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Simultaneous bilateral total knee arthroplasty itself does not increase
the risk of short-term major medical complications compared with

those of staged bilateral total knee arthroplasty:

An analysis of 58,838 patients based on the National Insurance

Database in Korea from 2009 to 2019
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Abstract

Background

Controversy exists regarding the safety of simultaneous compared to staged bilateral TKA. The

optimal interval for staged bilateral TKA has not yet been determined.

Purpose

This study aimed to analyze and compare the postoperative medical and surgical complications

of bilateral TKA and determine the optimal intervals in staged bilateral TKA.

Methods

This study included 58,583 patients who underwent bilateral TKA between January 2009 and
July 2019 using the Korean National Insurance Database; data on patient characteristics,
including demographics, hospital type, and comorbidities, were collected. Major medical
complications, such as acute myocardial infarction, pneumonia, intracranial hemorrhage, and
ischemic stroke, within 30 days and surgical complications, including infection and revision,
within 90 days of bilateral TKA were assessed. Patients were categorized into six groups
according to operative interval: simultaneous, 1-7, 8—14, 15-30, 31-90, and 91-180 days. The
30-day medical and 90-day surgical complication rates were compared among the six groups.
The annual trends in complication rates were evaluated and factors for postoperative
complications were assessed using multivariable logistic regression analysis to adjust for

confounding variables.

Results

Of'the 58,838 patients, 24,379 underwent simultaneous bilateral TKA, while 34,459 underwent

staged bilateral TK As. The number of bilateral TKAs increased from 2,276 in 2009 to 8,703 in



2018. The proportion of patients who underwent simultaneous TKA increased from 9.8% in
2009 to 57.3% in 2018. The 30-day medical complication rates of simultaneous and staged
bilateral TKA were 2.0% and 2.2%, respectively and were not significantly different (p = 0.069).
The medical complication rate in simultaneous bilateral TKA decreased annually from 6.7% in
2009 to 1.7% in 2013 (relative risk [RR] = 0.69, 95% confidence interval [CI] 0.60 to 0.79, p
< 0.001). During the same period, simultaneous bilateral TKA showed higher medical
complication risk than that in staged bilateral TKA (RR = 1.40, p=0.005, 95% CI 1.10 to 1.78).
Conversely, in the five years after 2014, the medical complication rates of simultaneous
bilateral TKA were significantly lower (1.9%) than those of staged bilateral TKA (2.2%) (p =
0.023). However, this difference was minimal. After adjusting for confounding factors,
simultaneous bilateral TKA and intervals between 8 and 14 days did not significantly increase
the risk of postoperative medical complications. Cardiopulmonary comorbidities (angina,
ischemic stroke, heart failure, and chronic obstructive pulmonary disease) and age (> 70 years)
were associated with postoperative medical complications. The 90-day surgical complication
rates of simultaneous and staged bilateral TKA were 0.2% and 0.2%, respectively and were not

significantly different (p = 0.562).

Conclusion

The complication rate of simultaneous bilateral TKAs has recently decreased and is
comparable to that of staged bilateral TKAs. Simultaneous bilateral TKA did not increase the
incidence of post-operative complications. An interval of one to two weeks would be suitable
for staged bilateral total knee arthroplasty. Cardiopulmonary comorbidities were associated
with a higher risk of major medical complications after bilateral total TKAs. With regard to

careful preoperative patient evaluation and consideration of surgeons' preferences and patients'



desires, simultaneous bilateral TKA could be an appropriate option for patients requiring

bilateral TKAs.
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Introduction

Total knee arthroplasty (TKA) is an effective and successful treatment for symptomatic
advanced knee osteoarthritis (OA).!? The annual incidence of TKA has increased in the
previous two decades. The annual incidence of primary TKA in the United States increased
more than 2.5 times from 274,025 in 2000 to 680,150 in 2014 and is expected to grow by up
to 85% by 2030.> Similarly, in Korea, the number of TKAs also increased two-fold, from

29,980 in 2008 to 60,558 in 2018.*

Knee OA is more prevalent and progressive in old age and often involves both knees.>
Approximately 5% of cases presenting with knee OA have been reported to have bilateral knee
disease, and up to one-third of patients develop bilateral disease within two years of initial
unilateral presentation.” This bilateral involvement increases with age and the severity of knee
OA. One study found that approximately 65% of elderly patients (=65 years old) with advanced
knee osteoarthritis who were TKA candidates showed bilateral knee OA.® In addition, elderly
patients often have multiple comorbidities. At least 85% of patients with TKA have at least one
comorbidity and 32.5% have three or more comorbidities.” Given these circumstances, the
treatment for symptomatic advanced bilateral knee osteoarthritis patients requiring TKA is
challenging, and there is marked controversy in treatment strategies regarding the intervals
between two TKAs, including simultaneous and staged TKAs. In simultaneous bilateral TKA,
two TKAs are performed in a single event of anesthesia. By contrast, staged bilateral TKA is
two TKAs performed under separate anesthesia events at intervals. Recently, simultaneous and
staged bilateral TKA accounted for 7% and 15% of all primary TKAs, respectively, in the

United States.'°

The advantages of simultaneous bilateral TKA include decreased overall hospital length of stay,

1



shorter anesthetic time, and lower medical cost than staged bilateral TKA. Moreover, some
studies have shown no difference in complications between bilateral TKA and staged TKA.'!-
13 Whereas other studies have demonstrated that simultaneous bilateral TKA is associated with
increased cardiopulmonary complications, transfusions, morbidity, and mortality.'*'¢

Regarding this controversy, the decision should be made primarily by the evaluation of the risk

of potential life-threatening complications rather than minor advantages such as medical cost.

With continued improvements in surgical techniques, perioperative management, anesthetic
techniques, patient blood management, and postoperative pain control strategies to optimize
the results of primary TKA, the perioperative complication and transfusion rates in primary
TKA have decreased over the previous two decades. Recently, simultaneous bilateral TKA has
been performed on an outpatient basis in selected cases, and a study reported comparable

complications rate with an in-hospital basis.”

Most studies comparing the complication rate between simultaneous and staged bilateral TKA
analyzed the complication rates without considering annual effects. Few studies have
investigated the annual trend of perioperative complication rates in simultaneous and staged
bilateral TKA based on nationwide cohorts. Furthermore, the optimal intervals in terms of

minimizing postoperative complications have not been determined.

Therefore, this study aimed to investigate the annual trend of major medical and surgical
postoperative complication rates after simultaneous and staged bilateral TKAs, compare the
postoperative medical and surgical complications between two types of bilateral TKAs, and

determine the optimal intervals in staged bilateral TKAs.



Materials and Methods
1. Database

This nationwide retrospective cohort study used data from the Korean National Health
Insurance claims database. In Korea, healthcare services are covered by National Health
Insurance, which is compulsory for all Korean citizens. Medical claims are reviewed and
evaluated by a public institution, the Health Insurance Review and Assessment Service (HIRA).
All data are stored in the HIRA database, which primarily comprises two parts: the diagnosis
code based on the International Classification of Diseases, 10% Revision (ICD-10) and the
procedure code based on the electronic data interchange (EDI) code. The database contains all
claims data for both inpatients and outpatients, including demographic information, diagnosis,
procedure, prescribed drug information, and hospital type. HIRA provides data to researchers
following approval from the official review committee. This study was reviewed and approved

by the institutional review board of our institution.
2. Study population

Claims data of patients who underwent primary total knee arthroplasty between January 2009
and July 2019 were extracted from the database using the procedure codes (EDI) N2072 and
N2077 for primary TKA. Patients who underwent bilateral primary TKA were identified if they

had two procedural codes for primary TKA.

Based on the operation type, the cases were categorized into two groups: simultaneous TKA
and staged bilateral TKA. Simultaneous bilateral TKA was defined as a procedure in which
two primary TKAs were performed under the same anesthesia event. Staged bilateral TKA was

defined as a case in which two primary TKA were performed under two separate anesthesia



events on different days. Patients with more than a six-month interval between two TKAs were
excluded because the procedure may have been performed due to worsening of the symptoms
on the opposite side after the index primary TKA rather than the planned operation. Patients
who underwent staged bilateral TKA were stratified into five groups according to the time

interval between the two TKAs: 1-7, 814, 15-30, 31-90, and 91-180 days.

Inaccurate data that were not clearly defined were also excluded. These included (1) patients
identifying as revision total knee arthroplasty code prior to primary total knee arthroplasty code,
(2) patients claiming multiple primary or revision codes (more than three times) on the same
day, (3) patients claiming multiple hospitalizations on the same day, and (4) patients claiming
an exceeding number of anesthesia codes than primary TKA codes (more than three times)

(Figure 1).

3. Patient characteristics and comorbidities

Patient demographics, including age, sex, hospital type, and comorbidities, including atrial
fibrillation, liver cirrhosis, pulmonary embolism, deep vein thrombosis, angina, end-stage renal
disease, chronic kidney disease, ischemic stroke, intracranial hemorrhage, hypertension,
diabetes mellitus, dyslipidemia, heart failure, peripheral arterial disease, chronic obstructive
pulmonary disease, cancer, and metastatic cancer, were evaluated. Comorbidities within one
year prior to TKA were included and were identified as ICD-10 and specific drug prescription
codes, as described in a previous retrospective cohort study using the Korean National Health

18

Insurance claims database.”® A detailed definition of comorbidities is presented in

Supplementary Table 1.

4. Major medical and surgical complications



The outcomes of interest were the rates of major postoperative medical complications within
30 days and major postoperative surgical complications within 90 days after TKA. Major
medical complications included potentially life-threatening diseases, such as acute myocardial
infarction, pneumonia, ischemic stroke, and intracranial hemorrhage. The major surgical
complications included periprosthetic joint infections and revision TKA. For staged bilateral
TKAs, postoperative complications were evaluated based on the time point of the second
operation. Both medical and surgical complications were identified with a combination of

specific ICD and procedural codes. (Supplementary Table 2)

5. Statistical analysis

Patient characteristics, comorbidities, medical and surgical complications rates were compared
between the six groups. Categorical variables were compared using Pearson’s chi-squared test,
and one-way analysis of variance was used to compare continuous variables. The annual trends
in the 30-day medical complication rate were analyzed by estimating the relative risk using a
log-linear Poisson regression analysis. Multivariable logistic regression analysis was used to
identify risk factors associated with medical and surgical complications after bilateral TKAs.
Adjusted odds ratios of risk factors were calculated using multivariable logistic regression after
adjusting for age, sex, hospital type, comorbidities, and operation types, and are presented with
a 95% confidence interval (CI). All analyses were performed using the SAS Enterprise software

version 6.1 (SAS Institute, Cary, NC, USA). Statistical significance was set at P < 0.05.



Results

A total of 564,925 patients who underwent primary TKAs from January 2009 to July 2019 in
Korea were identified in the database. After excluding inaccurate data and cases with more than
six months of intervals between the two TKAs, 58,838 patients who underwent bilateral
primary TKA were enrolled in the final analysis. Simultaneous bilateral TKA was performed
in 24,379 patients. According to the intervals between the two TKAs, staged bilateral TKAs
were identified in 11,674 on 1-7 days, 5,710 on 8-14 days, 6,202 on 15-30 days, 6,601 on 31-
90 days, and 4,272 on 91-180 days, respectively (Figure 1). Patient characteristics and
comorbidities by operative type are presented in Table 1. The number of patients who
underwent bilateral TKAs increased from 2,276 in 2009 to 8,703 in 2018. The proportion of

simultaneous bilateral TKA increased from 9.8% in 2009 to 57.3% in 2018 (Figure 2).

1. Medical complication rate

The mean 30-day medical complication rates of simultaneous and staged bilateral TKA
between 2009 and 2019 were 2.0% and 2.2%, respectively, indicating no significant differences
(P = 0.069) (Table 2). However, the medical complication rates of simultaneous and staged
bilateral TKAs showed a different trend (Figure 3). Specifically, the medical complication rates
in staged bilateral TKAs showed no difference over time. Whereas the medical complication
rate in simultaneous bilateral TKA decreased 0.69 times a year from 6.7% in 2009 to 1.7% in
2013 (95% CI, 0.60-0.79, P<0.001). Within the same period, simultaneous bilateral TKA
showed a 1.4-times greater risk for medical complications than staged bilateral TKA. (95% CI:
1.10-1.78, P = 0.005). In contrast, from 2014 to 2019, the mean medical complication rate of
simultaneous bilateral TKA was 1.9%, which was significantly lower than the 2.2% of staged

bilateral TKA. However, the absolute difference was minimal at 0.3%.
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The most common major medical complication after bilateral TKA was pneumonia at 1.3% of
total cases, and the incidence of acute MI, ICH, and stroke were less than 1%. The major
medical complication rates after simultaneous bilateral TKA and staged bilateral TKA with 8-
14 day intervals were not significantly different at 2.0% and 2.0%, respectively. The
complication rate of staged bilateral TKA with 15-30 day intervals was 2.69%, significantly

higher than that of simultaneous and other intervals (P = 0.040) (Figure 4).

2. Surgical complication rate

The 90-day surgical complication rates of simultaneous and staged bilateral TKA were not
significantly different at 0.2% and 0.2%, respectively (P = 0.562). The overall revision rates of
simultaneous and staged bilateral TKAs were not significantly different at 0.1% and 0.1%,
respectively. However, the infection rate at intervals of three to six months was 0.4%, which
was significantly higher than that of simultaneous or staged TKA with other intervals (P =

0.004) (Table 3).

3. Risk factors for perioperative complication

After adjusting for confounding factors in the multiple variable logistic regression analysis,
operation intervals were significantly associated with major medical complications after
bilateral TKAs (P = 0.001). Simultaneous bilateral total knee arthroplasty did not increase the
risk of 30-day major medical complications compared with staged bilateral TKA. Specifically,
when simultaneous bilateral TKA was used as a reference, the interval of 8-14 days was not
statistically significant. The intervals of 1-7 days (OR 1.23, 95% CI 1.05 - 1.45, P=0.013), 15-
30 days (OR 1.48, 95% CI 1.23 - 1.79, P<0.001), 31-90 days (OR 1.25, 95% CI 1.03 - 1.53,
P=0.025), and 91-180 days (OR 1.27, 95% CI 1.01 - 1.61, P=0.045) significantly increased the

risk of medical complications following bilateral TKA. Among the comorbidities, angina (OR
7



1.29, 95% CI 1.12-1.50, P<0.001), ischemic stroke (OR 1.39, 95% CI 1.16 - 1.67, P<0.001),
heart failure (OR 1.61, 95% CI 1.34-1.93, P<0.001), and chronic obstructive pulmonary disease
(OR 1.52,95% CI 1.33-1.73, P<0.001) were associated with major medical complications after
bilateral TKA. Moreover, older age (>70 years), male sex, and hospital type (clinics, hospitals,
and general hospitals) were identified as significant risk factors for the 30-day major medical
complication rates after bilateral TKA. The detailed ORs are listed in Table 4. For surgical
complications, the intervals between 91 and 180 days (OR 2.63, 95% CI 1.53 —4.50, P=0.0004)
and male sex (OR 2.89, 95% CI 1.93-4.32, P<0.001) significantly increased the risk of 90-day

surgical complications after bilateral TKA (Table 5).



Discussion

The primary finding of the present study was that simultaneous bilateral TKA did not increase
the risk of short-term major medical complications compared with staged bilateral TKA, even
after adjusting for differences in baseline patient characteristics. In Korea, the proportion of
simultaneous bilateral TKA cases gradually increased from 2009 to 2019 in the total bilateral
TKA cases. The medical complication rate of simultaneous bilateral TKA decreased during the

study period and was comparable to that of staged bilateral TKA over the last five years.

The primary consideration for patients with symptomatic bilateral advanced OA who require
TKA is the interval between TKAs. There is a concern that TKA may increase the risk of life-
threatening complications, as it could be a stressful event for elderly patients. In particular, this
concern might be highlighted in bilateral TKAs. Therefore, the timing decision should be
primarily approached in terms of safety rather than cost-effectiveness. Over the past decades,
numerous studies based on data from single-center to nationwide large cohorts have been
conducted to compare the perioperative complication and mortality rates after simultaneous
and staged bilateral TKAs and to investigate the safety of simultaneous bilateral TKA. While
some studies have shown no differences in perioperative complications between simultaneous
and staged bilateral TKAs,'>!"?° several systematic reviews have shown a trend toward

increased risk in simultaneous bilateral TKA.!#-1¢

In a previous meta-analysis that evaluated the safety of simultaneous bilateral TKA, the
simultaneous bilateral TKAs have a 2.49 odds ratio for increased cardiac complication rate and
a 2.20 odds ratio for increased mortality.”> However, this risk evaluation was based on a
comparison with unilateral TKAs. A recent systematic review compared mortality and

complication rates between simultaneous and staged bilateral TKA in 29 studies published
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between 2000 and 2020.'° There was an odds ratio of 2.24 for increased risk of mortality and
an odds ratio of 1.42 for increased risk of neurologic complications in simultaneous bilateral
TKA. In a study by Tsay et al. that accounted for the largest weight in the aforementioned
systematic review, they analyzed the 30-day medical complications of 27,301 simultaneous
bilateral TKA and 45,419 staged bilateral TKA using national hospital discharge data in the
United States between 2005 and 2014.'° They found that simultaneous bilateral TKAs had a
statistically significant increased odds ratio for multiple complications compared to staged
bilateral TKAs. However, the absolute values of all complication rates were less than 1-2%.
Specifically, the incidence of myocardial infarction was 0.6% and 0.3% in simultaneous and
staged bilateral TKAs, respectively, and the incidence of ischemic stroke was 0.3% and 0.2%
in simultaneous and staged bilateral TKAs, respectively. The complication rate in the present
study was similar to that in previous studies. In the present study, the rates of AMI of
simultaneous and staged-bilateral TKAs were 0.4% and 0.7%, respectively, and the rate of

ischemic stroke was 0.4% in both simultaneous and staged bilateral TKAs.

Unlike previous studies showing an increased risk in simultaneous bilateral TKA, the present
study showed that simultaneous bilateral TKA did not increase the major complication rate
compared to staged bilateral TKA. Before a direct comparison with previous studies, it should
be noted that the complication rates of simultaneous and staged bilateral TKAs may have
improved and changed in different patterns over time. Since previous studies included broad
study periods, this should be interpreted with consideration of the timeframe effect. The present
study investigated annual trends and found that the certain declined changes in the major
complication rate in simultaneous bilateral TKA. Specifically, in the first four years from 2009

to 2013 during the 10-year study period, the mean major medical complication rates in
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simultaneous and staged bilateral TKA were 2.8% and 1.9%, respectively, indicating a 1.4-fold
increased relative risk of 30-day major medical complications in simultaneous bilateral TKAs,
which is consistent with the findings of Tsay et al.'s study and a recent systematic review.
Whereas, in the last six years from 2014 to 2019, the complication rate of simultaneous bilateral
TKA was 1.9%, which was comparable to the 2.2% of staged bilateral TKA, showing 0.3% of

minimal differences.

Similarly, in a more recent large cohort study using the National Readmission Database
between 2016 and 2017, the 30-day major complication rates, including cerebrovascular
accidents, myocardial infarction, and pneumonia, did not differ between simultaneous and
staged bilateral TKAs.'? It could be speculated that appropriate patient selection and optimized
perioperative patient management may have lowered the risk of simultaneous bilateral TKAs.
Over the previous decades, advances in surgical techniques and implant designs have improved
the survival rate of TKA, reaching a certain plateau. Recently, attention has been focused on
safer, less painful, and faster recovery after TKA. The complication rate of primary TKA has
decreased over the previous decade. In a study comparing 30-day complication rates after
primary TKA between three divided periods using the National Surgical Quality Improvement
Program (NSQIP) Registry between 2006 and 2016, the 30-day complication rate decreased
from 5.37% during 2006 and 2009 to 3.86% during 2010 and 2013, and to 3.13% during 2014

and 2016.%!

The optimal interval between the two operations in staged bilateral TKA remains controversial.
The present study showed that intervals between one to two weeks were optimal in terms of
the 30-day major complication rate. It is unclear why one to two-week intervals did not increase

the risk of 30-day major complications among the different intervals. However, this may be
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associated with a recovery of immune response after surgical stress. Interleukin-6 (IL-6) is a
critical marker for the induction and control of acute-phase protein response after surgery. A
previous study showed that the IL-6 level is elevated within one day after TKA and normalized
on postoperative day seven.?? In the acute immune response phase after TKA, the second TKA
may act as a second hit, which exaggerates the immune response.?® Similar to the present study,
in a study investigating the optimal intervals using a nationwide cohort database, staged
bilateral TKA with a one to three days interval was associated with an increased complication
124

rate compared to simultaneous and bilateral staged TKA with a four to seven day interva

Therefore, intervals of less than one week between two TKAs should not be recommended.

In addition to the operation intervals, the present study found that older age (>=70), angina
ischemic stroke, heart failure, and chronic obstructive pulmonary disease were associated with
major medical complications after bilateral TKAs. Similar to the results of the present study,
previous studies have also reported increased perioperative complications in patients with
cardiopulmonary disease after bilateral TKA. Wang et al. developed a novel scoring system for
risk stratifying patients who underwent simultaneous bilateral TKA using data from 4,640
patients in the NSQIP database.?® Older age (>75), high body mass index (>34), hypertension
requiring medication, and pulmonary disease were independent risk factors. Similarly,
Poultsides et al. identified pulmonary hypertension and congestive heart failure as significant
risk factors for major complications in simultaneous bilateral TKAs. This suggests that bilateral
TKAs are a stressful procedure in patients with decreased cardiopulmonary function.?
Therefore, physicians should be aware that cardiopulmonary function after bilateral TKA could
worsen in these patients, in which case, perioperative screening and optimized patient

management should be emphasized.
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The present study found that the 90-day revision rate was equivalent between simultaneous and
staged bilateral TKAs. Moreover, the absolute values of revision rates were extremely low, at
approximately 0.1%, regardless of operative intervals. This result is consistent with a recent
systematic review which demonstrated that the early revision rate was not significantly
different at one year postoperatively between simultaneous and staged bilateral TKAs.!"” In
terms of surgical infections, previous studies have demonstrated that long intervals tend to
increase the risk of surgical site infection more than short intervals and simultaneous TKAs.
Abdelaal et al. showed a higher incidence of periprosthetic joint infection in intervals of more
than 90 days compared to intervals of less than 90 days in staged bilateral TKAs.?’ Poultsides
et al. showed that simultaneous bilateral TKAs were associated with lower infection rates
compared to those of staged bilateral TKAs.?® Similar to previous studies, the present study
also showed that intervals between three and six months were associated with increased
surgical site infection. A possible explanation for these results might be that the two separate
TKAs allow for additional exposure to the infectious organism and elevate the risk of

bacteremia.

The present study had several limitations. First, this was a retrospective cohort study based on
claims codes. Therefore, inherent potential bias, including errors in claims and data acquisition,
may exist because of the retrospective design. However, previous studies have validated the
accuracy of the HIRA coding system to be 70% to 90%, indicating an acceptable level of
analysis.”®* Second, we could not identify patients who dropped out after the first TKA and
delayed the second TKA in the planned staged bilateral TKAs. Since the patients who develop
complications after first TKA have increased risk of same complication at second TKA, the

complication rate in the longer intervals could have overestimated.>® Third, miscellaneous
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factors, including surgeons and the health care system were not considered in the present study.
For example, the simultaneous bilateral TK A may be more performed by experienced surgeons
and well-trained surgical teams. This might lead to a lower complication rate in simultaneous
bilateral TKA. Finally, the mixed effect between risk factors was not evaluated. Specifically,
when simultaneous bilateral TKA was performed in patients with high-risk comorbidities, it
was not determined whether the risk of complications would exceed each risk level owing to
synergic effects. A previous study showed a comparable complication rate between
simultaneous and unilateral TKA in the patients with less than two risk factors, but the
differences in the complication rate between simultaneous and unilateral TKA increased in the
patients with more than two risk factors.® Further study should be addressed to evaluate the

stratified risk according to the number of risk factors.
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Conclusion

The complication rate of simultaneous bilateral TKAs has recently decreased and is
comparable to that of staged bilateral TKAs. Simultaneous bilateral TKA did not increase the
incidence of post-operative complications. An interval of one to two weeks would be suitable
for staged bilateral total knee arthroplasty. Cardiopulmonary comorbidities were associated
with a higher risk of major medical complications after bilateral total TKAs. With regard to
careful preoperative patient evaluation and consideration of surgeons' preferences and patients'
desires, simultaneous bilateral TKA could be an appropriate option for patients requiring

bilateral TKAs.
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Patients who underwent primary total knee arthroplasty (TKA) in the claims database of
National health insurance Service (NHIS), Korea from January 2009 to July 2019 : N = 563,925

Patients who was identified two primary TKA codes in the claims database : N = 96,257

Exclusion eriteria (inaccurate data)

knee arthroplasty code(N = 23).

the same day(N = 205).

(1) Patientsidentifying revision total knee arthroplasty code prior to primary total
(2) Patients claiming multiple primary or revision codes (more than three times) on

(3) Patientsclaiming multiple hospitalizations on the same day (N = 90).
(4) Patients claiming multiple anesthesia codes (more than three times) (N=698).

R

Total 95,241 patients who underwent bilateral primary TKA

—Pl More than 6 months of intervals between two TKAs (N= 36,403) |

Total 58,838 patients who underwent bilateral primary TKA were enrolled the final analysis

Simultaneous bilateral TKA
N = 24,379

Staged bilateral TKA Staged bilateral TKA Staged bilateral TKA Staged bilateral TKA
(intervals: 1 -7 days) (intervals : 8 — 14 days) (intervals : 15— 30 days) (intervals : 31 — 90 days)
N=11,674 N=5,710 N=6,202 N= 6,601

Staged bilateral TKA
(intervals: 91— 180 days)
N=4,272

Figure 1. Flow chart depicting data selection and categorization of the study
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Annual Trends of simultaneous and staged bilateral total knee arthroplasty (TKA) from 2009 to 2018
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Figure 2. Annual trends of simultaneous and staged bilateral total knee arthroplasty from 2009

to 2019
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Annual trends of 30-days medical complication rate after bilateral total knee

arthroplasty according to operation types

Complication rate (%)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Years

—eo—Simultanoeus bilateral TKA  -A--Staged bilateral TKA

Figure 3. Annual trends of 30-days medical complication rate after bilateral total knee

arthroplasty according to operation type
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30-days medical complications rate after bilateral total knee arthroplasty according to operation intervals
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Figure 4. 30-day medical complication rates after bilateral total knee arthroplasty according to

operation intervals

MI, myocardial infarction; ICH, intracranial hemorrhage
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Table 3. Medical (30-day) and surgical (90-day) complication rates after bilateral primary total knee arthroplasty based on operation

intervals
Simultaneous Staged TKA p-value
. Intervals (days)
1 814 15-30 31-90 91-180
Patients, n 24,379 11.674 5.710 6,202 6,601 4.272
Medical complications (30-day), n
%)
Acute MI 106 (0.4) 72 (0.6) 21 (0.4) 61 (1.0) 46 (0.7) 31(0.7) <0.001
Pneumonia 293 (1.2) 145 (1.2) 86 (1.5) 90 (1.5) 83 (1.3) 44 (1.0) 0.212
ICH 6 (0.0) 5(0.0) 1(0.0) 2(0.0) G (0.1 0(0.0) 0.159
Stroke 86 (0.4) 25(0.2) 8(0.1) 14 (0.2) 14¢0.2) 16 (0.4) 0.018
Surgical complications (90-day), n
(%)
Infection 26 (0.1) 19 (0.2) 5(0.1) 4(0.1) 8(0.1) 16 (0.4) 0.004
Revision 21 (0.1) 4(0.0) 3(0.1) 300.1) 7.1 5(0.1) 0.282

[CH, intracranial hemorrhage; ML myocardial infarction; TKA, total knee arthroplasty.
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Table 5. Risk factor analysis for 90-day surgical complications after bilateral total knee

arthroplasty
Adjusted odds ratio 95% CI p-value
Operation intervals (days) 0.026
Simultaneous TKA Reference
Staged TKA
1-7 1.11 0.66 to 1.87 0.698
8-14 0.88 0.42to0 1.88 0.750
15-30 0.71 0.32to 1.57 0.396
31-90 1.34 0.75t0 2.42 0.323
91-180 2.63 1.53 to 4.51 <0.001
Sex
Female Reference
Male 2.89 1.93 to 4.33 <0.001

CIL confidence interval; TKA, total knee arthroplasty
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