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and (2) 30-day mortality rate stratified by age, comorbidity, and septic vs aseptic failure after revision TKA.
Methods: The American College of Surgeons National Surgical Quality Improvement Program was
reviewed for all patients undergoing revision TKA from 2011 to 2019. A total of 32,354 patients who un-
derwent TKA were identified and categorized as mortality (n = 115) or mortality-free (n = 32,239). Patient
characteristics were compared between cohorts and further stratified by septic and aseptic failure.
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Rg,g?gnsmtal knee arthroplasty Results: The overall 30-day mortality rate was 0.36%. The percentage of deaths per age group (normalized per
Total knee arthroplasty 1000) was 0% (18-29 years), 0% (30-39 years), 0.18% (40-49 years), 0.13% (50-59 years), 0.14% (60-69 years),
Mortality 0.40% (70-79 years), 1.25% (80-89 years), and 6.93% (90+ years). The percentage of deaths per American
Risk assessment Society of Anesthesiologists (ASA) class was 0.30% (ASA 1), 0.06% (ASA 2), 0.39% (ASA 3), 2.41% (ASA 4), and

14.29% (ASA 5). Septicrevision (P <.001), general anesthesia (P < .001), body mass index < 24.9 (P <.001), and
insulin-dependent diabetes (P =.039) were associated with an increased risk of mortality.
Conclusions: Increasing age, greater comorbidity burden, underweight or normal body mass index,
insulin-dependent diabetes, septic revision, and general anesthesia were all associated with an increased
risk of mortality after revision TKA. Notably, 1 in 80 patients aged 80-89 years died after revision TKA
compared to 1 in 720 patients aged 60-69 years. Patients who underwent septic revision had a 4-fold
increase in mortality compared to aseptic revision. Our stratified assessment of mortality provides a
more individualized estimation of risk that can be used for patient counseling in revision TKA.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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small sample size. Specifically, regarding mortality, former analysis
has demonstrated mortality rates up to 18% in the setting of revi-
sion TKA [14]. However, updated literature evaluating the risk of
mortality after revision TKA, particularly within the first 30 days
after surgery, is sparse [12,14].

While previous studies have investigated in-hospital [3,3],
midterm [2,15], and long-term [12] mortality after revision TKA,
evidence suggests the first 30 postoperative days may be the most
critical timeframe to investigate the risk of mortality, as it will be less
confounded by deaths from causes unrelated to the index procedure
[16]. In addition, revision performed due to septic failure has been
reported to increase the risk of mortality 6-fold relative to revision
for aseptic failure [12,14]. Still, further investigation is needed to
elucidate the current burden of 30-day mortality in this setting.

Therefore, we conducted a retrospective analysis of a nation-
wide sample to investigate (1) the overall 30-day mortality rate for
revision TKA; (2) the 30-day mortality rate for revision TKA as
stratified by age, comorbidity, and septic vs aseptic failure; and (3)
the distribution of patient demographics, baseline comorbidities,
and septic prosthetic joint infection (PJI) among the mortality and
mortality-free cohorts.

Material and methods
Study design and data source

The American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) was retrospectively reviewed
for all patients undergoing revision TKA from January 1, 2011, to
December 31, 2019. NSQIP is a publicly available, nationally vali-
dated, risk-adjusted, outcomes-based program which collects pa-
tient demographics, comorbidities, complications, and Current
Procedural Terminology codes from the preoperative period to 30
days after surgery [17]. Captured variables include patient de-
mographics, baseline comorbidities, perioperative details, Inter-
national Classification of Diseases (ICD) codes, health-care
utilization parameters (eg, length of stay and discharge disposi-
tion), mortality events up to postoperative day 30, and the Amer-
ican Society of Anesthesiologists (ASA) Physical Status Classification
System score [18]. The ASA class is a validated measure of medical
comorbidities categorized as class I-V in ACS NSQIP, with a higher
class predicting increased perioperative risk. A modified Charlson
Comorbidity Index (CCI) score [19] was calculated using only the
included comorbidity variables which were available in NSQIP from
2011 to 2019. All comorbidity-related variables available in NSQIP
were evaluated, but only a subset relating to preoperative condi-
tions was included in our analysis.

Study population

Patients were included if they had undergone a revision TKA as
indicated by the following Current Procedural Terminology codes:
27486, 27487, and 27488. A total of 32,354 patients were identified
and divided into mortality (n = 115) and mortality-free (N =
32,239) cohorts. Inclusion criteria for the mortality cohort were
mortality within 30 days after revision TKA. Exclusion criteria for
both cohorts were any patient with a complication improperly
coded as 30 days after the revision procedure. Cases with operative
times below the first percentile and above the goth percentile were
excluded to remove outliers and incorrectly coded values.

Outcomes of interest

The primary objective of this study was to compare preoperative
differences in patients who died within 30 days after revision TKA

to those in patients who survived beyond 30 days. These differ-
ences were categorized as demographic, comorbidity, and septic or
aseptic failure. The frequencies of patient ASA class and modified
CCI scores were plotted. The modified CCI score was calculated by
assigning one point for each diagnosis of congestive heart failure,
chronic obstructive pulmonary disease or dyspnea, and diabetes;
two points for dialysis or renal failure; three points for ascites; and
six points for disseminated cancer. Age was not included in the
modified CCI score, as it was a separate predictor used in the
analysis. Septic failure was determined by the presence of PJI using
ICD-9 codes (996.66, 711.05) and ICD-10 codes (T84.5xxx —
T84.6xxx). In total, 5,846 patients underwent septic revision, and
26,508 underwent aseptic revision.

Statistical analysis

Summary statistics were computed for the cohorts as mean
(standard deviation) or number (percentage). Categorical variables
were summarized with frequency (%), and differences between the
cohorts were analyzed using Pearson’s Chi-square test. Frequency
distribution depicts the proportion of age groups and comorbidity
indices between the cohorts. For demographic and comorbid var-
iables, patients were further stratified by septic or aseptic revision,
and the proportion of mortality per 1000 patients was calculated

Table 1
The demographic and baseline characteristics of patients who underwent revision
TKA in the mortality and mortality-free cohorts.

Variable Mortality free Mortality P value
Age, mean (SD) 65.66 (10.61) 76.32(11.33) <.001
Age group <.001

18-29 104 (0.3) 0(0.0)

30-39 231 (0.7) 0(0.0)

40-49 1626 (5.0) 3(2.6)

50-59 7007 (21.7) 9(7.8)

60-69 11516 (35.7) 16 (13.9)

70-79 8654 (26.8) 35 (30.4)

80-89 2870 (8.9) 36 (31.3)

90+ 231 (0.7) 16 (13.9)
Sex, male (%) 13585 (42.1) 49 (42.6) .996
Race (%) 267

American Indian or Alaska Native 200 (0.6) 0.0)

Asian 346 (1.1) 1.7)

Asian or Pacific Islander 3 0.0)

( 0(

( 2(

( 0(

Black or African American ( 0(

Black, not of Hispanic origin ( 0(
Hispanic, color unknown 4(0.0) 0(0.0)

Hispanic, White ( 0(

Native Hawaiian or Pacific Islander ( 2(

( 7(

( 4 (

( 0(

Unknown/not reported 3900 (12.1) 6.1)
White 23520 (73.0) 94 (81.7)
White, not of Hispanic origin 112 (0.3) 0.0)
BMI <.001
Normal (<24.9) 3036 (9.4) 29 (25.2)
Class I obesity (<34.9) 8992 (27.9) 26 (22.6)
Class II obesity (<39.9) 6286 (19.5) 22 (19.1)
Class III obesity (>39.9) 5605 (17.4) 10 (8.7)
Overweight (<29.9) 7935 (24.6) 23 (20.0)
Underweight (<18.5) 385(1.2) 5(4.3)
Smoking status, yes (%) 3616 (11.2) 15 (13.0) .637
Surgical anesthesia (%) <.001
General 19566 (60.7) 100 (87.0)
Spinal 8221 (25.5) 12 (104)
MAC/IV Sedation 3402 (10.6) 3(2.6)
Regional/Local 679 (2.1) 0(0.0)
Epidural 314 (1.0) 0(0.0)
Unknown 4 (0.1) 0(0.0)
Septic vs aseptic failure <.001
Septic 5788 (99.01) 58 (0.99)
Aseptic 26451 (99.78) 57 (0.22)

The bold values are statistically significant P values, which indicate a statistically
significant difference between cohorts for the given variable.
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for each group. P values under 0.05 were considered statistically
significant. Statistical analyses were performed using R version
4.0.3 (R Project for Statistical Computing, Vienna, Austria).

Results

A total of 32,354 patients underwent revision TKA between 2011
and 2019. Overall, 115 patients experienced mortality within 30
days after revision TKA (0.36%).

Mortality rates stratified by age, comorbidity, and septic vs aseptic
failure

The mean age among patients who died within the first 30
postoperative days (76.3 years) was significantly higher than that
among patients who survived beyond 30 days (65.6 years) (P <
.001). The distribution of patient age among the mortality and
mortality-free cohorts is provided in Table 1. The risk of mortality
increased with advancing age, particularly in patients aged 70 years
or older (60-69 years: 1.39 deaths per 1000 persons; 70-79 years:
4.04 deaths per 1000 persons; 80-89 years: 12.54 deaths per 1000
persons; 90+ years: 69.26 per 1000 persons; P < .001) (Fig. 1).

There was a statistically significant increase in the risk of mor-
tality with an ASA class of 3 or greater (ASA class 3: 3.89 per 1000
persons; ASA class 4: 24.13 per 1000 persons; ASA class 5: 142.86
per 1000 persons; P < .001). Similarly, increasing CCI score was
associated with an increased risk of death within 30 days after
revision TKA (CCI score 0: 2.35 deaths per 1000 persons; CCI score
3: 51.72 deaths per 1000 persons; P < .001). The proportion of co-
morbidity scores within the mortality cohort relative to the
mortality-free cohort is provided in Table 2.

The mortality rate was higher among those who underwent
septic revision (0.99%; 58/5,846) relative to those who underwent
aseptic revision (0.22%; 57/26,508) (P < .001). Among patients who
underwent septic and aseptic revision TKA, both age (Fig. 2) and CCI
score (Fig. 3) were associated with a statistically significant increase
in mortality risk.

Distribution of patient demographics and baseline comorbidities

There were no differences in sex, race, or smoking status be-
tween the mortality and mortality-free cohorts (Table 1). Patients
who were underweight or had a normal BMI were more likely to
experience mortality within 30 days after revision TKA than those
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Figure 1. The percentage of deaths within 30 days after revision TKA per age group, ASA class, and modified CCI score.
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Table 2
The distribution of comorbid diagnoses among patients who underwent revision
TKA in the mortality and mortality-free cohorts.

Variable Mortality free Mortality P value
Modified CCI (%) <.001

0 26424 (82.0) 62 (53.9)

1 4992 (15.5) 24 (20.9)

2 584 (1.8) 17 (14.8)

3 116 (0.4) 6(5.2)

44 123 (0.4) 6(5.2)
ASA class (%) <.001

1 333(1.0) 1(0.9)

2 11792 (36.6) 7(6.1)

3 18738 (58.1) 73 (63.5)

4 1368 (4.2) 33 (28.7)

5 7 (0.0) 1(0.9)
Diabetes (%) .039

No diabetes 25231 (78.3) 83(72.2)

Oral medication 139 (0.4) 0(0.0)

Insulin dependent 2305 (7.1) 16 (13.9)

Non-insulin-dependent 4564 (14.2) 16 (13.9)
COPD (%) 1760 (5.5) 15 (13.0) .001
CHF (%) 272 (0.8) 10 (8.7) <.001
Renal failure (%) 42 (0.1) 7 (6.1) <.001
Disseminated cancer (%) 93 (0.3) 2(1.7) .045
Bleeding disorder (%) 1439 (4.5) 26 (22.6) <.001
Wound infection (%) 869 (2.7) 15 (13.0) <.001

CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.
The bold values are statistically significant P values, which indicate a statistically
significant difference between cohorts for the given variable.

classified as obese (P < .001). The risk of mortality was also
increased among patients who received general anesthesia (P <
.001). The mortality cohort had a greater proportion of individuals
with comorbid diagnoses, including chronic obstructive pulmonary
disease (P =.001), bleeding disorder, wound infection, congestive
heart failure, and renal failure (P < .001) (Table 2). Among patients
with diabetes, insulin-dependence was associated with a statisti-
cally significant increase in risk of mortality relative to non-insulin-
dependence and treatment with oral medication (P =.039).

Discussion

Revision TKA represents a major economic burden and use of
health-care resources [20-22]. Despite advances in surgical

9.00%

techniques and innovative implant designs, the incidence of revi-
sion arthroplasty is only projected to increase over the next decade
[5,6]. Previous investigation has indicated that the occurrence of
death is relatively rare in the setting of arthroplasty [12,23,24]. Still,
evidence surrounding mortality after revision TKA remains scarce.
Knowledge of mortality risk in revision TKA is necessary for both
patient education and mitigation of its increasing strain on the
health-care system [25,26]. Therefore, our study used a nationwide
database to assess the overall 30-day mortality rate among 32,354
patients who underwent revision TKA.

The present study found a 30-day mortality rate of 0.36% among
patients who underwent revision TKA between 2011 and 2019. This
observed rate of mortality after revision TKA is twice as high as that
reported in the setting of elective primary TKA (0.18%) [27] within
the same timeframe [27-30], emphasizing the need for heightened
risk awareness during surgical planning of revision procedures. The
mortality rate within the present study is also higher than the risk
of death previously reported after revision TKA [29]. Parvizi et al.
[29] noted a 30-day mortality rate of 0.24% among 18,165 patients
who underwent primary TKA compared to a mortality rate of 0.09%
among a cohort of 4,375 patients who underwent revision TKA
between 1969 and 1997 (P < .0003). The current study observed a
mortality rate that was 4 times greater than the rate reported by
Parvizi et al. [29]. This discrepancy in mortality rate is likely
attributable to a larger sample size within the present study than
the cohort evaluated in the former analysis. In addition, the pre-
vious work considered patients who underwent arthroplasty at a
single institution. In contrast, our study included patients treated at
multiple institutions nationwide. Varying practices and procedures
across locations may have further contributed to the observed
differences between studies.

There was a significant increase in mortality with advancing age,
particularly in patients aged 70 years or older at the time of the
revision procedure. Notably, 1 in 80 patients aged 80-89 years died
after revision TKA compared to 1 in 720 patients aged 60-69 years.
This trend of increasing mortality with advancing age was observed
in both aseptic and septic revision. Conflicting with these findings,
a previous study conducted by Bovonratwet et al. [7] reported no
statistically significant difference in mortality between patients
younger than 70 years (n = 1, 0.10%) and patients aged 80 years or
older (n = 5, 0.52%) in a matched cohort of 957 revision TKA cases
(P = .102) [7]. Bovonratwet et al. also observed no statistically
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Figure 2. The distribution of mortality stratified by age group among patients who underwent septic and aseptic revision TKA.
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Figure 3. The distribution of mortality stratified by modified CCI score in patients who underwent septic and aseptic revision TKA.

significant difference in mortality risk when comparing patients
aged 70-79 years (n = 3, 0.31%) to those 80 years or older (n = 5,
0.52%) (P = .479) [7]. However, similar to our findings, a study
conducted by Choi and Bedair [14] reported age greater than 65
years independently increased the risk of mortality within both
aseptic and septic revision TKA (odds ratio [OR] 1.13, 95% confi-
dence interval [CI]: 1.05-1.21, P < .001). Additional studies have also
implicated advanced age in increased risk of poor clinical outcomes,
including the need for higher acuity care [31,32], PJI [8], and in-
hospital mortality [3]. The latter findings support those of the
present study and highlight the need to consider advanced age in
risk stratification for revision TKA.

The present study also demonstrated an increased risk of 30-day
mortality with increasing comorbidity burden as indicated by ASA
class and CCI score. Previous investigation showed a higher pro-
portion of major comorbidity among patients who underwent
revision TKA (13%) relative to patients who underwent primary TKA
(5%) in a sample of all primary and revision total hip and knee
arthroplasty procedures performed in the United States between
2000 and 2014 [33]. Few studies have investigated the relationship
between comorbidity index score and mortality within the setting
of revision TKA. Choi and Bedair [14] assessed medium-term
mortality among a matched cohort of 88 patients who underwent
aseptic and septic revision TKA. Similar to the findings of the pre-
sent study, Choi and Bedair noted an increased risk of mortality
with an ASA score of 3 or greater (OR 6.6, 95% CI: 1.7-25.7, P =.002)
[14]. Investigators also reported that a higher CCI score was an in-
dependent predictor of mortality in septic revision TKA (OR 1.5, 95%
Cl: 1.1-2.2, P =.039) [14]. Yao et al. [12] examined long-term mor-
tality among 4,907 patients who underwent revision TKA between
1985 and 2015. Investigators divided the study cohort into groups
based on surgical indication (eg, PJI, fracture, instability, loosening,
and bearing wear) [12]. Yao et al. observed the greatest mortality
among those who underwent revision due to PJI (standardized
mortality ratio 1.45, 95% CI: 1.33-1.57, P < .0001) [12]. The PJI group
was also noted to have a higher prevalence of major comorbid
diseases relative to the remaining groups, including myocardial
infarction, cerebrovascular disease, diabetes mellitus, and chronic
pulmonary disease [12]. Expanding the base of evidence that
currently exists, the present study elucidated the impact of

comorbidity on the risk of mortality within the first 30 post-
operative days after revision TKA.

Unlike previous studies that have observed worse clinical out-
comes with increasing BMI [34,35], the present study demonstrated
a greater risk of mortality among patients classified as underweight
and those with a normal BMI. Carter et al. [34] reported that 23.4% of
patients classified as morbidly obese (BMI > 40) experienced a
complication after revision TKA compared to 10.4% of patients with a
normal BMI (18.5-25) (P = .011) [34]. Sisko et al. [35] noted a sta-
tistically significant increase in risk of reoperation (34.5% vs 16.1%,
P =.005) and additional revision (27.6% vs 12.6%, P = .014) among
patients with a BMI greater than 40 relative to patients with a BMI
less than 40. While previous investigation has implicated obesity in
the increased risk of nonfatal complications after revision TKA, these
studies have rarely focused on the relationship between BMI and
mortality in this setting. The findings presented in the present study
suggest that a higher BMI does not contribute to the risk of fatal
events within the first 30 days after revision. Instead, patients with
an underweight to normal BMI who require revision TKA appear to
have an increased risk of death in this setting. Examination of the
relationship between BMI and mortality among a large, nationwide
database in comparison to previously studied samples among single
institutions likely contributed to the observed findings.

Similar to findings in previous literature, the mortality rate in the
present study was higher in septic revision (0.99%) relative to
aseptic revision (0.22%). The aforementioned work conducted by
Choi and Bedair [14] demonstrated that septic revision was an in-
dependent predictor of mortality (septic vs aseptic revision, OR 7.7,
95% Cl: 2.0-32.1, P < .001) [14]. In a study conducted by Dai et al. [8],
investigators observed an in-hospital mortality rate of 0.6% and 0.3%
for patients who underwent revision TKA for PJI and those without
PJI, respectively [8]. As infection has been shown in up to 58.2% of
revision TKA cases [36], understanding the risk of mortality in the
face of septic revision has become increasingly important.

To our knowledge, no previous study has investigated the
relationship between surgical anesthesia type and mortality after
revision TKA. The present study found a higher proportion of
mortality events among patients who received general anesthesia.
However, the proportion of mortality events was decreased among
patients who received spinal anesthesia. These findings agree with
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evidence from a recent study conducted by Sukhonthamarn et al.
[31] which demonstrated an increased risk of requiring higher
acuity care in the immediate postoperative setting of lower limb
arthroplasty among patients who received general anesthesia
relative to those who received spinal anesthesia (OR for spinal vs
general 0.62, 95% CI: 0.39-0.98, P=.04) [31]. The findings presented
in the present study suggest an association between anesthesia
type and mortality, further emphasizing the need to include
anesthesia type in risk prediction models for revision arthroplasty.
It should be noted that the present study did not separate cases
based on level of complexity, and the administration of general
anesthesia for longer, more complex cases was a potential source of
selection bias.

The present study was strengthened by using a nationwide
sample to capture a greater number of revision TKA cases and
associated mortality; however, limitations exist. The data provided
in the ACS NSQIP database are retrospectively collected and, thus,
subject to similar coding errors observed in previous database
studies. Still, the ACS NSQIP is an effective tool for assessing 30-day
postoperative outcomes [37]. Longer term outcomes, including 90-
day and 1-year mortality, are not included in the ACS NSQIP data-
base and, therefore, could not be assessed. Further investigation is
needed to elucidate the burden of mortality during these time-
frames. Missing variables within the ACS NSQIP presented further
limitation, as the variables provided did not fully correspond to
those needed for CCI score calculation. However, we used a modi-
fied CCI score using methods previously validated by Charlson et al.
[19]. This modified index score allowed the burden of comorbidity
to be assessed despite missing information within the database.
While the present study obtained a large sample size for analysis,
the occurrence of mortality within this cohort remained low,
thereby making it difficult to conduct further investigation of the
causes of mortality within the study population. This study
included a variety of revision TKA cases with different levels of
complexity (eg, polyethylene exchange, explant and antibiotic
spacer placement, revision of femoral and tibial components). The
mortality rate among cases of varying complexity may have
differed; however, this information was not evaluated. Potential
underreporting of mortality within the ACS NSQIP database should
also be noted, as mortality events that are unknown to the primary
institution would not be included.

Conclusions

Mortality after revision TKA is a rare yet serious adverse event.
The projected increased demand and expansion of revision TKA to
patients older than 80 years precipitate the need to understand the
risk that patients face when undergoing revision arthroplasty. Few
updated studies have investigated the current risk of 30-day mor-
tality in the setting of revision TKA. Despite advances in clinical
practice, the present study showed that increasing age, greater
comorbidity burden, being underweight, insulin-dependent dia-
betes, septic revision, and general anesthesia were all associated
with an increased risk of mortality within 30 days after revision
TKA. Findings presented within this study are imperative for both
surgeons and patients during surgical decision-making.
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