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Abstract

The geographic interface between the need for and the supply of pediatric hospice may be critical 

in whether children with cancer access care. This study sought to describe the geographic 

distribution of pediatric hospice need and supply and identify areas lacking pediatric hospice care 

in Tennessee over a 3 year time period. Using ArcGIS, a series of maps were created. There was a 

consistent need for care among children with cancer across the state. Most urban areas were 

supplied by pediatric hospices, except the Knoxville area. Areas within the state were identified 

where the supply of pediatric hospice care declined, while the need for hospice care was 

unchanging. This study has important regulatory implications for clinicians practicing in 

Certificate of Need states such as Tennessee.
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Cancer is one of the leading causes of death for children in the United States. In particular, 

malignant neoplasms are the fourth highest cause of pediatric mortality and represent 8.8% 

of pediatric deaths.1 Indeed, in many states, such as Tennessee, cancer is actually the leading 

health-related cause of death among children, with leukemia, central nervous system 

cancers, and lymphomas the three most commonly diagnosed childhood cancers.2 For many 

children with cancer, effective disease-targeted interventions exist, but for those who die 

from cancer-related causes each year hospice may be an important care option.3 Hospice 

care has been shown to improve symptom management and quality of end-of-life care for 

children;4–6 and yet, most children with cancer who might benefit from hospice care do not 

receive these services. It is estimated that as few as 10% of terminally ill children utilize 

hospice care.7 Although family and clinicians play an important role in children accessing 

hospice care,8.9 the interface between the children’s need for hospice care and the supply of 

pediatric hospice care may be critical in determining whether or not children with terminal 

cancer are able to access hospice services.
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Geographic access to pediatric hospice care for children with cancer, however, is not well 

understood. Only a handful of studies have explored geographic access to adult hospice care, 

and the findings have not been consistent. In an early study, based on Medicare data from 

2000 to 2002, Virnig and colleagues found that 100% of persons in urban areas were served 

by hospices.10 However, in rural areas adjacent to urban areas, over 9% of persons were 

unserved, and in rural areas not adjacent to urban areas, almost 24% of persons were not 

served by hospices. Using 2005 to 2006 Medicare data, Madigan and colleagues reported 

that 62% to 92% of rural counties did not have hospice providers.11 In contrast, Jenkins and 

colleagues using data from 2002 to 2005 Alabama cancer decedents found that 

approximately 66% of Alabama counties contain at least one hospice.12 The median 

distance between decedent's residence and the hospice providing care was 9.8 miles. The 

authors concluded that hospice care was generally available for cancer decedents in 

Alabama. More recently, Carlson and colleagues used 2008 Medicare data to estimate the 

proportion of the U.S. population living within 30 and 60 minutes driving time of a 

hospice.13 The researchers showed that 88% of the population lived in a community within 

30 minutes and 98% lived in a community within 60 minutes of a hospice. The literature 

suggests that the recent growth in the hospice industry may have resulted in widespread 

geographic access to hospice care in the United States.

Although this research suggests that variation in geographic access to hospice care has 

occured over time, it has not examined the geographic need for hospice services among 

pediatric decedents, especially those with cancer. Nor has it identified the geographic 

distribution or supply of pediatric hospice providers. As a result, there is a critical gap in our 

understanding of whether the need for pediatric hospice care among children with cancer 

matches the supply of pediatric hospice care. This study sought to fill this gap by using geo-

mapping techniques with a unique dataset of hospices and pediatric cancer decedents to 

visualize the need and supply of pediatric hospice care.

Investigating geographic access to pediatric hospice care represents an alternative approach 

to understanding under-utilization of hospice care among children. By exploring the 

geographic distribution of need and supply, this study may stimulate discussion among 

policy makers about where efforts and resources should be directed to meet the need for 

pediatric hospice care. The findings of this study or others examining geographic access to 

pediatric hospice care for children with cancer may inform the development of state- and 

federal-level policies aimed at ensuring access and delivery of hospice care for children, 

especially in certificate of need (CON) states were the supply of hospice providers is 

regulated. Therefore, the purpose of this study was to describe the geographic distribution of 

pediatric hospice care need and supply and to identify areas lacking pediatric hospice care in 

Tennessee over a 3-year time period (2009–2011).

Materials and Methods

Data Sources and Sample

This longitudinal descriptive study used multiple data sets. The first data source was the 

2009 to 2011 Tennessee Cancer Registry (TCR) from the Tennessee Department of Health. 

The TCR is a state-wide population cancer surveillance system that collects information on 
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all cancer incidents diagnosed in Tennessee.14 The database includes demographics, 

diagnostic information, and geocoded addresses. From this data source, we drew a sample of 

Tennessee children who died with a cancer diagnosis. Children were defined as a person less 

than18 years of age. Inclusion criteria included patients with a diagnosis of cancer, aged 0–

17 years, and who died between January 1, 2009, and December 31, 2011. Children who are 

residents of another state but died while in Tennessee were excluded, along with duplicate 

observations. After inclusion and exclusion criteria, the sample of children cancer decedents 

was 43 in 2009, 35 in 2010, and 41 in 2011.

The second data source was the 2009 to 2011 Joint Annual Report of Hospices (JAR) from 

the Tennessee Department of Health.15 These files provided administrative, staff, and 

financial information on hospices, including the counties where care was provided by patient 

age groups. All hospices in the state were included in the analysis, which included 60 

hospices in 2009, 63 hospices in 2010, and 65 hospices in 2011.

The years 2009 to 2011 were used in the study because 2009 was the first year the JAR 

recorded county-level hospice use by age group (e.g., children 17 and younger) and 2011 

was the most current TCR data available. Tennessee was chosen for analysis because cancer 

is the leading cause of pediatric mortality in Tennessee and because it is a hospice 

certificate-of-need (CON).2,16 The CON process regulates the number of hospice providers 

in each county, but not whether care is provided for children. Thus, in Tennessee every 

county has at least one hospice provider and most counties have multiple hospice providers. 

However, not all hospices provide care to children.

Measures

Geocoded data was used to create the primary variables of interest: need and supply. The 

need for pediatric hospice care was operationalized as a geographic coordinate based on the 

latitude and longitude coordinates of the child's home address. The geocoded addresses of 

children were used to generate a point location for the children in the county in which they 

resided. The supply of pediatric hospice care was defined as whether or not a community-

based hospice care was provided in a home or facility to children in a given county.

Demographic characteristics of the child were used to describe the children. Age was the age 

of the child at death. Gender was operationalized as whether the child was male or female. 

Race/ethnicity was categorized as white, African American, and other (i.e., Asian American, 

Native American, Hispanic). The cancer type was categorized as central nervous system and 

brain, bone and soft tissue, leukemia, and other types of cancer (e.g., endocrine, lymphoma, 

gastro-intestinal, kidney and renal, genital).17 A binary variable was created for whether or 

not the child had metastasis at diagnosis. The insurance type the child had was defined as no 

insurance, public insurance, or private insurance.

Characteristics of the hospices were also included. Organization size was categorized as 

small (<25 patients/day), medium (26–100 patients/day), or large (>100 patients/day). 

Ownership was operationalized as either for profit or nonprofit/government ownership. 

Affiliation was defined as freestanding or non-freestanding (i.e., hospital-based, nursing 
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home-based, home health agency-based). Accreditation was defined as whether or not the 

hospice was accredited by the Joint Commission.

Data Analysis

Univariate statistics were used to describe the children and hospice providers in the study. 

ArcMap in ArcGIS version10.1 was used to create a series of longitudinal maps showing the 

spatial relationship between need and supply of pediatric hospice services for each year of 

the study. Points on the map were used to illustrate the location of the child's residence. In 

order to maintain the family's anonymity, addresses were coded within a 1-kilometer 

parameter of the residence. Cloropleth mapping techniques were used to display the counties 

where pediatric hospice care was supplied. The child's geocoded points were added to the 

cloropleth maps to identify areas where the need for hospice care matched or did not match 

the supply of pediatric hospice services. As reference points on the maps, the major 

metropolitan cities of Tennessee, including Nashville, Memphis, Chattanooga, and 

Knoxville, were marked. The study was approved by the Institutional Review Board of the 

University of Tennessee, Knoxville.

Results

Description of Sample

Table 1 summarizes the children with cancer who died in Tennessee from 2009 to 2011. 

Between 2009 and 2011, there were 119 pediatric cancer deaths recorded in Tennessee. The 

average age of children who died with a cancer diagnosis was 8 years in 2009, 9 years in 

2010, and 8 years in 2011. For all three years, boys (51%, 56%, and 55%, respectively) and 

Caucasians (58%, 82%, and 67%, respectively) were the most common decedents. Children 

most frequently had CNS and brain cancer in most years of the study (33%, 26%, and 31%, 

respectively), without metastasis at diagnosis (72%, 68%, and 79%, respectively). In 2009, 

more than half (53%) of children had private insurance, while less than half (42%) received 

insurance through public assistance in 2009, with 5% of children having no insurance at all 

in that same year. In 2010, the number of children who had private insurance increased 

slightly to 55%, while those who had insurance by way of public assistance declined to 29%, 

and those without insurance at all rose dramatically to 15%. By 2011, more than half (52%) 

still had private insurance, while those with public insurance rose to 43%, and those without 

insurance decreased to 5%.

The characteristics of Tennessee hospices from 2009 to 2011 are summarized in Table 2. 

For all 3 years, all hospice care providers were considered small, i.e. managing 25 or fewer 

total patients daily. In 2009, 63% of hospice providers were for-profit agencies, although 

this figure fell slightly in 2010 and 2011 to 60%, with the remaining providers as non-profit 

or government agencies. Consistently, 68% of the hospices were free standing, and they 

were generally not accredited by the Joint Commission (70%, 71%, and 66%, respectively).

Mapping Analysis

Figure 1 illustrates the geographic need and supply of pediatric hospice care in 2009. The 43 

cancer decedents had a need for pediatric hospice care in 21 out of the 95 Tennessee 
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counties. This map suggests that there was geographic variation in need across the state. 

Areas with the densest concentration of need were found in the counties in and around 

Memphis, Nashville, Chattanooga, and Knoxville. Pediatric hospice care was supplied in 

42% of the counties. It was supplied predominately in the urban areas, with areas east of 

Memphis and surrounding Knoxville lacking providers. There were five counties where 

hospice care was needed but not supplied.

The 2010 need and supply of pediatric hospice care are depicted in Figure 2. The need for 

hospice care increased to 27 counties that were geographically dispersed in the state. The 

highest concentration of need was in the Memphis and Knoxville areas. The supply of 

pediatric hospice care was concentrated in Memphis, Nashville, and Chattanooga and 

counties in the middle of the state. Hospice care was supplied in 39% of the counties. Knox 

county (where Knoxville is located) and its surrounding counties were especially void of 

pediatric hospice providers. By 2010, there were 12 counties where the pediatric hospice 

need was not met with supply.

Figure 3 presents the pediatric hospice care need and supply for 2011. Children who died 

with cancer had a need for hospice care in 25 counties, a slight decline from 2010. The 

geographic distribution of need was relatively widespread across the state with the density of 

need in the Memphis, Nashville, and Knoxville areas. By 2011, the number of hospice 

providers that supplied pediatric care dwindled to 32% of Tennessee counties, with 10 

counties showing a need for pediatric hospice care that was not supplied. The supply of 

pediatric hospice care was predominately in the mid-section of the state around Nashville, 

whereas the counties surrounding Knoxville generally lacked providers.

Discussion

As one of the first studies to examine the geographic distribution of need and supply of 

pediatric hospice care over time, this study sought to map and describe geographic variation 

in the need for hospice care by a group of pediatric cancer decedents, relative to the supply 

of pediatric hospice care by a set of hospice providers in Tennessee over a 3-year period of 

time. A measure of need for pediatric hospice care based on cancer mortality was used, 

along with a measure of supply of pediatric hospice care based on whether hospice care was 

provided to children in each county. Although the sample of children and hospice providers 

was relatively homogenous, the study identified critical areas within the state where the 

supply of pediatric hospice care consistently did not match the need, or where supply 

declined, while the need for hospice care was unchanging.

The findings demonstrated that there is a consistent need for hospice care for children with a 

terminal cancer diagnosis that was geographically dispersed across the state of Tennessee. 

Jenkins and colleagues found similar results in their hospice study of cancer decedents of all 

ages in Alabama.12 Conversely, we found that the supply of pediatric hospice care declined 

in the three-year period. In 2009 pediatric hospice care was supplied in 40 counties, which 

dropped to 30 counties by 2011. This finding, while counterintuitive in an era of explosive 

hospice industry growth,18 is consistent pediatric hospice research, which found that the 

percentage of pediatric hospice providers declined over a 7-year period in California.19 The 
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change in geographic supply may be attributable to the small size of hospices in Tennessee. 

In certain geographic markets, hospices may lack resources to care for children. Studies 

have shown that small and medium sized hospices often do not have the financial resources 

and physical assets to provide pediatric care.19 Thus, future research might examine the 

influence of organization size on geographic supply of pediatric hospice care, or it might 

identify practical means by which clinicians may address these resource gaps to better serve 

pediatric patients.

The study also identified areas lacking pediatric hospice care in Tennessee. We observed 

that, while urban areas were relatively well supplied by pediatric hospice providers, the 

Knoxville area had a poor supply of providers, especially in 2010 and 2011. In addition, the 

counties where need and supply were mismatched increased from 5 counties in 2009 to a 

high of 12 counties in 2010, and finally decreased only slightly to 10 counties in 2011. 

These findings were generally consistent with those of Virnig et al. and Madigan et al., who 

found that hospice care clustered around urban areas.10,11 It is possible that areas where 

supply does not meet the need for pediatric hospice care may be the result of small hospice 

size. With few staff and resources, a small hospice in an area may have difficulty retaining 

staff (e.g., registered nurses) with knowledge of pediatric hospice care. Hospice staff who 

were once experienced with providing care for children may have terminated their 

employment with the hospice agency, thereby creating a pediatric hospice care void in the 

community. Given recent concerns about hospice nursing turnover,20 further inquiry is 

warranted.

There are several limitations in the study. First, the study was focused on Tennessee, which 

limits generalizability to other states. Although as many as 18 states have hospice CON 

laws, caution should be used in interpreting results beyond Tennessee.21 Second, the 

descriptive nature of our analysis prevents any causal relationships from being discussed. 

Finally, the secondary data used in the study omitted key variables. For example, the 

Tennessee Cancer Registry, although it reported the number of children who died with a 

cancer diagnosis each year, did not report whether children used hospice services. Future 

researchers will need to explore ways of combining data sources such as Medicaid claims 

data to understand the difference between potential need and realized need.22

Despite the limitations, the findings from this study have significant policy implications for 

clinicians and policy-makers, especially those in Certificate of Need states. In the regulatory 

environment of a hospice Certificate of Need, the state establishes criteria for hospices to 

supply a given area of the state. The findings of the study suggest that the Certificate of 

Need process at the state-level might include regulatory language on pediatric hospice care 

as a criteria for ensuring geographic access to pediatric hospice care in the state. Certificate 

of need states such as Tennessee that do not current ask hospice providers whether they 

provide care to children or that care be supplied specifically for children, may benefit from 

establishing provider criteria 16 Thus, through regulatory measures, the supply of pediatric 

hospice care might be maintained for all children in a given geographical region of a state 

over time.
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In summary, the descriptive mapping analysis showed that in a relatively short period of 

time the supply of pediatric care generally failed to meet need for care across a state. 

Although some regions of the state regularly supplied pediatric hospice care for children in 

need, the supply declined in the Knoxville area, where there was consistent need by children 

with cancer and their families. Given the regulatory nature of hospice care in many states, 

the Certificate of Need process—if revised with these results in mind—could aide in 

assuring a continuous supply of hospice care to meet the care needs of children with cancer 

at end of life.
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Figure 1. 
Pediatric Hospice Need and Supply 2009
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Figure 2. 
Pediatric Hospice Need and Supply, 2010
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Figure 3. 
Pediatric Hospice Need and Supply, 2011
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Table 1

Characteristics of Pediatric Cancer Decedents by Year, 2009–2011 (N=119)

Year (n)

2009
(43)

2010
(34)

2011
(42)

Age

   Continuous 0–17 (mean) 8.00 9.00 8.00

Gender

   Female (%) 48.90 44.20 45.30

   Male (%) 51.10 55.80 54.70

Race/Ethnicity

   White (%) 58.10 82.36 66.60

   African American (%) 32.60 8.82 33.40

   Other Races/Ethnicity (%) 9.30 8.82 0.00

Cancer Type

   CNS/Brain Tumor (%) 32.55 26.40 30.90

   Bone/Soft Tissue (%) 20.93 20.59 16.67

   Leukemia (%) 18.60 17.65 28.57

   Other Cancer Types (%) 27.92 35.36 23.86

Metastasis

   No (%) 72.09 67.60 78.50

   Yes (%) 27.91 32.40 21.50

Insurance Type

   No insurance (%) 4.65 15.10 4.77

   Public insurance (%) 41.90 29.10 42.85

   Private insurance (%) 53.45 55.80 52.38
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Table 2

Characteristics of Hospices by Year, 2009–2011 (N=188)

Year (n)

2009
(60)

2010
(63)

2011
(65)

Organization Size

   Small <25pt/day (%) 100.0 100.0 100.0

   Medium 26–100/day (%) 0.00 0.00 0.00

   Large 101+ (%) 0.00 0.00 0.00

Ownership

   For profit (%) 63.40 60.30 60.00

   Nonprofit/government (%) 36.60 39.60 40.00

Affiliation

   Freestanding (%) 68.40 68.30 67.70

   Non-Freestanding (%) 31.60 31.70 32.30

Accreditation: Joint Commission

   No (%) 70.00 71.43 66.20

   Yes (%) 30.00 28.57 33.80
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