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Abstract

Background The incidence of revision THA continues to
increase and there is a need to identify risk factors contrib-
uting to postoperative complications. Anesthesia type has
been shown to be associated with complication rates in
patients who undergo primary THA, but it is not clear whether
the same is true among patients undergoing revision THA.
Questions/purposes (1) After controlling for confounding
variables, in the setting of a large-database analysis, is
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spinal anesthesia associated with a lower risk of death,
readmission, reoperation, postoperative transfusion,
thromboembolic events, surgical site infection (SSI), and
re-intubation among patients undergoing revision THA?
Methods The American College of Surgeons-National
Surgical Quality Improvement (ACS-NSQIP) database
was queried for patients undergoing aseptic, revision THA
with either spinal or general anesthesia. Coarsened exact
matching was used to match patients based on several
baseline characteristics, including age, sex, body mass in-
dex, surgery type (Current Procedural Terminology code),
and the modified Frailty Index score. Coarsened exact
matching is a statistical method of exact matching that
matches on chosen characteristics, in which continuous
variables may be temporarily coarsened (such as, into
discrete categorical variables) to facilitate matching. This
method is an alternate to and requires less estimation than
traditional propensity score matching. Then, using a model
controlling for baseline patient characteristics and opera-
tive time, we performed multivariate logistic and linear
regression analyses of matched cohorts to examine differ-
ences in mortality, readmission, reoperation, thromboem-
bolic events, transfusion, SSI, and re-intubation.

Results After statistical matching and controlling for
baseline demographic variables, surgery type (one- or two-
component revision), surgical time and modified Frailty
Index we found that patients receiving general anesthesia
had higher odds of mortality (OR 3.72 [95% CI 1.31 to
10.50]; p = 0.013), readmission (OR 1.49 [95% CI 1.24
to 1.80]; p <0.001), reoperation (OR 1.40 [95% CI 1.13 to
1.73]; p = 0.002), thromboembolic events (OR 2.57 [95%
CI1.37 to 4.84]; p=10.003), SSI (OR 1.32 [95% CI 1.01 to
1.72]; p = 0.046), postoperative transfusion (OR 1.57 [95%
CI 1.39 to 1.78]; p < 0.001) and unplanned intubation or
failure to wean off intubation (OR 5.95 [95% CI 1.43 to
24.72]; p = 0.014).
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Conclusions In patients undergoing revision THA, spi-
nal anesthesia is associated with a decreased risk of
several complications. The current investigation sug-
gests that, when practical (such as when long surgical
times or changes to the surgical plan are not anticipated),
spinal anesthesia should be considered for use during
revision THA.

Level of Evidence Level 111, therapeutic study.

Introduction

THA represents one of the most successful orthopaedic
procedures performed and its incidence continues to rise
[24, 25, 27]. Although general anesthesia is commonly
used for patients undergoing THA, recent data support the
efficacy and safety of spinal anesthesia in patients un-
dergoing this procedure [3, 8-11, 13, 16, 29, 38]. In primary
THA patients, spinal anesthesia has been shown to reduce
operative time, postoperative opiate consumption, throm-
boembolic events, surgical site infection (SSI), and blood
transfusions [3, 8, 11, 28].

Although robust data exist to support the use of neu-
raxial anesthesia in patients who undergo primary THA [3,
8, 10, 11], the same data do not exist for patients un-
dergoing revision THA. Several studies have examined the
risk factors associated with SSI [36], length of stay, and
readmission [21] in patients undergoing revision arthro-
plasty, but anesthesia type was not specifically examined.
One study found general anesthesia to be independently
associated with “major complications” after revision THA;
however, specific complications were not examined [26]. It
should be noted that analysis of pooled, dissimilar com-
plications can be misleading and thus, further clarification
is needed [5]. Because revision THA is associated with
higher a proportions of complication than primary THA, it
is important to determine the effect of anesthesia type in the
revision THA patient cohort.

Therefore, we asked (1) After controlling for con-
founding variables, in the setting of a large-database
analysis, is spinal anesthesia associated with a lower risk of
death, readmission, reoperation, thromboembolic events,
SSI, postoperative transfusion, and re-intubation among
patients undergoing revision THA?

Patients and Materials

Patient Selection

Patients included in the present study were selected from
the American College of Surgeons-National Surgical

Quality Improvement (ACS-NSQIP) database. More than
700 hospitals contribute to the ACS-NSQIP database and

these centers are located in 49 states and nine different
countries [1]. This database has grown in both the number
of participating hospitals and in use in previous studies [3,
40,42,47,48]. The database contains high-quality data and
captures 95% of postoperative complications and out-
comes by employing multiple collection techniques and
quality assurance measures. The database collects several
preoperative and operative variables associated with a
patient’s hospital stay, including 30-day postoperative
complications and 30-day readmissions.

Patients in the present study were selected from the da-
tabase using the following Current Procedural Terminology
(CPT) codes: 27134 (revision THA, both components),
27137 (revision THA, acetabular component only), and
27138 (revision THA, femoral component only). Given the
nature of the ACS-NSQIP database and its inability to dis-
cern the precise type of revision performed in patients with
sepsis (modular revision, one-stage, or two-stage), CPT
codes 27090 (removal of hip prosthesis) and 27091 (re-
moval of prothesis, with or without spacer placement) were
not included in this study. To further ensure that patients
undergoing revision for infection were excluded, we ex-
cluded those with the appropriate ICD-9 and ICD-10 codes
(ICD-9 codes 996.66 and T84.5). All patients who un-
derwent the above procedures under either general anes-
thesia or spinal anesthesia (not including epidural
anesthesia) were initially included in the study. Patients who
underwent revision THA under other anesthesia types were
excluded. The following exclusion criteria were additionally
applied: patients with sepsis or pre-sepsis on arrival, pre-
operative malignancy, emergent status, and those with
missing data.

Patient Demographics

After the inclusion and exclusion criteria were applied,
3694 patients were excluded, resulting in 12,360 patients
who were included in the study. Seventy-seven percent
(9583 of 12,360 patients) underwent surgery with general
anesthesia. There were differences in preoperative char-
acteristics between the groups (Table 1). The general an-
esthesia group included patients who were younger (more
patients = 54 years old), frailer (more patients with a
modified Frailty Index score = 2), and heavier (more
patients with BMI = 35 kg/m?). General anesthesia was
used for more femur-only revisions (14% versus 11%,
general versus spinal; p <0.001) than for acetabulum-only
revisions (20% versus 25%; p < 0.001). We performed
coarsened exact matching to account for these preoperative
differences. Coarsened exact matching is a method of sta-
tistical matching that temporarily coarsens data (in this
case, for example, age from a continuous variable into
discrete categorical groups) for the purposes of exact
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Table 1. Demographic, operative, and comorbidity
characteristics

All
Characteristic patients General Spinal vaIF:Je*
Total 12,360 9583 2777
(77%) (23%)
Age (years)
=54 17% 18% 15% < 0.001
55-64 26% 26% 26%
65-74 28% 28% 30%
=75 29% 29% 30%
Male sex 44% 44% 43% 0.33
BMI (kg m?)
=24 24% 24% 24%  0.005
25-29 33% 32% 35%
30-34 24% 24% 23%
=35 19% 20% 18%
Surgery type (revision)
Acetabulum and 65% 66% 64% < 0.001
femur
Acetabulum only 21% 20% 25%
Femur only 13% 14% 11%
Modified Frailty Index
score
0 35% 34% 40% < 0.001
1 47% 48% 45%
=2 17% 18% 15%

*All p values were = 0.999 after coarsened exact matching was
performed.

matching. Coarsened exact matching allows for less as-
sumption than other matching methods, including pro-
pensity score matching and provides less sample imbalance
in many cases. Its use has been validated in both simulated
and real datasets [14, 15]. After matching with coarsened
exact matching, further analysis can then be conducted on
the matched cohorts with typical multivariable analysis.
Coarsened exact matching achieved group balance with no
differences between the groups (p > 0.999) (Table 1).

Patient Demographics and the Modified Frailty Index

To control for baseline characteristics, we evaluated the
following variables for each patient: age, sex, BMI, and the
modified Frailty Index score (mFI). As mentioned above,
these variables were used in matching patients and were
subsequently also used as controls in the multivariate
model. Because frailty can affect outcomes after THA [4,
44], we collected and calculated the mFI score for each
patient. This five-item index has been shown to retain its

{
[}

(=), Wolters Kluwer

predictive power compared with its 11-item counterpart
[42] and has been used successfully in multiple areas of
orthopaedics, including THA [41, 44, 48]. The mFI score is
calculated (1 point per item present; range 0 to 5) based on
the presence or absence of the following five items: history
of diabetes mellitus, congestive heart failure (new di-
agnosis or exacerbation of chronic congestive heart failure
within 30 days of surgery), hypertension requiring medi-
cation, chronic obstructive pulmonary disease or pneu-
monia; and non-independent functional status (partially or
completely dependent in activities of daily living). This
score, in addition to the above baseline patient character-
istics, was used as a control and to ensure similar baseline
characteristics between the groups.

Surgical Complexity, Outcomes, and
Complication Data

We compared surgical times between patients receiving
general and spinal anesthesia. Specifically, we compared
operative time, which was defined as time from incision to
skin closure. The mean operative time for those undergoing
general anesthesia was 153 = 78 minutes and for those
receiving spinal anesthesia was 119 = 61 minutes. Ad-
justed analysis on matched cohorts found a difference of
32.6 minutes (95% CI 29.3 to 35.8; p < 0.001) between
groups.

Several factors contribute to operative time. Surgical
complexity varies in patients who undergo revision THA
and has a major influence on many of our chosen outcome
variables and clearly influences operative time. Although
previous reports have demonstrated that spinal anesthesia
shortens operative time compared with general anesthesia
in primary THA [3], to limit selection bias, we assumed
that anesthesia type had no influence on operative time in
revision THA. Instead, the effect of case complexity, as
well as surgeon and center variability were felt to likely
have a much larger influence on operative time. As men-
tioned above, we found operative time to be different be-
tween groups on multivariate linear regression performed
on matched cohorts, and, therefore, we included it as a
control in the multivariate analysis assessing our primary
outcomes. This was done to limit the effect of the un-
measured variables (that is, surgeon efficiency and expe-
rience, case complexity, center efficiency).

To assess outcomes and complications, we collected 30-
day postoperative complication data for each patient. These
data included the following outcomes: mortality, un-
planned intubation and failure to wean from ventilator,
thromboembolic events (deep vein thrombosis and pul-
monary embolism), SSI (deep and superficial), post-
operative transfusion, readmission, and reoperation.
(Table 2).
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Statistical Analysis

The statistical analysis for this study was performed using
IBM SPSS Version 25 (IBM Corp, Armonk, NY, USA).
We compared baseline characteristics between those who
underwent surgery under spinal anesthesia and those with
general anesthesia. We used coarsened exact matching to
match patients for a number of patient-specific covariates
(Table 1), balancing the data and controlling for the con-
founding influence of statistically different preoperative
variables, thus reducing model dependence. We chose
coarsened exact matching because it can produce matched
data that has less model imbalance and statistical bias than
other matching techniques, including propensity score
matching [22]. Then, we performed a further analysis on
matched groups using weights provided by the coarsened
exact matching method. A multivariate logistic regression
analysis was performed using a model that controlled for
all the aforementioned baseline patient characteristics, mFI
score, and operative time. Subgroup analysis was per-
formed using the same model but included only patients in
each modified frailty index category.

Results
Anesthesia Type and Postoperative Complications

After controlling for confounding variables like patient
demographics (age, sex, BMI), modified frailty index, and
operative characteristics (CPT code and operative time),
we found that general anesthesia was associated with in-
creased odds of complications. Specifically, when com-
pared with those receiving spinal anesthesia, patients
receiving general anesthesia had increased odds of the
following: readmission (OR 1.49 [95% CI 1.24 to 1.80];
p<0.001), reoperation (OR 1.40[95% CI 1.13t0 1.73];p=
0.002), SSI (OR 1.32 [95% CI 1.01 to 1.72]; p = 0.046),

failure to wean from intubation or reintubation (OR 5.95
[95% CI 1.43 to 24.72]; p = 0.014), transfusion (OR 1.57
[95% CI1.39 to 1.78]; p <0.001), thromboembolic events
(OR 2.57 [95% CI 1.37 to 4.84]; p = 0.003), and mortality
(OR 3.72 [95% CI 1.31 to 10.50]; p = 0.013) (Table 2).

Subgroup analysis of patients in each mFI category (0,
I, = 2) revealed that general anesthesia was associated
with increased odds of certain complications in both the
frail (mFI = 2) and not frail (mFI = 1) patients. This
analysis was performed for readmission, reoperation,
thromboembolic events, and SSI. Specifically, in those
with a mFI score of 0, general anesthesia was associated
with increased odds of readmission (OR 1.49 [95% CI 1.07
to 2.08]; p = 0.018), thromboembolic events (OR 3.65
[95% CI1.11t0 11.96]; p=0.033), and SSI (OR 1.64 [95%
CI 1.02 to 2.62]; p = 0.041). Those with a mFI score of 1,
had increased odds of readmission (OR 1.32 [95% CI 1.02
to 1.73]; p = 0.038), thromboembolic events (OR 3.04
[95% CI 1.20 to 7.68]; p = 0.019), and reoperation (OR
1.67 [95% CI 1.21 to 2.3]; p = 0.002). Last, frail patients
(mFI = 2) had increased risk of readmission (OR 2.06
[95% CI 1.31 to 3.26]; p = 0.002) (Fig. 1 A-D).

Discussion

The incidence of revision THA continues to increase in the
United States and abroad [6, 24, 25, 27, 37] and compli-
cation rates remain higher than those observed in primary
joint arthroplasty [26]. Therefore, there is a need to identify
risk factors contributing to complications in patients un-
dergoing revision THA, with an emphasis on risk re-
duction. In patients undergoing primary THA there is a
great amount of evidence to support that spinal anesthesia
is associated with lower risk than general anesthesia [3,
8-11, 13, 28, 29, 38]. The same has been demonstrated in
revision TKA [47]. However, in patients undergoing re-
vision THA, this relationship has been examined

Table 2. Link between general anesthesia and complications in revision THA, 2011-2017

Complications (n, %) General (n = 9583) Spinal (n = 2777) 0Odds ratio® p value
Readmission 817 (8.5%) 156 (5.6%) 1.49 (1.24 to 1.80) < 0.001
Reoperation 606 (6.3%) 124 (4.5%) 1.40 (1.13 to 1.73) 0.002
Surgical site infection® 378 (3.9%) 78 (2.8%) 1.32 (1.01 to 1.72) 0.046
Failure to wean, unplanned intubation 55 (0.6%) 3(0.1%) 5.95 (1.43 to 24.72) 0.014
Transfusion 2759 (28.8%) 439 (15.8%) 1.57 (1.39 to 1.78) < 0.001
Thromboembolic event© 110 (1.2%) 12 (0.4%) 2.57 (1.37 to 4.84) 0.003
Died 68 (0.7%) 5 (0.2%) 3.72 (1.31 to 10.50) 0.013

#0dds ratio with 95% confidence interval obtained through multivariate regression on matched cohorts while controlling for

preoperative patient and operative characteristics.
PIncludes both deep and superficial surgical site infections.

“Includes both deep vein thrombosis and pulmonary embolism.
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Fig. 1 A-D This forest plot demonstrates the adjusted probability (odds ratio and 95% confidence interval) of (A) thromboembolic
event, (B) reoperation (C) SSI, and (D) reoperation as it relates to the patient modified Frailty Index score and anesthesia type. Results
shown compare general anesthesia to spinal anesthesia with odds ratios > 1 indicating increased odds of an event when patients

received general anesthesia. mFlI = modified Frailty Index.

minimally. The current investigation used the pro-
spectively collected ACS-NSQIP data to examine the ef-
fect of anesthesia type on outcomes after revision THA and
found that general anesthesia was associated with increased
odds of multiple complications compared with spinal an-
esthesia. This was true for both frail and healthy patients
included in the study. The results of this study, therefore,
would suggest that in the appropriate patient, spinal anes-
thesia is preferable to general anesthesia for revision THA.

There are several limitations to this study, most of which
are inherent to the general limitations of large database
investigations, specifically the ACS-NSQIP database. First,
the ACS-NSQIP database does not include any information
regarding surgical complexity beyond documentation of
CPT codes (for example, one- versus two-component re-
vision). This is potentially problematic, as surgical com-
plexity undoubtedly has a large influence on most of our
outcome variables. To mute this effect, we used coarsened
exact matching to statistically match the groups (general and
spinal anesthesia) and then controlled for baseline patient
demographic variables, CPT codes, and operative time in
our final analysis. Despite these efforts, it must be ac-
knowledged that there are multiple unmeasured variables
that remain uncontrolled in our analysis. For example,

{J:J?@Wolters Kluwer

surgeon and center experience and volume are not
reported in this dataset and these variables are known to
influence outcomes [18-20, 39, 46, 49]. It is possible that
higher-volume centers, with perhaps better perioperative
management and processes, preferentially chose spinal
anesthetics, leading to observed differences between
groups not completely explained by anesthetic choice.
Similarly, given the retrospective nature of this in-
vestigation, only associations can be identified, and cau-
sality cannot be determined. Specifically, we caution
readers from interpreting the observed difference of 33
minutes in operative time as a result of only anesthetic
choice. Basques et al. [2] previously demonstrated shorter
operative times in primary THA with spinal anesthesia
[3]; however, their analysis was similarly limited by un-
measured confounding. Additionally, in the setting of
revision THA, providers may make their anesthetic
choice, at least in part, based on anticipated surgical time,
further biasing this analysis. Therefore, for the purposes
of our analysis, operative time was viewed as a variable to
be controlled for, not an outcome.

Further, because the ACS-NSQIP database is a general
surgical database, the available outcomes are primarily
medical in nature, and orthopaedic outcomes (such as
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implant position on radiographs, pain scores, and func-
tional outcomes) could not be analyzed. Another weakness
is that in the current investigation, patients undergoing
revision arthroplasty with epidural anesthesia or for septic
indications were excluded. Although this allowed for a
cleaner analysis of outcomes, our results may not be gen-
eralizable to patients undergoing revision with epidural
anesthetic or for periprosthetic joint infection. Lastly, as
mentioned above, it may have been difficult to truly isolate
anesthesia type in the analysis. However, we conducted our
analysis using matched cohorts and controlled for available
patient demographic and comorbidity information, iso-
lating anesthesia type to the greatest possible extent.

Despite these limitations, the results of this investigation
are important and must be viewed in the context of existing
evidence. We found that use of spinal anesthesia was as-
sociated with lower odds of thromboembolic events than
was general anesthesia in patients undergoing revision
THA. Although perhaps not surprising, as neuraxial an-
esthesia has previously been associated with decreased risk
of thromboembolic events [2, 13, 30, 33, 43, 50], this is the
first paper to demonstrate a similar benefit in revision THA.
Although a prior analysis of the NSQIP database in primary
hip arthroplasty showed no difference in thromboembolic
events on adjusted analysis [3], the incidence of throm-
boembolic events observed in that study varied from
ours—especially in the general anesthesia group (general
anesthesia: 1.2% in revision THA versus 0.6% in primary
THA [3]; spinal anesthesia: 0.4% in revision THA versus
0.6% in primary [3] THA). This observed difference could
be a result of baseline patient differences or the funda-
mentally more extensive procedure, with longer associated
operative times, that is revision surgery. The reason for the
observed decreased occurrence of thromboembolic events
in the spinal group is likely multifactorial. General anes-
thesia has previously been demonstrated to interfere with
fibrinolysis and the coagulation cascade [32]. Additionally,
spinal anesthetic invokes less surgical stress response rel-
ative to general anesthesia and its vasodilatory effects are
thought to increase peripheral blood flow, leading to he-
modilution and decreased blood viscosity [23, 31].

Our results also indicated that spinal anesthesia is as-
sociated with lower odds of failure to wean from or un-
planned intubation, SSI, and postoperative transfusion.
Prior work has demonstrated an association between in-
creased pulmonary complications and general anesthesia in
patients with orthopaedic conditions, specifically those
undergoing THA [3, 11, 13]. Therefore, although not
previously reported for revision THA patients, our study’s
finding that there are increased odds of prolonged or un-
planned intubation with general anesthesia is not entirely
unanticipated. Similarly, SSI has been previously reported
to be increased with general anesthesia when compared
with neuraxial anesthesia [8, 11, 34, 35]. This relationship

has been demonstrated in primary THA [11] but not in the
revision THA cohort. Although our results nearly missed
significance, there are several reasons that spinal anesthesia
may influence infection rates, including a reduction in the
autonomic pain response, decreasing local vasoconstric-
tion and increasing tissue oxygen delivery [7, 8§, 45]; de-
creased surgical stress response that avoids preoccupation
of the immune system [8], and immune cell dysfunction
as aresult of volatile anesthetic use [23]. Lastly, transfusion
rates have also been repeatedly associated with anesthetic
choice in the orthopaedic patient, including in primary
THA and revision TKA [3, 13, 34, 35, 38, 47]. Decreased
surgical blood loss with neuraxial anesthesia is thought to
occur mostly as a result of sympathetic blockade, which
decreases peripheral vascular resistance, venous return and
as a result cardiac output. This hypotensive anesthesia
leads to less surgical blood loss- translating into lower
transfusion rates as observed in this study.[12, 17]

Given these increased rates of complications, our ob-
served increased odds of readmission, reoperation, and
mortality are not unexpected. Database evaluation of
neuraxial anesthesia in primary THA patients has not
demonstrated a mortality benefit [3, 11]. Similar to the
discussion of thromboembolic events above, the incidence
of mortality with general anesthesia after revision THA in
our study is much higher than that reported after primary
THA (0.71% versus 0.15% [3], respectively). It seems
most likely that any differences between treatments are
enhanced in the revision setting with longer, more invasive
procedures. It should be noted that although the incidence
rates of the outcomes included in this study are low, the
adjusted differences between groups was often large,
making these differences clinically important.

In conclusion, in patients undergoing revision THA,
spinal anesthesia is associated with a decreased risk of
multiple complications, including thromboembolic events,
SSI, postoperative transfusion and mortality. Although the
current investigation cannot determine causality, the
results suggest that when practical (such as when long
surgical times or changes to the surgical plan are not an-
ticipated), spinal anesthesia should be strongly considered
for patients undergoing revision THA when it is not oth-
erwise clinically contraindicated.
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