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ABSTRACT

Background: Differences in health care represent a major health policy issue. Despite increasing evidence on the mediating
role of anesthesia type used for surgery on perioperative outcome, there is a lack of data on potential care differences in this
field. The authors aimed to determine whether anesthesia practice (use of neuraxial anesthesia [NA] or peripheral nerve block
[PNB]) differs by patient and hospital factors.

Methods: The authors extracted data on n = 1,062,152 hip and knee arthroplasty procedures from the Premier Perspective
database (2006 to 2013). Multilevel multivariable logistic regression models measured associations (odds ratios [ORs] and
95% ClIs) between patient/hospital factors and NA or PNB use.

Results: Of all patients, 22.2% (n = 236,083) received NA and 17.9% (n = 189,732) received PNB. Lower adjusted odds
for receiving NA were seen for black patients (OR, 0.88; 95% CI, 0.86 to 0.91) and those on Medicaid (OR, 0.78; 95% CI,
0.74 to 0.82) or without insurance (OR, 0.89; 95% CI, 0.81 to 0.98). Furthermore, teaching hospitals (compared with non-
teaching hospitals) had lower adjusted odds for NA utilization (OR, 0.35; 95% CI, 0.14 to 0.89). Although generally similar
patterns were seen for PNB utilization, the main difference was that particularly Hispanic patients were less likely to receive
PNB compared with white patients (OR, 0.60; 95% CI, 0.56 to 0.65). Sensitivity analyses generally validated our results.

Conclusions: Significant differences exist in the provision of regional anesthetic care with factors such as race and insurance
type being important determinants of anesthetic practice. Further and in-depth research is needed to fully assess the back-

ground of these differences. (ANESTHESIOLOGY 2016; 124:608-23)

IFFERENCES in health care based on patient-specific

factors represent a major problem for the healthcare U R [T E D S 1l
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system and society as a whole as they are unjust, unethical, * Provision of regional anesthetic care by race, insurance type,
and costly.! Much effort has been expended to study factors and type of healthcare facility has been minimally examined
associated with and reasons for this phenomenon in many What This Article Tells Us That Is New

ﬁelds of.medicine V.Vith the.goal to redl.lce its prevalence and ¢ In a review of more than 1 million hip and knee arthroplasty
its associated negative medical and societal consequences.’™ procedures in the Premier Perspective database, use of neur-
Racial and ethnic differences in the treatment of pain have axial anesthesia was considerably less (odds ratio [OR], 0.35)
been well documented alongside differences in the use of Ifgrt?:)ellgganga‘(t?erilth (nOOFr:’teg (ég)n %hhgsseplgﬂsﬁggigﬁd%ﬁ%,Ifg)s,
neuraxial labor analgesia.®” However, studies using large and those without insurance (OR, 0.89)

databases and those assessing differences in other fields of

anesthesia practice where regional anesthesia is widely used ~ necessary to take first steps to establish if significant dif-
and may be associated with improved outcomes remain  ferences in care and the potential for differences related to
sporadic.®? Reasons for such lack of data are manifold but  patient and healthcare system factors do indeed exist.
include the fact that, until relatively recently, population- The importance of such data has to be viewed in the
based data needed for such analyses were unavailable. With ~ context of recent publications suggesting that the type of
the evolution of large national databases containing anesthe- ~ anesthesia used for surgical procedures may significantly
sia-related information, such research is now possible and ~ affect the risk for complications and negative economic
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outcomes.'*1? Specifically, an increasing body of evidence
suggests that neuraxial anesthesia may indeed lead to supe-
rior outcomes compared with general anesthesia.!®'? This
observation has been best documented in the ever increas-
ing joint arthroplasty population, which is expected to reach
3.5 million per annum in the United States alone by the
year 2030."% Although patient subgroup differences in this
population have been demonstrated regarding both the odds
of undergoing an arthroplasty'* and the outcomes after the
procedure,’® less is known about the factors affecting the
process of anesthetic care that might mitigate particularly
the latter.

Therefore, we utilized a large national database contain-
ing anesthesia-related information to study whether anesthe-
sia practice (the use of neuraxial anesthesia and the use of
peripheral nerve block) differs by patient factors including
age, race, gender, and insurance type as well as healthcare
system-related factors such as hospital size, location, and
teaching status.

We hypothesized that significant differences in anesthetic
care provided to members of different patient groups and
in different healthcare settings exist. If identified, these data
could be used to launch studies into the reasons for and con-
sequences of potential differences in care.

Materials and Methods

Institutional Review Board

Data used in this study were deidentified according to the
Health Insurance Portability and Accountability Act,'® and
therefore, this study was exempt from individual consent
requirements by the Institutional Review Board of the Hos-
pital for Special Surgery (New York, New York; #2012-050-
CR2) and the Mount Sinai Medical Center (New York, New
York; #14-00647).

Data Source and Study Design

The Premier Perspective database (Premier Inc., USA) con-
taining hospital discharges from January 2006 to December
2013 was accessed for this retrospective analysis. It contains
all diagnostic and procedural data from International Clas-
sification of Diseases, 9th revision, Clinical Modification
codes, Current Procedural Terminology codes, and stan-
dardized billing items for approximately 20 to 25% of US
hospitals. The number of hospitals in this dataset depends on
the cohort requested and purchased; in this study, the dataset
contained 540 hospitals. Although the Midwest, Northeast,
and Northwest are also represented, the Southeastern United
States is the most represented region. Our study goal was
defined, and hypotheses were generated a priori.

Study Sample

All adult inpatients with an elective primary total hip or knee
arthroplasty (THA/TKA), as indicated by International
Classification of Diseases, 9th revision, Clinical Modification
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codes 81.51 and 81.54, respectively, were considered for this
study. Excluded were those THA procedures undertaken for
the treatment of fractures. Patients with missing information
on gender (n = 69), discharge status (n = 498), or those who
underwent multiple arthroplasties during a single admission
(n = 212) were excluded. A flowchart depicting the study
sample is provided in appendix 1.

Study Variables

Primary outcome variables were (1) use of neuraxial anes-
thesia and (2) use of a peripheral nerve block. These were
determined from billing and procedural codes as reported
by our study group.!” We combined spinal and epidural
anesthesia into neuraxial because differential informa-
tion was not reliably available. Moreover, we were inter-
ested in determining the choice to use regional anesthesia
in a wider sense. In defining our outcome variables, the
main assumption we make is that if there was no billing
for neuraxial anesthesia or peripheral nerve block, then
there indeed was no use of either of these techniques. As
there are only few other large databases that contain this
information on anesthesia type, it is difficult to test the
validity of this assumption. However, one study using the
National Anesthesia Clinical Outcomes Registry data of
the Anesthesia Quality Institute (a database created spe-
cifically for this purpose) found a rate of neuraxial anes-
thesia of 31.3%, which is only moderately higher than the
rate found in our dataset.'® For peripheral nerve blocks,
there appears to be inadequate information in available
population-based studies to compare our numbers to. In
addition, we were not able to reliably distinguish single-
shot techniques from catheter approaches.

The patient variables that were considered to be poten-
tially important determinants in respect to care differences'
were age, gender, race, and insurance type. Race was catego-
rized as white, black, Hispanic, and other. Insurance type
was categorized as commercial, Medicaid, Medicare, unin-
sured, and other (e.g., other government payors). Health-
care-related variables included hospital location (rural,
urban), hospital area (Midwest, Northeast, South, and
West), hospital size (less than 300, 300 to 499, and more
than or equal to 500 beds), and hospital teaching status. In
addition, procedure-related variables were studied: type of
procedure (THA, TKA), use of general anesthesia, use of
anticoagulants (on the day of procedure: aspirin, warfarin,
heparin, other, more than one medication, none), and year
of procedure. To account for overall comorbidity burden,
the updated Deyo adaptation of the Charlson comorbidities
was used.?’

Statistical Analysis

Unadjusted Analysis. The use of neuraxial anesthesia and
peripheral nerve block by study variables was described
using mean and SD for continuous variables and percent-
ages for categorical variables. Associations between groups
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were assessed using the chi-square test and the two-sample
¢ test for categorical and continuous variables, respectively.
Multilevel Logistic Regression Analysis. To measure the
multivariable association between study variables and the
use of neuraxial anesthesia and peripheral nerve block, two
separate multilevel multivariable logistic regressions were
specified. Each model included a random intercept term that
varies at the level of each hospital and accounts for correla-
tion of patients within hospitals. Only hospitals with more
than 50 patients were included to assure a sufficient sample
size per cluster. All patient-, healthcare-, and procedure-
related variables (except for anticoagulant use as we do not
know whether it was ordered before or after the decision for
regional anesthesia) and individual Deyo—Charlson comor-
bidities (with significance threshold P < 0.15, see also appen-
dix 2) were included in the main model for the outcomes of
neuraxial anesthesia and peripheral nerve block.

To allow for a more specified description of potential
differences in care by race and insurance status, the mul-
tivariable models were fitted with an interaction to assess
differences in care between race groups within insurance
categories. As has been suggested, an interaction may exist,
and at least in theory sufficient insurance coverage may help
reduce differences in care.”! In addition, as there might be
interdependence in the choice for regional anesthesia (either
neuraxial anesthesia or peripheral nerve block), we fitted an
additional model with the outcome of receiving either one of
these regional anesthetic techniques as an exploratory analy-
sis to assess whether similar factors arise suggesting a poten-
tial for differences in care.

Given the large sample size, we present adjusted odds
ratios (ORs), 95% Cls and P values together as a measure
to allow the reader to interpret overall significance. For
models containing interactions, Bonferroni-corrected ORs

Table 1. Study Variables by Use of Neuraxial Anesthesia

Differences in Anesthetic Care

and P values are presented to account for multiple testing.
Herein, we take into account the specific number of tests
based on the interaction categories (race x insurance status
or insurance status x race). The intraclass correlation, which
explains the percentage of the total variance in the outcome
accounted for by differences between hospitals, is also pre-
sented for each model.

All analyses were performed using SAS v9.3 statistical
software (SAS Institute, Cary, USA); the GLIMMIX pro-
cedure was used for multilevel regression analyses. Code is
available on request.

Results

We identified a total of 1,062,152 elective hip and knee
arthroplasty procedures performed in 540 hospitals. Of
those, 22.2% (n = 236,083) received a neuraxial anesthetic
and 17.9% (n = 189,732) received a peripheral nerve block.

Unadjusted Analyses

Table 1 depicts the use of neuraxial anesthesia by study vari-
ables; its utilization decreased over the years (23.6% in 2006
vs. 19.6% in 2013); P < 0.0001. Interestingly, there were no
differences in gender or Deyo—Charlson comorbidity index
between groups.

Table 2 depicts the use of peripheral nerve blocks follow-
ing the same setup of the previous table. Although there were
(small) differences in gender and Deyo—Charlson comorbid-
ity index between groups, hospital factors appeared to play a
smaller role in this setting compared with neuraxial anesthe-
sia. The use of peripheral nerve blocks increased from 2006
(13.3%) to 2013 (19.5%); P < 0.0001. Information on the
use of neuraxial anesthesia and peripheral nerve blocks for
THA and TKA patients separately can be found in appen-
dices 3 to 6.

Use of Neuraxial Anesthesia
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Yes (n = 236,083), N No (n = 826,069), N % P Value*
Patient related
Age (yn
<45 5,179 24,221 17.6 < 0.0001
45-54 26,371 105,576 20.0
55-64 66,521 241,051 21.6
65-74 79,917 270,205 22.8
75-99 58,095 185,016 23.9
Gender
Female 142,929 501,952 22.2 0.05135
Male 93,154 324,117 22.3
Race
White 182,800 622,585 22.7 < 0.0001
Black 12,810 61,791 17.2
Hispanic 3,482 11,162 23.8
Other 36,991 130,531 22.1
Mean Deyo—-Charlson comorbidity indext 0.43 (0.89) 0.43 (0.90) - 0.3037
(Continued)
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Table 1. (Continued)

Use of Neuraxial Anesthesia

Yes (n = 236,083), N No (n = 826,069), N % P Value*
Healthcare related
Insurance type
Commercial 86,695 318,147 21.4 < 0.0001
Medicaid 4,579 23,883 16.1
Medicare 136,175 452,050 23.2
Uninsured 1,270 4,477 221
Other 7,364 27,512 21.1
Hospital location g
Urban 196,346 740,827 21.0 %
Rural 39,737 85,242 31.8 < 0.0001 g
Hospital size 3
< 300 beds 85,678 301,790 22.1 < 0.0001 ;
300-499 beds 102,287 288,382 26.2 g
> 500 beds 48,118 235,897 16.9 g
Hospital teaching status 2
Nonteaching 171,423 468,975 26.8 < 0.0001 §
Teaching 64,660 357,094 15.3 g
Hospital area §
Midwest 60,450 154,581 28.1 < 0.0001 “g
Northeast 24,278 181,527 11.8 %
South 94,865 336,516 22.0 oS
West 56,490 153,445 26.9 g
Procedure related L
Type of procedure i3
Primary knee arthroplasty 164,925 554,501 22.9 3
Primary hip arthroplasty 71,158 271,568 20.8 < 0.0001 g
Use of general anesthesia §
Yes 120,783 614,496 16.4 N
No 115,300 211,573 35.3 < 0.0001 g
Use of peripheral nerve block N
Yes 51,635 138,097 27.2 2
No 184,448 687,972.0 21.1 < 0.0001 S
Use of anticoagulants 2
None 12,567 53,719 19.0 §
Antiplatelets: aspirin 10,909 57,700 15.9 < 0.0001 g
Anticoagulants: warfarin 64,390 214,484 23.1 §
Anticoagulants: heparin 60,150 222,049 21.3 %
Anticoagulants: other 23,248 87,994 20.9 é’
> 1 of above 64,819 190,123 25.4 3
Year of procedure 5
2006 24,086 77,875 23.6 < 0.0001 %
2007 25,411 84,109 23.2 S
2008 25,835 88,915 22.5
2009 30,590 100,781 23.3
2010 35,226 110,625 24.2
2011 34,180 118,843 22.3
2012 31,623 125,300 20.2
2013 29,132 119,621 19.6

* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%).

Multivariable Analyses an unstable model. Age was associated with higher odds for
The multivariable multilevel regression analyses are shown in ~ receiving either neuraxial anesthesia (OR, 1.07; 95% CI,
table 3 for the outcomes of neuraxial anesthesia and periph- 1.07 to 1.08) or a peripheral nerve block (OR, 1.05; 95%
eral nerve block. These models do not include the “hospi-  CI, 1.04 to 1.06); both P < 0.0001. Lower adjusted odds for
tal area” variable because including this variable resulted in  receiving neuraxial anesthesia were seen for black patients
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(OR, 0.88; 95% CI, 0.86 to 0.91) and those with noncom-
mercial insurance, particularly Medicaid (OR, 0.78; 95%
CI, 0.74 to 0.82) and those with no insurance (OR, 0.89;
CI, 0.81 t0 0.98). Hospital factors appeared to matter less in
their associations with the use of neuraxial anesthesia. When
comparing the odds for receiving peripheral nerve blocks
(table 3; right half) with neuraxial anesthesia, the main
difference included the lower odds for Hispanic patients
(OR, 0.60; 95% CI, 0.56 to 0.65). The c-statistics of the

models were high (0.94 for neuraxial anesthesia and 0.96

Differences in Anesthetic Care

variance in neuraxial anesthesia (0.75) and peripheral nerve
block (0.86).

Results from the exploratory model with the outcome
of receiving either one of the regional anesthetic techniques
can be found in appendix 7. In summary, although similar
patient factors arose suggesting a potential for differences in
care, hospital factors appeared to matter less. In addition,
we have added a sensitivity analysis by repeating the analy-
ses depicted in table 3 with a restricted cohort of only those
patients with a known type of anesthesia (n = 850,579) to

for peripheral nerve block), suggesting very good discrimi-  test the validity of our assumption that patients who were 9
nation. Moreover, the intraclass correlation values suggested  not billed for neuraxial anesthesia or peripheral nerve blocks 5
a substantial role of the hospital level effects in explaining did not receive those. The sensitivity analyses (appendix 8) %
g
Table 2. Study Variables by Use of Peripheral Nerve Block “z
Q
Use of Peripheral Nerve Block ;’i’
8
Yes (n = 189,732), N No (n = 872,420), N % P Value* g
Patient related g
Age (yr) 3
<45 3,607 25,793 12.3 < 0.0001 %
45-54 21,248 110,699 16.1 oS
55-64 55,947 251,625 18.2 g
65-74 65,759 284,363 18.8 §.
75-99 43,171 199,940 17.8 g
Gender =
Female 116,652 528,229 18.1 < 0.0001 g
Male 73,080 344,191 17.5 §
Race 5
White 153,399 651,986 19.0 < 0.0001 g
Black 12,167 62,434 16.3 N
Hispanic 2,294 12,350 15.7 g
Other 21,872 145,650 13.1 ‘8
Mean Deyo—-Charlson comorbidity indext 0.42 (0.88) 0.44 (0.90) - 0.003 2
Healthcare related §
Insurance type g
Commercial 71,934 332,908 17.8 < 0.0001 §
Medicaid 4,017 24,445 141 %
Medicare 107,153 481,072 18.2 é’
Uninsured 688 5,059 12.0 >
Other 5,940 28,936 17.0 §
Hospital location s
Urban 167,461 769,712 17.9 §
Rural 22,271 102,708 17.8 0.67133
Hospital size
< 300 beds 52,748 334,720 13.6 < 0.0001
300-499 beds 73,240 317,429 18.7
> 500 beds 63,744 220,271 22.4
Hospital teaching status
Nonteaching 108,220 532,178 16.9 < 0.0001
Teaching 81,512 340,242 19.3
Hospital area
Midwest 50,100 164,931 23.3 < 0.0001
Northeast 23,747 182,058 115
South 89,235 342,146 20.7
West 26,650 183,285 12.7
(Continued)
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Table 2. (Continued)

Use of Peripheral Nerve Block

Yes (n = 189,732), N No (n = 872,420), N % P Value*
Procedure related

Type of procedure

Primary knee arthroplasty 158,703 560,723 22.1

Primary hip arthroplasty 31,029 311,697 9.1 < 0.0001
Use of general anesthesia

Yes 111,648 623,631 15.2

No 78,084 248,789 23.9 < 0.0001
Use of neuraxial anesthesia

Yes 51,635 184,448 21.9

No 138,097 687,972 16.7 < 0.0001
Use of anticoagulants

None 11,082 55,204 16.7

Antiplatelets: aspirin 12,806 55,803 18.7 < 0.0001

Anticoagulants: warfarin 47,614 231,260 171

Anticoagulants: heparin 44,226 237,973 15.7

Anticoagulants: other 22,918 88,324 20.6

> 1 of above 51,086 203,856 20.0
Year of procedure

2006 13,544 88,417 13.3 < 0.0001

2007 15,423 94,097 14.1

2008 17,227 97,523 15.0

2009 22,321 109,050 17.0

2010 28,878 116,973 19.8

2011 31,446 121,577 20.5

2012 31,905 125,018 20.3

2013 28,988 119,765 19.5

* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%).

Table 3. Multilevel Multivariable Model Depicting Patient and Healthcare Variables for Outcomes of Use of Neuraxial Anesthesia
(Left) and Use of Peripheral Nerve Block (Right)
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Outcome: Use of Outcome: Use of
Neuraxial Anesthesia Peripheral Nerve Block
OR* 95% ClI P Value ORYT 95% Cl P Value

Age (continuous) 1.07 1.07-1.08 < 0.0001 1.05 1.04-1.06 < 0.0001
Race (reference: white)

Black 0.88 0.86-0.91 < 0.0001 0.94 0.92-0.97 0.000

Hispanic 1.05 0.99-1.12 0.123 0.60 0.56-0.65 < 0.0001

Other 1.27 1.24-1.30 < 0.0001 0.96 0.93-0.99 0.011
Insurance type (reference: commercial)

Medicaid 0.78 0.74-0.82 < 0.0001 0.86 0.82-0.91 < 0.0001

Medicare 0.92 0.90-0.94 < 0.0001 0.92 0.90-0.94 < 0.0001

Uninsured 0.89 0.81-0.98 0.022 0.89 0.79-1.00 0.052

Other 1.08 1.04-1.13 0.000 0.97 0.93-1.01 0.141
Hospital location (reference: urban)

Rural 1.48 0.56-3.91 0.433 0.45 0.16-1.25 0.133
Hospital teaching status (reference: nonteaching)

Teaching 0.35 0.14-0.89 0.027 0.20 0.08-0.54 0.001

* Adjusted for gender, use of general anesthesia, year of procedure, type of procedure, hospital size, myocardial infarction, congestive heart failure, periph-
eral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic di mild liver di moderate/severe liver dis-
ease, diabetes, diabetes with chronic complications, hemiplegia or paraplegia, renal disease, any malignancy, metastatic solid tumor, and AIDS. 1 Adjusted
for gender, use of general anesthesia, year of procedure, type of procedure, hospital size, chronic pulmonary disease, rheumatologic disease, peptic ulcer
disease, mild liver disease, moderate/severe liver disease, diabetes,) diabetes with chronic complications, hemiplegia or paraplegia, renal disease, any
malignancy, metastatic solid tumor, and AIDS.

AIDS = acquired immunodeficiency syndrome; OR = odds ratio.
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did not reveal any major differences compared with our
main analyses.

Table 4 details the outcome of the same models while
adding the insurance status x race interaction, which itself
was significant for both models (both 2 < 0.005). Lower
odds for neuraxial anesthesia were seen for black patients
who were commercially insured and those on Medicare,
whereas the lower odds for peripheral nerve blocks among
Hispanic patients were seen for almost all insurance types.

Discussion

In this study of population-based data derived from more
than 500 US hospitals, we identified significant differ-
ences in the utilization of regional anesthetic techniques
among patients of different demographics. In this regard,
neuraxial anesthesia and peripheral nerve block were less
likely to be used in black and Hispanic (vs. white) patients
and those on Medicaid, Medicare, and no insurance
(compared with commercially insured patients). More-
over, increasing age was associated with increased utiliza-
tion of neuraxial anesthesia and peripheral nerve block.
Compared with patient factors, hospital factors appeared
to play a less important role in utilization of both regional
anesthetic techniques. Sensitivity analyses taking into
account missing information on anesthesia type generally
validated our results.

Differences in Anesthetic Care

These findings suggest (although do not prove) that dif-
ferences in regional anesthetic care may exist among patients
undergoing joint arthroplasty. Such differences in medical
care have been described to be widely prevalent.?? Unfor-
tunately, despite some attention in the use of labor epidur-
5,723 this topic has not been thoroughly examined for the
practice of anesthesiology. This may be because this field has
traditionally not been viewed as a priority in respect to influ-
encing overall patient outcomes. However, this assumption,

al

has been altered significantly in recent years with a number
of researchers publishing investigations suggesting benefits
of neuraxial anesthesia versus a general anesthetic approach
in respect to major morbidity and mortality.®!10-122426 Such
outcome differences have been especially well documented
in orthopedic patients who are uniquely amenable to the use
of regional anesthesia. Similar benefits have been reported
for the use of a peripheral nerve block for improved pain
control,””?® a major determinant of patient satisfaction,
and the ability to rehabilitate.?” Thus, potential differences
in anesthetic care may indeed be more consequential than
initially thought.

We identified race and insurance status to be significantly
associated with the use of neuraxial anesthesia and periph-
eral nerve block. Hispanic and black patients and those on
Medicare, Medicaid, and with no insurance were less likely
to receive regional anesthetic interventions compared with

Table 4. Multilevel Multivariable Model Depicting the Interaction between Insurance Type and Race

Insurance Outcome: Use of Neuraxial Anesthesia Outcome: Use of Peripheral Nerve Block
Type x Race Interaction
(Reference: White) OR* 95% ClI P Value ORft 95% ClI P Value
Commercial
Black 0.85 0.79-0.92 < 0.0001 0.87 0.81-0.94 0.0002
Hispanic 0.99 0.85-1.16 0.942 0.42 0.35-0.50 < 0.0001
Other 1.56 1.48-1.64 < 0.0001 0.98 0.93-1.04 0.470
Medicaid
Black 1.14 0.92-1.40 0.222 0.75 0.62-0.91 0.0044
Hispanic 1.82 1.18-2.81 0.007 0.45 0.29-0.69 0.0003
Other 1.44 1.17-1.79 0.001 0.91 0.74-1.12 0.380
Medicare
Black 0.91 0.86-0.98 0.0071 0.99 0.93-1.05 0.625
Hispanic 1.24 1.10-1.40 0.001 0.33 0.28-0.38 < 0.0001
Other 1.72 1.64-1.80 < 0.0001 0.98 0.94-1.03 0.5217
Uninsured
Black 0.72 0.40-1.30 0.274 0.77 0.46-1.30 0.334
Hispanic 0.83 0.34-2.03 0.687 0.08 0.01-0.88 0.039
Other 1.91 1.32-2.75 0.001 0.86 0.57-1.30 0.479
Other
Black 0.92 0.76-1.10 0.355 0.90 0.76-1.07 0.245
Hispanic 0.86 0.62-1.19 0.365 0.98 0.73-1.31 0.894
Other 1.02 0.87-1.20 0.805 0.98 0.85-1.14 0.820
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* Adjusted for age, gender, hospital location, teaching status, use of general anesthesia, year of procedure, type of procedure, myocardial infarction, con-
gestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, mild liver disease,
moderate/severe liver disease, diabetes, diabetes with chronic complications, hemiplegia or paraplegia, renal disease, any malignancy, metastatic solid
tumor, and AIDS. 1 Adjusted for age, gender, hospital location, teaching status, use of general anesthesia, year of procedure, type of procedure, chronic
pulmonary disease, rheumatologic disease, peptic ulcer di mild liver di moderate/severe liver disease, diabetes, diabetes with chronic compli-
cations, hemiplegia or paraplegia, renal disease, any malignancy, metastatic solid tumor, and AIDS.

AIDS = acquired immunodeficiency syndrome; OR = odds ratio.
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commercially insured patients. These findings are in line
with those reported in other medical fields, where significant
socioeconomic and racial differences in care have long been
pointed out.>*?? Despite a general paucity in anesthesia-
related studies, the few data available are in congruence with
our findings. In a study of the use of neuraxial anesthesia for
ambulatory hernia repair in the 1990s, our group found that
black patients were less likely to receive epidural anesthesia
(compared with white patients: OR, 0.36; 95% CI, 0.14
to 0.95).% Although the mentioned study identified female
gender to be associated with a reduced likelihood for neur-
axial anesthesia use, we did not find such a difference in this
analysis.

Advanced age was also found to be a major determi-
nant of the use of neuraxial anesthesia and peripheral nerve
block, a finding that has been reported by descriptive anal-
yses.'® Although speculative, this may reflect anesthesiolo-
gists’ concern to avoid general anesthetics in older, more
frail, individuals who are deemed at risk for pulmonary
complications and delirium, which have been linked to the
requirement for airway instrumentation and need for larger
doses of opioids with general anesthesia.?** Alternatively,
avoiding rare, but potentially devastating side effects, such
as postdural puncture headaches among younger individu-
als, who are known to be more prone to such adversities,?!
may be another explanation. However, patient attitudes
and preference might play an undervalued and underap-
preciated role in the choice of regional anesthetic tech-
niques and may be partially responsible for the observed
differences in regional anesthetic care. Although few stud-
ies have linked patient preferences to observed differences
in care,’? there is some evidence on the role of patient
preferences differing by subgroup in the setting of anes-
thetic care. Younger age, for example, has been described
as a patient-related factor for choosing general over other
forms of anesthesia among individuals in hernia repair sur-
gery.>? In another study looking at patient perceptions of
anesthesia in a variety of surgeries, it appeared that female
patients were more likely to prefer general anesthesia.’*
Interestingly, one of the main drivers of these preferences
was related to hearing and seeing the surgery and the fear of
feeling pain. Furthermore, the more elaborate literature on
care differences in obstetric analgesia offers some insights
of differential preferences among patient subgroups; one
study found Hispanic women to anticipate the use of neur-
axial analgesia at a lower rate compared with other racial/
ethnic groups.”? Given that there is a paucity on data on
patient preferences on regional anesthesia, more research
in this field is needed, specifically research that focuses on
potential differences in preference related to factors tradi-
tionally found to be related to care differences, e.g., race,
insurance status, or even socioeconomic status.

The multilevel models additionally found a substantial
role of unspecified hospital level effects in explaining vari-
ance in the use of neuraxial anesthesia and peripheral nerve

Anesthesiology 2016; 124:608-23 615

blocks. The reasons for these findings have to remain specu-
lative. It has been described that individual practice patterns
are influenced by many factors such as practitioners’ choice
(surgeon and anesthesiologists), which in turn may depend
on the comfort and/or training of clinicians.>>*® Further,
the ability to deal with complications and/or the presence of
compatible perioperative care, such as anticoagulation regi-
mens, may be significant factors influencing practice.

Our study results have to be considered in the context
of a number of limitations. Those related to the secondary
analyses of large databases have been described in much
detail and include lack of limited clinical detail, potential
for coding bias, and lack of a complete list of confounders.
Thus, information that may influence the choice of anesthe-
sia such as contraindications, including physiologic derange-
ments, anatomical abnormalities, and patient and physician
wishes, cannot be considered here. The lack of information
on these and other unknown factors influencing the choice
of anesthesia may result in residual confounding affecting
our current estimates. However, despite this limitation, the
identified differences in care were based on the patient fac-
tors that are generally found in a wide range of other care
settings including obstetric analgesia and treatment of pain
in other environments.®” In line with the lack of detailed
clinical data, one important missing piece of information in
the context of peripheral nerve block provision concerned
our inability to accurately identify single-shot techniques
from catheter approaches. More detailed clinical data and
qualitative studies assessing (the relative importance of) fac-
tors influencing the choice for regional anesthetic techniques
are needed to fully appraise decision-making in this context.
Adding to the limitation of incomplete data, our dataset did
not provide information on socioeconomic status, an impor-
tant variable frequently identified in research that focuses on
care differences.

As mentioned earlier, no causality can be inferred from
the available data. Although our results do not answer the
question of why, they do, however, provide the crucial first
step, which is the establishment of the fact that differences
in care appear to exist in the field of anesthesiology. To
address and minimize the potential for differences in care,
researchers and healthcare providers have to be willing to
evaluate a large number possibly contributing factors. One
important and arguably sensitive one is the potential for
bias among healthcare providers. Such unconscious bias
has been documented to exist,?”*® but recognition is nec-
essary for the design and implementation of strategies to
reduce it.

Important next steps to further explore the potential
for differences in care are validation of the current results
using other data sources and a thorough assessment of fac-
tors that affect the decision-making process in the provi-
sion of regional anesthetic techniques. This would provide
additional insight into what data are needed to appraise the
observed differences in provision of anesthetic care.

Memtsoudis et al.
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Moreover, because neuraxial anesthesia and peripheral
nerve blocks are frequently seen as “higher quality care,”
investigations assessing differences in outcomes (e.g., peri-
operative outcomes such as thromboembolism, cardiac and
pulmonary complications) should be prioritized and linked
to studies on differences in the process of anesthetic care
provision. When these two aspects can be reliably linked
(i.e., differences in anesthetic practices lead to differences in
patient outcome), ensuing evaluations should focus on ways
to reduce this variation.

In conclusion, significant differences in the provision
of regional anesthetic care exist. Factors such as insurance
status, race, and age are determinants of anesthetic prac-
tice. Although reasons for these differences have to remain
speculative, the fact that they appear to exist requires
further and in-depth research, especially in the context
of data suggesting that the choice of anesthesia type for
orthopedic surgery significantly influences perioperative
outcome.
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Appendix 1. Study flow chart.

1,132,857 Hip/Knee Procedures on adult
inpatients the study period, 541 hospitals

Exclude non-elective procedures; n =
69,926

1,062,931 procedus, 540 hospitals

Exclude unknown gender; n = 69

Exclude unknown discharge status; n =
498

Exclude patients with multiple
»| arthroplasties in the same admission; n =
212

Final Study Cohort: 1,062,152 procedures,
540 hospitals

| Exclude patients from hospitals with < 50
patients; n=703

Cohort in model: 1,061,449 procedures,
501 hospitals
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Appendix 2. Deyo-Charlson Comorbidities by Use of Neuraxial Anesthesia and Peripheral Nerve Block

Use of Neuraxial Anesthesia

Use of Peripheral Nerve Block

Yes No Yes No
(n =236,083), (n = 826,069), (n=189,732), (n =872,420),
n (%) n (%) P Value* n (%) n (%) P Value®
Mean Deyo-Charlson 0.43 (0.89) 0.43 (0.90) 0.304 0.42 (0.88) 0.44 (0.90) 0.003
comorbidity indext
Deyo—Charlson comorbidity grouping
Myocardial infarction 10,476 (4.4) 34,117 (4.1) < 0.0001 8,057 (4.2) 36,536 (4.2) 0.249
Congestive heart failure 8,931 (3.8) 30,088 (3.6) 0.001 7,016 (3.7) 32,003 (3.7) 0.535
Peripheral vascular disease 6,698 (2.8) 21,470 (2.6) < 0.0001 4,998 (2.6) 23,170 (2.7) 0.596
Cerebrovascular disease 3,629 (1.5) 11,711 (1.4) < 0.0001 2,768 (1.5) 12,572 (1.4) 0.555
Dementia 818 (0.3) 2,419 (0.3) < 0.0001 557 (0.3) 2,680 (0.3) 0.329
Chronic pulmonary disease 39,209 (16.6) 135,107 (16.4) 0.003 30,641 (16.1) 143,675 (16.5) 0.001
Rheumatologic disease 10,551 (4.5) 37,615 (4.6) 0.083 8,366 (4.4) 39,800 (4.6) 0.004
Peptic ulcer disease 2,852 (1.2) 9,948 (1.2) 0.882 2,274 (1.2) 10,526 (1.2) 0.772
Mild liver disease 2,651 (1.1) 10,596 (1.3) < 0.0001 2,113 (1.1) 11,134 (1.3) < 0.0001
Moderate/severe liver disease 195 (0.1) 1,002 (0.1) < 0.0001 172 (0.1) 1,025 (0.1) 0.002
Diabetes 44,618 (18.9) 157,931 (19.1) 0.017 38,101 (20.1) 164,448 (18.8) < 0.0001
Diabetes with chronic 3,600 (1.5) 12,054 (1.5) 0.020 2,959 (1.6) 12,695 (1.5) 0.001
complications
Hemiplegia or paraplegia 289 (0.1) 1,535 (0.2) < 0.0001 290 (0.2) 1,534 (0.2) 0.028
Renal disease 11,4083 (4.8) 38,725 (4.7) 0.004 9,041 (4.8) 41,087 (4.7) 0.301
Any malignancy 4,290 (1.8) 18,825 (1.7) < 0.0001 3,270 (1.7) 14,845 (1.7) 0.504
Metastatic solid tumor 471 0.2) 1,844 (0.2) 0.029 359 (0.2) 1,956 (0.2) 0.003
AIDS 83 (0) 483 (0.1) < 0.0001 52 (0) 514 (0.1) < 0.0001
* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%).
AIDS = acquired immunodeficiency syndrome.
Appendix 3. Study Variables by Use of Neuraxial Anesthesia, Total Hip Arthroplasty Patients
Use of Neuraxial Anesthesia
Yes (n =71,158), N No (n =271,568), N % P Value®
Patient related
Age (yr)
<45 3,055 14,486 17.4 < 0.0001
45-54 9,796 41,512 19.1
55-64 19,318 75,428 20.4
65-74 21,219 78,402 21.3
75-99 17,770 61,740 22.4
Gender
Female 39,961 151,170 20.9 0.01854
Male 31,197 120,398 20.6
Race
White 56,037 208,426 21.2 < 0.0001
Black 3,545 19,468 154
Hispanic 800 2,332 255
Other 10,776 41,342 20.7
Mean Deyo—-Charlson 0.43 (0.92) 0.43 (0.94) - 0.1905
comorbidity indext
(Continued)
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Appendix 3. (Continued)

Use of Neuraxial Anesthesia

Yes (n =71,158), N No (n = 271,568), N % P Value®
Healthcare related
Insurance type
Commercial 28,205 113,314 19.9 < 0.0001
Medicaid 1,616 8,737 15.6
Medicare 38,788 140,255 21.7
Uninsured 591 2,280 20.6
Other 1,958 6,982 21.9
Hospital location g
Urban 60,352 245,915 19.7 < 0.0001 %
Rural 10,806 25,653 29.6 g
Hospital size 3
< 300 beds 25,290 95,451 21.0 < 0.0001 ;
300-499 beds 29,486 94,781 23.7 g
> 500 beds 16,382 81,336 16.8 g
Hospital teaching status 2
Nonteaching 51,194 144,468 26.2 < 0.0001 §
Teaching 19,964 127,100 13.6 £
Procedure related §
Use of general anesthesia “g
Yes 37,756 203,510 15.6 < 0.0001 %
No 33,402 68,058 32.9 oS
Use of peripheral nerve block g
Yes 8,663 22,366 27.9 < 0.0001 §
No 62,495 249,202 20.0 i3
Use of anticoagulants =
None 3,820 16,753 18.6 < 0.0001 g
Antiplatelets: aspirin 2,936 18,599 13.6 §
Anticoagulants: warfarin 18,417 71,786 20.4 5
Anticoagulants: heparin 17,944 71,787 20.0 g
Anticoagulants: other 7,386 26,298 21.9 N
> 1 of above 20,655 66,345 23.7 2
Year of procedure ‘8
2006 6,941 25,509 21.4 < 0.0001 2
2007 7,258 27,100 21.1 §
2008 7,286 28,338 20.5 g
2009 9,323 33,004 22.0 §
2010 10,693 35,962 22.9 %
2011 10,446 38,960 21.1 5
2012 9,970 42,135 19.1 >
2013 9,241 40,560 18.6 §
* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%). %
IN
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Appendix 4. Study Variables by Use of Peripheral Nerve Block, Total Hip Arthroplasty Patients

Use of Peripheral Nerve Block

Yes (n = 31,029), N No (n =311,697), N % P Value*
Patient related
Age (yr)
<45 1,287 16,254 7.3 < 0.0001
45-54 4,275 47,033 8.3
55-64 8,892 85,854 9.4
65-74 9,130 90,491 9.2
75-99 7,445 72,065 9.4
Gender g
Female 17,268 173,863 9.0 0.66426 2
Male 13,761 137,834 9.1 8
Race g
White 25,565 238,898 9.7 < 0.0001 2
Black 1,475 21,538 6.4 5:
Hispanic 189 2,943 6.0 2
Other 3,800 48,318 7.3 o
Mean Deyo-Charlson comorbidity indext 0.41 (0.91) 0.43 (0.94) — < 0.0001 §
Healthcare related g
Insurance type §
Commercial 13,237 128,282 9.4 < 0.0001 o
Medicaid 700 9,653 6.8 %
Medicare 16,244 162,799 9.1 8
Uninsured 191 2,680 6.7 g
Other 657 8,283 74 5
Hospital location 2
Urban 27,829 278,438 9.1 0.05153 §
Rural 3,200 33,259 8.8 R
Hospital size g
< 300 beds 8,243 112,498 6.8 < 0.0001 %
300-499 beds 11,538 112,729 9.3 2
> 500 beds 11,248 86,470 11.5 %
Hospital teaching status 2
Nonteaching 11,937 183,725 6.1 < 0.0001 8
Teaching 19,092 127,972 13.0 I
Procedure related §
Use of general anesthesia N
Yes 12,037 229,229 5.0 < 0.0001 E:
No 18,992 82,468 18.7 -
Use of neuraxial anesthesia é
Yes 8,663 62,495 12.2 < 0.0001 E]
No 22,366 249,202 8.2 g
Use of anticoagulants 2
None 2,055 18,518 10.0 < 0.0001 g
Antiplatelets: aspirin 4,180 17,355 19.4 R
Anticoagulants: warfarin 8,492 81,711 9.4
Anticoagulants: heparin 5,926 83,805 6.6
Anticoagulants: other 2,214 31,470 6.6
> 1 of above 8,162 78,838 9.4
Year of procedure
2006 2,944 29,506 9.1 < 0.0001
2007 2,976 31,382 8.7
2008 2,970 32,654 8.3
2009 3,377 38,950 8.0
2010 4,131 42,524 8.9
2011 5,004 44,402 10.1
2012 4,896 47,209 9.4
2013 4,731 45,070 9.5

* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%).
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Appendix 5. Study Variables by Use of Neuraxial Anesthesia, Total Knee Arthroplasty Patients

Use of Neuraxial Anesthesia

Yes (n = 164,925), N No (n = 554,501), N % P Value*
Patient related
Age (yr)
<45 2,124 9,735 17.9 < 0.0001
45-54 16,575 64,064 20.6
55-64 47,203 165,623 22.2
65-74 58,698 191,803 234
75-99 40,325 123,276 24.7
Gender g
Female 102,968 350,782 22.7 < 0.0001 2
Male 61,957 203,719 23.3 8
Race %
White 126,763 414,159 234 < 0.0001 3
Black 9,265 42,323 18.0 5:
Hispanic 2,682 8,830 23.3 2
Other 26,215 89,189 22.7 z
Mean Deyo-Charlson comorbidity indext 0.44 (0.88) 0.43 (0.88) - 0.0306 §
Healthcare related g
Insurance type §
Commercial 58,490 204,833 22.2 < 0.0001 3
Medicaid 2,963 15,146 16.4 g
Medicare 97,387 311,795 23.8 §
Uninsured 679 2,197 23.6 S
Other 5,406 20,530 20.8 5
Hospital location %
Urban 135,994 494,912 21.6 < 0.0001 g
Rural 28,931 59,589 32.7 g
Hospital size §
< 300 beds 60,388 206,339 22.6 < 0.0001 2
300-499 beds 72,801 193,601 27.3 §
> 500 beds 31,736 154,561 17.0 a
Hospital teaching status g
Nonteaching 120,229 324,507 27.0 < 0.0001 S
Teaching 44,696 229,994 16.3 's
Procedure related %
Use of general anesthesia z
Yes 83,027 410,986 16.8 < 0.0001 >
No 81,898 143,515 36.3 E
Use of peripheral nerve block %
Yes 42,972 115,731 271 2
No 121,953 438,770 21.75 < 0.0001 z
Use of anticoagulants Qia
None 8,747 36,966 19.1 < 0.0001 8
Antiplatelets: aspirin 7,973 39,101 16.9 =
Anticoagulants: warfarin 45,973 142,698 24.4
Anticoagulants: heparin 42,206 150,262 21.9
Anticoagulants: other 15,862 61,696 20.5
> 1 of above 44,164 123,778 26.3
Year of procedure
2006 17,145 52,366 24.7 < 0.0001
2007 18,153 57,009 24.2
2008 18,549 60,577 234
2009 21,267 67,777 23.9
2010 24,533 74,663 24.7
2011 23,734 79,883 229
2012 21,653 83,165 20.7
2013 19,891 79,061 20.1

* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%).
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Appendix 6. Study Variables by Use of Peripheral Nerve Block, Total Knee Arthroplasty Patients

Use of Peripheral Nerve Block

Yes (n = 158,703), N No (n = 560,723), N % P Value*
Patient related
Age (yr)
<45 2,320 9,539 19.6 < 0.0001
45-54 16,973 63,666 211
55-64 47,055 165,771 22.1
65-74 56,629 193,872 22.6
75-99 35,726 127,875 21.8
Gender g
Female 99,384 354,366 21.9 < 0.0001 2
Male 59,319 206,357 22.3 8
Race g
White 127,834 413,088 23.6 < 0.0001 2
Black 10,692 40,896 20.7 %;
Hispanic 2,105 9,407 18.3 2
Other 18,072 97,332 15.7 o
Mean Deyo-Charlson comorbidity indext 0.43 (0.87) 0.44 (0.88) - 0.001 §
Healthcare related g
Insurance type §
Commercial 58,697 204,626 22.3 < 0.0001 B
Medicaid 3,317 14,792 18.3 %
Medicare 90,909 318,273 22.2 §
Uninsured 497 2,379 17.3 g
Other 5,283 20,653 20.4 g
Hospital location &
Urban 139,632 491,274 22.1 < 0.0001 g
Rural 19,071 69,449 21.5 g
Hospital size §
< 300 beds 44,505 222,222 16.7 < 0.0001 2
300-499 beds 61,702 204,700 23.2 §
> 500 beds 52,496 133,801 28.2 &
Hospital teaching status g
Nonteaching 96,283 348,453 21.7 < 0.0001 S
Teaching 62,420 212,270 22.7 's
Procedure related §
Use of general anesthesia 5
Yes 99,611 394,402 20.2 < 0.0001 >
No 59,092 166,321 26.2 P
Use of neuraxial anesthesia A
Yes 42,972 121,953 26.1 < 0.0001 %
No 115,731 438,770 20.9 z
Use of anticoagulants §
None 9,027 36,686 19.7 < 0.0001 8
Antiplatelets: aspirin 8,626 38,448 18.3 =
Anticoagulants: warfarin 39,122 149,549 20.7
Anticoagulants: heparin 38,300 154,168 19.9
Anticoagulants: other 20,704 56,854 26.7
> 1 of above 42,924 125,018 25.6
Year of procedure
2006 10,600 58,911 15.3 < 0.0001
2007 12,447 62,715 16.6
2008 14,257 64,869 18.0
2009 18,944 70,100 21.3
2010 24,747 74,449 25.0
2011 26,442 77,175 255
2012 27,009 77,809 25.8
2013 24,257 74,695 24.5

* Chi-square test for categorical variables, t test for continuous variables. T Continuous variable are represented as mean (SD) instead of N (%).
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Appendix 7. Multilevel Multivariable Model Depicting Variables for the Composite Outcome of Either the Use of Neuraxial
Anesthesia or Peripheral Nerve Block

OR* 95% CI P Value

Age (continuous) 1.07 1.06 1.08 < 0.0001
Race (reference: white)

Black 0.90 0.88 0.92 < 0.0001

Hispanic 0.76 0.72 0.81 < 0.0001

Other 1.09 1.06 1.1 < 0.0001
Insurance type (reference: commercial)

Medicaid 0.80 0.77 0.83 < 0.0001

Medicare 0.92 0.90 0.93 < 0.0001

Uninsured 0.84 0.77 0.91 < 0.0001

Other 1.03 1.00 1.07 0.0574
Hospital location (reference: urban)

Rural 1.08 0.48 2.44 0.8538
Hospital teaching status (reference: nonteaching)

Teaching 0.53 0.25 1.12 0.0954

* Adjusted for gender, use of general anesthesia, year of procedure, type of procedure, hospital size, chronic pulmonary disease, rheumatologic disease,
peptic ulcer disease, mild liver disease, moderate/severe liver disease, diabetes, diabetes with chronic complications, hemiplegia or paraplegia, renal dis-
ease, any malignancy, metastatic solid tumor, AIDS.

AIDS = acquired immunodeficiency syndrome; OR = odds ratio.

Appendix 8. Multilevel Multivariable Model Depicting Variables for Both Use of Neuraxial Anesthesia (Left) and Use of Peripheral
Nerve Block (Right); Cohort Restricted to Patients with Known Type of Anesthesia

Outcome: Use of Outcome: Use of
Neuraxial Anesthesia Peripheral Nerve Block
OR* 95% ClI P Value ORt 95% ClI P-value

Age (continuous) 1.04 1.03 1.05 < 0.0001 1.05 1.04 1.06 < 0.0001
Race (reference: white)

Black 0.82 0.79 0.85 < 0.0001 0.96 0.92 0.99 0.0089

Hispanic 0.49 0.44 0.54 < 0.0001 0.66 0.61 0.72 < 0.0001

Other 0.95 0.92 0.98 0.0010 0.93 0.90 0.96 < 0.0001
Insurance type (reference: commercial)

Medicaid 0.76 0.72 0.81 < 0.0001 0.90 0.84 0.95 0.0003

Medicare 0.98 0.96 1.01 0.1176 0.92 0.90 0.94 < 0.0001

Uninsured 0.74 0.65 0.84 < 0.0001 0.91 0.80 1.04 0.1626

Other 0.98 0.94 1.03 0.4624 0.98 0.93 1.03 0.3761
Hospital location (reference: urban)

Rural 1.69 1.09 2.62 0.0183 1.53 0.46 5.96 0.4887
Hospital teaching status (reference: nonteaching)

Teaching 0.57 0.38 0.85 0.0062 1.10 0.37 3.28 0.8685

* Adjusted for gender, use of general anesthesia, year of procedure, type of procedure, hospital size, myocardial infarction, congestive heart failure, periph-
eral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, mild liver disease, moderate/severe liver dis-
ease, diabetes, diabetes with chronic complications, hemiplegia or paraplegia, renal disease, any malignancy, metastatic solid tumor, and AIDS. 1 Adjusted
for gender, use of general anesthesia, year of procedure, type of procedure, hospital size, chronic pulmonary disease, rheumatologic disease, peptic ulcer
disease, mild liver disease, moderate/severe liver disease, diabetes, diabetes with chronic complications, hemiplegia or paraplegia, renal disease, any
malignancy, metastatic solid tumor, and AIDS.

AIDS = acquired immunodeficiency syndrome; OR = odds ratio.
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