Natives (T. P. Koehlmoos et al., 

2022).  In pediatric trauma, there were no significant differences between Black and White 

patients for 30- and 90-day complications or readmissions (T. P. Koehlmoos et al., 2022).  

Overall, there is evidence of mitigation of disparities within the MHS for trauma care but a 

persistence of disparities for pediatric fractures (T. P. Koehlmoos et al., 2022).  Black and Asian 

patients were less likely than White patients to receive laparoscopic treatment versus open 

treatment for ectopic pregnancy, demonstrating evidence of mitigation of disparities in direct 

care but the presence of disparities in MHS purchased care (T. P. Koehlmoos et al., 2022).  In 

addition, Black and Asian patients were less likely than White patients to receive minimally 

invasive hysterectomies versus traditional hysterectomies, representing disparities in direct and 

purchased care (T. P. Koehlmoos et al., 2022).  Lastly, Black patients were more likely than 



 

 

20 

 

White patients to have possible avoidable maternal complications, demonstrating proof of 

mitigation of disparities in direct care but persistent disparities in MHS purchased care (T. P. 

Koehlmoos et al., 2022). 

Most Important Predictors of CHD Outcomes and Costs 

 

There is agreement that CHD care has a wide variation of outcome results and that these 

results could be due to hospital surgery volume, type of hospital, type of procedure performed, or 

patient specific characteristics.  For example, there have been variations across institutions noted 

in outcomes and costs up to nine-fold due to differences in length of stay and complication rates 

for a variety of common CHD operations even after adjustments for patient-specific 

characteristics (Pasquali et al., 2014).  There is a consensus on regionalization of CHD care; 

however, there is no agreement on what factors to utilize to designate pediatric CHD CoEs to 

facilitate the regionalization of pediatric CHD care.  In this section, the most important predictors 

of CHD outcomes are detailed without an emphasis on those specific to CoEs since the literature 

is so limited.  There are several predictors of outcomes, use, and costs for pediatric CHD care, 

including patient-level and center-level characteristics.   

To adjust for the patient-level characteristics, Jenkins et al. established a validated and 

widely utilized tool called Risk Adjusted Classification for Congenital Heart Surgery, version 1 

(RACHS-1) (2002a).  The RACHS-1 has been noted as the strongest predictor of postoperative 

mortality, categorizing congenital cardiac procedures into six categories based on expected early 

mortality rates and controlling for complexity of case mix for patients younger than 18 years of 

age who have had a surgical repair of a CHD (Vinocur et al., 2013; Welke et al., 2009, 2019).  It 

excludes cardiac transplantation, transcatheter interventions, and patients with patent ductus 

arteriosus who are neonates younger than 31 days old or less than 2,500 grams (Kathy J. Jenkins 
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et al., 2002).  The RACHS-1 assigns patients to risk categories determined by procedure codes, 

patient age, and status of non-cardiac congenital anomalies, categorizing Category 1 as the 

lowest risk for in-hospital mortality and Category 6 as the highest risk for in-hospital mortality 

(Kathy J. Jenkins et al., 2002; Vinocur et al., 2013; Welke et al., 2019).  Previously published 

RACHS-1 models also utilize the presence of a major, non-cardiac structural defect, and 

prematurity (Connor et al., 2005; Jenkins et al., 2002b; Pasquali et al., 2019).  One study found 

proportion of variation explained by patient factors as infant age or prematurity status (17.5 %), 

procedure risk-adjustment score (13.4%), preoperative factors (4.2%), and any chromosomal 

abnormalities (2.7%) (Pasquali et al., 2019).  Lastly, Medicaid or insurance other than private 

insurance use for CHD care were associated with higher costs and resource utilization (Connor et 

al., 2005).  This study also considers center-level characteristics, since the proportion of variation 

in mortality attributable to patient factors only accounts for approximately 30% (Pasquali et al., 

2019).  A geographic difference in hospital costs has been noted, thus location of medical center 

was a significant predictor of resource utilization for CHD care (Connor et al., 2005).  

Furthermore, bed size, teaching or children’s hospital designation, nor hospital volume were 

significant predictors of high resource utilization for CHD care (Connor et al., 2005) 

Determination of CoE Designation  

Society of Thoracic Surgeons 

 

Analyzing center-specific performance for pediatric CHD care is difficult due to the 

diversity and complexity of the diagnoses and procedures, varying risk factors, and the 

infrequency of the procedures (Vinocur et al., 2013).  This study categorizes CoEs and non-CoEs 

based on The Society of Thoracic Surgeons (STS) Congenital Heart Surgery Database (CHSD), 

which is the largest congenital and pediatric cardiac surgical clinical data registry in the world 
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and includes the analysis of outcomes and the improvement of quality for congenital heart 

surgeries (The Society of Thoracic Surgeons, 2020a).  The database includes more than 525,000 

congenital heart surgery procedure records and surgeon participation has grown from 23% 

enrollment in January 2015 to 84.7 % in 2019, representing 1,061 participating physicians from 

the U.S. and Canada (The Society of Thoracic Surgeons, 2020a).  The STS CHSD covers 

hospitals’ results over a four-year period and presents respective observed-to-expected (O/E) 

mortality ratios for operative mortalities adjusting for case-mix, serving as a platform for 

benchmarking performance and improving quality for CHD care (Jacobs et al., 2018).  In order 

to account for hospitals that treat patients with more complicated and high-risk conditions, the 

STS CHD O/E mortality ratio accounts for hospital mix through a risk adjustment algorithm.  

This algorithm considers “patient factors (age, weight), procedure types, and existing health 

conditions (prior heart operations, non-cardiac congenital abnormalities, chromosomal 

abnormalities, syndromes, and preoperative risk factors)” and is re-evaluated every six months to 

ensure model accuracy (Jacobs et al., 2018; The Society of Thoracic Surgeons, 2020b).  The O/E 

mortality ratio is defined as the number of observed deaths divided by the number of expected 

deaths determined based on the aforementioned risk-adjust algorithm (The Society of Thoracic 

Surgeons, 2020b).   

For this study, hospitals with an overall O/E mortality ratio of equal to or less than one 

were designated as CoEs, since they had equal to or fewer deaths than expected based on the 

case mix treated at the hospital (The Society of Thoracic Surgeons, 2020b).  Hospitals with an 

O/E mortality ratio greater than one were categorized as a non-CoE, since they had more deaths 

than expected based on the actual case mix (The Society of Thoracic Surgeons, 2020b).  

Operative mortality is defined as a death that occurs during the hospital stay post-procedure, or a 
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death that occurs at another hospital due to patient transfer, or death within 30 days of the 

operation (The Society of Thoracic Surgeons, 2020b).  Expected mortality is defined as the 

number of expected patient deaths considering unique case mix and estimated via statistical 

algorithm (The Society of Thoracic Surgeons, 2020b).  More information on STS CHD 

definitions and explanations of outcomes for congenital heart surgery public reporting data can 

be found at STS Public Reporting.    

Gaps and Limitations of Current Research on CoEs 

 

CoEs offer a method to achieve a better quality of care by recognizing hospitals with 

specific outcome, volume, and organizational guidelines; however, there is no overarching 

regulatory oversight of the CoE qualification for pediatric CHD care (Li et al., 2019).  There are 

several limitations and gaps in current research on CoE use such as the lack of an overarching 

standardized CoE designation/accreditation and non-existence of center-level public reporting 

mandates, thereby leading to a shortage of comprehensive data sources, and disagreement on 

predictors of poor-quality clinical outcomes.  Studies conducted that compare outcomes, use, or 

cost amongst healthcare facilities for pediatric CHDs typically utilize hospital surgery volume as 

the primary independent variable of interest (Pasquali et al., 2012; Sakai‐Bizmark et al., 2019; 

Vinocur et al., 2013; Welke et al., 2019); however, studies have shown that potentially 

preventable mortalities occur at facilities of all volumes (Khatana et al., 2019).  For this reason, 

there is a need to research regionalization based on facilities that consistently produce high-

quality outcomes versus using volume as a quality predictor (Khatana et al., 2019).  Moreover, 

the typical patient-level factors included in previous research of pediatric CHD care explained 

only a small proportion of mortality rates among patients (Pasquali et al., 2019); thus, there is a 

need for analysis that includes a comprehensive set of patient-level factors and center-level 

https://publicreporting.sts.org/chsd-exp
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factors that impact clinical outcomes, costs, and utilization for pediatric CHD care.  This study 

aims to combine the use of patient-level and center-level characteristics in order to determine the 

effect of CoE use on CHD care clinical outcomes, cost, and resource utilization.  Lastly, there is 

a gap in the literature on the comparison of facilities based on quality of clinical outcomes 

through CoE designation for pediatric CHD care (Khatana et al., 2019), especially specific to the 

military beneficiary population.  This study aims to fill these gaps and provide information on 

potential disparities specific to race and rank, health care costs, and clinical outcomes associated 

with the utilization of CoEs for the MHS beneficiary population which have yet to be studied.   

Theoretical Framework and Aims 

 

 This study uses an adapted Andersen Behavioral Model of Health Services Use for its 

overarching conceptual framework and the selection of dependent and independent variables to 

explore use, costs, and outcomes associated with pediatric CHD care.  The traditional model 

developed and cultivated by U.S. medical sociologist and health services researcher Ronald 

Andersen explains predisposing, enabling, and need categories and their influence on health 

service utilization (Andersen, 1968).   

Determinants of Healthcare Use 

 

The traditional predisposing factors of health care utilization include demographic factors 

including age, gender, education, occupation, ethnicity, attitudes, values and knowledge about 

health and health services (Andersen, 1968).  This study uses prior studies on health care use and 

includes the following predisposing covariates:  age, gender, race/ethnicity (Connor et al., 2005; 

Fernandes et al., 2015), and sponsor marital status (MacLean & Edwards, 2010).  Traditional 

enabling domains include income, health insurance, regular source of care, travel, and wait times 
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(Andersen, 1968).  Based on previous health care use studies, the enabling covariates were:  

proximity to CoE (CoE zip code centroid to patient centroid zip code within a 100-mile radius 

since the average distance to pediatric cardiothoracic surgery provider is 100.9 miles) (Mayer et 

al., 2009), type of insurance, CoE Use, and provider region (Connor et al., 2005; Fernandes et 

al., 2015), sponsor service branch (MacLean & Edwards, 2010), sponsor pay grade (rank) 

(Frankel et al., 2020; Hatzfeld & Gaston-Johansson, 2010; Jy & Im, 1994; MacLean & Edwards, 

2010).  Traditional need domains included both perceived need, such as self-rated requirement, 

and evaluated need, such as professional judgement (Andersen, 1968).  This study used prior 

studies on pediatric CHD care and included the following need covariates:  hierarchy of 

complexity of CHD (single ventricle CHD, moderate-complex CHD, simple CHD, other CHD) 

(Islam et al., 2018), low birth weight, prematurity, common comorbid conditions (Islam et al., 

2018; Thomas & Seckeler, 2016), and genetic syndromes (Islam et al., 2018; Thomas & 

Seckeler, 2016).  Figure 1 displays the factors used to test the hypotheses described in this 

study’s aims.   

 

Figure 1:  Behavioral Model of Outcomes (All Essays) 
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The aforementioned conceptual framework was used to compare MHS purchased care 

received at CoEs to care received at non-CoE facilities for TRICARE beneficiaries diagnosed 

with pediatric CHDs.  It required a survey of the literature on the effectiveness of CoEs on 

improving outcomes and/or reducing costs for pediatric CHDs treatment identified based on 

ICD-10 codes.  It also required identification of CoEs in the civilian sector (doctors, hospitals, 

and health care providers) that delivered coordinated, high-quality care as CoEs for pediatric 

CHDs to generate consolidated information on CoEs.  For the MHS pediatric population that has 

received CHD care within the purchased care setting, the specific aims were: 

Aim 1.  Examine disparities in CoE utilization based on sponsor race and sponsor rank for 

TRICARE beneficiaries with pediatric CHDs (ages 0 to 17).   

• Hypothesis 1a.  The likelihood of CoE use for whites will be higher than non-whites. 

• Hypothesis 1b.  The likelihood of CoE use for officers will be higher than enlisted members. 
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Approach:  I modeled the relationship of sponsor race and sponsor rank and CoE utilization (yes 

or no) alongside patient characteristics and medical center factors to determine if there was a 

difference in CoE use by sponsor race or by sponsor rank.  I examined and described CoE use by 

sponsor race and by sponsor rank and controlled for patient characteristics. 

 

Aim 2.  Compare clinical outcomes (annual readmissions, annual emergency room 

utilization, and mortality) for TRICARE beneficiaries who used CoEs to those who used 

non-CoEs for pediatric CHDs (ages 0 to 17).  

• Hypothesis 2.  Clinical outcomes will be better among TRICARE beneficiaries at CoEs than 

non-CoEs. 

 

Approach:  Clinical outcome analysis included purchased care delivered in the civilian sector.  I 

modeled the relationship of CoE use and each clinical outcome alongside patient characteristics 

and medical center factors to determine if there was a difference in outcomes based on CoE use 

(yes or no).   

 

Aim 3. Compare health care costs for TRICARE beneficiaries who used CoEs to those who 

used non-CoEs for pediatric CHDs (ages 0 to 17). 

• Hypothesis 3.  Health care costs will be lower among beneficiaries at CoEs than non-CoEs. 

 

Approach:  Cost analysis included total and hospitalization amounts paid by TRICARE for 

purchased care delivered one-year post-CHD diagnosis.  I modeled the relationship of CoE use 

and health care costs alongside patient characteristics and medical center factors to determine if 

there was a difference in costs based on CoE use (yes or no).   
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Chapter 2: Examining Race and Military Rank Disparities in CoE 

Utilization for TRICARE Beneficiaries with Pediatric CHDs 
 

Introduction 

 

Congenital heart disease (CHD) has an incidence of 0.8% to 1.2% worldwide, making it 

the most common birth defect (Richardson et al., 2021).  In addition, CHD is the leading cause 

of deaths related to birth defects, representing approximately 40% of deaths in children with 

birth defects in the world (WHO, 2016).  Although mortalities have decreased overtime due to 

advances in disease recognition and improved health care, disparities in mortality over time 

persist based on race (Wang, 2013).  Lopez et. al gathered that although age-adjusted CHD 

mortality had improved from 1999 to 2017, Black patients with non-critical CHD remained at a 

greater risk for mortality than White patients with non-critical CHD in the first year of life (odds 

ratio 1.62).  They also found that Black patients with critical CHDs were more likely to die than 

White patients as neonates (odds ratio 1.27) and in the first year of life (odds ratio 1.68) (2020).  

Furthermore, Lopez et al. denoted a higher mortality rate in infants of Mexican mothers 

compared to non-Hispanic white mothers (Lopez, 2018).   

CHD has unduly affected minorities in mortalities, increased resource use, and lengthier 

stays during admissions post-CHD surgery (Richardson et al., 2021).  Hospital volume and 

teaching designation have been recommended as a method to denote high-quality of CHD care 

and improve related outcomes.  In fact, critical CHD patients at low-volume/non-teaching 

facilities were associated with higher odds of inpatient mortality when compared to CHD 

patients at high-volume/teaching hospitals (odds ratio 1.76) (Tran et al., 2022).  Furthermore, a 

Center of Excellence (CoE) CoE designation has been recommended as a manner to create a 

network of high-quality care and to affect hospital and provider selection for patients (Khatana et 
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al., 2019).  However, prior research in knee and hip replacement surgeries at CoE programs has 

shown varied results on CoE performance (Mehrotra, 2013).  Analyzing center-specific 

performance for pediatric CHD care is difficult, due to the diversity and complexity of the 

diagnoses and procedures, varying risk factors, and the infrequency of the procedures (Vinocur 

et al., 2013).   

Since the U.S. Military Health System (MHS) embodies a nationally representative, 

geographically distributed, and universally insured populace, it provides a unique opportunity to 

study health disparities (T. P. Koehlmoos et al., 2022).  A health disparity is when one or more 

subgroups of persons experience worse health determinants, outcomes, or access to care than 

another subgroup (Wheeler & Bryant, 2017).  The MHS serves approximately 9.6 million 

beneficiaries of whom the majority are non-active duty, dependents, and retirees as active duty 

represents only 17% of MHS beneficiaries (Chaudhary et al., 2017).  According to a synthesis of 

32 studies to assess racial disparities in the MHS, 15 studies demonstrated mitigation of racial 

disparities in the MHS in the areas of surgery, trauma, and screenings (T. P. Koehlmoos et al., 

2022).  The aforementioned synthesis noted that the MHS routinely mitigates racial disparities, 

including no difference in readmissions or complications between Black and White colorectal 

surgical patients, lower odds of 30- and 90-day complications and 30-day readmission rates for 

Black adult patients in direct care compared to White adult patients, and lower odds of 30-day  

and 90-day outpatient care use for Black adults in private sector care compared to White adult 

patients, and no differences between Black and White children in terms of 90-day emergency 

room use, readmissions, or complications (T. P. Koehlmoos et al., 2022).  Many of the racial 

disparities encountered in the U.S. health system are mitigated within the MHS universal health 

care system (T. P. Koehlmoos et al., 2022);  however, there are disparities that exist in the MHS 
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private sector purchased care such as:  Black woman were more likely to have potentially 

avoidable maternal complications compared to White women, Black patients undergoing surgery 

had an increased rate of major morbidity, Black women and Asian women, compared to White 

women, were less likely to receive minimally invasive versus open hysterectomy, and Black men 

undergoing coronary artery bypass graft surgery had longer durations of stay than White men (T. 

P. Koehlmoos et al., 2022). 

  This study assessed disparities in CoE utilization related to pediatric CHD care and 

determined differences by race and military rank for the MHS.  This study categorized CoEs 

based on The Society of Thoracic Surgeons (STS) Congenital Heart Surgery Database (CHSD), 

which is the largest congenital and pediatric cardiac surgical clinical data registry in the world 

and includes the analysis of outcomes and the improvement of quality for congenital heart 

surgeries (The Society of Thoracic Surgeons, 2020a).   

Methods 

Data Sources 

 

 This study used data from the MHS Data Repository (MDR) for Military Health System 

(MHS) beneficiaries who received CHD care, which provides information at the patient 

encounter level, including diagnoses, treatments, billed and paid amounts for TRICARE 

beneficiaries, patient demographic characteristics, and payer information.  The MDR includes 

data for beneficiaries who use MHS facilities which are operated by the Department of Defense 

(DoD), also known as direct care for military treatment, and for beneficiaries who receive care at 

a non-DoD facility but that is funded by TRICARE, also known as purchased care.  TRICARE 

tracks claims data separately for purchased and direct care and includes several component 

insurance plans, including TRICARE Prime, TRICARE Prime Plus, TRICARE Select (replaced 
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Standard and Extra plans in 2018), and TRICARE Young Adult but is not responsible for care 

within military combat zones or care received at Veterans Affairs facilities (T. P. Koehlmoos et 

al., 2019).  Furthermore, the dataset has a unique hospital identification number, which permitted 

facility comparisons.  The TRICARE program covers 9.6 million beneficiaries including 

approximately 20% active military personnel and a combination of dependents and retirees, 

serving as a sociodemographic representation of the U.S. population younger than age 65 (T. P. 

Koehlmoos et al., 2019).  This research was approved by the University of Maryland, College 

Park, Institutional Review Board (Approval Number:  1576246-2). 

Analytic Sample 

 

This study included TRICARE beneficiaries from 2016 to 2020 who were ages 0 to 17 

and diagnosed with a CHD based on ICD, Tenth Revision, Clinical Modification codes.  

Children were considered to have a CHD if ICD version 10 codes for the disease were found in 

any of the 25 diagnostic fields in the inpatient database (Islam et al., 2018).  The study 

population was categorized into four groups:  single ventricle CHD, moderate-complex CHD, 

simple CHD, or other CHD based on the hierarchy of the complexity of CHD (Islam et al., 

2018).  CHD diagnoses included are listed in Appendix B.  Exclusion criteria included persons 

with Other Health Insurance, persons without at least one year of data post-CHD diagnosis, care 

received in the direct care setting at a military treatment facility, and care received at centers 

outside of the U.S.  Furthermore, children with patentductus arteriosus and/or isolated congenital 

anomaly of the peripheral, or cerebral vascular system (Islam et al., 2018), or cardiac 

transplantation were excluded (Kathy J. Jenkins et al., 2002) (Islam et al., 2018).  Finally, 

patients were excluded if they were missing data on two key risk-adjustment variables:  race or 

rank.  All analyses were performed using STATA statistical software (Version 17.0 Statacorp, 
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College Station, Texas).  Two-sided p-values less than .05 were considered statistically 

significant. 

Theoretical Framework 

 

 This study used an adapted Andersen Behavioral Model of Health Services Use for its 

overarching conceptual framework and the selection of dependent and independent variables to 

explore clinical outcomes associated with pediatric CHD care.  The traditional model developed 

and cultivated by U.S. medical sociologist and health services researcher, Ronald Andersen, 

explains predisposing, enabling, and need categories, and their influence on health service 

utilization (Andersen, 1968).   

Figure 2 displays the factors used to test the hypotheses described in this study’s aims.   

 

Figure 2:  Behavioral Model of Outcomes (CoE Use) 

 

Measures 

 

To adjust for predisposing characteristics, the following covariates were used:  age (1 to 

30 days, 31 days to less than 1 year, 1 year to 5 years, and 6 years to 17 years), gender (male and 
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female) (Chan et al., 2015), sponsor marital status (currently married, not married to include 

divorced and widowed) (MacLean & Edwards, 2010), and dependent race imputed based on 

sponsor’s race (White, Black, or Other Race to include Asian or Pacific Islander, Native 

American, or Other (Andridge & Little, 2010; Madsen et al., 2018).  Predisposing characteristics 

were defined at the time of index admission.  To adjust for enabling resources, the following 

covariates were used:  type of TRICARE insurance (Prime (military treatment facility care for 

active duty, retired, activated guard/reserve, survivors, Medal of Honor recipients and their 

families), Other to include Extra (preferred provider organization plan option to include non-

network options for all members except active duty), Standard (preferred provider organization 

plan option for all members except active duty), Select (replaced Standard and Extra plans in 

2018 as a self-managed, preferred provider network plan option for all members except active 

duty), or Young Adult (unmarried, adult child of an eligible sponsor that is at least age 21 but not 

yet 26 years old) or Unenrolled), sponsor service branch (Army, Air Force, Marine Corps, Navy, 

Other Service) (Madsen et al., 2018), sponsor pay grade/rank (Junior Enlisted, Senior Enlisted, 

Officer, Other) (Madsen et al., 2018), proximity to COE based on straight-line distance between 

patient zip code centroid and CoE centroid zip code (In 100-mile radius; yes or no) (Mayer et al., 

2009), and provider region (South, West, Midwest, Northeast).  Enabling resources were defined 

at the time of index admission.  To adjust for need characteristics, the following covariates were 

used:  Complexity of CHD (single ventricle CHD, moderate-complex CHD, simple CHD, other 

CHD) (Islam et al., 2018), common comorbid conditions observed during ambulatory visits 

and/or hospitalizations (Islam et al., 2018; Thomas & Seckeler, 2016), presence or absence of a 

genetic syndrome (Down’s, Noonan’s, DiGeorge, Holt-Oram, Turner, and Williams-(Beuren) 

syndromes; yes or no) (Islam et al., 2018; Thomas & Seckeler, 2016), low birth weight 
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(categorized as less than or equal to 2,500 grams; yes or no) (Jenkins et al., 2002a), and 

prematurity (gestational age <37 weeks; yes or no) (Chan et al., 2015; Jenkins et al., 2002a).  

Need characteristics were defined at the time of index admission.  Patients with multiple CHD 

diagnoses were assigned to the CHD complexity category associated with the most complex 

diagnosis.  A list of ICD-10 codes for included CHD diagnoses, genetic syndromes, and common 

comorbid conditions is presented in Appendix B. 

Approach Aim 1.  Examine disparities in CoE inpatient utilization based on sponsor race 

and sponsor rank for TRICARE beneficiaries with pediatric CHDs (ages 0 to 17).   

 

Dependent Variable 

 

The dependent variable, CoE use, was a dichotomous indicator for CoE utilization 

categorized as (1) yes or (0) no.  CoE use categorized as “yes” means that a patient received 

inpatient care at a CoE at any point for pediatric CHD care post one-year of initial CHD 

diagnosis.  CoE use categorized as “no” means that a patient received inpatient care at a non-

CoE for all pediatric CHD care post one-year of initial CHD diagnosis.  The STS CHSD covers 

hospitals’ results over a four-year period and presents respective observed-to-expected (O/E) 

mortality ratios for operative mortalities, which incorporates a risk adjustment to account for 

differences in case mix, serving as a platform for benchmarking performance and improving 

quality for CHD care (Jacobs et al., 2018).  Since the STS CHSD adjusts for differences in case 

mix, this study uses the overall O/E mortality ratio to categorize CoEs versus non-CoEs.  For this 

study, hospitals with an overall O/E mortality ratio of equal to or less than one were designated 

as CoEs, since these hospitals had fewer deaths than expected based on the case mix treated at 

the hospital (The Society of Thoracic Surgeons, 2020b).  Hospitals with an O/E mortality ratio 

greater than one were categorized as a non-CoE, since these hospitals had more deaths than 

expected based on actual case mix (The Society of Thoracic Surgeons, 2020b).  The STS CHSD 
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data from the 2015 to 2018 period was used to classify any hospital, totaling 42 CoEs within the 

U.S.  In addition, 984 hospitals that did not report to the STS for CHDs were categorized as non-

CoEs.  Of the population, 82.9% did not use a CoE at any point for CHD care and 17.1% used a 

CoE at some point for CHD care.  A list of CoEs is included in Appendix C.   

Independent Variable 

The primary independent variable measures disparities in CoE use based on sponsor race 

(White, Black, or Other race to include Asian, Pacific Islander, Native American or Other races). 

The secondary independent variable measures disparities in CoE use based on sponsor rank of 

Junior Enlisted (E1-E4), Senior Enlisted (E5-E9), Officer, or Other ranks to include warrant 

officer, cadet, or other ranks. 

Covariates 

To adjust for patient characteristics and medical center factors, covariates were 

controlled.  To adjust for predisposing characteristics, the following covariates were included:  

age (1 to 30 days, 31 days to less than 1 year [reference], 1 year to 17 years), gender (male and 

female [reference]), and sponsor marital status (currently married, not married to include 

divorced and widowed [reference]).  To adjust for enabling resources, the following covariates 

were included:  type of TRICARE insurance (Prime [reference], Other, Unenrolled), sponsor 

service branch (Army [reference], Air Force, Marine Corps, Navy, Other service), and proximity 

to COE based on patient zip code centroid and CoE zip code centroid within 100-mile radius 

(yes or no [reference]), and provider region (South [reference], West, Midwest, Northeast).  To 

adjust for need characteristics, the following covariates were included:  Complexity of CHD 

(Simple CHD [reference], Moderate-Complex CHD, Single Ventricle CHD, Other CHD), 
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common comorbid conditions (yes or no [reference]), genetic syndromes (yes or no [reference]), 

low birth weight (yes or no [reference]), and prematurity (yes or no [reference]).   

Statistical Analyses 

 

 Patient demographic and medical characteristics and medical center factors were 

characterized using descriptive statistics and between-group (CoE use vs non-CoE use) 

differences measured by chi-square.  The relationship between CoE use and each category of 

sponsor rank and sponsor race was modeled using a logistic regression model to estimate the 

probability of CoE use, while adjusting for patient characteristics, medical center factors, 

calendar year (CY) fixed effects, and region fixed effects.  The adjusted odds ratios, robust 

standard errors, p-values, along with 95% confidence intervals were reported.     

I hypothesize that the likelihood of CoE use for Whites will be higher than non-Whites.  I 

also hypothesize that the likelihood of CoE use for Officers will be higher than Enlisted or Other 

ranks.  Study 1 Model:  

 

Υ =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 + 𝛽5𝑋5 + 𝛽6𝑋6 + 𝛽7𝑋7 + 𝛽8𝑋8 + 𝛽9𝑋9 + 𝛽10𝑋10 

+ 𝛽11𝑋11 + 𝛽12𝑋12 + 𝛽13𝑋13 + 𝛽14𝑋14 + 𝐶𝑌 + 𝜀 

 

1 = CoE Use (yes, no) 

X1 = Sponsor Race (White [reference], Black, Other race (Asian or Pacific Islander, American 

Indian or Alaskan native)) 

X2 = Sponsor Pay Grade (rank) (Junior enlisted [reference], Senior enlisted, Officer, Other race) 

X3 = Age (31 days to 364 days [reference], neonates 0 to 30 days, 1 year to 5 years, 6 years to 17 

years)  

X4 = Gender (female [reference], male) 

X5 = Sponsor Marital Status (currently married, not married [reference]) 

X6 = Type of Insurance (Prime [reference], Other insurance, Unenrolled) 

X7 = Sponsor Service Branch (Army [reference], Air Force, Marine Corps, Navy, Other service) 

X8 = Proximity to CoE facility (In 100-mile radius: yes, no [reference],) 

X9 = Provider Region (South [reference], West, Midwest, Northeast) 

X10 = Complexity of CHD (Simple [reference], Single ventricle, Moderate-complex, Other 

CHD) 

X11 = Genetic Syndrome (no [reference], yes) 
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X12 = Common Comorbid Condition (no [reference], yes) 

X13 = Low Birth Weight (no [reference], yes) 

X14 = Prematurity (no [reference], yes) 

CY = Calendar Year of admission 

Results 

 

We identified 11,775 children with CHD from the 2016 to 2020 timeframe.  Due to 

exclusions based on missing data (8.4% for race), there were 10,865 persons that met the 

inclusion criteria.  In the sample, 42 hospitals were designated as CoEs.  Correlations and 

variance inflation factors (VIF) (max VIF of 2.6 for prematurity and mean VIF of 1.33 for all 

variables) were reviewed with no signs of high correlation nor multicollinearity.  The model was 

tested for omitted variables and proved to have omitted variables.  Next, a Breusch-Pagan/Cook-

Weisberg test for heteroskedasticity was performed and the error terms were found to have non-

constant variance, thus deemed heteroskedastic.  For this reason, robust standard errors were 

applied.   

Of the population, 82.9% did not use a CoE at any point for CHD care and 17.1% used a 

CoE at some point for CHD care.  Furthermore, 73% were White, 17.1% were Black, and 9.9% 

were Other races.  Of the sample, Junior Enlisted members represented 28.2%, Senior Enlisted 

represented 50.5%, Officers represented 17.6%, and Other members represented 3.7%.  Among 

White race, 83% used a non-CoE and 17% used a CoE.  Among Black race, 83.7% used a non-

CoE and 16.3% used a CoE.  Among Other race, 80.5% used a non-CoE and 19.5% used a CoE.  

Junior Enlisted, Senior Enlisted, Officer, and Other ranks CoE use represented 16.3%, 17.6%, 

18.6%, and 10.5%, respectively.  Also, 44.9% of the sample lived within 100 miles of a CoE 

while 55.1% did not live within 100 miles of a CoE.  

Descriptive statistics summarized as proportions for categorical variables are provided.  

Demographic and clinical differences among admissions were analyzed using chi-square tests for 
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categorical variables.  Covariates associated with the primary outcome, CoE Use, were 

determined using multivariate logistic regression analysis.  A two-sided p value less than .05 was 

deemed statistically significant.  To facilitate interpretation of the associations between race, 

rank, and CoE use, the findings are presented as odds ratios (ORs).  Among those who used a 

CoE versus a non-CoE, 72.5% were White race compared to Black and Other races (16.2%, and 

11.3%, respectively), while 26.8% were Junior Enlisted, 51.8% were Senior Enlisted, 19.1% 

were Officers, and 2.3% were Other rank.   

The admission characteristics and a comparison of these characteristics between CoE and 

non-CoE use are listed for the entire cohort in Table 2. Among those who used a CoE, 82.7% 

were patients less than one year old.  Among those who used a CoE, those with Other insurance 

represented 52.7% compared to Prime enrollees and Unenrolled patients (45.4%, and 1.9%, 

respectively).  Among those who used a CoE, CoE use was more common for those who lived 

within 100 miles of a CoE compared to those who lived further than 100 miles of a CoE (79.7% 

and 20.3%, respectively).  Among those who used a CoE, simple CHD cases represented 47.7%, 

while moderate-complex, single ventricle, and other cases represented 34.7%, 6.1%, and 11.5%, 

respectively).  Note, all covariates with the exception of race and marriage status were 

significantly associated with hospital CoE status (p-value <0.05). 

Table 2:  Characteristics Associated with CoE Use 

 Total=10,865 Non-CoE=9,004 CoE=1,861 P-value 

 N N (%) N (%)  

Race      0.070 

White [ref] 7,931 6,582 73.1 1,349 72.5  

Black 1,857 1,555 17.3 302 16.2  

Other race 1,077 867 9.6 210 11.3  

       

       

Sponsor Pay Grade      <0.01* 
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Jr. Enlisted [ref] 3,069 2,570 83.7 499 16.3  

Sr. Enlisted  5,489 4,525 82.4 964 17.6  

Officer 1,909 1,553 81.4 356 18.6  

Other Rank 398 356 89.4 42 10.6  

       

       

Age Group      <0.01* 

31 to 364 days [ref] 3,244 2,571 28.6 673 36.2  

0 to 30 days 6,567 5,703 63.3 865 46.5  

1 to 5 years 458 312 3.5 146 7.8  

6 to 17 years 596 419 4.7 177 9.5  

       

       

Gender      0.046* 

Female [ref] 5,015 4,195 46.6 820 44.1  

Male 5,850 4,809 53.4 1,041 55.9  

       

       

Married      0.604 

No [ref] 873 729 8.1 144 7.7  

Yes 9,992 8,275 91.9 1,717 92.3  

       

       

Insurance      <0.01* 

Prime [ref] 4,284 3,439 38.2 845 45.4  

Other Insurance Type 6,269 5,289 58.7 980 52.7  

Unenrolled 312 276 3.1 36 1.9  

       

       

Sponsor Service      <0.01* 

Army [ref] 4,958 4,185 46.5 773 41.5  

Air Force 2,690 2,331 25.9 359 19.3  

Marine Corps 1,032 799 8.9 233 12.5  

Navy 1,867 1,422 15.8 445 23.9  

Other Service 318 267 3 51 2.7  

       

       

Proximity within 100 

Miles of COE      <0.01* 

No [ref] 5,987 5,609 62.3 378 20.3  

Yes 4,878 3,395 37.7 1,483 79.7  

       

       



 

 

40 

 

Provider Region       

South [ref] 5,732 4,945 54.9 787 42.3 <0.01* 

West 3,108 2,440 27.1 668 35.9  

Midwest 1,423 1,156 12.8 267 14.3  

Northeast 602 463 5.1 139 7.5  

       

       

CHD Complexity      <0.01* 

Simple CHD [ref] 6,890 6,003 66.7 887 47.7  

Moderate-Complex CHD 2,286 1,640 18.2 646 34.7  

Single Ventricle CHD 244 130 1.4 114 6.1  

Other CHD 1,445 1,231 13.7 214 11.5  

       

       

Genetic Syndrome      <0.01* 

No [ref] 10,769 8,943 99.3 1,826 98.1  

Yes 96 61 0.7 35 1.9  

       

       

Comorbid Condition      <.001* 

No [ref] 9,648 8,078 89.7 1,570 84.4  

Yes 1,217 926 10.3 291 15.6  

       

       

Low Birth Weight      <0.01* 

No [ref] 8,358 6,824 75.8 1,534 82.4  

Yes 2,507 2,180 24.2 327 17.6  

       

       

Prematurity      <0.01* 

No [ref] 7,345 5,982 66.4 1,363 73.2  

Yes 3,520 3,022 33.6 498 26.8  

       
*Denotes significance at the .05 level. 

Other race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

Table 3 summarizes the ORs of CoE use.  The odds of an event is the probability that the 

event occurs divided by the probability that the event does not occur.  ORs above 1.0 denote a 

higher probability of CoE use whereas ORs below 1.0 denote a lower probability of CoE use.  

With 95% confidence intervals, there is a 95% confidence level that the confidence interval 
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contains the value of the OR for the study population.  In multivariate analysis, Senior Enlisted 

rank compared to Junior Enlisted rank (adjusted OR .875, p-value=.05), Other rank compared to 

Junior Enlisted rank (adjusted OR .4705, p-value <0.01*), 0 to 30 days old compared to 31 days 

to 364 days old (adjusted OR.482, p-value <0.01*), and low birth weight (adjusted OR .604, p-

value <0.01*), were associated with lower odds of CoE Use.  Patient residence proximity within 

100 miles of a CoE compared to proximity greater than 100 miles (OR 6.72, p-value <0.01*), 

moderate-complex CHD diagnosis (OR 2.67, p-value <0.01*), and single ventricle CHD 

diagnosis (OR 6.45, p-value <0.01*), compared to simple CHD diagnosis, and presence of 

genetic syndrome (OR 1.85, p-value <0.01*), were associated with higher odds of CoE Use.  In 

this case, the largest association was the odds that a person who lived within 100 miles of a CoE 

used a CoE, which was 6.76 times higher than the odds that a person who lived further than 100 

miles of a CoE used a CoE.  The second largest association was the odds that a person used a 

CoE who had a single ventricle CHD which was 6.45 times higher than the odds than a person 

with a simple CHD used a CoE. 

 

Table 3:  Results of Regression for CoE Use 

Characteristics 

Multivariate 

OR 

Robust Std. 

Err. P-Value  

 95% Conf. 

Interval 

     

Race      

White [ref]     

Black    0.945 0.076 0.480 0.807, 1.105 

Other Race  1.072 0.099 0.454 0.893, 1.28 

     

Sponsor Pay Grade      

Jr. Enlisted [ref]     

Sr. Enlisted 0.8750 0.0597 0.050 0.7654, 1.000 

Officer     0.9291 0.1156 0.555 0.728, 1.186 

Other Rank     0.4705 0.1047 <0.01* 0.304, 0.727 
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Patient Age Group     

31 to 364 days [ref]     

0 to 30 days      0.482 0.039 <0.01* 0.412, 0.5642 

1 to 5 years      1.231 0.167 0.125 0.943, 1.605 

6 to 17 years    1.059 0.128 0.638 0.835, 1.341 

     

Gender      

Female [ref]     

Male     1.088 0.062 0.139 0.973, 1.216 

     

Married      

No [ref]     

Yes    1.052 0.110 0.626 0.856, 1.292 

     

Insurance      

Prime [ref]     

Other Insurance Type     0.845 0.085 0.096 0.693, 1.030 

Unenrolled      0.722 0.1369 0.086 0.498, 1.047 

     

Sponsor Service      

Army [ref]     

Air Force     0.893 0.133 0.448 0.668, 1.195 

Marine Corps      1.409 0.442 0.275 0.762, 2.606 

Navy      1.1154 0.324 0.609 0.666, 2.000 

Other      0.825 0.255 0.533 0.450, 1.511 

     

Proximity within 100 Miles of a COE     

No [ref]     

Yes      6.720 0.440 <0.01* 5.910, 7.639 

     

Provider Region      

South [ref]     

West      1.599 0.745 0.321 0.636, 3.984 

Midwest      1.607 0.658 0.247 0.720, 3.588 

Northeast     1.171 0.534 0.729 0.480, 2.862 

     

CHD Complexity      

Simple CHD [ref]     

Moderate-Complex CHD   2.674 0.277 <0.01* 2.182, 3.277 

Single Ventricle CHD      6.449 1.428 <0.01* 4.179, 9.954 

Other CHD      1.115 0.534 0.268 0.920, 1.351 
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Genetic Syndrome      

No [ref]     

Yes      1.854 0.460 <0.01* 1.140, 3.014 

     

Comorbid Condition      

No [ref]     

Yes       1.131 0.102 0.175 0.946, 1.350 

     

Low Birth Weight     

No [ref]     

Yes     0.604 0.070 <0.01* 0.477, 0.752 

     

Prematurity     

No [ref]     

Yes      0.978 0.096 0.824 0.807, 1.185 
*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

Discussion 

 

Developments in the medical and surgical management of CHD patients have increased 

likelihood of survival to adulthood; however, many CHD patients remain at risk of later 

morbidity or mortality (Fernandes et al., 2015).  A CoE designation has been recommended as a 

manner to create a network of high-quality care and affects hospital and provider selection for 

patients (Khatana et al., 2019).  This study assessed disparities and identified characteristics 

associated with CoE use for pediatric CHD care received between 2016 and 2020.  The key 

findings of this study were:  (1) there were no health care use disparities found for race and CoE 

use among TRICARE beneficiaries, (2) there were no differences noted in CoE Use between 

Junior Enlisted and Officer ranks but Senior Enlisted and Other ranks were associated with lower 

odds of CoE use than Junior Enlisted rank, (3) despite access to performance metrics on quality 

of care to include mortality, 82.9% of the sample never used a CHD CoE at any point for CHD 
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care, and (4) a series of nonclinical patient characteristics in addition to CHD diagnosis severity 

were associated with lower odds of care at a CoE (Sponsor rank, age, and low birth weight).   

This study did not find disparities in CoE Use based on race for the military beneficiary 

population.  A lack of racial disparities in CoE use in the military beneficiary population may be 

due to its unique insurance coverage as majority of the study population had insurance coverage.  

It is likely that universal insurance and equitable access to care, such as in the TRICARE setting, 

have the prospective to profoundly reduce or eliminate racial disparities for CHD care.  

According to a synthesis of 32 studies to assess racial disparities in the MHS, 15 studies 

demonstrated mitigation of racial disparities in the MHS in the areas of surgery, trauma, and 

screenings (T. P. Koehlmoos et al., 2022).  Although current literature indicates higher use of 

inpatient resources for CHD care for non-Hispanic Black and Hispanic-American groups 

(Richardson et al., 2021), these racial disparities were decreased when the mother had higher 

levels of education and private insurance (Richardson et al., 2021).  Other rank was associated 

with lower odds of CoE use than Junior Enlisted rank which could be associated with 

socioeconomic status or education level as the Other rank includes cadets or civilians such as 

young adult dependents less than 26 years old.  It is important to note that the Other rank 

represented an extremely small percent of the study population (3.7%), which could create bias 

with the estimates.  Although the reason for the negative association between Senior Enlisted and 

CoE use and Other rank and CoE use are unknown, compared to Junior Enlisted, more efforts 

should be made to increase awareness of hospitals that report to the STS CHSD.  This study 

noted the largest association with CoE use as proximity to CoE.  This finding may be due to 

referral patterns or patient preference which may be affected by convenience, travel costs, or 

lodging costs, since the geographic distribution of CoEs leaves many areas across the U.S. 
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without easy access to a CHD CoE.  This study noted the second largest association with CoE 

use to be with patients who had a single ventricle CHD.  This finding may be due to the greater 

level of skill and clinical experience required to address this higher severity of CHD.  It is likely 

that non-CoEs continue to provide CHD care to the military beneficiary population because of 

institutional differences in awareness of quality metrics such as the STS CHSD, perceived lack 

of access to CoEs, and barriers to access such as referral requirements. 

Given the findings of this study, it is vital for clinicians and patient advocacy groups to 

urge policymakers to consider the development of an overarching CoE designation authority for 

accreditation criteria and purposes.  These efforts will not only help to identify standardized 

quality metrics and best practices but can also be used to further regionalization and mandatory 

reporting efforts.  The aforementioned efforts can be used to steer patients to proven high-quality 

facilities to improve care for CHD patients to include military beneficiary populations.   

Strengths and Limitations 

 

There are several strengths to this analysis.  First, it was possible to adjust for 

confounding factors, such as prematurity, low birth weight, genetic syndrome, and comorbid 

conditions.  Secondly, it was also possible to control for the severity of CHD diagnosis.  This 

study’s results should be considered with several limitations.  Since 84.7% of hospitals 

participate in public reporting via STS, but not all U.S. centers participate, inability to fully 

classify hospitals as a CoE versus a non-CoE may be a limitation to this study.  Additionally, 

TRICARE claims data are consistently audited for accuracy, reliability, and completeness; 

however, not all centers submit complete data for all data elements thus are not included in this 

analysis.  For this reason, the results of this study may not be generalizable to all U.S. medical 

centers.  Although many patient preoperative risks were included in the study, there are 
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additional potential preoperative risks not included in the dataset thereby excluded from this 

study.  It was not possible to control for procedural factors due to limitations in the dataset and 

lack of access to clinical data.  Race data are self-reported in the MHS database which may 

introduce bias due to availability of race categories (Engelhardt et al., 2018).  Additionally, race 

data was only available for the active duty military parent, so when maternal race was unknown 

infant race was imputed based on paternal race (Madsen et al., 2018).  Approximately 10% of the 

dataset was missing sponsor race data, and these observations were dropped from the study 

which may cause bias in estimates.  However, multiple imputation was tested to impute missing 

values of race which resulted in almost exactly the same coefficients as non-imputed data.  This 

dataset did not include data on an individual’s specific address nor their surname; thus, 

imputation based on geocoding and surnames was not possible although these approaches have 

proven superior for predicting race (Silva et al., 2019).  Next, CHD operations were grouped 

within complexity of CHD diagnosis categories, so it may not be appropriate to apply the results 

to all operations within a group.  Previous literature has used the Agency for Healthcare 

Research and Quality Risk Adjustment for Congenital Heart Surgery (RACHS-1) tool to classify 

CHD procedures based on risk; however, this tool has not been updated to include ICD-10 codes.  

For this reason, this study did not utilize the RACHS-1 approach to control for risk related to 

procedures but used a CHD diagnosis hierarchy of complexity approach.  This study’s findings 

may not be appropriate to all CHD care, since the RACHS-1 method has been shown to be the 

most important predictor of cost or outcomes for CHD care.  Despite these limitations, this 

analysis contributes to the literature on CHD care by providing the first estimates of the 

characteristics associated with CoE use for pediatric CHD care in the U.S. for the military 

beneficiary population. 
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Conclusion 

 

For the military beneficiary population, only 17.1% of pediatric CHD patients utilized a 

CoE at some point for CHD care.  Many factors contribute to CoE utilization for a patient who 

requires pediatric congenital heart surgery.  According to a synthesis of 32 studies to assess 

racial disparities in the MHS, 15 studies demonstrated mitigation of racial disparities in the MHS 

direct care setting in the areas of surgery, trauma, and screenings (T. P. Koehlmoos et al., 2022).  

The aforementioned synthesis noted that the MHS routinely mitigates racial disparities including 

no difference in readmissions nor complications between Black and White colorectal surgical 

patients, lower odds of 30- and 90-day complications and 30-day readmission rates in direct care 

for Black adult patients, compared to White adult patients, and lower odds of 30- and 90-day 

outpatient care use for Black adults in private sector care compared to White adult patients, and 

no differences between Black and White children in terms of 90-day emergency room use, 

readmissions, or complications (T. P. Koehlmoos et al., 2022).  It is likely that universal 

insurance and equitable access to care, such as in the TRICARE setting, have the prospective to 

profoundly reduce or eliminate racial disparities CHD care. 

Although this study did not find disparities in CoE use for race, it found several 

disparities in CoE utilization which are likely aggravated by social risks.  This study serves as a 

foundation for future research to develop policies that can improve use of high-quality hospitals, 

specifically where data and strategies lack to mitigate health care use inequities in high-risk 

patients with CHD.   
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Chapter 3: Comparing Clinical Outcomes for CoE Use versus non-CoE 

Use for TRICARE Beneficiaries with Pediatric CHDs 
 

Introduction 

 

Congenital heart disease (CHD) has an incidence of 0.8% to 1.2% worldwide, making it 

the most common birth defect (Richardson et al., 2021).  Approximately 40,000 children 

undergo surgery for CHD in the U.S. each year (Pasquali et al., 2020).  In addition, CHD is the 

leading cause of deaths related to birth defects, representing approximately 40% of deaths in 

children with birth defects in the world (WHO, 2016).  The drive to quantify hospital quality and 

to increase public reporting has increased the pursuit of standardized quality measures.  Hospital 

volume and teaching designation have been recommended as a method to denote high-quality of 

CHD care and improve related outcomes.  The relationship between hospitals’ pediatric cardiac 

surgical volume and mortality has been studied often (Chan et al., 2015; Jenkins et al., 1995b; 

Pasquali, He, et al., 2015; Welke et al., 2008).  Pasquali et al. compared high-volume hospitals to 

low-volume hospitals and found significant hospital variation in major complications, length of 

stay, and mortality after CHD surgery (2020).  Tran et al. found that critical CHD patients at low 

volume/non-teaching facilities were associated with higher odds of inpatient mortality when 

compared to CHD patients at high volume/teaching hospitals (odds ratio 1.76) (2022).  

Furthermore, a Center of Excellence (CoE) designation has been recommended as a manner to 

create a network of high-quality care and to affect hospital and provider selection for patients 

(Khatana et al., 2019). However, prior research in knee and hip replacement surgeries at CoE 

programs have shown varied results on CoE performance (Mehrotra, 2013).   

Analyzing center-specific performance for pediatric CHD care is difficult due to the 

diversity and complexity of the diagnoses and procedures, varying risk factors, and the 
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infrequency of the procedures (Vinocur et al., 2013).  Utilizing treatment variation from 

observational databases for outcome estimation can cause unsuitable deductions if treatment is 

designated in a manner that is related with expected outcomes (Brooks et al., 2006).  Most 

studies assessing the effect of congenital heart surgery center on outcomes have ignored the 

problem of unobservable confounders or have mentioned it as a potential limitation (Khatana et 

al., 2019).  This approach is unsuitable because it does not allow for proper policy deductions.   

The most significant limitation of previous studies on CHD care is that they measure the 

association of congenital heart surgery center with, not the causal effect on, clinical outcomes.  

The association is an overestimate of the causal effect if, for example, some patients use a 

medical center because they have a more severe disease.  It has been shown that persons with 

more severe CHD diagnoses are more likely to use CoEs (which is likely to be unobserved by 

the econometrician). 

This paper builds on the previous research by addressing endogeneity of CHD severity by 

estimating models using instrument variables (IV).  An IV was used to generate unbiased, 

consistent estimates when unmeasured factors exist and are associated with the treatment and 

outcome variables.  In this study, we investigated clinical outcomes and resource utilization in 

CoE and non-CoE use related to pediatric CHD care for TRICARE beneficiaries using claims 

data.  IVs are useful with medical claims data due to the inability to measure risk severity, a 

prevalent confounder in health services research (Keele et al., 2019).  In this analysis, we used 

differential distance between the nearest CoE and the nearest non-CoE for CHD care as an IV to 

compare clinical outcomes and resource utilization for CoE use versus non-CoE use related to 

pediatric CHD care for TRICARE beneficiaries.  Differential distance between the closest 

medical center of interest and the closest counterfactual medical center has been used as an IV in 
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previous research (Brooks et al., 2006; Grabowski et al., 2013; Hirth et al., 2014).  This study 

categorized CoEs based on The Society of Thoracic Surgeons (STS) Congenital Heart Surgery 

Database (CHSD), which is the largest congenital and pediatric cardiac surgical clinical data 

registry in the world and includes the analysis of outcomes and the improvement of quality for 

congenital heart surgeries (The Society of Thoracic Surgeons, 2020a).   

Methods 

Data Sources  

 

This study used data for Military Health System (MHS) beneficiaries who received CHD 

care, from the MHS Data Repository (MDR), which provides information at the patient 

encounter level including diagnoses, treatments, billed and paid amounts for TRICARE 

beneficiaries, patient demographic characteristics, and payer information.  The MDR includes 

data for beneficiaries who use MHS facilities which are operated by the DoD, also known as 

direct care, and for beneficiaries who receive care at a non-DoD facility but that is funded by 

TRICARE, also known as purchased care.  TRICARE tracks claim data separately for purchased 

and direct care and includes several component insurance plans, including TRICARE Prime, 

TRICARE Prime Plus, TRICARE Select (replaced Standard and Extra plans in 2018), and 

TRICARE Young Adult but is not responsible for care within military combat zones or care 

received at Veterans Affairs facilities (T. P. Koehlmoos et al., 2019).  Furthermore, the dataset 

has the unique hospital identification number which permitted facility comparisons.  The 

TRICARE program covers 9.6 million beneficiaries, including approximately 20 percent active 

military personnel and a combination of dependents and retirees, serving as a sociodemographic 

representation of the U.S. population younger than 65 years old (T. P. Koehlmoos et al., 2019).  
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This research was approved by the University of Maryland, College Park, Institutional Review 

Board (Approval Number:  1576246-2). 

Analytic Sample 

 

This study included TRICARE beneficiaries from 2016 to 2020 who were ages 0 to 17 

and diagnosed with a CHD based on International Classification of Diseases (ICD), Tenth 

Revision, Clinical Modification codes.  Children were considered to have a CHD if ICD version 

10 codes for the disease were found in any of the 25 diagnostic fields in the inpatient database 

(Islam et al., 2018).  The study population was categorized into four groups:  single ventricle 

CHD, moderate-complex CHD, simple CHD, or other CHD based on the hierarchy of the 

complexity of CHD (Islam et al., 2018).  Exclusion criteria included persons with Other Health 

Insurance, persons without at least one year of data post-CHD procedure, care received in the 

direct care setting at a military treatment facility, and care received at centers outside of the U.S.  

Furthermore, children with patentductus arteriosus and/or isolated congenital anomaly of the 

peripheral, or cerebral vascular system (Islam et al., 2018), or cardiac transplantation were 

excluded (Islam et al., 2018; Jenkins et al., 2002a).  All analyses were performed using STATA 

statistical software (Version 17.0 Statacorp, College Station, Texas).  Two-sided p-values less 

than .05 were considered statistically significant. 

Theoretical Framework 

 

 This study used an adapted Andersen Behavioral Model of Health Services Use for its 

overarching conceptual framework and the selection of dependent and independent variables to 

explore use associated with pediatric CHD care.  The traditional model developed and cultivated 

by U.S. medical sociologist and health services researcher, Ronald Andersen, explains 
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predisposing, enabling, and need categories and their influence on health service utilization 

(Andersen, 1968).  Figure 3 displays the factors used to test the hypotheses described in this 

study’s aims.   

Figure 3:  Behavioral Model of Outcomes (Clinical Outcomes) 

 

 

Measures 

 

To adjust for predisposing characteristics, the following covariates were used:  age (1 to 

30 days, 31 days to less than 1 year, 1 year to 5 years, 6 years to 17 years), gender (male and 

female) (Chan et al., 2015), sponsor marital status (currently married, not married to include 

divorced and widowed) (MacLean & Edwards, 2010), and dependent race imputed based on 

sponsor’s race (White, Black, or Other to include Asian or Pacific Islander, Native American, or 

other races) (Andridge & Little, 2010; Madsen et al., 2018).  To adjust for enabling resources, 

the following covariates were used:  type of TRICARE insurance (Prime (military treatment 

facility care for active duty, retired, activated guard/reserve, survivors, Medal of Honor 

recipients and their families), Other insurance to include Extra (preferred provider organization 
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plan option to include non-network options for all members except active duty), Standard 

(preferred provider organization plan option for all members except active duty), Select 

(replaced Standard and Extra plans in 2018 as a self-managed, preferred provider network plan 

option for all members except active duty), or Young Adult (unmarried, adult child of an eligible 

sponsor that is at least age 21 but not yet 26 years old) or Unenrolled), sponsor service branch 

(Army, Air Force, Marine Corps, Navy, Other service) (Madsen et al., 2018), sponsor pay 

grade/rank (Junior Enlisted, Senior Enlisted, Officer, Other rank) (Madsen et al., 2018), and 

provider state.  To adjust for need characteristics, the following covariates were used:  

Complexity of CHD (simple CHD, moderate-complex CHD, single ventricle CHD, other CHD) 

(Islam et al., 2018), common comorbid conditions observed during ambulatory visits and/or 

hospitalizations; yes or no (Islam et al., 2018; Thomas & Seckeler, 2016), presence or absence of 

a genetic syndrome (Down’s, Noonan’s, DiGeorge, Holt-Oram, Turner, and Williams-(Beuren) 

syndromes; yes or no) (Islam et al., 2018; Thomas & Seckeler, 2016), low birth weight (weight 

at operation was categorized as less than or equal to 2,500 grams; yes or no) (Jenkins et al., 

2002a), and prematurity (gestational age <37 weeks; yes or no) (Chan et al., 2015; Jenkins et al., 

2002a).  Patients with multiple CHD diagnoses were assigned to the complexity of CHD 

category associated with the most complex diagnosis.  A list of ICD-10 codes for included CHD 

diagnoses, genetic syndromes, and common comorbid conditions is presented in Appendix B. 

Approach Aim 2.  Compare clinical outcomes (annual readmissions, annual emergency 

room utilization, and mortality) for TRICARE beneficiaries who used CoEs to those who 

did not for pediatric CHDs (ages 0 to 17). 

 

Dependent Variables  

 

For the analysis of outcomes, each outcome of interest was modeled separately to include 

annual readmissions, annual emergency room (ER) use, and mortality.  The dependent variable 
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annual readmission was designated as the primary dependent variable and was defined as more 

than one admission post one-year of diagnosis for a CHD (yes or no) (Benavidez et al., 2019).  A 

consecutive hospitalization within 24-hours of the index hospitalization was counted as a single 

hospitalization and elective surgeries were excluded (Islam et al., 2018).  The secondary 

dependent variable, ER use, was determined by reported ER utilization for any emergent or 

urgent admission post one-year of diagnosis for a CHD and classified as yes (1) or no (0).  The 

tertiary dependent variable, mortality, was determined by whether a patient died at home, died in 

a medical facility, or did not recover during admission one-year post CHD diagnosis and was 

classified as yes (1) or no (0).   

Independent Variable  

The primary independent variable, CoE Use, was a dichotomous indicator for CoE 

utilization categorized as (1) yes or (0) no.  CoE use categorized as “yes” means that a patient 

received inpatient care at a CoE at any point for pediatric CHD care post one-year of initial CHD 

diagnosis.  CoE use categorized as “no” means that a patient received inpatient care at a non-

CoE for all pediatric CHD care post one-year of initial CHD diagnosis.  The STS CHSD covers 

hospitals’ results over a four-year period and presents respective observed-to-expected (O/E) 

mortality ratios for operative mortalities, which incorporates a risk adjustment to account for 

differences in case mix, serving as a platform for benchmarking performance and improving 

quality for CHD care (Jacobs et al., 2018).  Since the STS CHSD adjusts for differences in case 

mix, this study uses the overall O/E mortality ratio to categorize CoEs versus non-CoEs.  For this 

study, hospitals with an overall O/E mortality ratio of equal to or less than one were designated 

as CoEs, since these hospitals had equal to or fewer deaths than expected based on the case mix 

treated at the hospital (The Society of Thoracic Surgeons, 2020b).  Hospitals with an O/E 
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mortality ratio greater than one were categorized as a non-CoE, since these hospitals had more 

deaths than expected based on actual case mix (The Society of Thoracic Surgeons, 2020b).  The 

STS CHSD data from the 2015 to 2018 period was used to classify any hospital, totaling 42 

CoEs within the U.S.  In addition, 984 hospitals that did not report to the STS for CHDs were 

categorized as non-CoEs.  Of the population, 82.9% did not use a CoE at any point for CHD care 

and 17.1% used a CoE at some point for CHD care.  A list of CoEs is included in Appendix C.     

Covariates 

To adjust for patient characteristics and medical center factors, covariates were 

controlled.  To adjust for predisposing characteristics, the following covariates were included:  

age (1 to 30 days, 31 days to less than 1 year [reference], 1 year to 17 years), race (White 

[reference], Black, Other race), gender (male and female [reference]), and sponsor marital status 

(currently married, not married to include divorced and widowed [reference]).  To adjust for 

enabling resources, the following covariates were included:  type of TRICARE insurance (Prime 

[reference], Other insurance, Unenrolled), Sponsor Pay Grade (Junior Enlisted [reference], 

Senior Enlisted, Officer, Other rank), Sponsor Service (Army [reference], Air Force, Marine 

Corps, Navy, Other service), and provider state (Alaska [reference]).  To adjust for need 

characteristics, the following covariates were included:  Complexity of CHD (Simple CHD 

[reference], Moderate-Complex CHD, Single Ventricle CHD, Other CHD), genetic syndromes 

(yes or no [reference]), common comorbid conditions (yes or no [reference]), low birth weight 

(yes or no [reference]), and prematurity (yes or no [reference]).  Covariates were defined at the 

time of index admission.   

Instrumental Variable 
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 In order to ideally measure the effect of congenital heart surgery center on clinical 

outcomes, one would conduct a randomized controlled trial, and the investigator would randomly 

assign the medical center.  This study used claims data without a randomized controlled trial, so 

we must rely on natural experiments.  Potential endogeneity exists in the selection of hospital 

visited (CoE versus non-CoE) that may influence a number of outcomes.  In the first paper of 

this dissertation titled “Examining Race and Military Rank Disparities in CoE Utilization for 

TRICARE Beneficiaries with Pediatric CHDs,” it was noted that persons with moderate-complex 

CHDs were 2.6 times more likely than persons with simple CHDs to use a CoE, while persons 

with single ventricle CHDs were 6.4 times more likely than persons with simple CHDs to use a 

CoE.  This finding may be due to the greater level of skill and clinical experience required to 

address higher severity of CHD.  For instance, patients who visit a CoE may do so because they 

have a more severe disease risk and require advanced surgical interventions which cannot be 

assessed without clinical data.  To reduce this bias, this study used two-stage least squares 

(2SLS) IV estimation, previously used in health care, to predict the medical center used (Brooks 

et al., 2006; McClellan et al., 1994).  The first stage of 2SLS estimates the endogenous variable 

(e.g. the hospital, CoE versus non-CoE used) as a function of the IV and patient characteristics.  

In the second stage, the predicted variable from the first stage were entered as a regressor to 

estimate the outcome variables.   

 The IV was defined as the differential distance between (1) the patient and the closest 

CoE at the index date and (2) the patient and nearest non-CoE hospital that could have been used 

at the index date.  Differential distance between the closest medical center of interest and the 

closest counterfactual medical center has been used as an IV in previous research (Brooks et al., 

2006; Grabowski et al., 2013; Hirth et al., 2014).  Distance from patient residence to CoE and 
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distance from patient residence to non-CoE were based on straight-line distances between patient 

zip code centroid and hospital centroid zip code (Mayer et al., 2009).  A negative value indicated 

that the nearest facility was a CoE.  In the empirical specification, a series of indicator variables 

were created to group patients based on their estimated differential distance (Brooks et al., 2006).  

First, patients were grouped based on the median value of the differential distance for the sample 

(3.3 miles), resulting in a binary variable (differential distance within 3.3 miles; yes or no).  

Next, differential distance was specified with three binary variables to represent four different 

patient groups based on every 25th percentile of differential distance across the sample 

(differential distance groups of less than or equal to -61.9 miles, between -61.9 to 3.3 miles, 

between 3.3 and 62 miles, greater than 62 miles).   

Statistical Analyses 

 

Due to suspected endogeneity, causing the error term to likely include unobserved health 

status that may be correlated with CoE status, a 2SLS IV estimation was employed (Brooks et 

al., 2006; McClellan et al., 1994).  Patient demographic and medical characteristics and medical 

center factors were characterized using descriptive statistics and between-group differences 

measured by chi-square.  The relationship between clinical outcomes and CoE use were modeled 

while adjusting for patient characteristics, medical center factors, state fixed effects, and calendar 

year (CY) fixed effects. 

In the first stage of the 2SLS, ordinary least squares (OLS) method was used to estimate 

CoE use choice.  If more severe CHD patients tend to choose CoEs, the OLS coefficient on CoE 

use will be a biased and inconsistent estimate of the true causal relationship.  For this reason, an 

IV model (Equation 2) was estimated which assumes that CoE use has the reduced form 

(Equation 1) where differential distance (DD) is the distance between the closest CoE and the 
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closest non-CoE for CHD care.  I hypothesize that the probability of annual admissions, annual 

ER use, and mortality will be lower at CoEs compared to non-CoEs.   

Equation 1: 

 

𝑋1 =  𝛼0 +  𝛼𝐷𝐷 + 𝛼2𝑋2 + 𝛼3𝑋3 + 𝛼4𝑋4 + 𝛼5𝑋5 + 𝛼6𝑋6 + 𝛼7𝑋7 + 𝛼8𝑋8 + 𝛼9𝑋9 + 𝛼10𝑋10 

+ 𝛼11𝑋11 + 𝛼12𝑋12 + 𝛼13𝑋13 + 𝑆𝐹𝐸 + 𝐶𝑌 +  

 

Equation 2 (outcome equation): 

 

Υ =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 + 𝛽5𝑋5 + 𝛽6𝑋6 + 𝛽7𝑋7 + 𝛽8𝑋8 + 𝛽9𝑋9 + 𝛽10𝑋10 

+ 𝛽11𝑋11 + 𝛽12𝑋12 + 𝛽13𝑋13 + 𝑆𝐹𝐸 + 𝐶𝑌 + 𝜀 

 

1 = Annual readmissions yes (1) or no (0); annual ER use yes (1) or no (0); mortality yes (1) or 

no (0) 

X1 = CoE Use (no [reference], yes) 

X2 = Age (31 days to 364 days [reference], neonates 0 to 30 days, 1 year to 5 years, 6 years to 17 

years 

X3 = Sponsor Race (White [reference], Black, Other race (Asian or Pacific Islander, American 

Indian or Alaskan native)) 

X4 = Gender (female [reference], male) 

X5 = Sponsor Marital Status (currently married, not married [reference]) 

X6 = Type of Insurance (Prime [reference], Other Insurance, Unenrolled) 

X7 = Sponsor Pay Grade (rank) (Junior enlisted [reference], Senior enlisted, Officer, Other Rank) 

X8 = Sponsor Service Branch (Army [reference], Air Force, Marine Corps, Navy, Other Service) 

X9 = Complexity of CHD (Simple [reference], moderate-complex, single ventricle, other CHD) 

X10 = Genetic Syndrome (no [reference], yes) 

X11 = Common Comorbid Condition (no [reference], yes) 

X12 = Low Birth Weight (no [reference], yes) 

X13 = Prematurity (no [reference], yes) 

SFE= State Fixed Effects 

CY = Calendar Year of Operation 

 

If unobserved health is similarly correlated with CoE use, the error term 𝜀 will be 

correlated with CoE use, violating the assumptions underlying the linear regression model.  A 

consistent estimate of CoE status on outcomes can be generated if the instrument, differential 

distance, is correlated with CoE status but not 𝜀, the error term, in the outcome equations.  An IV 

estimate of the effect of CoE use on outcomes and health care resource utilization can be 

calculated with differential distance, and it is likely that differential distance between the nearest 
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CoE and non-CoE will predict use of a CoE.  Literature establishes the importance of distance in 

the choice of provider (Frogner et al., 2018; Hirth et al., 2014; McClellan et al., 1994).  In other 

studies that closely illustrate the proximity instrument used in this study, relative proximity was 

the strongest predictor of facility chosen between for-profit and non-profit dialysis centers but 

found no relationship between dialysis center profit status and patient survival (Brooks et al., 

2006), while ownership and post-acute skilled nursing facility quality was examined and non-

profits proved to provide higher quality of care when instrumented for ownership (Grabowski et 

al., 2013).   

 For differential distance to be a valid instrument, it must (1) be related to treatment (CoE 

status of CHD medical center) also known as the relevance assumption and (2) be related to 

outcomes only through treatment (CoE status of CHD medical center) therefore unrelated to 

unobserved determinants of the outcome variables also known as the exclusion restriction 

assumption.  The first assumption can be tested with Staiger and Stock F-statistic, which was 

tested in the first-stage regression, to determine whether the instrument was significantly 

different from zero.  The second assumption requires a theoretical justification and cannot be 

directly tested.  For the second assumption to be violated, CoE use and differential distance 

would be affected by unmeasured factors that are also directly correlated with clinical outcomes.  

In theory, differential distance is expected to be uncorrelated with unobserved factors that may 

influence outcomes, assuming that individuals determine their place of residence without regard 

to the proximity of CHD care centers and newly opened CHD facility locations are determined 

without regard to unmeasured patient confounders (Brooks et al., 2006).  To address the second 

assumption, measured confounders were assessed to determine if they were balanced across 

patients grouped by differential distance.  Unbalanced measured confounders across differential 
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distance strengthen the need to directly control for measured confounders in 2SLS (Brooks et al., 

2006).  The assumption of exogeneity of the instrument cannot be tested; however, an 

overidentifying restrictions test can be used to test whether all instruments are exogenous when 

there are more instruments than necessary.  Since the 2SLS model with four groups of 

differential distance (25, 50, 75, and 100 percentiles) was overidentified, a Hausman test statistic 

was estimated to test whether all of the patient groups specified based on differential distance 

simultaneously had no direct effect or indirect effect on the outcomes through unmeasured 

confounding variables.  The IVREGRESS procedure in STATA 17.0 was estimated using 

clustering at the hospital level to account for correlation in outcomes within the same hospital.   

In order to compare models that were adjusted for endogeneity to those that were not 

adjusted for endogeneity, we contrasted the marginal effects of the IV (2SLS) estimates to the 

marginal effects of the non-IV, linear probability model (LPM), estimates.  The LPMs were 

specified with all covariates, state and calendar fixed effects, and clustered at the hospital level to 

account for correlation in outcomes.  This model had limitations, because it measured the 

association of CoE use with, not the causal effect of CoE use on, health care outcomes.  The 

association is a biased estimate of the causal effect if, for example, some patients used a CoE due 

to higher severity of disease (which is likely to be unobserved by the econometrician).   

Results 

 

We identified 11,775 children with CHD from the 2016 to 2020 timeframe.  Due to 

exclusions based on missing data (8.4% for race and .001% for differential distance), there were 

10,851 persons that met the inclusion criteria.  Of the population, 82.9% did not use a CoE at any 

point for CHD care and 17.1% used a CoE at some point for CHD care.  For the annual 

admission model, a consecutive hospitalization within 24-hours of the index hospitalization was 
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counted as a single hospitalization and elective surgeries were excluded (N=10,120).  

Correlations and variance inflation factors (VIF) (mean VIF of 3.22 for all variables) were 

reviewed with no signs of high correlation nor multicollinearity.  The model was tested for 

omitted variables and proved to have omitted variables.  Next, a Breusch-Pagan/Cook-Weisberg 

test for heteroskedasticity was performed and the error terms were found to have non-constant 

variance thus deemed heteroskedastic.   

Descriptive statistics summarized as proportions for categorical variables are provided.  

Demographic and clinical differences among hospital visits were analyzed using Chi-square tests 

for categorical variables.  See Table 4 for a covariate distribution by CoE status in addition to 

covariate distribution by median differential distance, DD, of the sample (3.3 miles).  The p-

values for Chi-square tests of association are presented and a two-sided p-value less than .05 was 

deemed statistically significant.  Without adjusting for potential selection bias, we compared 

patients who used a CoE and a non-CoE and found larger percentages of patients aged 31 to 364 

days, persons with Prime insurance, patients with comorbidities, and patients with moderate-

complex or single ventricle CHD diagnoses treated at CoEs.  It is essential to note that those with 

more severe CHD diagnoses had higher percentages of CoE use; however, these diagnoses do 

not fully account for disease severity.  One would need clinical information to be control for 

disease severity.  We found that without adjusting for potential selection bias, among patients 

who used CoEs, fewer patients were of Other rank, were 0 to 30 days, had a sponsor in the Army 

or the Air Force, had a simple CHD or other CHD diagnosis, or had low birth weight or 

prematurity.  In contrast to grouping patients by center choice (CoE versus non-CoE), grouping 

patients by median differential distance produced a more balanced distribution of covariates (e.g. 

sponsor pay grade, patient age group, insurance type, CHD complexity, comorbidity, low birth 
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weight, and prematurity conditions).  Since the associated p-values were greater than .05 for the 

aforementioned characteristics, it suggests that these characteristics were not significantly 

associated with median differential distance, mitigating concerns that large unobserved 

differences exist between populations located relatively close to CoE facilities versus non-CoE 

facilities.  Use of the IV helped to randomize treatment at a CoE, so that patients who used a 

CoE were not sicker patients with the most severe CHD diagnoses or comorbidities.   

Table 4:  Characteristics of CHD Patients by CoE Status and DD Between Nearest CoE 

and Nearest non-CoE 

    Center Choice   

DD within 3.3 Miles of 

COE 

 

Total 

Sample 

Non-

CoE CoE p-value  No Yes P-value 

         

Observations 10,851 8,994 1,857   5,392 5,459  

 % % %   % %  

Race    0.106    0.659 

White 72.9 73 72.5   73.1 72.7  

Black 17.2 17.3 16.3   17.2 17.1  

Other Race 9.9 9.6 11.2   9.6 10.2  

         

Sponsor Pay Grade    <0.01*    0.812 

Junior Enlisted 28.3 28.6 26.9   28 28.7  

Senior Enlisted 50.5 50.3 51.7   50.7 50.4  

Officer 17.5 17.1 19.1   17.7 17.20  

Other Rank 3.7 3.9 2.3   3.6 3.7  

         

Patient Age Group    <0.01*    0.176 

31 to 364 days 29.6 28.3 35.7   30.5 28.7  

0 to 30 days 60.6 63.5 46.7   59.7 61.6  

1 to 5 years 4.3 3.5 8   4.4 4.1  

6 to 17 years 5.5 4.7 9.6   5.4 5.6  

         

Gender    0.056    0.022* 

Female 46.1 46.5 44   47.2 45  

Male 53.9 53.5 56   52.8 55  

         

Married    0.503    0.729 
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No 8.1 8.2 7.7   8 8.2  

Yes 91.9 91.8 92.3   92 91.8  

         

Insurance    <0.01*    0.141 

Prime 39.3 38.1 45.4   38.5 40.2  

Other Insurance 57.8 58.9 52.8   58.8 56.9  

Unenrolled 2.8 3 1.8   2.7 2.9  

         

Sponsor Service    <0.01*    <0.01* 

Army 45.8 46.7 41.4   45.10 46.50  

Air Force 24.7 25.8 19.2   25.3 24.2  

Marine Corps 9.4 8.7 12.6   10.3 8.5  

Navy 17.2 15.9 23.9   16.2 18.20  

Other 2.9 2.9 2.8   3.1 2.6  

         

CHD Complexity    <0.01*    0.119 

Simple 60 63.9 40.9   59.60 60.40  

Moderate-Complex  30.8 27.8 45.5   31.5 30.1  

Single Ventricle 3.4 2.2 9.2   3.6 3.3  

Other 5.8 6.1 4.3   5.4 6.2  

         

Genetic Syndrome    <0.01*    0.015* 

No 99.1 99.4 98.1   99.4 98.9  

Yes 0.9 0.6 1.9   0.6 1.1  

         

Comorbid 

Condition    <0.01*    0.101 

No 89 89.9 84.7   88.5 89.5  

Yes 11 10.1 15.3   11.5 10.5  

         

Low Birth Weight    <0.01*    0.797 

No 76.9 75.7 82.6   77 76.8  

Yes 23.1 24.3 17.4   23 23.2  

         

Prematurity    <0.01*    0.208 

No 67.5 66.3 73.5   68.1 67  

Yes 32.5 33.7 26.5   31.9 33  
*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 

Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 
Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 



 

 

64 

 

2SLS models varied with the number of patient groups used to specify differential 

distance in the model.  The number of patient groups specified were two groups: median 

differential distance (yes or no) or four groups of differential distance based on 25, 50, 75, and 

100 percentiles.  Table 5 contains the partial F-statistic for the first-stage model of CHD center 

of choice post one-year CHD diagnosis (CoE or non-CoE) detailed in equation 1.  The Staiger 

and Stock F-statistics for the differential distance instrument exceeded the standard of the 

threshold of 10 (Staiger & Stock, 1997).  None of the Hausman test statistics for the 

overidentified models (models where differential distance was specified with more than two 

groups) were statistically significant, resulting in a failure to reject the null hypothesis that the 

exclusion of the differential distance indicator variables from the outcome equations was 

appropriate.  Based on the aforementioned results, the IV was determined to be strong and valid 

across all differential group specifications and outcome variables (see Table 5). 

Table 5:  Effect of Differential Distance, Specification Tests 

Outcome  

Estimation 

Method and 

Specification 

Number of 

Patient 

Groups 

Specified 

Using DD 

Instrument 

Group 

Partial F-

Statistic  

Hausman F-Statistic (p-

value) 

Annual Admissions 2SLS 2 350.29 NA 

Annual Admissions 2SLS 4 125.91 1.5288  (p = 0.4656) 

Annual ER Use 2SLS 2 427.3 NA 

Annual ER Use 2SLS 4 156.1 .541   (p = 0.763) 

Mortality 2SLS 2 414.48 NA 

Mortality 2SLS 4 150.19 3.1809  (p = 0.2038) 

 

The 2SLS specifications were estimated with the full set of measured confounders (Table 

6).  Patients with more than one admission post one-year CHD diagnosis represented 13.7% of 

the sample.  A relationship between CoE status and annual admissions was not seen across 2SLS 

model specifications.  Although the relationship was not statistically significant at the .05 level 
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and the magnitude of the coefficient was small (-3.4%), the coefficient was negative which 

suggests that CoE use did not increase the probability of more than one annual admission post 

one-year CHD diagnosis.  Black patients, compared to White patients, had a lower probability of 

more than one admission post one-year CHD diagnosis.  Patients who were younger than 31 days 

old or older than 1 year of age, compared to those 31 days to 364 days of age, had lower 

probabilities of more than one annual admission post one-year CHD diagnosis.  Patients with 

Unenrolled or Other insurance type, compared to Prime insurance type, had lower probabilities 

of more than one admission post one-year CHD diagnosis.  Patients who had moderate-complex 

CHD or single ventricle CHD diagnoses, compared to patients with simple CHD diagnoses, had 

higher probabilities of more than one annual admission post one-year CHD diagnosis.  Patients 

who had other CHD diagnoses, compared to patients with simple CHD diagnoses, had lower 

probabilities of more than one annual admission post one-year CHD diagnosis.  Patients with 

genetic syndromes or comorbid conditions, compared to those without these conditions, had 

higher probabilities of more than one admission post one-year CHD diagnosis.  Patients with low 

birth weight or prematurity, compared to those without these conditions, had lower probabilities 

of more than one admission post one-year CHD diagnosis.   

      

Table 6:  Results of Regression for Annual Admissions, 2SLS 

Characteristics Coefficient  Std Error P-value 95% Conf Interval 

      

CoE Use -0.034 0.057 0.545 -0.145 0.077 

      
Race      

White [ref]      
Black -0.021 0.009 0.024* -0.038 -0.003 

Other Race -0.009 0.011 0.406 -0.031 0.013 

      
Sponsor Pay Grade      

Junior Enlisted [ref]      
Senior Enlisted 0.010 0.008 0.214 -0.006 0.025 
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Officer 0.004 0.010 0.722 -0.017 0.024 

Other Rank -0.023 0.016 0.136 -0.054 0.007 

      
Patient Age Group      

31 days to 364 days [ref]      
0 to 30 days -0.137 0.012 <0.01* -0.161 -0.113 

1 to 5 years -0.190 0.021 <0.01* -0.232 -0.149 

6 to 17 years -0.187 0.017 <0.01* -0.221 -0.153 

      
Gender      

Female [ref]      
Male -0.007 0.006 0.249 -0.020 0.005 

      
Married      

No [ref]      
Yes 0.007 0.012 0.597 -0.018 0.031 

      
Insurance      

Prime [ref]      
Other Insurance -0.040 0.010 <0.01* -0.061 -0.020 

Unenrolled -0.069 0.014 <0.01* -0.097 -0.041 

      
Sponsor Service      

Army [ref]      
Air Force 0.010 0.009 0.305 -0.009 0.028 

Marine Corps -0.020 0.013 0.136 -0.046 0.006 

Navy 0.002 0.011 0.845 -0.019 0.023 

Other -0.011 0.019 0.585 -0.048 0.027 

      
Complexity      

Simple CHD [ref]      
Moderate-Complex CHD 0.127 0.011 <0.01* 0.106 0.148 

Single Ventricle CHD 0.436 0.033 <0.01* 0.371 0.501 

Other CHD -0.037 0.009 <0.01* -0.054 -0.019 

      
Genetic Syndrome      

No [ref]      
Yes 0.125 0.516 0.015* 0.024 0.226 

      
Comorbid Condition      

No [ref]      
Yes 0.096 0.014 <0.01* 0.070 0.123 

      
Low Birth Weight      

No [ref]      
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Yes -0.063 0.014 <0.01* -0.090 -0.036 

      
Prematurity      

No [ref]      
Yes -0.024 0.011 0.023* -0.046 -0.003 

*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

ER use post one-year CHD diagnosis represented 7.86% of the sample population (Table 

7).  A relationship between CoE status and annual ER use was seen across 2SLS model 

specifications.  The causal effect of CoE use was a decreased probability (-.141) of annual ER 

use post one-year CHD diagnosis (p<0.01).  Patients who were 0 to 30 days old, compared to 

those 31 days to 364 days of age, had a lower probability of ER use post one-year CHD 

diagnosis.  Patients with Unenrolled insurance type, compared to Prime insurance type, had a 

lower probability of ER use post one-year CHD diagnosis.  Patients with low birth weight or 

prematurity, compared to those without these conditions, had a lower probability of ER use post 

one-year CHD diagnosis.  Patients with sponsors of Other rank, compared to Junior Enlisted 

rank, had a higher probability of ER use post one-year CHD diagnosis.  Patients who had 

moderate-complex CHD or single ventricle CHD diagnoses, compared to patients with simple 

CHD diagnoses, had a higher probability of ER use post one-year CHD diagnosis.  Patients with 

comorbid conditions, compared to those without comorbid conditions, had a higher probability 

of ER use post one-year CHD diagnosis.   

      

Table 7:  Results of Regression for Annual ER Use, 2SLS 

Characteristics Coefficient Std. Error P-value 95% Conf Interval 

      

CoE Use -0.141 0.053 <0.01* -0.244 -0.037 

      

Race      

White [ref]      

Black -0.006 0.007 0.439 -0.020 0.009 
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Other Race 0.015 0.008 0.074 -0.001 0.031 

      

Sponsor Pay Grade      

Jr Enlisted [ref]      

Sr Enlisted -0.003 0.005 0.563 -0.014 0.007 

Officer -0.009 0.007 0.219 0.024 0.005 

Other Rank 0.036 0.011 <0.01* 0.058 0.014 

      

Patient Age Group      

31 days to 364 days [ref]      

0 to 30 days -0.085 0.010 <0.01* -0.105 -0.064 

1 to 5 years -0.010 0.020 0.613 -0.050 0.030 

6 to 17 years 0.008 0.018 0.661 -0.027 0.043 

      

Gender      

Female [ref]      

Male 0.003 0.005 0.562 -0.007 0.014 

      

Married      

No [ref]      

Yes 0.001 0.010 0.947 -0.019 0.020 

      

Insurance      

Prime [ref]      

Other Insurance -0.005 0.008 0.513 -0.020 0.010 

Unenrolled -0.037 0.012 <0.01* -0.061 -0.014 

      

Sponsor Service      

Army [ref]      

Air Force 0.011 0.009 0.217 -0.007 0.030 

Marine Corps -0.003 0.012 0.790 -0.027 0.021 

Navy 0.005 0.011 0.622 -0.016 0.027 

Other Service 0.026 0.019 0.185 -0.012 0.064 

      

Complexity      

Simple CHD [ref]      

Moderate-Complex CHD 0.037 0.009 <0.01* 0.019 0.056 

Single Ventricle CHD 0.124 0.024 <0.01* 0.078 0.170 

Other CHD -0.005 0.010 0.618 -0.025 0.015 

      

Genetic Syndrome      

No [ref]      
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Yes 0.029 0.034 0.392 -0.037 0.095 

      

Comorbid Condition      

No [ref]      

Yes 0.095 0.014 <0.01* 0.069 0.122 

      

Low Birth Weight      

No [ref]      

Yes -0.051 0.010 <0.01* -0.071 -0.032 

      

Prematurity      

No [ref]      

Yes -0.026 0.007 <0.01* -0.040 -0.013 
*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

Mortalities represented 3.18% of the sample population.  A CoE for this study means low 

mortality rates, since the STS O/E mortality ratio was used to define a CoE. However, it was still 

important to study mortalities for the pediatric military beneficiary population, because the STS 

reports mortality rates for the entire population that receives CHD surgery and the rate included 

the adult population.  Since the number of pediatric military beneficiaries in the STS reported 

population was likely to be extremely small, this study better captured the causal effect of CoE 

use on the military population of interest.  This study found no statistical relationship between 

CoE use and mortality across 2SLS model specifications at the .05 or .10 level for the pediatric 

military beneficiary population (Table 8).  Although the relationship between CoE use and 

mortality was statistically insignificant and the magnitude of the coefficient was small (-0.02), 

the coefficient was negative which suggests that CoE use did not increase the probability of 

mortality nor jeopardize patients’ survival.  Patients who were 0 to 30 days old, compared to 

those 31 days to 364 days of age, had a higher probability of mortality post one-year CHD 

diagnosis.  Patients with Unenrolled insurance type, compared to Prime insurance type, had a 

higher probability of mortality post one-year CHD diagnosis.  Compared to patients with simple 
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CHD diagnoses, patients who had a moderate-complex CHD, single ventricle CHD, or other 

CHD diagnosis, had higher probabilities of mortality post one-year CHD diagnosis.  Patients 

with genetic syndromes, comorbid conditions, or low birth weight, compared to those without 

these conditions, had a higher probability of mortality post one-year CHD diagnosis.  A 

consolidated table of the effect of CoE status on outcomes (annual admissions (count), and 

annual ER use (yes/no), mortality (yes/no)) based on the 2 group and 4 group differential 

distance IV specification is found in Appendix D.  Results across the 2 group and 4 group 

differential distance IV specifications were very similar. 

      

Table 8:  Results of Regression for Mortality, 2SLS 

Characteristics Coefficient Std Error P-value 95% Conf Interval 

      

CoE Use -0.018 0.025 0.484 -0.067 0.032 

      

Race      

White [ref]      

Black 0.002 0.005 0.605 -0.007 0.011 

Other Race 0.009 0.006 0.164 -0.004 0.021 

      

Sponsor Pay Grade      

Jr Enlisted [ref]      

Sr Enlisted  0.004 0.004 0.323 -0.004 0.011 

Officer 0.010 0.005 0.056 0.000 0.021 

Other Rank 0.009 0.011 0.406 -0.012 0.029 

      

Patient Age Group      

31 days to 364 days [ref]      

0 to 30 days 0.028 0.006 <0.01* 0.015 0.040 

1 to 5 years -0.012 0.006 0.051 -0.024 0.000 

6 to 17 years 0.006 0.006 0.359 -0.007 0.018 

      

Gender      

Female [ref]      

Male -0.001 0.003 0.849 -0.007 0.006 

      

Married      
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No [ref]      

Yes 0.006 0.006 0.270 -0.005 0.018 

      

Insurance      

Prime [ref]      

Other Insurance 0.004 0.003 0.313 -0.003 0.010 

Unenrolled 0.162 0.024 <0.01* 0.115 0.209 

      

Sponsor Service      

Army [ref]      

Air Force -0.003 0.005 0.575 -0.012 0.006 

Marine Corps -0.002 0.006 0.725 -0.014 0.010 

Navy 0.000 0.005 0.946 -0.009 0.009 

Other Service 0.009 0.012 0.445 -0.014 0.033 

      

Complexity      

Simple CHD [ref]      

Moderate-Complex CHD 0.019 0.004 <0.01* 0.010 0.027 

Single Ventricle CHD 0.155 0.023 <0.01* 0.109 0.201 

Other CHD 0.023 0.007 <0.01* 0.008 0.037 

      

Genetic Syndrome      

No [ref]      

Yes 0.040 0.020 0.050* 0.000 0.080 

      

Comorbid Condition      

No [ref]      

Yes 0.049 0.008 <0.01* 0.034 0.065 

      

Low Birth Weight      

No [ref]      

Yes 0.046 0.009 <0.01* 0.029 0.063 

      

Prematurity      

No [ref]      

Yes 0.012 0.007 0.078 -0.001 0.025 
*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

 In order to compare the models that were adjusted for endogeneity to models that were 

not adjusted for potential endogeneity, we contrasted the marginal effects of the 2SLS estimates 
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to the marginal effects of the LPM (without IV).  Table 9 lists the IV and non-IV regression 

results for the entire sample.  The non-IV results contain marginal effects results for LPM in 

which the regressor of interest was CoE use.  The non-IV marginal effect for annual admissions 

suggested that CoE use increased the probability of more than one hospital admission one-year 

post CHD diagnosis by 17.5% (p<0.01).  Although statistically insignificant, the non-IV 

marginal effect for annual ER use suggested that CoE use increased the probability of annual ER 

use one-year post CHD diagnosis by 1.8% (p=0.16).  Lastly, the non-IV marginal effect for 

mortality suggested that CoE use increased the probability of mortality one-year post CHD 

diagnosis by 2.2% (p<0.01).  A comparison of the results of the IV and non-IV models indicated 

that the IV estimates of the effect of CoE use on clinical outcomes were reversed.  In other 

words, relying on the association of CoE use to clinical outcomes (as in the LPM) results in 

biased estimations of the impact of CoE use on clinical outcomes. 

Table 9:  Marginal Effects of CoE Status on CHD Outcomes 

Outcome 

Estimation 

Method 

Marginal 

Effect 

Robust 

Std 

Errors 

P-

Value 

95% Conf 

Intervals 

Annual Admissions LPM 0.175 0.026 <0.01* 0.123 0.228 

Annual Admissions 2SLS -0.034 0.057 0.545 -0.145 0.077 

Annual ER Use LPM 0.018 0.012 0.159 -0.007 0.042 

Annual ER Use 2SLS -0.141 0.053 <0.01* -0.244 -0.037 

Mortality LPM 0.022 0.006 <0.01* 0.011 0.033 

Mortality 2SLS -0.018 0.025 0.484 -0.067 0.032 
*Denotes significance at the .05 level  

Sensitivity Analysis 
 

It has been suggested that it may be inappropriate to use an LPM in both stages of a 2SLS 

model when the outcome variable is binary.  For instance, a simulation study demonstrated that 

bias is introduced by using LPMs when the empirical probability of the event either occurs very 

frequently (close to 100 % of the time) or very infrequently (close to 0 % of the time) 
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(Bhattacharya et al., 2006).  There are other IV techniques which have been developed to deal 

with binary outcomes.  In particular, the bivariate probit model with the “seemingly unrelated” 

syntax can be employed as an IV model for a dichotomous dependent variable and a 

dichotomous endogenous regressor.  As a sensitivity analysis, the outcome variables were 

estimated using the bivariate probit model, within STATA 17.0, with the “seeming unrelated” 

syntax with standard errors clustered at the hospital level, finding similar results to the 2SLS 

approach (see Table 10).  The effects of CoE use are presented.  There was a distinct difference 

in the p-values associated with annual admissions in the case of the bivariate probit estimates.  

There was no statistically significant effect of CoE use on annual ER use, unlike the 2SLS 

estimates, after controlling for patient-level covariates and adjusting for possible selection bias.  

The results from the annual admissions outcome equation suggested that there was no 

statistically significant effect of CoE use on annual admissions after controlling for patient-level 

covariates and adjusting for possible selection bias.  The results from the mortality outcome 

equation suggested that there was no statistically significant effect of CoE use on mortality after 

controlling for patient-level covariates and adjusting for possible selection bias.  Furthermore, 

the value of rho was examined to determine if the outcomes and selection equations were 

correlated.  For all outcomes of interest (annual admissions, annual ER use, and mortality), both 

the 95% confidence intervals for the value of rho and the likelihood-ratio tests indicated that rho 

was statistically different from zero, so there was significant selection bias in CoE status and the 

outcome variables.  

Table 10 :  Effects of CoE Status on CHD Outcomes, Bivariate Probit 

Outcome  Coefficient 

Robust Std 

Errors P-Value 

95% Conf 

Intervals 

Annual Admissions -0.113 0.130 0.385 -0.368 0.142 

Annual ER Use -0.309 0.210 0.141 -0.722 0.103 



 

 

74 

 

Mortality -0.118 0.200 0.557 -0.510 0.274 
*Denotes significance at the .05 level  

 

Discussion 

 

Developments in the medical and surgical management of CHD patients have increased 

likelihood of survival to adulthood; however, many CHD patients remain at risk of later 

morbidity or mortality (Fernandes et al., 2015).  A CoE designation has been recommended as a 

manner to create a network of high-quality care and affects hospital and provider selection for 

patients (Khatana et al., 2019).  This study assessed the causal effects of CoE use on clinical 

outcomes and health resource utilization for CHD care received between 2016 and 2020.  The 

current study provides evidence that after controlling for patient-level covariates and facility-

level covariates and adjusting for endogeneity, (1) CoE use did not increase the probability of 

more than one admission post one-year CHD diagnosis, (2) CoE use lowered the probability of 

annual ER use post one-year CHD diagnosis, and (3) CoE use did not increase the probability of 

mortality post one-year CHD diagnosis.  Although the association between CoE and mortality 

was insignificant at the .05 level, the coefficient was negative which suggests that CoEs helped 

to reduce mortalities.  It is likely that the aforementioned relationship was not statistically 

significant due to the fact that 54.6% of the sample treated at a CoE had either a severe or 

moderate CHD diagnosis.  Since CoEs are more likely to treat more severe CHD cases, the 

study’s models may not be appropriately controlling for severity of the case mix which could 

create biased results. 

Some patients who may have benefited from utilizing a CoE for CHD care did not, 

alluding to potential barriers to access, such as health insurance restrictions or lack of patient 

awareness.  Given the findings of this study, it is necessary for clinicians and patient advocacy 
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groups to urge policymakers to consider the development of an overarching CoE designation 

authority for CHD care for accreditation criteria and purposes.  These efforts will not only help 

to identify standardized quality metrics and best practices but can also be used to further 

regionalization efforts.  These efforts can be used to steer patients to proven high-quality 

facilities (e.g. CoEs) to improve care for CHD patients to include military beneficiary 

populations.   

Strengths and Limitations 

 

There are several strengths to this analysis.  First, it was possible to adjust for 

confounding factors, such as prematurity, low birth weight, genetic syndrome, and comorbid 

conditions.  Secondly, it was also possible to control for the severity of CHD diagnosis.  This 

study’s results should be considered with several limitations.  Since 84.7% of hospitals 

participate in public reporting via STS but not all U.S. centers participate, inability to fully 

classify hospitals as a CoE versus a non-CoE may be a limitation to this study.  Additionally, 

TRICARE claims data are consistently audited for accuracy, reliability, and completeness; 

however, not all centers submit complete data for all data elements thus were not included in this 

analysis.  For this reason, the results of this study may not be generalizable to all U.S. medical 

centers.  Although many patient preoperative risks were included in the study, there were 

additional potential preoperative risks not included in the dataset thereby excluded from this 

study.  It was not possible to control for procedural factors due to limitations in the dataset and 

lack of access to clinical data.  Next, CHD operations were grouped within complexity of CHD 

diagnosis categories, so it may not be appropriate to apply the results to all operations within a 

group.  This study focused on purchase care and did not capture medical care received at a 

military treatment facility, thus admissions, ER use, or mortalities experienced at a military 



 

 

76 

 

hospital were excluded.  Previous literature has used the Agency for Healthcare Research and 

Quality Risk Adjustment for Congenital Heart Surgery (RACHS-1) tool to classify CHD 

procedures based on risk; however, this tool has not been updated to include ICD-10 codes.  For 

this reason, this study did not utilize the RACHS-1 approach to control for risk related to CHD 

care but used a CHD diagnosis hierarchy of complexity approach.  This study’s findings may not 

be appropriate to all CHD operations, since the RACHS-1 method has been shown to be the most 

important predictor of cost or outcomes for CHD care but used in this study.  All the limitations 

of 2SLS apply.  For example, our 2SLS estimates represent the local average treatment effect, 

capturing the effect of CoE use for the subset of the sample that uses a CoE if and only if they 

were assigned to the treatment.  For this reason, the IV results can only be generalized to patients 

whose choices of CoE use versus non-CoE use were affected by differential distance (i.e., if their 

differential difference values were reversed they would have gone to a medical center with a 

different CoE status).  Despite these limitations, this analysis contributes to the literature on the 

outcomes of CHD care by providing the first estimates of the impact of CoE use on pediatric 

CHD clinical outcomes in the U.S. for the military beneficiary population that are corrected for 

endogeneity. 

Conclusion 

 

 To further investigate the relationship by CoE status for CHD care and outcomes, the 

2SLS variant of IV analysis was employed.  Differential distance from a patient’s residence to 

the nearest CoE and non-CoE for CHD was used to provide an ex-post facto randomization of 

CHD center choice.  Differential distance described substantial portion of the variation in the 

CoE status of the center chosen, while grouping patients by differential distance instead of CoE 

status of their CHD care center led to a more balanced distribution of patient age group, sponsor 
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pay grade, insurance type, CHD complexity, comorbid conditions, low birth weight, and 

prematurity.  Measured confounders were controlled in all models, so that the estimates used 

only the variation in differential distance that was independent of these factors.  The estimates 

were robust to two different differential distance grouping methods (2 groups and 4 groups).  

Furthermore, respective Hausman test statistics denoted little risk that differential distance was 

directly related to annual admissions, annual ER use, mortality, or unmeasured confounders.   

A comparison of the results of the IV and non-IV models indicated that the IV estimates 

of the causal effect of CoE use on clinical outcomes were reversed.  In other words, relying on 

the association of CoE use on clinical outcomes (as in the LPM) results in biased estimations of 

the impact of CoE use on clinical outcomes.  The IV results suggested that after controlling for 

patient-level and medical center-level covariates and adjusting for possible selection bias, CoE 

use for CHD care resulted in less health resource utilization and did not jeopardize the survival 

of CHD patients.  These findings support the use of the IV to randomize treatment assignment.  

Use of the IV helped to randomize treatment at a CoE, so that the patients who used a CoE were 

not the sicker patients with the most severe CHD diagnoses or comorbidities.   
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Chapter 4: Comparing Health Care Costs for TRICARE Beneficiaries 

for CoEs versus non-CoEs for Pediatric CHDs 

Introduction 

 

Congenital heart disease (CHD) has an incidence of 0.8% to 1.2% worldwide, making it 

the most common birth defect (Richardson et al., 2021).  Approximately 40,000 children 

undergo surgery for CHD in the U.S. each year (Pasquali et al., 2020).  Among adolescents and 

young adults with CHD in New York from 2009 to 2013, admission volume increased 48.7%, 

while inpatient costs increased 91.8% (Hsu et al., 2021).  In 2013, pediatric hospitalizations for 

congenital heart defects (CHDs) accounted for nearly $6.1 billion in costs in the U.S. (CDC, 

2019a).  For the military beneficiary population with cardiac or circulatory congenital anomalies, 

the Fiscal Year 2019 health care costs were $83 million, including $55 million for newborns who 

were less than one year of age and $28 million for youth ages 1 to 17 (Kennell and Associates 

Inc., 2020).  The current Military Health System (MHS) costs are approximately $50 billion 

(Mendez, 2019) and are expected to significantly increase through 2028 (Congressional Budget 

Office, 2014).  Since there are no Military Treatment Facilities (MTFs) within the MHS that 

perform surgical interventions for CHDs, 95% of MHS costs for cardiac or circulatory congenital 

anomalies care was accumulated in the purchased care network (Kennell and Associates Inc., 

2020).  In an attempt to close the gap between cost and benefit for its 9.6 million beneficiaries 

(Beneficiary Population Statistics, 2020), the MHS has considered targeted inclusion of Centers 

of Excellence (CoEs) for purchased care within TRICARE insurance coverage and MHS 

policies.  CoEs also known as high-performance networks may provide the opportunity to 

improve health care delivery (Mehrotra et al., 2013a).  For the purpose of this study, a CoE for 

clinical care is a health care team that focuses on a specific area of medicine that uses evidence-
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based practice and produces consistent outstanding measurable outcomes (Elrod & Fortenberry, 

2017).   

Analyzing center-specific performance for pediatric CHD care is difficult due to the 

diversity and complexity of the diagnoses and procedures, varying risk factors, and the 

infrequency of the procedures (Vinocur et al., 2013).  High-volume hospitals have been 

associated with a reduction in hospitalization costs which appears to be mediated through 

improvements in quality of care (Chan et al., 2015).  Most studies assessing the effect of 

congenital heart surgery centers on outcomes have ignored the problem of unobservable 

confounders or have mentioned it as a potential limitation (Khatana et al., 2019).  Utilizing 

treatment variation from observational databases for outcome estimation can cause unsuitable 

deductions if treatment is designated in a manner that is related with expected outcomes (Brooks 

et al., 2006).  This approach is unsuitable because it does not allow for proper policy deductions. 

The most significant limitation of previous studies is that they measure the association of 

congenital heart surgery center with, not the causal effect on, health care costs.  The association 

is an overestimate of the causal effect if, for example, some patients use a medical center because 

they have a more severe disease.  It has been shown that persons with more severe CHD 

diagnoses are more likely to use CoEs (which is likely to be unobserved by the econometrician). 

This paper builds on the previous research by addressing endogeneity of CHD severity by 

estimating causal effect through an instrumental variable (IV).  In this study, we investigate 

health care costs in CoE versus non-CoE use related to pediatric CHD care for TRICARE 

beneficiaries using an IV approach.  An IV is used to generate unbiased, consistent estimates 

when unmeasured factors exist and are associated with the treatment and outcome variables.  IVs 

are useful with medical claims data due to the inability to measure risk severity, a prevalent 
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confounder in health services research (Keele et al., 2019).  In this analysis, we use differential 

distance between the nearest CoE and the nearest non-CoE for CHD care as an instrument to 

compare health care costs for CoE use related to pediatric CHD care for TRICARE beneficiaries.  

Differential distance between the closest medical center of interest and the closest counterfactual 

medical center has been used as an IV in previous research (Brooks et al., 2006; Grabowski et 

al., 2013; Hirth et al., 2014).  This study categorized CoEs based on The Society of Thoracic 

Surgeons (STS) Congenital Heart Surgery Database (CHSD), which is the largest congenital and 

pediatric cardiac surgical clinical data registry in the world and includes the analysis of outcomes 

and the improvement of quality for congenital heart surgeries (The Society of Thoracic 

Surgeons, 2020a).   

Methods 

Data Sources 

 

This study used data for Military Health System (MHS) beneficiaries who received CHD 

care, from the MHS Data Repository (MDR) which provides information at the patient encounter 

level including diagnoses, treatments, billed and paid amounts for TRICARE beneficiaries, 

patient demographic characteristics, and payer information.  The MDR includes data for 

beneficiaries who use MHS facilities which are operated by the DoD, also known as direct care, 

and for beneficiaries who receive care at a non-DoD facility but that is funded by TRICARE, 

also known as purchased care.  TRICARE tracks claim data separately for purchased and direct 

care and includes several component insurance plans, including TRICARE Prime, TRICARE 

Prime Plus, TRICARE Select (replaced Standard and Extra plans in 2018), and TRICARE 

Young Adult but is not responsible for care within military combat zones or care received at 

Veterans Affairs facilities (T. P. Koehlmoos et al., 2019).  Furthermore, the dataset has the 
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unique hospital identification number which permits facility comparisons.  The TRICARE 

program covers 9.6 million beneficiaries including approximately 20 percent active military 

personnel and a combination of dependents and retirees, serving as a sociodemographic 

representation of the U.S. population younger than 65 years old (T. P. Koehlmoos et al., 2019).  

This research was approved by the University of Maryland, College Park, Institutional Review 

Board (Approval Number:  1576246-2). 

Analytic Sample 

 

This study included TRICARE beneficiaries from 2016 to 2020 who were ages 0 to 17 

and diagnosed with a CHD based on International Classification of Diseases (ICD), Tenth 

Revision, Clinical Modification codes.  Children were considered to have a CHD if ICD version 

10 codes for the disease were found in any of the 25 diagnostic fields in the inpatient database 

(Islam et al., 2018).  The study population was categorized into four groups:  single ventricle 

CHD, moderate-complex CHD, simple CHD, or other CHD based on the hierarchy of the 

complexity of CHD diagnosis (Islam et al., 2018).  Exclusion criteria included persons with 

Other Health Insurance, persons without at least one year of data post-CHD procedure, care 

received in the direct care setting at a military treatment facility, and care received at centers 

outside of the U.S.  Furthermore, children with patentductus arteriosus and/or isolated congenital 

anomaly of the peripheral, or cerebral vascular system (Islam et al., 2018), or cardiac 

transplantation were excluded (Islam et al., 2018; Jenkins et al., 2002a).  All analyses were 

performed using STATA statistical software (Version 17.0 Statacorp, College Station, Texas).  

Two-sided p-values less than .05 were considered statistically significant. 

Theoretical Framework 
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 This study uses an adapted Andersen Behavioral Model of Health Services Use for its 

overarching conceptual framework and the selection of dependent and independent variables to 

explore health care costs associated with pediatric CHD care.  The traditional model developed 

and cultivated by U.S. medical sociologist and health services researcher, Ronald Andersen, 

explains predisposing, enabling, and need categories and their influence on health service 

utilization (Andersen, 1968).   

Figure 4 displays the factors used to test the hypotheses described in this study’s aims.   

 

Figure 4:  Behavioral Model of Outcomes (Health Care Costs) 

 

Measures 

 

To adjust for predisposing characteristics, the following covariates were used:  age (1 to 

30 days, 31 days to less than 1 year, 1 year to 5 years, 6 years to 17 years), gender (male and 

female) (Chan et al., 2015), sponsor marital status (currently married, not married to include 

divorced and widowed) (MacLean & Edwards, 2010), and dependent race imputed based on 
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sponsor’s race (White, Black, or Other Race to include Asian or Pacific Islander, Native 

American, or Other races) (Andridge & Little, 2010; Madsen et al., 2018).  To adjust for 

enabling resources, the following covariates were used:  type of TRICARE insurance (Prime 

(military treatment facility care for active duty, retired, activated guard/reserve, survivors, Medal 

of Honor recipients and their families), Other insurance to include Extra (preferred provider 

organization plan option to include non-network options for all members except active duty), 

Standard (preferred provider organization plan option for all members except active duty), Select 

(replaced Standard and Extra plans in 2018 as a self-managed, preferred provider network plan 

option for all members except active duty), or Young Adult (unmarried, adult child of an eligible 

sponsor that is at least age 21 but not yet 26 years old) or Unenrolled), sponsor service branch 

(Army, Air Force, Marine Corps, Navy, Other service) (Madsen et al., 2018), sponsor pay 

grade/rank (Junior Enlisted, Senior Enlisted, Officer, Other rank) (Madsen et al., 2018), and 

provider state.  To adjust for need characteristics, the following covariates were used:  

Complexity of CHD (simple CHD, moderate-complex CHD, single ventricle CHD, other CHD) 

(Islam et al., 2018), common comorbid conditions observed during ambulatory visits and/or 

hospitalizations (Islam et al., 2018; Thomas & Seckeler, 2016), presence or absence of a genetic 

syndrome (Down’s, Noonan’s, DiGeorge, Holt-Oram, Turner, and Williams-(Beuren) 

syndromes; yes or no) (Islam et al., 2018; Thomas & Seckeler, 2016), low birth weight (weight 

at operation was categorized as less than or equal to 2,500 grams; yes or no) (Jenkins et al., 

2002a), and prematurity (gestational age <37 weeks; yes or no) (Chan et al., 2015; Jenkins et al., 

2002a).  Patients with multiple CHD diagnoses were assigned to the complexity of CHD 

category associated with the most complex diagnosis.  A list of ICD-10 codes for included CHD 

diagnoses, genetic syndromes, and common comorbid conditions is presented in Appendix B. 
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Approach Aim 3.  Compare health care costs for TRICARE beneficiaries who used CoEs 

to those who did not for pediatric CHDs (ages 0 to 17). 

 

Dependent Variables  

 

This study explored costs for pediatric CHDs for TRICARE beneficiaries who used CoEs 

to those who used non-CoEs.  The primary dependent variable of interest was the total CHD 

related cost of care received outside of a military treatment facility, to include inpatient and 

outpatient costs, from the perspective of TRICARE, per child post one-year of CHD diagnosis.  

Costs were based on the TRICARE paid amount and reported in the MDR as a continuous 

variable.  Total costs included direct costs for in-hospital services such as procedures, room and 

board, professional fees for services performed by hospital staff, pharmacy costs, costs for in-

hospital services during stays, and any outpatient costs related to CHD care.  The secondary 

dependent variable of interest was the total payment for hospitalizations related to CHD care post 

one-year of CHD diagnosis (Chan et al., 2015).  Hospitalization costs included direct costs for 

in-hospital services such as procedures, room and board, professional fees for services performed 

by hospital staff, and pharmacy costs for in-hospital services during stays.   

Independent Variable  

The primary independent variable, CoE Use, was a dichotomous indicator for CoE 

utilization categorized as (1) yes or (0) no.  CoE use categorized as “yes” means that a patient 

received inpatient care at a CoE at any point for pediatric CHD care post one-year of initial CHD 

diagnosis.  CoE use categorized as “no” means that a patient received inpatient care at a non-

CoE for all pediatric CHD care post one-year of initial CHD diagnosis.  The STS CHSD covers 

hospitals’ results over a 4-year period and presents respective observed-to-expected (O/E) 

mortality ratio for operative mortalities, which incorporates a risk adjustment to account for 
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differences in case mix, serving as a platform for benchmarking performance and improving 

quality for CHD care (Jacobs et al., 2018).  Since the STS CHSD adjusts for differences in case 

mix, this study uses the overall O/E mortality ratio to categorize CoEs versus non-CoEs.  For this 

study, hospitals with an overall O/E mortality ratio of equal to or less than 1 were designated as 

CoEs, since these hospitals had equal to or fewer deaths than expected based on the case mix 

treated at the hospital (The Society of Thoracic Surgeons, 2020b).  Hospitals with an O/E 

mortality ratio greater than 1 were categorized as a non-CoE, since these hospitals had more 

deaths than expected based on actual case mix (The Society of Thoracic Surgeons, 2020b).  The 

STS CHSD data from the 2015 to 2018 period was used to classify any hospital, totaling 42 

CoEs within the U.S.  In addition, 984 hospitals that did not report to the STS for CHDs were 

categorized as non-CoEs.  Of the population, 82.9% did not use a CoE at any point for CHD care 

and 17.1% used a CoE at some point for CHD care.  A list of CoEs is included in Appendix C.     

Covariates 

To adjust for patient characteristics and medical center factors, covariates were 

controlled.  To adjust for predisposing characteristics, the following covariates were included:  

age (1 to 30 days, 31 days to less than 1 year [reference], 1 year to 5 years, 6 year to 17 years), 

race (White [reference], Black, Other race), gender (male and female [reference]), and sponsor 

marital status (currently married, not married to include divorced and widowed [reference]).  To 

adjust for enabling resources, the following covariates were included:  type of TRICARE 

insurance (Prime [reference], Other insurance, Unenrolled), Sponsor Pay Grade (Junior Enlisted 

[reference], Senior Enlisted, Officer, Other rank), Sponsor Service (Army [reference], Air Force, 

Marine Corps, Navy, Other service), and provider state (Alaska [reference]).  To adjust for need 

characteristics, the following covariates were included:  complexity of CHD (simple CHD 
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[reference], moderate-complex CHD, single ventricle CHD, other CHD), genetic syndromes (yes 

or no [reference]), common comorbid conditions (yes or no [reference]), low birth weight (yes or 

no [reference]), and prematurity (yes or no [reference]).  Covariates were defined at the time of 

index admission.   

Instrumental Variable 

 In order to ideally measure the effect of congenital heart surgery center on health care 

costs, one would conduct a randomized controlled trial in which medical center was assigned by 

the investigator.  This study uses claims data without a randomized controlled trial, so one must 

rely on natural experiments.  Potential endogeneity exists in the selection of the hospital (CoE 

versus non-CoE) visited that may influence a number of outcomes.  In the first paper of this 

dissertation titled “Examining Race and Military Rank Disparities in CoE Utilization for 

TRICARE Beneficiaries with Pediatric CHDs,” it was noted that persons with moderate-complex 

CHDs were 2.7 times more likely than persons with simple CHDs to use a CoE, while persons 

with single ventricle CHDs were 6.4 times more likely than persons with simple CHDs to use a 

CoE.  These findings may be due to the greater level of skill and clinical experience required to 

address higher severity of CHD.  Additionally, the second paper of this dissertation titled 

“Comparing Clinical Outcomes for CoE Use versus non-CoE Use for TRICARE Beneficiaries 

with Pediatric CHDs,” found evidence to suggest significant selection bias for CoE use with the 

clinical outcomes of interest (annual admissions, annual ER use, and mortality).  For instance, 

patients who visit a CoE may do so because they have a more severe disease and require 

advanced surgical interventions which cannot be assessed without clinical data.  To reduce these 

biases, this study used a two-stage least squares (2SLS) IV estimation, previously used in health 

care, to predict the medical center used (Brooks et al., 2006; McClellan et al., 1994).  The first 
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stage of 2SLS estimates the endogenous variable (e.g. the hospital, CoE versus non-CoE used) as 

a function of the IV and covariates.  In the second stage, the predicted variable from the first 

stage were entered as a regressor to estimate the outcome variables.   

 The IV was defined as the differential distance (DD) between (1) the patient and the 

closest CoE at the index date and (2) the patient and closest non-CoE hospital that could have 

been used at the index date.  Differential distance between the closest medical center of interest 

and the closest counterfactual medical center has been used as an IV in previous research 

(Brooks et al., 2006; Grabowski et al., 2013; Hirth et al., 2014).  Distance from patient residence 

to CoE and distance from patient residence to non-CoE were based on straight-line distance 

between patient zip code centroid and CoE centroid zip code (Mayer et al., 2009).  A negative 

value indicated that the nearest facility was a CoE.  In the empirical specification, a series of 

indicator variables were created to group patients based on their estimated differential distance 

(Brooks et al., 2006).  The first indicator variable groups patients based on the median value of 

the differential distance variable (3.3 miles), resulting in a binary variable (differential distance 

within 3.3 miles; yes or no).  In addition, differential distance was specified with three binary 

variables to represent four different patient groups based on every 25th percentile of differential 

distance across the sample (differential distance groups of less than or equal to -61.9 miles, 

between -61.9 to 3.3 miles, between 3.3 and 62 miles, greater than 62 miles).   

Statistical Analyses 

 

Due to the suspected endogeneity, causing the error term to likely include unobserved 

health status that may be correlated with CoE status, a 2SLS IV estimation was employed  

(Brooks et al., 2006; McClellan et al., 1994).  Patient characteristics and medical center factors 

were characterized using descriptive statistics and between-group differences measured by chi-
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square.  The relationships between health care costs and CoE use were modeled while adjusting 

for patient characteristics, medical center factors, state fixed effects, and calendar year (CY) 

fixed effects.  All 2016 to 2019 charges and costs were converted to equivalent 2020 U.S. dollars 

using the Medical Care component of the Consumer Price Index (Chan et al., 2015).  Data are 

presented as median values with interquartile range (IQR) (25th and 75th quartiles) (Chan et al., 

2015).  Since health care cost data is typically right-skewed, we conducted the analysis in two 

separate ways: using a log-transformed model and using a linear model. The statistical advantage 

of the log-transformed model is that it more precisely represents the distribution of health care 

costs in the population, however the linear model is much more intuitive to deduce (Mohr et al., 

2016).  If the estimates between the two models are similar, it was decided a priori that we 

would report linear regression means. 

In the first stage of the 2SLS, ordinary least squares (OLS) method was used to estimate 

CoE use.  If more severe CHD patients tend to choose CoEs, the OLS coefficient on CoE use 

will be a biased and inconsistent estimate of the true causal relationship.  For this reason, an IV 

model (Equation 2) was estimated which assumes that CoE use has the reduced form (Equation 

1) where DD is the differential distance between the closest CoE and the closest non-CoE.  I 

hypothesized that annual total costs and annual hospitalization costs will be lower at CoEs 

compared to non-CoEs.   

Equation 1: 

 

𝑋1 =  𝛼0 +  𝛼𝐷𝐷 + 𝛼2𝑋2 + 𝛼3𝑋3 + 𝛼4𝑋4 + 𝛼5𝑋5 + 𝛼6𝑋6 + 𝛼7𝑋7 + 𝛼8𝑋8 + 𝛼9𝑋9 + 𝛼10𝑋10 

+ 𝛼11𝑋11 + 𝛼12𝑋12 + 𝛼13𝑋13 + 𝑆𝐹𝐸 + 𝐶𝑌 +  

 

Equation 2 (outcome equation): 

 

Υ =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 + 𝛽5𝑋5 + 𝛽6𝑋6 + 𝛽7𝑋7 + 𝛽8𝑋8 + 𝛽9𝑋9 + 𝛽10𝑋10 

+ 𝛽11𝑋11 + 𝛽12𝑋12 + 𝛽13𝑋13 + 𝑆𝐹𝐸 + 𝐶𝑌 + 𝜀 
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1 = Annual Total Costs; Annual Total Hospitalization Costs (Allowable Bill Amounts) 

X1 = CoE Use (no [reference], yes) 

X2 = Age (31 days to 364 days [reference], neonates 0 to 30 days, 1 year to 5 years, 6 years to 17 

years) 

X3 = Sponsor Race (White [reference], Black, Other race (Asian or Pacific Islander, American 

Indian or Alaskan native)) 

X4 = Gender (female [reference], male) 

X5 = Sponsor Marital Status (currently married, not married [reference]) 

X6 = Type of Insurance (Prime [reference], Other insurance, Unenrolled) 

X7 = Sponsor Pay Grade (rank) (Junior Enlisted [reference], Senior Enlisted, Officer, Other rank) 

X8 = Sponsor Service Branch (Army [reference], Air Force, Marine Corps, Navy, Other service) 

X9 = Complexity of CHD (Simple [reference], Moderate-complex, Single ventricle, Other CHD) 

X10 = Genetic Syndrome (no [reference], yes) 

X11 = Common Comorbid Condition (no [reference], yes) 

X12 = Low Birth Weight (no [reference], yes) 

X13 = Prematurity (no [reference], yes) 

SFE= State Fixed Effects 

CY = Calendar Year of Operation 

 

If unobserved health is similarly correlated with CoE use, the error term 𝜀 will be 

correlated with CoE use, violating the assumptions underlying the linear regression model.  A 

consistent estimate of the CoE status on outcomes can be generated if the instrument, differential 

distance, is correlated with CoE status but not 𝜀, the error term, in the outcome equations.  With 

differential distance, we can calculate an IV estimate of the effect of CoE use on health care 

costs.  It is likely that differential distance between the nearest CoE and non-CoE will predict use 

of a CoE.  Literature establishes the importance of distance in the choice of provider (Frogner et 

al., 2018; Hirth et al., 2014; McClellan et al., 1994).  In other studies that closely illustrate the 

proximity instrument used in this study, relative proximity was the strongest predictor of facility 

chosen between for-profit and non-profit dialysis centers but found no relationship between 

dialysis center profit status and patient survival (Brooks et al., 2006), while ownership and post-

acute skilled nursing facility quality was examined and non-profits proved to provide higher 

quality of care when instrumented for ownership (Grabowski et al., 2013).  Differential distance 

is also expected to be uncorrelated with unobserved factors that may influence outcomes, 
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assuming that individuals determine their place of residence without regard to the proximity of 

CoE and non-CoEs for CHD care.    

 For differential distance to be a valid instrument, it must (1) be related to treatment (CoE 

status of CHD medical center) also known as the relevance assumption and (2) be related to 

outcomes only through treatment (CoE status of CHD medical center) therefore unrelated to 

unobserved determinants of the outcome variables also known as the exclusion restriction 

assumption.  The first assumption can be tested with Staiger and Stock F-statistic, which was 

tested in the first-stage regression, to determine whether the instrument was significantly 

different from zero.  The second assumption requires a theoretical justification and cannot be 

directly tested.  For the second assumption to be violated, CoE use and differential distance 

would be affected by unmeasured factors that are also directly correlated with health care costs.  

In theory, differential distance is expected to be uncorrelated with unobserved factors that may 

influence outcomes, assuming that individuals determine their place of residence without regard 

to the proximity of CHD care centers and newly opened CHD facility locations are determined 

without regard to unmeasured patient confounders (Brooks et al., 2006).  To address the second 

assumption, measured confounders were assessed to determine if they were balanced across 

patients grouped by differential distance.  Unbalanced measured confounders across differential 

distance strengthen the need to directly control for measured confounders in 2SLS (Brooks et al., 

2006).  The assumption of exogeneity of the instrument in general cannot be tested; however, an 

overidentifying restrictions test can be used to test whether all instruments are exogenous when 

there are more instruments than necessary.  Since the 2SLS model with four groups of 

differential distance (25, 50, 75, and 100 percentiles) was overidentified, a Hausman test statistic 

was estimated to test whether all of the patient groups specified based on differential distance 
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simultaneously had no direct effect or indirect effect on the outcomes through unmeasured 

confounding variables.  The IVREGRESS procedure in STATA 17.0 was estimated using 

clustering at the hospital level to account for correlation in outcomes within the same hospital.     

 In order to compare models that were adjusted for endogeneity to models that were not 

adjusted for potential endogeneity, we contrasted the marginal effects of the 2SLS estimates to 

the marginal effects of the generalized linear model (GLM) estimates (non-IV).  A GLM was 

used because it accounts for the skewed distribution of the cost data.  The GLM was specified 

with all covariates, state and calendar year fixed effects, and clustered at the hospital level to 

account for correlation in outcomes.  This model has limitations because it measured the 

association of CoE use with, not the causal effect of CoE use on, medical care costs.  The 

association is a biased estimate of the causal effect if, for example, some patients used a CoE due 

to higher severity of disease (which is likely to be unobserved by the econometrician).   

Results 

 

We identified 11,775 children with CHD from the 2016 to 2020 timeframe.   Due to 

exclusions based on missing data (8.4% for race and .001% for differential distance), there were 

10,851 persons that met the inclusion criteria.  A small number of observations had very high 

medical expenditures or very low medical expenditure.  In this case, the data represent claims 

data, thus no patients had zero cost for medical expenditures.  Because outliers can be influential 

in estimates, it was important to not exclude valid observations from the sample; however, the 

influence that extreme outliers have on the estimates can sometimes be disproportionate.  For 

this reason, hospitalization and annual cost outliers less than the 1st percentile or more than 99th 

percentile were excluded.  The sample population was 10,631 persons.  The distributions of the 

annual costs and hospitalization costs variables were heavily skewed.  Correlations and variance 
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inflation factors (VIF) (mean VIF of 3.09 for all variables) were reviewed with no signs of high 

correlation nor multicollinearity.  The model was tested for omitted variables and proved to have 

omitted variables.  Next, a Breusch-Pagan/Cook-Weisberg test for heteroskedasticity was 

performed and the error terms were found to have non-constant variance thus deemed 

heteroskedastic.   

Descriptive statistics summarized as proportions for categorical variables are provided.  

Of the population, 82.9% did not use a CoE at any point for CHD care and 17.1% used a CoE at 

some point for CHD care.  The median annual cost was $25,001 with an IQR of [$9,157, 

$94,667].  The median hospitalization cost was $22,017 with an IQR of [$7,359, $83,848].  

Demographic and clinical differences among hospital visits were analyzed using chi-square tests 

for categorical variables.  See Table 11 for a covariate distribution by CoE status compared to 

non-CoE status in addition to differential distance within 3.3 miles compared to differential 

distance more than 3.3 miles.  The p-values for Chi-square tests of association are presented and 

a two-sided p-value less than 0.05 was deemed statistically significant.  Before employing the 

IV, we compared patients who used a CoE versus a non-CoE and found larger percentages of 

patients older than 31 days, persons with Prime insurance, sponsors in the Marines or the Navy, 

patients with moderate-complex or single ventricle CHD diagnoses, and patients with 

comorbidities or genetic syndromes, treated at CoEs.  It is critical to note that those with more 

severe CHD diagnoses had higher percentages of CoE use.  These diagnoses do not fully account 

for disease severity, because one would need clinical information to properly control for disease 

severity.  Without adjusting for potential selection bias, we found that among patients who used 

CoEs fewer patients were 0 to 30 days, had a sponsor in the Army or the Air Force, had a simple 

CHD diagnosis, or had low birth weight, or prematurity.  In contrast to grouping patients by 
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center choice (CoE versus non-CoE), grouping patients by median differential distance produced 

a more balanced distribution of covariates (e.g. sponsor pay grade, patient age group, insurance 

type, CHD complexity, comorbid conditions, low birth weight, and prematurity).  Since the 

associated p-values are greater than .05 for the aforementioned characteristics, it suggests that 

these characteristics were not significantly associated with median differential distance, 

mitigating concerns that large unobserved differences exist between populations located 

relatively close to CoE facilities versus non-CoE facilities.  Use of the IV helped to randomize 

treatment at a CoE, so that the patients who used a CoE were not sicker patients with the most 

severe CHD diagnoses or comorbidities.   

Table 11:  Characteristics of CHD Patients by CoE Status and DD Between Nearest CoE and 

Nearest non-CoE 

 
  Center Choice DD within 3.3 Miles of CoE  

Total 

Sample 

Non-

CoE 

CoE p-value No Yes p-value 

Observations 10,632 8,824 1,808 
 

5,271 5,361 
 

Race    0.106   0.659 

White 72.9 73 72.5  73.1 72.7  
Black 17.2 17.3 16.3  17.2 17.1  

Other Race 9.9 9.6 11.2  9.6 10.2   

       
Sponsor Pay Grade 

                     <0.01*   0.812 

 28.3 28.6 26.9  28 28.7  

Enlisted 50.5 50.3 51.7  50.7 50.4  
Officer 17.5 17.1 19.1  17.7 17.20  

Other Rank 3.7 3.9 2.3  3.6 3.7   

       
Patient Age Group 

   <0.01*   0.176 

31 to 364 days 29.6 28.3 35.7  30.5 28.7  
0 to 30 days 60.6 63.5 46.7  59.7 61.6  
1 to 5 years 4.3 3.5 8  4.4 4.1  
6 to 17 years 5.5 4.7 9.6  5.4 5.6   

       
Gender 

   0.056   0.022* 

Female 46.1 46.5 44  47.2 45  
Male 53.9 53.5 56  52.8 55   

       



 

 

94 

 

Married    0.503   0.729 

No 8.1 8.2 7.7  8 8.2  
Yes 91.9 91.8 92.3  92 91.8   

       
Insurance    <0.01*   0.141 

Prime 39.3 38.1 45.4  38.5 40.2  
Other Insurance 57.8 58.9 52.8  58.8 56.9  

Unenrolled 2.8 3 1.8  2.7 2.9   

       
Sponsor Service    <0.01*   0.001* 

Army 45.8 46.7 41.4  45.10 46.50  
Air Force 24.7 25.8 19.2  25.3 24.2  

Marine Corps 9.4 8.7 12.6  10.3 8.5  
Navy 17.2 15.9 23.9  16.2 18.20  

Other Service 2.9 2.9 2.8  3.1 2.6          

CHD Complexity     <0.01*   0.119 

Simple CHD 60 63.9 40.9  59.60 60.40  
Moderate-Complex CHD 30.8 27.8 45.5  31.5 30.1  

Single Ventricle CHD 3.4 2.2 9.2  3.6 3.3  
Other CHD 5.8 6.1 4.3  5.4 6.2   

       
Genetic Syndrome    <0.01*   0.015* 

No 99.1 99.4 98.1  99.4 98.9  
Yes 0.9 0.6 1.9  0.6 1.1   

       
Comorbid Condition    <0.01*   0.101 

No 89 89.9 84.7  88.5 89.5  
Yes 11 10.1 15.3  11.5 10.5   

       
Low Birth Weight    <0.01*   0.797 

No 76.9 75.7 82.6  77 76.8  
Yes 23.1 24.3 17.4  23 23.2   

       
Prematurity    <0.01*   0.208 

No 67.5 66.3 73.5  68.1 67  
Yes 32.5 33.7 26.5  31.9 33  

*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

2SLS models varied with the number of patient groups used to specify differential 

distance in the model.  The number of patient groups specified was two groups based on median 
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differential distance (yes or no) or four groups based on 25, 50, 75 and 100 percentiles.  Table 12 

contains the partial F-statistic for the first-stage model of CHD center of choice post one-year of 

CHD diagnosis (CoE or non-CoE) detailed in equation 1.  The differential distance instrument 

Staiger and Stock F-statistics exceeded the standard of the threshold of 10 (Staiger & Stock, 

1997).  None of the Hausman test statistics for the overidentified models (models where 

differential distance was specified with more than two groups) were statistically significant, 

resulting in a failure to reject the null hypothesis that the exclusion of the differential distance 

indicator variables from the outcome equations was appropriate.  Based on the aforementioned 

results, the IV was determined to be strong and valid (see Table 12). 

 

Table 12:  Effect of Differential Distance, Specification Tests 

Outcome  

Estimation 

Method and 

Specification 

Number of 

Patient Groups 

Specified Using 

DD 

Instrument 

Group 

Partial F-

Statistic  

Hausman F-

Statistic (p-value) 

Annual Total Costs 2SLS 2 415.7 NA 

Annual Total Costs 2SLS 4 152.8 .219  (p = 0.8961) 

Annual Hospitalization Costs 2SLS 2 413.9 NA 

Annual Hospitalization Costs 2SLS 4 151.9 .966   (p = 0.6167) 

 

 For annual costs, the 2SLS specifications were estimated with the full set of measured 

confounders (Table 13).  The log-transformed costs were similar to the costs estimated from the 

linear model, so the linear estimates are provided for ease of interpretation.  The mean annual 

costs related to CHD care post one-year CHD diagnosis was $77,762 with a minimum of $1,893 

and a max of $861,185.  A relationship between CoE status and annual CHD related costs was 

seen across 2SLS model specifications.  The causal effect of CoE use was a $40,898 decrease in 

annual costs (p=.059).  Although the relationship was not significant at the .05 level, the 



 

 

96 

 

magnitude of the reduction was approximately 53% of the mean annual cost.  Patients who were 

younger than 30 days old or older than 1 year of age had lower annual costs than those 31 days to 

364 days of age.  Patients whose sponsors were married had lower annual costs.  Patients with 

Unenrolled insurance type compared to Prime insurance type had lower annual costs.  Patients 

who had moderate-complex CHD or single ventricle CHD had higher annual costs than patients 

with simple CHD diagnoses.  Patients with genetic syndromes, comorbid conditions, low birth 

weight, or prematurity had higher annual costs than those without these conditions.   

Table 13: Results of Regression for Annual Costs, 2SLS 

  Coefficient 

Std. 

Error P-value 95% Conf Interval 

      

CoE Use -40,898 21,692 0.059 -83,413 1,618 

      

Race      

White [ref]      

Black 2,022 3,089 0.513 -4,033 8,078 

Other Race -3,935 3,327 0.237 -10,456 2,587 

      

Sponsor Pay Grade      

Jr Enlisted [ref]      

Sr Enlisted 464 2,537 0.855 -4,509 5,438 

Officer -1,072 3,191 0.737 -7,325 5,182 

Other Rank -8,832 4,939 0.074 -18,513 849 

      

Patient Age Group      

31 days to 364 days [ref]      

0 to 30 days -83,059 4,710 <0.01* -92,290 -73,829 

1 to 5 years -83,220 5,592 <0.01* -94,179 -72,260 

6 to 17 years -81,345 5,071 <0.01* -91,283 -71,407 

      

Gender      

Female [ref]      

Male 2,822 1,969 0.152 -1,037 6,681 

      

Married      

No [ref]      

Yes -10,531 4,316 0.015* -18,990 -2,072 
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Insurance      

Prime [ref]      

Other Insurance -2,240 2,679 0.403 -7,491 3,012 

Unenrolled -19,789 5,135 <0.01* -29,854 -9,723 

      

Sponsor Service      

Army [ref]      

Air Force 1,638 3,243 0.614 -4,719 7,994 

Marine Corps 1,995 4,453 0.654 -6,733 10,724 

Navy -1,640 3,700 0.657 -8,891 5,611 

Other Service 6,659 8,605 0.439 -10,206 23,525 

      

Complexity      

Simple CHD [ref]      

Moderate-Complex CHD 42,532 3,913 <0.01* 34,863 50,202 

Single Ventricle CHD 188,457 12,566 <0.01* 163,829 213,086 

Other CHD 2,592 4,532 0.567 -6,290 11,475 

      

Genetic Syndrome      

No [ref]      

Yes 54,762 16,012 <0.01* 23,379 86,145 

      

Comorbid Condition      

No [ref]      

Yes 12,161 5,367 0.023* 1,642 22,681 

      

Low Birth Weight      

No [ref]      

Yes 47,027 5,355 <0.01* 36,532 57,521 

      

Prematurity      

No [ref]      

Yes 13,157 3,076 <0.01* 7,127 19,186 
*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 
Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 

 

For hospitalization costs, the 2SLS specifications were estimated with the full set of 

measured confounders (Table 14).  The mean hospitalization cost related to CHD care post one-

year CHD diagnosis was $70,095 with a minimum of $1,486 and a max of $784,168.  A 
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relationship between CoE status and hospitalization costs related to CHD was seen across 2SLS 

model specifications.  The causal effect of CoE use was a $33,170 decrease in hospitalization 

costs (p=.087).  Although the relationship was not significant at the .05 level, the magnitude of 

the reduction was approximately 47% of the mean hospitalization costs.  Patients who were 

younger than 30 days old or older than 1 year of age had lower hospitalization costs than those 

31 days to 364 days of age.  Patients whose sponsors were married had fewer hospitalization 

costs.  Patients with Unenrolled insurance type compared to Prime insurance type had lower 

hospitalization costs.  Patients who had moderate-complex CHD or single ventricle CHD had 

higher hospitalization costs than patients with simple CHD diagnoses.  Patients with genetic 

syndromes, comorbid conditions, low birth weight, or prematurity had higher hospitalization 

costs than those without these conditions.   

Table 14:  Results of Regression for Hospitalization Costs, 2SLS 

  Coefficient Std. Error P-value 95% Conf Interval 

      

CoE Use -33,170 19,395 0.087 -71,183 4,844 

      

Race      

White [ref]      

Black 2,412 2,715 0.374 -2,909 7,733 

Other Race -2,804 3,072 0.361 -8,825 3,217 

      

Sponsor Pay Grade      

Jr Enlisted [ref]      

Sr Enlisted  1,147 2,310 0.620 -3,381 5,675 

Officer -401 2,798 0.886 -5,885 5,083 

Other Rank -7,801 4,339 0.072 -16,305 702 

      

Patient Age Group      

31 days to 364 days [ref]      

0 to 30 days -75,751 4,216 <0.01* -84,015 -67,488 

1 to 5 years -75,898 5,290 <0.01* -86,265 -65,530 

6 to 17 years -74,959 4,359 <0.01* -83,502 -66,416 

      



 

 

99 

 

Gender      

Female [ref]      

Male 2,276 1,800 0.206 -1,252 5,804 

      

Married      

No [ref]      

Yes -8,261 3,645 0.023* -15,404 -1,117 

      

Insurance      

Prime [ref]      

Other Insurance -1,502 2,332 0.520 -6,073 3,070 

Unenrolled -18,269 4,284 <0.01* -26,666 -9,873 

      

Sponsor Service      

Army [ref]      

Air Force 1,612 3,029 0.595 -4,325 7,548 

Marine Corps 1,104 3,898 0.777 -6,536 8,744 

Navy -2,636 3,274 0.421 -9,052 3,780 

Other Service 4,042 7,826 0.606 -11,297 19,380 

      

Complexity      

Simple CHD [ref]      

Moderate-Complex CHD 32,885 3,484 <0.01* 26,057 39,713 

Single Ventricle CHD 151,604 11,420 <0.01* 129,221 173,988 

Other CHD 1,338 3,964 0.736 -6,431 9,107 

      

Genetic Syndrome      

No [ref]      

Yes 40,015 12,527 <0.01* 15,463 64,567 

      

Comorbid Condition      

No [ref]      

Yes 10,665 4,565 0.019* 1,717 19,613 

      

Low Birth Weight      

No [ref]      

Yes 47,919 4,935 <0.01* 38,247 57,591 

      

Prematurity      

No [ref]      

Yes 13,209 2,897 <0.01* 7,531 18,887 
*Denotes significance at the .05 level  

Other Race defined as Asian or Pacific Islander, American Indian or Alaskan native. 



 

 

100 

 

Other Rank defined as cadets, warrant officers, or young adults under 26 years old. 

Other Insurance type defined as Extra, Standard, Select, and Young Adult. 
 

Table 15 lists the IV and non-IV regression results for the entire sample.  The non-IV 

results contain regression results for GLM regressions in which the regressor of interest was CoE 

use.  The non-IV marginal effect for annual costs suggested that CoE use increased annual health 

care costs one-year post CHD diagnosis (p<0.01).  The non-IV marginal effects for 

hospitalization suggested that CoE use increased hospitalization costs one-year post CHD 

diagnosis (p<0.01).  A comparison of the results of the IV and non-IV models indicated that the 

IV estimates of the marginal effect of CoE use on health care costs were positive, while the non-

IV estimates of the marginal effect were negative.  In other words, relying on the associations (as 

in the GLM) results in biased estimations of the impact of CoE use on CHD related health care 

costs.  The IV estimations are preferred, because they are unbiased and consistent and represent 

the causal effect of CoE use.   

Table 15:  Marginal Effects of CoE Status on CHD Health Care Costs 

Outcome 

Estimation 

Method  

Marginal 

Effects 

Robust 

Std 

Errors P-Value 

95% Conf 

Intervals 

Annual Costs GLM 64,749 8,433 <0.01* 48,221 81,277 

Annual Costs 2SLS -40,898 21,692 0.059 -83,413 1,618 

Hospitalization Costs GLM 57,072 7,295 <0.01* 42,773 71,371 

Hospitalization Costs 2SLS -33,170 19,395 0.087 -71,183 4,844 
*Denotes significance at the .05 level  

 

To better control for unobserved disease severity (Chan et al., 2015), the 2SLS 

specifications for annual costs and hospitalization costs were stratified by CHD complexity 

(Table 16), since it has been suggested that greater surgery complexity is associated with greater 

hospitalization costs.  Due to their small sample sizes, moderate-complex and single ventricle 
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categories were combined. CHD complexities were classified as simple CHD, moderate-complex 

and single ventricle CHDs, and other CHDs.  Of note, the sample population was 60% simple 

CHD diagnosis, 34% moderate-complex or single ventricle CHD diagnosis, and 6% other CHD 

diagnosis.  When stratified by CHD diagnosis complexity, the causal effect of CoE use was a 

statistically significant reduction of $84,852 in annual costs post one-year CHD diagnosis for 

patients diagnosed with a moderate-complex or single ventricle CHD diagnoses, equating to an 

approximate 76% reduction in mean annual costs.  When stratified by CHD diagnosis 

complexity, the causal effect of CoE use was a statistically significant reduction of $73,084 in 

hospitalization costs post one-year CHD diagnosis for patients diagnosed with a moderate-

complex or single ventricle CHD diagnoses, equating to an approximate 76% reduction in mean 

hospitalization costs.  Since patients with more severe CHD diagnoses are more likely to use 

CoEs, the aforementioned stratified results further the importance of the use of the IV in order to 

properly account for the severity of disease.   

Table 16:  Results of Regression, 2SLS, Stratified by Complexity 
 

Simple CHD  

Annual Costs (N=6,370) 

Hospitalization Costs (N=6,377) 

Moderate-Complex & SV CHDs  

Annual Costs (N=3,651) 

Hospitalization Costs (N=3,639) 

Other CHD  

Annual Costs (N=610) 

Hospitalization Costs (615) 

Outcome Marg. 

Effect 

95% Conf Interval P-

Value 

Marg. 

Effect 

95% Conf Interval P-

Value 

Marg. 

Effect 

95% Conf Interval P-

Value 

Annual Costs  6,703 -38,926 52,331 .773 -84,852 -140,672 -29,032 <0.01* -45,415 -168,980 78,150 .471 

Hospitalization 

Costs  

6,586 -36,106 49,278 .762 -73,084 -121,873 -24,294 <0.01* -30,160 -145,909 85,588 .610 

*Denotes significance at the .05 level  

Sensitivity Analysis 

  

Two sensitivity analyses were conducted in order to assess the robustness of the results.  

First, a category of care based on the code indicating the type of care was created (medical or 

surgical).  Since previous literature demonstrated that patients who underwent cardiac surgery 

had higher overall hospital costs than those who were admitted for medical treatment (Faraoni et 
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al., 2016), this sensitivity analysis was conducted to assess whether type of care acted as a 

confounder.   Next, a dichotomous indicator variable to signify in-hospital mortality was 

included, coded as 1 for patients who died and 0 for those who did not die.  This sensitivity 

analysis was conducted to assess whether mortality acted as a confounder, since previous 

literature demonstrated that hospital mortality among those with CHD was associated with the 

greatest increase in hospitalization cost (Chan et al., 2015).  It is key to note that 35% of the 

sample population received surgical care and 65% received medical care.  Also, 3.18% of the 

sample population died within one-year post CHD diagnosis.  Table 17 compares results for the 

main analysis and the two sensitivity analyses.  Outcome variables were estimated using 2SLS 

with standard errors clustered at the hospital level, finding very similar results in the sensitivity 

analyses as the main equation.  The relationships between CoE use and annual costs and CoE use 

and hospitalization costs were insignificant at the .05 level; however, all models shown a causal 

effect of lower costs for CHD care with CoE use at the .10 significance level.  When stratified by 

severity of complexity (simple CHD, moderate-complex and single ventricle CHDs, and other 

CHDs), results were very similar to the main models when stratified and proved that CoEs’ costs 

reductions were statistically significant for more severe CHD diagnoses.  

 

Table 17:  Results of Regression for Costs, 2SLS 
 

Results from main 2SLS analysis Results from 2SLS sensitivity 

analysis, controlling for care type 

Results from 2SLS sensitivity analysis, 

controlling for in-hospital mortality 

Outcome Coefficient 95% Conf 

Interval 

P-

Value 

Coefficient 95% Conf 

Interval 

P-

Value 

Coefficient 95% Conf 

Interval 

P-

Value 

Annual 

Costs 

-40,898 -83,413 1,618 0.059 -36,959 -77,457 3,537 0.074 -39,575 -81,736 2,586 0.066 

Admissions 

Costs 

-33,170 -71,183 4,844 0.087 -29,645 -65,721 6,431 0.101 -32,955 -71,004 5,093 0.090 

Discussion 

 



 

 

103 

 

In this study, CoEs had lower annual costs and hospitalization costs than non-CoEs for 

those undergoing treatment for CHD within the military beneficiary population.  Developments 

in the medical and surgical management of CHD patients have increased likelihood of survival to 

adulthood; however, many CHD patients remain at risk of later morbidity or mortality 

(Fernandes et al., 2015).  A CoE designation has been recommended as a manner to create a 

network of high-quality care and affects hospital and provider selection for patients (Khatana et 

al., 2019).  This study estimated the causal effect of CoE use on health care costs for CHD care 

received between 2016 and 2020 for the military beneficiary population.  The study provides 

evidence that after controlling for patient-level covariates and facility-level covariates and 

adjusting for endogeneity, (1) CoE use reduced annual costs for CHD care and (2) CoE use 

reduced hospitalization costs for CHD care.  In particular, CoE use significantly reduced costs 

for those persons with moderate-complex or single ventricle CHD diagnoses.  Since it has been 

shown that patients with more severe CHD diagnoses are more likely to use CoEs, these savings 

may be due to economies of scale and/or improvements in quality of care afforded by CoEs.  

There were no differences in costs by race associated with CHD care for the military beneficiary 

population, suggesting that the MHS’s universal health insurance helps to eliminate racial 

disparities in costs.   

Additionally, our previous studies show that CoE use did not increase the probability of 

more than one hospital admission nor the probability of mortality and lowered the probability of 

ER use post one-year CHD diagnosis.  It is very important for clinicians and patient advocacy 

groups to urge policymakers to consider the development of an overarching CoE designation 

authority for CHD care, since CoEs have similar mortality rates as non-CoEs but lower costs and 

lower health care resource utilization.  These efforts will not only help to identify standardized 
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quality metrics and best practices but can also be used to further regionalization efforts.  The 

aforementioned efforts can be used to steer patients to proven high-quality facilities (e.g. CoEs) 

to improve care for CHD patients and reduce associated costs (Chan et al., 2015; Pasquali et al., 

2011).   

Strengths and Limitations 

 

There are several strengths to this analysis.  First, it was possible to adjust for 

confounding factors, such as prematurity, low birth weight, genetic syndrome, and comorbid 

conditions.  Secondly, it was also possible to control for the severity of CHD diagnosis.  This 

study’s results should be considered with several limitations.  Since 84.7% of hospitals 

participate in public reporting via STS but not all U.S. centers participate, inability to fully 

classify hospitals as a CoE versus a non-CoE may be a limitation to this study.  Additionally, 

TRICARE claims data are consistently audited for accuracy, reliability, and completeness; 

however, not all centers submit complete data for all data elements thus were not included in this 

analysis.  For this reason, the results of this study may not be generalizable to all U.S. medical 

centers.  Although many patient preoperative risks were included in the study, there were 

additional potential preoperative risks not included in the dataset thereby excluded from this 

study.  It was not possible to control for procedural factors due to limitations in the dataset and 

lack of access to clinical data, which makes it challenging to control for severity of 

disease.  Previous literature has used the Agency for Healthcare Research and Quality Risk 

Adjustment for Congenital Heart Surgery (RACHS-1) tool to classify CHD procedures based on 

risk; however, this tool has not been updated to include ICD-10 codes.  For this reason, this study 

did not utilize the RACHS-1 approach to control for risk related to procedures but used a CHD 

diagnosis hierarchy of complexity approach.  This study’s findings may not be appropriate to all 
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CHD operations, since the RACHS-1 method has been shown to be the most important predictor 

of cost or outcomes for CHD care but was not used in this study.  All the limitations of 2SLS 

apply.  Importantly, our 2SLS estimates represent the local average treatment effect, capturing 

the effect of CoE use for the subset of the sample that used a CoE if and only if they were 

assigned to the treatment.  For this reason, the IV results can only be generalized to patients 

whose choices of CoE use versus non-CoE use were affected by differential distance (i.e., if their 

differential difference values were reversed they would have gone to a medical center with a 

different CoE status).  Despite these limitations, this analysis contributes to the literature on the 

health care costs of CHD care by providing the first estimates of the causal effect of CoE use on 

pediatric CHD health care costs in the U.S. for the military beneficiary population that are 

corrected for endogeneity. 

Conclusion 

 

To further investigate the relationship by CoE status for CHD care and health care costs, 

the 2SLS variant of IV analysis was employed.  Differential distance from a patient’s residence 

to the nearest CoE and non-CoE for CHD care was used to provide an ex-post facto 

randomization of CHD center choice.  The results suggest that after controlling for patient-level 

covariates and facility-level covariates and adjusting for endogeneity, the causal effect of CoE 

use was reduced annual costs and hospitalization costs for CHD related care for military 

beneficiaries, with more prominent savings for moderate-complex and single ventricle CHD 

diagnoses.   

Conversely, some patients who may have benefited from utilizing a CoE for CHD care 

did not, alluding to potential barriers to access such as health insurance restrictions or lack of 

patient awareness.  Given the findings of this study, it is very important for clinicians and patient 
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advocacy groups to urge policymakers to consider the development of an overarching CoE 

designation authority for CHD care for accreditation criteria and purposes.  These efforts will not 

only help to identify standardized quality metrics and best practices but can also be used to 

further regionalization efforts, which can be used to steer patients to proven high-quality 

facilities (e.g. CoEs) to improve care for CHD patients and reduce associated costs (Chan et al., 

2015; Pasquali et al., 2011). 

A comparison of the results of the IV and non-IV models indicated that the IV estimates 

of the effect of CoE use on CHD related health care costs were reversed.  In other words, relying 

on the association of CoE use on health care costs (as in the GLM) results in biased estimations 

of the impact of CoE use on health care costs.  The IV results suggested that after controlling for 

patient-level and medical center-level covariates and adjusting for possible selection bias, the 

causal effect of CoE use for CHD care was reduced hospitalization costs and total costs for CHD 

care post one-year CHD diagnosis.  These findings support the use of the IV to randomize 

treatment assignment.  Use of the IV helped to randomize treatment at a CoE, so that the patients 

who used a CoE were not the sicker patients with the most severe CHD diagnoses or 

comorbidities.   
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Chapter 5:  Conclusion 

Summary of the Evidence 

 

This dissertation advances the existing literature on quality indicators related to pediatric 

CHD care and adds a military beneficiary population context.  This study targeted CoE 

utilization among the TRICARE beneficiary purchased care population and provided specifics 

on CoE facility designation criteria and associated costs and benefits for pediatric CHD care.  

The three papers within this dissertation identify patient characteristics associated with CoE use 

and suggest manners by which CoEs, after adjusting for selection bias, improved clinical 

outcomes and reduced costs for CHD care for the military beneficiary population.  We were able 

to obtain the causal effect of CoE us by controlling for endogeneity, furthering the case for the 

importance of the IV approach.   

The first paper titled, “Examining Race and Military Rank Disparities in CoE Utilization 

for TRICARE Beneficiaries with Pediatric CHDs” assessed disparities in CoE utilization related 

to pediatric CHD care based on differences by race and military rank for the MHS.  It found that 

Senior Enlisted and Other ranks compared to Junior Enlisted rank, 0 to 30 days old compared to 

31 days to 364 days old, and low birth weight patients were associated with lower odds of CoE 

use.  Patient residence proximity within 100 miles of a CoE compared to proximity greater than 

100 miles, moderate-complex CHD diagnosis and single ventricle CHD diagnosis compared to 

simple CHD diagnosis, and presence of genetic syndrome were associated with higher odds of 

CoE use.  There were no health care use disparities found for sponsor race and CoE use among 

TRICARE beneficiaries.  It is likely that universal insurance and equitable access to care, such as 

in the TRICARE setting, have the prospective to profoundly reduce or eliminate racial disparities 

for CHD care.  It has been shown that racial disparities have been reduced or eliminated in the 



 

 

108 

 

MHS.  According to a synthesis of 32 studies to assess racial disparities in the MHS, 15 studies 

demonstrated mitigation of racial disparities in the MHS in the areas of surgery, trauma, and 

screenings (T. P. Koehlmoos et al., 2022).  The key findings of this study were:  (1) there were 

no health care use disparities found for Race and CoE use among TRICARE beneficiaries, (2) 

there were no differences noted in CoE Use between Junior Enlisted and Officer ranks but Senior 

Enlisted and Other ranks were associated with lower odds of CoE use than Junior Enlisted rank, 

(3) despite access to performance metrics on quality of care to include mortality, 82.9% of the 

sample never used a CHD CoE at any point for CHD care, and (4) a series of nonclinical patient 

characteristics in addition to CHD diagnosis severity were associated with lower odds of care at 

a CoE (Sponsor rank, age, and low birth weight).  It is likely that non-CoEs continue to provide 

CHD care to the military beneficiary population because of institutional differences in awareness 

of quality metrics such as the STS CHSD, perceived lack of access to CoEs, and barriers to 

access such as referral requirements.    

The second paper titled, “Comparing Clinical Outcomes for CoE Use versus non-CoE 

Use for TRICARE Beneficiaries with Pediatric CHDs” investigated clinical outcomes and 

resource utilization in CoE use related to pediatric CHD care for TRICARE beneficiaries using 

an IV approach.  The IV approach captured the causal effect of CoE use by adjusting for 

potential selection bias such as disease severity.  The causal effect of CoE use on annual 

admissions was negative which suggests that CoE use did not increase the probability of more 

than one annual admission post one-year CHD diagnosis, although the relationship was not 

statistically significant at the .05 level.  Black patients, compared to White patients, had a lower 

probability of more than one admission post one-year CHD diagnosis.  Patients who were 

younger than 31 days old or 1 year of age or older, compared to those 31 days to 364 days of 
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age, had lower probabilities of more than one annual admission post one-year CHD diagnosis.  

Patients with Unenrolled or Other insurance type, compared to Prime insurance type, had lower 

probabilities of more than one admission post one-year CHD diagnosis.  Patients who had 

moderate-complex CHD or single ventricle CHD diagnoses, compared to patients with simple 

CHD diagnoses, had higher probabilities of more than one annual admission post one-year CHD 

diagnosis.  Patients who had other CHD diagnoses, compared to patients with simple CHD 

diagnoses, had lower probabilities of more than one annual admission post one-year CHD 

diagnosis.  Patients with genetic syndromes or comorbid conditions, compared to those without 

these conditions, had higher probabilities of more than one admission post one-year CHD 

diagnosis.  Patients with low birth weight or prematurity, compared to those without these 

conditions, had lower probabilities of more than one admission post one-year CHD diagnosis.  A 

relationship between CoE status and annual ER use was seen across 2SLS model specifications.  

The causal effect of CoE use was a decreased probability (-.141) of ER use post one-year CHD 

diagnosis (p<0.01).  Patients who were 0 to 30 days old, compared to those 31 days to 364 days 

of age, had a lower probability of ER use post one-year CHD diagnosis.  Patients with 

Unenrolled insurance type, compared to Prime insurance type, had a lower probability of ER use 

post one-year CHD diagnosis.  Patients with low birth weight or prematurity, compared to those 

without low birth weight or prematurity, had a lower probability of ER use post one-year CHD 

diagnosis.  Patients with sponsors of Other rank had a higher probability of ER Use post one-

year CHD diagnosis compared to Junior Enlisted rank.  Patients who had moderate-complex 

CHD or single ventricle CHD diagnoses, compared to patients with simple CHD diagnoses, had 

a higher probability of ER use post one-year CHD diagnosis.  Patients with comorbid conditions, 

compared to those without comorbid conditions, had a higher probability of ER use post one-
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year CHD diagnosis.  This study found no statistical relationship between CoE use and mortality 

across 2SLS model specifications at the .05 or .10 level for the pediatric military beneficiary 

population.  The causal effect of CoE use on mortality was negative which suggests that CoE use 

did not increase the probability of mortality nor jeopardize patients’ survival, although the 

relationship between CoE use and mortality was statistically insignificant.  Patients who were 0 

to 30 days old, compared to those 31 days to 364 days of age had a higher probability of 

mortality post one-year CHD diagnosis.  Patients with Unenrolled insurance type, compared to 

Prime insurance type, had a higher probability of mortality post one-year CHD diagnosis.  

Patients who had a moderate-complex CHD, single ventricle CHD, or other CHD diagnoses, 

compared to patients with simple CHD diagnoses had higher probabilities of mortality post one-

year CHD diagnosis.  Patients with genetic syndromes, comorbid conditions, or low birth weight, 

compared to those without these conditions, had a higher probability of mortality post one-year 

CHD diagnosis.  Since we could not properly control for disease severity, it is possible that the 

causal effect of CoE use on clinical outcomes was underestimated which may explain why the 

marginal effects of CoE use were somewhat small in magnitude. 

This paper contrasted the IV and non-IV marginal effects of CoE use on annual 

admissions, annual ER use, and mortality.  A comparison of the results of the IV and non-IV 

models indicated that the IV estimates of the causal effect of CoE use on clinical outcomes were 

reversed.  In other words, relying on the associations (as in the LPM) resulted in biased 

estimations of the impact of CoE use on clinical outcomes.  The IV estimations were preferred 

and represented unbiased and consistent estimates of the local average treatment effect, since the 

IV estimations adjust for unmeasured confounders, which in our case includes severity of illness.   

The study provided evidence that after controlling for patient-level covariates and facility-level 
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covariates and adjusting for endogeneity, (1) CoE use did not increase the probability of more 

than one admission post one-year CHD diagnosis, (2) the causal effect of CoE use was a lower 

probability of annual ER use post one-year CHD diagnosis, and (3) CoE use did not increase the 

probability of mortality post one-year CHD diagnosis.  Although the causal effect of CoE on 

mortality was insignificant at the .05 level, the coefficient was negative which suggests that 

CoEs help to reduce mortalities.  Since CoEs are more likely to treat more severe CHD cases, the 

study’s models may not be appropriately controlling for severity of the case mix which could 

underestimate the effect of CoE use.  The results suggest that after controlling for patient-level 

and medical center-level covariates and adjusting for possible selection bias, the causal effect of 

CoE use for CHD care was less health resource utilization that did not jeopardize the survival of 

CHD patients.   

The third paper titled, “Comparing Health Care Costs for TRICARE Beneficiaries for 

CoEs versus non-CoEs for Pediatric CHDs” assessed health care costs for CoE use related to 

pediatric CHD care for TRICARE beneficiaries using an IV approach.  The causal effect of CoE 

use was a $40,898 decrease in annual costs (p=.059).  Although the relationship was not 

significant at the .05 level, the magnitude of the reduction was approximately 53% of the mean 

annual cost.  Patients who were younger than 30 days old or 1 year of age or older had lower 

annual costs than those 31 days to 364 days of age.  Patients whose sponsors were married had 

lower annual costs.  Patients with Unenrolled insurance type, compared to Prime insurance type, 

had lower annual costs.  Patients who had moderate-complex CHD or single ventricle CHD had 

higher annual costs than patients with simple CHD diagnoses.  Patients with genetic syndromes, 

comorbid conditions, low birth weight, or prematurity had higher annual costs than those without 

these conditions.  A relationship between CoE status and hospitalization costs related to CHD 
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care across 2SLS model specifications was also found.  The causal effect of CoE use was a 

$33,170 decrease in hospitalization costs (p=.087).  Although the relationship was not significant 

at the .05 level, the magnitude of the reduction was approximately 47% of the mean 

hospitalization costs.  Patients who were younger than 30 days old or older than 1 year of age 

had lower hospitalization costs than those 31 days to 364 days of age.  Patients whose sponsor 

was married had lower hospitalization costs.  Patients with Unenrolled insurance type, compared 

to Prime insurance type, had lower hospitalization costs.  Patients who had moderate-complex 

CHD or single ventricle CHD had higher hospitalization costs than patients with simple CHD 

diagnoses.  Patients with genetic syndromes, comorbid conditions, low birth weight, or 

prematurity had higher hospitalization costs than those without these conditions.  The study 

provided evidence that after controlling for patient-level and facility-level covariates and 

adjusting for endogeneity, (1) the causal effect of CoE use was reduced annual costs for CHD 

care post one-year CHD diagnosis and (2) the causal effect of CoE use was reduced 

hospitalization costs for CHD care post one-year CHD diagnosis.  When stratified by CHD 

diagnosis complexity, the causal effect of CoE use was a statistically significant reduction of 

$84,852 in annual costs post one-year CHD diagnosis for patients diagnosed with a moderate-

complex or single ventricle CHD diagnoses, equating to an approximate 76% reduction in mean 

annual costs.  When stratified by CHD diagnosis complexity, the causal effect of CoE use was a 

statistically significant reduction of $73,084 in hospitalization costs post one-year CHD 

diagnosis for patients diagnosed with a moderate-complex or single ventricle CHD, equating to 

an approximate 76% reduction in the mean admission costs.  These savings may be due to 

economies of scale and/or improvements in quality afforded by CoEs.  Although the causal 

effect of CoE use on costs pooled across CHD diagnoses were insignificant at the .05 level, the 
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coefficients were negative and significant at the .10 level, suggesting that CoEs help to reduce 

health care costs.  There were no differences in costs by race associated with CHD care, 

suggesting that the MHS’s universal health insurance helps to eliminate racial disparities in 

costs.   

A comparison of the results of the IV and non-IV models indicated that the IV estimates 

of the effect of CoE use on CHD related health care costs were reversed.  In other words, relying 

on the association of CoE use on health care costs (as in the GLM) results in biased estimations 

of the impact of CoE use on health care costs.  The IV results suggested that after controlling for 

patient-level and medical center-level covariates and adjusting for possible selection bias, the 

causal effect of CoE use for CHD care was reduced hospitalization costs and annual costs for 

CHD care post one-year CHD diagnosis.  These findings support the use of the IV to randomize 

treatment assignment.  Use of the IV helped to randomize treatment at a CoE, so that the patients 

who used a CoE were not sicker patients with the most severe CHD diagnoses or comorbidities.  

The findings of the second and third papers provide evidence that after controlling for patient-

level and facility-level covariates and adjusting for endogeneity, CoEs improved clinical 

outcomes and reduced costs for CHD care for the military beneficiary population. 

Policy Implications and Future Research 

 

This paper provides the first estimates of the causal effect of CoE use on clinical 

outcomes and health care costs that adjust for endogeneity of medical center utilized for pediatric 

CHD care for the military beneficiary population.  Pediatric CHDs are an important example of a 

condition that requires technologically sophisticated, high-cost care, thus prompting numerous 

hospitalizations and large health care resource expenditures (Islam et al., 2018).  Furthermore, 

CHD care has significant variability in outcomes and costs among hospitals (Pasquali et al., 
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2014).  Among centers that perform CHD procedures, it has been shown that outcomes are 

highly variable yet the current pediatric care system is decentralized across many centers some of 

which have small volumes of operations (Pasquali, Dimick, et al., 2015).  Future research 

opportunities include qualitative studies to better understand why patients use certain facilities 

(CoEs versus non-CoEs), assessments of provider referral patterns to CoEs versus non-CoEs, a 

demonstration for pediatric CHD care for the military beneficiary population, and research on 

racial and ethnic disparities in where people live with respect to proximity of a CoE. 

Since 1995, mortality rate in children and adults undergoing heart surgery in centers with 

lower volume has been repeatedly shown to be significantly associated with higher in-hospital 

mortality and with higher mortality in patients with a complication (Allen et al., 2003; Chang & 

Klitzner, 2002; Hirsch et al., 2008; Jenkins et al., 1995a; Jenkins & Gauvreau, 2002; Pasquali et 

al., 2012; Welke et al., 2009).  Studies conducted that compare outcomes, use, or cost amongst 

health care facilities for pediatric CHDs typically utilize hospital surgery volume as the primary 

independent variable of interest (Pasquali et al., 2012; Sakai‐Bizmark et al., 2019; Vinocur et al., 

2013; Welke et al., 2019); however, studies have shown that potentially preventable mortalities 

occur at facilities of all volumes (Khatana et al., 2019).  A movement toward regionalization in 

pediatric cardiac care was noted from 2000 to 2012 for mostly low to medium risk patients due 

to the association of high-case volume with better outcomes (mortality, costs, and complications) 

(Sakai‐Bizmark et al., 2019).  Furthermore, a regionalization simulation study for CHD surgeries 

in the U.S. denoted reductions from 153 to 37 hospitals, ensuring that each hospital performed 

more than 310 operations and noted 12.5% to 17.4% statistically significant fewer deaths but a 

median patient travel increase from 38.5 to 69.6 miles (Welke et al., 2019).  These researchers 

also noted that regionalization restrictions to only high-risk CHD operations may limit mortality 
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reduction and not prove as advantageous as regionalization of all CHD procedures (Welke et al., 

2019).  For this reason, there is a need to research regionalization based on facilities that 

consistently produce high-quality outcomes, versus using volume as a quality predictor, without 

restrictions to only high-risk CHD operations (Khatana et al., 2019).   

Due to the associated prevalence, risk of mortality, cost of health care, and specialized 

medical treatment requirements for pediatric CHDs, pediatric CHD treatment is a great candidate 

for CoE utilization.  When taken together, the combined results of all three papers of this 

dissertation, provide evidence that after controlling for patient-level and facility-level covariates 

and adjusting for endogeneity, CoEs improved outcomes and reduced costs for pediatric CHD 

care for the military beneficiary population.  This study also found that several disparities in CoE 

use (sponsor rank, patient age, and low birth weight) which were likely aggravated by social 

risks.  Some patients who may have benefited from utilizing a CoE for CHD care did not, 

alluding to potential barriers to access such as health insurance restrictions or lack of patient 

awareness.  Given the findings of this study, it is essential for clinicians and patient advocacy 

groups to urge policymakers to consider the development of an overarching CoE designation 

authority for accreditation criteria and purposes.  These efforts will not only help to identify 

standardized quality metrics and best practices but can also be used to further regionalization 

efforts.  These efforts can be used to steer patients to proven high-quality facilities in order to 

improve care for CHD patients to include military beneficiary populations.  In sum, CHD care is 

a valid candidate for regionalized CoE initiatives but still requires research-based evidence on 

the effects on patient travel distance, health care costs, clinical outcomes, and strategic thought 

on which procedures to regionalize to further the efforts to regionalize pediatric CHD and make 

informed decisions.  It is imperative for future research to account for possible selection bias in 
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CoE use to estimate the causal effect of CoE use on outcomes versus the association of CoE use 

on outcomes.  
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Appendices 

 

Appendix A: Aetna IOQ Criteria for Cardiac Surgery (Aetna IOQ, 2020b) 
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Appendix B: Diagnosis Codes (Islam et al., 2018) 
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Appendix C:  List of Designated CoEs 

 

COE LIST 

Facility Name City State Zip Code 

Advocate's Children Heart Institute Oak Lawn IL 61761 

Albany Medical Center Albany NY 12208 

Ann & Robert H. Lurie Children’s Hospital Chicago IL 60611 

Arnold Palmer/Orland Health Orlando FL 32806 

Boston Children's Hospital Boston MA 02115 

Carolinas Medical Center Levine Children's Charlotte NC 28232 

Children Hospital Mercy East Kansas City MO 64108 

Children's Health Medical Center Dallas TX 75235 

Children's Hospital of Alabama UAB Birmingham  AL  35233 

Children's Hospital of Los Angeles Los Angeles CA 90027 

Children's Hospital of Pittsburgh Pittsburgh PA 15224 

Children's Memorial Hermann Houston TX 77030 

Children's Wisconsin Hospital Milwaukee WI 53226 

Children’s Hospital of Georgia Augusta GA 30912 

Children’s Hospital Of Orange County Orange CA 92868 

Cleveland Clinic Cleveland OH 44195 

Connecticut Children's  Hartford  CT 06106 

Cook Ft Worth Medical Center Fort Worth TX 76104 

Geisinger Medical Center Danville PA 17822 

Hassenfeld Children's Hospital NYU 

Langone New York NY 10016 

Indiana University Health Indianapolis IN 46202 

Joe DiMaggio Children's Hospital Hollywood  FL 33021 

Johns Hopkins Children’s Baltimore Baltimore MD 21287 

Le Bonheur Children's Hospital Memphis TN 38301 

Medical University of South Carolina Charleston SC 29425 

New York Presbyterian/Morgan Stanley 

Children's Hospital New York NY 10065 

Ochsner Hospital New Orleans LA 70121 

Phoenix Children's Hospital Phoenix  AZ  85016 

Rady Children's Hospital San Diego CA 92123 

Rainbow Babies & Children's Hospital 

University Hospital Cleveland Medical 

Center Cleveland OH 44106 

Seattle Children's Hospital Seattle WA 98105 

Shands Hospital (University of Florida) Gainesville  FL 32610 
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Spectrum Health Helen DeVos Children's 

Hospital Grand Rapids MI 49503 

SSM Saint Louis University Hospital St Louis MO 63117 

St Joseph's Children's Hospital Tampa FL 33614 

Texas Children's Hospital Houston TX 77030 

The Milton S Hershey Medical Center Penn 

State University Hershey PA 17033 

UC Health University of Colorado Hospital Aurora CO 80045 

University of Maryland Children's Baltimore MD 21201 

University of Virginia Children’s Charlottesville VA 22908 

University of WI Hospitals & Clinic 

American Family Children's Madison WI 53792 

Yale-New Haven Hospital New Haven  CT 06504 
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Appendix D:  Estimation of Effect of CoE Status on CHD Outcomes 

 

Estimation of the Effect of CoE Status on CHD Outcomes 

Outcome 

Estimation 

Method and 

Specification 

Number 

of 

Patient 

Groups 

Specified 

Using 

DD Coefficient 

Robust 

Std 

Errors 

P-

Value 

95% Conf 

Intervals 

Admissions 2SLS 2 -0.034 0.057 0.545 -0.145 0.077 

Admissions 2SLS 4 -0.055 0.057 0.337 -0.167 0.057 

ER Use 2SLS 2 -0.141 0.053 <0.01* -0.244 -0.037 

ER Use 2SLS 4 -0.136 0.052 <0.01* -0.245 -0.046 

Mortality 2SLS 2 -0.018 0.025 0.484 -0.067 0.032 

Mortality 2SLS 4 -0.005 0.023 0.840 -0.050 0.040 
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