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ABSTRACT

Objectives: Safety-net hospitals (SNHs) provide essential services to predomi-
nantly underserved patients regardless of their ability to pay. We hypothesized
that patients who underwent coronary artery bypass grafting (CABG) would have
inferior observed outcomes at SNHs compared with non-SNHs but that matched
cohorts would have comparable outcomes.

Methods: We queried the Nationwide Readmissions Database for patients who un-
derwent isolated CABG from 2016 to 2018. We ranked hospitals by the percentage
of all admissions in which the patient was uninsured or insured with Medicaid; hos-
pitals in the top quartile were designated as SNHs. We used propensity-score
matching to mitigate the effect of confounding factors and compare outcomes be-
tween SNHs and non-SNH:s.

Results: A total of 525,179 patients underwent CABG, including 96,133 (18.3%) at
SNHs, who had a greater burden of baseline comorbidities (median Elixhauser
score 8 vs 7; P = .04) and more frequently required urgent surgery (57.1% vs
52.8%; P < .001). Observed in-hospital mortality (2.1% vs 1.8%; P = .004) and ma-
jor morbidity, length of stay (9 vs 8 days; P < .001), cost ($46,999 vs $38,417;
P < .001), and readmission rate at 30 (12.4% vs 11.3%) and 9o days (19.0% vs
17.7%) were greater at SNHs (both P < .o01). After matching, none of these differ-
ences persisted except length of stay (9 vs 8 days) and cost ($46,977 vs $39,343)
(both P < .007).

Conclusions: After matching, early outcomes after CABG were comparable at
SNHs and non-SNHs. Improved discharge resources could reduce length of stay
and curtail cost, improving the value of CABG at SNHs. (JTCVS Open 2023;13:136-

49)
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Early outcomes after CABG are comparable at
safety-net and non-safety-net hospitals.

CENTRAL MESSAGE
Safety-net hospitals perform

coronary artery bypass grafting
with comparable early outcomes
to those of propensity-matched
non-safety-net hospitals but with
longer stays and greater costs.

PERSPECTIVE

Although previous studies have suggested that
the quality of complex surgical care at safety-
net hospitals lags behind nonsafety-net hospitals,
we found that safety-net hospitals perform coro-
nary artery bypass grafting with comparable
propensity-score matched outcomes to non-
safety-net hospitals, albeit with longer length of
stay and greater costs.
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Abbreviations and Acronyms
CABG = coronary artery bypass grafting
CI = confidence interval

ICD-10 = 10th Revision of the International
Classification of Diseases and Related
Health Problems

LOS = length of stay

NRD = Nationwide Readmissions Database

OR = odds ratio
SNH = safety-net hospital

Safety-net hospitals (SNHs) are defined as those that, by
mission or mandate, provide care to a substantial share of
vulnerable patients regardless of their ability to pay.'
Important disparities exist for these patients in terms of
both the burden of cardiovascular risk factors” and access
to cardiac surgical interventions.”® Nevertheless, SNHs
have been the subject of scrutiny with respect to delivery
of complex surgical care, including cardiac surgery, with
several studies suggesting that the quality of surgical care
at SNHs lags behind that at non-SNHs.”” Given these
disparities, along with a growing emphasis on health care
equity, the quality of cardiac surgical care at SNHs versus
non-SNHs is an area worthy of examination. In addition,
identifying specific areas in which SNHs may fall short of
non-SNHs can provide policymakers and cardiothoracic
surgical societies with areas to target for improvement.

Coronary artery bypass grafting (CABG) is the most
common cardiac operation performed in the United
States.'” Although previous studies have examined the ef-
fect of hospital safety-net burden on outcomes after
CABG,””'"" few have mitigated the effect of
confounding variables by comparing matched patient
cohorts. We hypothesized that patients who undergo
CABG would have inferior outcomes and greater cost at
SNHs than at non-SNHs but that matched cohorts drawn
from a nationwide sample would have comparable out-
comes and cost.

PATIENTS AND METHODS

Study Population and Data Collection

The Nationwide Readmissions Database (NRD) is the largest publicly
available all-payer inpatient database that provides linked admissions for
a patient within a given calendar year. It is maintained by the Agency for
Healthcare Research and Quality’s Healthcare Cost and Utilization Project.
The NRD provides demographic, clinical, and cost data from more than
90% of adult discharges from 28 states, accounting for approximately
60% of all patients and hospitals whose data are recorded in the American
Hospital Association Annual Survey Database, and uses a complex survey
design to allow for national estimates of patient outcomes.

We ensured that our data were coded consistently by abstracting admis-
sions data between January 1, 2016, and December 31, 2018, during which
time all data were coded according to the 10th Revision of the International

Classification of Diseases and Related Health Problems (ICD-10). First,
we used a combination of ICD-10-Clinical Modification and ICD-10-
Procedure Coding System codes to identify all patients who underwent
CABG during the study period. Next, we excluded patients who underwent
concomitant percutaneous coronary intervention, valve repair or replace-
ment, or open or endovascular aortic intervention to generate a cohort of
patients who underwent isolated CABG (Table E1). Given that only dei-
dentified data were used, this study was deemed exempt from institutional
review board approval.

Study Definitions

To facilitate a direct comparison, and in line with previous studies, we
defined safety-net burden as the percentage of all admissions with the pa-
tient’s primary payer designated as uninsured or insured with
Medicaid.”'*'” We defined hospitals in the top quartile of safety-net
burden as SNHs and the remaining hospitals as non-SNHs. '

We abstracted patient characteristics, including age, sex, payer, and me-
dian household income, directly from the NRD. Comorbidities were
abstracted by using ICD-10-Clinical Modification codes. The Elixhauser
Comorbidity Index,]‘) a composite score of 30 chronic conditions, was
used to quantify the burden of baseline comorbidities. Elixhauser score
was calculated by using a Python (Python Software Foundation. Python
Language Reference, version 3.7. http://www.python.org) implementation
of Healthcare Cost and Utilization Project Software and Tools (hcuppy
package, version 0.0.7).

Outcomes

Our primary outcome was in-hospital mortality, and our secondary out-
comes were major morbidity (acute kidney injury, stroke, respiratory fail-
ure, infections), length of stay (LOS), cost, and 30- and 90-day
readmission. Admissions during the month of December were excluded
from 30-day readmission calculations, and admissions during the months
of October through December were excluded from 90-day readmission cal-
culations. The total hospitalization cost was calculated by multiplying the
total hospital charge by cost-to-charge ratios provided by the NRD.

Statistical Analysis

Analyses were performed in R 4.1 (The R Project for Statistical
Computing). In all patient-level analyses, we accounted for the complex
survey design of the NRD, including clustering, stratification, and sample
weighting. Data are reported as weighted national estimates, as is standard
in studies using the NRD, unless otherwise noted. All hospital-level ana-
lyses are based on data directly abstracted from the NRD and were per-
formed by traditional statistical methods, as these data are not weighted
to provide national estimates. Of note, hospitals are given a unique identi-
fier each year in the NRD and cannot be tracked across years; therefore, we
stratified these data by year.

Categorical variables are presented as number (%), and continuous var-
iables are presented as median (interquartile range). Univariate compari-
sons were performed with the x? test with Rao and Scott correction or
Wilcoxon rank-sum test adjusted for complex survey design, as appro-
priate. National estimates were generated by using sampling weights as-
signed through the NRD.

A survey-adjusted multivariable logistic regression was performed on
the complete cohort to determine which baseline patient characteristics
were associated with in-hospital mortality. All significant variables in the
univariate analysis, along with hospital safety-net status, were included
in the initial model. All data were reduced to binary variables, and missing
data cells were replaced by the mode of that column. We divided the data
into a training set (80%) and a testing set (20%) with a partitioning tool.
Logistic regressions were carried out on the training set, and predictions
were made for the testing set, which were used to calculate the area under
the curve (C-statistic) of the receiver operator characteristic curve. Next,
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we used the C-statistic to guide independent variable selection, and the var-
iables in the final model were presented as adjusted odds ratio (OR) with
95% confidence interval (CI).

Propensity Score-Matched Analysis

A propensity score—matched analysis was performed to compare out-
comes between matched populations at SNHs versus non-SNHs. Cohorts
were matched according to the following covariates: age, sex, insurance
status, area of residence, household income quartile, elective admission
status, hospital characteristics, and 28 comorbid conditions included in
the composite Elixhauser comorbidities (Figure El). Greedy nearest
neighbor matching through the Matchlt package was used to create pairs
in a 1:1 ratio between SNHs and non-SNHs with a caliper of 0.05 standard
deviation of the logit. Of note, matching yielded a modest difference in
weighted sample sizes between groups due to post hoc sample weighting
calculations. Quality of matching was determined with balance diagnos-
tics, including computing standardized mean differences and visually in-
specting covariate distribution. An average standard mean difference of
0.10 was considered acceptable. After matching, univariate comparisons
were performed with the tests described previously.

RESULTS
Preoperative Characteristics

A total of 525,179 patients (75.5% male) underwent iso-
lated CABG in the United States between 2016 and 2018
(96,133 [18.3%] at SNHs and 429,046 [81.7%] at non-
SNHs) (Figure 1). There were several important baseline
differences between the 2 cohorts. Patients at SNHs were
younger (median age 65 vs 67 years) and more frequently
in the lowest income quartile (32.5% vs 26.6%) than pa-
tients at non-SNHs (both P <.001). In addition, patients
at SNHs had a greater burden of baseline comorbidities
(median Elixhauser score 8 vs 7; P = .04), including several
chronic conditions known to portend adverse outcomes af-
ter CABG: congestive heart failure (37.2% vs 34.3%), dia-
betes mellitus (52.2% vs 47.5%), and hypertension (89.7%
vs 87.5%) (all P <.001). In contrast, patients at non-SNHs
had greater rates of obesity (29.7% vs 28.1%; P = .04) and
peripheral arterial disease (15.2% vs 14.1%; P =.003) than

patients at SNHs. Tobacco use was similar between groups.
Last, patients at SNHs more frequently required urgent sur-
gery (57.1% vs 52.8%; P <.001) (Table 1).

Hospital Characteristics

An average of 783 hospitals performed CABG each year.
In general, SNHs were larger, more likely to be in an urban
location, and more likely to be designated as a teaching hos-
pital, whereas non-SNHs were smaller and more likely to be
in a rural location. Median annual CABG volume was 111
at SNHs and 158 at non-SNHs (P <.001) (Table 2).

Postoperative Outcomes

Observed rates of in-hospital mortality (2.1% vs 1.8%;
P = .004), acute kidney injury (21.6% vs 19.9%;
P <.001), stroke (2.0% vs 1.7%; P < .001), pneumonia
(6.2% vs 4.6%; P < .001), sepsis (2.7% vs 1.9%; P <
.001), 30-day readmission (12.4% vs 11.3%; P <.001),
and 90-day readmission (19.0% vs 17.7%; P <.001), the
median LOS (9 vs 8 days; P <.001), and the median total
cost ($46,999 vs $38,417; P <.001) were greater at SNHs
than at non-SNHs. In addition, patients at SNHs were less
likely to be discharged with home health care (35.1% vs
43.7%; P <.001) (Table 3).

Our multivariable model of the complete cohort identi-
fied several factors associated with in-hospital mortality:
congestive heart failure (OR, 3.22; 95% CI, 2.96-3.49),
chronic kidney disease (OR, 2.00; 95% CI, 1.85-2.16),
age >65 years (OR, 1.99; 95% CI, 1.84-2.14), need for ur-
gent surgery (OR, 1.69; 95% CI, 1.56-1.84), female sex
(OR, 1.60; 95% CI, 1.49-1.72), peripheral arterial disease
(OR, 1.55; 95% CI, 1.43-1.68), lowest household income
quartile (OR, 1.17;95% CI, 1.08-1.27), and Medicaid/unin-
sured (OR, 1.17; 95% CI, 1.03-1.34). Of note, hospital
safety-net status was not significantly associated with in-
hospital mortality (OR, 1.09; 95% CI, 0.98-1.20) (Table 4).

670,915 CABG Patients
1/1/2016 — 12/31/2018

Y

—| 145,736 Concomitant Procedure

| 525,179 Isolated CABG Patients |

v

v

| 96,133 SNH Patients |

| 429,046 Non-SNH Patients |

Propensity-Score Matching

| 95,911 SNH Patients |

| 108,142 Non-SNH Patients |

FIGURE 1. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) diagram. CABG, Coronary artery bypass grafting; SNH,

safety-net hospital.
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TABLE 1. Preoperative characteristics of patients who underwent coronary artery bypass grafting at SNHs versus non-SNHs

Unmatched (n = 525,179)

Matched (n = 204,053)

SNHs Non-SNHs SNHs Non-SNHs
Variable (n = 96,133) (n = 429,046) P value (n = 95,911) (n = 108,142) SMD

Age, y 65 (58-72) 67 (59-73) <.001 66 (58-72) 65 (58-72) 0.017
Male 71,862 (74.8%) 324,890 (75.7%) <.001 71,708 (74.8%) 80,650 (74.6%) 0.004
Elixhauser score 8 (0-18) 7 (0-17) .04 8 (0-18) 8 (0-18) 0.003
Anemia 4165 (4.3%) 14,878 (3.5%) <.001 4131 (4.3%) 4712 (4.4%) —0.001
Arrhythmia 44,237 (46.0%) 201,017 (46.9%) 17 44,154 (46.0%) 49,755 (46.0%) 0.001
Chronic kidney disease 20,893 (21.7%) 89,821 (20.9%) .08 20,849 (21.7%) 23,220 (21.5%) 0.007
Chronic obstructive pulmonary 21,549 (22.4%) 97,780 (22.8%) 40 21,511 (22.4%) 24,434 (22.6%) —0.004

disease
Coagulopathy 18,988 (19.8%) 91,428 (21.3%) 13 18,961 (19.8%) 21,401 (19.8%) —0.001
Congestive heart failure 35,772 (37.2%) 147,031 (34.3%) <.001 35,658 (37.2%) 40,109 (37.1%) 0.002
Diabetes mellitus 50,158 (52.2%) 203,821 (47.5%) <.001 49,987 (52.1%) 56,303 (52.1%) 0.001
Drug abuse 3663 (3.8%) 10,361 (2.4%) <.001 3608 (3.8%) 4270 (3.9%) —0.010
Hypertension 86,261 (89.7%) 375,518 (87.5%) <.001 86,047 (89.7%) 96,915 (89.6%) 0.003
Liver disease 3560 (3.7%) 14,692 (3.4%) .03 3551 (3.7%) 4075 (3.8%) —0.004
Obesity 27,032 (28.1%) 127,223 (29.7%) .04 26,985 (28.1%) 30,553 (28.3%) —0.003
Peripheral arterial disease 13,560 (14.1%) 65,279 (15.2%) .003 13,536 (14.1%) 15,325 (14.2%) —0.002
Tobacco use 49,846 (51.9%) 222,316 (51.9%) .96 49,732 (51.9%) 55,874 (51.7%) 0.007
Valvular heart disease 15,496 (16.1%) 69,386 (16.2%) .92 15,464 (16.1%) 17,199 (15.9%) 0.006
Household income* <.001

Quartile 1 31,201 (32.5%) 114,173 (26.6%) 30,997 (32.3%) 35,201 (32.6%) —0.005

Quartile 2 27,808 (28.9%) 129,780 (30.2%) 27,795 (29.0%) 31,272 (28.9%) 0.001

Quartile 3 21,849 (22.7%) 108,768 (25.4%) 21,845 (22.8%) 24,648 (22.8%) —0.001

Quartile 4 15,275 (15.9%) 76,325 (17.8%) 15,274 (15.9%) 17,021 (15.7%) 0.005
Nonelective 54,871 (57.1%) 226,658 (52.8%) <.001 54,696 (57.0%) 61,675 (57.0%) —0.001

Categorical variables are presented as number (%), and continuous variables are presented as median (interquartile range). SNHs, Safety-net hospitals; SMD, standardized mean

difference. *Indexed to patient’s ZIP code.

After propensity-score matching, 204,053 patients were
included (95,911 at SNHs and 108,142 at non-SNHs). Com-
parable rates of in-hospital mortality (2.1% vs 1.9%;
P = .11), acute kidney injury (21.6% vs 21.3%;
P = .54), stroke (2.0% vs 2.0%; P = .90), respiratory fail-
ure (20.2% vs 20.3%; P = .85), 30-day readmission
(12.3% vs 12.0%; P = .33), and 90-day readmission
(19.0% vs 18.7%; P = .52) were observed at SNHs and
non-SNHs; however, the rates of pneumonia (6.2% vs
5.0%) and sepsis (2.7% vs 2.0%) were greater at SNHs
than at non-SNHs (both P <.001). In addition, the longer
median LOS (9 vs 8 days) and greater median total cost
($46,977 vs $39,343) observed at SNHs persisted after
matching (both P < .001). After matching, patients at
SNHs also remained less likely to be discharged with
home health care (35.0% vs 45.8%; P <.001) (Table 3).

In a subanalysis of Medicaid-insured and -uninsured
patients, we found that differences in preoperative

characteristics between groups were generally similar to
those observed in the original cohort (Table E2). Of note,
SNHs had more Medicaid patients (81.3% vs 72.9%)
whereas non-SNHs had more uninsured/self-pay patients
27.1% vs 18.7%) (both P < .001). Observed and
propensity-score matched in-hospital mortality, major
morbidity, and 30- and 90-day readmission for this cohort
of patients were comparable at SNHs and non-SNHs.
Again, after matching, these patients had greater total cost
($50,110 vs $40,318) and were less likely to be discharged
with home health care (32.8% vs 39.7%) at SNHs than at
non-SNHs (both P <.001) (Table E3).

DISCUSSION

In this retrospective cohort study of patients who under-
went isolated CABG in the NRD, as expected, patients at
SNHs were more medically and socioeconomically complex
and more often required urgent surgery than those at
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non-SNHs, which is in accordance with previous
studies.”'>'*' Consistent with our hypothesis, observed
outcomes were generally inferior at SNHs compared with
non-SNHs; however, after matching, we found that most out-
comes after CABG were comparable at SNHs and non-
SNHs. Interestingly, patients who underwent CABG at
SNHs had marginally longer LOS and greater total cost,
even after propensity-score matching. Of note, previous
studies have identified postoperative complications as a pri-
mary driver of variation in cost after CABG.”"" Although
there were comparable rates of most postoperative complica-
tions, patients at SNHs had greater rates of pneumonia and
sepsis; pneumonia is often cited as a source of prolonged
LOS and greater total cost after cardiac surgery.”” In part,
the differences in LOS and cost may also be attributable to
differences in discharge disposition between groups. We
found that patients at SNHs were less likely to be discharged
with home health care than patients at non-SNHs. Given that
outcomes were generally similar between groups, this finding
is more likely to reflect disparities in socioeconomic factors
and access to skilled care, rather than a difference in patient
condition. Consequently, patients at SNHs may have required
additional time in the hospital to facilitate safe discharge.
Given the substantial overall cost of CABG, targeted strate-
gies to reduce LOS are warranted for SNHs to facilitate
cost containment. In addition, readmission rates were compa-
rable at SNHs and non-SNHs in our matched analysis; this is
encouraging, given that previous studies have highlighted
readmission rates as a metric of concern at SNHs.”'"”

The existing literature comparing outcomes after cardiac
surgery at SNHs versus non-SNHs has yielded conflicting re-
sults.””""""*17 In a study by Hoyler and colleagues'” that
examined the effect of hospital safety-net burden on the out-
comes of 304,080 patients who underwent CABG in the State
Inpatient Database, an initial association between safety-net
burden and observed in-hospital mortality did not persist after
adjustment for baseline patient and hospital characteristics by
multivariable regression. Our study extends these findings by
providing a matched comparison and more rigorously
isolating the effect of hospital safety-net status on outcomes
after CABG. Although additional studies have shown compa-
rable early outcomes after cardiac surgery at SNHs versus
non-SNHs after adjusting for patient and hospital characteris-
tics,”'""'*!'7 others have identified persistent differences in
specific domains, such as failure to rescue.” It is worth noting,
however, that failure to rescue may be particularly sensitive to
the disproportionate financial pressures and limited hospital
resources at SNHs.”

In addition, patient- and hospital-level socioeconomic
factors are inherently interconnected, rendering studies of
these factors complex. Patients at SNHs, many of whom
are uninsured, may be more likely to forgo necessary care
and screening24 and, as a result, present with more advanced
disease and greater acuity. Indeed, lower socioeconomic

P value
.053
<.001
8
02
<.001
<.001
<.001

SNH

(n = 185)
132 (71.4%)
117 (63.2%)

46 (24.9%)
22 (11.9%)
170 (91.9%)
27,140
38 (34, 45)
101 (31, 270)

2018
(17,069, 45,732)

11,621
(7004, 17,672)

Non-SNH

(n = 568)

361 (63.6%)
272 (47.9%)
169 (29.8%)
127 (22.4%)
520 (91.5%)

22,932
18 (13, 23)

174 (73, 348)

(14,390, 38,160)
4024
(2080, 7581)

.001
00

P value
<.001
<.001
<.001
<.001

01

SNH

(n =192)
140 (72.9%)
115 (59.9%)
56 (29.2%)
21 (10.9%)
183 (95.3%)
27,899
38 (34, 45)
110 (37, 257)

11,445
(7411, 17,027)

2017
(17,924, 43,894)

Non-SNH

(n = 616)

301 (48.9%)
177 (28.7%)
138 (22.4%)
543 (88.1%)

18 (12, 23)

155 (38, 340)

347 (56.3%)
21,875

3714
(1761, 6969)

(12,682, 36,257)

P value
.01
<.001
.04
<.001
<.001
<.001
05

SNH
(n = 187)
120 (64.2%)
120 (64.2%)
46 (24.6%)
21 (11.2%)
38 (35, 45)

174 (93.0%)
27,993
(17,608, 49,555)
115 (34, 245)

11,637
(6870, 18,474)

2016

Non-SNH
(n = 601)
320 (53.2%)
293 (48.8%)
184 (30.6%)
124 (20.6%)
527 (87.7%)

21,693

(12,276, 36,685)

18 (13, 23)

145 (29, 335)

3605
(1778, 6838)

Characteristic
or self-pay admissions

admissionst
CABG casesf

Medium

Small
Urban hospital

Large

Categorical variables are presented as number (%), and continuous variables are presented as median (interquartile range). SNH, Safety-net hospital; CABG, coronary artery bypass grafting. *Observed data derived from unweighted

TABLE 2. Characteristics of SNH versus non-SNHs performing CABG, stratified by year
hospital-level data. tNational estimates derived from weighted patient-level data.

Teaching hospital*
Total volumef
Medicaid or self-pay
Percent Medicaid

Hospital size*
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TABLE 3. Postoperative outcomes of patients who underwent coronary artery bypass grafting at SNH versus non-SNHs

Unmatched (n = 525,179)

Matched (n = 204,053)

SNHs Non-SNHs SNHs Non-SNHs
Variable (n = 96,133) (n = 429,046) P Value (n = 95,911) (n = 108,142) P Value

In-hospital mortality 2018 (2.1%) 7865 (1.8%) .004 2017 (2.1%) 2076 (1.9%) 11
Acute kidney injury 20,773 (21.6%) 85,339 (19.9%) <.001 20,704 (21.6%) 22,983 (21.3%) .54
Stroke 1926 (2.0%) 7140 (1.7%) <.001 1915 (2.0%) 2174 (2.0%) .90
Respiratory failure 19,383 (20.2%) 80,746 (18.8%) .10 19,335 (20.2%) 21,981 (20.3%) .85
Infection

Surgical site infection 371 (0.4%) 1348 (0.3%) .07 368 (0.4%) 376 (0.3%) 42

Deep sternal wound infection 235 (0.2%) 991 (0.2%) .63 236 (0.2%) 256 (0.2%) .80

Pneumonia 5971 (6.2%) 19,722 (4.6%) <.001 5941 (6.2%) 5435 (5.0%) <.001

Sepsis 2580 (2.7%) 8278 (1.9%) <.001 2569 (2.7%) 2397 (2.2%) <.001
LOS, days 9 (6-13) 8 (6-11) <.001 9 (6-13) 8 (6-12) <.001
Total cost, $ $46,999 (35,677-62,800) $38,417 (29,623-52,025) <.001 $46,977 (35,670-62,773) $39,343 (30,501-53,160) <.001
Discharge disposition <.001 <.001

Routine 43,707 (46.4%) 158,968 (37.7%) 43,611 (46.4%) 38,187 (36.0%)

Home health care 32,991 (35.1%) 184,169 (43.7%) 32,904 (35.0%) 48,556 (45.8%)

SNF or LTACH 16,514 (17.5%) 75,401 (17.9%) 16,482 (17.6%) 18,592 (17.5%)

Other 872 (1.0%) 2488 (0.7%) 868 (1.0%) 674 (0.7%)
Readmission within 30 d* 10,643 (12.4%) (n = 86,171) 43,408 (11.3%) (n = 385,166) <.001 10,607 (12.3%) (n = 85,969) 11,541 (11.9%) (n = 97,118) 13
Readmission within 90 df 13,476 (19.0%) (n = 70,859) 55,814 (17.7%) (n = 315,631) <.001 13,427 (19.0%) (n = 70,688) 14,713 (18.6%) (n = 79,307) 27

SNHs, Safety-net hospitals; LOS, length of stay; SNF, skilled nursing facility; LTACH, long-term acute care hospital. *Admissions in the month of December excluded. tAdmissions in the months of October through December

excluded. Categorical variables are presented as number (%) and continuous variables are presented as median (interquartile range).
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TABLE 4. Multivariable logistic regression model for in-hospital mortality

Variable Adjusted OR (95% CI) P value

Congestive heart failure 3.22 (2.96-3.49) <.001
Chronic kidney disease 2.00 (1.85-2.16) <.001
Age >65y 1.99 (1.84-2.14) <.001
Non-elective surgery 1.69 (1.56-1.84) <.001
Female sex 1.60 (1.49-1.72) <.001
Peripheral arterial disease 1.55 (1.43-1.68) <.001
Lowest household income quartile 1.17 (1.08-1.27) <.001
Uninsured or insured with Medicaid 1.17 (1.03-1.34) .02

Safety-net hospital 1.09 (0.98-1.20) A1

Obesity 0.80 (0.73-0.87) <.001
Diabetes mellitus 0.80 (0.74-0.86) <.001
Hypertension 0.56 (0.51-0.62) <.001

C-statistic = 0.754. Categorical variables are presented as number (%), and continuous variables are presented as median (interquartile range). OR, Odds ratio; CI, confidence

interval.
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status” and lack of insurance’’ are associated with
greater morbidity and mortality after cardiac surgery, and
they probably exert a synergistic effect on access to cardiac
surgical care.” Additional studies are needed to elucidate
the complex relationship between patient- and hospital-
level socioeconomic factors, their relative effects on out-
comes after cardiac surgery, and where the greatest return
on investment may lie for policymakers and other stake-
holders aiming to improve the quality of cardiac surgical
care for vulnerable populations. In general, SNHs are espe-
cially vulnerable due to their public funding, low operating
margins, and relatively high rate of uncompensated care.””
One potential strategy that has been proposed to reduce the
rate of uncompensated care and financial strain at SNHs is
Medicare/Medicaid expansion, with efforts currently
underway.”

In designing this study, the primary aims were 2-fold:
first, to provide a snapshot of outcomes of CABG at
SNHs in reference to non-SNHs, and second, to identify
specific areas in which SNHs may fall short of non-SNHs,
to provide policymakers and cardiac surgical societies areas
to target for improvement. After propensity-score matching
to mitigate the effect of confounding baseline covariates,
we found that the rates of in-hospital mortality, major
morbidity, and readmission at SNHs were comparable
with those at non-SNHs. Given the practical barriers to
comparing hospital safety-net status in a randomized clin-
ical trial, this propensity-score matched study provides
important insight into the controversy as to whether SNHs
can provide routine cardiac surgical care with comparable
outcomes to those of non-SNHs. In addition, the NRD pro-
vides a nationwide sample of all-payer admissions, giving
the results of our study strong external validity and general-
izability. Although the United States Department of Health
and Human Services launched a large, federal action plan
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aimed at improving health care equity in 2011, significant
disparities remain,”® and renewed initiatives to mitigate
disparities are warranted. Ultimately, the results of our
study are encouraging because they show that patients can
obtain similar outcomes whether they undergo CABG at
an SNH or a non-SNH. Although beyond the direct scope
of the present study, it was also encouraging to find that
these hospitals were more likely to be teaching hospitals.
In turn, these results support continued funding of cardiac
surgical care at SNHs, along with further investigation
regarding potential cost-containment strategies such as
enhanced care coordination and disposition planning to
reduce LOS and minimize unplanned readmissions at
SNHs.™

Limitations

Our findings should be interpreted in the context of the
inherent limitations associated with retrospective studies
and administrative databases. Although the NRD provides
a large sample size capable of powering a robust
propensity-score matched analysis, administrative data
can be incomplete, and they rely on accurate coding. Conse-
quently, patients with limited access to or use of routine
health care services before surgery may be “undercoded”
with respect to comorbidities. In addition, we attempted
to minimize the influence of baseline covariates by using es-
tablished comorbidity codes; however, the influence of re-
sidual confounding factors cannot be fully excluded.
Several potential unmeasured confounders influencing the
findings of this study include race and ethnicity, time
from diagnosis to surgery, preoperative risk modification,
frailty, left ventricular ejection fraction, lesion complexity
(ie, SYNTAX score), and variation in surgical technique
(eg, on- vs off-pump, number of grafts, arterial vs venous
grafts). Additional commonly used risk scores, including
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Coronary Artery Bypass Grafting at Safety-Net Versus Non-Safety-Net Hospitals

525,179 Isolated CABG Patients

96,133 SNH Patients

95,911 SNH Patients

Propensity-Score Matching

429,046 Non-SNH Patients

108,142 Non-SNH Patients

Mortality
Major Morbidity

M

Length of Stay

2

30-and 90-day Readmission

M

Total Cost

2

Safety-Net Hospitals Perform CABG with Comparable
Outcomes to Non-Safety-Net Hospitals

FIGURE 2. In the present study, we found that early outcomes after coronary artery bypass grafting (CABG) were similar at safety-net hospitals (SNHs)

compared with nonsafety-net hospitals (non-SNH) after propensity-score matching.

the Society of Thoracic Surgeons Postoperative Risk of
Mortality and European System for Cardiac Operative
Risk Evaluation II, were not available within the NRD, pre-
cluding an analysis of observed versus expected outcomes
between groups. The Society of Thoracic Surgeons Adult
Cardiac Surgery Database captures several of the aforemen-
tioned data points, which are unavailable in the NRD, and
could therefore provide an important extension of the pre-
sent study. Nevertheless, we expect that if differences in
the aforementioned factors did exist, this would bias the re-
sults against our hypothesis. In addition, we were not able to
account for differences in postoperative resources or failure
to rescue, key factors that have been identified as potential
areas for improvement at SNHs,” although again, we
would expect that these differences would bias the results
against our hypothesis. Other important limitations of the
NRD are the lack of granularity with respect to intensive
care unit versus overall hospital LOS and the availability
of intermediate care or “step-down” units, both of which
can influence discharge planning and the total cost of
admission. Cost was also calculated indirectly by using
cost-to-charge ratios provided by the NRD. Last, there is
no consensus definition of ‘“safety-net hospital,” and
although we used a definition previously described in the
literature to facilitate a 1:1 propensity-score matched anal-
ysis, the definition varies across studies in this space.”’

CONCLUSIONS

After propensity-score matching, we found that early
outcomes after isolated CABG were comparable at SNHs
and non-SNHs (Figure 2). Initiatives to reduce LOS through
improved discharge planning and resources could curtail

cost and improve the value of CABG for vulnerable patients
at SNHs.
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Covariate Balance
distance 4
Chronic Heart Failure
Arrythmia 4

Valve Disease -
Pulmonary Circulatory Disease A
Peripheral Vascular Disease -
Hypertension

Paralysis

Neurological Disorder
Chronic Obstructive Pulmonary Disease
Diabetes -
Hypothyroidism -

Renal Failure A

Liver Disease A

Peptic Ulcer Disease
AIDS A

Lymphoma -

Metastatic Cancer -

Solid Tumor -

Rheumatic Disease A
Coagulophathy -
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FIGURE E1. Assessment of covariate balance before and after propensity-score matching. A, Love plot of standardized mean differences before and after
matching. B, Density plot of propensity scores before and after matching. SNH, Safety-net hospital.
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TABLE E1. ICD-10 code library

Codes used for inclusion
ICD-10-PCS 0210*
ICD-10-PCS 0211*
ICD-10-PCS 0212*
ICD-10-PCS 0213*

Codes used for exclusion
ICD-10-CM 125.42
ICD-10-PCS 02QF*
ICD-10-PCS 02QG*
ICD-10-PCS 02QH*
ICD-10-PCS 02QJ*
ICD-10-PCS 02RF*
ICD-10-PCS 02RG*
ICD-10-PCS 02RH*
ICD-10-PCS 02RJ*
ICD-10-PCS 02HO*
ICD-10-PCS 02H1*
ICD-10-PCS 02H2*
ICD-10-PCS 02H3*
ICD-10-PCS 02RX*
ICD-10-PCS 02RW*
ICD-10-PCS 02QX*
ICD-10-PCS 02QW*
ICD-10-PCS 02VX*
ICD-10-PCS 02VW*
ICD-10-PCS 02HX*
ICD-10-PCS 02HW*
ICD-10-PCS 04R0O*
ICD-10-PCS 04Q0*
ICD-10-PCS 04V0*
ICD-10-PCS 04HO*

Codes used for tobacco use
ICD-10-CM Z72.0
ICD-10-CM Z87.891
ICD-10-CM F17*

Codes used for acute kidney injury
ICD-10-CM N17*
ICD-10-CM N99.0

Codes used for stroke
ICD-10-CM 163+*
ICD-10-CM 197.81*
ICD-10-CM 197.82*

Codes used for respiratory failure
ICD-10-CM J95.1
ICD-10-CM J95.3
ICD-10-CM J95.82*
ICD-10-CM J96*

Codes used for surgical-site infection
ICD-10-CM T81.31*
ICD-10-CM T81.41°*
ICD-10-CM T81.49*

Codes used for deep sternal wound infection
ICD-10-CM T81.32*
ICD-10-CM T81.42*
ICD-10-CM T81.43*

Bypass, coronary artery, one artery

Bypass, coronary artery, two arteries

Bypass, coronary artery, three arteries
Bypass, coronary artery, four or more arteries

Coronary artery dissection

Repair, aortic valve

Repair, mitral valve

Repair, pulmonary valve

Repair, tricuspid valve

Replacement, aortic valve

Replacement, mitral valve

Replacement, pulmonary valve

Replacement, tricuspid valve

Insertion of device, coronary artery, one artery
Insertion of device, coronary artery, two arteries
Insertion of device, coronary artery, three arteries
Insertion of device, coronary artery, four or more arteries
Replacement of thoracic aorta, ascending/arch
Replacement of thoracic aorta, descending
Repair of thoracic aorta, ascending/arch

Repair of thoracic aorta, descending

Resection of thoracic aorta, ascending/arch
Resection of thoracic aorta, descending

Insertion of device, thoracic aorta, ascending/arch
Insertion of device, thoracic aorta, descending
Replacement of abdominal aorta

Repair of abdominal aorta

Resection of abdominal aorta

Insertion of device, abdominal aorta

Tobacco use
Personal history of nicotine dependence
Nicotine dependence

Acute kidney failure
Postprocedural (acute) (chronic) kidney failure

Cerebral infarction
Intraoperative cerebrovascular infarction
Postprocedural cerebrovascular infarction

Acute pulmonary insufficiency following thoracic surgery
Chronic pulmonary insufficiency following surgery
Postprocedural respiratory failure

Respiratory failure, not elsewhere classified

Disruption of external operation (surgical) wound, not elsewhere classified
Infection following a procedure, superficial incisional surgical site

Infection following a procedure, other surgical site

Disruption of internal operation (surgical) wound, not elsewhere classified

Infection following a procedure, deep incisional surgical site
Infection following a procedure, organ and space surgical site
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TABLE E1. Continued

Codes used for pneumonia

ICD-10-CM J13*
ICD-10-CM J14*
ICD-10-CM J15*
ICD-10-CM J16*
ICD-10-CM J17*
ICD-10-CM J18*
ICD-10-CM J95.851
Codes used for sepsis

ICD-10-CM T81.12*
ICD-10-CM T81.44*
ICD-10-CM A41+*

Pneumonia due to Streptococcus pneumoniae

Pneumonia due to Hemophilus influenzae

Bacterial pneumonia, not elsewhere classified

Pneumonia due to other infectious organisms, not elsewhere classified

Pneumonia in diseases classified elsewhere

Pneumonia, unspecified organism
Ventilator associated pneumonia

Postprocedural septic shock
Sepsis following a procedure

Other sepsis

PCS, Procedure Coding System; CM, Clinical Modification. *All combinations of characters following the listed prefix were included.

TABLE E2. Preoperative characteristics of Medicaid/uninsured patients who underwent coronary artery bypass grafting at SNH versus non-

SNHs
Unmatched (n = 51,116) Matched (n = 33,675)
SNHs Non-SNHs SNHs Non-SNHs
Variable (n = 15,461) (n = 35,655) P value (n = 15,239) (n = 18,436) SMD

Age,y 58 (52-62) 57 (51-61) <.001 58 (52-62) 57 (51-61) —0.140
Male 11,085 (71.7%) 25,619 (71.9%) .82 10,930 (71.7%) 12,982 (70.4%) —0.029
Elixhauser score 7 (—1-17) 7(—1-17) .61 7(—1-17) 8 (—1-18) 0.038
Anemia 683 (4.4%) 1236 (3.5%) <.001 650 (4.3%) 813 (4.4%) 0.010
Arrhythmia 5552 (35.9%) 12,806 (35.9%) 99 5470 (35.9%) 6702 (36.4%) 0.010
Chronic kidney disease 2746 (17.8%) 5887 (16.5%) .05 2702 (17.7%) 3368 (18.3%) 0.014
Chronic obstructive 3790 (24.5%) 10,634 (29.8%) <.001 3751 (24.6%) 5285 (28.7%) 0.092

pulmonary disease
Coagulopathy 2548 (16.5%) 6301 (17.7%) 23 2521 (16.5%) 3169 (17.2%) 0.017
Congestive heart failure 6676 (43.2%) 15,047 (42.2%) 29 6562 (43.1%) 8085 (43.9%) 0.016
Diabetes mellitus 8704 (56.3%) 18,508 (51.9%) <.001 8532 (56.0%) 10,248 (55.6%) —0.008
Drug abuse 1544 (10.0%) 3198 (9.0%) .04 1490 (9.8%) 1987 (10.8%) 0.033
Hypertension 13,820 (89.4%) 30,729 (86.2%) <.001 13,606 (89.3%) 16,253 (88.2%) —0.035
Liver disease 707 (4.6%) 1721 (4.8%) 40 698 (4.6%) 946 (5.1%) 0.026
Obesity 4558 (29.5%) 11,429 (32.1%) .01 4511 (29.6%) 5581 (30.3%) 0.015
Peripheral arterial disease 1912 (12.4%) 4816 (13.5%) .03 1888 (12.4%) 2415 (13.1%) 0.021
Tobacco use 9272 (60.0%) 23,109 (64.8%) <.001 9157 (60.1%) 11,704 (63.5%) 0.070
Valvular heart disease 2282 (14.8%) 5068 (14.2%) .46 2251 (14.8%) 2634 (14.3%) —-0.014
Household income* .04

Quartile 1 6107 (39.5%) 12,761 (35.8%) 5903 (38.7%) 7608 (41.3%) 0.052

Quartile 2 4379 (28.3%) 11,262 (31.6%) 4366 (28.7%) 5469 (29.7%) 0.022

Quartile 3 3242 (21.0%) 7528 (21.1%) 3238 (21.3%) 3483 (18.9%) —0.059

Quartile 4 1733 (11.2%) 4105 (11.5%) 1732 (11.4%) 1876 (10.2%) —0.038
Nonelective 10,740 (69.5%) 24,076 (67.5%) 12 10,526 (69.2%) 12,681 (69.2%) —0.007

Categorical variables are presented as number (%), and continuous variables are presented as median (interquartile range). SNH, Safety-net hospital. SMD, standardized mean
difference. *Indexed to patient’s ZIP code.
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TABLE E3. Postoperative outcomes of Medicaid/uninsured patients who underwent coronary artery bypass grafting at SNHs versus non-SNHs

Unmatched (n = 51,116)

Matched (n = 33,675)

Non-SNHs SNHs Non-SNHs
Variable SNHs (n = 15,461) (n = 35,655) P value (n = 15,239) (n = 18,436) P value
In-hospital mortality 285 (1.8%) 600 (1.7%) 41 284 (1.9%) 293 (1.6%) 21
Acute kidney injury 3257 (21.1%) 6902 (19.4%) .02 3188 (20.9%) 3803 (20.6%) 1
Stroke 326 (2.1%) 758 (2.1%) 94 315 (2.1%) 465 (2.5%) .05
Respiratory failure 3201 (20.7%) 7876 (22.1%) .18 3154 (20.7%) 4256 (23.1%) .04
Infection
Surgical-site infection 60 (0.4%) 148 (0.4%) 78 58 (0.4%) 66 (0.4%) .83
Deep sternal wound 26 (0.2%) 117 (0.3%) .02 26 (0.2%) 64 (0.3%) .06
infection
Pneumonia 1101 (7.1%) 2181 (6.1%) .02 1071 (7.0%) 1198 (6.5%) 25
Sepsis 433 (2.8%) 868 (2.4%) 1 422 (2.8%) 495 (2.7%) .76
LOS, d 9 (7-13) 9 (6-12) <.001 9 (7-13) 9 (6-13) .002
Total cost, $ $50,110 $40,318 <.001 $49,987 $41,352 <.001
(37,655-66,456) (31,265-54,638) (37,601-66,358) (31,983-56,331)
Discharge disposition <.001 <.001
Routine 8498 (56.0%) 17,850 (50.9%) 8402 (56.2%) 8416 (46.4%)
Home health care 4980 (32.8%) 13,919 (39.7%) 4893 (32.7%) 7844 (43.2%)
SNF or LTACH 1524 (10.0%) 3013 (8.6%) 1491 (10.0%) 1751 (9.7%)
Other 459 (1.2%) 873 (2.4%) 169 (1.1%) 132 (0.7%)
Readmission within 30 d* 1893 (13.6%) 4086 (12.7%) .10 1857 (13.6%) 2224 (13.4%) 77
(n = 13,879) (n = 32,145) (n = 13,677) (n = 16,606)
Readmission within 90 df 2408 (21.0%) 5319 (20.2%) 22 2359 (20.9%) 2907 (21.5%) 46
(n = 11,443) (n = 26,353) (n=11,271) (n = 13,508)

SNH, Safety-net hospital; LOS, length of stay; SNF, skilled nursing facility; LTACH, long-term acute care hospital. *Excluding admissions in the month of December. {Excluding
admissions in the months of October through December. Categorical variables are presented as number (%), and continuous variables are presented as median (interquartile

range).
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