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ABSTRACT

Background: Using Pennsylvania Medicare claims from
1995 to 1996, the authors previously reported that anesthe-
sia procedure length appears longer in blacks than whites.
In a new study using a different and larger darta set, the
authors now examine whether body mass index (BMI), not
available in Medicare claims, explains this difference. The
authors also examine the relative contributions of surgical
and anesthesia times.
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What We Already Know about This Topic
e Operations reportedly take longer in black than white Medi-
care patients

e The authors asked whether body mass index explains the dif-
ference

What This Article Tells Us That Is New

e White patients with similar body mass index having general or
orthopedic surgery were matched to comparable black pa-
tients within the same hospitals

e After matching, blacks had induction-to-recovery room dura-
tion 7min longer than whites (P = 0.0019) and 6-min reflect
cut-to-close time (P = 0.0032)

Methods: The Obesity and Surgical Outcomes Study of
47 hospitals throughout Illinois, New York, and Texas
abstracted chart information including BMI on elder Medi-
care patients (779 blacks and 14,596 whites) undergoing
hip and knee replacement and repair, colectomy, and tho-
racotomy between 2002 and 2006. The authors matched all
black Medicare patients to comparable whites and compared
procedure lengths.

Results: Mean BMI in the black and white populations was
30.24 and 28.96kg/m?, respectively (P < 0.0001). After
matching on age, sex, procedure, comorbidities, hospital, and
BMI, mean white BMI in the comparison group was 30.1 kg/
m? (P = 0.94). The typical matched pair difference (black—
white) in anesthesia (induction to recovery room) procedure
time was 7.0 min (P = 0.0019), of which 6 min reflected the
surgical (cut-to-close) time difference (2 = 0.0032). Within
matched pairs, where the difference in procedure times was
greater than 30 min between patients, blacks more commonly
had longer procedure times (Odds = 1.39; P = 0.0008).
Conclusions: Controlling for patient characteristics, BMI,
and hospital, elder black Medicare patients experienced
slightly but significantly longer procedure length than their
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closely matched white controls. Procedure length difference
was almost completely due to surgery, not anesthesia.

N our previous work studying hospitals and patients

in Pennsylvania, we reported that operative procedure
length as measured through Medicare anesthesia claims
seems longer in blacks than whites undergoing the same
general and orthopedic surgical procedures.! After adjust-
ing for the surgical procedure, patient comorbidities,
and hospital, we previously observed a 5.5-min black—
white difference in procedure length (95% CI, 3.8-7.1;
P < 0.0001). This difference varied among hospitals; some
institutions displayed a 16-min difference whereas oth-
ers displayed no difference at all."! These observations had
a number of possible explanations, with unobserved con-
founding being an important consideration.

The current article aims to address some weaknesses of
the previous study. As Medicare claims did not record body
mass index (BMI), we could not directly determine whether
differences in BMI by race were causing the observed racial
differences in procedure length as reported in our previ-
ous work. In addition, our previous work did not closely
adjust for secondary procedures. It further used a regres-
sion approach that made assumptions about the form of the
model used to estimate the racial differences. Last, our previ-
ous work did not examine the implications of the 5.5-min
average disparity when the disparity may not be uniform
among patients.

Using a new data source that includes chart abstrac-
tion as well as Medicare claims, we now ask whether there
remains a difference in procedure time. In the current study,
we carefully match on BMI (unobservable in our previous
analysis); estimated procedure length that takes into con-
sideration types of secondary procedures; comorbidities;
source of admission; and the hospital where the procedure
was performed. We also examined whether the apparent
disparity is associated more with the anesthesiology team
or the surgical team by asking whether the disparity occurs
during the cut-to-close period of the procedure or before
and after that period. Finally, we address the clinical impor-
tance of the size of the procedure length disparity observed
in our analysis.

Materials and Methods

Study Overview

The current study reports on racial differences in procedure
length using a special data set developed to examine the
influence of obesity on surgical outcomes. It differs from
our previous work on racial disparity in procedure time!?
in three important ways: (1) we used multivariate matching
to compare racial differences in procedure length controlling
for the hospital, rather than using m-estimation (a form of
regression used in our previous work). The advantage of this
approach is that we do not need to make assumptions about
model form. (2) We concentrated on just five categories
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of surgery (us. 40 in our previous work), therefore, we can
more precisely adjust for differences in procedure type; and
(3) we augmented the typical Medicare claims data with
chart-derived BMI information and recorded both anesthe-
sia time (induction to recovery room)*? and surgical time
(cut-to-close).>?

As previously described,>® the Obesity and Surgical
Outcomes Study comprised 47 hospitals throughout Illi-
nois, New York, and Texas where Medicare claims data were
merged with chart abstraction for general and orthopedic
procedures. Medicare patients aged 65-80 yr were identi-
fied undergoing one of the following five types of surgery
between 2002 and 2006: (1) hip replacement or revision
excluding fracture (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM] Prin-
cipal Procedure codes 81.51-81.53); (2) knee replacement
or revision (ICD-9-CM Principal Procedure codes 81.54,
81.55); (3) colectomy for cancer (ICD-9-CM Principal
Procedure codes 45.7-45.79, 45.8 and ICD-9-CM Princi-
pal Diagnosis codes 153-153.9, 154-154.8, 230.3-06); (4)
colectomy not for cancer (ICD-9-CM Principal Procedure
codes 45.7-45.79, 45.8 and ICD-9-CM Principal Diagno-
sis codes 562.1-562.13); and (5) thoracotomy (ICD-9-CM
Principal Procedure codes 32-32.9).

Hospitals were contacted by the Oklahoma Foundation
for Medical Quality and requested to abstract between 300
and 400 prespecified charts to collect baseline informations
including BMI, admission vital signs, and laboratory tests,
and information on the surgical procedure. All data collected
were deidentified and merged with encrypted Medicare
claims files and sent to the study investigators for analysis.
Approval was obtained from The Children’s Hospital of
Philadelphia Institutional Review Board (the Institutional
Review Board associated with the Principal Investigator of
the study) as well as hospital-specific Institutional Review
Boards when requested.

Statistical Analysis

Overview. The Obesity and Surgical Outcomes Study
included 15,914 elder surgical patients in Medicare of which
779 (4.9%) were black. For each patient, we obtained pro-
cedure length through chart abstraction, using Medicare
claims when occasional chart data elements were missing.’
The Matching Algorithm. Matching was performed using
the algorithm MIPMatch.” We performed two matches, one
without BMI and one with. Both matched exactly on hospi-
tal and procedure group, so that each pair of patients (1 black
and 1 white) was matched within the same hospital and had
exactly the same procedure group. MIPMatch allowed us to
force black and white matched groups to have nearly the same
frequencies of patient comorbidities, ICD-9-CM procedures
within procedure groups, and gender (a requirement known
as “near-fine balance”).8-1° Subject to the requirements of an
exact match for procedure group and hospital, plus near-fine
balance for comorbidities and procedures, we minimized the
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total distance within matched pairs, a requirement known
as optimal matching.® The matches achieved an exact match
on ICD-9-CM principal procedure in over 95% of all pairs
(see appendix, Supplemental Digital Content 1, http://links.
Iww.com/ALN/A922).

The distance included age, sex, procedure, comorbidities
such as diabetes, heart failure, previous myocardial infarc-
tion, and arrhythmias (see appendix, Supplemental Digital
Content 1, htep://links.Iww.com/ALN/A922), a propensity
score for black race, a risk score!! for death, and a predicted
time score. The second match controlled for all of these vari-
ables and also included BMI. We used the propensity score
as one of many variables to match on. Specifically, we found
whites with propensity scores similar to those of blacks. It
has been shown that when matching on the propensity score,
one will also tend to match on the independent variables
making up the propensity score.!>"!¥ Unlike the propensity
score, which is computed with the study data, the risk score
must be computed with an independent sample of patients
outside the study population, in order to be able to compare
outcomes after the matching process.!!

The time score, like the risk score, was also based on a
regression model to predict a patient’s procedure time given
their principal and secondary procedures, but not race. As time
is continuous and the measure of procedure length from claims
occasionally has large error (see the study by Silber et 4/.3), we
used m-estimation.!>!¢ As with the risk score, we fit the time
score model only in patients who were not part of the study
population because when we match on this variable, we want
to compare times across black and white matched patients.

A second match was performed, which was similar to the
first, but added BMI as a matching variable describing each
patient. Likewise, we asked whether the procedure time dif-
ference we previously observed between blacks and whites
would persist when we found white patients with very simi-
lar BMIs to their matched black patients. If the disparity in
procedure length vanished, this would have suggest that dif-
ferences in procedure length between blacks and whites previ-
ously reported were due to BMI differences, and not due to
other potential causes of interest to policy makers concerned
with disparities.

All data except BMI and procedure length were obtained
from Medicare claims. BMI was abstracted from the chart,
and procedure length will be reported based on our “best esti-
mate” analysis,®> which uses a measure of procedure length that
combined the anesthesia bill with the abstracted length to pro-
duce a “best” measure of procedure length as described in our
previous work.? Using only anesthesia claims produced very
similar results for anesthesia procedure length (not shown),
but claims do not include BMI or surgical cut-to-close time.

## R Development Core Team: R: A Language and Environment
for Statistical Computing. Vienna, Austria, R Foundation for Statisti-
cal Computing, 2012, 2011. Available at: http://www.R-project.org.
Accessed February 6, 2013.
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As has been suggested by Rubin ez 4/.,'”'8 matching was
performed first, without viewing outcomes. After matching
was completed, we then analyzed procedure time differences
across blacks and whites.

Statistical Tests

Balance on observed variables after matching was appraised
using standard two-sample checks that contrast achieved
balance with the magnitude of covariate balance antici-
pated from completely random assignment.” For each
matching variable, we reported the “standardized differ-
ence” for group comparisons before and after matching,
which represents the standardized mean difference among
groups, using the SD of the pooled cases and controls.!*?°
For example, the standardized difference for age would be
age,black and ua e,white are the
mean ages of the black cases and matched white controls;
s e ands? o are the variances of the black cases

age,blac] age, all white
and all white potential controls. The standardized differ-
ence is then (“age, black — Hage,white) divided by the square root
of [(s° Lk + S7see all whine)/2]- A usual rule of thumb is to
age,blac] age, all white

try to achieve standardized differences below 0.2 or a fifth
of an SD.1»19-21

We also compared covariate balance attained by match-

calculated as follows, where p

ing with the covariate balance anticipated from complete
randomization using two-sample randomization tests, spe-
cifically the Wilcoxon rank sum test for continuous covari-
ates and the Fisher exact test for binary covariates.

When testing the hypothesis of no difference in out-
comes between the matched black and white patients, the
widely used Wilcoxon signed-rank statistic** was calculated,
together with its corresponding CI and point estimate, the
so-called Hodges—Lehmann estimate.?” Also reported is the
median. For binary outcomes, the McNemar statistic?® was
used. The Kruskal-Wallis test was used to examine differ-
ences in procedure time across procedure groups.?” Findings
were considered significant if P value is less than 0.05 (two-
sided). We utilized the software package R for all statistical
tests. R is available as Free Software under the terms of the
Free Software Foundation s GNU General Public License in
source code form.##

Results

The Quality of the Matches

Results on the quality of the two matches were displayed in
table 1. We first present the quality of Match 1, the match
that included age, sex, hospital, procedure, comorbidi-
ties, a risk score, a propensity score to be black, and a time
score, but did not include BMI. We then present Match 2,
a similar match that also includes BMI. As can be seen, the
quality of the match did not vary with or without matching
on BMI. Furthermore, the quality of the matches was uni-
formly excellent, as demonstrated by standardized difference
after matching, which were all considerably less than 0.10
SDs for all variables and statistically insignificant.
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Table 1. Matching Quality

Standardized Difference

Variable Name Mean Cases/Black Mean All Controls Before Match (SDs)
BMI 30.24 28.96 0.19
Age 72.05 72.78 -0.18
Sex 0.36 0.42 -0.13
Hip replacement 0.195 0.254 -0.14
Knee replacement 0.306 0.370 -0.14
Colectomy (for cancer) 0.250 0.145 0.27
Colectomy (no cancer) 0.089 0.073 0.06
Thoracotomy 0.161 0.159 0.00
Hx diabetes 0.38 0.22 0.35
Hx CHF 0.20 0.11 0.25
Hx Ml 0.04 0.06 -0.08
Hx arrhythmia 0.20 0.22 -0.04
Risk of death 0.023 0.016 0.18
Propensity to be black 0.13 0.05 0.95
Time score, min 163.6 160.6 0.11

The two matches are presented here, without BMI (Match 1) and with BMI (Match 2), all matching exactly on the hospital. There were 779
cases (black patients), to which 779 white patients (controls) were selected among 14,596 whites (all controls). Standardized difference
refers to the average difference in terms of units of SDs; standardized difference before matching compares the 779 black cases with all
14,596 white controls, standardized difference after matching compares the 779 black cases with the 779 white controls selected through
matching. Risk score is the probability of death at 30 days and includes the following variables: age, sex, race, comorbidities, procedure,
transfer-in status, and admission from ER. In Match 2, obesity status is also included in the risk score. Propensity score is the probability of
being black and includes the following variables: age, sex, comorbidities, procedure, hospital, transfer-in status, and admission from ER. In
the match with BMI, BMI is also included in the propensity score. Time score: reported in minutes. Based on principle procedure and sec-
ondary procedures from a model developed in patients in hospitals not in the 47 hospital Obesity and Surgical Outcomes Study. Procedure
groupings were exactly matched for hip procedure, knee procedure, colectomy for cancer, colectomy not for cancer and thoracotomy.

* P value reflects the differences between cases and matched control groups using the Wilcoxon rank sum statistic for continuous vari-
ables, and the chi-square test for categorical variables.

BMI = body mass index; CHF = congestive heart failure; ER = emergency room; Hx = history; Ml = miocardial infarction.

The Influence of BMI on Racial Differences in (95% CI, 2.5-11.5min). We further examined whether pro-
Procedure Length cedure groups (knee, hip, colectomy for cancer, colectomy not
In table 2, for both matches (Match 1 without matchingon  for cancer, and thoracotomy) displayed different patterns of
BMI and Match 2 including BMI), we examined the dif-  disparity. The black-minus-white pair differences in time were

ferences in length of procedure as defined by (1) a best esti-  not significantly different among the five procedure groups
mate of anesthesia procedure time based on the chart and  (Kruskal-Wallis test: 2 = 0.9319 in non-BMI matched pairs
Medicare claim (induction to recovery room);'= (2) surgi- and 0.4784 in BMI matched pairs). We next asked what would
cal procedure time as determined from the chart (this is the  the disparity have been if we only exact matched on principal
cut-to-close time);'™ and finally, (3) anesthesia induction/ procedure, and no other variables. The Hodges—Lehmann esti-
emergence time which we defined as the difference between ~ mate for the difference between blacks and whites in anesthesia

anesthesia procedure time (1) and surgical time (2). For each time was 12.5min (95% CI, 7-18; P < 0.0001), surgical time
procedure time reported, we provided the mean, median, difference was 10.5min (95% CI, 5.5-15.5; P < 0.0001), and
and the Hodges-Lehmann statistic which provides a mea- induction/emergence time difference 1.5 min (95% CI, 0-3.5;
sure of the typical time for each group, as well as a 95% CL P =0.0863). Finally, the Obesity and Surgical Outcomes Study

The time differendals between black and white Medicare ~ was not designed to make comparisons among hospitals, and

patients were similar across matches, and all differences in time  the number of blacks in individual hospitals is too small to yield
between black and white matched pairs were highly significant. ~ much statistical power for such a comparison. We did take the
For example, using the match that did notinclude BMIand our  black-minus-white matched pair differences in operative time
best estimate of the anesthesia procedure time based on claim  and compare them among hospitals using the Kruskal-Wallis
and chart, we observed that black patient procedures took about  test, and by this test the black—white difference in operative

6.5min (95% CI, 2-10.5) longer than matched white patients,  time did not differ significantly among hospitals (P value is 0.53
controlling for the same hospital, procedure, and comorbidi- in the match with BMI and 0.72 in the match without BMI);
ties. When we included BMI into the matching algorithm  however, it is difficult to know what to make of failing to find a
(Match 2), we observed a similar finding of a 7-min difference ~ difference when the power is low.
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Table 1. (Continued)
Match 1 (without BMI) Match 2 (with BMI)

Mean Standardized Difference Mean Standardized Difference P
Controls/White After Match (SDs) P Value* Controls/White after Match (SDs) Value*
29.53 0.10 0.1113 30.07 0.03 0.9436
71.95 0.03 0.6859 71.90 0.04 0.5295
0.36 0.00 1.0000 0.36 0.00 1.0000
0.195 0.00 1.0000 0.195 0.00 1.0000
0.306 0.00 1.0000 0.306 0.00 1.0000
0.250 0.00 1.0000 0.250 0.00 1.0000
0.089 0.00 1.0000 0.195 0.00 1.0000
0.161 0.00 1.0000 0.161 0.00 1.0000
0.37 0.04 0.4963 0.36 0.05 0.4019
0.20 0.00 1.0000 0.18 0.03 0.6059
0.03 0.05 0.2883 0.04 0.01 1.0000
0.23 -0.08 0.1977 0.23 -0.07 0.2680
0.024 -0.03 0.8031 0.023 -0.01 0.6128
0.13 0.03 0.9721 0.13 0.01 0.7310
163.6 0.00 0.9339 163.6 0.00 0.9193

Which Components of the Operation Are Contributing to
the Disparity?

When we examined racial differences in surgical time
(cut-to-close time) and the anesthesia induction/emer-
gence time (the difference between anesthesia procedure
time and surgical time), we saw that racial differences in
surgical time are almost equal to the differences in anes-
thesia procedure time (measuring induction to recovery
room). For example, in table 2, using Match 2 with BMI,
the Hodges—Lehmann estimate for anesthesia procedure
time difference was 7 min in contrast to 6 min (95% CI,
2-9.5min) for surgical time. The Hodges—Lehmann esti-
mate of the black—white difference in anesthesia induc-
tion/emergence time, calculated from individual pairs as
the difference between anesthesia time and surgical time,
was 1 min (95% CI, -0.5 to 3 min).

Understanding the Clinical Importance of a 7-min Gap

One may reasonably ask whether a typical difference in
procedure time of 7 min between black and white patients,
although statistically significant, is clinically important. To
better understand the implications of a time differential, we
asked whether blacks were more likely to have longer pro-
cedure times than whites over various ranges of procedure
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time differences. For example, it may be the case that there is
always a gap between black and white patients, and that the
typical 7-min gap is distributed rather evenly across patients.
On the other hand, it may be the case that generally there
is licdle difference between black and white procedure time,
but in situations where there are large differences, blacks have
longer times. This would be a more concerning pattern from
a clinical perspective, suggesting that the average 7-min dif-
ference potentially signals a more important clinical problem.

To study this question, we first examined the unpaired dis-
tributions of procedure length in black and white patients.
Figure 1 consists of two quantile—quantile plots** (one for
each match) of black and white procedure times, omitting two
extreme patients from each plot for display purposes. Points
on the line of identity would suggest that the black and white
quantiles were similar. We found that black patient proce-
dure lengths were longer than white patients as the procedure
lengths increased, suggesting that the typical black—white dif-
ference of seven is not distributed evenly across patients.

We then rank ordered all black—white matched pairs by the
absolute value of the difference in procedure length within each
pair. Some pairs had small differences, others large. For categories
of absolute difference (between 0 and 10min, 10 and 30 min,
and greater than 30 min), we reported in table 3 the odds that
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Table 2. Study Results: Time of Procedure by Race
Anesthesia Procedure Time Surgical Procedure Time Induction/Emergence Time
Time, min (Induction to Recovery Room) (Cut-to-close) (Anesthesia Time—Surgical Time)
Black time
Mean 170.9 123.1 47.8
SD 67.1 62.3 21.4
Median 160 110 45
25th, 75th (125, 199.5) (80, 149.5) (35, 57.5)
Hodges- 162.5 115 47
Lehmann
95% Cl (158.5-167) (111.5-119) (46-48.5)
Match 1 Match 2 Match 1 Match 2 Match 1 Match 2
Without BMI With BMI Without BMI With BMI Without BMI With BMI
White time
Mean 162.7 163.1 115.4 116.1 47.3 47.0
SD 60.0 62.0 53.8 57.3 22.6 21.8
Median 150 150 102 102 45 45
25th, 75th (120, 191) (121, 191) (75, 141) (77, 141) (35, 55) (35, 56)
Hodges- 156.5 156.0 109.5 109.5 46.5 46.5
Lehmann
95% CI (152.5-160.5)  (152.0-160.0) (105.5-113.0)  (106.0-113.5) (45-47.5) (45.5-48)
Black-white time
Mean 8.1* 7.8* 7.7 7.0* 0.5 0.8
SD 7.7 74.3 65.8 69.4 26.9 27.5
Median 6 5 6 5 0 0.5
25th, 75th (=30, 39) (-25, 43) (-25, 37) (-26, 39) (=14, 15) (=13, 15)
Hodges- 6.5 ™ 6** 6** 0.5 1
Lehmann
95% CI (2-10.5) (2.5-11.5) (2-9.5) (2-9.5) -1, 2 (-0.5, 3)

For each match (Match 1 without BMI and Match 2 with BMI), we present three time-based results: (1) anesthesia time (induction to
recovery room); (2) surgical time (cut-to-close); and (3) induction/emergence time (which we define as the difference between anesthesia
time and surgical time for each individual patient). The Hodges-Lehmann statistic provides a measure of the typical time for each group,
as well as a 95% CI. This is more stable than the mean time. P values are provided to test whether the differences between black and

white procedure times are different from zero.
*P < 0.01; ™ P < 0.005.
BMI = body mass index.

the member of the pair with the longer time was a black patient
(as compared with a white patient). For the match that did not
include BMI, the overall odds was 1.22 (95% CI, 1.06-1.41;
P = 0.0067). When time differences between members of a
pair were greater than 30 min, the odds that the longer patient
was black was 1.29 (1.07-1.56; P = 0.0070). Similarly, when
BMI was included in the match, the overall odds that the black
patient had the longer procedure time was 1.23 (1.07-1.42; P =
0.0047). When time differences between members of a pair were
greater than 30 min, the odds that the longer patient was black
was 1.39 (1.15-1.69; P = 0.0008). In brief, the 7-min typical
gap between black and white matched pairs translated into an
increased odds in which blacks have large (i.c., >30 min) differ-
ences in procedure length than their matched white controls.

Discussion

In our previous research using Medicare claims,' we observed
that the average difference in procedure time between black
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and white patients was 5—7 min, and for some hospitals the
difference was considerably greater. In that study, we used
Medicare claims, and consequently could not adjust for the
influence of BMI. However, obesity may increase the length
1.25-27 and can be a challenge for both the anes-
thesia care team and the surgeon.”®3? It would have been
reassuring, from a disparities perspective, whether BMI dif-
ferences between blacks and whites could explain the differ-
ence in procedure time. However, they did not.

Our current study on a different population of Medicare
patients, using matching instead of regression and includ-

of a procedure

ing chart review to obtain BMI, reports a disparity similar
in magnitude to our previous report. Although the typical
disparity of 7min does not seem large, the processes that
lead us to be able to observe these significant differences
may be very different for blacks and whites. Any conclu-
sions depend on a careful comparison of black and white
patients, the procedures they had, and potential confound-
ing factors not adjusted for in our previous work, such as
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Match 1 QQ plot:
NO BMI MATCH, ALL PATS

Match 2 QQ plot:
MATCH FOR BMI, ALL PATS
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Fig. 1. Quantile-Quantile (QQ) plots. We present two QQ plots, one for Match 1(does not include BMI) and one for Match 2 (with
BMI). For both plots, we rank all whites in order of total procedure length (i.e., anesthesia time from induction to recovery room)
on the x-axis and time for all blacks on the y-axis. Each point represents a white-black “pair” matched only on the quantile.
For scaling purposes, two patients with outlier procedure times were removed from each plot. For both Match 1 and Match 2
samples, we observe the same pattern, a nonparallel divergence from the identity line, suggesting that the disparity we observe
in procedure length does not reflect merely a constant increase in length for all black patients. BMI = body mass index; PATS =

patients.

BMI. Furthermore, the 7-min gap translated into a 29-39%
increase in the odds that when differences of greater than
30min occurred within a matched pair, it was the black
patient with the longer procedure.

Medicare claims do not include BMI, so if black—white
differences in BMI explained differences in procedure times,
then Medicare data could not be used to study disparities
in procedure times. Table 1 shows that (1) the black-white

difference in mean BMI was not large before any matching,
(2) matching for Medicare comorbidities, surgical procedures,
and hospital removed about half of the small initial difference
in BMI without using BMI. Our later results show that com-
pletely adjusting for BMI as measured by chart abstraction
did not remove the black—white disparity in procedure times.
We conclude that Medicare claims can be used to study racial
disparities despite the absence of BMI in Medicare claims.

Table 3. Likelihood of Longer Surgical Time in Black-White Matched Pairs, for All Procedures

Odds of Black
Pairs where Pairs where White Patient Taking
Black Patient had Patient had Longer Longer than
Longer Time Time White Patient 95% Cl P Value
Match 1: no BMI: absolute difference in anesthesia time, min*
0<time<10 46 47 0.9787 (0.652-1.470) 0.9174
10 <time < 30 122 103 1.1845 (0.911-1.540) 0.2058
30 < time 251 194 1.2938 (1.073-1.560) 0.0070
Overall 419 344 1.2180 (1.056-1.405) 0.0067
Match 2: w/BMI: absolute difference in anesthesia time, mint
0<time<10 51 56 0.9107 (0.623-1.331) 0.6290
10 < time < 30 118 105 1.1238 (0.864-1.462) 0.3843
30 < time 249 179 1.3911 (1.148-1.686) 0.0008
Overall 418 340 1.2294 (1.065-1.419) 0.0047

* Eleven pairs with ties were excluded (1.41% of 779 matched pairs); number of pairs in final analysis = 763. T Sixteen pairs with ties
were excluded (2.05% of 779 matched pairs); number of pairs in final analysis = 758.

BMI = body mass index.
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As can be seen from table 1, both populations were remark-
ably similar in composition. Importantly, our matching pro-
duced almost exactly similar predicted procedure times. The
predicted times were virtually the same between blacks and
whites, yet observed differences after matching were about 7 min.

Studying BMI and chart time information provided a win-
dow into what were unobservable variables from our previous
study. In the current study, we have shown that BMI did not
explain why procedure length of black is greater than that of
white. One interesting clue as to why (or when) the disparity
occurred did emerge from table 2. We observed that 6 min
of the 7-min gap seen in the match that included BMI was
found in the cut-to-close surgical time interval. The typical
black—white difference in anesthesia induction/emergence
time in this example was only 1 min based on the Hodges—
Lehmann point estimate. In other words, almost all the time
differential between blacks and whites is found during surgical
procedure time. The contribution to the racial disparity from
the anesthesia team was small and not statistically significant.

Finally, our study sheds light on the importance of the
typical 7-min gap between black and white patients. From
a clinical perspective, a 7-min gap may be less concerning if
distributed evenly across all pairs, but this was not the case.
Instead, from table 3, we saw that when there were relatively
small differences in procedure time between blacks and whites,
there was no significant increase in the odds of blacks or whites
experiencing the longer procedure. However, for matched
pairs where there was greater than a half hour difference in
procedure length between patients, the odds that the black
patient had the longer time than the matched white control
were significantly increased suggesting that the longer proce-
dure length was associated more often with the black patient
than the white patient. Our results suggest that usually there is
little difference in procedure time (as seen in fig. 1 and table 3),
but when there is a disparity, the problem is a considerable
one. The reported typical difference of 7min for all blacks
must imply that for the typical black patient experiencing the
disparity, the procedure time difference from whites is much
larger than 7 min, as most blacks did not experience a disparity.

A limitation true for any observational study is the pos-
sibility that unobserved factors may have accounted for the
finding of interest. As such, in our original Surgical Outcomes
Study article, the finding of procedure length differences by
race' may have been influenced by some unobservables. The
current report asks if the adjustment method was improved
and some unobservables become observable, would the
racial differences in procedure length disappear. The current
study improves on the previous study in the following four
ways: (1) the study examines procedure length in three states
not studied before—Texas, Illinois, and New York. It there-
fore represents an independent sample on which validation
of the previous finding could be made, and indeed, we found
the disparity to be similar. (2) We now adjust for some vari-
ables that were unobservables in the previous study. Most
important is the addition of BMI to the adjustment, which
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was collected through chart review—something not possible
in the previous study. We also match on time score; (3) a
third important improvement in the current study is the use
of multivariate matching rather than regression, thereby not
requiring assumptions regarding the form of a model used
for adjustment. We observed excellent matches, as reported
in table 1. Using this method, we could also match on a
propensity score, a procedure time score, BMI, and other
variables simultaneously, in part because we had a very large
pool of whites in which to find matches to the black popu-
lation. Finally, (4) through chart review, we could examine
whether the procedure length differences were occurring
between cut and close or between induction to cut and close
to recovery room. This analysis was impossible in the previ-
ous study because procedure length was based only on the
anesthesia claim, not chart review.

Still another factor that may influence our results concern
variables associated with race that may also influence the dis-
parity in procedure time, such as income and education. In
previous work,! we did observe an income effect, in that we
observed less of a disparity in higher income blacks. In this
study, we did not match on income, as income is highly cor-
related with race® and it was not our intent to disentangle
that connection. If the mechanism for procedure time dis-
parity was income, education, or race, the disparity would
be equally interesting in this Medicare population, as all had
insurance and went to the same hospital.

The implications of identifying a clinically relevant dis-
parity in procedure length are complex. If the disparity
is real, after adjusting for patient characteristics that may
prolong procedure length, then we are forced to ask why
this difference is occurring. It has been shown that when
procedures are performed by resident surgeons, they are
longer than when performed by attending surgeons.’**> If
blacks had a higher risk of receiving care from residents
or inexperienced surgeons, this may possibly account for
some of the time differential.®® As Medicare data do not
provide a separate bill for the resident surgeon, we can-
not directly know whether the prolonged case was due to
teaching. Furthermore, we do not know whether specific
key portions of the surgical procedure were performed by
the attending or the resident surgeons. Who is holding the
scalpel and who is holding the retractor is impossible to
know short of videotaping all procedures. However, if the
etiology is differential surgical experience, making depart-
ments aware that the process of surgical selection is lead-
ing to this pattern may aid in producing a more equitable
system. Determining the cause or causes of this disparity is
beyond the scope of this report.

In conclusion, the racial differences in procedure time in
the Medicare population were significant even after adjusting
for BMI. Furthermore, the observed time differences appear to
occur almost entirely during the surgical cut-to-close period,
not the induction-to-emergence period. When differences
within matched pairs exceeded 30 min, the black patient was
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significantly more likely to be the one with the longer proce-

dure time. This remaining significant difference in procedure
time between black and white patients requires our attention.

The authors thank Traci Frank, A.A., Administrative Coordinator
and Bijan Niknam, B.S., Research Assistant (both Center for Out-
comes Research, The Children’s Hospital of Philadelphia, Philadel-
phia, Pennsylvania), for their assistance on this project.
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