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Abstract

Background: Among patients undergoing high-risk cancer surgery, little is known regarding 

how much time is spent away from home, either the hospital or in a skilled nursing facility, in the 

year following surgery.

Study Design: This is a retrospective cohort study using Medicare Inpatient claims and the 

Minimum Data Set (MDS) to look at beneficiaries ages 65 and older undergoing cystectomy, 

pancreaticoduodenectomy, gastrectomy and esophagectomy from 2010–2012. Overall adjusted 

percentage of time spent at home, in the hospital, and in a facility was modeled for the year 

following surgery.

Results: A total of 37,748 beneficiaries underwent high-risk cancer surgery during the study 

period and 28.3% died within 1 year. On average, beneficiaries had 1.5 ± 2.0 hospital 

readmissions, spent 13.9 ± 26.2 days in the hospital, had 1.5 ± 1.0 admissions to a facility and 

spent 37.2 ± 50.6 days in a facility in the year after surgery. Among beneficiaries who were alive 

and dead at one year, 13% and 25% of time was spent away from home, respectively. Beneficiaries 

who were initially discharged to a facility following surgery and died within 1 year spent 39% of 

their final year in the hospital and/or a facility.

Conclusion: Time spent away from home in the hospital and/or nursing facility in the year 

following high-risk cancer surgery is substantial among Medicare beneficiaries. This information 

is crucial in counseling patients on post-operative expectations and may additionally influence pre-

operative decision-making.
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Introduction

Many cancer diagnoses in older adults are associated with a poor prognosis. While many 

choose to undergo high-risk surgery for their cancer diagnoses, the recovery following such 

surgery can be long and arduous. The overwhelming majority of these patients survive the 

hospital admission during which the surgery is performed, however, greater than 10% will 

be discharged to skilled or assisted living facility,1,2 and 10–22% will be readmitted to the 

hospital within 30-days.3–9

While these statistics during the early postoperative period are staggering, little is known 

about where these individuals spend their time beyond the 30-day postoperative period. High 

rates of complications following these procedures, upwards of 20–50%,10–13 make it likely 

that patients will continue to require high levels of care, potentially requiring time spent in 

either in the hospital or in a skilled or assisted living facility. However, the amount of time is 

spent outside of the home in such institutions after high risk cancer surgery is currently 

unknown.

In order to address this knowledge gap, we conducted a retrospective cohort study of 

Medicare beneficiaries undergoing cystectomy, pancreaticoduodenectomy, gastrectomy and 

esophagectomy using Medicare claims data and the Minimum Data Set (MDS) for Nursing 

Home Residents from 2010 to 2012. Findings from this study will provide important 

information to assist in setting realistic post-operative expectations and planning, in addition 

to contributing important information related to healthcare utilization and cost related to the 

care for patients undergoing these procedures.

Materials and Methods

Subjects and Databases

We identified a cohort of Medicare beneficiaries undergoing cystectomy, 

pancreaticoduodenectomy, gastrectomy and esophagectomy from 2010–2012 using the 

Medicare Inpatient files. These files contain data on all fee-for-service inpatient 

hospitalizations for Medicare beneficiaries ages 65 and older. Individuals were identified 

using International Classification of Diseases, Ninth Revision (ICD-9), procedure codes with 

corresponding ICD-9 diagnosis codes for cancer (Supplemental Table). The Minimum Data 

Set (MDS) for Nursing Home Residents was used to determine time spent in a nursing 

home. The MDS is a quarterly mandatory assessment of all nursing home residents in the 

United States who receive Medicare or Medicaid benefits and is linked to the Medicare 

Inpatient Files.

Outcome measures

Our primary outcome of interest was the proportion of days that each beneficiary spent at 

home, in the hospital, and in a skilled or assisted living facility in the year following the 

surgical episode of care (starting from the discharge date of the index surgical encounter). 

The number of days spent in the hospital was calculated from the admission and discharge 

dates of all hospital encounters found in the Medicare Inpatient file. The number of days in 

the skilled or assisted living facility was obtained from the Minimum Data Set for Nursing 
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Homes (MDS), which also includes admission and discharge dated to the facility. Date of 

death was abstracted from the Medicare Inpatient and Denominator data files.

Covariates

Demographic information on age, gender, race, discharge disposition, comorbidity, hospital 

length of hospital stay and calendar year were obtained from the Medicare Inpatient files. 

Discharge disposition from the encounter related to the index surgical procedure was 

reported either as to home without assistance or to a facility (including to a skilled nursing 

facility, other type of inpatient facility, hospice or other discharge destination). Comorbidity 

was calculated by the Charlson Comorbidity Index score, as previously described in the 

literature.14

Statistical Analysis

In order to account for beneficiaries who died within one year of surgery, we calculated the 

percent of time spent in the hospital and in a skilled or assisted living facility. To do this, we 

used the number of days in the hospital, or the number of days in the facility, as the 

numerator and the total number of days alive in the year following surgery as the 

denominator to calculate percentage of days in the hospital or facility, respectively. This 

calculation allowed us to obtain a percentage of time spent in each location, while 

accounting for the amount of time that each individual was alive during the study period. 

The percentage of time spent at home was then calculated by subtracting the percentage of 

days in the hospital and the percentage of days in a facility from 100% via the following 

formula:

% time at ℎome  =  100%  −   % time in ℎospital  +  % time in facility

Results were fit via a generalized linear model adjusting for procedure type (cystectomy, 

pancreaticoduodenectomy, gastrectomy and esophagectomy), age, gender, race, Charlson 

Comorbidity Index score, hospital length of stay, discharge disposition, and calendar year. 

Results are reported as stacked bar graphs illustrating percentage of time spent in each 

setting.

In order to better understand which beneficiaries died within 1-year and which were 

discharged to a facility following surgery, we performed separate relative risk regression 

models with Poisson distribution for the following independent variables: procedure type, 

age, gender, race, Charlson Comorbidity Index score, hospital length of stay, discharge 

disposition (where appropriate), and procedure year. For all analyses, p=0.05 on two-sided 

significance test with a 5% α level was considered statistically significant. Analyses were 

performed using SAS statistical software, version 9.4 (SAS Institute Inc).

Results

Summary characteristics of the study cohort are presented in Table 1. There were a total of 

37,748 individuals in the cohort who underwent gastrectomy (25.9%), cystectomy (37.9%), 

pancreaticoduodenectomy (28.7%), and esophagectomy (7.5%). Overall, 10,700 (28.3%) of 
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the study cohort died within one year of surgery. Subjects who died in the year following 

surgery were more likely, compared to subjects who were alive at one year after surgery, to 

have had a pancreaticoduodenectomy (33.1% compared to 27.0%, p<0.0001), to be older 

(mean age 75.8 ± 6.6 years compared to 74.3 ± 6.1 years, p<0.0001), to be black (10.0% 

compared to 8.3%, p<0.0001), to be discharged to a facility (33.6% compared to 18.6%, 

p<0.0001), and to have a higher Charlson Comorbidity Index score (9.7% had a score >4 

compared to 5.0%, p<0,0001). These individuals also had longer hospital lengths of stay 

during the hospitalization wherein the index surgical procedure occurred (mean 15.4 ± 12.6 

days compared to 11.1 ± 8.2 days, p<0.0001), had more hospital readmissions (mean 2.0 ± 

2.1 compared to 1.3 ± 1.9, p<0.0001) and spent more days in the hospital in the year 

following surgery (19.7 ± 27.0 compared to 11.5 ± 25.4, p<0.0001). Individuals who died in 

the year following surgery had a similar number of admissions to a facility, compared to 

those who were alive 1-year following surgery, (1.5 ± 0.9 compared to 1.5 ± 1.0, p=0.2127) 

and spent fewer total number of days in a facility (31.6 ± 37.0 days compared to 41.0 ± 57.8 

days, p<0.0001).

Figure 1 illustrates the percentage of time spent at home, in the hospital, and in a facility 

among individuals were alive versus dead at one year following surgery. Subjects who were 

dead one year after surgery spent 75.5% of their time at home (compared to 87.1% of time 

spent at home for the subjects who were alive). They also spent a higher percentage of time 

in the hospital (16.8% compared to 7.2%) and in a facility (7.7% compared to 5.7%).

Table 2 shows results for a model depicting the relative risk of subjects who died within 1 

year following surgery. Increased relative risk of death at 1-year was associated with having 

a pancreaticoduodenectomy [adjusted RR 1.25 (95% CI 1.20–1.30)] or a cystectomy [aRR 

1.15 (95% CI 1.10–1.20)] compared to a gastrectomy, with older age [aRR 1.11 (95% CI 

1.06–1.16) for ages 75–79, aRR 1.20 (95% CI 1.14–1.26) for ages 80–85, and aRR 1.31 

(95% CI 1.24–1.39) for ages ≥85 years, all compared to ages 65–69], with black race [aRR 

1.07 (95% CI 1.02–1.13), compared to white race], with increasing Charlson Comorbidity 

Index score [aRR 1.36 (95% CI 1.31–1.41) for scores 2–3, aRR 1.59 (95% CI 1.50–1.68) for 

scores >4, compared to scores 0–1], with longer hospital length of stay during the index 

hospitalization [aRR 1.24 (95% CI 1.17–1.31) for 9–13 days, aRR 1.57 (95% CI 1.49–1.65) 

for ≥14 days, compared to 1–6 days], and with those who were discharged to a facility rather 

than to home [aRR 1.77 (95% CI 1.71–1.83)]. Female gender [aRR 0.91 (95% CI 0.88–

0.94)] and race other than white or black [aRR 0.88 (0.82–0.94)] were associated with 

decreased risk of death within one year following surgery.

Since discharge to a facility was strongly associated with increased risk of death in the year 

following surgery, we decided to look more closely into which factors were associated with 

this finding. Table 3 shows the results of a model predicting relative risk of discharge to a 

facility following high-risk cancer surgery. Increased relative risk of this outcome was 

associated with having a cystectomy [aRR 1.52 (95% CI 1.44–1.60)], esophagectomy [aRR 

1.27 (95% CI 1.17–1.39)], or pancreaticoduodenectomy [aRR 1.15 (95% CI 1.09–1.21)], 

compared to a gastrectomy, with older age [aRR 1.27 (95% CI 1.18–1.36) for ages 70–74, 

aRR 1.76 (95% CI 1.65–1.87) for ages 75–79, aRR 2.27 (95% CI 2.13–2.41) for ages 80–85, 

and aRR 2.75 (95% CI 2.57–2.95) for ages ≥ 85 years, compared to ages 65–69], with 
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female gender [aRR 1.40 (95% CI 1.34–1.46)], with black race [aRR 1.09 (95% CI 1.02–

1.16)], with increasing Charlson Comorbidity Index score [aRR 1.37 (95% CI 1.30–1.43) for 

scores of 2–3, aRR 2.40 (95% CI 2.26–2.55) for scores >4 compared to scores of 0–1], and 

with increasing length of hospital stay [aRR 1.58 (95% CI 1.46–1.72) for 7–8 days, 2.00 

(95% CI 1.85–2.16) for 9–13 days, and aRR 2.81 (95% CI 2.60–3.02) for ≥ 14 days, 

compared to 1–6 days].

Figure 2 illustrates the percentage of days spent at home, in the hospital and in a facility in 

the year following surgery based on whether or not subjects who were dead at one year were 

discharged to a facility or discharged home following the index surgery. Subjects who were 

discharged to a facility spent 61.4% (compared to 86.7%) of their time in the year following 

surgery at home. Additionally, they spent 25.5% of their time in the hospital (compared to 

10.0%) and 13.1% of their time in a facility (compared to 3.3%).

Discussion

Among Medicare beneficiaries undergoing high-risk cancer surgery, the time spent away 

from home (i.e., in the hospital or in a facility) in the year following surgery is high −13% 

among beneficiaries who were alive at 1-year after surgery and 25% among beneficiaries 

who died in the year following surgery. Discharge to a facility, among other predictors, was 

associated with an increased relative risk of death during the year after surgery, and 

beneficiaries who were discharged to facility and who died in the year following surgery 

ended up spending, on average, 39% of their final year of life in the hospital and/or in a 

facility.

The existing literature is mainly limited to 30-day readmissions and to initial hospital 

discharge destination following these high-risk cancer surgeries. One study using data from 

the Healthcare Cost and Utilization Project’s State Impatient Database (HCUP-SID) 

examined patients undergoing similarly high-risk abdominal surgery (including open 

abdominal aortic aneurysm repair, cystectomy, esophagectomy, and pancreatectomy) and 

found that 19.4% of patients were discharged to a skilled nursing facility,3 which is similar 

to the rate of 22.8% found in this study. Another study looked at 30-day readmission 

intensity in cystectomy patients using Surveillance, Epidemiology, and End Results (SEER)-

Medicare data and found that 77% of readmissions occurred within the first week of 

discharge.15 This study, however, was limited to 30 days of follow up, and therefore, was not 

able to assess readmissions over the course of the year following surgery, as was done in our 

study. Thirty-day readmission rates have been extensively studied and have been found to 

range from 13–19% across all types of high-risk cancer surgery included in this study.4,5,7,8

Our study is novel in its aim to document the amount of time spent away from home (i.e., in 

a hospital and/or in a facility) for the entire year following surgery. We found that regardless 

of whether a patient survived this crucial year, that they spent considerable amount of time 

in a setting other than their home. This was most notable among beneficiaries who were 

initially discharged to a facility and who died within one year of surgery. This subset of the 

population, on average, spent 39% of their time away from their homes: 25.5% in a hospital 

and 13.1% in a facility. Beneficiaries who were alive at one year spent 12.9% of their time 
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away from their homes: 7.2% in the hospital and 5.7% in a facility. Therefore, even those 

beneficiaries who lived at least the full year after surgery ended up spending almost 13% of 

this year (beyond the time of their initial surgical admission) in some type of institution. 

Overall, patients undergoing high-risk cancer surgery had 1.5 ± 2.0 hospital readmissions, 

spent 13.9 ± 26.2 days in the hospital, had 1.5 ± 1.0 admissions to a facility and spent 37.2 ± 

50.6 days in a facility in the year after surgery. These data are novel and important to 

consider when counseling patients and setting expectations for surgical recovery.

This study should be interpreted with certain limitations in mind. First, based on the 

limitations associated with using Medicare claims data, we are limited in our understanding 

of the causes, intensity, and severity related to the time spent in the hospital and other 

facilities. However, our goal in this study was to gain a better understanding of the amount 

of time spent in each setting, therefore, our outcomes are informative on their own. Second, 

we did not evaluate patients who had like cancer diagnoses and did not undergo surgery. 

This level of analysis was not possible using the Inpatient data files that we had, therefore, 

we cannot determine how patients undergoing these types of high-risk surgeries may or may 

not differ compared to similar patients who did not undergo surgery due to overall health 

status, cancer stage or extent or patient preference. A different study looking at these 

patients would be necessary to draw any conclusions regarding difference or similarities 

between these groups.

Conclusions

Our findings indicate that Medicare beneficiaries spend a significant amount of time living 

in settings other their homes (i.e., in the hospital or in a nursing facility) in the year 

following high-risk cancer surgery. These findings provide new and important information to 

patients, their families and physicians that go far beyond 30-day outcomes, indicating that 

the post-operative course may be long and arduous for many older individuals. This 

information is important in counseling patients and families to help guide realistic 

expectations following surgery.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Percentage of time spent at home, in the hospital and in a facility during the year following 

major cancer surgery. Data are adjusted for procedure type, age, gender, race, Charlson 

Score, and calendar year.
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Figure 2. 
Percentage of time spent at home, in the hospital and in a facility during the year following 

major cancer surgery among individuals who died during this period. Data are stratified by 

discharge destination (i.e., to home or to a facility) and are adjusted for procedure type, age, 

gender, race, Charlson Score, and calendar year.
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