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Abstract

Background—The impact of anesthetic technique on perioperative outcomes remains
controversial. We studied a large national sample of primary joint arthroplasty recipients and
hypothesized that neuraxial anesthesia favorably influences perioperative outcomes.

Methods—Data from approximately 400 hospitals between 2006 and 2010 were accessed.
Patients who underwent primary hip or knee arthroplasty were identified and subgrouped by
anesthesia technique: general, neuraxial, and combined neuraxial-general. Demographics,
postoperative complications, 30-day mortality, length of stay, and patient cost were analyzed and
compared. Multivariable analyses were conducted to identify the independent impact of choice of
anesthetic on outcomes.

Results—Of 528,495 entries of patients undergoing primary hip or knee arthroplasty,
information on anesthesia type was available for 382,236 (71.4%) records. Eleven percent were
performed under neuraxial, 14.2% under combined neuraxial— general, and 74.8% under general
anesthesia. Average age and comorbidity burden differed modestly between groups. When
neuraxial anesthesia was used, 30-day mortality was significantly lower (0.10, 0.10, and 0.18%; P
<0.001), as was the incidence of prolonged (>75th percentile) length of stay, increased cost, and
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in-hospital complications. In the multivariable regression, neuraxial anesthesia was associated
with the most favorable complication risk profile. Thirty-day mortality remained significantly
higher in the general compared with the neuraxial or neuraxial-general group for total knee
arthroplasty (adjusted odds ratio [OR] of 1.83, 95% CI 1.08-3.1, P =0.02; OR of 1.70, 95% CI
1.06-2.74, P = 0.02, respectively).

Conclusions—The utilization of neuraxial versus general anesthesia for primary joint
arthroplasty is associated with superior perioperative outcomes. More research is needed to study
potential mechanisms for these findings.

Over the last decades, intense controversy has persisted among clinicians over the potential
impact of the type of anesthesia on perioperative outcomes.!-2 The patient population at the
forefront of this debate has included hip and knee arthroplasty (total hip arthroplasty [THA]
and total knee arthroplasty [TKA]) recipients, both because their procedures are highly
suitable for neuraxial techniques and because of the magnitude of the overall impact this
growing group of patients has on medical and economic parts of the healthcare system.
Indeed, the number of total hip and knee arthroplasties performed annually in the United
States has been steadily increasing and is expected to surpass four million by the year 2030.3
Providing adequate data to guide evidence-based practice has been difficult thus far, because
large, randomized controlled trials have not seemed feasible given the number of patients
needed to study relatively low incidence outcomes and the limitations on external validity
posed by such an approach.* Although a number of authors propose that neuraxial
anesthesia in orthopedic patients may be associated with decreased rates of thromboembolic
phenomena, a reduction in intraoperative blood loss and operating room time, these claims
are based on publications of relatively small single institutional trials and meta-analyses
burdened by inclusion of historic data, thus posing limitations associated with small sample
sizes and widespread applicability of results representing current practice. Furthermore,
because of the inclusion of data from specific institutions and patient populations, the
utilization of different types of anesthesia among orthopedic patients in a nationally
representative sample remains unknown.

Therefore, we used a large national database to (1) identify the utilization of different types
of anesthesia among hip and knee arthroplasty recipients and (2) analyze whether the type of
anesthesia is associated with differences in perioperative outcomes. We have recently used
the same database to study the need for critical care utilization among hip and knee
arthroplasty recipients and have found that patients undergoing these procedures under
neuraxial compared with general anesthesia had lower odds for the utilization of such
resources.” In another study, we determined the differences in demographics and
perioperative outcomes associated with neuraxial versus general anesthesia in a select group
of patients undergoing simultaneous bilateral TKA.® However, these previous studies did
not address the specific question of the impact of the type of anesthesia on any other
perioperative outcomes on a broader population receiving joint arthroplasties. We
hypothesized that patients undergoing primary total hip and knee arthroplasty under
neuraxial anesthesia would represent a minority among patients, although having more
favorable perioperative outcomes.

Materials and Methods

Data Source

Data collected between 2006 and 2010 were obtained from Premier Perspective, Inc.
(Charlotte, NC), an administrative database containing information on discharges from
approximately 400 acute care hospitals located throughout the United States.”” Data
included are compliant with the Health Insurance Portability and Accountability Act’ and
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therefore this project was exempt from requirements for consent by our institutional review
board. The vendor of the database carries out a rigorous data validation and quality
assurance process before data are being incorporated in the Premier data warehouse. The
validation process involves a seven-step integrity analysis, followed by approximately 100
sampling and statistical validity and integrity assurance crosschecks.™™

Study Sample

All patient records with an International Classification of Diseases-9th revision-Clinical
Modification (ICD-9-CM) procedure code for primary lower extremity joint arthroplasty
between 2006 and 2010 were identified using codes for primary hip (81.51) and knee
(81.54) replacement. Using billing data, we separated entries into groups of patients, who
underwent their procedure under general, neuraxial, or combined neuraxial-general
anesthesia. Those without indication of type of anesthesia were included as missing. To
ensure that this step would not skew results, sensitivity analyses were performed by (1)
including and (2) excluding patients with missing entry for all analyses.® No significant
difference in results was seen.

Demographic Variables

We compared the characteristics of patients undergoing surgery under the different types of
anesthesia. Patient- and healthcare system-related characteristics were analyzed. Patient
demographics included age, sex, race (white, black, Hispanic, other), admission type
(emergent, elective, urgent, and others), and payor (commercial, Medicaid, Medicare,
Uninsured). Healthcare system-related parameters included hospital size (bed size of <299,
300-499, >500), geographic location (rural, urban), and teaching status (teaching,
nonteaching). The prevalence of comorbidities and overall comorbidity burden was assessed
using the method described by Deyo €t al.? Procedure-specific variables included the type of
surgery (total knee or hip arthroplasty) and surgical pathology (osteoarthritis, rheumatoid
arthritis, trauma, and other [infectious, internal derangements]) and were based on ICD-9
diagnosis codes and/or billing records.

Complication Variables

For each group, the proportions of patients suffering from major complications were
computed by identifying cases that had ICD-9-CM diagnosis codes listed consistent with
such diagnosis (appendix 1). Systemic complications analyzed included pulmonary
embolism, cerebral infarction, pulmonary compromise, acute myocardial infarction, cardiac
complications (except myocardial infarction), pneumonia, other infectious complications,
acute renal failure, and gastrointestinal complications. The incidence of 30-day mortality
was directly provided from Premier. Furthermore, the incidence of the need for blood
product transfusion and mechanical ventilation was recorded using ICD-9 and billing codes
(appendix 1). Differences in length of hospital stay and patient costs were analyzed as
continuous and as binary variables with dichotomization at the 75th percentile. Entries
above the 75th percentile were categorized as prolonged hospitalization and increased cost.

Statistical Analysis

The study goal was to analyze whether the type of anesthesia is associated with differences
in perioperative outcomes. All statistical analyses were performed using SAS version 9.2
(SAS Institute, Cary, NC). The weighting procedure developed by Centers for Medicare &
Medicaid Services and made available by Premier was used to derive nationally

*Premier Inc.: Premier Perspective Database. Available at: https://www.premierinc.com/quality-safety/tools-services/. Accessed

April 1,2013.
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representative estimates from the available data.”™ To facilitate analysis of weighted data,
SAS procedures SURVEYMEANS, SURVEYFREQ, SURVEYREG, and
SURVEYLOGISTIC were used for descriptive analyses and modeling efforts.

Univariate Analysis

Weighted means and percentages were described for continuous and categorical variables,
respectively. For variables that had a skewed distribution, median and interquartile range
was estimated. For other variables, 95% CI was shown as a measure of variability. Chi-
square test was performed to evaluate the association of two categorical variables. One-way
ANOVA F test was used to compare means for continuous variables between more than two
groups. Percentage of missing data for all covariates, stratified by anesthesia type, was
determined.

Multivariate Regression Analysis

Multivariate analysis was performed for THA and TKA separately. Binary outcomes of
incidence of complications, 30-day mortality, need for blood product transfusion,
mechanical ventilation, prolonged length of hospital stay, and increased patient cost as
defined above were considered. All variables that were deemed clinically important were
considered and those with P values less than 0.2 in the univariate analyses were included in
the final multivariate regressions. Deyo index was used as a continuous variable. “Missing”
data were modeled as a separate category in each analysis.

For each outcome, weighted logistic regression was used to evaluate its association with the
type of anesthesia while controlling for age, sex, race, admission type, payor type, hospital
size, hospital location, hospital teaching status, surgical pathology, and comorbidity burden.
We used Bonferroni correction to correct the P values for the two comparisons (general Vvs.
neuraxial and general vs. combined neuraxial-general) within the regression for each
outcome. 95% Cls were also reported, corresponding to the same adjustments and the same
corrections.!? The conventional threshold of statistical significance (i.€., two-sided P value
<0.05) was used to determine significance of variables.

Model Diagnostic

Results

Multicollinearity was evaluated by estimating the variance inflation factor. The conventional
criterion for absence of multicollinearity (i.e., variance inflation factor <10) was used. A test
of model discrimination using the C-statistic and a test of model calibration using the
Hosmer-Lemeshow test were performed for each model.!! Although C-statistic values of
greater than 0.7 are considered indicative of acceptable discrimination!? and nonsignificant
P values for the Hosmer-Lemeshow test were considered reflective of a well-calibrated
model, caution needs to be taken when interpreting significant P values for the Hosmer-
Lemeshow test in the setting of large sample sized studies.! In this context, it has been
suggested that even models with significant P value could claim adequate calibration. In
addition, it has been demonstrated that perhaps a low C-statistic is not necessarily a result of
a weak model, but, in fact, a consequence of patient entries simply becoming more alike.!4
Therefore, caution against overreliance on the C-statistics is recommended.

We identified 528,495 hospitalizations during which a primary total hip or knee arthroplasty
was performed. For 71.4% (n = 382,236) of those admissions, an entry for the type of
anesthesia was available: 11.1% (n = 40,036) were performed under neuraxial, 14.2% (n =
49,396) under combined neuraxial-general, and 74.8% (n = 292,804) under general
anesthesia, respectively.
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Table 1 shows the patient- and healthcare system-related demographics of patients by
anesthesia type used for the combined cohort of THA and TKA patients. Appendix 2 shows
demographic information stratified by type of procedure. Aside from the anesthesia type
variable, missing data were limited to the categories of race, admission type, and payor type
(16, 0.26, and 3%, respectively). Modest differences were found in the average age of
patients undergoing their surgery under neuraxial, combined neuraxial-general, and general
anesthesia (66.9 [95% CI 66.8—67.0] years, 66.5 [95% CI 66.4-66.6], 65.7 [95% CI 65.6—
65.7] years, respectively [P < 0.001]). Overall comorbidity burden between groups differed
only slightly (table 1). More than 50% of patients were covered by Medicare across all
anesthesia types. Most surgeries were performed at urban, nonteaching hospitals. The
prevalence of a number of comorbidities is shown in Table 2.

Thirty-day mortality was significantly lower among neuraxial and combined neuraxial—
general groups compared with those undergoing surgery under general anesthesia (0.10,
0.10, and 0.18%; P < 0.001). Incidence rates of in-hospital complications were generally
lower among the neuraxial and combined neuraxial-general versus the general groups (see
Table 3 for complication incidence of THA and TKA combined; see appendix 3 stratified by
THA vs. TKA), including for pulmonary embolism, pulmonary compromise, pneumonia,
cerebrovascular events, and acute renal failure. No differences in the rate of acute
myocardial infarction (0.24% vs. 0.26% vs. 0.28%; P = 0.47) and other nonmyocardial
infarction cardiac complications (6.20% Vs. 6.61% Vs. 6.42%; P = 0.07) were seen between
groups. Transfusion requirements and median (interquartile range) were lowest in the
neuraxial versus combined neuraxial-general and general group (15.15% vs. 15.56% vs.
18.53%; P < 0.001). Median length of hospital stays (interquartile range) were 2.6 (2.2-3.2)
days versus 2.6 (2.2-3.1) days versus 2.7 (2.2-3.5) days, respectively (P < 0.001). The
incidence of prolonged length of stay (>75th percentile) was lower in the neuraxial and
combined neuraxial-general groups than in the general anesthesia group (28.7, 27.4, and
35.4%; P < 0.001). Median patient cost (interquartile range) was higher in the neuraxial and
combined neuraxial-general groups than in the general anesthesia group (15,366 [12,733—
18,240] USD vs. 14,859 [12,607-17,676] vs. 14,780 [12,120-18,500] USD; P < 0.001);
however, the incidence of increased cost (>75th percentile) was lower in the neuraxial and
combined neuraxial-general than in the general anesthesia group (21.4, 18.3, and 23.4%, P
<0.001).

When controlling for covariates, general anesthesia was associated with higher odds for
most systemic complications and resource utilization compared with neuraxial or combined
neuraxial-general for both THA and TKA (Tables 4 and 5).

For patients receiving general anesthesia, the odds ratios (adjusted 95% CI, P value) for
prolonged length of stay and increased patient costs were 1.32 ([1.25-1.39], P < 0.001) and
1.02 ([0.96-1.08], P = 0.87) for THA, and 1.29 ([1.24-1.33], P < 0.001) and 1.10 ([1.06—
1.15], P < 0.001) for TKA compared with neuraxial anesthesia, respectively. When
comparing these outcomes to combined neuraxial-general, the odds associated with general
anesthesia were 1.55 ([1.47-1.63], P <0.001) and 1.34 ([1.26-1.41], P < 0.001) for THA
and 1.37 ([1.33-1.42], P < 0.001) and 1.28 ([1.23-1.33], P < 0.001) for TKA, respectively.

Multicollinearity was found absent (all variance inflation factor in the range of 1-8). The C-
statistics for THA-related models were all above the 0.7 range except for the outcome of
prolonged length of stay. Models for TKA analysis were associated with values less than 0.7
more frequently as shown in Table 5. This may be explained by higher homogeneity of the
sample for these outcomes, and thus may not represent inadequate discrimination. As
expected, the Hosmer-Lemeshow test for some outcomes had significant P values, but given
the large sample size, we are not deeming these models suspect of bad calibration.
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Discussion

In this study comparing perioperative outcomes after primary hip and knee arthroplasty in a
large nationwide sample, we were able to determine that the utilization of neuraxial
anesthesia was independently associated with better outcomes compared with general
anesthesia. The addition of neuraxial to general anesthesia was also associated with
improvements in many outcomes, suggesting that neuraxial anesthesia represents a positive
modifier in reducing perioperative complications.

These findings are important especially when viewed in the context of perioperative
comparative effectiveness research, which seeks to compare various competing medical
interventions and their impact on patient outcomes in a real-world setting, i.e., a wide range
of practices.*

A number of attempts have been made in the past to determine the impact of various
anesthetic techniques on outcomes but have been limited by a number of factors. In a recent
publication based on the same data source used here, we concluded that the use of neuraxial
anesthesia was associated with lower odds for the need of postoperative critical care services
in hip and knee arthroplasty patients, but with the narrow focus of this previous analysis, the
impact on other outcomes remained elusive.’ A meta-analysis by Rodgers et al.2 included
9,559 patients undergoing a variety of procedures from 141 trials. Although the authors
found an overall benefit with neuraxial anesthesia compared with general anesthesia in
regard to mortality and serious complications, they acknowledged that their study lacked
sufficient power for appropriate subgroup analysis and estimation of the effect size of
outcome benefits found.2 Thus, although the orthopedic subgroup comprised one third of
patients (36%), no conclusions on the differential impact could be drawn. Similarly, an
analysis of administrative data collected from 1994 to 2004 in Canada including 259,037
patients undergoing various procedures was able to identify a small 30-day mortality benefit
of epidural anesthesia and analgesia over general anesthesia among all patients (1.7% vs.
2.0%; relative risk 0.89, 95% CI 0.81-0.98; P = 0.02). Again, no significant findings could
be found for patients undergoing individual procedures, and no analysis of perioperative
complications other than the need for mechanical ventilation, which was nonsignificant
between groups, was pursued.!d

A subsequent meta-analysis focusing on the impact of the type of anesthesia on outcomes in
the setting of elective hip and knee arthroplasty found beneficial effects of neuraxial
anesthesia versus general anesthesia in respect to the incidence of thromboembolism,
surgical time, and blood loss.!017 However, these studies have been criticized because of
their relatively small sample sizes, the inclusion of patients from mostly single institutional,
academic, and often specialized centers, the analysis of limited outcomes, the inclusion of
studies that do not reflect current medical practice, or the influence of publication bias.
Furthermore, it must be mentioned that the beneficial impact of neuraxial anesthesia on
outcomes has been disputed by others using similarly limited data to back their
conclusions.18-20

The utilization of large databases to address questions of comparative effectiveness of
various anesthetic techniques has recently gained popularity and is increasingly providing
valuable information on the topic.2122 Examining the impact of the type of anesthesia in a
cohort limited to hip fracture patients in New York, Neuman et al.22 discovered beneficial
effects of regional versus general anesthesia in respect to mortality and pulmonary
complications. However, given the unique morbidity of this specific patient subpopulation,
the ability to extrapolate these results to other orthopedic patient groups is limited.

Anesthesiology. Author manuscript; available in PMC 2014 March 17.
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In our study of a large nationwide sample including patients from a variety of practice
settings and hospitals, we found evidence of a beneficial effect of neuraxial anesthesia in
regard to a wide range of outcomes. Interestingly, these benefits were observed despite the
fact that the neuraxial group was on average older compared with the general anesthesia
patient group. This is especially important because advanced age has been previously shown
to be a major predictor of perioperative complications in the orthopedic patient population.?3
The mechanism by which these benefits are conferred may not be fully understood but may
include alterations in coagulation parameters and blood flow, beneficial effects on
respiratory mechanics, and overall perioperative stress response.2*

We found that the utilization of neuraxial anesthesia (with or without general) in our sample
was applied only in a minority of patients. Reasons for this distribution have to remain
speculative but may include physician and patient preference, level of experience and
familiarity with the techniques involved, and institutional approaches to perioperative
anticoagulation. Despite these factors, examples of successful institutional conversions from
primarily general anesthesia to using neuraxial techniques have been described along with
marked improvements in outcomes.> Furthermore, given the beneficial impacts on outcome
found in this and other studies, the potential overall impact of higher utilization of neuraxial
anesthesia is important for two reasons: First, as evidenced by our data, the proportional
utilization of neuraxial anesthesia (with or without general) in the time period between 2006
and 2010 is approximately 24% and has therefore the potential for growth. Second, the
number of hip and knee arthroplasties performed is expected to increase markedly from
currently one million to more than four million within one generation.>

The question whether the performance of neuraxial anesthesia itself or the avoidance of
general anesthesia is responsible for observed outcome benefits remains a topic of debate.?
Although our data may not be entirely conclusive, in this study, we were able to study a
group of patients who received a combination of both modes of anesthesia. Interestingly, the
odds for many of the outcomes fell between that of general-only and neuraxial-only
approaches. This observation suggests that neuraxial anesthesia may by itself confer a
positive modifiable effect. However, it is important to note that some outcomes remained
unaffected by the choice of anesthesia.

In addition, the search for ideal measures of model calibration and discrimination
continues.26 It is clear that some measure of model performance in both categories of
calibration and discrimination should be used. However, over-reliance on any particular
measure or a related cutoff (e.g., 0.7 for C-statistic and P value <0.05 for Hosmer-
Lemeshow test) should be considered with caution in deeming a model of inadequate
value.!4

Our study is subject to limitations inherent to the analysis of secondary data from large
administrative databases. First, detailed clinical information (i.e., blood loss, intraoperative
details) cannot be captured and therefore the impact of such factors on outcome cannot be
taken into consideration. In this context, details on anticoagulation practices or
cardioprotective measures are not considered here. However, it must be mentioned that by
using a large, nationwide sample, this study evaluated outcomes under realistic and
noninvestigational conditions, thus presenting results from a “real-world” setting. Second,
complications were only captured if they occurred during the index admission where surgery
was performed, not taking into account postdischarge events. However, we did analyze and
report 30-day mortality data because this information is provided. Third, the definition of
comorbidities, surgical pathology, and complications is based on the ICD-9 coding system
and thus may be burdened with coding bias despite quality checks used by Premier, Inc.
This may be especially the case when diagnosis codes are listed as secondary entries.
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However, in the database used, there is no limitation in the numbers of diagnoses listed and
we used all available for our analyses. Nevertheless, the true incidence of comorbidities and
complications may be underestimated because of noncapture by the specific I[CD-9-CM
codes used (appendix 1). However, all groups should be equally exposed to any potential
bias within the same data collection construct and comparative analysis is therefore less
affected by this influence.

Furthermore, we did not study the incidence of complications associated directly with the
use of the types of anesthesia, such as the incidence of postdural puncture headaches,
epidural and spinal hematomas and neuropraxias, damage to oropharyngeal structures during
the intubation process, or failure to intubate. However, it is well accepted that morbidity
associated with anesthetic procedures per seis low and unlikely a factor associated with the
choice of a particular technique. Although this does not mean that a particular technique
may be contra-indicated or less desirable in particular patient populations, i.e.,
anticoagulated patients and those with previous spine fusion when considering neuraxial and
those with severe pulmonary compromise when contemplating general anesthesia.

In addition, this study does not address the impact of peripheral nerve blocks on
perioperative events, which feasibly may have a beneficial impact on pain control and thus
potentially outcomes.

Finally, it has to be mentioned that this specific dataset of hip and knee arthroplasty patients
was used for the study to identify risk factors for the need for critical care services. Although
the current study is addressing a different issue, some overlap in queries may exist. In
particular, we had studied the impact of the type of anesthesia on the need for such
services.®> Given this overlap, we have to point out that in light of the increasing use of
databases for perioperative research and multiple publications resulting from such work, it is
of utmost importance that researchers disclose any potential impact this approach might
have and address concerns of experiment-wide statistical error caused by multiple analyses
of the same datasets.2” In this context, we would like to mention that we are currently
working on projects that use different samples from the same database.

In conclusion, our analysis of this large nationwide sample provides evidence of the superior
comparative effectiveness of neuraxial versus general anesthesia in the setting of primary
hip and knee arthroplasty. Multiple outcomes including perioperative complications and
length of hospital stay are positively affected by the choice of neuraxial versus general
anesthesia. Many outcome benefits were reduced, but still significant when combining
general with neuraxial anesthesia. Our data therefore offer evidence of benefit associated
with neuraxial anesthesia and support further research to study the mechanisms by which
beneficial effects may be exerted.
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Table 4

Results from the Multivariable Regression Analysis for Total Hip Arthroplasty
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Total Hip Arthroplasty

General vs. Neuraxial

General vs. Neuraxial/General

Odds Ratio (Adjusted

95% Cl)

Adjusted P Value

Odds Ratio (Adjusted

95% CI)

Adjusted P Value

Systemic complications
Pulmonary embolism
Cerebrovascular event
Pulmonary compromise

Cardiac complications
(nonmyocardial infarction)

Pneumonia

All infections

Acute renal failure

Gastrointestinal complication

Acute myocardial infarction
Resource utilization

Mechanical ventilation

Blood product transfusion
Mortality

30-Day mortality

1.26 (0.68-2.31)
3.15(1.11-8.92)
3.34(2.10-5.32)
1.13 (1.02-1.25)

1.51 (1.13-2.01)
1.45 (1.27-1.65)
1.70 (1.35-2.13)
1.22 (0.93-1.60)
1.11 (0.71-1.73)

1.57 (1.10-2.22)
1.14 (1.07-1.22)

1.28 (0.70-2.37)

0.8079
0.0271
<0.0001
0.0171

0.0029
<0.0001
<0.0001

0.1939

1.0000

0.0085
<0.0001

0.7192

1.29 (0.78-2.15)
1.27 (0.69-2.33)
1.41 (1.07-1.86)
1.01 (0.92-1.11)

1.14 (0.90-1.43)
1.17 (1.05-1.30)
1.31 (1.10-1.57)
1.28 (1.01-1.64)
1.27 (0.81-1.97)

1.49 (1.09-2.04)
1.40 (1.33-1.49)

1.55 (0.88-2.70)

0.5252
0.7513
0.0105
>0.9999

0.4221
0.0028
0.0014
0.0439
0.4623

0.0091
<0.0001

0.1609

This table displays the results of the multivariable regression analysis for various complications and outcomes comparing general VS. neuraxial
(reference) and general vs. combined neuraxial-general (reference) anesthesia for patients receiving total hip arthroplasty. For each outcome,
weighted logistic regression was used to evaluate its association with the type of anesthesia while controlling for age, sex, race, admission type,
payor type, hospital size, hospital location, hospital teaching status, surgical pathology, and comorbidity burden.
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Table 5

Results from the Multivariable Regression Analysis for Total Knee Arthroplasty

Page 17

Total Knee Arthroplasty

General vs. Neuraxial

General vs. Neuraxial/General

Odds Ratio (Adjusted

95% Cl)

Adjusted P Value

Odds Ratio (Adjusted

95% Cl)

Adjusted P Value

Systemic complications
Pulmonary embolism*
Cerebrovascular event*
Pulmonary compromise

Cardiac complications (nonmyocardial
infarction)

Pneumonia*

All infections*

Acute renal failure

Gastrointestinal complication*

Acute myocardial infarction
Resource utilization

Mechanical ventilation

Blood product transfusion*
Mortality

30-Day mortality

1.24 (0.97-1.59)
1.58 (0.90-2.78)
1.83 (1.43-2.35)
1.09 (1.02-1.16)

1.27 (1.05-1.53)
1.38 (1.26-1.52)
1.4 (1.24-1.67)
1.04 (0.86-1.27)
1.10 (0.78-1.54)

1.72 (1.35-2.18)
1.23 (1.17-1.28)

1.83 (1.08-3.1)

0.1029
0.1397
<0.0001
0.0086

0.0083
<0.0001
<0.0001
>0.9999
>0.9999

<0.0001
<0.0001

0.0211

1.28 (1.02-1.6)
1.09 (0.71-1.66)
1.23 (1.02-1.48)
1.00 (0.95-1.07)

1.05 (0.90-1.23)
1.12 (1.04-1.21)
1.11 (0.98-1.25)
0.96 (0.80-1.15)
0.93 (0.70-1.23)

1.32 (1.09-1.60)
1.01 (0.97-1.05)

1.70 (1.06-2.74)

0.0281
>0.9999
0.0248
>0.9999

0.9761
0.0017
0.1342
>0.9999
>0.9999

0.0021
>0.9999

0.0228

This table displays the results of the multivariable regression analysis for various complications and outcomes comparing general (G) VS. neuraxial
(N) (reference) and general (G) vs. combined neuraxial-general (N+G) (reference) anesthesia for patients receiving total knee arthroplasty. For each
outcome, weighted logistic regression was used to evaluate its association with the type of anesthesia while controlling for age, sex, race, admission
type, payor type, hospital size, hospital location, hospital teaching status, surgical pathology, and comorbidity burden. (*C-statistic <0.7).
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Appendix 1

ICD-9-CM Diagnosis Codes and Billing Codes for Major Complications

Complications

ICD-9-CM Diagnosis Codes/Billing Codes

Device-related complication
Hematoma

Wound dehiscence

Wound infection

Pulmonary embolism

Acute respiratory distress syndrome
Deep vein thrombosis
Cerebrovascular event

Pulmonary compromise

Cardiac (nonmyocardial infarction)
Pneumonia

‘Wound complication

All infections

Acute renal failure
Gastrointestinal complication
Acute myocardial infarction
Mechanical ventilation

Blood transfusion

996.xx

998.1

998.3

998.5x

415.1

518.5

451.1,451.2,451.8,451.9,453.2,453.4,453.8,453.9

433.01,433.11, 433.21,433.31, 433.81, 433.91, 434.01, 434.11, 434.91, 997.02
514,518.4,518.5,518.81,518.82

426.0,427.41,427.42,429.4,997.1, 427.4, 427.3, 427.31, 427.32

481, 482.00-482.99, 483,485, 486, 507.0, 997.31, 997.39

998.3, 998.30, 998.31, 998.32, 997.4, 997.5, 998.33, 998.83, 998.12, 998.13, 998.6, 998.51, 729.92

590.1, 590.10, 590.11, 590.8, 590.81, 590.2, 590.9, 595.0, 595.9, 599.0, 567.0 480, 480.0, 480.1, 480.2,
480.8, 480.9, 481, 482.0, 482.1, 482.2, 482.3, 482.30, 482.31, 482.32, 482.39, 482.4, 482.40, 482.41,
482.42, 482.49, 482.5, 482.8, 482.81, 482.82, 482.83, 482.84, 482.89, 482.9, 483, 483.0, 483.1, 483.8,
485, 486, 487, 997.31, 038, 038.0, 038.1, 038.10, 038.11, 038.12, 038.19, 038.2, 038.3, 038.4, 038.40,
038.41, 038.42, 038.43, 038.44, 038.49, 038.8, 038.9, 790.7, 998.0, 958.4, 998.5, 998.59, 998.89, 785,
785.50, 785.52, 785.59, 999.39, 999.31, 999.3

584, 584.5, 584.9

997.4,560.1, 560.81, 560.9, 536.2, 537.3

410.XX

93.90, 96.7, 96.70, 96.71, 96.72, (CPT Code) 94002, 94656, 94003, 94657

99.0, 99.01, 99.02, 99.03, 99.04, 99.05, 99.06, 99.07, 99.08, 99.09, (HCPCS codes) P9010, P9011,
P9012, P9016, P9017, P9019, P9020, P9021, P9022, P9023, P9031, P9032, P9033, P9034, P9035,
P9036, P9037, P9038, P9039, P9040

CPT = Current Procedural Terminology; HCPCS = Healthcare Common Procedure Coding System; ICD-9-CM = International Classification of
Diseases-9th Revision-Clinical Modification.
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