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Abstract

BACKGROUND—Studies of AYA oncology end-of-life care utilization are critical as cancer is 

the leading cause of non-accidental AYA death and end-of-life care contributes significantly to 

healthcare expenditures. We sought to determine the quantity of and disparities in inpatient 

utilization in the last year of life of AYAs with cancer.

METHODS—Using the California Office of Statewide Health Planning and Development 

administrative discharge database linked to death certificates, we performed a population-based 

analysis of cancer patients aged 15–39 who died 2000–2011. We determined the number of 

hospital days and inpatient costs for each patient in their last year of life and clinical and 

sociodemographic factors associated with high inpatient utilization. We also evaluated admission 

patterns as death approached.

RESULTS—The 12,883 patients were admitted 40 days on average in the last year of life, costing 

$149,307 per patient in inpatient costs. As death approached, admission rates and the percent of all 

admissions occurring at non-specialty centers increased. 5% of patients used 20% of bed-days in 

the last year (high-utilizers). Factors associated with high utilization included younger age (15–30 

years), Hispanic ethnicity, non-HMO insurance, and hematologic malignancies.

CONCLUSIONS—AYA oncology decedents spent 40 days admitted in their last year of life. 

Subgroups with high utilization had distinct sociodemographic and clinical characteristics and 
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non-specialty center admissions increased as death approached. This demonstrates the need for 

palliative care at non-specialty centers. Future studies need to determine if these patterns are goal-

concurrent, include high utilizers, and monitor the effect of healthcare reform.
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INTRODUCTION

Cancer is the leading cause of non-accidental death among adolescents and young adults 

(AYAs – aged 15–39) in the US,1,2 making end-of-life care a critical aspect of AYA 

oncology. End-of-life care also has important implications for healthcare costs. Over 10% of 

the US healthcare budget3 and over 25% of Medicare claims are devoted to the last year of 

life.4 However, there is a paucity of information regarding AYA oncology end-of-life care in 

general and almost none on AYA oncology end-of-life healthcare utlization.2 Utilization 

studies are key given our healthcare expenditures and potential legislation that may limit 

access.

It is imperative that we determine AYA oncology patients’ hospital utilization in the last year 

of life, in order to determine the burden of end-of-life care on the healthcare system, 

patients, and families. This information can then be used to determine if the utilization 

patterns are due to patient preference or are influenced by other factors such as provider 

preference or resource availability. While there has been an impressive growth in palliative 

care programs in the US in the last 15 years, they are not evenly distributed; palliative care 

programs are more commonly housed in larger hospitals and in certain regions of the US.5 

Determining the prevalence and patterns of healthcare use in the last year of life for AYAs 

with cancer is important in order to begin to examine the appropriate distribution of 

palliative care resources. Therefore, we sought to determine AYA cancer decedents’ 

inpatient utilization in the last year of life at a population level.

PATIENTS AND METHODS

Study Design and Oversight

We conducted a retrospective (2000–2011) population-based analysis using the California 

Office of Statewide Health Planning and Development (OSHPD) Private Patient Discharge 

Data database linked to the Vital Statistics Death Certificate Data File. The database 

contains data on all inpatient discharges from all California hospitals except federal facilities 

and prison hospitals. OSHPD includes the following information on each discharge: age, 

race/ethnicity, sex, zip code of residence, payer status, length of stay, charge, and up to 24 

ICD-9 codes. Stanford University IRB and the State of California Committee for Protection 

of Human Subjects approved the study. Guidelines for reporting of studies using 

administrative data were followed.6
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Study Population

The study population included patients aged 15–39 at the time of death, who died 2000–

2011, and had an oncologic ICD-9 code during a hospitalization within six months of death 

or cancer as a death certificate cause of death but did not die of peripartum events or trauma 

to help ensure that patients were dying of cancer, not with cancer. (Figure 1). We could only 

examine patients with record linkage numbers. In order to have complete data and accurate 

on patients, we also excluded patients that were non-California residents (n=204) and 

patients that had non-sensical information in their records such as admissions after date of 

death (n=51). Before removing the last group of eligible patients due to non-California 

residency, non-sensical information, or potential death due to peripartum event or trauma, 

there were 13,352 patients identified. 11,335 (85%) of the 13,352 were identified both by a 

cancer ICD-9 during an admission and cancer ICD-10 on their death certificate, 785 (6%) on 

death certificates only and 1212 (9%) through cancer ICD-9 only. Of the 785 without an 

admission with a cancer ICD-9, only 123 were admitted but did not have a cancer ICD-9 

during their admission – the rest were not admitted in the last 6 months of life. An initial list 

of oncologic ICD-9 codes were developed by combining the oncologic diagnosis in the 

Clinical Classification Software7 and oncologic ICD 9 codes previously used in OSHPD.8 

Death certificate cause of death categories for malignant neoplasms (C00-C97) were 

included. Potential non-malignant conditions were excluded such as carcinomas-in-situ and 

abnormal Papanincolaou smears as were patients who died of accidents or peripartum 

events. The resulting ICD-9 codes were grouped according to Surveillance, Epidemiology, 

and End Results Program (SEER) AYA Site Categories.9 Four oncologists independently 

reviewed the list for completeness and accuracy.

Study Variables

Independent Variables—The socio-demographic variables included payer status, age, 

gender, race and ethnicity, median household income (from zip code median household 

income categorized by the 2004 federal poverty level), and distance from residence to the 1) 

nearest specialty center, 2) nearest hospital, 3) last hospital used. Specialty centers were 

defined as Children’s Oncology Group (COG) centers for those less than 18, National 

Cancer Institute or COG for those 18 or older. Patients were classified according to AYA 

SEER categories through ICD-9 codes as described above.

Elixhauser’s enhanced comorbidity score was chosen as a comorbidity index because it was 

developed with the OSHPD database and included oncology patients.10,11 Each patient 

scored one point for each non-oncologic comorbidity category present during their final 

admission.12 Payer status and comorbidities were determined from the last hospital 

admission before death. Location of death was determined from death certificate or 

disposition of death on a terminal admission. The remainder of the variables were 

determined from the death certificate unless missing on the death certificate and were then 

abstracted from the last hospital admission.

Dependent Variables—The number of unique admissions and number of days admitted 

in the last year of life were calculated, excluding admissions with ICD-9s for accidents 

(except medical errors) and peripartum care. AYA decedents with high utilization rates, 
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“high utilizers”, as determined by total bed days were calculated using a Pareto analysis – 

which plots how resources are distributed throughout a population. We plotted what percent 

of patients used what percent of the total end-of-life bed days for the cohort. The 

corresponding Gini coefficient was calculated. Gini coefficients quantify the difference 

between a given distribution and the perfectly equal distribution (where each one percent of 

the population takes up one percent of bed days) and are frequently used to describe a 

country’s income distribution. A Gini Coefficient of zero corresponds to perfect equality of 

distribution and a Gini coefficient of one perfect inequality. The US income distribution has 

a Gini Coefficient of 0.48.13

Cost Calculation

OSHPD includes charge but not cost information and each hospital’s financial information. 

Hospital specific ratios of cost to charge [RCC: (Total Operating Expenses-Other Operating 

Revenue)/Total Gross Patient Revenue)] were calculated. The RCC multiplied by charge was 

then used to determine costs.14–15 One HMO system did not report charges to OSHPD so 

patients admitted to their system (1776 patients, 13.7% of the study population) were 

excluded from the cost analysis. Costs were adjusted to 2016 US dollars.

Statistical Analysis

Descriptive statistics were calculated for each independent and dependent variable above. 

The percent of the population admitted each day was calculated for the population as a 

whole and for each subset of the population (diagnosis, age, etc.). The percent of admissions 

at specialty versus non-specialty centers was calculated each month. Admissions were 

attributed to the month the admission started.

A logistic regression model was constructed to determine associations with being a high 

utilizer (top 5% of bed-day users). All clinical and sociodemographic variables were 

included in the univariate analysis. Due to concerns for colinearity, the distribution in the 

population, and the univariate results, distance to last hospital was retained for the 

multivariable model, but distance to specialty center, distance to closest hospital, and urban/

rural status were not. The rest of the independent variables were chosen a priori and retained 

for the regression analysis. For sensitivity analysis, we also conducted a regression analysis 

without location of death in case hospital death was so highly associated with increased 

utilization that it would skew the remainder of the results. Given how diagnosis and age are 

inter-related, we examined the interaction between diagnosis and age. Test for trend analysis 

was conducted for age and year of death. We present adjusted odds ratios (OR) and 95% 

confidence intervals (CI). SAS version 9.1 (SAS Inc., Cary, NC) was used.

RESULTS

Study Population Characteristics

The final study population included 12,883 patients and had the expected clinical and 

sociodemographic breakdowns for a cohort of terminal AYA oncology patients in California 

(Table 1). In particular, 65% of the study population was 31 or older, 61% of the population 

had solid tumors, 39% hematologic malignancies, 95% were admitted in the last six months 
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of life, and most patients (70%) were admitted to a community center at least once in their 

last 6 months of life. The largest racial/ethnic group was non-Hispanic white (46%) followed 

by Hispanics (30%). Almost half of the population (48%) was publically insured.

Last Year Overall Utilization/Cost

AYAs dying of cancer spent a mean of 40 days (Standard Deviation (SD): 42) in the hospital 

in their last year of life, with a mean cost of $149,307 (SD: $201,451). Most of their 

admissions and inpatient expenses occurred in the last 6 months of life: in the last 6 months 

they spent a mean of 32 days in the hospital (SD: 34), with a mean cost of $124,444 (SD: 

$175,816).

In the last year of life, hospital admissions were not evenly distributed throughout the 

population. In particular, 5% of the patients used 20% of the bed-days and 20% of the 

patients, 53% of the bed days (Figure 2). The associated Gini Coefficient was 0.49.

Factors Associated with High Bed Utilization in the Last Year of Life

Being in the top 5% of utilizers in the last year of life was associated with younger age [15–

21 years: OR 2.85 (95% CI 2.27–3.58), 22–30 years: OR 1.81 (1.48–2.22)], Reference: 31–

39 years], Hispanic ethnicity [OR 1.51 (1.23–1.86), Reference: Non-Hispanic white], and 

non-HMO insurance [private: OR 1.48 (1.06–2.04), public/self pay: OR 1.84 (1.34–2.50)], 

Reference: HMO insurance]. Additionally, patients with hematologic malignancies were 

more likely than those with solid tumors to be high utilizers [OR 3.11 (2.56–3.78)]. 

Admission only at a specialty center was also associated with being a high utilizer [OR 1.64 

(1.36–1.97): Reference: not-always specialty]. Additionally, there were more high utilizers 

at the end of the study period than at the beginning [2004–2007: OR 1.38 (1.12–1.71), 

2008–2011: OR 1.38 (1.11–1.72), Reference: 2000–2003] (Table 2). Other factors 

associated with increased utilization were distance from final hospital to home and dying in 

the hospital. Analysis without location of death changed magnitude of associations (up to 

20%) but did not change direction of associations or significance. Additionally, analysis of 

the interaction between age and diagnosis showed 1) At all ages patients with hematologic 

malignancies were more likely to be high utilizers 2) For both diagnosis groups, patients 15–

21 were more likely to be high utilizers than patients 22–29, who were more likely to be 

high utilizers than patients 30–39 (data not shown). However, test for trend analysis showed 

that the age and outcome relationship were not linear (data not shown).

Patterns in the Last Year of Life

As death approached, the percent of the population admitted at a given time increased 

(Figure 3). Each subgroup analyzed (age, diagnosis, payer status, hospital type) was distinct 

in detail towards the end-of-life, but the overall pattern for utilization for each subgroup did 

not change. As death approached, an increasing percentage of the admissions occurred at 

non-specialty centers with 70% of admissions occurring at non-specialty centers in the last 

month before death (Figure 3). There was a slight trend towards admissions occurring at 

hospitals closer to home (Figure 3). Admissions 12 months from death were a mean of 24.4 

miles from the patients’ home and admissions within the last month of death were 20.3 

miles from home, but this was not a statistically significant difference.
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DISCUSSION

AYAs dying of cancer in California spent an average of 40 days admitted at a cost of 

$149,000 per patient in inpatient costs in their last year of life. This may be unwanted by 

families and may represent an unneeded burden on the healthcare system. This is the first 

study to determine AYA oncology patient’s hospital utilization in their last year of life, and 

these results appear consistent with the limited existing literature: In British Columbia, 

oncology patients spent an average of 20–25 days in the hospital in their last year16 and, in 

Australia, just over 40.17 The cost data also appears consistent with the existing literature: 

the average inpatient costs for a cohort of older cancer patients (average age 62) in the last 6 

months of life were $40,702 in 2009 dollars – just over $45,000 in 2016 dollars (compared 

to $124,000 in our study).18 As younger patients and non-HMO patients had higher 

utilization in the last year and our data is a younger cohort and the cost data lacks some 

HMO cost information, it is not surprising that our costs are higher than in the older cohort. 

What is unknown, is whether this utilization is consistent with goals of care for AYA 

oncology patients and how many bed days are preventable through better home services or 

earlier prognosis discussion. It has been shown that end-of-life conversations are associated 

with lower costs in older cancer patients (and higher quality of life) in the last week of life.19 

However, the impact of end-of-life conversations on health care earlier in the year is 

unknown. The number of days at home as death approaches has been suggested as a quality 

marker for end-of-life oncology care.20 Therefore, it will be important to determine if it is an 

appropriate AYA oncology marker and, if appropriate, what the benchmark should be. This 

AYA end-of-life cost and utilization analysis establishes a baseline that will allow for 

monitoring as changes to the Affordable Care Act (ACA) potentially limit home resources, 

the advent of immunotherapy changes prognostic conversations, and there is continued 

growth of palliative care programs. This is particularly critical to monitor as there was 

increased utilization later in the study period.

Not all patients and families contributed to this utilization and cost equally – as evidenced by 

the Gini coefficient of 0.49. There were both sociodemographic and clinical disparities in 

AYA oncology utilization in the last year of life that appear to drive this inequitable 

distribution. Sociodemographic factors associated with increased utilization included: 

younger age, Hispanic ethnicity, non-HMO insurance, and living farther from the hospital. 

Clinical factors associated with increased utilization included admission at specialty centers 

and hematologic malignancies. This is consistent with international and Medicare studies 

that show end-of-life utilization varies with diagnosis,21–27 age,17,26,28 gender,22,24 race/

ethnicity,22,24 socioeconomic status,26 and comorbidities.29 Again, it is unknown if these 

disparities are due to patient preference or other factors such as provider preference, local 

hospice availability, or delayed end-of-life conversations, among others. Therefore, it is 

critical to include known high utilizer populations in studies of end-of-life preferences in 

order to discern the underlying cause, and for providers to be aware of this disparity when 

providing end-of-life care. This suggests that further studies of HMO systems are warranted 

to determine if they are decreasing utilization (and costs) in a goal concurrent manner. If so, 

the HMO model may provide ideas for potential end-of-life interventions that can decrease 

costs and increase end-of-life care quality. Finally, applying the Gini coefficient to determine 
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the skewed distribution of end-of-life care is novel. It can be used to monitor the state of 

end-of-life care in the US and how policies such as ACA revisions lead to greater equality or 

inequality in end-of-life care.

As death approaches, patients were admitted with increased frequency and a higher 

percentage of those admissions occurred at non-specialty centers. This increased utilization 

as death approaches is not surprising and has been previously showed in Australian22 and 

Canadian26 cancer patients. However, the increased non-specialty center utilization at end-

life life is a new finding that needs to be further explored to determine how such utilization 

affects goal concurrent care for AYAS dying of cancer. Some of the increased non-specialty 

center utilization may be driven by patients choosing to be admitted closer to home as they 

near the end-of-life as there was a slight decrease in distance from admission hospital to 

home as death approached. However, we previously showed that AYAs admitted to non-

specialty centers were more likely to receive medically intense end-of-life care 

(cardiopulmonary resuscitation, intubation, etc.) than those admitted to specialty centers at 

end-of-life.30 Therefore, it appears that there is different end-of-life care at the two 

locations: community centers are less likely to see the high utilizers, but they increasingly 

see patients as death approaches and the patients they see are more likely to have medically 

intense interventions. We need to determine if this is consistent with patient goals - do 

patients at specialty centers want to spend more time in the hospital and do patients at 

community centers want to have medically intense interventions? Regardless, there are 

important implications for clinicians and community hospital programs as 70% of AYA 

oncology admissions in the last month of life occur at non-specialty centers it is imperative 

that they have the resources and information to care for AYAs dying of cancer. We need to 

be sure that 1) non-specialty center physicians are well-versed in AYA end-of-life best 

practices, 2) palliative care programs are available at both specialty and non-specialty 

centers, 3) non-specialty centers have strong relationships with local hospice agencies, and 

4) there is good communication between specialty center clinicians initially caring for these 

patients and the non-specialty center clinicians that are providing end-of-life care. This non-

specialty center utilization at end-of-life may increase further if there are cuts to Medicaid, 

making considerations of palliative care resource distribution and training critical.

This full population study has limitations that should be considered. It is limited to 

California patients, but as over 10% of the US population resides in California and as 

California is a diverse state, it has important implications.31 Only patients in the linked 

hospital admission and death certificate database are included in the study. Therefore, we 

miss patients that were not admitted at any point in their lives, patients only admitted in 

other states, at prison or VA hospitals, or patients without record linkage numbers. There are 

2777 patients in the death certificate database alone that meet our inclusion criteria. If they 

were never admitted, it would bias our results towards more inpatient utilization and costs in 

the last year of life and bias our results towards a less skewed distribution of admissions in 

the last year of life. As 95% of the study population was admitted in the last six months of 

life, the number of AYA oncology patients never admitted is most likely small. Additionally, 

44% of the 2777 unlinked patients died in the hospital – therefore we know that almost half 

of those patients were admitted at some point in their lives but were not included due to 

admission at a non-qualifying hospital (VA, prison, or out of state) or lacked a record 
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linkage number. This a deceased patient study, which has limitations when compared to 

prospective studies of actively dying patients.32 This study includes all patients that died, 

rather than just those who died due to their disease and not treatment related mortality. In a 

prospective death cohort study we could study patients that had a sentinel event such as 

relapse that meant they were expected to die rather than just all patients that died and 

examine their healthcare utilization once they received a terminal diagnosis. Deceased 

patient studies frequently restrict themselves to patients with known terminal disease – stage 

IV diagnosis or relapse to ensure they are only looking at patients who should potentially 

have a palliative approach to care, rather than patients who die of treatment related mortality. 

However, staging and relapse information is not available in the OSHPD database. Instead, 

this study gives us broad overview of end-of-life utilization for a full population – data 

which is not currently available for prospective studies of death. Additionally, with the 

emergence of immunotherapy and other new treatment paradigms, accurate prognostication 

becomes increasingly challenging for clinicians and researchers. Therefore, studies that 

include all oncology decedents have a role. Linkages between cancer registries and 

administrative databases would allow us to focus on patients who were expected to die of 

their disease. Finally, there are other aspects of end-of-life care utilization such as clinic and 

hospice utilization. However, over half of end-of-life oncology costs are known to occur in 

the inpatient setting in older patents patients (and presumably more in younger patients).18 

Therefore, inpatient costs have important implications for the healthcare system and 

inpatient utilization may not be consistent with patient wishes. Regardless of the limitations, 

this study establishes a methodology for studying end-of-life utilization and disparities at a 

population level and sets a baseline for future studies of AYA oncology end-of-life studies.

In conclusion, this population based study in California revealed that AYA oncology 

decedents spent an average of 40 days in the hospital in their last year of life – over one in 

nine days. However, the admissions were not evenly distributed throughout the population 

with more bed days in Hispanics, younger patients, those with non-HMO insurance, those 

living further from the hospital, and those with hematologic malignancies. Additionally, the 

trend over time revealed that those who died after 2003 had increased utilization. It is 

unknown if these disparities are due to patient preference or another factor such as provider 

preference or local resources. Additionally, not only are increasing numbers of patients 

admitted as death approaches, but they are increasingly admitted at non-specialty centers. 

This has important implications for how AYA end-of-life training and resources are 

distributed. This study both highlights groups warranting focus for further studies of end-of-

life care preferences and lays the groundwork for future studies of end-of-life utilization in 

this vulnerable population, which will be particularly important to monitor with potential 

changes to US healthcare policy.
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Figure 1. 
Study population: Adolescent and Young Adult (15–39) Oncology Decedents in California 

from 2000 to 2011
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Figure 2. 
Pareto Analysis of bed-days in the last year of life of AYA Oncology Decedents
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Figure 3. 
Patterns of care of AYA oncology descendants in the last year of life: Panel A: Percent of 

total population admitted each day as death approached, Panel B: By Diagnosis, Panel C: By 

Race/Ethnicity, Panel D: By Death Age, Panel E: Percent of all admissions at Non-Specialty 

Centers, Panel F: Distance between hospital and home for patients admitted on a given day 

before death

Johnston et al. Page 13

Cancer. Author manuscript; available in PMC 2019 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnston et al. Page 14

Table 1

Demographics and Utilization of Study Population

DEMOGRAPHICS

CHARACTERISTIC CATETORY N (%)

FULL POPULATION

(12,883)

DEATH AGE

15–21 1455 (11.3)

22–30 3088 (24.0)

31–39 8340(64.7)

TREATMENT CENTER

Not Always Specialty 9026(70.1)

Always Specialty 3195 (24.8)

Not Admitted Last 6 Months 662 (5.1)

INSURANCE

HMO 1712 (13.3)

Public/Self 6164 (47.9)

Private 5003 (38.8)

GENDER
Female 6195 (48.1)

Male 6687 (51.9)

RACE/ETHNICITY

Non-Hispanic White 5948 (46.2)

African American 1170 (9.1)

Hispanic 3883 (30.1)

Other 1882 (14.6)

INCOME (In county of residence with reference to Federal Poverty Level)

Unknown 238 (1.9)

<2* FPL 3035 (23.6)

2–4* FPL 7779 (60.4)

>4 *FPL 1831 (14.2)

METROPOLITAN STATISTICAL AREA
Rural 857 (6.7)

Urban 12026 (93.4)

YEAR OF DEATH

2000–2003 4733 (36.6)

2004–2007 4436 (34.3)

2008–2011 3769(29.1)

DIAGNOSIS

Hematologic Malignancies 5003 (38.8)

Acute Lymphoblastic Leukemia 869 (6.8)

Acute Myelogenous Leukemia 716 (5.6)

Other Leukemia 297 (2.3)

Non-Hodgkin Lymphoma 2821 (21.9)

Hodgkin Lymphoma 300 (2.3)

Solid Tumors 7880 (61.2)

Cancer. Author manuscript; available in PMC 2019 April 15.
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DEMOGRAPHICS

CHARACTERISTIC CATETORY N (%)

CNS Tumors 2639 (20.5)

Bone Tumors 1407 (10.9)

Soft Tissue Sarcoma 539 (4.2)

Skin Cancer 147(1.1)

Head and Neck 156(1.2)

Respiratory 943 (7.3)

Gastrointestinal 1329 (10.3)

Gyn-urology 410 (3.2)

Breast 122 (1.0)

Miscellaneous 192 (1.5)

COMORBIDITIES AT LAST HOSPITAL

0 3240 (25.2)

1 3427 (26.6)

2 or more 6216 (48.2)

DISTANCE LAST HOSPITAL TO HOME

0–5 miles 679 (38.0)

6– 20 miles 5130 (39.8)

21 or more miles 2857 (22.2)

LOCATION DEATH

Home 4211 (32.7)

Hospital 6814 (52.9)

Other 1858 (14.4)

UTILIZATION

ASPECT TIME FRAME AMOUNT (STD DEV)

LENGTH OF STAY
Last 6 months 32 days (34 days)

Last 12 months 40 days (42 days)

INPATIENT COST
Last 6 months $124,444 ($175,816)

Last 12 months $151,072 ($202,562)
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