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ABSTRACT 

Background: The need for transition care for adolescent and young adults (AYA) with 

sickle cell disease (SCD) has become evident in recent years, as AYA with SCD are living longer 

lives due to the successful implementation of preventative treatment measures. This study seeks to 

evaluate the current SCD transition program of a community-based organization (CBO) in 

Pittsburgh, as well as to conduct interviews with CBO staff/volunteers and health care professionals 

in order to assess the current state of the program and any barriers that are present to the transition 

process. 

Methods: AYA completed two self-administered surveys, one regarding their experience 

with the CBO’s transition program, and one assessing their transition readiness. Interviews were 

conducted with CBO staff/volunteers and health care professionals, which were analyzed using 

thematic analysis. 

Results: No statistically significant change in readiness was observed in the AYA study 

population before and after participation in the CBO transition program. Interviews revealed five 

main themes: Parental Encouragement of Autonomy, Negative Feelings of AYA Affecting 

Transition, Presentation of Transition to AYA, Variability Regarding AYA Readiness to Transition, 

and Logistical Barriers to Transition. 

Conclusions: AYA readiness did not significantly change based on the transition program. 

This study was the first to evaluate a CBO’s transition program. The results of the surveys and 

interviews can help inform CBO staff/volunteers as well as health care professionals about the needs 
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of the local AYA population regarding transition. This can also allow suggested changes to be 

implemented and any identified barriers to be addressed. 

Public Health Significance: This study is designed to impact public health by assessing the 

current transition program in Pittsburgh and suggesting policy changes in order to help improve the 

process of transition for AYA with SCD in the community. 
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1.0  INTRODUCTION 

Sickle cell disease (SCD) is a chronic, lifelong illness characterized by abnormal 

hemoglobin that can cause sickling of the red blood cells. The signs and symptoms of SCD 

typically first appear during childhood and can include anemia, pain crises, organ damage, and 

recurrent infections.1 Survival into adulthood has improved drastically since the 1970s.2  The 

median survival for HbSS disease was around 20 years in the 1970s3 and is currently around 42-

48 years.4 This increased survival to adulthood is believed to be due in part to the introduction of 

newborn screening for early detection and education, prophylactic penicillin, and effective 

vaccinations.5 Other contributing factors include more timely medical interventions, more 

preventive measures and improved drug therapy.5  

As a result of prolonged survival, there is an increased need for adult care providers, as 

well as education for adolescents who must leave their pediatric providers and transition to an 

adult care team. In this context we can define transition as “the process of changing from a pediatric 

to an adult model of health care.”6 These transitions are often dictated by biological age, not an 

individual’s independence or readiness for transition.7 A variety of factors including type and 

severity of SCD, health complications from SCD, an understanding of one’s health condition, 

independence, and education level can all impede or promote a successful transition.7 

Poor transition has been associated with negative outcomes, including increased morbidity 

and mortality in individuals with SCD over the age of 18.8 This also has implications for health 
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care costs, as a failed transition can present as missed follow-up appointments in the adult care 

facility, as well as increased emergency department visits and re-hospitalizations.8 Additionally, 

after undergoing transition, some individuals return to their pediatric care provider suggesting poor 

satisfaction with the adult provider.8 This is all evidence for the importance of a successful 

transition process. 

In Pittsburgh, The Children’s Sickle Cell Foundation, Inc. (CSCF), a local community-

based organization, in conjunction with the Pediatric Sickle Cell Clinic at the Children’s Hospital 

of Pittsburgh of UPMC (CHP) and the UPMC Adult Sickle Cell Program, works to help 

adolescents and young adults (AYA) with SCD in Pittsburgh make the transition to the UPMC 

Adult Sickle Cell Program.  

This project lends a unique perspective to the transition process for AYA with SCD. The 

literature is lacking a description of a successful transition model from a community-based sickle 

cell organization. By providing an overview of CSCF’s transition program, other community-

based organizations could learn from this transition model in order to help establish partnerships 

with medical centers or their own community-based transition programs. This project also brings 

awareness to the need for a quality transition program for AYA with SCD. The study evaluated 

the AYA’s readiness to transition and elicited their experiences with the program.  The goal of the 

study is to use information from AYA’s experiences and suggestions for improvement to modify 

the existing transition program. 
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1.1 SPECIFIC AIMS 

1.1.1 Specific Aim 1 

To describe a community-based organization’s (CBO) transition program.  

1.1.2 Specific Aim 2  

To assess AYA’s readiness to transition and to determine if AYA transition readiness improves 

following participation in the CBO’s transition program. 

1.1.3 Specific Aim 3 

To assess AYA’s experiences with the CBO’s transition program and following transition to the 

adult medical program. 

1.1.4 Specific Aim 4 

To elicit perspectives and experiences regarding transition from 1) CBO staff and volunteers, 2) 

the pediatric clinical team and 3) the adult clinical team. 
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2.0  LITERATURE REVIEW 

2.1 OVERVIEW OF SICKLE CELL DISEASE 

The term “sickle cell disease” (SCD) refers to a group of hereditary blood disorders, called 

hemoglobinopathies. These disorders affect the way that the body produces hemoglobin. In SCD, 

the red blood cells (RBCs) can become crescent or sickle shaped. Because sickle hemoglobin can 

adhere to itself after delivering oxygen to tissues, long chains may be formed that can eventually 

cause the RBCs to become irregularly shaped into the aforementioned sickle or crescent shape.9 

These irregularly shaped RBCs can occlude (or obstruct) blood vessels and block blood flow, 

which is call “vaso-occlusion”. Sickle RBCs also have a shorter lifespan than their normal disk-

shaped counterparts. This decreased lifespan and intermittent stoppage of blood flow causes most 

of the primary symptoms of SCD, including pain crises, hemolytic anemia, and organ damage.10 

SCD is estimated to affect 72,000 to 98,000 individuals in the United States.11 In the US, 

SCD is most common in the African American population, with an estimated incidence rate of 1 

in 365.11 SCD can appear in any racial group, but appears more commonly in individuals from 

Central and South America, Africa, and people of Asian, Indian, Middle Eastern, or Mediterranean 

descent.12 It is estimated that approximately 300,000 newborns are born with SCD worldwide each 

year.13 SCD is also the most common genetic condition that is caused by a single gene mutation.14  

Worldwide, Hemoglobin SS disease (HbSS) accounts for approximately 64% of all 

hemoglobinopathies.14 Other variants of SCD include HbSC (16.1%) and HbS/beta thalassemia 

(3.5%).13,14 
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2.1.1 Molecular Genetics of SCD 

Hemoglobin is made up of four polypeptide subunits. Initially, hemoglobin is made up of 

two alpha globin chains and two gamma globin chains. The two gamma globin chains are 

eventually replaced by beta chains at around 6 months of age.15 This process transforms the fetal 

hemoglobin (HbF) into adult hemoglobin (HbA).  

At the molecular level, abnormal hemoglobin, or hemoglobin S (HbS) is caused by an A 

to T point mutation in the HBB gene, which codes for β-globin chains that make up a subunit of 

hemoglobin. The end result of this mutation is the production of a protein with a valine in place of  

glutamic acid in the 6th amino acid (Glu6Val), which causes HbS to be produced.16 HbS causes the 

hemoglobin inside RBCs to crystalize and become less soluble when oxygen has been released 

from the hemoglobin molecule; this causes the RBCs to polymerize, which can make them sickle-

shaped, increasing the risk for vascular obstruction. 

Individuals with SCD typically have a Glu6Val point mutation in HBB, as well as a second 

deleterious mutation. The most common type of SCD, HbSS disease, results from two 

homozygous mutations for the Glu6Val variant. Other possible combinations of variants include 

one HbS mutation (Glu6Val), in combination with a different mutation such as HbC (Glu6Lys), 

HbD-Punjab (Glu121Gln), HbE (Glu26Lys), HbO-Arab (Glu121Lys), or a beta thalassemia 

pathogenic variant in the same gene on the opposite chromosome.17  

Beta thalassemia occurs when the β-globin chains are reduced or completely absent due to 

mutations in the HBB gene. They can be co-inherited with HbS, which results in sickle cell-beta 

thalessemias. While the previously mentioned pathogenic mutations are the more common causes 

of SCD or sickle cell-beta thalassemia, there are other pathogenic mutations in HBB. Many of 
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these mutations can cause hemoglobinopathies that are unrelated to SCD. To date, ClinVar has 

catalogued over 200 pathogenic mutations in this gene.18 

Sickle cell-beta thalessemias are typically classified into one of two categories: HbS/β0-

Thalassemia (HbS/β0-Thal) and HbS/β+-Thalassemia (HbS/β+-Thal). The genotype HbS/β0-Thal 

has a mutation in HBB that prevents HbA from being produced at all.19 Because of the absence of 

HbA, HbS/β0-Thal often has similar severe clinical manifestations to HbSS disease.19 These two 

can be distinguished based on the characteristics of the RBCs, the results of the hemoglobin 

electrophoresis or high-performance liquid chromatography (HPLC), and/or the genotype.20 HbSS 

RBCs will be normocytic and some of the RBCs will be sickle shaped, while HbS/β0-Thal will 

have microcytic RBCs with targets also present and possibly fewer sickle shaped cells.20  In 

HbS/β+-Thal, some HbA is produced. HbA levels for individuals with HbS/β+-Thal can range from 

less than 5% to up to 45%, with higher levels of HbA typically being associated with a milder 

phenotype.19 Clinical features of sickle cell-beta thalessemias include anemia as well as the 

features of sickle cell disease.19 Sickle cell-beta thalessemias are categorized as a type of SCD, 

along with HbSS, HbSC, HbE, HbD, HbO, and other variants of SCD.19 HbSS disease is also 

referred to as sickle cell anemia (SCA).8  

2.1.2 History of SCD 

 In 1910, Dr. James Herrick published the first documented case of SCD in the Western 

world.21 In this publication, Herrick reported a “large number of thin, elongated sickle-shaped and 

crescent-shaped forms [of red blood cells].”21 At the end of his case study, Herrick concluded that 

no diagnoses could be made from the signs and symptoms presented by the patient, but posited 

possible explanations, including an intestinal parasite or syphilis.21 Shortly after Herrick’s case 
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report was published, Benjamin Earle Washburn, a fourth-year medical student in Charlottesville, 

Virginia, published the second documented case of SCD.22  

 By the 1920s, enough evidence had been gathered to determine the inheritance pattern of 

sickle cell anemia (SCA), also known as HbSS disease.23 In 1923, W.H. Taliaferro and J.G. Huck 

published a paper describing the extent of SCA in a family in Virginia.23 After delineating the 

inheritance of N (normal red blood cells) and S (sickle cells) within the family, Taliaferro and 

Huck concluded that SCA is an inherited condition that acts as a single Mendelian trait.23  

 Despite the growing literature being published on SCA at this time, there was still debate 

regarding its etiology. In the early 1920s, there was a general belief that if an individual had a 

positive sickle cell blood test, then he/she could transition from one severity of disease 

(symptomless, mild, or severe) to another (and back) throughout his/her lifetime.24,25 It was not 

until 1949 that the difference between SCA and sickle cell trait was clearly outlined.26,27  

In 1926, Cooley and Lee suggested the name “sickle cell anemia” for individuals with 

hemolytic anemia, and the term “sicklemia” for individuals who had in vitro sickling, but 

otherwise no significant health concerns related to this sickling.28 Several decades went by before 

Linus Pauling et al29 described SCA as the first molecular disease, meaning that this was the first 

occasion in which a disease was associated with a change in protein structure. Using 

electrophoresis, the Pauling research team determined that HbS differed in structure from HbA.29 

Seven years later another important discovery was made. In 1958, Vernon Ingram and J.A. Hunt 

sequenced the HBB gene, discovering that a point mutation (Glu6Val) was the molecular cause 

behind HbS.30 Research into the mechanism of sickling red blood cells continued throughout the 

mid-1900s, but it was not until the 1970s that SCD awareness became a public health issue.3 
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In 1970, Dr. Robert Scott published an editorial in the Journal of the American Medical 

Association, avowing that SCA should be a public health concern in the United States.3 Dr. Scott 

argued that this priority should be based on SCA’s prevalence and severity in the US population, 

and that it should receive funding and support similar to that of other chronic health conditions, 

such as cystic fibrosis or diabetes.3 He also described the fragmented nature of the various SCA 

support facilities throughout the United States. This last concern was improved by the formation 

of the National Association for Sickle Cell Disease in 1971.31 Fifteen community sickle cell 

organizations gathered together in Racine, Wisconsin to form this association, which was renamed 

the Sickle Cell Disease Association of America (SCDAA) in 1994.31 

In 1971, President Nixon included SCD in his health address to Congress.32,33 In this 

address, President Nixon proposed raising the funding of SCA to $15 million in the 1973 fiscal 

year, which was a 15 fold increase over the budgeted amount in the prior fiscal year 1971.34 Shortly 

after this address, Congress passed the National Sickle Cell Anemia Control Act of 1972.33 This 

legislation offered educational activities for health care providers and the public, counseling and 

screening programs for SCD,  and funded grants for research regarding the diagnosis, treatment, 

and management of SCD.34 

Between 1972-1973, the National Sickle Cell Disease Program was founded and the 

National Heart and Lung Institute (NHLI) started funding SCD centers.33 The NHLI also 

established its own sickle cell center soon after and was renamed the National Heart, Lung, and 

Blood Institute (NHLBI) in 1976.33  The funding provided by the National Sickle Cell Anemia 

Control Act of 1972 helped make significant improvements in the management of SCD, including 

improving both lifespan and quality of life in individuals with SCD.9 Some of these advancements 
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include pneumococcal vaccinations, preventative penicillin therapy, newborn screening for SCD, 

the development of hydroxyurea, and bone marrow transplantation.35 

 In 2003, the Sickle Cell Treatment Act was passed by Congress.32 Signed into law in 2004, 

this legislation provided $10 million a year in funding to expand SCD treatment centers in the US 

and to help develop best practices in sickle cell care.32 This funding expired in 2009 and has not 

been renewed.36 Despite the initial support for SCD funding, optimal funding is currently 

lacking.37 Legislation has been proposed for more federal funding, such as S.2465, the Sickle Cell 

Disease Research, Surveillance, Prevention, and Treatment Act of 2018.36 This legislation was 

received by the US Senate. The Senate read it twice and then referred it to the Committee on 

Health, Education, Labor, and Pensions, where it currently awaits further action.36  

Strouse et al38 explored the association between PubMed publications and clinical trials 

and the funding of sickle cell disease and cystic fibrosis. Disease-specific funding was estimated 

using NIH RePORT, a tool that shows the annual support for various conditions and research 

topics.38 Strouse et al38 also examined the financial reports for the Sickle Cell Disease Association 

of America (SCDAA) and the Cystic Fibrosis (CF) Foundation and Cystic Fibrosis Foundation 

Therapeutics, Inc. Per person expenditures for individuals with either SCD or CF were calculated 

by using the estimated prevalence rates of each condition in the US.38 Publications in PubMed, 

new clinical trials, and FDA approvals from 2009 to July 2013 for either condition were examined 

as well. Funding per individual with CF was 7.6 (2010) to 11.4 (2011) times higher than for SCD.38 

This funding included 3.5-fold higher funding from the National Institute of Health (NIH) and up 

to 440-fold higher national foundation funding.38 Between 2010 and July 2013, five drugs were 

approved by the FDA for the treatment of CF in comparison to zero for SCD.38 This study helps 
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quantify the disparity in funding for SCD in comparison to other genetic conditions of lower 

prevalence.   

Hemophilia, a hereditary clotting disorder, offers another comparison to illustrate the 

disparity in funding for SCD. Hemophilia is estimated to affect 20,000 people in the United 

States,39 compared to SCD which affects approximately 72,000 – 98,000 individuals in the United 

States.11 Despite this difference, hemophilia currently receives more funding than SCD. For 

example, the World Federation of Hemophilia (WFH) receives financial support from several drug 

companies, including Pfizer, Bayer, Novo Nordisk, and Biogen.40 Between May 2014 and May 

2018, seven new drugs to treat hemophilia were approved by the FDA, while only one was 

approved for SCD.41 

A lack of funding also affects the availability of transition and adult care for AYA and 

adults with SCD. The Cystic Fibrosis Foundation funds and accredits over 100 adult care centers 

in the United States, while the CDC’s National Resource Directory lists only 44 adult care centers 

for SCD, and 14 centers who treat both children and adults.42,43 The access to care for SCD varies 

greatly based on one’s geographic location. For instance, Pennsylvania funds 9 total care facilities: 

6 pediatric, 2 adult, and 1 pediatric and adult. There are seven states who fund neither a pediatric 

nor an organized adult care facility for SCD.43 Fifteen states have a pediatric SCD center, but no 

adult care facility.43 This likely means that individuals with SCD in these states are relying on their 

primary care practitioners to provide them with care for both general health and their SCD. It is 

also important to note that an individual could have access to a good site for SCD care, but if it is 

not a formalized program it will not be listed on the CDC’s National Resource Directory. This 

demonstrates the limited access to specialized care for SCD in the US. 
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While newborn screening (NBS) helps identify newborns with SCD, which can be used to 

estimate the prevalence rate in the United States, there is little information known regarding 

specific details of prevalence numbers and locations for adults with SCD. Currently, no patient 

registry or centralized database exists for SCD. The aforementioned legislation, S.2465, includes 

a section on funding surveillance of SCD by distributing grants to SCD centers throughout the US 

to help them gather information about the prevalence and the distribution of SCD throughout the 

country.36 These registries would also allow sites to assess outcomes and evaluate the success of 

certain interventions.44  

The question of an implicit bias against individuals with SCD in the United States is raised 

after reading such evidence. Although it affects multiple ethnicities, a stereotype about SCD being 

a “black disease” has emerged in the United States.45 Telefair et al45 surveyed 227 

multidisciplinary health care providers about the impact that a patient’s race has on their medical 

care. Of the providers surveyed, 138 (61%) were female and 89 (39%) were male. 62% (141) were 

Caucasian, 29% (66) were African American, and 9% (20) identified as a race other than Caucasian 

or African American. 

African American and Caucasian health care providers were found to have conflicting 

views regarding the influence of race on the delivery and quality of health care for individuals with 

SCD. A majority of African American health care providers (76%) agreed that race influenced the 

quality of care received, while only 35% of Caucasian health care providers thought that race 

influenced care. Providers were also asked if they thought patient race influenced decisions 

regarding pain medications. 42% of African American health care providers agreed, while only 

16% of Caucasian health care providers agreed. When asked if the quality of relationships with 

patients was influenced by race, 71% of African American providers thought it was, while only 
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37% of Caucasian providers did. Overall, Telefair et al45 found that both female health care 

providers, regardless of race, and African American health care providers were more likely to 

believe that race influences patient-provider relationships, decisions regarding pain medication, 

and the overall quality of care the patient receives. This can be contrasted with Telefair et al’s45 

finding that Caucasian health care providers and male health care providers of all races were less 

likely to think race factored into these interactions and relationships.  

These findings show that the race of individuals with SCD has an impact on the level of 

care they receive. Telefair et al45 suggested implementation of continuing education for health care 

providers. This could help providers identify their own prejudices and how their own background 

influences their own medical practice. Creating a more culturally diverse staff and having staff 

members that are more culturally sensitive were also suggested as solutions to mitigate this 

problem.45  

Smith et al37 also addressed the disparity in health care for individuals with SCD. They 

suggested implementing a systematic approach to care for individuals with SCD, as well as an 

assessment of the variation in care for these individuals. The hope is that these steps will help 

alleviate disparities in care within the SCD community by providing all individuals with SCD the 

same level of care. Health care disparities still remain for individuals with SCD, but hopefully as 

these disparities are increasing acknowledged within the medical and health care community, they 

can be gradually be alleviated. 

2.1.3 Newborn Screening 

Newborn screening (NBS) is a state-based public health initiative that began more than 50 

years ago.46 In 1961, Dr. Robert Guthrie developed the first screening test for newborns.9,47 Using 
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blood obtained from a heel prick shortly after birth, he screened for PKU, a genetic disorder that 

can cause permanent intellectual disability if a strict diet is not followed beginning immediately 

after birth.47 In 1968, the World Health Organization (WHO) appointed James M.G. Wilson and 

Gunner Jungner to write a report to help guide decisions regarding screening for certain health 

conditions.48 Wilson and Jungner developed a set of 10 criteria to aid in decisions revolving around 

population-based screening.48 As the newborn screen was beginning to be implemented throughout 

the United States, there was debate among policy makers regarding which disorders should be 

included in their jurisdiction’s screening.49 In general, policy makers used the Wilson and Jungner 

criteria to help guide their decisions and focused on adding treatable disorders that had a higher 

prevalence and would save the state money by their early detection and treatment.49 

Today, all 50 states, as well as the District of Columbia, each have their own state newborn 

screening program. Each state’s newborn screening program is run differently, and it is up to the 

state’s public health department and/or state legislature to decide which conditions are included 

on the NBS. Until 2006, there was no uniformity in the conditions screened for by each state.46 

This discrepancy between states was due to several limiting factors, including access to new 

screening methods and availability of state resources to fund testing.46  Over time, it became 

apparent that various policy issues at a state level were interfering with the NBS program.49 In 

1999, the Health Resources and Services Administration (HRSA) sponsored the American 

Academy of Pediatrics (AAP) to establish a NBS task force to help examine these challenges.50 

This task force outlined an agenda to help resolve some of these issues, one being the lack of 

standardization among states regarding which conditions were included on the NBS.50 

As a response to the issue of uniformity, in 2006 the Maternal and Child Health Bureau 

(MCHB) commissioned the American College of Medical Genetics (ACMG) to help outline 
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national NBS standards and to compose a list of recommended conditions that should be on every 

state’s testing panel.46 The ACMG included conditions that met the following criteria: 1) the 

condition had an available screening test, 2) the condition had an effective treatment, and 3) the 

course of the disease was known.46 The ACMG criteria were similar to the Wilson & Jungner 

criteria that were created 40 years prior to the development of the Recommended Uniform 

Screening Panel (RUSP). The RUSP is a list of genetic conditions that the Secretary of the 

Department of Health and Human Services recommends states include on their NBS.51 These 

conditions are reviewed by the Advisory Committee on Heritable Disorders in Newborns and 

Children, with the goal being to provide states with a standardized list of conditions that meet the 

aforementioned ACMG criteria.51 Ultimately, each state can decide whether or not to screen for a 

particular condition, and some states screen for additional conditions.51 Currently, as of May 2018, 

thirty-four conditions are included on the RUSP.51 

2.1.4 Newborn Screening and Hemoglobinopathies 

Sickle cell anemia (HbSS), hemoglobin C disease (HbSC), and sickle cell-beta 

thalessemias (HbS/β-Thal) are included on the RUSP in the United States.51 Additionally, various 

other hemoglobinopathies are included on the RUSP for Secondary Conditions.51  New York was 

the first state to screen for hemoglobinopathies starting in April 1975.9 Gradually, over the next 

30 years, the remaining 49 states and the District of Columbia added this category of screening 

tests to their list of mandatory conditions.9  

In 1986, a study by Gaston et al52  elucidated the benefits of administering penicillin to 

children with SCD shortly after birth. This study showed that penicillin helped reduce mortality in 

infants and children with SCD under three years of age by helping to prevent invasive 
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pneumococcal disease and death.52 When newborns are born their hemoglobin consists primarily 

of HbF, which provides a protective effect against the sickling hemoglobin until 4-5 months of 

age.53 Because of the presence of HbF during these first months of life, routine CBCs or clinical 

exams cannot make an accurate diagnosis of SCD, since presumably both would appear to be 

normal.53 Additionally, the risk of death from sepsis begins at four months of age, which was also 

well before a diagnosis of SCD would be made clinically in the mid to late 1980s.35 Because of 

this risk, the impetus to diagnosis SCD shortly after birth in order to implement prophylactic 

penicillin and provide education on fevers in order to prevent death from pneumococcal sepsis was 

not realized before Gaston et al’s 1986 study.  

In response to these research results, the National Institute of Health (NIH) hosted the “NIH 

Consensus Development Conference on Newborn Screening for Sickle Cell Disease and Other 

Hemoglobinopathies” in April of 1987.54 This conference included a variety of stakeholders, 

including professionals in the fields of genetics, hematology, public health, pediatrics, law, and 

epidemiology.54 Health professionals, as well as individuals with SCD, parents of children with 

SCD, and other interested parties participated in conference discussions. The main goal of this 

conference was to answer several questions regarding NBS, follow-up, and research directions in 

the field of SCD. Universal screening for hemoglobinopathies in all newborns was one of the main 

recommendations generated by the conference, which was in response to the demonstrated benefit 

of early intervention shown by Gaston et al’s study.54  

Many states added SCD to their list of required conditions after this conference consensus 

statement was published.55 While the NIH Consensus panel recommended universal NBS for 

hemoglobinopathies instead of the previously adopted high-risk screening that some states 

followed, the panel recommended that only some states adopt universal NBS.54 When making this 
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recommendation, the panel did not clarify which specific states should adopt universal NBS for 

hemoglobinopathies, or define what would be considered a “high risk” population. Targeted 

screening was suggested as a possible alternative to universal screening in states where there were 

few “at risk” members.54 Over the years, states gradually added SCD to their universal NBS. New 

Hampshire was the last state to add hemoglobinopathies to their NBS in May 2006, in response to 

the implementation of the RUSP that year.9 

The early detection of SCD is essential for decreasing morbidity and mortality within the 

SCD population.56 The administration of prophylactic penicillin as well as timely management of 

splenic sequestration and/or fever are all reasons in favor of screening newborns for SCD and other 

hemoglobinopathies.56 Because of these early interventions and improved management and care 

of individuals with SCD, survival into adulthood has increased considerably over the past 40 

years.5 The median survival for HbSS disease was around 20 years in the 1970s3 and is currently 

around 42-48 years.4 Because the lifespan of individuals with SCD has increased, there is a need 

for transition care for this population. 

2.1.5 Newborn Screening for SCD in Pennsylvania 

 Universal NBS for SCD became available in Pennsylvania in September 1992.9 This test 

consists of a heel-stick, ideally around 48 hours of age, with an acceptable range of 24-72 hours.57 

The blood from the heel-stick is transferred to a filter paper, which is sent to the proper laboratory 

for analysis.57 For SCD, the state is divided into six different geographic regions and six sickle cell 

centers are contracted with the Pennsylvania Department of Health to provide follow up for 

abnormal or inconclusive newborn screening results.58 In Pennsylvania, there is a recommended 

course of action that should be followed when there is a positive newborn screen for a 
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hemoglobinopathy.57 This order of actions is determined by the Division of Newborn Screening 

and Genetics Bureau of Family Health within the Pennsylvania Department of Health.57  

First, the primary care provider (PCP) listed on the blood spot filter paper is contacted with 

the abnormal test results, as is the sickle cell referral center in the area. All abnormal hemoglobin 

results are sent to a sickle cell referral center in Pennsylvania.59 All counties in Pennsylvania are 

covered by the six sickle cell centers in the state.59 If the PCP has not contacted the referral center 

within two weeks of the results, it is the referral center’s responsibility to contact the PCP to help 

schedule any necessary confirmatory testing and discuss the best manner in which to schedule an 

appointment with the patient. The referral center is also responsible for informing the family and 

PCP that the center can provide medical and psychosocial management for the infant. This support 

could include direct aid to the PCP in the form of conference calls or in-person meetings. If the 

referral center is unable to schedule an appointment with the family within two weeks of the initial 

referral, then they must notify the Newborn Screen Follow-up Program (NSFP) Community Health 

Nurse. They must also notify the NSFP Community Health Nurse when a patient misses his/her 

appointment during the diagnostic period. There are six centers for newborns with SCD in 

Pennsylvania and one of the centers is located in Pittsburgh.60 In Pittsburgh, the Pediatric Sickle 

Cell Clinic at the Children’s Hospital of Pittsburgh is responsible for 20 counties within the 

Western Pennsylvania region.60  

When a newborn has a type of sickle cell trait that is identified on the newborn screen, a 

different process is followed.  A family letter is sent by the sickle cell center that relays information 

about the specific trait that has been identified, such as Hemoglobin S trait or Hemoglobin C trait. 

This letter also includes an educational brochure with more information about the trait that was 

identified and also includes information about reproductive risks involved with sickle cell trait. 
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For babies born in Western PA, the letter includes the telephone number for the Sickle Cell Clinic 

at the Children’s Hospital of Pittsburgh of UPMC (CHP) and encourages parents to call with 

questions or to schedule a clinic appointment as follow up. The PCP is notified in the same process 

as noted above.  

2.2 MANAGEMENT OF SICKLE CELL DISEASE 

2.2.1 Management of SCD from Infancy through Childhood 

The complications of SCD may first appear within the first year of life, occasionally as 

early as 4 months of age when the risk of death from pneumococcal sepsis can occur in an 

otherwise healthy appearing infant.61 The symptoms and clinical manifestations can vary between 

individuals with SCD; some individuals exhibit milder features while others are more severely 

affected.61 Newborns are born with fetal hemoglobin (HbF), which is formed from alpha and 

gamma chains, rather than the beta chains that are the chains affected in SCD. While fetal 

hemoglobin may provide a temporary protective effect against the signs and symptoms of SCD 

during the newborn period, the amount of HbF typically starts to wane around 4 to 5 months of 

age, making early detection and intervention important.53 The first symptoms that infants may 

display include pneumococcal sepsis, dactylitis, anemia, and splenomegaly.57 The goal of newborn 

screening is to diagnose infants with SCD as early as possible to help prevent early complications 

of the disease before any symptoms are present. For this reason, timely NBS follow-up from the 

PCP and the local sickle cell clinic is critical. Early preventative measures for SCD in the infancy 

period include the administration of several vaccines, including an annual flu vaccine beginning 
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at sixth months of age, as well as a series of pneumococcal and meningococcal vaccines.1 Until 

two years old, infants with SCD follow the same immunization schedule as other infants without 

a diagnosis of SCD.1 Prophylactic penicillin, starting by 2 months of age, is recommended for 

infants with SCD, as well as the education of parents and caregivers regarding the danger of sepsis 

when a fever occurs in the infant.1 

Splenic sequestration crises and infection are the leading causes of death in children with 

SCD.62 Splenic sequestration occurs when RBCs become trapped in the spleen, causing the spleen 

to enlarge.63 During severe episodes of splenic sequestration, an individual’s hemoglobin level 

may drop greatly and quickly, which can cause hypovolemic shock (a decrease in the volume of 

blood plasma) and death.63 Children with SCD are at 300-500 times higher risk than the general 

population to develop pneumococcal disease; this risk is highest between ages 1-4.64 This 

increased risk is a result of the loss of splenic function, which may be caused by tissue death from 

sickling, vaso-occlusion, and sequestration events within the spleen. This causes the spleen to be 

poorly functional, which lowers its ability to kill encapsulated organisms and promotes acute 

sequestration of blood.64 Education of parents and health care providers to help recognize the signs 

of splenic sequestration (including splenomegaly and acute severe anemia) can help prevent 

death.64 

In 1983, the NHLBI established the Prophylactic Penicillin Study (PROPS) to help assess 

the efficacy of penicillin in preventing pneumococcal infections in children with SCA.52 The 

PROPS clinical trial was a randomized, double-blind study that took place at 23 clinical sites 

throughout the US. Participants included children, ages 3 months – 3 years-old, who had been 

diagnosed with SS disease and were 1) not exhibiting signs or symptoms of infection 2) not 

receiving long-term transfusions or antibiotics and 3) had no known allergies to penicillin. 
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Participants were randomly assigned to the experimental (penicillin) or control group. Children in 

the experimental group received 125 mg of penicillin V potassium twice a day. Children in the 

placebo group were administered 50 mg of vitamin C, which was administered at the same 

frequency. The vitamin C and penicillin tablets were similar in appearance to help maintain the 

double-blinding of the study. A physical examination and a complete blood count were done every 

three months. Urine samples and pill counting were completed to help determine participant 

compliance in taking the medications. The study was ended eight months early after an 84% 

reduction in pneumococcal infection was seen in children who were taking the penicillin. No 

deaths were caused by by pneumococcal sepsis in the penicillin group, while three deaths were 

observed in the control group.52 The results of this study lead to the NHLBI’s recommendation 

that all newborns with HbSS disease should be administered prophylactic penicillin by four months 

of age.54 After this recommendation in 1986, mortality caused by infections in children with SCD 

markedly decreased.62 A study by Manci et al62 that examined cause of death in SCD showed that 

in autopsies performed before 1978, infections accounted for 46.6% of deaths, which occurred 

primarily in children under 3 years of age (57%). After 1985, there was a dramatic decrease in 

infectious deaths in those under age 3, which helps demonstrate the measurable impact that early 

diagnosis, prophylactic penicillin, and the management of fevers had on the death rate in SCD.62  

Another common cause of mortality or morbidity in children with SCD are cerebrovascular 

accidents (CVAs) or large vessel stroke.65,66 By age 20, approximately 11% of children with HbSS 

disease experience a stroke.67 Part of this risk can be reduced by the use of Transcranial Doppler 

(TCD), which can help identify children at risk for stroke.67 TCD is a type of ultrasound that 

measures the speed of blood flow through the blood vessels of the brain by measuring the echoes 

of the ultrasound waves that are moving through the brain. Annual TCD is recommended for 
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children with HbSS disease and HbS/β0-Thal disease starting at age two.1 Children who have 

abnormal activity on their TCD, meaning an elevated velocity of 200 cm/sec or more, compared 

to the reference range of 170 cm/sec, are shown to be at higher risk for stroke.68 If abnormal TCD 

activity is identified in a child, chronic transfusions effectively reduce the risk of primary stroke.67 

Chronic transfusions have been shown to reduce the risk of an initial stroke in children with SS 

disease with abnormal TCD results by more than 70%.67 TCDs are an important preventative 

measure for monitoring and preventing strokes in individuals with SCD.67,68 While this literature 

review focuses on interventions that have reduced mortality in infants and children with SCD, 

there are many other recommendations for the care of individuals with SCD. The NHLBI’s Report 

on the Evidence-Based Management of Sickle Cell Disease serves as a reliable resource for 

physicians and other health care professionals regarding the management and care of individuals 

with SCD. 

2.2.2 Adolescents and Young Adults with SCD 

The AYA period for individuals with SCD is one marked by an increase in both morbidity 

and mortality. Hamideh and Alvarez69 used data from death certificates available from the CDC 

to compare mortality rates in children with SCD from 1979-1998 to 1999-2009. Mortality rates 

decreased by 61% in infants, by 67% in children ages 1-4 years old, and by 22-35% in children 

ages 5-19 years old.69 In addition to comparing overall mortality rates during these two periods of 

time, Hamideh and Alvarez also looked at the mortality rates in specific age groups within each 

set of data. In the data from 1999-2009, the mortality rate in the 15-19 year old age group was 0.6 

per 100,000 individuals, compared to 1.4 per 100,000 individuals in the 20-24 year old age group.69 



 22 

This period of increased mortality (15-24) corresponds with the ages individuals with SCD 

typically transition from pediatric to adult care.   

Quinn et al5 conducted a cohort study that evaluated the changes in causes and timing of 

death in individuals with SCD and found that the burden of mortality had shifted to AYA. The 

Dallas Newborn Cohort (DNC) that was studied was comprised of children followed for their SCD 

since birth, starting in 1983. At the time of the study, in 2010, the DNC included 940 subjects, 

with a mean follow-up time of 9.4 years for each subject. Patients in the DNC range from newborns 

to age 18, at which age the patient is transferred to the adult sickle cell center. The cohort was 

51.8% male and 49.2% female and included HbSS (61.2%), HbSC (30.2%), HbS/β+-Thal (6.7%), 

and HbS/β0-Thal (2.2%). The highest incidence of death in the DNC was in patients who were 15 

years or older.  Since their last analysis of the cohort in 2002, seven individuals had died. Six of 

the seven deaths in the cohort occurred in individuals who had transitioned to adult care within the 

past two years. In deaths that occurred in the cohort from 1983-1990 and from 1991-2000, the 

median ages of death were 3.0 years and 3.1 years, respectively. In the deaths that occurred in the 

DNC from 2001-2007, the median age of death increased to 17.1 years. This increase is likely due 

to the implementation of newborn screening, which would have shifted the burden of mortality to 

AYA. AYA who had recently transitioned their care from the pediatric to adult care facility were 

at the highest risk for death.5,70 Possible explanations for the increase in mortality during the AYA 

period include an unsuccessful transition from pediatric to adult care, as well as the possibility that 

the buildup of organ damage that has occurred since birth is beginning to manifest itself during 

this AYA period.64 Because SCD is a chronic disease, it may be more likely that inconsistent care 

is contributing to poor outcomes in AYA with SCD.71  



 23 

Blinder et al71 conducted a retrospective longitudinal cohort study that evaluated health 

care resource utilization as well as costs to pediatric and adult patients with SCD, focusing 

especially on the transition period. Medicaid data from health care administrative claims from five 

states was obtained for analysis. Using this data, outpatient, inpatient, and ED visits, as well as 

their associated costs, were estimated for each of the 3,208 patients in the study.71 Patients were 

observed for an average of 6.5 years, and 20.4% of patients were observed through their transition 

to adult care at age 18.71 Among patients eligible for iron chelation therapy (ICT) (greater that 10 

transfusions), this study assessed health care costs for individuals who were chronically transfused 

and appropriately received iron chelation therapy (ICT) and health care costs for individuals who 

did not receive ICT, even though it was indicated, suggesting noncompliance or inadequate access 

to care. In both groups, total quarterly health care costs were higher post-transition than pre-

transition. The ICT group’s cost averaged $11,050 pre-transition compared to $12,966 post-

transition, and the non-ICT group’s cost averaged $6,762 compared to $14,511, post-transition 

(P<0.001).71 The frequency of emergency department (ED) visits was also found to increase in 

both groups post-transition, which could explain the increase in quarterly health care expenditures. 

In the ICT group, ED visits were 0.87 per quarter pre-transition vs. 3.37 post-transition and in the 

non-ICT group, ED visits average 1.18 per quarter pre-transition and increased to an average of 

6.13 post-transition.71 Blinder et al71 suggested that these increases could be caused by decreased 

follow-up and preventative care in AYA. This study’s findings help to demonstrate the shift from 

preventative to symptomatic care that an AYA with SCD may experience after transitioning to 

adult care and the accompanying burden on the health care system. 

Brousseau et al72 conducted a retrospective cohort study on emergency department (ED) 

visits and hospitalizations for SCD using state inpatient and ED databases in eight geographically 
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diverse states, together totaling 33% of the US population with SCD. This study looked at ED and 

hospital stays that were specifically categorized as sickle cell-related using ICD-9 and Clinical 

Classification Software codes.72 Hospital stays and ED visits that were not related to SCD were 

removed from the analysis. 

This study included 21,112 patients, who had a total of 109,334 encounters, averaging 2.59 

(95% CI, 1.48-1.55) encounters for hospital stays and 1.08 for ED visits.72 Of these patients, 7,250 

were between the ages of 18 to 30 years old. Among all of the age groups, 18 to 30 year olds were 

found to have the highest utilization rates and averaged 3.61 visits per year.72 22% (1594) of the 

individuals who were 18-30 years old has 3-10 acute care encounters a year, in comparison to 

12.6% of 10 to 17 year olds.72 7.4% (530) individuals in the 18 to 30 year old age group had 10 or 

more acute encounters, in comparison to only 1.1% of the 10-17 year old age group. This helps 

demonstrate the increase in morbidity during the AYA age period. 

The 18-30 year old age group also had the highest rehospitalization  rate, with 41.1% being 

rehospitalized within 30 days and 28.4% within 14 days, compared to the group average of 33.4% 

and 22.1%, respectively.72 Proposed solutions to the higher rates in this AYA group include 

increased access to care and more comprehensive transition programs to help reduce morbidity 

during this period of time.72 

These studies help explain some of the issues facing AYA with SCD. Adolescence and 

young adulthood remain a high-risk period for individuals with SCD. In response to this need, 

transition programs are being developed to ensure that AYA are ready for this transition of care.73 
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2.2.3 Summary of General Management for SCD 

Management of SCD is both preventative and symptomatic. SCD affects many of the 

body’s organ systems and can result in multiple health concerns. The NHLBI created an expert-

panel report that delineates specific management guidelines to help health care providers care for 

individuals with SCD. The most recent version of this report was published in 2014. The goal of 

this report is to provide recommendations for care based on scientific evidence.1 These guidelines 

specify many preventative measures that help prevent progression of the disease and provide 

suggestions for preventing the complications of SCD, including renal disease, stroke, pulmonary 

hypertension, strokes and pneumococcal infection. 

Typically, individuals with SCD see a hematologist regularly who can help manage 

prevention and treatment of the disease. As individuals with SCD require close follow up with a 

variety of other health professionals, the hematologist often makes referral to other specialties, 

which commonly include dentists, ophthalmologists, pulmonologists, and behavioral health 

specialists.1 In addition to following with a hematologist, individuals with SCD also follow with 

their primary care provider (PCP) for regular checkups. This helps ensure that individuals with 

SCD are receiving specialized treatment/management related to their SCD, as well as routine 

screenings provided by their PCP. 

2.2.4 Available Treatments for SCD 

In 1998, Hydroxyurea (HU) became the first FDA-approved drug for SCD.74 HU is 

recommended for individuals with HbSS disease and HbS/β0-Thal.1 There have been no phase III 

clinical trials for HU in the management of other types of SCD.1 The clinical trial that proved its 
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efficacy was a double-blind, randomized study that included 299 participants (49.5% male, 51.5% 

female) at 21 clinical sites throughout the United States.74  Of the participants, 295 had a diagnosis 

of HbSS disease and 4 had HbS/β0-Thal.75 Eligibility criteria included men and women ages 18-

50, who had been hospitalized or gone to the emergency room at least three times in the year prior 

to time of recruitment for pain crises related to SCD.75 The study was stopped early after only 24 

months, due to the proven efficacy of the medication.74 

Folic acid was given to all participants for the first four weeks of the study.74 At this point 

participants were randomly assigned to 1) a control group or 2) the treatment group. The control 

group was given a placebo (a starch pill) and the treatment group was given hydroxyurea, initially 

at 15 mg/kg/day.74 The dose was increased 5 mg/kg/day every 12 weeks, unless signs of bone 

marrow suppression were shown. The dose of placebo was increased in a similar manner, in order 

to maintain the double-blind nature of the study. In addition, all participants received 1 mg of folic 

acid per day. Participants were seen every two weeks, and blood samples were obtained and 

analyzed to assess the amount of fetal hemoglobin in the blood.74 

In this clinical trial, Charache et al74 found that the average time until a vaso-occlusive 

event was longer (3.0 months) in patients with SCD who were treated with HU, compared to the 

untreated group (1.5 months), with all values being statistically significant. The trial participants 

who received HU developed acute chest syndrome less regularly, needed less frequent 

transfusions, and fewer units of blood when a transfusion was warranted.74 

Hydroxyurea increases the amount of fetal hemoglobin in the red blood cells, which makes 

the RBCs less likely to sickle due the increased amount of oxygen in the RBCs.76 It was originally 

developed as a chemotherapy drug, and has been used to treat leukemia, melanoma, and ovarian 

cancer.77 Hydroxyurea was initially only approved for adults with SCD and moderate to severe 
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pain crises. Nearly 10 years went by before hydroxyurea was officially approved for use in 

children, though its efficacy in treating children had been demonstrated since 1996.78,79  

It was not until December 21, 2017, that the FDA approved hydroxyurea for use in pediatric 

patients with SCD.78 A major influence behind its approval was the BABY HUG clinical trial.80 

This was a multi-center, randomized, double-blind phase III clinical trial of HU in infants who 

were initially between 9-18 months old. All participants had a diagnosis of either HbSS disease or 

HbS/β0-Thal. The study began in October 2003 and concluded in September 2009. A total of 193 

subjects were randomized to either HU (20 mg/kg/day) or the placebo. The study found that HU 

was associated with significantly lower rates of dactylitis, acute chest syndrome, hospitalization, 

and initial and repeated episodes of pain. 

Another clinical trial that helped drive HU’s approval for use in children was called the 

European Sickle Cell Disease Cohort study.81 A total of 432 pediatric patients participated in the 

study, ages 2-18. 141 (32.6%) of children in the study had not been treated with HU prior to the 

study.78 HU was found to increase HbF in the blood and to decrease the frequency of complications 

related to SCD, including acute chest syndrome, vaso-occlusive episodes, and hospitalizations, 

after it had been taken for 12 months.78 Side effects of hydroxyurea in children can include bone 

marrow suppression including neutropenia, headache, gastrointestinal distress,  and dermatologic 

changes such as hyperpigmentation.79 There have been no reports of long-term toxicity, but 

maintaining the proper dose is important to prevent any severe side effects.81–83  

While the NHLBI guidelines recommend that individuals with HbSS disease and 3 or more 

moderate to severe pain crises take hydroxyurea, it is thought that hydroxyurea is underutilized by 

this population.84 Stettler et al84 analyzed de-identified commercial health and pharmacy claims 

from the Optum Normative Health Informatics database to identify individuals over 18 years of 
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age who had one or more outpatient or inpatient claims and probable HbSS based on the ICD codes 

that identified the encounter. More specifically, patients were selected for inclusion if they had 

three or more emergency department visits, hospitalizations, or both over the past year that 

included one of the five most common ICD codes for patients with HbSS disease who were 

experiencing a pain crisis, such as ICD code 517.3, which indicates HbSS disease with acute chest 

syndrome.84 Hydroxyurea use was defined as the filling of one or more prescriptions for 

hydroxyurea after the third encounter in the ED or hospital.84 2,086 individuals (18 years or older) 

were identified with probable HbSS disease.84 32.5% of this identified patient population had at 

least three hospitalizations or ED visits in the past year, and within this population, only 15.1% 

had been treated with HU within three months of their third encounter.84 At 12 months, this 

coverage increased to 22.9% (p=.002).84 These results suggest that HU is underutilized by a patient 

population that could benefit from its use, and that only one quarter of patients who could benefit 

are taking it. This study did not include all patients who could benefit from HU therapy, only those 

with HbSS disease, and did not include uninsured or publicly insured individuals.84 Individuals 

who resolved their pain crises without admission to the hospital or presentation to the ED were not 

included either. 84   All of these factors could affect the generalizability of the data. Factors that 

have been thought to impact this underutilization include lack of shared decision making with the 

patient, lack of physician training, and a fear of adverse events from the patient.1 

Endari (L-glutamine oral powder) is the second drug therapy approved for the treatment of 

SCD. It was approved by the FDA on July 7, 2017 and will soon be available in the US.85 Endari 

is approved for individuals over five years old and can also be used in conjunction with 

hydroxyurea.85 Endari works by increasing the amount of free glutamine that moves around in the 

blood stream. This circulating glutamine can be captured by sickled red blood cells, which 
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normally have a deficiency of glutamine. When the glutamine is broken down by these cells, 

antioxidants are released, which help lower oxidative stress in the sickled cells. This reduction of 

oxidative stress within the cells allows more oxygen to be delivered throughout the body and in 

effect, can help lessen pain and make the RBCs less likely to become lodged within blood vessels.86 

Glutamine has been considered a potential treatment for SCD since the mid-1990s. The 

first study related to glutamine and SCD was in 1998, which showed that glutamine reduced the 

red cell adhesion rate.87 Seven participants with SCD (ages 19-60 years old) with a diagnosis of 

HbSS disease participated in this study.87 Exclusion criteria included current or previous treatment 

with hydroxyurea, having undergone a blood transfusion in the past 3 months, and pregnancy.87 

Baseline blood samples were obtained, as well as samples at the conclusion of the study. 10 g of 

L-glutamine were administered three times a day to participants for four weeks.87 The results 

showed an increase in NAD redox potential, which was thought to reduce the oxidative damage 

that occurs in sickled RBC.87 All of the participants reported decreased levels of chronic pain and 

6 of the 7 reported decreased drug-use to control their chronic pain, though this was not a controlled 

clinical trial so all participants knew they were being administered a drug that was supposed to 

treat SCD.87 Glutamine may also reduce the number of pain crises and the frequency of acute chest 

syndrome.85 Patients also had fewer hospitalizations and shorter hospitalizations overall when 

administered glutamine as treatment.85 

 The clinical trial for Endari was a randomized, double-blind, multicenter study that 

included 230 participants. Inclusion criteria included participants who were at least 5 years old, 

had a diagnosis of SCD or HbS/β0-Thal, and had at least two documented episodes of sickle cell 

crises within 12 months of recruitment. In addition, if an eligible participant was receiving stable 

hydroxyurea treatment, he/she remained on that course of treatment throughout the clinical trial. 
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Participants were randomly assigned to the experimental or placebo group. Individuals in the 

experimental group received 0.3g/kg of L-glutamine, administered orally twice a day for a total of 

48 weeks, with an upper limit for a daily dose set at 30 grams. The drug was in powder form and 

could be mixed with water or other cold beverages (excluding alcohol, carbonated, and acidic 

beverages), as well as certain foods, such as applesauce or yogurt. The control group received 

0.3g/kg of the placebo (100% maltodextrin), which was also administered twice a day orally for 

48 weeks, with the same limitations, dosage increases, and mixing instructions as the experimental 

group. At the end of the 48-week period, the drug and placebo were tapered off to zero over the 

course of three weeks.88 Over the 48-week clinical trial period, those in the experimental group 

experienced fewer sickle cell crises (3) compared to those in the control group (4), as well as fewer 

and shorter hospitalizations, and a lower incidence of acute chest syndrome. Side effects from L-

glutamine therapy included headache, abdominal pain, cough, back and chest pain, nausea, and 

constipation.85 Of note, results from the randomized controlled trial have not yet been published 

and the preliminary data suggest only a modest benefit.  Thus, while Endari is clinically indicated 

to help reduce acute complications of SCD in individuals who are 5 years or older, its role in 

general SCD management is yet to be determined.89 

 The only current cure for SCD is a hematopoietic stem cell (bone marrow) transplant 

(HSCT). The limiting factors to HSCT include the need for a suitable bone marrow donor and an 

unclear risk-to-benefit ratio.90 A suitable donor must have the same human leukocyte antigen 

(HLA) type as the receiver of the transplant.91 HLA types are inherited, so siblings are often a 

common source of complete matches.91 Less than 20% of individuals with SCD have a sibling 

who is a HLA match.92 Overall, the disease-free survival rate with an HLA-identical sibling donor 

is 85%, as complications such as transplant-related mortality (7%) and graft failure (9%) can 
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occur.90  There are now increasing numbers of clinical trials looking at alternative donors outside 

of a perfect match sibling.93 This includes umbilical cord hematopoietic stem cells, unrelated 

donors such as from the international bone marrow transplant registry, and partial match donors, 

including half match such that a parent and more sibling options would be potential sources for 

cure by transplant.93 

Because of SCD’s prevalence and its monogenic origin, gene therapy has long been 

proposed as a potential cure for SCD.94 In 2001, gene therapy for SCD was performed and 

sustained in mice models.95 This was achieved by the transfer of a modified HBB anti-sickling 

variant.95 More recently, from 2015-2017, a team of medical professionals in France performed 

the first successful course of gene therapy in a human that cured SCD.96  This case was a 13-year-

old boy with HbSS disease whose red blood cells show no signs of disease, and who no longer 

requires transfusions or medicine to manage his SCD following gene therapy.96 This case report 

has been cited as a proof-of-concept for larger clinical trials for SCD gene therapy. There are 

several other clinical trials currently recruiting or actively running for gene therapy and SCD or 

beta thalassemia.97,98 The prohibitive cost of the course of gene therapy treatment is a concern, as 

this could limit access to those in developed nations and with the means to pay for it.99 Because 

HSCT is currently the only proven cure for SCD and is not widely available or elected based on 

the aforementioned limiting factors, prevention and management of the complications of SCD is 

critical. 
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2.3 TRANSITION OF CARE 

2.3.1 Transition 

Transition can be defined as “the purposeful, planned movement of adolescents and young 

adults with chronic physical and medical conditions from child-centered to adult-oriented health-

care systems.”100 Transition has become an increasingly relevant topic. Due to improved outcomes 

and prolonged lifespans for individuals with chronic diseases, there is a great need for adult care 

providers available to treat these individuals as they mature. Greater than  90% of children with 

chronic health conditions will live into adulthood.101 A few examples of chronic health conditions 

that require life-long care include SCD, diabetes, asthma, congenital heart disease, and cystic 

fibrosis.  

 Adolescence is normally a time of transition for all children, but children with chronic 

diseases face additional challenges.  Not only must children with chronic health conditions 

eventually take over responsibility for their health from their parent/caregivers, but they also 

typically transfer their care to an entirely new facility.102 It is important to distinguish “transition” 

from “transfer.” While transition refers to the active process of AYA moving from their former 

pediatric care facility to an adult care provider, transfer refers to the formal transfer of care between 

any two providers.101 One can be transferred without first undergoing a coordinated transition 

process. 

 In 2002, a consensus statement published by the American Academy of Pediatrics (AAP), 

the American Academy of Family Physicians (AAFP), and the American College of Physicians 

(ACP) emphasized the importance of providing widespread, continuous care to AYA as they 

transitioned between pediatric and adult focused care providers and medical programs.103 Together 
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these professional societies published a revised statement in 2011 that reiterated their original 

goals, as implementation of comprehensive transition care had not yet been achieved in the years 

that followed their original consensus statement.104 

2.3.2 Barriers to Transition 

Common challenges that AYA face when transitioning to adult focused health care 

providers include barriers related to beliefs and expectations about transitioning, relational 

challenges, barriers relating to knowledge regarding a health condition (AYA and/or provider), 

and issues of access to both health care and insurance.105 

Rutishauser et al106 evaluated the expectations of AYA and their parents regarding 

transition. This cross-sectional study included 318 parents of 283 AYA with chronic health 

conditions, ages 14-25, who had not yet transferred to their adult health care provider.106 The 

greatest identified barriers to transition were: 1) their current comfort with their pediatric provider 

(37.5% of parents and 44.5% of AYA), 2) anxiety caused by their unfamiliarity with the adult 

provider (24% of parents and 20.1% of AYA), and 3) a lack of knowledge about the adult provider 

(26.5% of parents and 18.4% of AYA).106  Their lack of knowledge regarding the adult provider 

and the idea that they would be leaving a comfortable environment for a foreign one, may have 

induced feelings of anxiety when thinking of their own or their child’s transition of care.106  

The end of a familiar, long-term relationship with one’s pediatric provider has been 

commonly identified as a barrier to transition.  Agarwal et al107 surveyed pediatric endocrinologists 

regarding barriers faced during transition for AYA with type 1 diabetes. A total of 164 pediatric 

endocrinologists were surveyed, representing 32 US states.107 73.7% of respondents cited the 

termination of a long-held therapeutic relationship as a barrier to transition and 31% identified this 
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as a main barrier to transition.107 Proposed solutions to help ease this transition to a new provider 

have included frequent communication between the pediatric and adult care facility, a documented 

transition plan, and early transition planning, including a meeting between the patient/family and 

the adult provider prior to transfer.104,107,108 

In the survey by Rutishauser et al106, when asked if their pediatric care providers had 

mentioned transferring to an adult health care facility, only 51% of youth ages 14-25 reported 

discussing this topic with their provider. In the 2005-2006 National Survey of Children with 

Special Health Care Needs, parents/guardians of 18,198 AYA (ages 12-17) were asked if they 

discussed the following with their child’s care provider:  1) their child’s anticipated need for an 

adult care provider, 2) their child’s future health care needs as an adult, 3) changes in health 

insurance that may occur when transferring to adult health care and 4) encouraging autonomy in 

their child.108 Discussing all four of these topics with the child’s parent meant that the provider 

met the transition “core outcome” of the study. Per parent/guardian report, 42% of pediatric 

providers had discussed transferring to an adult care provider, 62% had discussed the child’s health 

care needs as he/she becomes an adult, 34% had discussed changes in health insurance, and 78% 

had encouraged autonomy in the child.108 Overall, 41% of youth ages 12-17 with special health 

care needs were found to meet the core transition outcome of the study.108 This number helps 

indicate that while some youth with special health care needs are meeting this core outcome, the 

majority of the youth did not meet this goal, and a continued focus on transition care may still be 

needed to optimize the transition process. 

While there are barriers that span the broad spectrum of chronic diseases, each chronic 

disease has its own unique set of barriers. Vijayan et al109 interviewed AYA who had been infected 

with HIV perinatally, along with their parents/guardians and pediatric providers regarding their 
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thoughts on transition. The study included 18 AYA (ages 12-24), 15 parents/guardians, and nine 

pediatric care providers.109 The data was collected through open-ended interviews with 

participants in the study. Identified barriers to transition included stigma associated with HIV, as 

well as a perceived or actual lack of autonomy.109 The stigma associated with the disease was 

shown to be related to whether an AYA took his/her medications, and also negatively affected 

his/her sexuality, if/how he/she disclosed his/her HIV status, and the level of trust with their adult 

care provider.109  

Overall, while an important issue, transition to adult care still faces many challenges in its 

successful implementation. Engaging all parties, including patients, parents/guardians, as well as 

pediatric and adult care providers has often been mentioned as a solution to help alleviate any 

miscommunications or misbeliefs that are encountered before or during the transition process.110 

In addition, the importance of the development of disease-specific transition programs and of 

assessing patient transition readiness earlier, have been cited.110 While the transition process of 

patients with chronic diseases has made significant progress in recent years, there is still much 

improvement to be made.  

2.3.3 Transition for AYA with SCD 

While many AYA with chronic health conditions face similar barriers to transition105, AYA 

with SCD face a few unique barriers when transitioning from pediatric to adult care. Andemariam 

et al2 conducted a retrospective study of their transition program, a partnership between the 

pediatric sickle cell center at Connecticut Children’s Medical Center and the adult care facility at 

the University of Connecticut Health Center to assess clinical and non-clinical risk-factors that 

were related to an unsuccessful transition. The study included 47 AYA, ages 16 and older who had 
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participated in the facility’s transition program over the past five years. Older age at the time of 

transition was associated with poorer transition outcomes, which was identified as a novel risk 

factor. 77% of AYA who transitioned before age 21 successfully transitioned, compared to 21% 

of patients who completed a successful transition after the age of 21 (P=0.008).2 Andemariam et 

al2 mentioned that because the implementation of their program had occurred in the past five years, 

transition of patients over the age of 21 was unavoidable, but could be prevented in the future since 

the program had already transitioned all older AYA who were present at the start of the program. 

Interestingly, the researchers also found that AYA with a milder SCD phenotype (e.g. HbSC or 

HbS/β+-Thal) were less likely to have a successful transition than AYA with a more severe 

phenotype (e.g. HbSS or HbS/β0-Thal).2 

Stollon et al111 conducted qualitative interviews with 13 pediatric and adult providers for 

individuals with SCD. From these interviews, the researchers identified health disparities that 

impacted AYA’s ability to transition successfully, including poverty, education level, and access 

to health care.111 Providers argued that these various sociodemographic factors were in competition 

with the transition process and often won out over transition. One provider said that “[AYA] are 

at risk … [their] coping skills are not good and the social supports are not in place.”111 AYA with 

SCD are a unique population, in that they are disproportionately affected by the aforementioned 

sociodemographic factors.111 Other research regarding transition has identified similar 

discrepancies in transition support programs for African American and Hispanic AYA.112,113 

Perceived readiness to transition is also an important factor in the transition process. 

Speller-Brown et al8 assessed readiness in both transitioning AYA with SCD and their parents in 

a descriptive correlation study assessing the correlation between parent and AYA response. The 

sample included 60 AYA (14-21 years old) and their parents (N=60).8 One parent per AYA was 
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interviewed. This parent was a guardian who had most often accompanied the AYA to the clinic 

or hospital. Surveys were administered during an outpatient clinic visit or during an inpatient 

admission. The Readiness for Transition Questionnaire (RTQ) survey was used in the study and 

was originally developed for transitioning AYA with kidney transplants. The survey is comprised 

of a Likert scale to ask questions regarding AYA autonomy and responsibility regarding his/her 

health care, the level of parental involvement in this care, and overall readiness for transition to 

the adult care facility. A response of a 1 indicated an answer of “not responsible at all” to a 

question, while a 4 indicated that the AYA was “almost always responsible” for the 

aforementioned task. AYA reported a range of health care responsibility from a 1.62 to 3.42, on 

the Likert scale.8 Examples include calling in prescriptions and having monthly labs drawn.  

When asked about parental involvement, AYA’s answers ranged from 2.80-3.77, which 

demonstrates that they thought their parents were responsible for most of their health care 

behaviors.8 In comparison, parents reported a range of 1.68-3.05 for AYA health care 

responsibility and indicated that they were often involved in most aspects of health care 

responsibility for AYA. The AYA’ average reported readiness to transfer to adult care was 2.02 

(somewhat ready), while the parents rating was 1.83 (not yet ready but approaching ready). AYA 

did not view parental involvement as an indicator of their readiness to transition.  

According to the National Resource Directory hosted by the Centers for Disease Control 

and Prevention (CDC), as of March 2018, there are currently 235 SCD providers/treatment centers 

and 107 SCD Associations/Nonprofits/Foundations and/or Support Groups in the United States.43 

Of these treatment centers, 167 (71.1%) are pediatric care facilities, 44 (18.7%) are adult care 

facilities, 14 (6%) treat both children and adults, and 10 (4.3%) did not specify whether they treated 

children, adults, or both.43 Seven states (14%) had neither a pediatric nor an adult treatment facility 
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for SCD and 15 states (30%) had a pediatric care facility listed, but either no adult care facility or 

an unspecified care facility listed.43 The lack of adult care facilities is a major problem for 

transition across the United States.   

2.3.4 Transition for SCD in Pittsburgh, PA 

In Pennsylvania, there are a total of nine care facilities: 6 pediatric, 2 adult, and 1 

pediatric/adult reported in the CDC directory as of 2017.43 Based on where an individual with SCD 

is born with Pennsylvania, he/she will be referred to the sickle cell center in his/her region. There 

are also six SCD Associations/Nonprofits/Foundations in Pennsylvania.43 In Pittsburgh, there is 

one pediatric care facility, one adult care facility, and one non-profit organization.  

A lack of adult providers who have the expertise in and are available to treat adults with 

SCD is a major barrier for transition for many regions;114 however, this is not the case in Pittsburgh. 

Children and young adults with SCD from western Pennsylvania are primarily treated at the 

Children’s Hospital of Pittsburgh of UPMC (CHP) until they transition. Most of these AYA with 

SCD currently choose to transition to the UPMC Adult Sickle Cell Clinic. Both the pediatric and 

adult care facilities work with the local community-based organization (CBO), the Children’s 

Sickle Foundation, Inc. (CSCF) to help transition AYA to the adult care facility. However, barriers 

to transition remain.  

While all patients who are lost to follow up are considered “transferred” to the adult care 

facility approximately after their 22nd birthday, the age of transition for AYA who are active in 

the pediatric program varies upon transition readiness. The transition process typically begins 

around age 16 to 18 years old, with transfer to the adult program typically completed by 20 years 

of age.  This age corresponds to when many are transitioning from high school to either college or 
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other career ambitions. After an AYA has been identified as a candidate for transition to the adult 

program within the next year, CHP works together with CSCF and the adult care team, as well as 

the patient and parent/guardians themselves, to make a transition plan.  

While there has been a partnership between CSCF and both the pediatric and adult care 

facilities in Pittsburgh that has allowed them to develop and implement this transition program, 

there have been no outcome measures used to assess the effectiveness of the program itself. This 

study will allow transition readiness of AYA before and after participation in the program to be 

assessed.  

The collaborative nature of this CBO and its function within the local community will be 

described. Hopefully, this will help other care facilities or CBOs who may be trying to implement 

similar partnerships or programs. Experiences regarding transition from both the pediatric and 

clinical teams, as well as the CBO staff, will help identify any barriers within the transition 

program or issues in communication. The overall goal is to help improve and standardize the 

transition experience for AYA with SCD, including future transitioning AYA within the Pittsburgh 

and surrounding communities.  
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3.0  MANUSCRIPT 

3.0 INTRODUCTION 

Sickle cell disease (SCD) refers to a group of hereditary blood disorders that affect the way 

the body produces hemoglobin. In SCD, the sickle hemoglobin inside the red blood cells (RBCs) 

can polymerize, which can damage both the sickle RBC and the vascular endothelium. This RBC 

sickling can cause a variety of complications, including organ damage, pain crises, and infection.1 

The prevalence of SCD in the United States is 1 in 365 in African Americans and is estimated to 

affect between 72,000 to 98,000 individuals in the US.11 While primarily African Americans are 

affected in the US, they are not the only population at risk. The most common type of SCD is 

HbSS disease, followed by HbSC disease.14 Other variants include HbS/β+-Thalassemia, HbS/β0-

Thalaseemia, HbSE disease, HbSD disease, and HbSO disease.19  

While SCD was first described by James Herrick in 191021 and research was ongoing 

throughout the twentieth century, SCD did not become an issue of public health priority until the 

1970s.3 With increased public awareness, the National Heart and Lung Institute (NHLI), now 

known as the National Heart, Lung, and Blood Institute (NHLBI), started funding sickle cell 

centers throughout the US.33 Funding in the 1970s also allowed for important medical 

advancements in the treatment of SCD, such as newborn screening, pneumococcal vaccinations, 

and preventative penicillin therapy.35 These advancements have allowed for early intervention and 

helped to improve both lifespan and quality of life for individuals with SCD.9  

Management of SCD is both preventative and symptomatic. Because the sickle RBC 

circulates in the blood stream to every tissue, SCD affects many of the body’s organ systems. Thus, 
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the disease can manifest itself in many different ways throughout the body. The NHLBI has created 

a resource for health care providers of specific management guidelines that help detail how to care 

for individuals with SCD.1 

Despite initial support for SCD funding, funding for both medical research and 

multidisciplinary clinical care is currently quite limited. The last federal funding for SCD was the 

Sickle Cell Treatment Act, which was passed by Congress in 2004 and expired in 2009.32 A lack 

of funding also affects the availability of transition programs and adult care facilities for AYA and 

adults with SCD. There are currently 235 formally recognized SCD care facilities in the US, but 

the vast majority of these facilities (71.1%) are pediatric care facilities.43 

Transition can be defined as “the purposeful, planned movement of adolescents and young 

adults with chronic physical and medical conditions from child-centered to adult-oriented health-

care systems.” 100 Transition is an important step for individuals with SCD, but one fraught with 

difficulties. There is a need for transition care for AYA with SCD due to a marked increase in 

survival into adulthood since the 1980’s.5 The burden of mortality has shifted away from childhood 

to the AYA period.5 Explanations for this acute increase in mortality are unclear, but likely include 

the biologic accumulation of disease burden that begins to manifest itself in the AYA period 

coupled with an unsuccessful transition from pediatric to adult care.64 Inconsistent preventive and 

therapeutic care also contributes to poor outcomes in AYA with SCD.71 This makes the need for 

an effective transition program even more important.  

An increase in mortality in AYA with SCD has been reported in the literature.5,69,70 Quinn 

et al5 conducted a cohort study in 2010 that looked at the changes in the causes and timing of death 

in individuals with SCD and found that the burden of mortality had shifted to AYA. Patients in 

their cohort transferred to adult care at age 18. The highest incidence of death was for individuals 
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who were 15 years of age or older.5 Since the last analysis of their cohort in 2002, seven individuals 

had died. 85.7% (6/7) of these individuals had transferred to adult care within the past two years. 

In deaths that occurred from 1991-2000 in this cohort, the median age of death was 3.1 years old.5 

In the deaths that occurred from 2001-2007, the median age of death had increased to 17.1 years 

old.5 The most likely explanation for this dramatic shift in median age of death is the 

implementation of the newborn screen and preventive measures for invasive pneumococcal disease 

in children under the age of 3 years old, which would have shifted the burden of mortality from 

very young children to adults. However, it is striking that the shift in age moved only to the AYA 

age range rather than an older age. It is very possible that this is at least partially explained by an 

unsuccessful transition from pediatric to adult care or by inconsistent or less coordinated care in 

the adult medical arena that is leading to poor outcomes in AYA.71  

 AYA with SCD who are transitioning have also been found to utilize health care more 

often. In a retrospective longitudinal cohort study, Blinder et al71 examined health care resource 

utilization and costs to patients with SCD, especially those who had recently transitioned. 

Medicaid data from five states was used for analysis. For each of the 3,208 patients in the study, 

ED visits, as well as outpatient and inpatient visits, and their associated costs, were estimated.71 

Approximately one fifth (20.4%) of patients were observed through their transition to adult care 

at 18 years of age. A subset of participants who were eligible for iron chelation therapy (ICT) 

(greater than 10 transfusions) were divided into two groups: 1) those who received ICT as a marker 

of appropriate medical care, and 2) those who did not receive ICT, despite its clinical indication 

as a marker of noncompliance or a lack of adequate access to knowledgeable care. The non-ICT 

group’s quarterly health care cost averaged $6,762 pre-transition compared to $14,511 post-

transition, while the ICT compliant group’s cost averaged $11,050 pre-transition compared to 
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$12,966 post-transition.71 An increase in ED visits was observed in both groups, which could 

potentially explain the increase in quarterly health care costs. Blinder et al71 suggested that these 

increases could be caused by decreased follow-up and preventative care in AYA. This study’s 

findings help to demonstrate the shift from preventative to symptomatic care that an AYA with 

SCD may experience after transitioning to adult care and the accompanying burden on the health 

care system. 

 While AYA with chronic health conditions can face similar barriers while transitioning to 

adult care,105 AYA with SCD face a few unique barriers when transitioning from pediatric to adult 

care.  Stollon et al111 interviewed pediatric and adult care providers for individuals with SCD and 

found that health disparities were often a barrier to transition for AYA with SCD. These disparities 

included education level, access to health care, and poverty.111 The health care providers 

interviewed reasoned that these factors competed with the transition process and often won out 

over transition. AYA with SCD are disproportionately affected by these sociodemographic factors. 

Similar differences have been found in transition support programs for African American and 

Hispanic AYA.112,113 Other factors that have been found to affect the transition process for AYA 

with SCD include perceived readiness to transition and an older age (older than 21) at transition.2,8 

The Children’s Sickle Cell Foundation, Inc. (CSCF) is a local community-based 

organization that works with the pediatric sickle cell clinical team at the Children’s Hospital of 

Pittsburgh of UPMC and the Adult Sickle Cell Program at UPMC to help transition AYA with 

SCD in the community. While CSCF’s transition program has been in effect for five years, its 

effectiveness has not been assessed. This study will evaluate its effectiveness by assessing AYA 

readiness before and after their participation in the program. The study will also gather experiences 
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and opinions regarding transition from the individuals who are providing care and support to the 

AYA. The following are this study’s specific aims: 

1. To describe a community-based organization’s (CBO) transition program.  

2. To assess AYA’s readiness to transition and to determine if AYA’s transition readiness 

improves following participation in the CBO’s transition program. 

3. To assess AYA’s experiences with the CBO’s transition program and following transition 

to the adult medical program. 

4. To elicit perspectives and experiences regarding transition from 1) CBO staff and 

volunteers, 2) the pediatric clinical team and 3) the adult clinical team. 

The overall goal is to improve the transition experience and effectiveness for AYA in the 

Pittsburgh area. 

3.1 METHODS 

3.1.1 Introduction 

 This project was conducted in collaboration with the Sickle Cell Clinic at Children’s 

Hospital of Pittsburgh of UPMC (CHP) and the Children’s Sickle Cell Foundation, Inc. (CSCF). 

This study was conducted to assess the current transition program for individuals with SCD in 

Pittsburgh. The study was reviewed and approved by the University of Pittsburgh Institutional 

Review Board on March 19, 2018, IRB# PRO17110603 (See Appendix A). 
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3.1.2 Participant Selection and Recruitment: AYA Study Population 

AYA who participated in CSCF’s Transition Together program in summer 2017 were 

eligible for participation in this study. Participants were recruited from March 24th to May 8th, 2018 

during routine CSCF events and home visits from CSCF staff and volunteers. These events were 

a part of CSCF’s “Saturday SMASH – Stay Active, Motivated, Smart, and Healthy – Program.” 

The SMASH program occurs every other Saturday and each event has a special focus on wellness. 

The event that took place during this study was a dental program, which helped educate individuals 

with SCD and their families about dental hygiene and provided them with a free dental screening 

and dental hygiene products. The AYA who participated in this study had either officially 

transferred their care to the UPMC Adult Sickle Cell Program or had been recommended to start 

the transition process but remained in the care of the pediatric facility. The two AYA who had not 

yet transitioned were told that they did not have to answer questions related to personal experiences 

with transition and adult care. All participants went through an informed consent process prior to 

filling out the survey measures. Participants were informed about the purpose of the study, the 

potential benefits of participating in the study (such as adding to knowledge about transition), and 

potential harms, which included discomfort regarding questions asked, for instance, and what 

participation would specifically entail (completing two surveys). 

 Four of the six participants filled out the post transition surveys during the Dental SMASH 

event and two participants completed the survey measures during routine CSCF home visit with 

the researcher and a CSCF staff member. These surveys were self-administered. After the informed 

consent process was complete and any questions were answered, the two surveys were distributed 

to the AYA to fill out on their own. The researcher remained nearby and accessible in order to 
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answer any questions that arose. Once the participant had finished, the surveys were collected by 

the researcher. 

3.1.3 Participant Selection and Recruitment: SCD Health Care Professionals and CBO 

Staff/Volunteers 

The primary researcher works for the Pediatric Sickle Cell Department and was therefore 

acquainted with the pediatric clinical team staff. These staff members were invited to participate 

in this study with an e-mail request from the researcher. The e-mail explained the aims of the study, 

outlined the time commitment involved in participation, and provided them with a copy of the 

verbal consent for the study, since the IRB waived written informed consent for this portion of the 

study (Appendix B). Staff members of the Pediatric Sickle Cell team helped the researcher identify 

members of the Adult SCD Clinical Team who might be interested in participating in the study. 

An e-mail introduction was made via a pediatric SCD care provider to the aforementioned adult 

team members. After this introduction, the researcher sent an e-mail explaining the aims of the 

study, outlining the time commitment, and included the verbal consent for the study. If there was 

interest in participating, an interview was scheduled with the responding health care professional 

at a mutually convenient time and location. 

The researcher also works for the Children’s Sickle Cell Foundation (CSCF). Staff and 

volunteers of CSCF were invited to participate in the interviews during a weekly staff meeting. At 

this meeting, the researcher outlined the purpose of the study, the estimated time commitment, and 

handed out copies of the verbal consent to allow them to decide if they wished to participate. All 

interviews of CSCF staff and volunteers took place during regular business hours, with permission 

of CSCF’s Executive Director. The Founder of CSCF was also interviewed. 
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3.1.4 Data Collection Tools: AYA 

Eligible AYA had completed surveys as part of the CSCF “Got Transition” program in 

2017. Information from these surveys was collected for each participant, in order to compare pre 

and post transition readiness within and between subjects. This information was completely de-

identified and no protected health information was collected. AYA who participated in the study 

were asked to complete two additional self-administered questionnaires during the study 

recruitment period. The first was a 10-question survey that asked open-ended questions (see 

Appendix C) regarding transition. The survey consisted of two parts; the first part asked questions 

related to transition in general and the AYA’s personal experiences regarding transition, while the 

second section asked questions about their personal experience with the CSCF transition program. 

AYA participants were also asked to complete a questionnaire from Got Transition, which is a 

program of the National Alliance to Advance Adolescent Health.6 (See Appendix C). The Got 

Transition survey asked questions related to the AYA’s confidence regarding their utilization of 

health care and their comfort level with their own medical information. The Got Transition survey 

was also administered at the beginning of the transition program in 2017. This survey was used to 

determine a change in transition readiness.  

After the AYA completed both surveys, the identity was coded and data was entered on a 

coded data collection sheet (see Appendix C). No personal identifiers were collected and each 

participant was assigned a numerical code as an identifier. The file that linked participants’ names 

to their codes was stored on a secure UPMC server.  
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3.1.5 Analysis of AYA Survey Responses 

 Once the AYA had completed the Got Transition survey, his/her answers were recorded 

on the Data Collection Form (see Appendix C). The first two questions of the Got Transition 

survey used a Likert scale from 0-10 to assess self-care importance and confidence in the AYA. A 

score of 0 indicated low confidence or importance and a score of 10 indicated high confidence or 

importance. The next section, “My Health,” asked seven questions. Answers were recorded on a 

three-point Likert scale (3 = Yes, I know this. 2 = I need to learn. 1 = Someone needs to do this … 

Who?). An index score for each participant was calculated by adding together their responses to 

these nine questions. A lower index score corresponds to lower confidence in the AYA’s health 

care. Index scores pre- and post- the CSCF transition program were calculated and compared 

within subjects to determine if there was a change in readiness after participating in the program. 

The scores for each individual question were also looked at for each participant before and after 

their participation in the transition program, in order to determine if there were any particular areas 

of change that were important. The Wilcoxon signed-rank test for paired data, as well as a paired 

t-test, were performed using JMP Pro Version 13 for Mac.  

 The responses of the AYA to the survey regarding their experiences with the CSCF 

transition program were categorized by question. Descriptive statistics were calculated for the 

responses.  
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3.1.6 Interviews with SCD Health Care Professionals and CBO Staff/Volunteers 

 Interviews were conducted in-person. The interviews were comprised of open-ended 

questions related to the interviewees’ own experiences with AYA transition in SCD and how this 

process could be improved.  Detailed notes were taken during each interview and transcribed into 

Microsoft Word. Any personal identifiers in the interview transcripts were removed.  

3.1.7 Thematic Analysis of Interview Data 

 Thematic analysis, a qualitative research method, was identified as the most appropriate 

form of data analysis for the interview data. Braun and Clarke115 define thematic analysis as a way 

to recognize, examine, and report on patterns, or themes, in the data. There are two primary 

methods of performing thematic analysis, inductive and theoretical or deductive analysis.115 The 

themes identified in inductive thematic analysis are closely related to the data, while those 

identified in theoretical analysis are motivated by the researcher’s analytical interest in a particular 

research topic.115 For this study, inductive thematic analysis was performed as a form of data-

driven analysis. 

 After the completion of the first two interviews, transcripts were typed up into Word. These 

two transcripts were read carefully to help start to identify emerging codes within the data. A 

codebook was developed during this initial reading that identified 30 codes present in the data, 

relating to topics such as age, readiness, and maturity. Interviews were conducted over a one-

month period and additional transcripts were added to the transcript document as additional 

interviews were completed. As each additional interview was transcribed, the transcript was read 

carefully and coded line-by-line to identify the codes present in the data, in alignment with the 
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initial codebook. After these initial codes were developed, the transcripts were color-coded based 

on potential groups of the aforementioned codes, such as “family support” or “logistical barriers 

to transition” and a corresponding key was developed. A total of 10 additional codes were 

identified.  

 Memo writing is a way for researchers to write freely about their thoughts during the coding 

process.116  This process can help researchers identify themes, write about individual codes, and 

develop connections between codes.116 During this study, memos were written after the color-

coding of the data in order to make connections among the codes and to describe emerging themes.  

3.2 RESULTS 

3.2.1 Demographics of AYA Participants 

A total of eight adolescents and young adults were eligible for participation in this study 

and six were consented and completed the post-transition survey measures. All eight eligible 

participants had previously completed the pre-transition survey measures at the start of the CSCF 

Got Transition Program. The average age of the participants was 23.2 years old with ages ranging 

from 18 to 28 years of age. Among the participants, 4 (66.7%) were male and 2 (33.3%) were 

female. Two of the six participants (33.3%) had not transitioned to adult care, while four of the six 

(66.7%) participants had already transitioned. 
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3.2.2 Demographics of Health Care Professionals and CBO Staff and Volunteers 

A total of 12 health care professionals and CSCF Founder, staff, and volunteers were 

interviewed. Five health care professionals were from the Pediatric Sickle Cell Clinic (41.7%), 

two health care professionals were from the UPMC Adult Sickle Cell Program (16.7%), and five 

staff and volunteers were from the Children’s Sickle Cell Foundation (41.7%). 

3.2.3 Themes Identified in Interviews with Health Care Professionals and CBO Staff and 

Volunteers 

Thematic analysis of the interview transcripts revealed five themes related to the topic of transition.  

 

1. Parental Encouragement of Autonomy 

 Many participants mentioned the importance of a parent or guardian encouraging 

independence, or an overall state of autonomy or self-sufficiency, in an AYA to help aid him/her 

during the transition process. An adult care provider defined autonomy in the context of SCD 

transition for an AYA as “Learning responsibility for their own health care and learning their own 

disease.” (P5) This independence can often be facilitated by an AYA’s parent or guardian, even 

long before the formal medical transition process begins. 

One CSCF staff member mentioned the role parents play in encouraging autonomy in the 

child from a young age:  

“From a parent perspective, you need to prepare them at birth. Starting routines and being 
consistent is important.” (P8) 
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Another CSCF staff member explained the parent’s role during transition: 
 

“It’s the responsibility of the parent to help the child transition, too.” (P9) 
 
One health care professional mentioned that while she wishes parents would redirect 

questions to the child during their clinic appointments, sometimes the parents have not encouraged 

this autonomy in the child, and this becomes apparent after the AYA has transitioned to adult care, 

as demonstrated by the following story she shared: 

“I also think that early on in childhood, parents/guardians can redirect to the child and 
require them to answer questions about their own health, rather than the parent/guardian 
answering them for the child. I saw an AYA who transitioned to the adult clinic and when 
she checked in, she said ‘Oh, I don’t do paperwork; my mom does that [for me].’” (P5) 
 
While encouraging autonomy from a young age can help make a smoother transition for 

the AYA, doing the opposite could have a deleterious effect. A CSCF staff member explained:  

“When you’re a child, your parent does a lot and if the parent doesn’t teach you, you won’t 
know how to advocate for yourself.” (P9) 

 

2. Negative Feelings of AYA Affecting Transition 

Examples of negative feelings of AYA, as reported from the perspectives of the providers, 

that were discussed during the interviews included anxiety, fear, distress, or anger. These negative 

feelings can influence an AYA’s attitudes and/or behaviors regarding transition.  Fear and anxiety 

surrounding the transition process and transferring their care to the adult clinic were frequently 

mentioned by CSCF staff and health care professionals as barriers to transition. As one health care 

professional mentioned:  

“[There is] anxiety about the new sickle team, new providers, new ED [emergency 
department], [and the] new hospital system.” (P12) 
 
Health care professionals cited AYA’s familiarity with the pediatric program and their 

perceptions about adult care as a barrier to transition for AYA. As one participant remarked: 



 53 

“Some of them fear of what they have heard or expect from transitioning and fear of the 
unknown. They have been with Children’s since day one and their comfort with Children’s 
gets in the way. They think the adult side will be cold and dark and damp but it’s not.” (P7)  
 
One health care professional said that for some AYA the fear surrounding transition stems 

from a misconception that transitioning will lead to an early death. They explain: 

“[Some AYA have] misconceptions that they’ll die [when they transition]. They think this 
is because of the hospital but instead it’s because of their disease progression.” (P2) 

 

3. Introduction/Presentation of Transition to AYA 

How transition is introduced or presented to AYA by health care professionals can 

influence how the AYA perceive and approach the process of transition. The fear and anxiety 

surrounding transition could potentially be assuaged by presenting transition to AYA as a 

milestone to be celebrated. One health care professional explains a possible approach (or strategy): 

“Shifting to celebration, making it a positive experience, like a graduation ceremony might 
help. If we make the last transition meeting like a party, that might help.” (P1) 
 

 Some health care professionals already frame transition positively: 

“I first congratulate them on the milestone or I point out how a concern that we are 
discussing [in clinic] may be more optimally cared for by the adult sickle cell team. I also 
spend time explaining features of the adult team that are positive.” (P12) 
 

A shift in framing transition as a goal rather than a requirement was also mentioned by a CSCF  
 
staff member as potential solution. They expand on this idea: 
 

“We need to make it a goal. Now it’s an ultimatum/inevitable – it’s going to happen … We 
need to make it a choice to transition rather than them having to do it.” (P7) 
 

 
4. Variability Regarding AYA Readiness to Transition 
 

Interviewees frequently mentioned that AYA readiness to transition varies and depends on 

where an AYA is in his/her life. Rather than name a specific age that was ideal for transition, 
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interviewees contextualized their response in light of specific factors that affected AYA readiness 

to transition.  As one health care professional expressed: 

“I think it’s individualized though – some AYA are off to college and independent; others 
have more social support and still live at home.” (P3) 
 
 This variability in readiness also depends on other factors, like maturity, autonomy, social  

 
support, and disease progression. One participant explains some of the variables they consider: 
 

“I think there’s a gray area [regarding] age. There are a lot of variables, like maturity, social 
support/situation, knowledge, medical status, and their ability to take on an adult role.” 
(P4) 

 
Another health care professional explains their reasoning behind choice of age to transition: 
 

“Twenty-one has been a good age, but I’d say between 18-21 years old, because sometimes 
kids don’t seem ready at 18, in terms of maturity and coming to appointments on their own, 
etc. For some [AYA], they’re ready at 18. It also depends on [how] medically stable they 
are.” (P1)  

 

5. Logistical Barriers to Transition 

Logistical barriers are defined in the context of this study as impediments to transition that 

are related to the planning, management, or organization of the transition process. Identified 

barriers included transportation, childcare, insurance, finding a primary care provider (PCP), and 

locating the new adult care facilities, including Emergency Rooms.  

 One CSCF staff member discussed several logistic barriers an AYA may face: 

“The major challenge is transportation, like not having a car; that may be overlooked. 
Changing hospitals and providers and emergency rooms [could be] a challenge. Lots of 
providers are changing at this time and so is insurance.” (P10) 
 
One health care professional mentioned logistical barriers specifically as a risk factor for 

an unsuccessful transition: 

 
“Logistics – transport, finding providers, insurance changes.” (P3) 
 



 55 

Insurance can become an issue for AYA who transition from pediatric to adult care in Pittsburgh. 

There are two major health care systems within Pittsburgh, University of Pittsburgh Medical 

Center (UPMC) and Allegheny Health Network (AHN). Currently the Children’s Hospital of 

Pittsburgh has contracts with both UPMC and AHN. But when an AYA starts seeing an adult care 

provider for his/her SCD, there can be complications. Both UPMC and AHN employ 

hematologists, but only UPMC has dedicated hematologists for individuals with SCD. Sometimes 

an AYA’s health insurance will cover visits with an AHN hematologist, but not with UPMC’s 

hematologist at the Adult Sickle Cell Clinic.  

One health professional explains:  

“Insurance can also be a problem. There’s only one pediatric provider in Pittsburgh, but 
AHN has hematologists so insurance sees this and won’t cover going to the UPMC [for the 
adult clinic].” (P2) 
 
This participant relayed an anecdote about an AYA who was turning 22 and therefore must 

transition to the adult care facility. This individual has insurance under her mother, and it will not 

cover her visits to the UPMC Adult Sickle Cell Clinic. At the time the participant told this story, 

the mother was attempting to find a different job that would cover these visits through employer-

sponsored insurance. The participant explained that this was the mother’s only option to help her 

daughter have insurance coverage, or else her daughter would have to take out her own health 

insurance. (P2) 

 Another participant said that the Pediatric Sickle Cell Team was unaware of the insurance 

issues, like the one mentioned above, until a few years ago. They explain: 

“Insurance – we didn’t know it was a problem for AYA initially. We can work with 
families in advance now since we know. Mentioning [transition] when the AYA is 18 years 
old gives us three years to work on it.” (P1) 
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The Pediatric Sickle Cell Team helps the AYA navigate insurance should insurance 

coverage change when the AYA transitions to adult care. One participant explains: 

“[The pediatric] social worker calls the new insurance company with the AYA and sits 
with him/her while the AYA talks on the phone to the insurance company.” (P2) 

 
Another logistical barrier that was identified was the ability of the AYA to locate the new 

provider. As a solution to this, as well as to provide support to the transitioning AYA, a member 

of the pediatric sickle cell team offers to accompany the AYA to the adult program during his/her 

first appointment: 

“We meet the [transitioning AYA] at their first appointment [on the adult side].” (P2) 

Other logistical barriers include access to childcare and having a PCP. As one participant 

explains: 

“No childcare is available on the adult side if the AYA has young children. The adult side 
likes patients to have a PCP but they don’t [usually] have one and use their hematologist 
as one instead.” (P1) 
 
The Pediatric Sickle Cell Team has recently partnered with the Adolescent Medicine 

clinical team at the Children’s Hospital of Pittsburgh of UPMC. The doctors in this clinic can act 

as the AYA’s primary care physician through the age of 28 years old; they also provide additional 

support for transition skills and other non-SCD-related health concerns the AYA may be facing 

during this period of time. Regarding the need for childcare at the adult care facility, no solution 

was readily identified during the interviews.  
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3.2.4 AYA Survey Results 

Got Transition Survey 

Approximately 83% (5/6) of AYA participants completed the entire Got Transition survey 

both before and after participation in the CSCF “Got Transition” program. One participant did not 

complete the first two questions of the Got Transition survey in summer 2017. This participant 

was included in the data analysis for questions they did complete, but not included in the data 

analysis of pre- and post-transition index scores (Table 1) because a complete index score could 

not be calculated with the missing data. Index scores for the remaining five participants were 

calculated.  There were a total of 47 points possible for the overall index score. Participants’ index 

scores ranged from 29 to 46 before participation in the transition program and from 37 to 44 after 

participation in the CSCF Got Transition program. The mean index scores for pre- and post-

transition were 39.4 and 41.6, respectively. 

Two participants’ (40%) index scores were lower after participation in the CSCF Got 

Transition program, each by a total of two points. Three participants (60%) had an increase in 

index score after participation in the Got Transition Program. Two of the three had increases of 2 

points each, while the other participant showed an increase of 11 points post-transition program. 

Using a Wilcoxon signed-rank test, no statistically significant change was found (p-value = .7500) 

between pre-and post-transition program index scores. Of note, the results of a paired-T test were 

also not statistically significant.  

The Wilcoxon signed-rank test was also performed for each of the four questions of the 

survey that had an observable change before and after participation in the transition program. No 

statistically significant changes were found for these four questions (Table 2). 
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Table 1: Index Scores of Participants 

Participant Index Scores before 
Participating in CSCF 
Transition Program 

Index Scores after 
Participating in CSCF 
Transition Program 

Difference 
in Scores 

#1 46 44 -2 

#2 39 37 -2 

#3 41 43 +2 

#4 29 40 +11 

#5 42 44 +2 

 

 

Table 2: Wilcoxon-Signed Rank Test Results for Individual Questions 

Question Mean Before 

Program 

Mean after 

Program 

N P value 

Index Score 39.4 41.6 5 0.7500 

1 7 7.8 5 0.5122 

2 5.4 6.8 5 0.3383 

8 2.83 3 6 0.3632 

9 2.83 3 6 0.3632 
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AYA CBO Experiences Survey 

 

Age of Transition 

The AYA participants were asked at what age an individual with SCD should transition to 

adult care. 50% (3/6) of participants stated that transition should occur at age 21. Other participants 

responded with the ages 17, 14-15, and 23. When asked to explain his/her choice of age, some 

individuals used their own personal experience with transition to make this decision. One 

participant chose age 21, as he explains: “because I wasn’t ready [when I transitioned].” (P3) 

Another participant selected age 23 because this was the age at which he transitioned: “It’s when 

I transitioned and I think it’s a good age.” (P6) 

One individual mentioned an adolescent’s emerging independence as a factor affecting 

which age he chose. He explains: “I feel that [14-15 years old] a good age to transition because 

you’re at that [age] where you’re having a voice of your own and you should learn early how to 

do everything.” (P2) 

Challenges Faced While Transitioning 

When the transitioned AYA were asked what their biggest challenge was regarding 

transitioning to adult care, two mentioned logistical issues. Their challenges included “Different 

doctors and learning the new hospital” (P6) and “Getting around from place to place.” (P5) One 

participant was anxious about the care she would be receiving at the adult facility: “Paranoia that 

the doctors wouldn’t be as prepared” (P4) and another mentioned “time” was his biggest challenge 

when transitioning. (P3)   
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Differences between Pediatric and Adult Care 

Of the four who had transitioned to adult care, three mentioned differences in the 

atmosphere and availability of things to do in the adult facility. Two of the three mentioned 

availability of entertainment. One said the biggest difference for him was “Video games at 

Children’s/no video games at adult hospital.” (P6) Another said the biggest change for him was 

“Just the difference in atmosphere and entertainment.” (P5) One participant remarked on the 

comforting environment of the Children’s hospital and the difference she felt when admitted in the 

adult hospital. She remarks: 

“[There are] fewer colors and nothing for anyone to do. All you can do for fun is walk up 
and down the hallway. All you can do is be in your room, watch TV, and wait. Why isn’t 
there something to do for people who are well enough? It’s so important for kids to have a 
happy environment, but it’s not for other ages – why not?” (P4)  
 

This participant also stated that she felt she received more care at the Children’s hospital.  

 

Improvements to Transition: 

Three of the six survey participants provided suggestions for improvements to the 

transition process in Pittsburgh. They included meeting with the adult doctor before transitioning, 

providing transportation for sickle cell patients, and “talking and [doctors] writing things down.” 

(P6)  

 

Improvements to CSCF Got Transition Program 

When asked how CSCF could improve their Got Transition program, one responded, “It is 

fine the way it is” (P2) and one did not respond to the question. Better transportation was included 

to help improve the program. Another participant suggested a more formal schedule for the 

program. He said: “Make scheduled plans and stick to them.” (P5) One participant mentioned that 
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“in depth-discussion and home visits are nice” (P4) and suggested these as an addition to the 

current transition program.  

 

3.2.5 CSCF’s History and Formation 

 

An interview was also conducted with CSCF’s Founder to lay the foundation for the 

development of their Transition Together program within the context of their larger sickle cell 

community mission. This section will provide an excerpt of this interview which explains why the 

Foundation was created and the Founder’s original goals when establishing the Foundation: 

 
“When my son was born in 2000, I found out that he has sickle cell disease via the newborn 
screen. I had a great social worker who told me that how you cope with this disease is how 
he will. He was in and out of the hospital as a child and I felt like I needed to do something. 
I wanted to meet some other parents who were going through the same thing I was. One 
morning, I woke up with a question, “What if?” “What if there was an organization that 
met the needs of children with SCD and their families, so that no one would have to walk 
in my shoes?” [CSCF] has changed the course of SCD in Pennsylvania, changed lives … 
and raised the ceiling for what kids with SCD can do.” 

3.2.6 Overview of CSCF 

Founded in 2002, CSCF is a community-based organization located in Pittsburgh, PA that 

helps children and families affected by SCD.117 Its goal is to impact positively the lives of children 

and families with SCD in the community. CSCF provides support in a variety of ways. CSCF 

serves as a source of financial, educational, and family support for its families throughout the 

community. CSCF provides educational support to families by meeting with school staff, such as 

nurses or teachers, to educate them about SCD, attends Individualized Education Plan meetings to 
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advocate on behalf of the child, and retrieves homework for children who are absent from school 

because of their illness. 

Throughout the year, CSCF hosts various activities, including Back2School Bash, where 

the child and his/her siblings are given backpacks with school supplies to help them prepare for 

the school year ahead. CSCF also hosts a range of family support programs, including a bi-monthly 

SMASH (Stay Active, Motivated, Smart, and Healthy) initiative where families and children with 

SCD meet to play games and socialize with other families who have been affected by SCD. They 

also have a personalized “Got Transition” Program to help AYA make the transition from pediatric 

to adult care. CSCF collaborates with the Children’s Hospital of UPMC Sickle Cell Program and 

the UPMC Adult Sickle Cell Program. 

3.2.7 CSCF’s Transition Program 

This section will include an explanation of how CSCF’s transition program was developed 

and what the program specifically entails. 

3.2.7.1 Emerging Need for a Transition Program 

 

Although CSCF was established in 2002, its transition program was not created for another 

eight years. The need for a transition program was identified as the CSCF program evolved, as 

described by CSCF’s Founder: 

 “We’ve created a systematic way to help navigate very challenging times in life. The 
transition program started in 2010-2011 – we noticed that kids were getting older and heard 
about the higher mortality rates in this age range, and I thought ‘maybe we need to prepare 
them for this big old thing called transition.’”  
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3.2.7.2 Development and Evolution of the CSCF Transition Program 

 

CSCF’s Founder describes the first transition program: 

“When it first started we had group transition sessions, twice a year, once in the winter, 
once in the spring, that lasted 4-6 weeks. The goal was to give each AYA individualized 
time too. Now CSCF has the benefit of the Got Transition resources. Back then we had to 
develop it from scratch. We taught them about voting, finances, etc. versus just medical 
information. … we also had kids and sibs come too.” 

3.2.7.3 Current Transition Program 

 

Twice a year, CSCF facilitates a transition program called “Got Transition,” which works 

to assess AYA’s skills regarding their own health management and identify any gaps in 

knowledge.118 The program also works with the AYA to develop a plan to help them reach future 

goals; examples include applying for jobs through the Office of Vocational Rehab (OVR) or 

applying for a learner’s drivers permit.118 The “Got Transition” program is tailored to each 

individual and can occur before or after an AYA is transferred to the adult care facility.118 Ideally 

transition occurs before transfer, because this also gives the AYA a chance to acquire new skills 

that may have been lacking prior to their transfer of care. The aim of the CSCF transition 

program is to increase AYA’s knowledge of SCD and to help them acquire the necessary life 

skills they need to thrive in adulthood.118 

CSCF’s Executive Director describes the process of their transition program: 

“First is a welcome/congratulations that they’ve been recommended to transition. Next is 
our investigative phase – focusing on supports and goals they have and finding those out. 
For instance, if they want to get into school, we help them academically. Or if they want 
to move out from home, we give them options to help them think through it. We give 
them a realistic viewpoint of their situation and try to complement the positives and 
negate the negatives. After that, we locate support services in the identified areas. Next, 
we monitor their progress and check in with them. This last part is continuous – we also 
help them through their adult years as well.” 



 64 

3.3 DISCUSSION 

This study is the first to evaluate both CSCF’s transition program and a community-based 

organization’s transition program. While previous research has explored AYA’s perspectives 

about transition specifically in Pittsburgh119, no research has been conducted that elicits 

perspectives from the AYA’s care providers and CBO staff and volunteers or from those who 

specifically completed a CBO-based transition program. 

The five themes identified from the thematic analysis of the interview transcripts have 

previously been documented in the literature published about SCD transition and AYA.  Porter et 

al120 found that some AYA reported having parents who encouraged their autonomy, emphasizing 

advocating for themselves and having the ability to communicate their own needs. This need for 

parental encouragement of autonomy was echoed in the current study by CBO staff and health 

care professionals. Stollon et al111 interviewed 13 pediatric and adult care providers regarding 

AYA transition and potential barriers. Encouraging self-management and independence regarding 

the AYA’s health care were both cited as positive ways to help prepare AYA for transition.111 

Based on the results of the current study and what is published in the literature, AYA and health 

care providers both felt that AYA independence regarding their own health care was important for 

a successful transition to adult care. Encouraging independence was frequently mentioned by 

health care professionals and CBO staff as a way to help prepare AYA for the transfer of their care 

and to help them advocate for themselves in the future.   

While AYA have reported that negative interactions with adult health care providers 

affected their transition experience in previous studies,73,120 such interactions were not identified 

as a barrier to transition by AYA, CSCF staff, or health care providers in the current study. Overall, 

the perception of negative feelings such as anxiety in the AYA were reported by health care 
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professionals and CBO staff in the current study as factors that hindered the transition process. 

Health care professionals reported that AYA expressed a “fear of the unknown” and were 

described as anxious regarding their transfer because of their comfort level with the pediatric care 

facility. A novel finding from the provider and staff interviews was that some AYA have a 

misconception about the adult care facility and associate it with death, mistaking adult care as the 

reason behind the increased mortality in AYA, instead of the progression of their disease being to 

blame. 

In addition to negative feelings of AYA affecting the transition process, the way that 

transition is framed by health care professionals can also have an impact on how AYA view 

transition. In the current study, health care professionals and CSCF staff suggested that the way 

transition is presented to AYA could be improved. Health care professionals suggested trying to 

change transition from an obligatory task to a positive accomplishment of the AYA. Of note, this 

is something that CSCF is already doing during their transition program. CSCF’s Executive 

Director mentioned that when an AYA is recommended for enrollment in the CSF transition 

program, they are congratulated on this accomplishment.  This could potentially lessen some of 

the fear and anxiety that some AYA have surrounding transition, by making it an achievement 

rather than a punishment. This sentiment was also observed in the literature. For instance, 

Treadwell at al121 mentioned that the AYA “graduate” from their transition program and are given 

a gift and a certificate affirming their graduation. This is consistent with a positive framing of 

transition as an “accomplishment,” rather than something that is “inevitable.”120  

Regardless of how transition is framed, health care professionals and CBO staff agreed that 

transition readiness varies for each AYA. Participants thought that readiness should be determined 

by a variety of factors such as maturity, knowledge of disease, social support, disease progression, 
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and independence. Much of the literature on AYA transition readiness in SCD focuses on parental 

and patient perspectives. Porter et al120 found that AYA thought that transition should not occur at 

a specific age, but rather a range of ages  (18-25 years old), depending on an individual’s readiness 

to transition, which is consistent with this study’s interview data of provider and CBO staff 

perspectives, as well as the survey data that inquired about age at transition. 

Logistical barriers related to the management, planning, or organization of the transition 

process were mentioned as obstacles to transition in the current study. These logistical barriers 

included insurance, transportation, and childcare. Regarding insurance, McPherson et al7 found 

that AYA were concerned about what their insurance would cover when they moved to the adult 

care facility. One health care professional mentioned that the health care providers were unaware 

that insurance was an issue during the transition process until an AYA mentioned it to them. Now 

the pediatric team mentions transition to AYA starting at age 18, which gives them two to three 

years to solve any logistical issues relating to insurance coverage.  

In addition to insurance, transportation was identified as an important barrier to transition 

in the current study.  Andemariam et al2 found that there was a need to increase access to their 

adult SCD center after observing that geographical distance from an AYA’s care facility was a 

risk factor for an unsuccessful transition. As a result of their study, the adult clinic’s social worker 

now explicitly discusses transportation with patients before they transition to adult care.2 If 

transportation is needed, clinic staff will help the patient explore transportation assistance or other 

resources to help the patient attend the clinic.2 In Pittsburgh, gas cards and bus tickets are currently 

distributed to families in need of transportation assistance. Currently, CSCF gives their transition 

program participants weekly bus passes for the duration of the program to help them learn how to 

navigate public transportation in Pittsburgh. 
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A novel logistical barrier that was identified is access to childcare in the adult clinic. While 

attending appointment at the Children’s Hospital of Pittsburgh of UPMC, childcare is provided. 

At the UPMC Adult Sickle Cell Clinic, childcare is not provided. If an AYA has children, this 

means that he/she must find appropriate childcare in order to attend his/her clinic appointments, 

which can put additional social, emotional and financial burdens on the AYA, perhaps making 

them less likely to attend clinic appointments. 

A crossover clinic between the pediatric and adult programs was also mentioned during 

several health care professional interviews as a potential solution to the AYA’s discomfort and 

anxiety regarding the adult facility. The idea behind the clinic is that the adult physicians or other 

health care providers would visit the Pediatric Sickle Cell Clinic. This would allow the AYA to 

meet the new clinical team in a comfortable and familiar environment, perhaps assuaging some of 

the AYA’ negative feelings about moving to the adult facility. 

CSCF has recently started a peer navigation program that is designed to engage AYA who 

are about to or have recently transitioned and to stay involved with CSCF. CSCF received a grant 

that allows them to employ a group of AYA to help with CSCF’s programming. The AYA attend 

trainings and then work at events that CSCF runs. For example, during the Dental SMASH event, 

the peer navigators demonstrated the proper tooth-brushing technique to attendees of the program 

and interacted with the families who attended the event. The goal of this peer facilitator program 

is to provide the AYA with new responsibilities, to encourage them to be involved in their 

community, and to serve as role models for the younger kids at CSCF. Regarding specific changes 

to the CSCF transition program, one AYA mentioned a more defined schedule would be beneficial 

and another mentioned that transportation assistance would be helpful.  
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Regarding AYA transition readiness, the average pre-test score was 39.4 out of 47. This 

pre-transition program score is already reasonably high. This could signify that, while the 

transition program did not statistically change the transition readiness score, the AYA already had 

knowledge and confidence within the tested areas and that they were already fairly well-prepared 

for transition. An improvement in overall readiness was observed before and after participation in 

the CSCF transition program, with a mean index score of 41.6 post-participation in the program. 

While a statistically significant change was not seen, if the AYA were already reasonably well-

prepared, then this score might not be expected to change dramatically.  

For the questions for which Wilcoxon-signed rank tests were performed, the mean scores 

before participation in the program were as follows: 7.0/10.0, 5.4/10.0, 2.83/3.0, and 2.83/3.0. The 

mean scores after participation in the program were 7.8/10.0, 6.8/10.0, 3.0/3.0, and 3.0/3.0, 

respectively. The lowest average score was a 6.8 post-participation in the transition program. This 

question this average corresponded to asked about the AYA’s confidence regarding their self-

management of their own health care. This could be an area of improvement for future transition 

programs. 

As previously mentioned, five of the nine questions did not see an observable change in 

mean score, but this was because the AYA reported that they already knew the answers to the 

questions, thus scoring the maximum total of 3.0 out of 3.0 possible points for the index scores 

both before and after the transition program. These questions included: the AYA knowing their 

own medical needs, being able to explain their medical needs to others, knowing their symptoms 

and when they should see a doctor, knowing what to do in a medical emergency, and knowing 

their medications and when to take them. This shows that the AYA already reported a good 

understanding of these specific transition skills even before starting the CSCF transition program. 
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This aligns with what the health care professionals and CBO staff mentioned when interviewed; 

AYA readiness to transition was frequently associated with improved medical management and 

knowledge of their disease. 

3.3.1 Study Limitations 

The results of the AYA surveys are limited in their generalizability to other AYA with 

SCD, since they are based on a small sample of AYA (5-6). This data was also limited by the 

selected survey measures. By choosing an open-ended, self-administered survey as one of the 

methods of data collection, the amount of data collected was limited by participant interest and 

motivation. Several participants left questions blank, which limited the researcher’s ability to 

interpret fully all of the data collected. One participant seemed to misinterpret most of the questions 

on the CSCF survey questionnaire, as they mentioned doctors in a few of their answers, rather than 

CBO staff, when no doctors were involved in the CSCF Got Transition program. This suggests 

there is possibly a need to be more explicit in the verbal instructions on the researcher’s part, or a 

need for clearer, more easily understood questions on the survey. More clarity during the transition 

program itself could have cleared up this confusion if participants thought that doctors were 

involved in the program when they were not. A more informative source of data collection for this 

aim could be an in-depth interview. Similar questions could be explored, but this would allow for 

clarifications to be made along the way and for a more robust set of data regarding AYA 

experiences with transition and the CSCF Got Transition program to be collected and analyzed. 

However, recruitment of the AYA was difficult during this study and participant interest in 

interviews appeared limited. Group interviews with the AYA could be a solution to this, as they 

may be more likely to participate in the interviews if they know their peers are also participating. 
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Interviews with AYA would also allow more direct comparisons to be made between what the 

health care professionals and CBO staff discussed and what AYA discussed. Because two different 

methods of data collection were used, while some comparisons could be made, the ability to do so 

was limited.  

The Got Transition survey method provided a method of data collection that was easy to 

follow for AYA and personalize for various chronic health conditions. A limitation of this data 

was its limited scope. This survey focused on an AYA’s knowledge regarding his/her health and 

autonomy regarding transition. Other data, regarding logistical barriers to transition, for instance, 

could have been beneficial to interpret in light of the interview data. 

3.3.2 Future Research 

While no statistically significant difference was found between the pre- and post- scores 

for Got Transition readiness survey for the six AYA who participated in this study, the results 

provide a foundation that can be built upon for future studies. For example, transition readiness 

surveys from a younger age group could be collected in order to compare their readiness to the 

older AYA. This could help identify needs for programs that could help address any deficiencies 

in knowledge in the younger age group that CSCF could pilot or incorporate into their Saturday 

SMASH programming. Another future research direction includes collecting survey data from 

more AYA as they transition their care. This would improve the power of the preliminary data of 

this project, which could lead to significant changes being observed in the larger data set.  

The identification of the strengths and weaknesses of the CSCF Got Transition program 

can be used to direct the development and improvement of future CSCF transition programs. 

Suggestions for improvement from the AYA surveyed included more home visits from CSCF, 
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providing transportation to and from the transition program, and having a more consistent schedule 

for the program. The themes identified in the thematic analysis can help inform both CSCF 

regarding their transition program and also the pediatric and adult sickle cell programs in 

Pittsburgh, as they work to develop a standardized transition process.  

3.4 CONCLUSION  

This study was the first to evaluate formally the CSCF Got Transition Program. We found 

that the AYA who participated in this program already had good composite scores from the 

transition readiness survey prior to the CBO transition program with no significant change 

following completion of the program. The data collected from AYA (N=6) regarding their personal 

experiences with transition and the CSCF Got Transition program can help CSCF implement 

changes to this program. The interview data from interviews with CBO staff/volunteers and health 

care professionals (N=12) identified five themes: Parental Encouragement of Autonomy, Negative 

Feelings of AYA Affecting Transition, Introduction/Presentation of Transition to AYA, 

Variability Regarding AYA Readiness to Transition, and Logistical Barriers to Transition. 

Identification of these themes can help the pediatric and adult care facilities in Pittsburgh develop 

a more formal transition program, which has been recognized as a need within the SCD health care 

community. 
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4.0  RESEARCH SIGNIFICANCE TO GENETIC COUNSELING AND PUBLIC 

HEALTH 

 

 

There are 10 essential public health services that fall under the three core functions of 

public health. The core functions of public health include assessment, assurance, and policy 

development.122 The current study covers each of these three core elements. Assessment was 

employed by investigating the health problems for AYA with SCD, specifically around the time 

of transition. Assurance includes evaluating the effectiveness, quality, and accessibility of health 

services. This study incorporated assurance by evaluating CSCF’s transition program and 

transition care in Pittsburgh. The third core function of public health is policy development. This 

study evaluated CSCF’s transition program and interviewed CBO staff and health care providers 

to help develop a more formalized transition program that will support the AYA with SCD in the 

community.  

Regarding policy implementation, a need for a more formalized transition program for 

SCD both within the city of Pittsburgh and across the US was frequently mentioned when 

conducting the study interviews. The Pediatric Sickle Cell Team is working to pilot a transition 

guide that AYA can use as a resource while they transition. This guide covers areas such as 

medications, insurance, psychological resources, and transportation. Genetic counseling could also 

be beneficial to AYA who are transitioning, to help them fully understand the reproductive 

outcomes and the importance of knowing their partner’s sickle cell trait status. This would allow 

the AYA to make fully informed decisions and better prepare for their pregnancy. 
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The current study could also be used a resource for genetic counselors who see patients 

with SCD but who do not have local resources available to them, such as hematologists with 

expertise in SCD or an established SCD program. This study can help genetic counselors 

understand the challenges that AYA with SCD face before and after they transition their care. A 

genetic counselor’s awareness of these difficulties could allow him/her to identify potential 

resources for the patient before the counseling session. These resources could include the Got 

Transition resources, information about community-based organizations or support groups, or 

logistical resources, such as transportation vouchers.  

An awareness of these problems could also allow the genetic counselor to think of 

questions to ask the AYA during the session, such as “Do you have an adult hematologist?” “Do 

you have a PCP?” or more psychosocially-focused questions such as, “What kinds of social 

support do you have at home?” All of these questions could help the genetic counselor assess the 

AYA’s readiness to transition and allow him/her make referrals to other health care providers or 

organizations.   
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5.0  PUBLIC HEALTH ESSAY 

5.1  BACKGROUND 

Overview of SCD 

Sickle cell disease (SCD) refers to a group of inherited blood disorders that affect how 

hemoglobin is made in the body. Sickle hemoglobin can polymerize inside the red blood cells 

(RBC), which can damage both the sickle RBC and the vascular endothelium. The sickling of the 

RBCs can cause complications such as pain crises, organ damage, and infections.1 Sickle cell 

disease is estimated to affect between 72,000 to 98,000 individuals in the United States.11 In the 

US, SCD primarily affects African Americans, but they are not the only population at risk. SCD 

can occur in any racial group, but appears most commonly in individuals from Central and South 

America, Africa, and in people of Indian, Middle Eastern, Asian, and Mediterranean descent.12 

Each year, an estimated 300,000 newborns are born with SCD worldwide.13 SCD is also the most 

common genetic condition that is caused by a single gene mutation.14 The most common type of 

SCD is HbSS disease (64% of hemoglobinopathies worldwide), followed by HbSC disease (16.1% 

of hemoglobinopathies worldwide).14 Other variants include HbS/β+-Thalassemia (HbS/ β+-Thal) 

HbS/β0-Thalassemia (HbS/β0-Thal), HbSE disease, HbSD disease, and HbSO disease.19 

Overall, HbSS disease and HbS/β0-Thal are the most severe forms of SCD.123 The total 

amount of Hemoglobin S in the red blood cells is the main determinant of disease severity in 

SCD.123 This fraction is highest in HbSS disease and HbS/β0-Thal, and lower in other milder 

genotypes such as HbSC disease and HbS/β+-Thal.123 At a molecular level, HbSS disease is caused 

by two homozygous mutations for the Glu6Val mutation in the HBB gene. Beta thalassemia occurs 
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when the β-globin chains are reduced or completely absent due to mutations in the HBB gene.  

These can be co-inherited with HbS, which results in sickle cell-beta thalessemias. Sickle cell-beta 

thalessemias are typically classified as either HbS/β0-Thal or HbS/β+-Thal. The genotype HbS/β0-

Thal has a mutation in HBB that prevents any adult hemoglobin (HbA) from being made.19 Because 

of the absence of HbA, HbS/β0-Thal often has similar, more severe, clinical manifestations to 

HbSS disease.19 The Cooperative Study of Sickle Cell Disease data looked at the incidence of SCD 

complications and found that an acute painful episode (pain crisis) occurred at an incidence rate 

of 80 per 100 patient-years for individuals with HbSS disease and 100 per 100 patient-years for 

those with HbS/β0-Thal. For individuals with HbSC disease and HbS/β+-Thal, the incidence rates 

for a pain crisis were each 4.0 per 100 patient-years.123 

 

SCD, Emergency Department (ED) Visits, and Cost 

Individuals with SCD are more likely to require ED care, even with regular clinical follow 

up and preventive measures, in comparison to other individuals with chronic diseases.124–126 

Lanzkron et al124 used the National Emergency Department sample (NEDS) for 2006 to estimate 

ED use for individuals with SCD in the United States. The NEDS is sponsored by the Agency for 

Healthcare Research and Quality and contains data from 950 hospitals across the country. It also 

approximates a stratified sample of ED visits across 24 states. Using ICD 9 codes for SCD, 

Lanzkron et al38 identified a total of 50,418 ED visits in the NEDS sample. From this, they 

estimated the national amount of ED visits for SCD in 2006, which was 232,381. Of these 232,381 

visits, there were 188,194 ED visits for adults (18 years and older) with SCD and 44,188 ED visits 

for pediatric patients with SCD (under age 18). 68% of patients were identified to have HbSS 

disease from the ICD 9 codes, 2% were coded as HbSC disease, 2% had sickle cell-beta 
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thalassemia, and 28% were coded as having an “other” diagnosis of SCD. The researchers also 

estimated the total charges for all SCD-related ED visits for 2006, which were $356 million. When 

hospital admissions from ED visits were added to this number, the overall estimated cost was $2.4 

billion for 2006.  

Lanzkron et al124 also calculated the average hospital admission rate per 100 patients 

annually, as well as annual visit costs per 100 patients, both calculated using admission and cost 

data from 2006.  These values for SCD patients were compared to those with other common 

chronic diseases, including congestive heart failure (CHF) (prevalence in US: 4.8 million), asthma 

(34 million), and HIV (1.1 million). The study used an estimated prevalence of 100,000 for SCD. 

Individuals with SCD had an average annual admit rate of 68.4 per 100 individuals, compared to 

rates of 17.3 per 100 for individuals with CHF, 1.1 per 100 for individuals with asthma, and 5.1 

per 100 individuals with a diagnosis of HIV. When comparing the average cost per 100 patients in 

each of these four groups, SCD had the highest overall expenditures. The average annual cost per 

patient was $15,000 for SCD, $5,000 for CHF, $144.11 for asthma, and $2,818.18 for HIV. The 

difference in these costs was caused by a higher overall frequency of ED visits for individuals with 

SCD and not by a higher average cost of hospitalizations for these individuals.124 This study helps 

demonstrate that individuals with SCD have an increased utilization of EDs and the estimated 

expenditures that are associated with these visits and subsequent hospitalizations.  

Other studies have compared the ED visit rates of individuals with SCD to other individuals 

who have similar demographics but do not have a diagnosis of SCD. Shankar et al127 examined 

the health care utilization in children and adults with SCD who were enrolled in TennCare, 

Tennessee’s Medicaid-managed health care program. In order to be included in the study, patients 

had to be enrolled in TennCare at any point in time from January 1995 to December 2002. 
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Administrative claims and information from health care encounters were the primary source of 

data for this study. Participants were determined to have SCD if they had a hospitalization with a 

discharge diagnosis of SCD or had two outpatient visits, which could include ED, clinic visits, or 

23-hour hospital visits, and these two visits had to be at least thirty days apart with a coded 

diagnosis of SCD. A total of 2,102 patients were included in the final data analysis. Data collected 

within the cohort was also compared to a random sample of 10% of the African American 

population who was also enrolled in TennCare during the study’s time frame but did not have a 

diagnosis of SCD. Individuals with SCD were found to have a 2-6 times higher rate of ED visits 

compared to the non-SCD African American population that was used for comparison (P < 0.001).  

This study shows that individuals with SCD utilize the ED more frequently than individuals 

without a diagnosis of SCD. 

Pain crises are the most common reason for individuals with SCD to present at the ED.61 

As the sickle red blood cells are traveling through the blood vessels, the RBCs can polymerize 

which can block blood flow. This causes pain that can have a sudden onset and can range in 

severity and duration.61 Several studies have used medical codes to identify the specific reasons 

that individuals with SCD are admitted to the ED.  For example, Yusuf et al126 used data from the 

National Hospital Ambulatory Medical Care Survey (NHAMCS) to estimate the national 

frequency of ED visits for individuals with SCD for the years 1999-2007. SCD-related ED visits 

were identified from ICD 9 codes. Between 1999-2007, it was estimated that approximately 

197,333 SCD-related ED visits occurred per year. In this study, approximately 78% of the patients’ 

ICD 9 codes cited pain as the primary reason for the visit. A limitation of this study is that it did 

not identify pain crises specifically within the diagnosis codes. In a previously mentioned study 

by Lanzkron et al,124  73.7% of adults and 54% of children had diagnosis codes indicating that a 
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pain crisis was the primary symptom for presentation to the ED. Other codes included asthma 

(6.6%), pneumonia (5.2%), acute chest syndrome (2.3%), and stroke (0.27%).124  These studies 

help quantify how often pain crises are the most frequent cause of ED visits for individuals with 

SCD.  

The high health care expenditures - an estimated $2.4 billion dollars124 in 2006 – for ED 

visits and related hospitalizations for individuals with SCD place a burden on the US health care 

system. By reducing the number and severity of pain crises that individuals with SCD experience, 

these costs could possibly be reduced. One potential solution for a subgroup of individuals with 

SCD is optimizing the use of and compliance with the medication hydroxyurea (HU). HU is the 

only FDA approved drug that is widely available in the US proven to reduce the pain rate and 

ED/hospital utilization rate for individuals with SCD.74  

 

Hydroxyurea and Recommendations for Use 

HU is recommended for all individuals with HbSS disease and HbS/β0-Thal.1  HU works 

by increasing the amount of fetal hemoglobin (HbF) in the red blood cells, which makes them less 

likely to sickle, due to the increased amount of oxygen that is present.76  Higher levels of HbF are 

associated with reduced disease severity in SCD.123 Hydroxyurea was initially only approved for 

adults with SCD and moderate to severe pain crises, but as of December 21, 2017, the FDA has 

approved hydroxyurea for use in pediatric patients with SCD.78 There is limited data available for 

the efficacy of HU in individuals with milder genotypes.128 Most of the literature on HU refers to 

individuals who have HbSS disease or HbS/β0-Thal. This is due the fact that fewer individuals 

with milder genotypes have severe complications from their SCD, and were therefore excluded 

from the initial HU clinical trials.128 However, HU is now also commonly being used in individuals 
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with other sickle cell genotypes who are experiencing increased pain or other complications of 

SCD.129 

 

Utilization of HU in the SCD Population 

The clinical trial that demonstrated the efficacy of HU was a double-blind, randomized 

study that included 299 participants (51.5% female, 49.5% male,) at 21 clinical sites throughout 

the United States.74  Eligible participants were between the ages of 18 and 50, who had been 

hospitalized or visited the ED at least three times in year prior for an acute pain episode related to 

SCD. 75 Charache et al74 found that the average time until their first pain crisis on study increased 

from 1.5 months in patients treated with placebo to 3 months in patients treated with HU. 

Furthermore, the time until their second pain crisis also nearly doubled (8.8 months vs. 4.6 

months).74 The study was terminated early after 24 months because of HU’s proven efficacy.74 

After this clinical trial, HU was recommended for individuals with HbSS disease and 3 or more 

acute pain episodes within a 1-year time frame. Despite this strong evidence for benefit, 

hydroxyurea remains underutilized by this patient population.84 

Many studies have tried to estimate the specific utilization rates of HU in different age 

groups within the SCD population. Stettler et al84 looked at HU utilization in adults (over 18) by 

examining de-identified commercial health and pharmacy claims from the Optum Normative 

Health Informatics database in order to identify individuals over 18 years of age who had one or 

more outpatient or inpatient claims and a probable diagnosis of HbSS disease based on the ICD 

codes that identified the encounter. More specifically, patients were selected for inclusion if they 

had three or more emergency department visits, hospitalizations, or both over the past year that 

included one of the five most common ICD codes for patients with HbSS disease who were 
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experiencing an acute vaso-occlusive episode, such as ICD code 517.3, which indicates HbSS 

disease with acute chest syndrome.84 Hydroxyurea use was defined as the filling of one or more 

prescriptions for hydroxyurea after the third encounter in the ED or hospital.84 2,086 individuals 

(18 years or older) were identified with probable HbSS disease.84 32.5% of this identified patient 

population had at least three hospitalizations or ED visits in the past year, and within this 

population, only 15.1% had been treated with HU within three months of their third encounter.84 

At 12 months, this coverage increased to 22.9% (p = 0.002).84 These results suggest that HU is 

severely underutilized by a patient population that could greatly benefit from its use, with only one 

quarter of patients who could benefit from HU being provided this therapy. This study did not 

include all patients who could benefit from HU therapy, only those with HbSS disease; this study 

also did not include uninsured or publicly insured individuals.84 Individuals who resolved their 

pain crises without admission to the hospital or presentation to the ED were also not included. 84   

All of these factors affect the generalizability of the data from this study.  

HU utilization has also been examined in the pediatric SCD population. Of note, HU has 

only been FDA approved for children with SCD since December 2017.  Creary et al130 performed 

a retrospective analysis of the inpatient data within the Pediatric Health Information System 

(PHIS) in order to determine the utilization of HU in children with clinically severe SCD. The 

PHIS contains comprehensive financial and clinical data from over 48 Children’s Hospital 

Association members, including the study site, Nationwide Children’s Hospital.130 Children who 

were between ages 2-18 with a diagnosis of SCD, who were discharged between January 1, 2011 

and September 30, 2014 from 42 hospitals within the PHIS were included in the data analyses. 

The patients’ most recent hospitalizations that took place within the study period were used to 

calculate the current rate of HU utilization. Creary et al130 also excluded children who had an ICD-
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9 code for a stroke during this period of time, because children with SCD who have acute strokes 

typically require longer hospitalizations and intensive care unit (ICU) stays. Additionally, HU is 

not prescribed to reduce strokes in SCD. For eligible participants, HU use was determined by 

examining the hospital data, specifically if the Pharmacy Current Procedural Terminology code 

for HU had been used during their hospital stay. Patients who had a history of three hospital 

admissions in the year prior to their most recent hospital admission or those with a history of a 

recent ICU admission were categorized as having severe SCD for the purposes of the data 

analysis.130  2,665 eligible participants were identified after applying these parameters and 

approximately 77% (2,166/2,665) had been prescribed HU during their hospital stay. 23% 

(499/2665) of participants had not been prescribed HU during their hospital stay.  When examined 

by genotype, 83.5% (2,225/2,665) of patients had an ICD 9 code that diagnosed them with HbSS 

disease, 7.1% (190/2,665) had an ICD 9 code for HbS-beta thalassemia, 4.4 (116/2,665) had HbSC 

disease, and 5.0% (134/2,665) had an unspecified diagnosis of SCD. A limitation of the study is 

the manner in which SCD genotypes were coded using ICD 9 codes. HbS/β0-Thal and HbS/β+-

Thal were grouped together, despite their differences in clinical severity.130 This study helps show 

the utilization rate of HU within the pediatric population of clinically severe SCD. 

 HU use has also been evaluated in young children with SCD. Anders et al131 conducted a 

retrospective cohort study that examined HU use in young children, ages 0-4, in New York State. 

The study population was comprised of 273 children who had been born in New York State 

between 2006-2009 and had a diagnosis of HbSS disease. Participants also had to be enrolled in 

Medicaid for a minimum of 45 of their first 48 months of life. Their clinical diagnosis was 

confirmed using Medicaid records. HU usage was determined from Medicaid drug claims data and 

“HU initiation” (the first HU prescription fill) was also measured. Anders et al131 found that 39.5% 
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(108/273) of participants had been initiated on HU by the end of 2014. No statistically significant 

differences were found between birth year, race, or sex. 

 

Reasons for the Underutilization of HU 

As previously discussed, HU is being underutilized by individuals with SCD, with adults 

being less likely to take HU than children.84,130,131 Several factors have been identified as impacting 

HU’s underutilization, including a lack of physician training, fear of negative health events from 

the patient, and a lack of shared decision making with the patient.1 The underutilization of HU has 

been studied in order to help identify barriers facing its implementation in the pediatric and adult 

SCD populations.  

Brandow et al132 surveyed pediatric hematology/oncology providers in order to learn more 

about HU utilization in children with SCD, as well as to identify barriers regarding HU use. A total 

of 220 SCD pediatric care providers completed the survey. These providers were identified 

through the 2008 American Society of Pediatric Hematology/Oncology (ASPHO) directory. 

Regarding the utilization of HU in the patient population of those surveyed, 54% reported 

prescribing HU to only 10-30% of their patients, 22% reported prescribing HU to 31-50% of their 

patients, and 9% of providers reported prescribing HU to 50-90% of their patients. 

A quarter (26%) of surveyed providers reported that more than 20% of their 

patients/families declined HU after it was offered to them.132 The most common reasons for this 

refusal were: 1) fear of negative side effects (62%), 2) fear of developing cancer (51%), 3) not 

wanting to take a medication (49%), 4) not wanting to be monitored for its use (laboratory 

monitoring) (28%), and 5) a belief that HU would not work (17%).  
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Regarding provider-related barriers, one theme that emerged was barriers related to patient 

compliance.132 Of the providers surveyed, 86% of providers identified patient compliance 

regarding taking the medication as a concern and 85% of providers identified patient compliance 

regarding laboratory monitoring (blood tests) as a barrier. Other identified provider barriers 

included: a patient’s expectation of negative side effects (75%), a patient being too young (68%), 

the provider being uncomfortable with HU as a potential carcinogen (27%), and not having enough 

time to explain HU’s risks and benefits (16%). Eleven percent of providers surveyed also cited 

doubt in HU’s effectiveness as a barrier to prescribing it to their patients.  

Zumberg et al133 identified similar barriers in the utilization of HU in the adult SCD 

population. A total of 335 self-administered surveys were completed by full-time care providers 

to adults with SCD in Florida and North Carolina. Of these 335 respondents, 58% (184) practiced 

in the community, 30% (125) practiced in a university hospital, and 12% practiced in hospitals 

that were affiliated with university hospitals. Regarding the utilization of HU in their patient 

populations, 45% of providers reported prescribing HU to less than 10% of their patients with 

SCD, 19% prescribed HU to 10-30% of their patients, 20% prescribed HU to 31-60% of their 

patients, and 11% prescribed HU to 61-90% of their patients.133 

The surveyed providers were asked to rate how important various factors were regarding 

their decision to prescribe HU to a SCD patient who had a clinical indication for its use. Patient-

related criteria were important in this decision. Ninety percent of providers rated patient 

compliance as “important” or “very important” when prescribing HU. Seventy-two percent of 

providers said that a patient’s anticipation of negative side effects was “important” or “very 

important” when deciding whether or not to prescribe HU. A patient’s age was rated as “important” 
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or “very important” by half (50%) of providers and a concern about HU as a carcinogen was rated 

as “important” or “very important” by 40% of providers.  

Brando and Panepinto134 suggested that “systems-level” barriers also contribute to the low 

utilization of HU. These barriers include lack of health care insurance, limited access to 

transportation and SCD care facilities, and a poor transition from pediatric to adult care.134 These 

studies help provide some explanation regarding the underutilization of HU, but there is still more 

research that must to be done to understand further why so few individuals are taking it after its 

efficacy has been proven in the SCD population. 

 

HU’s Effect on ED Visits and Hospital Stays 

Quarmyne et al135 conducted a retrospective cohort study that evaluated HU’s effectiveness 

in the pediatric population. Pediatric patients who had a diagnosis of HbSS disease or HbS/β0-Thal 

who received care at the Children’s Health of Atlanta SCD Program and had started taking HU in 

2009 and continued until 2011 were eligible for participation. A total of 105 participants were 

eligible for the study. The median age of the study population was 7.5 years old. Participants had 

a total of 636 ED visits before starting HU, compared to 376 visits after taking HU, which meant 

there was a 59% reduction in ED visits. Hospitalizations in this population also decreased by 56%, 

from 312 pre-HU to 175 post-HU. This study effectively showed a significant decline in the 

utilization of acute health care after HU therapy was implemented.135 

Lanzkron et al136 evaluated hospital utilization in Maryland after the approval of HU using 

discharge data from the Maryland Health Services Cost Review Commission (MHSCRC) for the 

fiscal years (FY) 1995-2003. The MHSCRC database collects statistics regarding a hospital’s 

number of discharges per year. The database included all hospitals in the state of Maryland, except 
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for Veterans’ hospitals. Lanzkron et al136 used ICD 9 codes to identify inpatients with SCD. They 

also looked at average length of stay (LOS) over this time period. The average LOS decreased 

from 6.16 days in FY 1995 to 4.99 days in FY 2003 (P < 0.001).  This could be considered a 

beneficial effect of HU. 

A statistically significant increase in the number of discharges for adults with SCD was 

observed from FY 1995 to FY 2003 (P < 0.001). It was expected that total hospitalizations would 

decrease after the FDA approval of HU, as the clinical trial that led to its approval observed a 

decrease in hospitalizations in their study population.74,136 The observed increase in the total 

number of hospitalizations could be explained by the longer lifespan of individuals with SCD.136 

As these individuals live longer, they are admitted for other complications of SCD, which increases 

the overall hospital utilization in the SCD population.136 It is also important to note that most adults 

who are eligible for HU use are not taking it.84 

 

Transition of Medical Care and SCD 

The median survival for HbSS is currently around 42-48 years, compared to approximately 

20 years in the 1970s.4 The introduction of newborn screening for the early detection and treatment 

of SCD partially explains the drastic increase in survival into adulthood.5 Other factors affecting 

this increase in lifespan include improved drug therapy, preventative measures, and more timely 

medical interventions.5 Because of this increased survival, there is now a need for adult care 

providers to care for adolescents and young adults (AYA) as they move from the pediatric care 

facility to adult care.  

Typically, these individuals must transfer their care from a pediatric care facility to an adult 

care facility between ages of 18-22 years. The process of a medical transition can be defined as 
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“the process of changing from a pediatric to an adult model of health care.”6 These transitions are 

often determined by an individual’s biological age, rather than their independence or readiness to 

transition.7  Quinn et al5,70 found that AYA who had recently transitioned their care were at a higher 

risk for death. This could be explained by an accumulation of organ damage over time or an 

unsuccessful transition to adult care.64 Inconsistent care or loss of sickle cell expertise in adult care 

facilities could also be an explanation for this higher mortality rate.71 

 

ED Utilization in the Pediatric and Young Adult Population 

The AYA age group has also been shown to utilize symptomatic care, such as visiting 

emergency departments (EDs), more frequently than other age groups.72 Brousseau et al72 used 

state inpatient and ED databases in eight states in the US to conduct a retrospective cohort study. 

All of the ED visits and hospital stays used in data analysis were related to SCD complication. The 

study included a total of 21,112 patients, of which 7,250 were between the ages of 18 and 30 years 

old. This age group was found to have the highest ED utilization rates, averaging 3.61 visits per 

year.72 Nearly a quarter (22%) of individuals in this age group had 3-10 acute care encounters per 

year, compared to only 12.6% of their 10-17 year old peers. 7.4% of individuals in the 18 - 30-

year-old age group had 10 or more acute care encounters per year, compared to only 1.1% of those 

in the 10-17-year-old age group. This study helps show the increase in morbidity during the AYA 

period and this age group’s increased ED utilization.  

Singh et al125 conducted a retrospective longitudinal study that estimated the ED visit rate 

of 609 patients with SCD over a five year period. Data from the Wisconsin state Medicaid data 

was used for the years 2011-2015. Patients in the study had to have at least one sickle cell pain-

related ED visit and had to be continuously enrolled in Wisconsin state Medicaid during the 
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timeframe of the study. The study population ranged from ages 0-45 years old. The group was 

further divided into four age groups: children, ages 0-18 (n=248), a transition group, which 

included patients who had turned 19 years old during the study (n=54), young adults, ages 19-30 

(n=170), and adults, ages 31-45 (n=137). There was overlap between the transition group and the 

19-30-year-old group. Singh et al125 found that the transition-age group and the young adult group 

relied on ED visits more than children (p=0.0014). Children had an average ED Visit of 1.74 visits 

per year, while the transition group had an average of 8.24 ED visits per year, and the young adult 

group had an average ED visit total of 9.81 visits per year. Although this study shows an increase 

in utilization in the transition and young adult group, the researchers did not separate AYAs (18-

24 years old) from the young adult population, which limits its generalizability to the AYA 

population.  

 

Aims of the Current Study 

In the city of Pittsburgh, there is both a pediatric (Children’s Hospital of Pittsburgh of 

UPMC) and an adult care facility (Adult Sickle Cell Clinic of UPMC) that provides 

multidisciplinary care for individuals with SCD. In Pittsburgh, AYA typically make the transition 

to the Adult Sickle Cell Clinic by age 21. One aim of this study is to assess the frequency of ED 

visits in the AYA population (ages 15-20 years old) in comparison to children ages 6-11 years old. 

This will allow both clinics to see if there is a higher utilization of ED visits in the AYA population 

and identify reasons behind its utilization. The results of this study could also have implications 

for the transition program in Pittsburgh and allow modifications to be made based on the findings. 

The current study also aims to examine the utilization rate of HU in pediatric patients with HbSS 

disease and HbS/β0-Thal. Identifying the clinic-specific utilization rate in the Pediatric Sickle Cell 
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Clinic could help its health care professionals by assessing if their clinic population has a 

utilization rate that is similar to previously published rates of HU use in the pediatric population 

and help determine possible HU education or other interventions should the utilization rate be 

lower than expected. 

5.2 METHODS 

5.2.1 Description of the Data Set 

The Sickle Cell Database is an online database that is maintained by the Pediatric 

Hematology Department of the Children’s Hospital of Pittsburgh of UPMC (CHP). The clinical 

sickle cell database was created in 1999. Patient demographics including name, database ID 

number, medical record number, and sickle cell disease type are uploaded from the electronic 

medical record (EMR). Other information must be manually entered by the clinical team, which 

includes clinic appointments, ED visits, hospitalizations, medications prescribed specifically 

including HU and penicillin, and outside referrals.  This database includes data from individuals 

who are currently or have previously been seen in the Pediatric Sickle Cell Clinic at CHP. All of 

the individuals in the database have a diagnosis of sickle cell disease (SCD) and are followed by 

the clinic for management of this disease. There are currently 566 patients entered into the 

database, although not all of these individuals have “active” status, which means they have either 

transitioned to adult care or relocated. The database is used by health care professionals within the 

Pediatric Sickle Cell Department to help track various trends such as outpatient clinic visits, ED 
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visits, inpatient visits (hospitalizations) within a certain period of time. It is automatically synced 

with the EMR and additional data is manually entered by clinical staff at the end of each quarter. 

For the purposes of the current study, a subset of data was collected from the clinical sickle 

cell database. This data included database ID number, patient age at ED visit, patient current age, 

sickle cell disease type, ED visit date, and prescription of HU.  The study was reviewed and 

approved by the University of Pittsburgh Institutional Review Board under a modified IRB on 

April 26, 2018, IRB# PRO17020086 (See Appendix D). 

5.2.2. Selection Criteria  

The data set for the analysis included 276 patients from the Sickle Cell Database. In 2012, 

the website itself was updated and manual entry of the aforementioned data by staff members 

became more consistent, so 2012 was chosen as the start of the data analysis. The data analysis 

included patients who had “active status,” meaning that they had been seen in the Pediatric Sickle 

Cell Clinic any time between January 1st, 2012 to December 31st, 2017.   

This analysis excluded data for the time period after individuals moved away, after 

transitioned to adult care facilities, or after the date of death. The two groups used for comparison 

for aim one were children ages 6-11 years old, and AYA who were 15-20 years old. These two 

age groups were selected in order to compare two groups of patients over a similar six-year age 

range, thus with similar sample sizes. Because patients are typically transitioned before they turn 

21 years old at the Pediatric Sickle Cell Clinic, the data collection for AYA was limited to ages 

15-20 for the purposes of this study. Patients who were five years old or younger at the time of ED 

visit were excluded from the data analysis, because these younger children with SCD often present 

to the ED for very different medical concerns compared to patients older than 6 years old. For 
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example, splenic sequestration and fever concerning for pneumococcal sepsis are common reasons 

for ED visits in young children with SCD that are more rare after age 6 years of age.1 The 12-14 

year old patients in the data set were excluded from the analysis in order to better match the 

younger age range, and thus sample size, with the time period for the AYAs that was limited to 6 

years due to the transition age (age range: 15 through 20 year old). The exclusion of these patients 

would also emphasize the difference between the younger SCD and AYA age groups as well as 

reduce the number of patients who were present in both age groups. 

 Several patients are followed by the Sickle Cell Clinic for diagnoses other than SCD. For 

example, individuals with a genotype of HbS-Hereditary Persistence of Fetal Hemoglobin (HPFH) 

were excluded from the analysis, because this genotype does not have the same clinical symptoms 

as SCD.  

5.2.3 Preparation of Data 

The original data was exported from the clinical sickle cell database into a Microsoft Excel 

spreadsheet. The database collects a large set of personal and clinical information such as patient 

name and date of birth. This clinical data automatically populated into the original data file, but 

only a subset of the data was saved for research purposes. Research data was stored on a secured 

drive on the CHP server. The research data file saved for this study included database ID number, 

patient age at ED visit, patient current age, sickle cell disease type, ED visit date, and prescription 

of HU.   

For aim one, the variable “Patient Age at ED Visit” was used to determine which patients 

were included in the analysis. If a patient was between the ages of 6 and 11 for the “Patient Age 

at ED Visit” category, they were included in the 6-11-year-old age group. Individuals who had an 



 91 

age ranging from 15-20 in the “Patient Age at ED Visit” category were included in the AYA group 

(15-20-years old). Any individuals outside of these parameters (e.g. patients under five years old 

and patients who were 12-14 years old for “Patient Age at ED Visit”) were excluded from the data 

analysis. Once these criteria were applied to the data set, there were 83 patients in the 6-11-year-

old age group and 99 individuals in the 15-20-year-old age group. Of note, three patients were 

present in both age groups.  

 

ED Visit Rate 

A yearly ED Visit Rate was calculated for this analysis for each individual in the 6-11-

year-old group and the 15-20-year-old group (AYA group). This was accomplished by dividing 

an individual’s total number of ED visits by the number of years that they were active in the 

database within this age group. For example, patients who moved or transitioned to the adult 

program and were not in the program for the total six years were divided by the smaller number 

of active years. 

 

Coded Variables 

Patient Age at ED Visit, Severity of Disease, and Prescription of Hydroxyurea were all 

coded as categorical (yes/no) variables for the purposes of this analysis.  

 

1. Patient Age at ED Visit 

Two age groups were created 1) 6-11 years old 2) 15-20 years old. Individuals in the first 

age group were all assigned 0’s and everyone belonging to the AYA ages group (15-20 years old) 

was assigned a 1.  The 6-11 year olds were selected for the study because they were 1) in the 
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database for the six-year time period and 2) they had surpassed the age at which they are at the 

highest risk for ED visits due to complications that primarily affect only very young children.1 The 

15-20 year old group was chosen because these ages are within the AYA period, which is the age 

range that was being compared to the pediatric patient group. 

 

2. Severity of Disease 

Each individual was identified by their specific diagnosis of SCD. This was further 

categorized into a “disease severity.” HbSS disease or HbS/β0-Thal are clinically similar and have 

the most severe symptoms and were therefore grouped together.1  Therefore, individuals were 

placed into one of two groups based on the clinical severity of their specific SCD diagnosis: severe 

disease or less severe disease. The National Heart, Lung, and Blood Institute’s (NHLBI) 

Management Guidelines were used to help determine these clinical severity groupings.1 HbSS 

disease or HbS/β0-Thal were grouped together and coded as “1’s” for severe disease, and other 

genotypes, including HbSC disease and HbS/β+-Thal were coded as “0’s” for less severe disease.  

 

3. Hydroxyurea Use 

From the original data set of 276, 163 participants had a genotype of HbSS disease or 

HbS/β0-Thal. These genotypes were selected because HU is recommended for individuals with 

severe SCD.1 A new data sheet was created for these 163 participants. These 163 individuals were 

coded for prescription of hydroxyurea. If the individual in this group had been prescribed HU at 

any time within this six-year timeframe, this was coded as a 1 for “yes, has been prescribed 

hydroxyurea.” If an individual in either severe disease group had not been prescribed hydroxyurea 
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within the full 6-year timeframe, this data was coded as a 0 for “No, has not been prescribed 

hydroxyurea within this timeframe.” 

 

Data Analysis 

Data analysis was performed using JMP Pro 13 for Mac. A chi-squared test was performed 

to compare age (ages 6-11 vs. ages 15-20) to ED visit rate. Descriptive statistics were used to 

calculate the utilization of HU in individuals with severe SCD.  

5.3 RESULTS 

Aim 1 Results 

 A total of 83 patients were in the 6-11-year-old age group that had at least one ED visit 

during this timeframe (Table 3). Of these 83, 57.8% (48/83) had a diagnosis of HbSS disease, 

25.3% (21/83) had HbSC disease, 8.4% (7/83) had HbS/β0-Thal, and 8.4% (7/83) had HbS/β+-

Thal. Approximately 66% (55/83) of these individuals had a diagnosis of severe SCD (HbSS 

disease or HbS/β0-Thal). In this age group, the mean age at ED visit was 8.0 years old (SD = 1.7) 

and the mean ED visit rate was 0.8 visits/year for the subset of patients who visited the ED (n=83; 

See Figure 1). The lowest ED visit rate was 0.2 visits per year and the highest ED visit rate was 

4.0 visits/year. There were also an additional 26 individuals in this age group who never had an 

ED visit between ages 6 and 11 years old (24% or 26/109). Of those who did not have an ED visit, 

30.8% (8/26) had a diagnosis of HbSS disease, 53.8% (14/26) had a diagnosis of HbSC disease, 

7.7% (2/26) had HbSβ0 Thalassemia, and 7.7% (2/26) had HbSβ+Thalassemia (Table 3). 
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Approximately 39% (10/26) of individuals who did not present to the ED had a diagnosis of severe 

SCD (HbSS disease or HbSβ0 Thalassemia) compared to 66% (55/83) with severe disease who 

did present to the ED between the ages of 6 and 11 years (Table 3).  

 

Table 3: Summary of Two Age Groups (6-11 and 15-20 year old) Characteristics 

 6-11 year olds with 
ED Visits 

(N=83) 

6-11 year olds 
with No ED 

Visits 
(N=26) 

15-20 year olds 
with ED Visits 

(N=98) 

15-20 year 
olds with No 

ED Visits 
(N=15) 

 Total in Age Group = 109 Total in Age Group = 113  
Sickle Cell 
Diagnosis 
     HBSS 
     HBSC 
     HbSβ0Thal 
     HbSβ+Thal 
     HbS-O-
Arab 

 
 
48 (57.8%) 
21 (25.3%) 
7 (8.4%) 
7 (8.4%) 
0 (0%) 

 
 
8 (30.8%) 
14 (53.8%) 
2 (7.7%) 
2 (7.7%) 
0 (0%) 

 
 
51 (52.0%) 
37 (37.8%) 
0 (0%) 
9 (9.2%) 
1 (1.0%) 

 
 
5 (33.3%) 
8 (53.3%) 
0 (0%) 
2 (13.3%) 
0 (0%) 

Severe Disease 
(HbSS or 
Hbβ0Thal) 

55 (66.3%) 10 (38.5%) 51 (52.0%) 5 (33.3%) 
 

Median ED 
Visit Rate 

0.5 visits/year - 1.2 visits/year -  

Mean age at 
ED Visit (SD) 

8.0 (1.7) - 17.2 (1.8) - 

Mean ED Visit 
Rate 

0.8 visits/year - 1.9 visits/year* - 

ED Visit Rate 
Range 

0.3-4.0 visits/year - 0.2-11.0* 
visits/year 

- 

*Note: Outlier of 40.5 visits/year for a single individual was excluded from the data analysis. 

 

 There were 98 patients in the 15-20-year-old age group who experienced at least one ED 

visit (Table 3). Of these 98, 52.0% (51/98) had a diagnosis of HbSS disease, 37.8% (37/98) had 

HbSC disease, 9.2% (9/98) had HbSβ+Thalassemia, and 1 patient had HbS-O-Arab disease. The 
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mean age at ED visit was 17.2 (SD = 1.8) and the mean ED visit rate was 1.9 visits/year (Figure 

1). The lowest ED visit rate was 0.2 visits per year. While the highest ED visit rate was 40.5 

visits/year, this was excluded as an outlier for data analysis and the highest remaining ED visit rate 

was 11.0 visits/year in the remaining group. In addition, there were 15 AYA with SCD who did 

not visit the ED between the ages of 15 and 20 years.  Thus, approximately 13% (15/113) of 

patients ages 15-20 years old did not have an ED visit during this timeframe while 87% of patient 

in this AYA age group did present to the ED. Of those who did not have an ED visit, 33.3% (5/15) 

had a diagnosis of HbSS disease, 53.3% (8/15) had a diagnosis of HbSC disease, and 13.3% (2/15) 

had HbSβ+Thalassemia. Approximately one-third (5/15) of these individuals not presenting to the 

ED had a diagnosis of severe SCD (HbSS disease or HbSβ0 Thalassemia) compared to over half 

(52/98) of the older group having severe SCD with a history of ED visits. 

 

 
Figure 1: Box and Whisker Plot of ED Visit Rate for 6-11-year olds and 15-20-year olds 
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There was a significant relationship between frequency of ED visits and age as assessed by 

Chi-squared analysis (P = 0.004) (Table 5). Patients in the 6-11-year-old age group had a median 

ED visit rate of 0.5 ED visits/year, in comparison to the AYA group (15-20-years old) whose 

median ED visit rate was 1.2 ED visits/year.  

 

Table 4: Results for the Relationship between Age and ED Visit Rate 

N 

182 

DF 

34 

Chi-Square Value 

59.97 

P value 

0.004 

 

 

 Three of the patients in the ED visit data set were included in both the 6-11-year-old age 

group and the 15-20-year-old age group. In the 6-11-year-old data set, their ED visit rates were 

0.7, 0.3, and 0.5. In the 15-20-year-old data set, all three of the patients’ ED visit rates were only 

0.2/year. There were also another 7 patients that did not visit the ED during this timeframe and 

who were included in both the 6-11-year-old group and the AYA group with ED visit rate of 0 in 

both older and younger timeframes. 

Aim 2 Results 

The second aim of the study examined the utilization rate of HU in pediatric patients with 

HbSS disease and HbS/β0-Thal in the pediatric sickle cell database.  Of the 276 individuals in the 

original data set, 163 (59.1%) were determined to have severe disease, defined as HbSS disease or 

HbS/β0-Thal.  93.9% (153/163) of patients had a diagnosis of HbSS disease, while 6.1% (10/163) 

had a diagnosis of HbS/β0-Thal (Table 6).  65.0% (106/163) of patients with severe SCD in the 
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Sickle Cell Database were prescribed HU in the past six years.  When looking at each genotype, 

70.0% (7/10) of patients with HbS/β0-Thal and 64.7% (99/153) of patients with HbSS disease had 

been prescribed HU within the pediatric program. When looking specifically at the two ages 

groups, 89.2% (58/65) of individuals ages 6-11 years old with severe SCD were prescribed HU, 

while 67.3% (35/52) of individuals ages 15-20 years old with severe SCD were prescribed HU 

(Table 5). 

 

Table 5: Prescription of HU in Individuals with Severe SCD 

Genotype N (%) Prescribed HU 

All Ages 

Prescribed HU 

6-11 years old 

Prescribed HU 

15-20 years old 

HbSS 153 (93.9) 99 (64.7) 50/56 (89.3) 35/52 (67.3) 

HbS/β0-Thal 10 (6.1) 7 (70.0) 8/9 (88.9) - 

Total 163  106 (65.0) 58/65 (89.2) 35/52 (67.3) 

5.4 DISCUSSION 

The current study found that there is a relationship between ED visit rate and a patient’s 

age, and that AYA have higher median and average ED visit rate than the pediatric SCD 

population. The average ED visit rate for the 15-20-year-old group was 1.9 visits per year, 

compared to an average of 0.8 visits/year in the 6-11-year-old group. These findings are consistent 

with the literature, which reports that the AYA age group utilizes symptomatic care more 

frequently than other age groups.72  Singh et al125 found higher rates of ED utilization in patients 
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who had transitioned to adult care during the study  in their longitudinal study of ED visit rates. 

The two groups that were found to have the highest ED utilization rates were the transition group 

(who were 19 years old at transition) and the young adult group (ages 19-30).  

Singh et al125 also found that the transition-age group and the young adult group relied on 

ED visits more than children (p=0.0014). While the age ranges do not quite align between this 

study and the current study, both studies’ results show a significant difference in ED utilization 

between AYA and children. Singh et al125 found that children (ages 0-18) had an average ED visit 

of 1.74 per year, compared to the transition group and young adult groups (8.24 and 9.81 visits per 

year, respectively). These averages are much higher than the current study’s average ED visit rates 

of 0.8 per year (6-11 years old) and 1.9 per year (15-20 years old). A potential explanation for this 

difference is the difference in the division of age groups between the two studies. The pediatric 

age group that Singh et al125 used in their study was for ages 0-18, which, within the context of the 

current study, contains some of the AYA population (15-18 within this group). Additionally, their 

“young adult” population included individuals with SCD up to age 30 years old, which is an older 

age range than the current study and it is possible that ED utilization continues to increase with 

age.  This limits the ability to draw direct comparisons between the studies, although the direction 

of the trend was the same (more ED visits as participants age). 

The findings in the current study indicate that there was a difference in ED utilization 

between the two age groups. The ED utilization rate in the 15-20-year-old age group was double 

that of the 6-11-year-old age group (1.8 vs. 0.9 visits per year). A possible explanation for this is 

that ED utilization increases in the SCD population before the age of 18. In many previous studies, 

the “child” group has included pediatric patients with SCD from ages 0-18 and has not made any 

distinctions between these age groups. Brousseau et al72 did distinguish between the child and 
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adult age group in their study when evaluating ED visits and hospitalizations for SCD. By using 

ICD-9 and Clinical Software Classification codes, they conducted a retrospective cohort study of 

21,112 patients and found that the average ED visit rate gradually increased over time until age 

30, after which the average ED visit rate decreased. Individuals ages 1-9 years old averaged 1.50 

ED visits per year, patients 10-17 years old averaged 2.04 ED visits per year, and individuals age 

18-30 years old averaged 3.61 ED visits per year.72 The total ED visit rate decreases with 

increasing age in patients older than 30 years old, which is beyond the upper limit of the AYA age 

range of 27 years old. This study shows that while there is increased ED utilization for AYA, this 

trend does not continue despite overall increasing ages.  

The second goal of the study was to assess HU utilization in the pediatric SCD population. 

HU was prescribed to approximately 65% of individuals with severe SCD. Previous studies have 

reported rates of approximately 40%.130 In the study that reported the rate of 39.5%, the study 

population was a group of infants and toddlers (ages 0-4).131 In the second study by Creary et al130, 

the study population ranged from ages 2-18, but only assessed patients who had been admitted 

rather than all patients followed by the program. This age range is more consistent with the current 

study, which includes patients from ages 0-21 in its analysis. If using the rate determined by Creary 

et al (77%), HU utilization in the current study population is below this rate. It is important to note 

the differences in data collection. For this study, HU prescriptions were measured over a six-year 

period of time in individuals who were active patients in a sickle cell outpatient clinic, whereas 

the study by Creary et al utilized ICD-9 codes obtained from individuals during a hospitalization 

related to their SCD diagnosis.  Because Creary et al130 used data from a hospitalized population 

of individuals with SCD, it is likely that these patients’ utilization rates were higher than a non-
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hospitalized population. In both studies, it is impossible to measure medical compliance from this 

data.   

 

Public Health Significance 

 Although the National Heart, Lung, and Blood Institute (NHLBI)’s expert panel on SCD 

currently recommends that all pediatric patients over the age of 9 months old with severe SCD 

(HbSS or HbS-Beta-0-Thal) take HU1, the utilization rate of HU in the overall population of 

individuals with SCD falls well below its optimal rate. Several studies have looked at the reasons 

behind this underutilization. Providers have cited patient refusal of HU due to a fear of negative 

side effects, including the development of cancer, not wanting to undergo laboratory monitoring 

for starting a new medication, and a belief that HU will not work.132 Providers also cited their own 

reasons for not prescribing HU to eligible patients. These include their patient’s anticipation of 

negative side effects, a patient’s age (being too young), provider discomfort with prescribing HU 

(thinking it is a potential carcinogen), and doubt in HU’s effectiveness.132 There are also “systems-

level” barriers that could contribute to HU’s low utilization rate.134 These barriers include limited 

access to transportation and SCD care facilities, a poor transition from pediatric to adult care, and 

a lack of health insurance.134 

 From a public health perspective, it is important to increase HU in the eligible population 

to help improve their quality of life and potentially decrease the amount of pain crises and ED 

visits they have. Potential champions for the use of HU in SCD include community based 

organizations such as CSCF, NBS programs and/or SCD care facilities. These programs and 

facilities could provide parents/guardians with information regarding HU and its efficacy. This 



 101 

would also allow eligible infants with SCD to start HU at an early age, which could decrease the 

amount of SCD-related complications they see throughout life.  

 The use of HU has also been shown to decrease the number of ED visits for pain.135 This 

has important implications for health care costs. Individuals with SCD have been shown to have 

the highest average health care cost of all chronic diseases.136 Lanzkron et al136 estimated that the 

total charges for all SCD-related ED visits for 2006 were $356 million. Including hospital 

admissions, this number climbs to $2.4 billion.136 By increasing the implementation of HU in 

eligible SCD individuals, this financial burden on the health care system and families could be 

reduced. 

 Potential interventions to increase the use of HU include provider, patient, school and 

community education on both SCD and the proven efficacy of HU. Given the lack of 

comprehensive adult sickle cell programs, primary care providers often assume the role of general 

sickle cell care after transition from a pediatric program and would be an ideal target for education 

on the use of HU in individuals with sickle cell disease.  Once these providers are properly 

educated on HU, they can educate their patients about the drug and provide them with accurate 

information. An increased understanding regarding the efficacy and safety of HU should help 

increase its use and dispel misconceptions about the drug, such as the lack of data to support 

concerns for increased carcinogenesis in individuals with SCD after long-term use.137 

Lastly, ED utilization tends to increase in the AYA population.125 These individuals may 

be undergoing their transition to adult care and participating in a transition program. These 

individuals could benefit from a discussion of HU during their transition program.  This would 

allow the AYA to fully understand the reasons for its use, importance of compliance, and how HU 

could benefit them in the future. 
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Study Limitations 

For the first aim of the study, when calculating ED visit rate, it was assumed that all 

individuals, except those who had transitioned, had been at the clinic for the entire six-year period 

of time. Realistically, this may not be the case for every patient.  The researcher was unable to 

track precisely when a patient’s first or last clinic visit was within the database itself, which limits 

the validity of this set of data. 

One of the main limitations of the second aim of the study is the database’s available 

information on HU prescriptions. If someone has been prescribed a medicine, this does not mean 

that the individual will take the medicine or adhere to a regular pattern of use. Assessment of 

medical adherence is challenging and this data was not tracked for the patients within this database, 

which limits the validity of the data. HU prescriptions were also coded a categorical “Yes/No” 

variable for a six-year period of time, which limits the data even further. By doing so, a large 

assumption was made, namely that an individual who was prescribed HU was 1) regularly taking 

HU and 2) taking HU for the entirety of this period of time. Another limitation of the study was 

that the data on HU prescriptions and ED visits were not connected to each other within the study 

population due to constraints of the data input. Because of this, the researcher could not compare 

ED visit rates to HU at each specific visit in this study population.  

This study used data that are from single tertiary care academic pediatric hospital, which 

is located both within a major metropolitan area, although this center serves all of Western 

Pennsylvania.  This limits the data’s generalizability to more primary care and nonacademic 

settings.  In areas where there are not designated sickle cell care centers, the data collected could 

look quite different. For instance, there may be a higher ED visit rate in these areas because 

individuals with SCD must rely on their PCP or another provider without SCD expertise for their 
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care. This could also impact the likelihood of these care providers prescribing HU and other 

preventive care to their patients. The misconception of providers regarding HU and its side effects, 

namely that it could cause cancer, has been identified as a barrier to the underutilization of 

HU.132,134 Such misconceptions could have real consequences for individuals with SCD who would 

benefit from HU in areas without SCD expertise. These provider beliefs could also influence how 

their patients feel about HU, which could make patients less open to being prescribed the 

medication.134 

There is also room for human error in this study. Because some of the data used in the 

analysis was entered manually by the clinical team, data entry errors are possible. The data was 

also refined for analysis and coded, so errors with the coding of the data are possible as well.  

  

Future Research  

Future directions could include evaluating the patient perspectives regarding HU use in 

order to identify barriers and develop potential solutions. Then the use of HU pre- and post-

intervention could be compared.  Medical adherence to HU use could also be assessed in a future 

study. This would allow the Pediatric Sickle Cell Team to see if the medical adherence for HU is 

as high as its prescription rate within the population and identify barriers to compliance. The 

relationship between age and HU use could also be further explored, to see if it is utilized more 

within a certain age group and whether HU use is linked to specific ED visits, hospitalizations or 

the development of specific sickle cell-related complications. Another question of interest is 

whether individuals with severe SCD (HbSS or H-S-Beta-0-Thal) who are taking HU are less 

likely to visit the ED compared to individuals with severe SCD who are not taking HU. This would 
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allow comparisons to be made to the literature to see if HU use decreases the amount of ED visits 

in this specific pediatric sickle cell population, as has been previously observed.135 

 

Conclusion 

This study found a significant relationship between age and ED visit rate (P = 0.0039). 

AYA (15-20 years old) visited the ED twice as frequently as children ages 6-11 years old. This is 

consistent with literature reporting an increased ED utilization rate in the AYA SCD population.124 

Approximately 24% (26/109) of patients ages 6-11 did not have an ED visit during this timeframe, 

in comparison to only 13% (15/114) of patients ages 15-20 years old. 

Regarding hydroxyurea use in the study population, 65% (106/163) of individuals who 

were eligible for HU use had been prescribed HU during the timeframe of the study. Although this 

rate is high, hydroxyurea still remains underutilized by the SCD population as a whole.134 By 

addressing patient and provider barriers, HU’s implementation is likely to further increase, which 

could potentially decrease hospitalizations and ED visits in the SCD population. 
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