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a b s t r a c t

Introduction: The impact of safety net (SN) hospitals relative to racial and healthcare disparities remains
largely unknown.
Methods: Using the Nationwide Inpatient Sample, adults undergoing coronary artery bypass grafting,
colectomy, or total hip arthroplasty were identified. Multivariable regression analysis was performed to
determine association between SN burden and outcomes. Within each SN burden tier, the association
between race/ethnic group and outcomes was defined.
Results: Overall 865,648 patients were identified. After adjustment for potential confounders, patients
operated at the highest SN burden hospitals had increased odds of complications (OR 1.14, 95%CI 1.10
e1.18), death (OR 1.41, 95%CI 1.31e1.52), FTR (OR 1.36, 95%CI 1.25e1.47) and a never event (OR 1.57, 95%CI
1.47e1.68). Irrespective of hospital SN burden, racial minorities had greater odds of a complication, and
prolonged LOS compared to whites (p < 0.05).
Conclusion: While overall degree of safety net burden was associated with worse overall outcomes, SN
hospitals did not mitigate racial disparities experienced by minority patients.

© 2020 Elsevier Inc. All rights reserved.
Introduction

The racial/ethnic composition of the United States has dramat-
ically changed over the past several decades.1 In addition, the Pew
Research Center predicts that by 2065 no racial or ethnic group will
be a majority.1 Despite the growing population of racial/ethnic
minorities, navigating the health-care system for this group of
patients remains plagued by multiple hurdles.2,3 In fact, even after
the enactment of the Affordable Care Act (ACA), health-care access
and outcomes remain inequitable for minorities especially among
those individuals who speak a language other than English or who
are economically impoverished.4e7 As such, several organizations
including the Institute of Medicine,8 Centers for Disease Control
and Prevention,9 National Institutes of Health and the American
Urban Meyer III and Shelley
rsity, Wexner Medical Center
SA.
ik).
College of Surgeons10 have increased their efforts to identify health
disparities and support research to identify solutions to ensure
equitable healthcare for all individuals. Minorities remain, how-
ever, underrepresented in cancer clinical trials,11 and are less likely
to undergo minimally invasive surgical modalities (i.e. robotic and
laparoscopic surgery)12e15 and, as such, are less likely to benefit
from certain advancements in science and medicine.

One promising effort to ensure healthcare access to all in-
dividuals has been through the financial support of safety net (SN)
hospitals. These hospitals have been designed to provide healthcare
for all individuals regardless of insurance status. In light of the
repeal of the individual insurance coverage mandate penalty, re-
searchers have forecasted an increase in the number of uninsured
individuals, which may in turn worsen current racial/ethnic health
disparities. To date, whether SN hospitals can mitigate healthcare
disparities among surgical patients has not beenwell examined. As
such, the present study sought to define the impact of hospital SN
status on outcomes among individuals undergoing common sur-
gical procedures such as colectomy, coronary artery bypass grafting
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(CABG), or total hip arthroplasty (THA). In particular, we sought to
assess the association of self-identification as a racial/ethnic mi-
nority on perioperative outcomes with a specific focus on defining
whether minority status altered outcomes relative to hospital SN
burden.
Methods

Data source and study population

The National Inpatient Sample (NIS) database from 2004 to
2014, developed by the Healthcare Cost and Utilization Project, was
used to identify patients 18 years of age or older who underwent
general surgical procedures (colectomy, CABG, THA) using Internal
Classification of diseases, Ninth Edition, Clinical Modification (ICD-
9-CM) Procedure codes. Similar to previous studies, the operative
case mix was selected to sample a generalizable surgical cohort
with substantial associated costs across three different spe-
cialties.16,17 The NIS database approximates a 20% stratified samples
of all discharges, irrespective of payer source across the United
States.18

Patients included in the study cohort had an elective or emer-
gent hospital admission during which one of the previously listed
procedures was performed. Individuals younger than 18 years of
age were excluded. For the purposes of this study, only individuals
whose race/ethnicity was known were included in the analytic
cohort. Patients with unknown payer source were excluded. In
order to limit sampling bias, only hospitals that annually performed
at least 50 of the surgeries of interest were included in the final
cohort.
Variables

As previously described, risk of mortality and severity of illness
was determined using the All Patient Refined Diagnosis Related
Group.19 Additional variables extracted from the dataset included
age, primary payer source and income quartile. Hospital charac-
teristics abstracted included teaching status, number of beds as a
proxy for hospital size, and region. Using previously reported ICD-9
diagnosis and procedure codes, incidence of a complication and a
never eventwere determined.20,21 A never event is described by the
Centers for Medicare and Medicaid Services (CMS) as “serious and
costly errors in the provision of health care services that should
never happen.22” Specifically, never events include catheter based
urinary tract infection, air emboli, blood incompatibility, stage 3 or
4 pressure ulcers, falls, vascular catheter infections, complications
of poor glucose control, retained foreign bodies, and wrong site
surgery.22,23 Expenditures per admission were adjusted for infla-
tion, cost-to-charge ratio and wage index of each respective hos-
pital. Mortality was defined as a death occurring during index
hospitalization following surgery. Failure-to-rescue (FTR) was
defined as a death in an individual who suffered a complication
post-operatively.24

For each hospital that met inclusion criteria, SN burden was
calculated based on previously published work.25 Briefly, SN
burden was equal to the division of hospital admissions for in-
dividuals who had Medicaid insurance, were uninsured, or were
classified as “no charge” divided by the total number of admissions
for each respective hospital. Safety net burden was then stratified
into four tiers using a bisecting K-means clustering method with
bin sorting by median to compute the cluster seed. The K-means
clustering method groups data into more homogenous groups than
traditional quartile groupings that assumes a normal distribution.26
Statistical analysis

The cohort was stratified into four groups based on hospital SN
burden tier (lowest, low, high, highest). Demographics, clinical
characteristics, expenditures, outcomes (complications, mortality,
never event, FTR, extended LOS) were compared across SN burden
categories. Categorical variables were presented as frequencies and
percentages, whereas continuous variables were presented as
medians and interquartile ranges (IQR). Chi square test was used to
compare categorical variables whereas continuous variables were
compared using Kruskal-Wallis one-way analysis of variance.
Multivariable logistic regression was utilized to characterize the
association among SN burden tier and outcomes of interest while
adjusting for all relevant clinical and demographic variables. To
determine the possible differential effect of SN burden on the as-
sociation of race and outcomes of interest, logistic regression ana-
lyses were repeated stratifying by SN burden tier. Statistical
significancewas assessed at a¼ 0.05. Analysis was completed using
SAS v9.4.

Results

Patient and hospital characteristics

A total of 865,648 individuals who met inclusion criteria were
identified across 3090 hospitals. More than one-third of patients
underwent a THA (n ¼ 333,639, 38.5%), whereas 33% (n ¼ 283,606)
and 29% (n ¼ 248,403) underwent a colectomy or CABG, respec-
tively (Table 1). Overall, median patient age was 64 years (IQR:
55e71) with the majority of individuals being male (n ¼ 468,079,
54.1%) and white (n ¼ 704,042, 81.3%). The median comorbidity
burden score was 2 (IQR 1e4) and a subset of patients were cate-
gorized as having moderate loss of function (n ¼ 359,296, 41.5%)
with a minor likelihood of death (n ¼ 472,611, 54.6%). Most hos-
pitals were small (n ¼ 1,127, 36.5%) and located in the south
(n ¼ 1,165, 37.7%) (Table 2). At roughly one-half of the hospitals, at
least one in four patients was insured throughMedicaid, self-pay or
“no charge” (median SN proportion: 24.2, IQR 16.2e32.8).

Overall, median LOS was 5 days (IQR: 3e8) (Table 3). One in five
patients suffered a complication (n ¼ 182,628, 21.1%) and 2%
(n ¼ 13,172) died following surgery. Among individuals who suf-
fered a complication, 7% died (n ¼ 13,172) and 1 in 50 surgical
patients experienced a “never event” (n ¼ 18,465, 2.1%). The me-
dian cost of surgery was $21,400 (IQR: $14,900e36,200).

Patient and hospital characteristics by Hospital’s safety net burden

Four tiers of hospital SN burden were identified: lowest, low,
high, highest. Most patients underwent an operation at a hospital
classified in either the lowest or low SN burden tier (n ¼ 527,977,
61.0%); a smaller subset of patients was operated at a hospital in the
high (n ¼ 293,087, 33.9%) or highest (n ¼ 44,584, 5.2%) SN burden
categories. Details of patient characteristics stratified by SN burden
tier were summarized in Table 1. Hospitals in the highest SN burden
category had a younger patient population (median age: 62 years
[IQR 52e69] vs. 64 years [IQR 56e71]; p < 0.001). While the overall
proportion of racial/ethnic minority (African American [AA]/Blacks,
Hispanic and other) patients was only 18.7% of the surgical cohort,
hospitals in the highest SN burden tier had a much higher pro-
portion of minority patients (n ¼ 20,813, 46.7%). Hospitals with the
highest SN burden were also more likely to care for patients with
extreme loss of function (n ¼ 6,554, 14.7% vs. n ¼ 17,274, 7.4%;
p < 0.001) and extreme likelihood of death (n ¼ 4,931, 11.1% vs.
n ¼ 13,888, 6%; p < 0.001). The proportion of patients who were
admitted emergently/urgently also increased with SN burden.



Table 1
Patient demographics and clinical characteristics of patients undergoing surgery stratified by safety net (SN) burden tier.

Total
N ¼ 865,648

Lowest SN Burden
N ¼ 232,629

Low SN Burden
N ¼ 295,348

High SN Burden
N ¼ 293,087

Highest SN Burden
N ¼ 44,584

p

Age (median, IQR) 64 (55, 71) 64 (56, 71) 64 (55, 71) 63 (55, 71) 62 (52, 69) <0.001
Female 397569 (45.9%) 109188 (46.9%) 136012 (46.1%) 132982 (45.4%) 19387 (43.5%) <0.001
Race
White 704042 (81.3%) 200107 (86%) 252608 (85.5%) 227556 (77.6%) 23771 (53.3%)
AA/Black 72696 (8.4%) 13572 (5.8%) 19741 (6.7%) 31406 (10.7%) 7977 (17.9%)
Hispanic/Other 88910 (10.3%) 18950 (8.1%) 22999 (7.8%) 34125 (11.6%) 12836 (28.8%)
Elixhauser Comorbidity

Burden
2 (1, 4) 2 (1, 3) 2 (1, 4) 2 (1, 4) 2 (1, 4) <0.001

Mortality Category <0.001
Minor likelihood of dying 472611 (54.6%) 140055 (60.2%) 163635 (55.4%) 148397 (50.6%) 20524 (46%)
Moderate likelihood of dying 208588 (24.1%) 52249 (22.5%) 70794 (24%) 73979 (25.2%) 11566 (25.9%)
Major likelihood of dying 117207 (13.5%) 26437 (11.4%) 39209 (13.3%) 43998 (15%) 7563 (17%)
Extreme likelihood of dying 67242 (7.8%) 13888 (6%) 21710 (7.4%) 26713 (9.1%) 4931 (11.1%)
Illness severity category
Minor loss of function 245827 (28.4%) 75225 (32.3%) 84840 (28.7%) 75538 (25.8%) 10224 (22.9%)
Moderate loss of function 359296 (41.5%) 99284 (42.7%) 123586 (41.8%) 119185 (40.7%) 17241 (38.7%)
Major loss of function 175436 (20.3%) 40846 (17.6%) 59653 (20.2%) 64372 (22%) 10565 (23.7%)
Extreme loss of function 85089 (9.8%) 17274 (7.4%) 27269 (9.2%) 33992 (11.6%) 6554 (14.7%)
Median Household Income <0.001
Quartile 1 205699 (23.8%) 35429 (15.2%) 61092 (20.7%) 91933 (31.4%) 17245 (38.7%)
Quartile 2 220983 (25.5%) 46989 (20.2%) 81224 (27.5%) 81632 (27.9%) 11138 (25%)
Quartile 3 217606 (25.1%) 57538 (24.7%) 82199 (27.8%) 68439 (23.4%) 9430 (21.2%)
Quartile 4 221360 (25.6%) 92673 (39.8%) 70833 (24%) 51083 (17.4%) 6771 (15.2%)
Procedure <0.001
Colectomy 283606 (32.8%) 64261 (27.6%) 97769 (33.1%) 102274 (34.9%) 19302 (43.3%)
CABG 248403 (28.7%) 58809 (25.3%) 82288 (27.9%) 93297 (31.8%) 14009 (31.4%)
THA 333639 (38.5%) 109559 (47.1%) 115291 (39%) 97516 (33.3%) 11273 (25.3%)
Emergent/Urgent Admission 270113 (31.2%) 56264 (24.2%) 87928 (29.8%) 105846 (36.1%) 20075 (45%)

CABG: coronary artery bypass grafting; THA: total hip arthroplasty.
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Specifically, nearly half of surgical admissions at hospitals with the
highest SN burden were emergent/urgent (n ¼ 20,075, 45%),
whereas only 24% (n ¼ 56,264) of admissions at hospitals in the
lowest SN burden category were considered emergent/urgent.
Furthermore, hospitals in the lowest SN burden tier were more
likely to perform THA (n ¼ 109,559, 47.1%), whereas procedures
such as abdominal colectomy (n ¼ 19302, 43.3%) were more likely
to be performed at hospitals in the highest SN burden category.

Examination of the distribution of the SN burden at the 3090
hospitals in the cohort revealed that 1 in 10 hospitals were cate-
gorized in the highest SN category (n ¼ 322, 10.4%) (Fig. 1). Addi-
tional details of hospital characteristics stratified by SN burden tier
were summarized in Table 2. Hospitals in the lowest SN burden tier
were more likely to be small (n ¼ 401, 59.6%), while hospitals with
the largest SN burdenwere more likely to be large (n ¼ 125, 38.8%)
Table 2
Hospital Characteristics stratified by safety net (SN) burden tier.

Total N ¼ 3090 Lowest SN burden
N ¼ 673

SN inpatient proportion (median, IQR) 24.23 (16.22, 32.75) 9.79 (6.47, 12.35)
Size of Hospital
Small 1127 (36.5%) 401 (59.6%)
Medium 963 (31.2%) 168 (25%)
Large 1000 (32.4%) 104 (15.5%)
Teaching Status
Rural 803 (26%) 138 (20.5%)
Urban non-teaching 1126 (36.4%) 320 (47.5%)
Urban teaching 1161 (37.6%) 215 (31.9%)
Region of Hospital
Northeast 530 (17.2%) 157 (23.3%)
Midwest 789 (25.5%) 189 (28.1%)
South 1165 (37.7%) 230 (34.2%)
West 606 (19.6%) 97 (14.4%)

IQR: interquartile range.
and be an urban teaching facility (n ¼ 182, 56.5%).
Patient outcomes relative to hospital SN burden

Compared with patients who underwent surgery at the lowest
SN burden hospitals, patients operated at hospitals with the high-
est SN burden were nearly twice as likely to have a complication
following surgery (n ¼ 12,890, 28.9% vs. n ¼ 39,830, 17.1%;
p < 0.001) (Table 3). Specifically, surgical hospitalization at a high
SN burden hospital was more likely to be complicated by pulmo-
nary failure, pneumonia, myocardial infarction, acute renal failure
and surgical site infection (all p < 0.001). In addition, the risk of
death following a complication increased as SN burden increased
(n ¼ 1171, 2.6% vs n ¼ 2527, 1.1%; p < 0.001). The risk of a never
event was also more than two-fold higher at hospitals in the
Low SN burden
N ¼ 916

High SN burden
N ¼ 1179

Highest SN burden
N ¼ 322

p

20.09 (17.68, 22.32) 30.83 (27.27, 35.1) 52.26 (45.96, 63.16) e

<0.001
345 (37.7%) 298 (25.3%) 83 (25.8%)
299 (32.6%) 382 (32.4%) 114 (35.4%)
272 (29.7%) 499 (42.3%) 125 (38.8%)

<0.001
241 (26.3%) 371 (31.5%) 53 (16.5%)
328 (35.8%) 391 (33.2%) 87 (27%)
347 (37.9%) 417 (35.4%) 182 (56.5%)

<0.001
180 (19.7%) 151 (12.8%) 42 (13%)
309 (33.7%) 252 (21.4%) 39 (12.1%)
302 (33%) 521 (44.2%) 112 (34.8%)
125 (13.6%) 255 (21.6%) 129 (40.1%)



Table 3
Patient Outcomes following surgery stratified by hospital safety net (SN) burden tier.

Total
N ¼ 865,648

Lowest SN Burden
N ¼ 232,629

Low SN Burden
N ¼ 295,348

High SN Burden
N ¼ 293,087

Highest SN Burden
N ¼ 44,584

p

Any complication 182628 (21.1%) 39830 (17.1%) 59542 (20.2%) 70366 (24%) 12890 (28.9%) <0.001
Pulmonary failure 29314 (3.4%) 5606 (2.4%) 9205 (3.1%) 11752 (4%) 2751 (6.2%)
Pneumonia 12345 (1.4%) 2570 (1.1%) 4016 (1.4%) 4782 (1.6%) 977 (2.2%)
Myocardial infarction 74905 (8.7%) 15719 (6.8%) 24532 (8.3%) 29791 (10.2%) 4863 (10.9%)
DVT/PE 9456 (1.1%) 2123 (0.9%) 2979 (1%) 3647 (1.2%) 707 (1.6%)
Acute Renal Failure 74358 (8.6%) 16244 (7%) 23729 (8%) 28916 (9.9%) 5469 (12.3%)
Hemorrhage 20983 (2.4%) 5135 (2.2%) 6951 (2.4%) 7611 (2.6%) 1286 (2.9%)
Surgical Site Infection 27618 (3.2%) 6059 (2.6%) 8917 (3%) 10321 (3.5%) 2321 (5.2%)
GI Hemorrhage 2623 (0.3%) 527 (0.2%) 807 (0.3%) 1032 (0.4%) 257 (0.6%)
Failure to Rescue 13172 (7.2%) 2527 (6.3%) 4297 (7.2%) 5177 (7.4%) 1171 (9.1%) <0.001
Mortality 13172 (1.5%) 2527 (1.1%) 4297 (1.5%) 5177 (1.8%) 1171 (2.6%) <0.001
Never event 18465 (2.1%) 3792 (1.6%) 5807 (2%) 7068 (2.4%) 1798 (4%) <0.001
LOS 5 (3, 8) 4 (3, 7) 5 (3, 8) 5 (3, 9) 6 (4, 11) <0.001
Expenditure, median (K, USD) 21.4 (14.9, 36.2) 19.1 (13.9, 32.0) 20.8 (14.9, 35.0) 23.5 (15.9, 39.5) 26.1 (16.4, 44.1) <0.001

DVT: deep vein thrombosis; GI: gastrointestinal; LOS: length of stay; PE: pulmonary embolus.
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highest versus lowest SN burden tier (n ¼ 1,798, 4% vs. n ¼ 3,792,
1.6%; p < 0.001). Surgery at highest SN burden hospitals was
associated with a median increased cost of $7000 compared with
lowest SN burden hospitals ($26,100 [IQR $16,400-$44,100] vs.
$19,100 [IQR $13,900e32,000], p < 0.001).

Onmultivariable logistic regression analysis, hospital SN burden
status remained associated with outcomes following surgery
(Table 4). Specifically, compared with patients who had an opera-
tion at the lowest SN burden hospital, patients operated at hospi-
tals with the highest SN burden category were more likely to suffer
a complication (OR 1.14, 95% CI 1.10e1.18). In addition, the odds of
death following a complication incrementally increased as SN
burden increased with patients at the highest SN burdened hos-
pitals having 36% greater odds (OR 1.36, 95% CI 1.25e1.47) of FTR.
The odds of a never event was, however, comparable across hos-
pitals irrespective of hospital SN burden (p > 0.05). These findings
were consistent after stratifying for procedure type (Supplemental
Table 1).
Influence of race/ethnicity on outcomes

After adjusting for relevant clinical and hospital covariates, AA/
Blacks had greater odds of experiencing a complication compared
with White patient patients across all hospital SN burden tiers (all
p < 0.05) (Fig. 2, Supplemental Table 2). In addition, minority pa-
tients also had greater odds of an extended LOS versus White pa-
tients even at the lowest burdened hospitals (OR 1.38, 95%CI
1.3e1.47). In contrast, the odds of death, FTR, and a never event was
similar among AA/Black and White patients across all SN Burden
tiers (p < 0.05). Similar trends were noted among individuals of
Hispanic/Other race. Specifically, Hispanics/other patients had
Fig. 1. Distribution of the safety net burden of
increased odds of a complication and prolonged LOS versus White
patients across all SN burden categories (p < 0.05).
Discussion

Diversity in the United States is rapidly expanding with no racial
or ethnic group being projected to be in the majority by 2065.1

Experience and access with the healthcare system has not been
equitable across racial groups, which has resulted in disparities in
health outcomes. One initiative that has been proposed to help
mitigate health disparities has been the establishment and finan-
cial support of SN hospitals, which aim to serve as places of care for
vulnerable populations. With the repeal of the individual mandate
penalty, worsening of health disparities among minority patients
may become more pronounced, making SN hospitals even more
important. The current study was important because the NIS
dataset was used to examine health outcomes at SN hospitals
following common surgical procedures such as colectomy, CABG, or
THA. In particular, we examined the impact of SN hospitals relative
to outcomes among surgical patients treated at lowest/low versus
high/highest SN burden hospitals with a particular focus on the
impact of racial/ethnic minority status relative to perioperative
outcomes and SN burden. Perhaps not surprising, patients who
received surgical care at a hospital in the highest SN burden cate-
gory were more likely to be younger, a racial/ethnic minority, be
low income, as well as present with more severe illness. Of note, SN
burden was associated with worse peri-operative outcomes
including higher likelihood of complications, FTR, extended LOS, as
well as a “never” event following surgery. In examining the asso-
ciation between race/ethnicity and peri-operative outcomes, irre-
spective of the degree of hospital SN burden, racial/ethnic
the 3090 hospitals in the analytic cohort.



Table 4
Results of multivariable logistic regression analysis for evaluating the association of hospital’s safety net burden for outcomes of interest following surgery. Each model
controlled for procedure type, patient age, gender, race, year of procedure, Charlson Comorbidity Index, income quartile, hospital teaching status, hospital bed size, region of
U.S., and whether the procedure was elective.

Safety net burden tier Complication FTR Extended LOS Death Never Event

Lowest Ref Ref Ref Ref Ref

Low 1.00 (0.98, 1.02) 1.07 (1.01, 1.12) 0.95 (0.93, 0.97) 1.07 (1.02, 1.13) 1.02 (0.98, 1.07)
High 1.03 (1.01, 1.05) 1.08 (1.02, 1.14) 1.04 (1.02, 1.06) 1.10 (1.05, 1.16) 1.01 (0.96, 1.06)
Highest 1.14 (1.10, 1.18) 1.36 (1.25, 1.47) 1.39 (1.34, 1.43) 1.41 (1.31, 1.52) 1.57 (1.47, 1.68)

FTR: failure to rescue, LOS: length of stay.

Fig. 2. At Hospitals in the highest safety net burden tier, the association between post-
surgical outcomes and race/ethnicity (reference: Non-Hispanic White).
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minorities had greater odds of a complication and extended LOS.
Collectively the data demonstrated that, while more commonly
treating African American, Hispanic and low income individuals, SN
hospitals were not able to mitigate health disparities among mi-
nority patients.

Individuals who received care at hospitals with the greatest SN
burden had distinct demographic characteristics including younger
age, minority status, as well as lower income levels. In a study of the
University HealthSystem Consortium database, Hoehn et al. simi-
larly noted that patients treated at SN hospitals were more likely to
be lower income and racial/ethnic minorities.27 While this previous
study simply described the demographic profile of patients at SN
hospitals, the current study additionally characterized the health
status of these individuals using the risk of mortality and severity of
illness score. Of note, individuals who underwent an operation at
one of the highest SN burdened hospitals were more commonly
characterized with preoperative loss of function and higher likeli-
hood of death. In a separate study, Dhar and colleagues had failed to
note a difference in severity of illness among patients undergoing
emergency general surgery based on severity of illness scores at SN
hospitals.28 The discrepant results are undoubtedly multifactorial,
but likely reflect differences in patients at SN versus non-SN hos-
pitals among patients undergoing emergency versus elective sur-
gery. In particular, data from the current study would strongly
suggest that patients undergoing elective non-emergent general at
SN are generally sicker with more baseline morbidities. In turn,
perhaps not surprisingly, outcomes following surgery at the highest
SN burdened hospitals were worse. Hoehn et al. similarly noted
higher odds of mortality and cost of care at high burdened hospi-
tals, yet had attributed these variations to intrinsic qualities of SN
hospitals due to the noted worse performance in Surgical Care
Improvement Project measures.27 In the current study, we similarly
noted that the incidence of never events within the surgical pop-
ulation was highest among high SN burden hospitals, as patients at
high SN burden hospitals were at an over 50% increased risk of a
never event compared with patients undergoing an operation at
the lowest burdened hospital. In turn, the data suggest that the
worse outcomes at high SN burdened hospitals may be due to both
structural processes unique to these hospitals (i.e. higher never
events), as well as an adverse patient-case mix (i.e. more patients
with higher medical acuity, comorbidities, etc.). As such, the quality
of care received by patients at the highest SN burdened hospitals
may not be equitable to care rendered at hospitals with a lower SN
burden. Further research is needed to examine the organizational
infrastructure at these institutions in order to improve the quality
of care delivered to medically at-risk populations and ensure
equitable care for all individuals.

The financial viability of SN hospitals has recently come into
question. In 2016, hospitals provided more than $38.3 billion in
uncompensated care of which only roughly 65% was offset by
government funding.29 The combination of decreasing
disproportionate-share hospital payments to counterbalance for
uncompensated care, as well as the 13 million additional uninsured
people anticipated by 2027 after the repeal of the individual
mandate penalty, could lead to a significant financial crisis for
hospitals that are providing care to under-resourced populations.30

In turn, the financial instability of high SN burdened institutions
may create an organizational infrastructure that is ill-equipped and
poorly resourced to care for complex, sick patients. Interestingly,
we noted that the majority of high SN burden hospitals were large
teaching institutions. Thus, in addition to the commitment to
provide care to at risk populations, these SN hospitals are often
training and developing the future surgical workforce. Financial
jeopardy or closure of these institutions would serve only to
exacerbate general surgery workforce issues, as well as worsen
access to hospitals that perform inpatient surgery.31,32 As such,
alternative methods to financially support high burden SN in-
stitutions may be necessary and we should be looking for ways to
reward institutions that are addressing social determinants of
health.33 For example, initiatives such as the Boston Medical Center
Preventive Food Pantry and the Boston Health Care for the Home-
less Program, have been created in order to improve surgical access
and outcomes for individuals from underserved populations.34

Further research is needed to determine if these interventions
will be able to improve healthcare for vulnerable populations.

The current study also served to highlight the importance of
assessing and screening for social determinants of health as a
means to risk stratify patients undergoing surgical intervention.
Social determinants of care include the conditions in which one
lives, learns, worships, and works that, in turn, affect health risks
and outcomes.35 Though SN hospitals are able to provide needed
surgical care for thousands of individuals, minorities had greater
odds of complications across all hospitals irrespective of SN burden.
These data emphasize how minority patients are at a disadvan-
taged state with higher risks of adverse outcomes due to worse
underlying health conditions, as well as complicated social de-
terminants of health. SN hospitals, while serving a greater pro-
portion of minorities, are not often well positioned to impact these
social determinants of health. For example, low-income
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neighborhoods have worse access to food sources (i.e. “food de-
serts”), which promote unhealthy eating choices compared with
high-income neighborhoods.36 As nutrition is an essential part of
health and recovery following surgery, these individuals may be
consequently at greater risk for poor wound healing, infections and
complications following gastrointestinal, cardiac, and orthopedic
surgery.37,38 In another study, Wolf et al. noted that among new
Medicare enrollees, individuals who were health illiterate had
greater difficulties with activities of daily living and had more
workplace challenges due to their physical health.39 It is important
to note that social determinants of health such as economic sta-
bility, education, and social and community support are not
incorporated into commonly used risk stratification tools. As such,
the worse clinical outcomes at high SN burden hospitals are likely
not appropriately or accurately risk-stratified to take all of these
factors into account.

Several limitations should be considered when interpreting the
results of the current study.While SN burdenwas determined using
previous established methodology, no consensus definition exists
on how to best define SN hospitals.40 Nonetheless, the current
study utilized a formula based on uncompensated care that has
previously been demonstrated to detect hospitals treating those
individuals who are most financially vulnerable.40 Though more
recent trends in outcomes at SN hospitals was limited by the cur-
rent dataset, the findings remain applicable as 2014 was one of the
latest years that reflected the ACA implementation. Similar to other
studies utilizing large administrative data, the present study was
also subject to information bias secondary to variation in coding
practices. While we performed multivariable logistic regression
analysis to account for confounding factors in the observed data,
there are unobservable variables such as access to healthy food,
health literacy, hospital and patient economic stability that may
have influenced the association between SN burden and outcomes
which could not be adjusted for in the analysis.

In conclusion, while patients who received surgical care at the
highest SN burdened hospitals represented only a small proportion
of the surgical population, these patients were more likely to have a
complication, die following a complication, have a longer LOS and
greater associated hospital costs. Moreover, irrespective of hospital
SN burden, minoritiy patients had greater odds of a complication
and prolonged LOS compared with White patients. While SN hos-
pitals play an important role in caring for America’s most vulner-
able populations, SN hospitals cannot mitigate racial disparities
secondary to social determinants of health. Further research is
needed to determine the root cause of health inequities and
determine strategies to address these in order to ensure equitable
health for all.
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