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Abstract

Background—~Racial disparities in general surgical outcomes are known to exist but not well
understood.

Objectives—To determine if black-white disparities in general surgery mortality for Medicare
patients is attributable to poorer health status among blacks on admission or differences in the
quality of care provided by the admitting hospitals.

Research Design—Matched cohort study using Tapered Multivariate Matching.

Subjects—All black elderly Medicare general surgical patients (N=18,861) and white matched
controls within the same 6 states or within the same 838 hospitals.

Measures—30-day mortality (primary); others include in-hospital mortality, failure-to-rescue,
complications, length of stay, and readmissions.

Results—Matching on age, sex, year, state, and the exact same procedure, blacks had higher 30-
day mortality (4.0 vs. 3.5%, P<0.01), in-hospital mortality (3.9% vs. 2.9%, P<0.0001), in-hospital
complications (64.3 vs. 56.8% P<0.0001), and failure-to-rescue rates (6.1 vs. 5.1%, P<0.0001),
longer length of stay (7.2 vs. 5.8 days, P<0.0001), and more 30-day readmissions (15.0 vs. 12.5%,
P<0.0001). Adding pre-operative risk factors to the above match, there was no significant
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difference in mortality or failure-to-rescue, and all other outcome differences were small. Blacks
matched to whites in the same hospital displayed no significant differences in mortality, failure-to-
rescue, or readmissions.

Conclusions—Black and white Medicare patients undergoing the same procedures with closely
matched risk factors displayed similar mortality, suggesting that racial disparities in general
surgical mortality are not due to differences in hospital quality. To reduce the observed disparities
in surgical outcomes, the poorer health of blacks on presentation for surgery must be addressed.

Keywords

Racial Disparities; Multivariate Matching; General Surgery

INTRODUCTION

General surgery is routinely practiced at nearly all short-term acute care hospitals, with more
than a quarter of a million procedures performed in the Medicare population each year.
While it is known that racial disparities in general surgery exist, the etiology is not well
understood.1~3 Some studies using regression models have suggested that patient risk factors
and hospital quality contribute to the disparities although they cannot isolate the individual
effects.1=3 Distinguishing between these factors is important when designing policies to
eliminate disparities. To address this challenge, we present a multivariate matching®-5
approach to examining racial disparities, comparing actual patients similar in specified ways,
by performing a series of tapered matches of black and white patients.”~® Our method pairs
blacks to whites undergoing the exact same ICD-9 principal procedure, while also carefully
matching for comorbid conditions, expected procedure duration, and other important
medical factors. In so doing, through examining the experience of all black patients
undergoing general surgical procedures throughout six diverse states, we can describe both
the extent of the observed disparity and its causes.

METHODS

Patient Population

Definitions

This research protocol was approved by the Institutional Review Board of The Children’s
Hospital of Philadelphia. For all Medicare fee-for-service (FFS) patients undergoing a
general surgery procedure (defined below) we obtained Medicare claims for the years 2004—
2007 in 6 states (California, Georgia, Maryland, New York, Ohio, and Pennsylvania). Each
patient record was merged across Medicare Part A, Part B, outpatient claims and the
beneficiary summary file that provided follow-up to December 31, 2008.

Patient Characteristics—We defined race using self-reported data in the Medicare
beneficiary summary filel0 11 and compared blacks to non-Hispanic whites. Patient risk
factors used in matching included (1) comorbidities such as congestive heart failure,
diabetes, past acute myocardial infarction, stroke, hypertension, and 28 other conditions
noted in the Appendix, which were defined with ICD9-CM codes!? drawn from Medicare
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claims (inpatient, outpatient and physician bills) during a three-month period prior to
admission. Other patient risk factors included: (2) predicted procedure time of each principal
procedure, modified by secondary procedures performed on the same day12-14 (a regression
model for developing this score is presented in the Appendix); (3) estimated risk of death
based on an external dataset that was not part of the matching population!® using a model
that did not include race (details in the Appendix); (4) transfer-in status; and (5) emergency
admission.

Outcomes—The primary outcome is 30-day all-location mortality, although we also report
in-hospital mortality. Complications were defined using a list of complications based on our
previously published work.12: 13. 16, 17 \We defined two sets of complications, in-hospital
complications and complications within 30 days of admission (defined as either in-hospital
or occurring within 30 days of admission or during a readmission that occurred within 30
days of admission). Failure-to-Rescue, or the probability of dying after a complication, was
defined as in our previous work!3 16: 17 and applied the National Quality Forum-endorsed
metrics for Failure-to-Rescue for in-hospital and 30-day definitions. Length of stay was
reported using m-estimation!8 to down-weight some outlier values. Readmissions were
defined as new admissions within 7 or 30 days of discharge.1® Finally, operative time was
based on the Medicare anesthesia bill, a metric that has been repeatedly validated using chart
abstraction.14: 20

Statistical Analysis

Matching Methodology—Our matched comparisons gradually remove aspects of the
differences between black and white populations at presentation to determine which aspects
are plausible explanations of differences in outcomes. We used two approaches to matching,
each addressing a different question by producing a sequence of more extensively controlled
comparisons.

(1) Across-Hospital (Within-State) matches included all blacks at all hospitals and found the
best white controls to form all pairs, regardless of where the white patients were treated. By
comparing outcomes without controlling for the hospitals, we can determine the degree to
which the black-white disparity is associated with demographic factors, risk factors, and
differences in quality between the hospitals used by blacks and whites. We report two
Across-Hospital (Within-State) matches: a “Procedure” match that matched black patients to
white patients in the same state with the exact same 1CD9 principal procedure and matched
as closely as possible on age, sex, and year of procedure; and a “Risk-Factor” match that
also exactly matched on procedure and included the same variables used in the Procedure
match, but added in 33 patient risk factors, a risk score,1° secondary procedure categories, a
propensity score for black race,% 21 emergency admission, transfer status and predicted
procedure time. The propensity score used for the risk-factor match came from a logistic
regression of black-versus-white race on the variables to be controlled in the match (see
Appendix). Matching on a propensity score tends to balance variables in the score.* 21 (2)
Inside-Hospital matches paired black and white patients treated in the same hospital. The
inside-hospital match answers a crucial question of whether black patients have worse
outcomes than whites that were treated in the same hospital. In most hospitals, there are far

Med Care. Author manuscript; available in PMC 2017 October 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Silber et al.

Page 5

more white patients than black patients, and matching is easy, but in a small subset of
hospitals, black patients outnumber white patients. When matching inside hospitals, we
came close to creating the maximum possible number of pairs, whether that number was
limited by the number of black patients or the number of white patients. The Inside-Hospital
analysis used a subset of black-white pairs obtained using optimal subset matching,* 22 a
multivariate matching method that discards a minimal number of individuals from both
groups subject to conditions on the quality of the matched pairs.

Once the Inside-Hospital black population was determined, we used this same population of
blacks for two subsequent across-hospital matches, using the Procedure and Risk-Factor
variables described above. We report these results in the Appendix to compare with the
initial Across-Hospital (Within-State) matches described above (revealing almost exactly the
same results).

Some technical detail of the matching algorithm follows. We used exact fine balance for sex
and “near-fine balance” for categories of age and year of procedure within groups of similar
procedures (see Appendix). Near-fine balance® 23 matches by solving an optimization
problem to make the distributions of specified covariates as similar as possible between the
matched black and white groups. We also ensured the means of age and year of procedure
were as close as possible between blacks and matched whites. The second, more refined
matched analysis, the Risk-Factor match, used the same black patients but matched whites
based on the characteristics in the Procedure match and additionally all risk factors noted
above, plus the propensity score.

Matching was performed first, without viewing outcomes, so that we were not able to test
multiple matching algorithms in order to achieve specific or desired outcome results.?4

Statistical Tests

It is important to check that the match worked. As is commonly done, for each covariate we
examined the black-white difference in means as a fraction of the standard deviation, the so-
called “standardized difference,” aiming for the conventional absolute value of 0.2 or

less.? 25 26 We also checked balance using two-sample randomization tests: the Wilcoxon
rank sum test for continuous covariates,2” and Fisher’s exact test for binary covariates.

When testing for difference in outcomes, Wilcoxon’s sign-rank statistic?” and McNemar’s
statistic28 were used for continuous and binary outcomes, respectively, and Gart’s test?® was
used to look for interactions between a binary outcome and a binary characteristic of
matched pairs. Differences in hospital, physician, and socioeconomic characteristics
between blacks and matched whites were assessed using the chi-square test for categorical
variables and the Wilcoxon rank sum test for continuous ones.2’ Findings were considered
significant if P < 0.05 using a two-tailed test. All matching was optimized subject to balance
constraints using the MIPMatch functionl4 30 in R.31 Statistical tests used SAS 9.2 for
UNIX.32
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Matching Quality

We identified 1,116 hospitals in the six-state dataset where at least one of the study
procedures listed in Table 1 was performed during the study period. Of these, 838 hospitals
were used by black general surgical patients, and there were 18,861 such patients operated
on in these hospitals. We report matching quality for the 3 main matches in Table 2. The
Appendix reports matching quality for other matches, where the quality was similar to Table
2. As noted in Methods, comparisons between different hospitals used all 18,861 black
patients in 18,861 black-white pairs; however, comparison of blacks and whites treated in
the same hospital had 14,917 pairs, which is close to the maximum possible number of pairs,
namely 15,220, based solely on the number of blacks and whites in the same hospital
undergoing the same procedures. The difference, 15,220-14,917 = 303 pairs, reflects
instances in which black and white patients were available but were too different to be
matched. A detailed accounting is provided in the Appendix. As seen in Table 2, the 14,917
black patients in the Inside-Hospital match look fairly similar to, though a tad healthier than,
the 18,861 black patients in the Across-Hospital matches.

Table 2 displays matching quality for a few of the covariates controlled by matching. Each
row of Table 2 lists a covariate controlled in at least 1 match. Columns compare matched
blacks and whites in 3 matches. There were 117 principal procedures in the matching
population, which are not listed in the table because they were always matched exactly. A
full list of all procedures and covariates is provided in the Appendix. The risk factors look
quite similar in the two matches that sought to control risk factors. The match at the far
right, the Procedure match, matches exactly for 117 principal procedures and state, and
otherwise controls for age, sex and year of procedure, but not risk factors, so we expect to
see, and are interested in examining, the large black-white differences in risk factors. For
example, when blacks and whites of the same age and sex undergo the same procedures, the
rate of diabetes is far lower in whites, 26.9% for whites, 41.4% for blacks (P < 0.0001); the
rate of renal failure history was 5.3% for whites, 11% for blacks (P < 0.0001); the rate of
heart failure history was 20% for whites, 24.4% for blacks (P < 0.0001). These differences
are almost entirely removed in the two Risk-Factor matches.

Outcome Results

Table 3 presents outcome differences for blacks and whites in three matched comparisons.
Consider, first, the far right match in Table 3, the Procedure match. Death rates in-hospital
were higher for blacks than matched whites (3.9 versus 2.9%, P < 0.0001) and also for 30-
day mortality (4.0 versus 3.5%, P < 0.01). Both in-hospital and 30-day complication rates
were higher for blacks (in-hospital: 64.3 versus 56.8%, P < 0.0001; 30-day: 70.7 versus
64.9%, P < 0.0001). In-hospital failure-to-rescue rates were significantly higher for blacks
(6.1 versus 5.1%, P < 0.0001), though 30-day failure-to-rescue rates were not significantly
different. Length of stay was 1.2 days longer for blacks (P < 0.0001) using m-estimates
resistant to extreme outliers. Readmission rates within 30 days were higher in blacks (15
versus 12.5%, P < 0.0001). Finally, the length of the procedure as defined by the anesthesia
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bill was 11.6 minutes longer in blacks (P < 0.0001), despite matching for the same
procedure.

The Across-Hospital (Within-State) Risk-Factor match adds control for patient risk factors
left uncontrolled in the Procedure match. Having controlled for patient risk factors, the
differences in outcomes are generally smaller. In Table 3, there is now no significant
difference in in-hospital or 30-day mortality or failure-to-rescue for blacks as compared to
whites. Complication rates were still significantly higher for blacks, but the differences are
smaller (black-white 30-day complication rates were 70.7 vs. 68.6%, P < 0.0001). Length of
stay differences remained statistically significant, but were smaller in size (0.7 days, P <
0.0001); similarly, the difference in readmission rates was statistically significant but smaller
in magnitude. Finally, the difference in anesthesia time remained almost the same, at 11.2
minutes (P < 0.0001), despite matching exactly on the principal procedure and matching
closely on both secondary procedures and predicted procedure time, likely due to a higher
rate of teaching hospital admissions among blacks as compared to whites.33

The final match on the left in Table 3 compares 14,917 black patients and 14,917 white
patients undergoing the same surgical procedure in the same hospital with similar risk
factors. Here, there are no significant differences in mortality or failure-to-rescue rates, and
still smaller differences in complication rates. Blacks displayed an in-hospital complication
rate of 63.2 versus 60.9% for whites (P < 0.0001). Similar results were observed for 30-day
complication rates. The length of stay difference was small but still significant at 0.5 days (P
< 0.0001), but there was now no significant difference in readmission rates. Finally,
anesthesia time remained longer in blacks, but this difference now fell to just 2.6 minutes (P
< 0.0001).

Differences in Racial Disparity Across Subgroups (Hospitals and Patients)

We compared outcome differences by race in those hospitals with a higher percentage of
black patients (>30%), representing 21.4% of black patients, to those in hospitals with a
lower percentage (<30%).34-36 Using the Across-Hospital (Within-State) Risk-Factor
matched white controls, 30-day mortality was not different between blacks and whites in
hospitals where more than 30% of the patients were black (5.1 vs. 4.9%, P = 0.621), nor was
it different in the remaining hospitals, (3.8% vs. 4.2%, P = 0.069), and the difference in
these disparities, the difference-in-differences, did not significantly differ from zero (P =
0.165) by Gart’s test,29 suggesting that any black-white 30-day mortality disparity in
hospitals with a higher concentration of blacks (compared to matched whites who went to
any hospital in the state) was not different from the black-white disparity when blacks were
admitted to hospitals with a lower concentration of blacks. In a parallel analysis of hospital
teaching status, we found that 30-day mortality was not different between blacks and whites
admitted to teaching hospitals (3.7% vs. 4.1%, P = 0.083), or to non-teaching hospitals
(4.5% vs. 4.5%, P = 0.939), nor was the difference-in-difference significantly different from
zero (P =0.253).

We studied general surgical procedures because they are performed at most acute care
hospitals in the United States. General surgery includes a mix of low-risk and high-risk
operations. Generally speaking, the magnitude of the case volume is inversely proportional

Med Care. Author manuscript; available in PMC 2017 October 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Silber et al.

Page 8

to the case risk, making low-risk procedures of interest due to the volume of patients
affected. Therefore, we next asked if there were differences in the relative size of the racial
disparity in mortality when comparing high-risk procedures with death rates averaging about
10% (29 procedures and 2,760 matched black-white pairs), versus low risk procedures with
death rates averaging about 3% (88 procedures and 16,101 matched black-white pairs). We
found no difference for 30-day mortality in the relative disparities for any match, with no P-
values less than 0.62.

Descriptors of the Attending Surgeon and Hospital Characteristics

Table 4 compares the hospitals that treated blacks and whites in the two Across-Hospital
matches. The hospitals that treated the black patients treat more black patients and more
poor patients. However, the structural characteristics of these hospitals show no consistent
signs of their being typically inferior hospitals: they are more often teaching hospitals,
typically larger hospitals, and typically hospitals whose nurses and surgeons have good
credentials. Also, the hospitals in the 14,917-pair Inside-Hospital match look quite similar to
the hospitals in the 18,861-pair Across-Hospital matches.

Examining Socioeconomic Variables

In Table 4 we also provide a description of the disparity in socioeconomic variables
associated with the same three matches. Unsurprisingly, even in the Inside-Hospital match,
black patients typically appear to be poorer than white patients. The percentage of dual-
eligible Medicare patients was 15% in whites versus 32.5% in blacks (P < 0.0001). The
average median neighborhood income was $48,243 for whites and $38,703 for blacks (P <
0.0001), with 11.4% of white patients in high poverty neighborhoods versus 18.2% of black
patients (P < 0.0001). As has been found by others,37 black patients also tended to come
from neighborhoods with greater racial dissimilarity38 39 and isolation.4? These differences
were even larger in the Across-Hospital (Within-State) analyses. However, all our results
taken together show that despite these socioeconomic differences, the 30-day mortality
disparity is already fully explained by clinical factors, and requires no further explanation in
terms of socioeconomic status.

We did notice significantly elevated complication rates and longer LOS among black
patients, even when matched inside the same hospital and for all patient risk factors. As
noted above, black patients are disproportionately poorer than white patients. Therefore, we
fit a post-match adjustment model using m-estimation regression®! on matched pair
differences in dual-eligibility status, neighborhood median income, and neighborhood
poverty levels. After adjustment, it appears that the higher rate of in-hospital complications
among black patients is also experienced by similarly poor white patients (OR 1.02, 95% ClI
0.96, 1.09, P = 0.493 after adjustment). Black patients still experienced significantly longer
LOS even after adjustment for differences in socioeconomic status (excess 0.3 days, 95% ClI
0.1, 0.4, P < 0.0001).
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DISCUSSION

General surgery is practiced at nearly all hospitals in the United States, with a large number
of cases and deaths. Nationwide in 2012, there were over 250,000 general surgical
procedures (as defined by our study, and reported in Medicare claims), and over 10,000
deaths among the Medicare FFS population alone. Therefore, identifying potential
disparities and their etiology in this population is of great importance.

We found that the large disparities observed following general surgical operations mostly
vanished when blacks were compared to whites with similar risk factors upon presentation.
Though we observed great differences in education and socioeconomic status between
blacks and whites*2, we found that matching on medical risk factors mostly eliminated the
observed surgical outcomes disparity, without including education and socioeconomic
factors in the match. When blacks are compared to whites with similar risk factors on
presentation, mortality and failure-to-rescue rates are similar. To remove the disparity in
surgical outcomes, one needs to address the disparity in health at presentation.

We found no indication that hospital characteristics explained the black-white mortality
disparity; nor did we find that blacks in Medicare undergoing general surgery typically go to
worse hospitals than whites. Others also have observed that blacks, in fact, are much more
likely to use urban, major teaching hospitals.*3

We did observe slight differences in complication rates by race both for the Across-Hospital
(Within-State) Risk-Factor match and the Inside-Hospital Risk-Factor Match. In our
previous work we have advocated avoiding the use of complication rates to compare
hospitals on quality because of potential differences in defining, observing, and recording
complications across institutions. Indeed, we have argued that differences in hospital
surgical complication rates are more of an indicator of patient severity than hospital
quality.1”- 4445 It would be a mistake to infer that 30-day complication rate differences of,
for example, 70.7 vs. 68.6% (P < 0.0001), between blacks and whites in the Across-Hospital
(Within-State) Risk-Factor match suggests differences in hospital quality when the 30-day
mortality rate differences for the same match were 4.0 vs. 4.3% respectively and not
significantly different (P = 0.192).

While general surgical procedures are commonly performed at most acute care hospitals, our
findings may not necessarily apply to more specialized surgery involving a subset of our
hospital sample. Our findings are different from those examining racial disparities in
complex procedures beyond general surgery such as cardiac, thoracic, and vascular
surgery.37: 46-48 |dentifying potential disparities and their etiology in the broader general
surgery population that includes a greater proportion of hospitals and patients is also highly
important when considering policies to reduce disparities. Furthermore, the question as to
whether a racial disparity can be reduced by changing the hospitals in which patients are
treated is not new when studying outcome disparities in other diseases,*3: 4 50 and results
have varied depending on the specific disease studied and statistical methodology utilized.
One approach, published by Barnato et al.?1, analyzed acute myocardial infarction data
using regression models (both logistic regression fixed effects models and generalized
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estimating equations to account for hospital clustering) and argued that poor quality
hospitals may be contributing to some excess deaths in blacks. This approach depends on
correct model specification, something not required in the matching approach used in this
report.

While our study is large, and capitalizes on the detail in Medicare claims as fully as possible,
we still did not have the ability to perform actual chart review, and as such, we acknowledge
limitations associated with studies lacking detailed physiologic data. Of course, our study,
like others,1=3 suggests black patients admitted for general surgery are sicker than whites.
We found similar outcomes between blacks and whites despite the lack of detailed chart
review, once we fully utilized the available claims data through careful matching.

In summary, there is a large racial disparity in mortality among Medicare patients
undergoing common general surgery procedures across six states. However, black and white
patients undergoing the same procedures with closely matched risk factors displayed similar
outcomes. This was true when black patients were matched to whites from within the same
hospital or from within the same state. These results suggest that the observed racial
disparity in general surgical mortality must be addressed by designing interventions to
improve the overall health status of black patients requiring general surgery and that policies
designed to incentivize patient flow to different hospitals will not address the mortality
disparity observed for the majority of general surgical patients. Addressing the observed
racial disparity in surgical outcomes requires reducing the elevated risks that black patients
have on admission to the hospital.
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