Clin Orthop Relat Res (2018) 476:1940-1948
DOI 10.1007/5s11999.0000000000000134

2017 Musculoskeletal Infection Society Proceedings

Clinical Orthopaedics
and Related Research’

A Publication of The Association of Bone and Joint Surgeons®

Risk Adjustment Is Necessary in Value-based Outcomes

Models for Infected TKA

P. Maxwell Courtney MD, Anthony J. Boniello MD, Craig J. Della Valle MD, Gwo-Chin Lee MD

Received: 31 August 2017 / revised: 20 November 2017 / Accepted: 30 November 2017 / Published online: 24 February 2018

Copyright © 2018 by the Association of Bone and Joint Surgeons

Abstract

Background The Medicare Access and CHIP Reauthori-
zation Act of 2015 provides the framework to link re-
imbursement for providers based on outcome metrics.
Concerns exist that the lack of risk adjustment for patients
undergoing revision TKA for an infection may cause
problems with access to care.

Questions/purposes (1) After controlling for confounding
variables, do patients undergoing revision TKA for in-
fection have higher 30-day readmission, reoperation, and
mortality rates than those undergoing revision TKA for
aseptic causes? (2) Compared with patients undergoing
revision TKA who are believed not to have infections, are

patients undergoing revision for infected TKAs at in-
creased risk for complications?

Methods We queried the American College of Surgeons
National Surgical Quality Improvement Program database
for patients undergoing revision TKA from 2012 to 2015
identified by Current Procedural Terminology (CPT) codes
27486, 27487, and 27488. Of the 10,848 patients identi-
fied, four were excluded with a diagnosis of malignancy
(International Classification of Diseases, 9th Revision code
170.7, 170.9, 171.8, or 198.5). This validated, national
database records short-term outcome data for inpatient
procedures and does not rely on administrative coding data.
Demographic variables, comorbidities, and outcomes were
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compared between patients believed to have infected
TKAs and those undergoing revision for aseptic causes. A
multivariate logistic regression analysis was performed to
identify independent factors associated with complica-
tions, readmissions, reoperations, and mortality.

Results After controlling for demographic factors and
medical comorbidities, TKA revision for infection was
independently associated with complications (odds ratio
[OR], 3.736; 95% confidence interval [CI], 3.198-4.365; p
<0.001), 30-day readmission (OR, 1.455; 95% CI, 1.207-
1.755; p <0.001), 30-day reoperation (OR, 1.614; 95% CI,
1.278-2.037; p <0.001), and 30-day mortality (OR, 3.337;
95% CI, 1.213-9.180; p = 0.020). Patients with infected
TKA had higher rates of postoperative infection (OR,
3.818; 95% CI, 3.082-4.728; p < 0.001), renal failure
(OR, 36.709; 95% CI, 8.255-163.231; p < 0.001), sepsis
(OR, 7.582; 95% ClI, 5.529-10.397; p < 0.001), and septic
shock (OR, 3.031; 95% CI, 1.376-6.675; p = 0.006).
Conclusions Policymakers should be aware of the higher
rate of mortality, readmissions, reoperations, and compli-
cations in patients with infected TKA. Without appropriate
risk adjustment or excluding these patients all together
from alternative payment and quality reporting models,
fewer providers will be incentivized to care for patients
with infected TKA.

Level of Evidence Level 111, therapeutic study.

Introduction

Healthcare expenditures continue to rise in the United
States and are projected to exceed 20% of the gross do-
mestic product by 2025 [17]. To help curb these costs,
recent health reform efforts have shifted the focus from
volume to value in an attempt to improve the quality of care
while reducing costs [24]. Congress has passed legislation
including the Affordable Care Act and the Medicare Ac-
cess and CHIP Reauthorization Act of 2015 (MACRA) to
provide the framework to link reimbursement for providers
based on outcome metrics. The Centers for Medicare &
Medicaid Services (CMS) have developed programs such
as the Merit-based Incentive Payment System (MIPS) and
the Hospital Readmissions Reduction Program to focus on
value-driven care [7, 8]. Because the economic and clinical
burden of revision TKA is projected to increase [4, 6, 20], it
has become a target for cost reduction for payers such as the
CMS. Since alternative payment models have become
popular to reduce episode-of-care costs in primary arthro-
plasty [5, 14-16, 23], some centers are now participating in
bundled payment arrangements for revision TKA [9]. A
recent survey of adult reconstruction surgeons, however,
reports that the top concern regarding bundled payment
models is problems with access to care for patients who
utilize more resources [18]. Although patients undergoing

revision TKA for infection have been shown to have
markedly increased hospital costs than revision TKA for
aseptic causes in smaller institutional studies that are now
two decades old [13, 27], the independent effect of in-
fection on complication, readmission, mortality, and
reoperation has yet to be assessed on a national level.

Concerns exist with regard to the lack of risk adjustment
in these payment and quality reporting models. In current
reimbursement models, patients undergoing a revision for
an infected TKA are included in the same diagnosis-related
group with the same inpatient facility fee as patients un-
dergoing revision TKA for aseptic reasons. Providers
participating in an alternative payment model for revision
TKA are also financially responsible for readmissions and
reoperations after discharge from the hospital. Without
appropriate risk adjustment or exclusion of patients with
infected TKA in value-based payment models, surgeons
and hospitals may be disincentivized to care for patients
with periprosthetic joint infection (PJI) of the knee.

The purpose of this study is to answer the following
questions: (1) After controlling for confounding variables,
do patients undergoing revision TKA for infection have
higher 30-day readmission, reoperation, and mortality rates
than those undergoing revision TKA for aseptic causes? (2)
Compared with patients undergoing revision TKA who are
believed not to have infections, are patients undergoing
revision for infected TKAs at increased risk for
complications?

Patients and Methods

We retrospectively queried the American College of Sur-
geons National Surgical Quality Improvement Program
(NSQIP) database for all patients who underwent revision
TKA from January 1, 2012, to December 31, 2015. The
NSQIP database is a validated, national database including
cases from > 650 hospitals [1, 3]. Although other national
databases using CMS or insurance claims data provide for
a large sample size, many rely solely on administrative
coding for their results. Although the NSQIP database only
reports 30-day outcomes, each chart is specifically
reviewed for accuracy by a trained data abstractor and does
not rely on coding and billing information to report their
results.

Patients in the database were identified for the study
based on primary procedure Current Procedural Terminol-
ogy (CPT) codes 27486 (single-component revision), 27487
(both-component revision), and 27488 (explantation and
placement of a spacer). Patients having a diagnosis of in-
fection were also identified based on principal International
Classification of Diseases, 9™ Revision diagnosis codes
996.6x and 711.xx. Patients were excluded from the study if
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their primary diagnosis for the procedure was for malignancy
(170.7, 170.9, 171.8, or 198.5). Patients undergoing revision
for any other diagnosis code were considered as undergoing
aseptic revisions. This study was exempt from institutional
review board approval because all data were deidentified. No
external funding was received for this study.

Demographic variables, medical comorbidities as well as
30-day complication, readmission, and mortality rates were
noted from the database. We defined hypoalbuminemia as
any patient with a preoperative albumin < 3.5 g/dL and pre-
operative kidney disease as any patient with a preoperative
creatinine > 1.5 mg/L. Complications, reoperations, and
readmissions within 30 days of surgery were noted. We de-
fined complications within 30 days of surgery according to
the NSQIP as any patient having a recorded surgical site
infection, pneumonia, respiratory complication requiring
reintubation, pulmonary embolism, deep venous thrombosis

(DVT), renal insufficiency or failure, stroke, cardiac arrest,
myocardial infarction, sepsis, or septic shock. Although the
NSQIP database includes rates of urinary tract infection and
bleeding requiring a transfusion, we have excluded these
variables in our analysis because they are minor complica-
tions. We defined postoperative infection as a superficial
surgical site infection, deep surgical site infection, or wound
dehiscence. Complete NSQIP methodology has been repor-
ted previously [2].

There were 10,848 patients undergoing revision TKA
from 2012 to 2015. Four patients were excluded based on
diagnosis codes for malignancy, leaving 10,844 patients
for analysis. Of these, 1999 patients (18%) underwent re-
vision TKA for infection, including 820 patients (8%)
coded as explantation with placement of an antibiotic
spacer. Patients undergoing revision TKA for aseptic
causes had a lower mean age than the revision TKA for

Table 1. Demographic variables of patients undergoing revision TKA for septic and aseptic causes

Revision for septic TKA (n = 1999)

Aseptic revision Revision TKA for TKA explant with

Variable (N = 10,844) TKA (N = 8845) infection (N = 1179) spacer (N = 820) p value
Mean age (years) (SD) 65.0 (11) 66.2 (11) 65.7 (11) < 0.001
Male sex (%) 3477 (39) 639 (54) 423 (52) < 0.001
Ethnicity (%)

Asian 84 (1) 18 (2) 11 (1) < 0.001

Black 1026 (12) 96 (8) 81 (10)

Native American 54 (1) 6 (1) 10 (1)

Native Hawaiian 28 (0.3) 13 (1) 10 (1)

White 6862 (78) 947 (80) 624 (76)

Not reported 791 (9) 99 (8) 84 (10)
Mean BMI (kg/m?) (SD) 334 (8) 32.8 (8) 34.0 (10) 0.003
General anesthesia (%) 5491 (62) 899 (76) 638 (78) < 0.001
Diabetes mellitus (%) 1822 (21) 304 (26) 225 (27) < 0.001
Smoking history (%) 1046 (12) 138 (12) 107 (13) 0.571
Congestive heart failure (%) 53 (1) 28 (2) 12 (2) < 0.001
Hypertension (%) 5862 (66) 815 (69) 569 (69) 0.040
Preoperative creatinine > 1.5 mg/dL (%) 834 (9) 163 (14) 106 (13) < 0.001
Dialysis (%) 24 (0.3) 15 (1) 20 (2) < 0.001
Preoperative albumin < 3.5 g/dL 485 (6) 272 (23) 210 (26) < 0.001
BMI > 35 kg/m? (%) 3180 (36) 382 (33) 303 (37) 0.043
Mean operative time (minutes) (SD) 133.4 (68) 133.7 (72) 134.6 (60) 0.898
ASA classification (%)

1 121 (1) 5(0.4) 7(1) < 0.001

2 3557 (40) 306 (26) 224 (27)

3 4864 (55) 772 (66) 534 (65)

4 296 (3) 92 (8) 53 (7)

5 2(<0.1) 0(0) 1(0.1)

BMI = body mass index; ASA = American Society of Anesthesiologists.
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infection and TKA explant groups (65 years [SD 11 years]
versus 66 years [SD 11 years] versus 66 years [11 years],
p < 0.001). They were also a healthier cohort with lower
rates of diabetes mellitus (1822 of 8845 [21%] versus 304
of 1179 [26%] versus 225 of 820 [27%], p < 0.001),
hypoalbuminemia (485 of 8845 [6%] versus 272 of 1179
[23%] versus 210 of 820 [26%], p < 0.001), and kidney
disease (834 of 8845 [9%] versus 163 of 1179 [14%] versus
106 0of 820 [13%], p <0.001; Table 1). Patients undergoing
revision TKA for infection were more likely to be dis-
charged to a rehabilitation facility (853 of 1999 [43%]
versus 2487 of 8845 [28%], p < 0.001) and had a longer
mean length of stay (6.4 [SD 6 days] versus 3.4 [SD 3 days]
days, p < 0.001) than aseptic patients undergoing revision
TKA. Infected patients undergoing revision TKA also had
higher 30-day mortality (14 of 1999 [0.7%] versus seven of
8845 [0.1%], p < 0.001), reoperation (122 of 1999 [6%]
versus 300 of 8845 [3%], p <0.001), and readmission (199
of 1999 [10%] versus 493 of 8845 [6%], p < 0.001) rates
than patients undergoing TKA for aseptic reasons
(Table 2). 1

Statistical Analysis

We first conducted an a priori power analysis to determine
the appropriate sample size. We sought to power our study
to answer whether patients undergoing revision TKA for
infection had a higher 30-day complication rate than those
patients undergoing revision TKA for aseptic causes.
Based on a prior published complication rate among
patients undergoing revision TKA at 8%, with 20% of
patients undergoing TKA revised for infection, to detect
a 2% difference in complication rate, with a type I error rate
of 0.05, we would need a sample size of 10,584 patients to
achieve a power of 0.80 [12].

Data analysis was first performed comparing who
underwent revision TKA for aseptic causes with those
undergoing revision TKA for infection. Categorical

variables were analyzed using a chi square test. When
observed or expected values were < 5, we performed
a Fisher’s exact test. Continuous variables such as age
and body mass index were analyzed using an unpaired,
two-tailed, Student’s t-test. When comparing three
groups (aseptic revision TKA, septic revision TKA, and
TKA explant with antibiotic spacer), a one-way analysis
of variance was performed. Statistical significance was
setatp <0.05. We then performed a multivariate logistic
regression analysis to identify independent factors as-
sociated with 30-day complications, readmissions, and
mortality. Statistical analysis was performed using
Microsoft Excel (Bellevue, WA, USA) and IBM SPSS
Version 24.0 (Armonk, NY, USA).

Results

After controlling for demographic factors and medical
comorbidities, TKA revision for infection was in-
dependently associated with complications (Table 3) (odds
ratio [OR], 3.736; 95% confidence interval [CI], 3.198-
4.365; p <0.001), 30-day reoperation (OR, 1.614; 95% CI,
1.278-2.037; p <0.001) (Table 4), 30-day readmission (OR,
1.455; 95% CI, 1.207-1.755; p < 0.001) (Table 5), and 30-
day mortality (OR, 3.337; 95% CI, 1.213-9.180; p = 0.020)
(Table 6).

Patients undergoing explanation of TKA and place-
ment of a spacer had higher 30-day complication
(OR, 4.064; 95% CI, 3.321-4.974; p < 0.001), mortality
(OR, 4.681; 95% CI, 1.496-14.648; p = 0.008), and
readmission (OR, 1.334; 95% CI, 1.023-1.740; p=10.033)
rates when compared with patients undergoing revision
TKA for aseptic causes. There was no difference in
reoperation rates (OR, 1.176; 95% CI, 0.819-1.688; p =
0.380). Similarly, patients undergoing a revision TKA
excluding spacers also had higher 30-day complication
(OR, 3.515;95% CI, 2.925-4.224; p <0.001), reoperation

Table 2. Bivariate analysis of outcomes of patients undergoing revision TKA for septic and aseptic causes

Aseptic revision Revision TKA for

Variable (N = 10,844) TKA (N = 8845) infection (N = 1999) p value
Discharge disposition (%)

Skilled nursing or rehabilitation 2487 (28) 853 (43) < 0.001

Home 6351 (72) 1144 (57)
30-day mortality (%) 7 (0.1) 14 (0.7) < 0.001
Any complication (%) 455 (5) 405 (20) < 0.001
Return to OR (%) 300 (3) 122 (6) < 0.001
Readmission (%) 493 (6) 199 (10) < 0.001
Mean length of stay (days) (SD) 34 (3) 6.4 (6) < 0.001

OR = operating room.
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Table 3. Multivariate logistic regression analysis for risk factors for 30-day postoperative complication (aseptic revision TKA odds

ratio = 1.000)
95% confidence

Risk factor Odds ratio interval p value
TKA revision for infection 3.736 3.198-4.365 < 0.001
Male sex 1.335 1.152-1.547 < 0.001
Minority ethnicity 1.059 0.838-1.338 0.633
Age > 70 years 1.078 0.920-1.262 0.353
General anesthesia 0.984 0.837-1.155 0.840
BMI > 35 kg/m2 1.307 1.119-1.525 0.001
Diabetes mellitus 0.969 0.814-1.154 0.727
Smoking history 1.259 1.013-1.565 0.037
Congestive heart failure 2.283 1.375-3.793 0.001
Hypertension 1.131 0.957-1.337 0.148
Dialysis 0.972 0.476-1.981 0.937
Preoperative creatinine > 1.003 0.794-1.267 0.980
1.5 mg/dL (%)

Preoperative albumin < 3.5 g/dL 2.112 1.743-2.560 < 0.001
ASA 4 or greater 1.980 1.508-2.599 < 0.001

BMI = body mass index; ASA = American Society of Anesthesiologists.

(OR, 1.925; 95% CI, 1.478-2.507; p < 0.001), and
readmission rates (OR, 1.542; 95% CI, 1.236-1.923;
p < 0.001) when compared with patients undergoing
revision TKA for aseptic causes. There was no difference
in mortality rates (OR, 2.473; 95% CI, 0.761-8.036;
p=0.132).

When compared with patients undergoing revision
TKA for aseptic causes, patients undergoing revision TKA

for infection had higher rates of postoperative infection
(OR, 3.818; 95% CI, 3.082-4.728; p < 0.001), renal failure
(OR, 36.709; 95% CI, 8.255-163.231; p < 0.001), sepsis
(OR, 7.582; 95% ClI, 5.529-10.397; p < 0.001), and septic
shock (OR, 3.031; 95% CI, 1.376-6.675; p = 0.006)
(Tables 7, 8). When controlling for confounding de-
mographic variables and medical comorbidities, there was
no difference in the rate of DVT (OR, 1.345; 95% CI,

Table 4. Multivariate logistic regression analysis for risk factors for 30-day reoperation (aseptic revision TKA odds ratio = 1.000)

95% confidence

Risk factor Odds ratio interval p value
TKA revision for infection 1.614 1.278-2.037 < 0.001
Male sex 1.540 1.261-1.881 < 0.001
Minority ethnicity 1.231 0.914-1.658 0.170
Age > 70 years 0.933 0.749-1.162 0.534
General anesthesia 0.866 0.702-1.068 0.179
BMI > 35 kg/m2 1.285 1.043-1.583 0.018
Diabetes mellitus 0.841 0.657-1.077 0.171
Smoking history 1.430 1.086-1.883 0.011
Congestive heart failure 3.053 1.637-5.693 < 0.001
Hypertension 1.078 0.864-1.347 0.505
Dialysis 0.597 0.177-2.013 0.406
Preoperative creatinine > 1.388 1.038-1.855 0.027
1.5 mg/dL (%)

Preoperative albumin < 3.5 g/dL 1.442 1.066-1.949 0.017
ASA 4 or greater 1.223 0.797-1.878 < 0.001

BMI = body mass index; ASA = American Society of Anesthesiologists.
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Table 5. Multivariate logistic regression analysis for risk factors for 30-day readmission (aseptic revision TKA odds ratio = 1.000)

Odds 95% confidence

Risk factor ratio interval p value
TKA revision for infection 1.455 1.207-1.755 < 0.001
Male sex 1.456 1.242-1.707 < 0.001
Minority ethnicity 1.293 1.025-1.632 0.030
Age > 70 years 1.041 0.878-1.235 0.642
General anesthesia 1.135 0.954-1.349 0.153
BMI > 35 kg/m? 1.307 1.108-1.542 0.001
Diabetes mellitus 0.927 0.767-1.121 0.436
Smoking history 1.087 0.855-1.383 0.495
Congestive heart failure 2.358 1.381-4.026 0.002
Hypertension 1.230 1.025-1.475 0.026
Dialysis 1.049 0.469-2.346 0.908
Preoperative creatinine > 1.207 0.949-1.536 0.125
1.5 mg/dL (%)

Preoperative albumin < 3.5 g/dL 1.267 00.911-1.762 0.160
ASA 4 or greater 1.223 0.797-1.878 < 0.001

BMI = body mass index; ASA = American Society of Anesthesiologists.

0.832-2.174; p=0.227), pulmonary embolism (OR, 0.994; MACRA and the MIPS program [6]. Some institutions
95% CI, 0.441-2.236; p = 0.988), or myocardial infarction have also elected to participate in a voluntary bundled
(OR, 1.214; 95% (I, 0.566-2.602; p = 0.619). payment model with the CMS for revision TKA to maxi-
mize reimbursement [9]. However, concerns exist about
access to care in these value-based programs for patients

Discussion with higher cost arthroplasty who may use more resources

in an episode of care [11, 18]. In current reimbursement
To reward quality and to lower the cost of care, providers models, payers do not differentiate between patients un-
are now responsible for reporting outcome metrics through dergoing revision TKA for infection and those undergoing

Table 6. Multivariate logistic regression analysis for risk factors for 30-day mortality (aseptic revision TKA odds ratio = 1.000)

Odds 95% confidence

Risk factor ratio interval p value
TKA revision for infection 3.337 1.213-9.180 0.020
Male sex 0.506 0.193-1.326 0.166
Minority ethnicity 1.559 0.416-5.851 0.510
Age > 70 years 9.470 2.422-37.030 0.001
General anesthesia 5.155 0.667-39.811 0.116
BMI > 35 kg/m2 0.642 0.220-1.873 0.417
Diabetes mellitus 0.743 0.260-2.125 0.579
Smoking history 3.577 0.898-14.246 0.071
Congestive heart failure 3.003 0.714-12.627 0.133
Hypertension 2.572 0.561-11.781 0.224
Dialysis 1.437 0.245-8.443 0.688
Preoperative creatinine > 4.486 1.650-12.196 0.003
1.5 mg/dL (%)

Preoperative albumin < 3.5 g/dL 6.464 2.358-17.716 < 0.001
ASA 4 or greater 3.353 1.204-9.340 0.021

BMI = body mass index; ASA = American Society of Anesthesiologists.
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Table 7. List of complications within 30 days of revision TKA*

Type of complication Aseptic revision Revision TKA for p

(N =10,844) TKA (N = 8845) infection (N = 1999) value
Postoperative infection (%) 227 (3) 192 (10) < 0.001
Pneumonia (%) 50 (0.5) 30 (1.5) < 0.001
Reintubation (%) 19 (0.2) 14 (0.7) 0.001
Pulmonary embolism (%) 36 (0.4) 8 (0.4) 0.965
Failure to wean from ventilator (%) 16 (0.2) 8 (0.4) 0.060
Renal insufficiency (%) 20 (0.2) 14 (0.7) 0.001
Renal failure (%) 2(<0.1) 22 (1.1) < 0.001
Cerebrovascular accident (%) 8 (0.1) 1(0.1) 0.571
Cardiac arrest (%) 8 (0.1) 3(0.2) 0.449
Myocardial infarction (%) 28 (0.2) 11 (0.6) 0.220
Deep venous thrombosis (%) 73 (0.8) 28 (1.4) 0.016
Sepsis (%) 65 (0.7) 148 (8) < 0.001
Septic shock (%) 13 (0.1) 19 (1) < 0.001
Any complication (%) 455 (5) 405 (20) < 0.001

*Note that some patients had more than one complication.

revision TKA for aseptic causes. Providers are financially
incentivized to care for healthier patients who undergo
aseptic revision TKA and are currently disincentivized to
care for patients with an infected TKA without proper risk
adjustment. We hope our study can impact policymakers in
adjusting reimbursement for facilities and surgeons that
care for patients with an infected TKA. Therefore, we
sought to find out if patients undergoing revision TKA for
infection utilize more resources in a 30-day episode of care
than those undergoing revision TKA for aseptic causes.
There are several limitations to this study. Like with
many large databases, big data studies rely heavily on ac-
curacy of coding. The NSQIP database, however, has

advantages over other administrative databases by using
certified data collectors abstracting data from each medical
record. Random audits have found discrepancy rates of <
2% within each site [2]. Because of variations in surgeon
and hospital billing, there are no specific CPT codes to
separately analyze patients who underwent irrigation and
débridement with polyethylene liner exchange, single-
stage revision TKA, or second-stage reimplantation after
spacer placement. Our infected revision TKA cohort did
attempt to capture all of these patients using diagnosis and
procedural codes. Finally, we did not have cost or re-
imbursement data for analysis and had to use 30-day out-
comes such as readmission and discharge disposition as

Table 8. Multivariate analysis of complications within 30 days of revision TKA for infection*

Type of complication (N = 10,844) OR 95% confidence interval p value
Postoperative infection (%) 3.818 3.082-4.728 < 0.001
Pneumonia (%) 1.644 0.992-2.725 0.054
Reintubation (%) 1.950 0.911-4.175 0.086
Pulmonary embolism (%) 0.994 0.441-2.236 0.988
Failure to wean from ventilator (%) 0.771 0.443-3.002 0.771
Renal insufficiency (%) 2.052 0.971-4.334 0.060
Renal failure (%) 36.709 8.255-163.231 < 0.001
Cerebrovascular accident (%) 0.384 0.045-3.300 0.383
Cardiac arrest (%) 0.678 0.151-3.042 0.612
Myocardial infarction (%) 1.214 0.566-2.602 0.619
Deep venous thrombosis (%) 1.345 0.832-2.174 0.227
Sepsis (%) 7.582 5.529-10.397 < 0.001
Septic shock (%) 3.031 1.376-6.675 0.006

*Patients undergoing revision TKA for aseptic causes OR = 1.000; OR = odds ratio.

(=) Wolters Kluwer

=
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proxies for higher episode-of-care costs. Further study is
needed to quantify the financial burden of infected TKA
revisions on episode-of-care costs.

Not surprisingly, our results showed that patients un-
dergoing revision TKA for infection had a longer length of
stay, were more likely to be discharged to a rehabilitation
facility, and had higher readmission, complication, reop-
eration, and mortality rates than patients undergoing
aseptic revision. The short-term, 30-day outcomes for re-
vision TKA in our series are comparable to other large
database studies [12, 19, 21]; however, these studies did
not specifically look at infection as a risk factor. Although
studies have identified poor outcomes after revision of
infected TKA, policymakers rarely generalize results from
institutional studies. We present a large series of patients
from a validated, national database of > 600 hospitals
demonstrating poorer outcomes after revision TKA for
infection. Infected patients undergoing TKA require long-
term IV access, antibiotic infusion, and often have activity
and weightbearing restrictions, all of which account for
increased resource utilization. Interestingly, when sepa-
rating patients by surgical procedure, those who underwent
explantation and placement of an antibiotic spacer had the
worst outcomes. These patients’ poor prognoses are likely
the result of the physiologic burden of an active PJI, but
may also be related to patient comorbidities that could push
the surgeon toward explantation. In our series, some may
argue that the increased resource utilization for infected
patients undergoing TKA revision is the result of the
comorbidity profile of this group. Infected patients un-
dergoing TKA did have higher rates of renal disease,
malnutrition, heart failure, and diabetes, all of which have
been shown to have increased complication rates after
arthroplasty [25, 26]. When controlling for demographics
and comorbidities, however, infected patients undergoing
revision TKA had higher rates of complications, read-
mission, reoperation, and mortality. Value-based models
that incentivize providers based on outcomes instead of
volume [22] should account for infected patients un-
dergoing revision TKA, who have an inherently higher risk
of complications and resource utilization in an episode of
care. Our data agree with prior studies demonstrating the
increased clinical and financial burden of infected re-
vision TKA [13, 27]. Although some of these clinical risk
factors are modifiable in primary TKA, a patient un-
dergoing joint débridement or resection arthroplasty for
PJI may not be able to spend weeks or months improving
his or her medical condition in advance of what some-
times is urgent surgery. Such patients should also be
counseled preoperatively about the inherent high risk of
the procedure.

When analyzing differences in specific complications,
patients with infected TKAs undergoing revision had
higher risks of sepsis, wound infection, shock, and renal

failure than patients undergoing revision TKA in the ab-
sence of infection. These results could be explained by
prior studies that have shown that infected patients un-
dergoing revision TKA have greater hemodynamic varia-
tion and blood loss than aseptic patients [28]. Other studies
have linked PJI to higher rates of DVT in patients un-
dergoing revision arthroplasty [10], but we found no in-
crease when controlling for other confounding variables.
Although we excluded minor complications such as uri-
nary tract infection that would likely only have a negligible
effect on episode-of-care costs, infected patients un-
dergoing revision TKA have higher rates of serious com-
plications, many of which require prolonged hospital
admission and utilization of healthcare resources.

Patients undergoing revision TKA for infection have
higher 30-day complication, readmission, reoperation, and
mortality rates than aseptic patients undergoing revision
TKA. Without risk adjustment to current alternative pay-
ment and quality reporting models to carve out treatment of
PJI as a different category in a revision bundle, there will be
a financial disincentive to care for infected patients un-
dergoing TKA, which may ultimately lead to loss of access
to care for patients. We hope our large series from a vali-
dated, national database can help influence policymakers to
adjust reimbursement for providers caring for patients with
infected TKA or exclude them from value-based payment
models.
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