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Abstract

Background—Esophagectomy is a high-risk surgical procedure. As the population ages, more
elderly candidates are being evaluated for esophagectomy. The effects of patient age on outcomes
after esophagectomy need to be evaluated.

Study Design—We identified all nonemergent esophagectomies in patients at least 18 years of
age within the University HealthSystems Consortium Clinical Database/Resource Manager from
2009 to 2012. Using univariate and multivariate methods, the impact of increasing age on
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outcomes was analyzed. Additionally, propensity scoring was used to match patients to further
investigate the effect of age on the stated outcomes.

Results—Increasing age is associated with increased mortality (£<0.001), length of stay
(0<0.001), discharge to rehabilitative care (p<0.001), and cost (p<0.001). The effects of age on
mortality (8.0 vs 4.2 %, p=0.03) and discharge to rehabilitative care (44.1 vs 23.4 %, p<0.01) were
confirmed using propensity scoring, comparing patients above 80 with those age 70-79.

Conclusions—Increasing age has a significant impact on outcomes following esophagectomy,
particularly mortality and discharge disposition. Compared to patients under age 80, patients at
least 80 years of age considering esophagectomy should be recognized as a high-risk cohort, and
these patients must be carefully risk-stratified, counseled, and selected for surgical intervention to
prevent unnecessary hospitalization and mortality.

Keywords
Esophagectomy; Mortality; Geriatric surgery

Introduction

As the population ages and life expectancy continues to increase, more elderly patients are
able to undergo major surgery as a part of their cancer therapy.1=3 More than many other
surgical interventions, complex gastrointestinal oncologic resections possess a significant
morbidity and mortality profile, and the interaction of age and high-risk operative
intervention can have profound consequences on perioperative outcomes.3 Optimal patient
selection is an ongoing clinical challenge for the surgeon, and identification of risk factors
associated with outcomes is an active area of investigation.

Specifically, extirpation of esophageal malignancies has one of the highest rates of morbidity
and mortality of all oncologic operations.® Therefore, it is imperative that both physicians
and patients are fully informed about the risks and benefits of esophagectomy, and that
providers have access to contemporary outcomes data for esophagectomy in the elderly
population as patients are counseled in preparation for surgery. As provider- and system-
level care continue to evolve and improve, such data will help guide medical decision-
making and resource allocation in an environment of increasing scarcity.

Currently, there are conflicting reports discussing the effect of patient age on outcomes after
esophagectomy,3-14 but there is a need to better define predictive factors within a geriatric
population using a contemporary dataset. We employed propensity scoring along with
univariate and multivariate statistical methods as a way of approximating the results that
might have been attained with random assignment. In analyzing a large, national dataset of
esophagectomies, we hypothesized that age—when other potentially confounding variables
were controlled for—would be a unique clinical indicator of important outcomes following
esophagectomy.
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The University HealthSystems Consortium (UHC) Clinical Database/Resource Manager
(CDB/RM) was used as our primary dataset. The UHC CDB/RM is a validated
administrative database reflecting the experiences of 110 academic medical centers and 130
affiliated hospitals that submit patient- and hospitalization-specific details to a shared
database, which is accessed by all participating institutions for operational and clinical
performance improvement.15

From the UHC CDB/RM, we identified all nonemergent esophagectomies (ICD9 procedure
codes 42.40 [unspecified esophagectomy], 42.42 [total esophagectomy], and 43.99 [Ivor-
Lewis esophagectomy]) from 2009 to 2012. Excluding all patients <18 years old, a total of
6,756 cases populated our final dataset. Because provider volume has also been shown to be
an important determinant of outcomes in esophagectomy, the patient cohort was stratified
into quartiles by both annual center and surgeon volume.16-18 Taking into account yearly
variation in hospital volume, the average center volume categories consisted of 1-13
procedures/year (lowest volume), 14-23 procedures/year (low volume), 24-41/year
procedures (medium volume), and 43-124 procedures/year (high volume). Patients were
also stratified into age groups of 18-60, 60-69, 70-79, and 80+years of age. Severity of
illness (SOI) scores were calculated for each patient using a proprietary 18- step algorithm
(3M, St. Paul, MN) accounting for primary and secondary diagnoses and comorbidities,
classifying patients into minor (1), moderate (2), major (3), and extreme (4) categories. The
primary outcomes of interest included in- hospital mortality, length of stay (LOS), discharge
disposition, readmission rate, and cost. Discharge disposition was divided into home, home
with home health care, rehabilitation (including skilled nursing facilities), and other, with
“other” being defined as unknown, discontinuation of care against medical advice,
admission to that same hospital as an inpatient, or death. Cost was defined as the total direct
cost, calculated by applying an individual hospital’s Medicare cost-to-charge ratio to total
hospital charges, and acquired by UHC from Medicare. UHC also adjusts for differences in
regional labor costs by applying US Department of Commerce area wage indexes to the
labor portion of the cost of a service.

Statistical analysis was performed using SAS 9.e and JMP 9 (SAS Institute, Cary, NC).
Baseline continuous variables were compared across age groups using the Kruskal-Wallis
test, while categorical variables were compared using Pearson’s chi-squared test. Logistic
regression techniques were used to model mortality, readmissions, and discharge disposition,
while Poisson regression techniques were used to compare length of stay. Gamma regression
techniques were used to compare cost between groups. All multivariate analyses adjusted for
gender, race, severity of illness, and center volume.

Propensity scores were created using logistic regression. Specifically, multivariate logistic
regression was fitted to model age group in terms of gender, race, severity of illness, surgeon
volume, and center volume and their two-way interactions. The predicted probabilities from
this model served as propensity scores, which were then used without replacement in an
SAS macro to form matched pairs between patients from the 70-79 age group and patients
over age 80. These age groups were constructed to ensure clinical relevance (by matching

J Gastrointest Surg. Author manuscript; available in PMC 2020 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stahl et al.

Results

Page 4

patients close in age to the cutoff suggested by the univariate data). The quality of matches
was assessed by testing for within-pair differences in baseline variables. No statistically
significant differences were detected, but gender differences were at the borderline of
significance (p=0.052). Despite this, only 13 of 288 pairs were discordant for gender. When
comparing outcomes for the matched groups, the McNemar test was used to assess within-
pair differences in binary outcomes, while Bowker’s test of symmetry was employed for
categorical outcomes with more than two levels.

Patient demographics by age group are displayed in Table 1. Older patients were more likely
to be female and white (both p<0.001). Severity of illness (SOI), a composite measure of
individual comorbidities, was also stratified by age, and in the overall cohort, patients older
than 80 were more likely to have an extreme SOl and less likely to have a moderate SOI
(p<0.001). Finally, there were no center volume differences regarding where various age
groups received surgery (p=0.19).

Unmatched perioperative outcomes were significantly different between age groups (Table
1). Perioperative mortality was fourfold higher in 80+ year-olds versus those less than 60
years of age (8.0 vs 2.1 %, p<0.001), When comparing the 80+ to <60 cohorts, LOS was
longer (median 12 vs 10 days, p<0.001), discharge to rehabilitative care was more
common(43.9 vs 6 %, p<0.001), and median cost was higher ($26,470 vs $22,792, p<0.001).
Discharge to home decreased as age increased (p<0.001).

Multivariate analysis adjusting for severity of illness, race, gender, and center volume was
used to compare patients over age 80 to those below age 80 and confirmed findings of the
univariate analysis. Patients above age 80 had a higher risk of mortality (relative risk
(RR)=1.68, 95 % confidence interval (Cl1)=1.00-2.82, p=0.05) and were more likely to be
discharged to rehabilitative care (RR=3.47, 95 % CI=2.33-5.16, p<0.001) than younger
patients (Table 2).

After matching patients over age 80 with patients age 70-79 via propensity scoring (Table
3), in-hospital mortality (p=0.03) and discharge disposition (p<0.01) remained significantly
different between age groups (Table 4). Patients over age 80 were much more likely to be
discharged to rehabilitative care (44.1 vs 23.4 %) and much less likely to be discharged
home (15.3 vs 26.4 %) than their younger counterparts (Table 4). As demonstrated with
univariate and multivariate analyses, perioperative mortality was significantly higher in the
octogenarian cohort; compared to those in the 70 to 79-year-old age range (8.0 vs 4.2 %,

p=0.03).

To address the role of center volume and its relationship to age, the four age cohorts were
also stratified by center operative experience. Patients over age 80 had a much higher risk of
mortality when their esophagectomy was performed at the lowest volume centers compared
to the highest volume centers (p=0.04), while none of the other age groups had a statistically
significant difference in death rate when comparing the lowest and highest volume centers

(Fig. 1).
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Discussion

Using propensity scoring in a large, multi-institutional dataset, this study shows that
increasing age is significantly associated with certain adverse outcomes following
esophagectomy. In particular, patients over 80 years of age have a higher rate of mortality,
longer length of stay, and are more likely to be discharged into rehabilitative care.
Furthermore, these elderly patients incur greater costs than patients under 80 years of age.
Patients over age 80 that undergo esophagectomy at a low volume center also have a
significantly greater risk of mortality when compared to a high volume center, relative to
their younger counterparts. Using these data, we can conclude that patients over age 80 are a
high risk group that should be carefully evaluated prior to approval for esophageal resection,
and if surgical resection takes place, it should absolutely be performed at high volume,
experienced centers. For this study, a center that performed (on average) 43 or more
esophagectomies per year was considered high volume, and while this is not an absolute
minimum case volume, for reasonable clinical outcomes in octogenarians, the trends in our
data are clear—high-risk, elderly patients should not undergo esophagectomy at centers that
may only perform five per year.

Because there were baseline differences between age groups that may have contributed to
the outcomes studied, a case-matched analysis using propensity scoring was performed
comparing patients age 70-79 with those over age 80. We chose these groups to determine if
relatively small changes in age had significant impact on postoperative outcomes. Instead of
comparing patients who may have had a 40- year age difference, this analysis compared
patients with a maximum of a 24-year age difference and still showed increased rates of
adverse outcomes in the older age group. Even after matching for gender, age, severity of
illness, procedure type, and center and surgeon volume, patients over the age of 80 had
nearly a twofold increased risk of mortality and were much more likely to be discharged to
rehabilitative care than their younger counterparts. The remaining outcomes variables
maintained the same trends as seen in the previous analysis, but without statistical
significance, likely due to both the matching and the smaller sample size. These patterns
shown by propensity score-matched analyses were confirmed using multivariate techniques
adjusted for gender, race, severity of illness, and center volume.

This study provides contemporary evidence confirming that age is associated with adverse
outcomes, particularly mortality, after esophageal resection.3=> Other smaller studies
contradict many of these findings,®~11; however, many of these studies contain no more than
a few hundred patients, and most involve the experiences of a single institution.”11
Additionally, age is often treated as a binary variable above and below a single cutoff, which
may miss more subtle differences between age groups. A common cutoff used has been 70
years of age, which may be too low to identify age-associated increased morbidity and
mortality, especially when the median age at diagnosis of esophageal cancer is 67.1° Our
study divided patients over age 60 into three age groups to more accurately determine when
age becomes an independent predictor of morbidity and mortality and to ensure that
differences in subsets of the geriatric population were taken into account.
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This study has limitations. The UHC database is skewed with disproportionately higher
volume centers (because its membership is primarily large academic centers), and as such
not all of our results may be applicable to all US hospitals. However, most esophagectomies
are performed at higher volume centers, so this limitation may be less profound. Even
among these higher volume centers, volume played a large role in outcomes seen in elderly
patients, which implies that the effect of volume across the US hospital system may be even
more significant than demonstrated in this study. Secondly, because this was a retrospective
observational study, the patient populations being compared had significant differences in
multiple baseline variables, some of which may have contributed to the poor outcomes seen
in the over 80 age group. Propensity scoring and multivariate regression techniques were
used to compensate for these pre-surgery population differences. Additionally, this study
lacked long-term outcomes data and the ability to account for readmissions to other
hospitals, though we are working with UHC to develop more comprehensive datasets to
address these issues. Further studies are needed to investigate the effects of age on
esophagectomy, primarily to investigate overall survival and cumulative health-care
consumption with age.

Conclusion

This is the most current analysis of outcomes in elderly esophagectomy patients, and the
first of its kind to use propensity scoring. These data represent a significant contribution for
the ongoing debate on the performance of high-risk surgery in the geriatric population.
Based on these findings, age is an important predictor of outcomes and should play a large
role in deciding whether or not a patient is an appropriate candidate for esophagectomy. Age
should not necessarily be a contraindication for esophagectomy, but for patients over age 80,
there is an age-associated increase in mortality and discharge to rehabilitative care, after
controlling for other variables. This may be a threshold at which chronological age, and the
associated physiologic changes that hinder recovery following high-risk surgery, warrant
serious consideration of nonoperative treatment. Perhaps most importantly, if a very elderly
patient is to undergo esophagectomy, significant effort should be made to ensure that surgery
is performed at the highest volume center feasible. It must be recognized that patients over
age 80 are an extremely high-risk cohort, for which surgical intervention must be carefully
selected on a case-by-case basis, with appropriate counseling, risk assessment, and center
selection.
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Adjusted outcomes by age, comparing octogenarians (patients age 80 and above) with all patients under age

80

Qutcomes in octogenarians (80+)

Variable Odds or risk ratio (95 % CI)  pvalue
Mortality 1.68(1.00-2.82) 0.05
Los? 0.98(0.92-1.06) 0.66
Cost? 0.99(0.93-1.07) 0.88
Readmission 1.18(0.85-1.63) 0.32
Discharge HHHC (vs home) 1.28(0.87-1.87) 0.21
Discharge rehab (vs home) 3.47(2.33-5.16) <0.001

a. . .
Poisson regression

bGamma regression, LOS length of stay, HHHC home with home health care
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Propensity scoring baseline comparison

Variable  Age group p value
70-79 80+
Male 209 (72.6 %) 202 (70.1%) (5%
Race
Black  9(3.1%) 1138%) 20
Other  24(87%)  28(9.7%)
White 254 (88.2%) 249 (86.5 %)
SOl
2 12(42%)  15(52%) 107
3 193 (67.0%) 191 (66.3 %)
4 83(28.8%) 82 (28.5%)
ILE 195 (67.7%) 192 (66.7%) 0377
Center volume
LSTV  76(264%) 76(264%) (657
LV 59 (205%) 63 (21.9 %)
MV 79(27.4%) 78 (27.1 %)
HV 74(257%) 71 (24.7 %)
Surgeon volume
LSTV  82(285%) 79(274%) o617
LV 79(27.4%) 80 (27.8 %)
MV 69 (24.0%) 67 (23.3 %)
HV 58(20.1%)  62(21.5 %)

a
McNemar test

Table 3

Page 12

b, . . . .
Symmetry test, SO/ severity of illness, /LE Ivor-Lewis esophagectomy, LS7V lowest volume center, LV/low volume center, MV medium volume
center, H/Vhigh volume center
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