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Abstract

Introduction: Disparities in health and healthcare access remain a major problem in the United
States. The current study sought to investigate the relationship between patient insurance status
and hospital selection for surgical care.

Methods: Patients who underwent liver or pancreatic resection for cancer between 2004 and
2014 were identified in the National Inpatient Sample. The association of insurance status and
hospital type was examined.

Results: In total, 22,254 patients were included in the study. Compared with patients with private
insurance, Medicaid patients were less likely to undergo surgery at urban non-teaching hospitals
(OR=0.36, 95%CI 0.22-0.59) and urban teaching hospitals (OR=0.54, 95%CI 0.34-0.84) than
rural hospitals. Medicaid patients were less likely to undergo surgery at private investor-owned
hospitals (OR=0.53, 95%CI 0.38- 0.73) than private non-profit hospitals. In contrast, uninsured
patients were 2.2-fold more likely to go to government funded hospitals rather than private non-
profit hospitals (OR=2.19, 95%CI 1.76-2.71).

Conclusion: Insurance status was strongly associated with the type of hospital in which patients
underwent surgery for liver and pancreatic cancers. Addressing the reasons for inequitable access
to different hospital settings relative to insurance status is essential to ensure that all patients
undergoing pancreatic or liver surgery receive high quality surgical care.
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INTRODUCTION

Disparities in health and healthcare access remain a major problem in the United States. In
particular, racial minorities and low-income individuals face significant barriers to access
care and often have inferior outcomes across numerous quality measures.[1-3] In addition,
insurance status has been linked to discrepancies in outcomes among patients with cancers
even after adjusting for cancer stage at the time of diagnosis.[4-8] In fact, utilization rates
may vary across different insurance types and there are disparate outcomes among uninsured
individuals receiving healthcare.[9, 10] In particular, previous studies showed that the
uninsured patients had higher odds of in-hospital mortality among patients undergoing
abdominal surgery. [11, 12] Although the implementation of new policies such as the
Affordable Care Act (ACA) has expanded insurance coverage to approximately 20 million
new individuals, whether this increased access to health insurance has reduced actual
healthcare disparities remains debated.[13]

Patients undergoing hepatopancreatic (HP) procedures for a malignant indication are at a
particular risk for variable outcomes relative to patient-, surgeon-, and hospital-factors.[14—
18] In particular, HP surgery may be associated with high morbidity, as well as variable rates
of failure-to-rescue, and health care expenditures depending on the surgeon and hospital.
[19-22] As such, disparities in access to high-quality, high-volume surgical care can
dramatically impact patient outcomes. In addition, disparities in access to care can affect
overall rates of receipt of care concordant with national guidelines compliance and, in turn,
lead to worse long-term oncological outcomes.[23-25] Recently, there has been an increased
interest in understanding the reasons for the observed disparities in outcomes of among
cancer patients undergoing HP procedures across different hospitals settings. Although
several previous studies have investigated factors such as the volume outcome relationship
among patients with hepatic and pancreatic cancers [26], no study has focused on the impact
of insurance status on hospital selection among patients with HP cancers seeking surgical
care. Therefore, the objective of the current study was to use a nationally representative
database to define the association between insurance coverage and the hospital type at which
patients with HP cancers received surgical care. Additionally, hospital charges were assessed
across different hospital types and insurance status.

METHODS

Data Source

The National Inpatient Sample (NIS) is the largest publicly available all-payer inpatient
database in United States. It is sponsored by the Agency of Healthcare Research and Quality
as a part of the Healthcare Cost and Utilization Project (HCUP). The weighted estimates of
the sample contain administrative discharge data on approximately 35 million
hospitalizations nationwide each year.

Patients who underwent liver or pancreatic resection between 2004 and 2014 were identified
with the corresponding International Classification of Diseases, 9™ Revision (ICD-9)
procedure codes for minor liver resection [partial hepatectomy (5022)] and major liver
resections [hepatic lobectomy (503)], as well as minor pancreatic resection [distal
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pancreatectomy (5252), other partial pancreatectomy (5259)] and major pancreatic resection
[proximal pancreatectomy (5251), radical subtotal pancreatectomy/ whipple (5253), total
pancreatectomy (526) and radical pancreatoduodenectomy (527)]. Only patients who were
18 years or older were included in the study. Patients who underwent emergency or urgent
operations and individuals with benign diseases were excluded.

Primary outcomes and Analytic variables

The primary exposure was the type of insurance coverage among patients undergoing care
for HP cancers (private, Medicare, Medicaid, or no/other insurance type). The primary
outcome measures were hospital location and teaching status (urban teaching, urban
nonteaching, or rural), as well as hospital ownership status (private nonprofit, government
[nonfederal], or private investor—owned).

Patient level characteristics included age, sex (male, female), race (White, Black and others),
median household income (based on the national quartiles for the patient’s zip code), and
mortality risk score (minor, moderate, major and extreme). Hospital characteristics included
bed size and hospital volume (low, medium and high). The severity and mortality risk was
based on the All Patient Refined—Diagnosis Related Group severity and mortality risk score
respectively. [27] This score adjusts for the interactions among primary diagnosis, secondary
diagnosis, age, and procedures occurring during hospitalization. On the basis of these
factors, 4 subclasses were defined: 1) minor, 2) moderate, 3) major, and 4) extreme.[28]
Hospital volume was determined by calculating the number of hepatic and pancreatic
surgeries in each individual year (2004-2014) and were assigned to each individual case
(patient) as a continuous variable. Hospital volume was divided into quintiles and
categorized into three groups: low, medium and high volume. Total hospital charges were
used to assess patterns in hospital payments stratified by hospital location, teaching status
and insurance types.

Statistical Analyses

RESULTS

Patient demographics and treatment characteristics were compared among patients
undergoing liver or pancreatic surgery stratified by insurance status. Discrete variables were
reported as medians and interquartile ranges (IQR); categorical variables were reported as
total count and frequencies. Bivariable analyses were performed using chi-squared or
Wilcoxon rank test as appropriate. Multivariate multinomial logistic regression models were
constructed to determine the association between the hospital location and teaching status, as
well as hospital ownership status across insurance categories. All analyses were conducted
using SAS 9.4 and a p-value of <0.05 (two tailed) was considered statistically significant.

Patient and Hospital Characteristics

A total of 22,254 patients who underwent a liver or pancreatic resection were included in the
analytic cohort (Table 1). Median patient age was 64 years (IQR 55-72) and most patients
were male (52.2%, n=11,615) and Caucasian (76.5%, n=17,034). The majority of patients
were insured by Medicare (47.1%, n=10,595) or private insurance (44.7%, n=9,766),
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whereas 6.1% (n=1,418) were insured by Medicaid; 2.2% (n=475) were uninsured. In
addition, most patients undergoing HP surgery belonged to the higher income quartiles
(29.8%, n=6,470). Majority of patient had moderate mortality risk (42.0%, n=9,347)
whereas major severity risk (44.8%, n=9,965) across all insurance types. Overall the most
common procedures performed were a major pancreatic resection (36.8%, n=8,189) or a
minor liver resection (36.9%, n=8,215). The vast majority of hospitals performing HP
procedures were urban teaching hospitals (87.3%, n=19,424) and private non-profit hospitals
(78.5%, n=17,477). In addition, most HP procedures were performed at high volume
hospitals (98.6%, n=21,947), irrespective of insurance status.

Factors Associated with the Hospital Location and Teaching Status

On multivariate analysis, after controlling for multiple competing factors, patients with
Medicaid were 64% less likely to have surgery at an urban non-teaching hospital (OR 0.36,
95% CI 0.22-0.59) and 46% less likely to go to an urban teaching hospital (OR 0.54, 95%
Cl 0.34-0.84) versus a rural hospital compared with patients who had private insurance. In
addition, male patients were 23% less likely to undergo HP surgery at an urban non-teaching
(OR 0.77, 95% CI 0.60 — 0.99) hospital compared with female patients. Moreover, patient
income was an important factor associated with hospital location and teaching status.
Specifically, patients in the 3™ and 4™ quartile of median household income were more
likely to go to an urban teaching (3" quartile: 3.63, 95% CI 2.49 — 5.28; 4! quartile: 26.01,
95% CI 12.98 — 52.23) or urban non-teaching hospital (OR 2.88, 95% Cl 2.01- 4.12; 4th
quartile: 16.94, 95% CI 8.52 — 33.70) than a rural hospital. In addition, patients undergoing a
major liver resection were also more likely to undergo surgery at an urban non-teaching (OR
1.95, 95% CI 1.15-3.30) and urban teaching hospital (OR 2.06, 95% CI 1.23-3.44) than a
rural hospital (Table 2).

Factors Associated with Hospital Control Status

Compared with patients who had private insurance, patients with Medicaid had 47% lower
odds of undergoing HP surgery at a private investor-owned hospital (OR 0.53, 95% CI 0.38-
0.73) than at a private non-profit hospital. In contrast, patients who were uninsured were 2.2-
fold more likely to go to a government funded hospital than a private non-profit hospital (OR
2.19, 95% CI 1.76-2.71). Additionally, patients in the highest income quartile were 34% less
likely to have surgery at a government hospital versus private non-profit hospital (OR 0.66,
95% CI 0.59-0.82). Patients undergoing a major hepatectomy were 18% more likely to go to
a government hospital versus a private non-profit hospital (OR 1.18, 95% CI 1.02-1.35)
(Table 3).

Impact of Hospital Charges across different hospital locations and teaching status

Overall, hospital charges for patients undergoing pancreatic surgery were higher than
charges among patients undergoing liver surgery, irrespective of insurance status and
hospital location (Figure 1 and 2). In addition, rural hospitals had lower median charges
compared with hospital charges at urban teaching and non-teaching hospitals (Rural:
$60,052; IQR $38,066 - $84,022, Urban non-teaching: $83,092, IQR $51,914 - $143,278;
Urban teaching: $82,444, IQR $55,189 - $134,387 p<0.001). Among patients undergoing
pancreatic surgery, hospital charges for patients with Medicaid were higher at urban non-
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teaching hospitals versus charges at urban teaching hospitals and rural hospitals (Rural:
$76,138; IQR $44,983-$112,728; Urban non-teaching: $127,754; IQR $80,477-$220,428;
Urban teaching: $98,932, IQR $ 63,376-$162,866 p=0.013). Similar trends were observed
for uninsured patients undergoing pancreatic surgery at different hospital locations (Rural:
$44,054, 1QR $36,809 - $75,568; Urban non-teaching: $107,061, IQR $77,173 - $158,939;
Urban teaching: $80,441, IQR $54,512 - $118,312, p=0.029). Conversely, among patients
undergoing hepatic surgery, hospital charges for patients insured by Medicaid were
comparable at urban non-teaching and urban teaching hospitals (Urban non-teaching:
$69,333, IQR $46,742 - $127,978; Urban teaching: $74,364, IQR $49,672 - $123,718
p=0.614). Moreover, irrespective of the insurance status, private investor-owned hospitals
had higher charges compared with government and non-profit hospitals.

DISCUSSION

Disparities in access to different treatments and hospital based services can lead to
differences in clinical outcomes among cancer patients.[25, 29, 30] As such, understanding
the factors that mediate disparities in access to high-quality care among patients undergoing
surgery is an important topic for investigation.[31] To date, most studies that have examined
health care disparities have focused on factors such as sex, race, geographical location, and
socioeconomic status. [32, 33] Fewer studies have specifically reported on the role of
insurance status relative to health care outcomes.[34] Specifically, while several studies have
investigated the role of insurance status among patients undergoing HP surgery, these reports
have largely focused on differences in perioperative outcomes among patients already
admitted to a certain type of hospital (e.g. urban, teaching, not-for-profit, etc.).[24, 35]
While informative, such data do not provide insight into the “up-stream” process regarding
what factors may have impacted how patients actually end up at a specific hospital. The
current study was important because it demonstrated that insurance status was an important
factor driving where cancer patients underwent HP procedures. Specifically, patients with
Medicaid and uninsured individuals were more likely to undergo surgery for HP cancers at
rural hospitals, and less likely to undergo surgery at teaching hospitals compared with
patients who had private insurance. In addition, Medicaid patients were less likely to
undergo surgery at private investor-owned hospitals than at private non-profit hospitals. In
contrast, patients who were insured were more likely to receive surgical care at private
hospitals and urban teaching centers. Collectively the data demonstrated that patients insured
by Medicaid and uninsured patients were much more likely to undergo surgery at hospitals
often associated with worse outcomes.

The specific type of hospital (i.e. rural vs. urban, teaching vs. non-teaching) where patients
receive care can drive outcomes for patients with a variety of different cancers.[18, 36-38]
Christopher et al. reported that patients who underwent surgery for colorectal cancer at
hospitals in rural areas had worse outcomes versus individuals who had surgery in
metropolitan areas.[39] In a separate study, Burke et al. noted that major teaching hospital
status was associated with lower mortality rates compared with nonteaching hospitals.[40] In
a separate study, Hyder et al. reported that, even among high-volume hospitals, patients
undergoing complex HP procedures had better outcomes at teaching versus non-teaching
hospitals. [41] While the reason for these hospital-based differences is likely multifactorial,
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management of HP cancer patients often requires a complex multidisciplinary decision-
making process with the use of multimodality therapy including surgical resection,
chemotherapy, radiotherapy, and interventional radiology.[42] Such complex care is
typically provided best at specialized, high-volume academic centers, which are often
located in urban settings.[37] Given the well-established relationship between hospital
characteristics, such as operative volume and teaching status with improved outcomes
among patients with cancer, there have been increased efforts by policymakers and hospital
administrators within the United States to promote regionalization of care for complex
surgical conditions.[14, 43, 44] [45, 46] The relative impact of insurance status on
regionalization of care to major, urban teaching hospitals has not, however, been well-
studied. In the current study, compared with privately insured patients, individuals who were
insured by Medicaid were at a markedly decreased odds of undergoing surgery for HP
cancers at urban non-teaching (OR 0.36) and urban teaching hospitals (OR 0.54).
Importantly, insurance status remained strongly associated with hospital type even after
controlling for multiple competing factors such as race and income.

Insurance status may be an important factor driving disparities in the treatment and
outcomes of patients with cancers. Abraham et al. reported that lack of private insurance
coverage was associated with a lower likelihood of presenting with resectable disease at the
time of diagnosis.[23] Visser et al. similarly noted that type of insurance coverage was
associated with variations in receipt of care in accordance with standard treatment guidelines
for pancreatic cancer.[47] In a separate study, Zak et al. reported that patients with resectable
primary liver cancer were at a 3-fold higher chance of undergoing resection if the patient had
private insurance compared with being uninsured.[48] While these data suggested that
insurance status was associated with variations in receipt of treatment, the impact of
insurance status and hospital type to mediate this effect had not been examined. In the
current study, we noted that type of insurance coverage was an important determinant of
access to different hospital settings. Specifically, insurance-related differences translated into
access to hospital types that were variable. Data from the current study highlight that
differences in outcomes among patients with variable insurance status may at least in part be
mediated through disparate access to hospitals.

Another interesting finding was the variation in hospital ownership status noted among
privately insured versus Medicaid patients treated for HP cancers. Perhaps not surprisingly,
Medicare patients were 47% less likely to undergo surgical treatment for HP cancers at a
private investor-owned hospital than at non-profit organizations. In addition, uninsured
patients had 2.2-fold higher odds of undergoing surgery at government hospitals. In a study
of the National Cancer Database, Bilimoria et al. noted that only 12% of the Commission on
Cancer (CoC) approved hospitals were government hospitals, and less than 4% were located
in small rural areas or were rural referral centers.[49] Similarly, Gupta et al. reported
patients with head and neck cancers patients with Medicaid, Medicare, or uninsured patients
were less likely to undergo surgery at teaching hospitals and more likely to seek care at
urban nonteaching, rural, private for-profit, and government hospitals compared with
patients who had private insurance.[31] Collectively, the data suggests that patients who
were uninsured or underinsured — such as those insured by Medicaid - were not generally
within referral patterns to high volume, academic centers. In addition, hospital charges also
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differed widely based on insurance and teaching status of the hospital (Figure 1 and 2).
Differences in hospital charges and reimbursement patterns relative to primary payer may be
related to insurance acceptance policies among different hospital settings, which might
further complicate equitable access to high quality care for all patients with HP cancers.

There were several limitations that should be considered when analyzing the results of the
current study. As with any study utilizing administrative databases, the results may have
been affected by coding accuracy.[50] We were also not able to account for repeat visits
among patients since NIS reports data from each index hospitalization separately. This
limitation prevented us from accounting for clustering effects related to visits by the same
patient, as well as the ability to assess whether the choice of hospital or insurance type
changed with subsequent visits. Moreover, the introduction of the Affordable Care Act may
have expanded cancer coverage and improved access to high-volume institutions for
uninsured patients. In addition, the current study could not account for individual patient
decision making regarding their choice of treatment setting. In addition, information
regarding tumor characteristics (i.e. size, number, stage of tumor, chemoradiotherapy) are
not captured in NIS dataset.

In conclusion, regardless of age, race, income and complexity of surgery, insurance status
was strongly associated with the type of hospital in which patients underwent surgery for HP
cancers. Specifically, patients with government insurance undergoing surgery for HP cancer
were less likely to seek care at urban nonteaching, urban teaching and private investor-
owned hospitals, while uninsured patients were more likely to undergo care at government
hospitals. In light of poor outcomes associated with certain hospital settings among patients
undergoing HP surgery, the results from the current study suggest that insurance-related
disparities may contribute to differences in access to high-quality hospitals. Addressing the
reasons for inequitable access to different hospital settings relative to insurance status is
essential to ensure that all patients undergoing pancreatic or liver surgery receive high
quality surgical care. Following evidence collection, next steps should be to further
implement health policies to bridge the gap between insurance types and access to different
hospital settings. Further studies are necessary to promote health policies that identify
interventions to promote equitability to approach optimal hospital settings for patients,
irrespective of their insurance type.
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Figure 1.

Hospital charges stratified by insurance status and hospital location / teaching status among
patients undergoing pancreatic surgery.
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Hospital charges stratified by insurance status and hospital location / teaching status among
patients undergoing hepatic surgery
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Table 2:

Multivariate associations between insurance status and hospital location/ teaching

Rural Urban Nonteaching Urban teaching
Variable OR 95% ClI P-value OR 95% ClI P-value
Insurance
Private Reference
Medicare Reference  0.75 0.53-1.06 0.11 0.83 0.59-1.16 0.27
Medicaid Reference  0.36 0.22-0.59 <0.001 0.54 0.34-0.84 0.007
Uninsured Reference  0.58 0.23-1.45 0.24 0.80 0.34-1.88 0.60
Gender
Male 0.77 0.60-0.99 0.043 0.84 0.66 - 1.06 0.14
Female Reference Reference
Age 1.00 0.98-1.00 0.81 1.00 0.98-1.01 0.07
Income quartile
1st Reference
2nd Reference  1.12 0.83-1.50 0.45 0.96 0.73-1.26 0.76
3rd Reference  3.63 2.49-5.28 <0.001 2.88 201-4.12 <0.001
4th Reference  26.04 12.98 -52.23 <0.001 16.94 8.52-33.70 <0.001
Mortality Risk
Minor Reference
Moderate Reference  1.21 0.88 - 1.66 0.24 1.00 0.74-1.35 0.99
Major Reference  1.19 0.83-1.71 0.33 0.87 0.62-1.22 0.41
Extreme Reference  1.48 0.93-2.36 0.10 0.95 0.61-1.49 0.82
Race
White Reference
Black Reference  3.16 1.75-5.68 <0.001 3.17 1.79-5.61 <0.001
Other Reference  8.13 4.12-16.03 <0.001 5.87 3.00-11.50 <0.001
Complexity
Pancreas
Minor Reference Reference
Major Reference  0.90 0.62-1.30 0.56 1.35 0.94-1.93 0.10
Liver
Minor Reference  0.79 0.55-1.15 0.21 1.21 0.85-1.73 0.29
Major Reference  1.95 1.15-3.30 0.013 2.06 1.23-3.44 0.006
Hospital Volume
Low Reference Reference
Medium Reference  1.59 0.74-3.41 0.23 3.05 1.34-6.97 0.008
High Reference  2.31 1.33-4.03 0.003 52.01 28.00-96.63 <0.001

OR: Odds Ratio CI: Confidence Interval
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Table 3:

Multivariate associations between insurance status and the hospital control status

Private Nonprofit

Government (Nonfederal)

Private Investor-Owned

Variable OR 95% ClI P-value OR 95% CI P-value
Insurance
Private Reference
Medicare Reference 094 0.85-1.03 0.18 0.85 0.72-1.01 0.06
Medicaid Reference 112 097-1.29 0.11 0.53 0.38-0.73 <0.001
Uninsured Reference 219 177-271 <0.001 0.58 0.32-1.06 0.07
Gender
Male Reference
Female Reference 1.07 0.99-1.15 0.07 091 0.80-1.03 0.13
Age 099 0.99-0.99 <0.001 1.00 0.99-1.00 0.42
Income quartile
1st Reference
2nd Reference 0.85 0.76-0.94 0.002 0.86 0.72-1.03 0.10
3rd Reference 082 0.74-0091 <0.001 0.73 0.61-0.88 <0.001
4th Reference 0.66 059-0.73 <0.001 0.48 0.40-0.58 <0.001
Mortality Risk
Minor Reference
Moderate Reference 095 0.87-1.03 0.22 129 1.08-1.53 0.004
Major Reference 0.85 0.76-0.95 0.003 174 144-211 <0.001
Extreme Reference 0.88 0.77-1.02 0.09 206 1.64-259 <0.001
Race
White Reference
Black Reference 1.05 0.92-1.20 0.44 132 1.06-1.64 0.013
Other Reference 162 1.47-1.78 <0.001 172 145-2.03 <0.001
Complexity
Pancreas
Minor Reference
Major Reference 1.05 0.93-1.19 0.46 0.86 0.70-1.04 0.12
Liver
Minor Reference 101 089-114 0.87 0.68 0.55-0.83 <0.001
Major Reference 118 1.02-1.35 0.026 0.82 064-1.04 0.09
Hospital Volume
Low Reference Reference
Medium Reference 097 0.45-2.09 0.93 0.63 0.33-1.20 0.16
High Reference 143 0.80-2.58 0.23 023 0.14-037 <0.001

OR: Odds Ratio CI: Confidence Interval
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