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Abstract

Context—Hospitals vary substantially in their end-of-life (EOL) treatment intensity. It is 

unknown if patterns of EOL treatment intensity are consistent across conditions.

Objective—To explore the relationship between hospitals’ cancer- and non-cancer specific EOL 

treatment intensity.

Methods—We conducted a retrospective cohort analysis of Pennsylvania acute care hospital 

admissions for either cancer or congestive heart failure (CHF) and/or chronic obstructive 

pulmonary disease (COPD) between 2001–2007, linked to vital statistics through 2008. We 

calculated Bayes’ shrunken case-mix standardized (observed-to-expected) ratios of intensive care 

and life-sustaining treatment use among two EOL cohorts: those ‘prospectively’ identified at high 

probability of dying (HPD) upon admission and those retrospectively identified as terminal 

admissions (decedents). We then summed these to create a hospital-specific ‘prospective’ and 

‘retrospective’ overall EOL treatment intensity index for cancer versus CHF/COPD.

Results—The sample included 207,523 admissions with 15% or greater predicted probability of 

dying upon admission among 172,041 adults and 120,372 terminal admissions at 166 hospitals; 

these 2 cohorts overlapped by 52,986 admissions. There was substantial variation between 

hospitals in their standardized EOL treatment intensity ratios among cancer and CHF/COPD 

admissions. Within hospitals, cancer- and CHF/COPD-specific standardized EOL treatment 
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intensity ratios were highly correlated for ICU admission (‘prospective’ ρ=.81; ‘retrospective’ ρ=.

78), ICU length of stay (ρ=.76; .64), mechanical ventilation (ρ=.73; .73), and hemodialysis (ρ=.

60; .71), and less highly correlated for tracheostomy (ρ=.43; .53), and gastrostomy (ρ=.29; .30). 

Hospitals’ overall EOL intensity index for cancer and CHF/admissions were correlated (ρ=.75; ρ=.

75) and had equal group means (p=.631; .699).

Conclusions—Despite substantial difference between hospitals in EOL treatment intensity, 

within-hospital homogeneity in EOL treatment intensity for cancer- and non-cancer populations 

suggests the existence of condition-insensitive institutional norms of EOL treatment.

Hospitals vary substantially in their end-of-life (EOL) treatment intensity, as measured by 

their spending in the last 2 years of life among Medicare fee-for-service decedents with life-

limiting illnesses(1) or as measured by intensive care unit (ICU) and LST use among elders 

at a high-probability of dying upon admission.(2)

It is unknown whether hospital-specific patterns of EOL treatment intensity are consistent 

across diagnosis groups. Prior studies have documented differences in treatment intensity 

and spending at the EOL when the patient’s death is “unexpected”.(3, 4) While cancer and 

prevalent non-cancer organ failures such as congestive heart failure (CHF) and chronic 

obstructive pulmonary disease (COPD) are all chronic, eventually fatal illnesses with similar 

mean survival(5–7) , cancer has a different meaning to providers, patients, and families than 

CHF and COPD. Specifically, there is less resistance to the acknowledgement that cancer is 

a terminal condition than there is for advanced CHF and COPD. Some of this resistance is 

cultural, but some of it is due to different functional trajectories near the end of life(8) and 

the greater variance in survival for organ failure than for cancer.(3) Greater confidence in 

the accuracy of mean prognostic estimates for cancer than other chronic, eventually fatal 

illnesses may result in more frequent prognostic disclosure to patients with cancer and, 

perhaps, greater willingness to discuss less intensive treatment options.(9) These phenomena 

likely contribute to the over representation of cancer patients in hospice programs(10–12), 

and their under representation among terminal ICU admissions.(13) It is possible that greater 

willingness to label certain cancer patients as “terminal,” when compared to similarly “sick” 

CHF and COPD patients may result in cancer patients with lower statistical probability of 

death being acknowledged as “dying,” while a CHF or COPD patient may require a higher 

statistical probability, or even be “actively” dying (i.e., failing to respond to the highest 

intensity medical care(9, 14–16)) when they are acknowledged to be “dying.”

The purpose of the current study was to compare hospitals’ cancer- and non-cancer EOL 

treatment intensity. We hypothesized that hospitals’ EOL treatment intensity for cancer and 

non-cancer admissions would vary substantially across hospitals, but would be highly 

correlated within hospitals. We additionally hypothesized that hospitals’ EOL treatment 

intensity would be systematically lower for cancer admissions than for non-cancer 

admissions.

MATERIALS AND METHODS

This is a retrospective analysis of acute care hospital admissions recorded in Pennsylvania 

Health Care Cost Containment Council (PHC4) hospital discharge data between April 1, 
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2001 and December 31, 2007, linked to Pennsylvania Department of Health Vital Statistics 

death records through December 31, 2008.

Sample

PHC4 data contains a predicted probably of in-hospital mortality calculated from key 

clinical findings (KCFs) abstracted from the medical chart during the first 48 hours of 

admission. For each discharge, hospital staff abstract KCFs from the medical record. These 

KCFs encompass over 250 data elements, including vital signs, other physical exam 

findings, and results of laboratory, pathology, and imaging studies. The accuracy and 

reliability of abstracted data are very high when compared to actual patient charts. PHC4 

randomly selects 10% of all PA hospitals for audit each year. Ten patient charts are then 

selected at each hospital and re-abstracted. These audits confirm a 95% consistency since 

1999. Incomplete record keeping, though, will result in inaccuracies, for example, if a 

finding is not recorded in the patient chart, it is assumed to be “not present.” It’s possible 

that there might be systematically less rigorous charting of past medical history on a 

severely ill patient with congestive heart failure who is well known to admitting staff 

through frequent readmissions when compared to a new patient (personal communication, 

Peg Richards, RN, UPMC Health System). This problem is common to even the most 

sophisticated physiology-based risk prediction tools, such as APACHE III, which similarly 

rely on the patient chart. The KCFs collected are diagnosis-specific, and so risk-prediction 

models are similarly diagnosis specific. The KCFs recorded is the worst measure in the first 

48 hours (e.g., the lowest systolic blood pressure); additional KCFs abstracted include 

certain pre-admission findings recorded in the chart (e.g., EKG or imaging results in the 

previous 60 days). No treatment information is abstracted. These KCFs are imported into 

ATLAS software along with administrative fields (e.g., age, gender, race) and sent to 

Cardinal Health Information Companies (CHIC) to calculate an admission risk of death. 

CHIC-MediQual uses a validated, proprietary prediction model developed by CHIC. In a 

recent study of 5 conditions and 3 surgical procedures, the mean c-statistic of inpatient 

mortality models was 0.88 (sd 0.01).(17) Although PHC4 generally only releases categorical 

admission severity groups (ASG) for researchers to use in their risk-adjusted outcomes by 

hospital (An ASG of 0 = probability of death of 0–0.001; ASG 1 = 0.002–0.011; ASG 2 = 

0.012–0.057; ASG 3 = 0.058–0.499; ASG 4 = 0.500–1), we obtained the continuous 

predicted probability of death at admission for use in the present study.

Following our prior work,(2, 18) we used this continuous probability of death to identify a 

cohort at “high probability of dying” (HPD). We defined HPD as being in the 95th percentile 

of predicted probability of dying (PPD), corresponding to a PPD of ≥15% among all 

admissions 21 years of age and older between 2001–2007. This results in an HPD cohort of 

similar total size as the cohort of admissions 21 years of age and older between 2001–2007 

who did, in fact, die during the admission (decedents).

We further subset these two incompletely overlapping cohorts: those at HPD upon 

admission (e.g., “prospective” EOL cohort) and decedents (e.g., “retrospective” EOL 

cohort) into cancer and non-cancer cohorts. We selected admissions with congestive heart 

failure (CHF) and/or chronic obstructive pulmonary disease (COPD) for our non-cancer 
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cohort. Cancer, CHF and COPD are highly prevalent, contribute to three of the four leading 

causes of death in the US, and are frequently used in studies of patients with limited life 

expectancy.(19–21) We used International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM), codes in the first or second diagnosis code position on 

the hospital discharge record to identify patients with cancer, CHF, and/or COPD. Due to a 

high level of comorbidity, we created mutually-exclusive cohorts: those with cancer but 

without COPD/CHF and those with CHF/COPD but without cancer. (Figure 1a, 1b)

Hospital EOL intensity measures

Following our prior work, (2, 18) for each hospital with at least 30 cancer and 30 CHF/

COPD admissions in each cohort (HPD admissions and decedents), we calculated Bayes’ 

shrunken case-mix standardized (observed-to-expected) treatment ratios for 6 treatment 

intensity measures (ICU admission, ICU length of stay, intubation/mechanical ventilation 

(MV), tracheostomy, hemodialysis, and gastrostomy). This involved four steps: First, we 

calculated the 6 observed EOL treatment intensity measures (5 rates – proportion of the 

cohort with an ICU admission, MV, tracheostomy, hemodialysis, gastrostomy – and 1 

conditional mean – ICU length of stay among those with an ICU admission) among cancer- 

and non-cancer HPD admissions and decedents for each hospital. This resulted in 2×6×2 

(24) total measures per hospital. Second we calculated the 24 expected treatment measures 

for each hospital. To do this, we estimated 10 separate multivariable logistic regression 

models to identify the patient-level predictors of the 5 categorical treatment intensity 

measures: (ICU admission, respiratory intubation and ventilation, tracheostomy, 

gastrostomy tube placement, hemodialysis) and 2 linear regression models to identify 

patient-level predictors of log-transformed ICU length of stay in two cohorts: HPD 

admissions and decedents. When fitting these models, we excluded cancer, CHF, and COPD 

as predictors so as not to adjust for the contribution of the conditions of interest to the 

intensity measures. We then applied these coefficients derived from these regressions to 

each admission to calculate a predicted probability of each of the 6 measures. If the patient 

had an ICU stay, we will estimate predicted ICU LOS by back-transforming to the original 

scale (days) by employing the smearing estimate developed by Duan (to allow for any non-

normality in the error distribution). We then summed the predicted values across admissions 

for each hospital to calculate risk-adjusted, expected rates of ICU admission, intubation/

mechanical ventilation, tracheostomy, gastrostomy, enteral/parenteral nutrition, 

hemodialysis and a a risk-adjusted, expected ICU LOS for each hospital for HPD 

admissions and decedents. Third, we divided the estimates of the hospital’s observed 

treatment rates and LOS by the hospital’s expected treatment rates and LOS, to obtain 

standardized treatment ratios for each of the individual measures for the cancer and non-

cancer HPD and decedent admissions. This standardized ratio is the summary measure of 

hospital-level intensity for each treatment. Fourth, to address instability of estimates, 

particularly for smaller hospitals, we then use empiric Bayes shrinkage estimation.(22) For 

details, see the Technical Appendix.

We then used these 6 standardized ratios to calculate an empirically-weighted factor score, 

the EOL intensity index. Specifically, we used factor analysis among all HPD admissions 

(not just cancer- and non-cancer) and among all decedent admissions to obtain factor 

Barnato et al. Page 4

J Pain Symptom Manage. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



loadings for each of the 6 standardized ratios’ relative contribution to the underlying 

construct “EOL treatment intensity.” For both HPD and decedent admissions all 6 measures 

loaded onto a single factor (loadings ranged from .62 to .85). The factor-loadings were 

scaled to create weights that insured the EOL treatment intensity score for the overall HPD 

cohort was standardized to have a mean of 0 and a standard deviation of 1. We then 

multiplied the measure-specific factor loading, or weight, by the hospital’s shrunken case-

mix standardized (observed-to-expected) treatment ratio for the measure, then summed the 

quotients from the 6 measures to obtain an empirically (factor-score) weighted EOL 

intensity index for the hospital. For details, see the Technical Appendix.

Statistical analysis

We compared demographic and clinical characteristics of the admissions comprising the 

cancer and CHF/COPD HPD cohorts using a t-test or Chi-square test, as appropriate. We 

used Pearson’s correlation to explore the consistency between hospitals’ cancer and CHF/

COPD EOL treatment intensity measures and a two-sided paired t-test to compare the mean 

within-hospital cancer and CHF/COPD EOL treatment intensity measures. We used 

multivariable linear regression to explore the relationship between hospital characteristics 

(bed size, annual cancer volume, annual CHF/COPD volume, teaching status, case-mix 

severity [measured as the mean predicted probability of death upon admission among all 

admissions], and urbanicity) and condition-specific EOL treatment intensity.

Human subjects and role of the sponsor

This study was reviewed and approved by the University of Pittsburgh Institutional Review 

Board. The National Institute of Aging played no role in design, analysis, and interpretation 

or in the decision to submit for publication.

RESULTS

Sample characteristics

166/185 (90%) of Pennsylvania acute care hospitals had at least 30 admissions in each of the 

4 cohorts used to profile cancer and non-cancer EOL treatment intensity over the study 

period (HPD cancer; HPD CHF/COPD; decedent cancer; decedent CHF/COPD), 

contributing 207,523 HPD admissions (Figure 1a) and 120,372 decedent admissions (Figure 

1b). These admissions overlapped by 52,986. The demographics of cancer and non-cancer 

EOL cohorts differed, crude rates of ICU and LST use were lower for cancer admissions 

and, among HPD admissions, mortality was higher (Table 1). The 166 study hospitals 

included a heterogeneous group with respect to size, location, and teaching intensity (Table 

2).

Cancer- and Non-cancer EOL treatment intensity

There was wide variation between hospitals in cancer and non-cancer standardized ratios of 

ICU and LST use (Figure 2, panels a-f and g-l), with larger, urban, teaching hospitals having 

greater EOL treatment intensity (Appendix Table A1). Within hospitals, however, the cancer 

and non-cancer measures were highly correlated for ICU admission, ICU length of stay, 

intubation/mechanical ventilation, and hemodialysis, and moderately correlated for 
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tracheostomy, and gastrostomy (Figure 2, Table 3). Cancer-specific ICU admission 

(decedent only), mechanical ventilation (HPD and decedent), and tracheostomy (decedent 

only) measures were systematically lower than the non-cancer measures, but higher for ICU 

LOS (Figure 2, Table 3). The cancer and non-cancer hemodialysis and gastrostomy did not 

differ systematically (e.g., had equal sample means). Hospitals’ cancer and non-cancer 

overall EOL intensity indices were highly correlated and had equal group means (Table 3)

DISCUSSION

In this retrospective analysis of discharge data from Pennsylvania acute care hospitals over 8 

years, we observed heterogeneity between hospitals in EOL treatment intensity, but 

considerable homogeneity within hospitals in their EOL treatment intensity among cancer 

and non-cancer cohorts.

This study extends our prior work that demonstrated substantial between-hospital variation 

in EOL treatment intensity and suggested hospitals have consistent practice patterns, or 

“fingerprints,” of EOL treatment.(2, 18) In the current study we provide additional evidence 

of these “fingerprints” by demonstrating consistency in hospitals’ EOL treatment intensity 

for distinct populations of seriously ill patients – those with cancer and those with the non-

cancer life-limiting organ failures CHF and/or COPD. This condition-specific consistency of 

EOL treatment was most robust for measures of ICU use, intubation/mechanical ventilation, 

and tracheostomy, but somewhat weaker for the other measured life-sustaining treatments – 

hemodialysis and gastrostomy. The lack of consistency in these measures may be explained 

by the relatively low frequencies of these treatments, introducing noise from sampling 

variability.

Counter to our hypothesis, cancer- and non-cancer treatment ratios and overall EOL 

intensity indices did not reveal universally lower EOL treatment intensity for cancer than for 

CHF/COPD. There was systematically lower cancer-specific ICU admission, intubation/

mechanical ventilation, and tracheostomy among decedents within hospitals, compared to 

CHF/COPD, which may reflect greater use of advance care planning in cancer populations 

compared to non-cancer organ failure populations(5, 9) or in ICU admission and intubation 

decision making by physicians.(13, 23) However, current guidelines promulgated by the 

Society of Critical Care Medicine recommend that the severity of the acute disease process, 

rather than the underlying chronic disease diagnosis, be used for ICU triage criteria.(24)

Our study is subject to several limitations. Between 2001 and 2007, PHC4 admissions with 

missing data for predicted probability of dying increased from 14% to 34% overall. This 

increase is due to the PA legislature’s reduction of mandated clinical data abstraction to 35 

DRGs (see Technical Appendix) in order to decrease burden of public reporting on 

hospitals. PPD missingness was systematically greater for cancer admissions over this time 

period, increasing from 4.2% in 2001 to 43% in 2007, than for either CHF (2.5% to 1.8%) or 

COPD (2.4% to 2%), and missingness was correlated with EOL intensity. Nonetheless, 

analyses restricted to earlier years with less missing data produced qualitatively similar 

results. Parallel analyses using terminal admissions (e.g., decedents) rather than HPD 

admissions, to measure EOL intensity produced similar results, although the within-hospital 
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differences in some of the individual cancer vs. non-cancer EOL treatment intensity 

measures (ICU admission, tracheostomy) were more pronounced in the decedent than the 

HPD cohort. Another limitation is that we restricted the cancer and CHF/COPD cohorts to 

patients without co-morbid CHF/COPD and cancer, respectively. This may have 

inadvertently selected a healthier population of patients for calculating condition-specific 

EOL treatment intensity. Finally, we do not have any data regarding indications for 

treatment or about do not resuscitate orders or other treatment limitations chosen by patients 

or their families.

In conclusion, despite substantial difference between hospitals in EOL treatment intensity, 

within-hospital homogeneity in EOL treatment intensity for cancer- and non-cancer 

populations suggests the existence of condition-insensitive institutional norms of EOL 

treatment. To the extent that these differences reflect institutional norms and not patient 

preferences, this may reflect non patient-centered EOL treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sample Selection
Seven years of hospital discharge data included nearly 10 million admissions among nearly 

4 million individual patients. After restricting the sample to in-state residents over age 21 

with mutually exclusive cancer or non-cancer diagnoses, there were 207,523 high 

probability of dying admissions (a) and 120,372 terminal admissions (b). These two cohorts 

overlapped by 52,986 admissions.
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Figure 2. Condition-specific Standardized End-of-Life Treatment Ratios
Scatter plots and density plots of cancer and CHF/COPD standardized (observed to expected 

treatment) intensity ratios among admissions ‘prospectively’ identified as being at the ‘end 

of life’ (e.g., at high probability of dying upon admission; panels a-f) and among admissions 

‘retrospectively’ identified as being at the ‘end of life’ (e.g., terminal admissions; panels g-

l). In the scatter plots, each circle represents a single hospital. Hospitals closer to the 45 

degree line treat patient with cancer and CHF/COPD more similarly. Circles above the line 

treat CHF/COPD patients more intensely than cancer patients, while circles below the line 
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treat cancer patients more intensely than CHF/COPD patients. (Note: one hospital’s data 

point in Figure 2, panel e, falls outside the axis with a cancer-specific standardized ratio for 

tracheostomy of ~ 8).
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Table 2

Characteristics of Study Hospitals (N=166 hospitals)

Bed Size, median (IQR) 217 (125–317)

Teaching Status*, N (%)

  Non-teaching 88 (53%)

  Minor Teaching 52 (32%)

  Major Teaching 25 (15%)

Proportion of admissions which are cancer, mean (sd) 13.2 (2.99)

Proportion of admissions which are CHF/COPD, mean (sd) 33 (8.36)

Mean predicted probability of death on admission, mean (sd) 3.18 (.562)

Proportion of admissions among Medicaid, mean (sd) 12.5 (7.68)

Proportion of admissions among Black, mean (sd) 9.47 (16.2)

*
Teaching status is based upon the resident-to-bed ratio: major teaching=resident-to-bed ratio >0.25; minor teaching=resident-to-bed ratio>0 

but<0.25; and non-teaching=resident-to-bed ratio = 0
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Table 3

Pennsylvania Hospitals’ Mean Cancer and Non-Cancer End-of-life Treatment Intensity, by Cohort (N=166 

hospitals)*

Measure Cancer CHF/COPD P-value Pearson’s
Correlation

HPD-based EOL intensity measures

Standardized treatment ratios, mean (SD)

  ICU admission .98 (.31) 1.0 (.23) 0.068 0.81

  ICU LOS | ICU admission 1.9 (.60) 1.3 (.41) <0.001 0.76

  Mechanical ventilation .89 (.36) .94 (.29) 0.003 0.73

  Hemodialysis .86 (.71) .87 (.55) 0.809 0.60

  Tracheostomy .76 (.88) .82 (.60) 0.334 0.43

  Gastrostomy tube placement .94 (.53) .90 (.45) 0.365 0.29

EOL intensity index, mean (SD)† .029 (.82) .053 (.97) 0.631 0.75

Decedent-based EOL Intensity Measures

Standardized treatment ratios, mean (SD)

  ICU admission .89 (.28) .96 (.22) <0.001 0.78

  ICU LOS | ICU admission 2 (.67) 1.4 (.43) <0.001 0.64

  Mechanical ventilation .84 (.32) .91 (.26) <0.001 0.73

  Hemodialysis .80 (.67) .85 (.59) 0.203 0.71

  Tracheostomy .56 (.61) .71 (.55) 0.001 0.53

  Gastrostomy tube placement .90 (.75) .91 (.52) 0.852 0.30

EOL intensity index, mean (SD)† .035 (.87) .055 (.98) 0.699 0.75

*
Values provided are the mean treatment intensity scores for the standardized observed to expected treatment intensity ratio for cancer and CHF/

COPD. Scores <1 indicate the intensity score for that treatment was less than would expected, while scores >1 indicated the intensity score for that 
treatment was greater than would be expected.

†
The end-of-life intensity index is an empirically-weighted factor score based upon observed-to-expected ratios of each of the individual treatment 

ratios (ICU use, ICU length of stay, intubation/mechanical ventilation, tracheostomy, hemodialysis, and gastrostomy tube placement) for patients at 
a high probability of dying during the hospitalization.

‡
LOS indicates Length of Stay
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