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a b s t r a c t

Background: Patients undergoing complex surgery at safety net hospitals have been shown to suffer
inferior short-term outcomes. Liver transplantation, one of the most complex surgical interventions, is
offered at certain safety net hospitals. We sought to identify whether patients undergoing liver trans-
plantation at safety net hospitals have inferior outcomes compared with lower burden centers.
Methods: Using a link between the University HealthSystem Consortium and Scientific Registry of
Transplant Recipient databases, we identified 11,047 patients undergoing liver transplantation at 63
centers between 2009 and 2012. Hospitals were grouped by safety net burden, defined as the proportion
of Medicaid or uninsured patient encounters during that time. The highest quartile (safety net hospitals)
was compared to medium- and low-burden hospitals regarding recipient and donor characteristics,
perioperative outcomes, and long-term survival.
Results: Liver transplantation recipients at safety net hospitals were more often black and of lower so-
cioeconomic status (P < .01), but had similar model for end-stage liver disease scores (20 vs 20 vs 18)
compared with median-burden hospitals and low burden hospitals. Length of stay and readmission rates
were similar; however, safety net hospitals demonstrated higher in-hospital mortality (5.2% vs 4.5% vs
2.9%, P < .01). Despite this, there was no significant difference in overall patient or graft survivals in
patients who underwent liver transplantation at safety net hospitals and survived the perioperative
setting at a median follow-up of 2 years (P > .05).
Conclusion: Despite differences in perioperative outcomes at safety net hospitals, these centers achieve
noninferior long-term patient and graft survival for potentially vulnerable patients requiring liver
transplantation. Strict care standardization, as achieved in liver transplantation, may be a mechanism by
which outcomes can be improved at safety net hospitals after other complex surgical procedures.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Advances in operative technique, perioperative care, and post-
transplant management have led to improved outcomes for liver
transplantation (LT) during the past several decades.1,2 For LTs
performed between 2008 to 2015, the 5-year graft survival was 72%
and patient survival was 75%.3 Demand for LT continues to increase
in the United States with a total of 7,841 LT performed and 11,340
candidates added to the transplant waitlist in 2016.1

As the number of patients undergoing LT grows, however, vari-
ability in transplant practices owing to differences in safety net
es and Catherine Orr Chair of
ity of Cincinnati College of
, Cincinnati, OH 45267-0558.
burden may have an adverse impact on post-transplant outcomes.
Safety net hospitals (SNHS), that is, institutions that treat a dispro-
portionate fraction of uninsured or Medicaid patients, have been
shown previously to face challenges at the patient-level, the
institutional-level, and the policy-level.4 These centers often require
costly adjunct services to address socioeconomic and cultural de-
terminants of healthwhen implementing initiatives targeting quality
improvement. Furthermore, resource availability and utilization of
various treatment modalities may differ at these hospitals.5,6

Regarding complex surgical care, several studies have seemed to
show that patients at SNH may have inferior short-term outcomes,
greater rates of failure to rescue after postoperative complications,
and worse performance regarding perioperative quality meas-
ures.7e12 Despite these putative differences in short-term out-
comes, however, recent studies have demonstrated that patients
receiving complex surgical care at SNHs who survive the
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perioperative period seem to have similar long-term outcomes
compared with those treated at lower burden centers.13

Liver transplantation is rapidly growing in demand and is
offered at some SNHs. Given the persistent imbalance of recipient
demand and donor supply, it is important to optimize outcomes
from utilization of such a precious resource. Given lack of literature
regarding LT at SNHs, we sought to identify whether potentially
vulnerable patients undergoing LT at SNHs have inferior outcomes
compared with lower burden centers.

Methods

Data sources

This study used data from the University HealthSystem Con-
sortium (UHC) and the Scientific Registry of Transplant Recipients
(SRTR). These data were collected and analyses were completed
before the merger of UHC and VHA, Inc (a national corporation of
not-for-profit health care organizations) to become Vizient, Inc. The
SRTR data system includes data on all donors, waitlisted candidates,
and transplant recipients in the United States as submitted by the
Organ Procurement and Transplantation Network (OPTN). The
Health Resources and Services Administration, US Department of
Health and Human Services, provides oversight to the activities of
the OPTN and SRTR contractors. The data reported here have been
supplied by the Minneapolis Medical Research Foundation as the
contractor for the Scientific Registry of Transplant Recipients
(SRTR). The interpretation and reporting of these data are the re-
sponsibility of the authors and in no way should be seen as an
official policy of or interpretation by the SRTR or the US Govern-
ment. This study was approved by the Institutional Review Board of
the University of Cincinnati.

Patient population

Using a link between UHC and SRTR as described previously, we
identified 11,047 patients who underwent LT at 63 centers between
2009 to 2012.14e16 The primary outcome of interest was overall
patient survival. Secondary outcomes were graft survival, in-
hospital mortality, and readmissions. The following recipient
covariates were analyzed: age, sex, race, socioeconomic status
(SES), insurance, body mass index (BMI), cause of liver disease,
medical history, laboratory model for end-stage liver disease
(MELD), MELD exception status, functional status, severity of
illness, and employment status. Functional status was obtained
from the SRTR databasewith those patients performing activities of
daily living with no assistance defined as independent, those
needing some assistance defined as dependent, and those requiring
total assistance defined as severely ill. Severity of illness (SOI) was
obtained from the UHC database for each recipient and grouped
based on degree of organ dysfunction present on admission.17

The following recipient outcomes were analyzed: discharge
location, hospital duration of stay, intensive care unit (ICU) duration
of stay, in-hospital mortality, and readmission rate. The following
donor information was collected: age, sex, race, BMI, donor type,
deceased versus living donor status, graft type, cause of death, or-
gan location, and donor risk index (DRI).

Socioeconomic status

A measure of SES was calculated using data from the US Census
American Community Survey as described previously.16 Variables
included 3measures of income (household income, value of housing
unit, and percentage of householdswith interest, dividend, or rental
income), 2 measures of education (proportion of adult residents
completing high school and completing college), and 1 measure of
employment (percentage of residents with management, business,
science, and arts occupations). Z scores for each recipient was
calculated for eachvariable and combined into a summary SES score.
All recipients were then sorted and stratified into quintiles from
lowest SES (quintile 1) to highest SES (quintile 5).

Safety net burden

The safety net burden of a hospital was defined as the propor-
tion of total patients who had Medicaid or no insurance. Hospitals
were grouped into quartiles according to safety net burden, as
described previously.7,10 Those in the first quartile (1.9e14.2%, n ¼
15) were defined as low burden hospitals (LBH), the middle 2
quartiles (14.5e36.4%, n ¼ 38) made up the medium burden hos-
pitals (MBH), and the highest quartile (36.8e100%, n ¼ 10) indi-
cated high burden hospitals (HBH). The HBH represented the SNH.

Transplant center characteristics

The distribution of safety net burden hospitals within each
OPTN region was characterized. The volume of transplantations at
each center was calculated per year using the SRTR data based on
the number of recipients at each center. The volume at all centers
were ranked and then divided into tertiles, with equal number of
recipients in each tertile. The distribution of safety net burden
hospitals within each tertile was then characterized.

Statistical analysis

We performed a retrospective, noninferiority analysis
comparing survival at SNHs versus LBHs. The noninferiority
margin, D, was set at 0.2 based on previous studies.18,19 Non-
inferiority of the safety net burden would then be demonstrated if
the patient (or graft) survival at SNHs is not lower by greater than
0.2 compared with patient (or graft) survival at LBHs. The 2-sided
95% confidence intervals of the outcome difference between the
SNHs and LBHs used for statistical testing was calculated from the
data in the table above as follows:

PS1 � PS2 ± 1:96 , Sqrt
�
SD2

p1=N1 þ SD2
p2=N2

�
and

GS1 � GS2 ± 1:96 , Sqrt
�
SD2

g1=N1 þ SD2
g2=N2

�
;

where PS1, PS2, GS1, and GS2 represent observed 3-year patient and
graft survival at the SNHs and LBHs groups, respectively, SDp1, SDp2,
SDg1, and SDg2 are observed standard deviations in the respective
groups, and N1 and N2 are the actual sample sizes of the respective
groups. Our dataset was much greater than the sample size needed
to accomplish this objective.

Missing values for specific variables were omitted from the
analysis for that variable. c2 test and Wilcoxon rank-sum test were
used for comparison of categorical and continuous variables,
respectively. Kaplan-Meier survival analysis was used to compare
patient and graft survival. Multiple logistic regression models were
created to analyze predictors of in-hospital mortality and 30-day
readmission, whereas Gamma regression techniques were used
for cost and Poisson regression techniques for length of stay. The
predictors of ICU and hospital duration of stay, in-hospital mor-
tality, and 30-day readmission were adjusted using a multivariate
analysis, with covariates in the final model including safety net
burden, cause of disease, age, sex, race, BMI, MELD, SOI, SES, in-
surance, donor sex, and DRI. In addition, propensity matching was



Table I
Transplant recipient demographics according to hospital safety net burden

Recipient characteristic Hospital safety net burden P value

LBH (Q1) MBH (Q2,3) HBH (Q4)

N (median) % (IQR) N (median) % (IQR) N (median) % (IQR)

No. of patients 3,162 28.6% 7,000 63.4% 885 8.0%
No. of hospitals 15 38 10
Sex .16
Male 2,166 68.5% 4,667 66.7% 587 66.3%
Female 996 31.5% 2,333 33.3% 298 33.7%

Age .003
18e29 112 3.5% 265 3.8% 24 2.7%
30e39 137 4.3% 335 4.8% 41 4.6%
40e49 406 12.8% 1,005 14.4% 142 16.1%
50e59 1,368 43.3% 3,070 43.9% 395 44.6%
60e69 1,018 32.2% 2,150 3.7% 261 29.5%
�70 121 3.8% 175 2.5% 22 2.5%
Median (IQR) 57 51e62 56 50e61 56 50e61 <.001

Race <.001
White 2,245 71.1% 5,116 73.1% 636 71.9%
Black 364 11.5% 641 9.2% 119 13.4%
Hispanic 327 1.3% 807 11.5% 105 11.9%
Asian 199 6.3% 367 5.2% 23 2.6%
Other 25 69 2

SES <.001
(lowest) Q1 527 18.2% 1,227 19.3% 239 29.0%
Q2 550 18.9% 1,322 2.8% 165 2.0%
Q3 530 18.2% 1,297 2.4% 145 17.6%
Q4 642 22.1% 1,280 2.1% 142 17.2%
(highest) Q5 655 22.6% 1,236 19.4% 132 16.0%

Insurance <.001
Private 1,965 62.1% 4,104 58.6% 472 53.3%
Medicare 868 27.4% 1,857 26.5% 219 24.8%
Medicaid 267 8.4% 920 13.1% 118 13.3%
Uninsured 23 31 11
Other/unknown 39 88 1.3% 65 7.3%

BMI 27 24e32 28 24e32 28 25e32 <.001
Cause of liver disease <.001
Alcohol 393 12.4% 997 14.3% 129 14.6%
HCC 416 13.2% 828 11.8% 101 11.4%
NASH 390 12.3% 997 14.3% 135 15.2%
Viral hepatitis 1,116 35.3% 2,593 37.1% 35 39.6%
Other 847 26.8% 1,582 22.6% 170 19.2%

Recipient medical history
Diabetes 765 24.4% 1,696 24.7% 237 26.8% .33
Angina 63 2.8% 148 3.3% 45 5.4% .002
Hemodialysis 308 9.7% 709 1.1% 78 8.8% .44
Bacterial peritonitis 140 4.5% 451 6.6% 54 6.1% <.001

Portal vein thrombosis 117 3.8% 288 4.3% 30 3.4% .34
TIPS 170 5.5% 424 6.2% 56 6.4% .30
HCV 1,385 43.8% 2,893 41.3% 396 44.8% <.001
Approved for MELD exception 1,094 34.6% 2,032 29.0% 210 23.7% <.001

Functional status <.001
Independent 1,414 44.7% 2,747 39.2% 424 47.9%
Dependent 1,057 33.4% 2,339 33.4% 291 32.9%
Severely ill 676 21.4% 1,686 24.1% 158 17.8%
Unknown 15 .5% 228 3.3% 12

MELD <.001
6e13 999 31.6% 1,798 25.7% 189 21.4%
14e19 706 22.3% 1,647 23.5% 224 25.3%
20e27 695 22.0% 1,661 23.7% 238 26.9%
28e40 762 24.1% 1,894 27.1% 234 26.4%
Median (IQR) 18 12e27 20 13e28 20 14e28 <.001

Severity of illness <.001
Minor 41 248 3.5% 19 2.2%
Moderate 445 14.1% 1,206 17.2% 155 17.5%
Major 1104 34.9% 2,177 31.1% 282 31.9%
Extreme 1572 49.7% 3,369 48.1% 429 48.5%

HCV, hepatitis C virus; IQR, inter-quartile range; TIPS, transjugular intrahepatic portosystemic shunt.
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performed based on patient characteristics (age, race, socioeco-
nomic status, and MELD) and based separately on hospital char-
acteristics (transplantation volume and region).

Cox proportional hazards regression was used to model long-
term survival. Patients with in-hospital mortality were excluded
from long-term survival analysis to adjust for the impact of peri-
operative mortality on overall survival. Random intercept hierar-
chical models were used in all analyses to account for the clustering
effects of the center where the patients underwent their LT. Cova-
riates initially entered into the Cox regression model included



Table II
Donor demographics according to safety net burden

Donor characteristic Hospital safety net burden P value

LBH (Q1) MBH (Q2,3) HBH (Q4)

N (median) % (IQR) N (median) % (IQR) N (median) % (IQR)

Sex .93
Male 1,855 58.7% 4,092 58.5% 523 59.1%
Female 1,307 41.3% 2,908 41.5% 362 4.9%

Age of donor (y) .04
<40 650 20.6% 1,412 20.2% 191 21.6%
40e49 648 20.5% 1,343 19.2% 173 19.6%
50e59 357 11.3% 783 11.2% 91 10.3%
60e69 1,353 42.8% 3,175 45.4% 407 46.0%
>70 154 4.9% 287 4.1% 23 2.6%
Median (IQR) 43 28e55 42 27e54 42 26e52 .03

Race <.001
White 2,016 63.8% 4,760 68.0% 602 68.0%
Black 634 20.1% 1,275 18.2% 180 20.3%
Hispanic 394 12.5% 749 10.7% 79 8.9%
Asian 101 3.2% 160 2.3% 24 2.7%
Other 17 .5% 56 0

Donor type <.001
SCD 2,024 67.4% 4,608 68.8% 638 74.5%
ECD 820 27.3% 1,735 25.9% 203 23.7%
DCD 159 5.3% 354 5.3% 15

DDLT vs LDLT .06
DDLT 3,003 95.0% 6,697 95.7% 856 96.7%
LDLT 159 5.0% 303 4.3% 29 3.3%

Graft type .01
Split 199 6.3% 404 5.8% 32 3.6%
Whole 2,963 93.7% 6,596 94.2% 853 96.4%

BMI 26 23e30 26 23e31 26 23e30 .75
Cause of death <.001
Trauma 997 31.5% 2,249 32.1% 296 33.5%
Anoxia 732 23.2% 1,704 24.3% 160 18.1%
CVA 1,196 37.8% 2,561 36.6% 378 42.7%
Other 237 7.5% 486 6.9% 51 5.8%

Organ location <.001
Local 2,084 69.6% 4,735 71.5% 702 82.2%
Regional 654 21.8% 1,197 18.1% 118 13.8%
National 255 8.5% 694 10.5% 34 4.0%

Donor risk index <.001
<1.2 928 29.4% 2,206 31.5% 314 35.5%
1.2e1.49 846 26.8% 1,893 27.0% 272 30.7%
1.5e1.79 671 21.2% 1,486 21.2% 175 19.8%
≥1.8 717 22.7% 1,415 20.2% 124 14.0%

CVA, cerebrovascular accident; DCD, donation after circulatory death; DDLT, deceased donor liver transplant; ECD,
expanded criteria donor; LDLT, living donor liver transplant; SCD, standard criteria donor.
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safety net burden, recipient factors (age, sex, race, BMI, cause of
liver disease, MELD, bilirubin, aspartate aminotransferase, alanine
aminotransferase, international normalized ratio, sodium, albumin,
SOI, SES, and insurance), and donor factors (sex, DRI, cause of
death). Covariates were removed if P > .20. Therefore, remaining
covariates included safety net burden, cause of disease, age, sex,
race, BMI, MELD, SOI, SES, insurance, donor sex, and DRI. An a level
of 0.05 was used for all significance tests. The data were analyzed
using SAS 9.4 and JMP Pro 11 (SAS Institute, Cary, NC).

Results

Demographics of the safety net transplant recipients

The demographics of the transplant recipient according to safety
net burden status are demonstrated in Table I. Of all transplant
recipients, 28.6% (n ¼ 3,162) were treated at LBH, 63.4% (n ¼ 7,000)
at a MBH, and 8.0% (n ¼ 885) at a HBH. Recipients treated at HBH
were more likely to be of the black race, unemployed, and in the
lowest socioeconomic quintile. Recipients at LBHs were more likely
to have heptocellular carcinoma (HCC) whereas those at HBHswere
more likely to have alcohol-induced cirrhosis, nonalcoholic
steatohepatitis (NASH), and viral hepatitis as the cause of liver
disease. Recipients had similar MELD score across the LBHs, MBHs,
and HBHs (median 18 vs 20 vs 20), although those at LBHs had
greater rate of MELD exception status (34.6% vs 29.0% vs 23.7%).
Demographics of safety net liver donor

The demographics of liver donors utilized according to safety net
burden status are demonstrated in Table II. LBHs used a greater
proportion of expanded criteria donors, donation after cardiac death
grafts, and greater DRI grafts. Therewas a trend toward a greater use
of living donor LTs at LBHs (5.0%) versus HBHs (3.3%), but this was
not statistically significant (P ¼ .06). HBHs had a greater proportion
of local organ donors (82.2%) versus LBHs (69.6%, P < .001).
Characteristics of transplant centers

The distribution of transplant centers among OPTN regions
demonstrated SNH (ie, HBHs)were present in regions 2, 3, 4, 5, 7,10,
and 11, whereas LBHs were present in regions 1, 2, 3, 4, 5, 9, and 10.
Therefore, only regions 2, 3, 4, 5, and 10 had both SNHs and LBHs.



Table III
Multivariate adjustment of recipient clinical outcomes

Safety net burden LOS In-hospital mortality Readmission

RR P value OR P value OR P value

Low Ref. Ref. Ref.
Medium 1.23 .04 1.59 .04 1.11 .28
High 1.15 .27 1.93 .03 1.16 .43

Fig 1. Kaplan-Meier curves comparing patient survival according to safety net burden. Fig 2. Kaplan-Meier curves comparing graft survival according to safety net burden.
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The distribution of safety net burden status among different
transplant centers according to LT volume showed that themajority
of SNHs were low-volume centers (100% from 2009e2011, 90% in
2012). High-volume centers were either LBHs or MBHs. The dis-
tribution was similar throughout the study period (2009e2012).
Clinical outcomes

Median follow-up was 2.8 years. The durations of stay and
readmission rates were similar across safety net burden status.
HBHs and MBHs both had somewhat greater in-hospital mortality
compared with LBHs (5.2% and 4.5% vs 2.9%, P < .001). On multi-
variate analysis, the odds ratio of mortality compared with LBHs
was 1.58 (P ¼ .04) for MBHs and 1.93 (P ¼ .03) for HBHs (Table III).
The difference in duration of stay between HBHs and LBHs was no
longer present in the adjusted model.

Despite the difference in short-term mortality, recipients who
underwent LT at a SNH and survived the perioperative setting ach-
ieved noninferior overall patient and graft survival (P > .05, Figs 1
and 2). Then 3-year patient survival was 82.9% at SNHs vs 84.4% at
LBHs, and similarly, the 3-year graft survival was 80.4% at SNHs vs
81.3% at LBHs. Therefore, the 2-sided 95% CI of the difference in 3-
year survivals between SNH and LBH was calculated to be 1.28 to
1.70 (for patient survival) and 0.77 to 1.21 (for graft survival). Because
the lower limit of the 2-sided 95% CI was not less than the pre-
defined, noninferiority margin of e0.2, noninferiority of the patient
and graft survival at the SNH to the LBH was concluded.
On Cox regression analysis, factors associated with decreased
patient survival included older age (HR 2.14e3.08, P< .05), black race
(HR 1.48, P < .05), increased severity of illness (HR 1.62 for major and
2.38 for extreme, P < .05), lowest socioeconomic quintile (HR 1.25,
P < .05), and increased DRI (HR 1.18e1.39, P > .05). Factors associated
with improved survival included female sex (HR 0.84, P < .05), Asian
race (HR 0.60, P < .05), and liver disease owing to alcohol (HR 0.49,
P < .05) or NASH (HR 0.66, P < .05) versus viral cause. Factors asso-
ciated with graft survival were the same as those associated with
patient survival. Propensity matching based on both patient char-
acteristics and hospital characteristics both showed no differences
between SNHs and LBHs in terms of patient and graft survival.
Discussion

In this study, we demonstrated that despite differences in
recipient and donor factors and perioperative outcomes, the long-
term survival of LT recipients was noninferior across centers with
varying safety net burden status. Although ICU and total durations
of stay and readmission rates were similar across safety net burden
status, both SNHs and MBHs had significantly greater in-hospital
mortality rates. Median MELD scores were similar across safety
net burden status, but LBHs had greater proportions of low MELD
recipients and a greater rate of MELD exception status granted.
Potential reasons for the lower rates of MELD exception status at
SNHs may include fewer referrals to transplant centers for HCC,
worse comorbidities, or more advanced liver disease at the time of



T.C. Lee et al. / Surgery 166 (2019) 1135e11411140
referral. Although the circumstances behind this phenomenon are
unknown, our findings raise the thought that perhaps LBHs are
transplanting overall healthier recipients, which may contribute to
a lesser perioperative mortality rate.

Another factor that may play a role in perioperative outcomes is
the pretransplant care of patients with liver disease at SNHs. Pre-
vious studies have shown that patients with HCC, for example, at
SNHs are less likely to undergo curative therapies and therefore,
may be inworse health or haveworse stage of disease at the time of
LT, which could influence their perioperative outcomes.5,6 The
scope of this study, however, did not allow investigation of patients
who did not undergo LT. Therefore, future studies should investi-
gate potential disparities in access to transplantation.

The inferior short-term outcomes seen in this study are similar
to previous studies investigating complex operative procedures
performed at SNHs, including worse perioperative mortality after
colectomy, esophagectomy, pancreatoduodenectomy, and ventral
hernia repair.7 A study looking at emergency appendectomy, cho-
lecystectomy, and herniorrhaphy revealed greater rates of post-
operative complications at SNHs, but no differences in mortality.8

Another study of major cancer operations revealed greater read-
mission rates at SNHs, although this was not the case in our study.9

These studies also demonstrated that greater comorbidity indices
were associated with increased mortality and readmission rates,
suggesting these inferior outcomes may be more attributable to
patient factors than to the hospital setting.8,9 Additional studies
investigating care of patients with liver disease before LT, including
referral patterns in the communities funneling into SNH, may
provide more detailed information regarding the types of patients
being evaluated for and subsequently undergoing LT. This approach
may contribute potential explanations regarding patient factors
associated with the inferior short-term outcomes seen at SNHs.

Our group showed previously that patients who underwent an
operation for pancreatic cancer at SNHs and survived the periop-
erative period had similar long-term survival to those undergoing
operation at non-SNHs.13 In addition, patients with rectal cancer
undergoing operations at SNHs had no difference in survival.20 This
study provides additional evidence that complex operations can be
performed at SNHs with similar long-term outcomes.

A review of the SRTR adult heart, lung, liver, and kidney trans-
plant recipients from 2002 to 2011 revealed that 8.6% of all organ
transplants were insured through Medicaid, and these patients had
lesser 5-year survival than patients who had private insurance.21 In
our study, overall patient and graft survivals for recipients who
survived the perioperative period were noninferior at SNHs. SNHs
were more likely to have recipients of black race and lowest so-
cioeconomic status, both associated with decreased survival on
multivariate analysis, but also had a lesser donor risk index and
more liver disease owing to alcohol and NASH, which were pro-
tective factors. This combination of detrimental and protective
factors likely balanced out the effect on overall survival. In addition,
the expertise of highly trained staff at HBHs may improve the
outcomes of transplant recipients. Although one might think that
SNHs, which are typically academic, tertiary care centers, may have
greater transplant volume, contributing to improved outcomes, our
data show that SNHs were largely low-volume transplant centers.
Thus, volume of transplants at SNHs does not seem to be a valid
explanation for the similar outcomes seen.

The factors associated with survival from this study are largely
similar to previous findings. Female sex has been shown to be asso-
ciated with better survival.22,23 Older age and donor risk index are
well-known risk factors for worse survival.22e26 Previous studies on
the association of racewith survival have been conflicted. Prior studies
have found mixed associations between race and survival, although
some of these studies did not account for SES.27e29 In our study, Asian
race was associated with better survival, whereas both SES and black
race were independently associated with worse survival.

Standardized care protocols for perioperative management may
contribute to improving outcomes. Gurien et al demonstrated
fewer complications and reoperations after esophagectomy at their
SNH compared with the NSQIP national cohort, with success
attributed to their standardized clinical pathway.30 In addition, the
advent of protocol of enhanced recovery after surgery (ERAS) may
help improve outcomes at SNHs. A review of ERAS protocols
applied to liver surgery (though none included transplant) revealed
shortened durations of stay and of functional recovery time.31

Indeed, the ERAS Society established recommendations for hepat-
ic surgery, which may or may not be feasible in transplant sur-
gery.32 The complexity of posttransplant management necessitates
standardized protocols, which could partially explain the similar
outcomes across centers. Similar standardized protocols may be a
mechanism by which outcomes can be improved at SNHs after
other complex surgical procedures.

SNH provide a substantial and important resource for patients
with minority backgrounds and lower socioeconomic status. With
the establishment of pay-for-performance payment structures,
SNHs are at a disadvantage and often have reimbursement pen-
alties for patient factors or their institutional infrastructure that
may be out of their control.4,33,34 Our present study demonstrates
that despite inferior short-term outcomes which may reflect pa-
tient characteristics, long-term survival of LT recipients is non-
inferior at SNH. Instead of penalizing SNH for inferior short-term
outcomes, it may be beneficial to invest in the hospital infrastruc-
ture and patient outreach so these potentially vulnerable patient
populations have access to health care at earlier stages of disease,
increased multidisciplinary support during the perioperative
period, and resources for closer follow-up monitoring.

There are several limitations to this study. First, this is a
retrospective analysis of administrative databases. We are not able
to establish causality and therefore are limited to measuring
associations between variables. Second, the median follow-up was
only 2.8 years, and therefore our results may not be representative
of longer-term outcomes. Third, our definition of safety net
burden, as described in previous literature, is based on proportion
of Medicaid or uninsured but does not account for differences in
Medicaid coverage between states, and therefore SNH character-
istics across states may not be uniform. Fourth, this study only
evaluated academic centers using the University HealthSystem
Consortium and therefore may not be representative of all trans-
plant centers.

SNH are an important resource for potentially vulnerable candi-
dates and recipients of a LT. Although short-term perioperative out-
comes are inferior to non-SNH, recipients who survive the
perioperative period have non-inferior, long-term patient and graft
survivals. Future studies should be targeted toward improving peri-
operative outcomes, which may include optimizing pretransplant
management of liver diseases and pathways of enhanced recovery
after surgery.
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