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Abstract

Background For patients with failed surgical treatment of

an infected TKA, salvage operations such as arthrodesis or

above-knee amputation (AKA) may be considered. Clinical

and institutional factors associated with AKA and

arthrodesis after a failed TKA have not been investigated in

a large-scale population, and the utilization rate and trend

of these measures are not well known.

Questions/purposes (1) How has the frequency of

arthrodesis and AKA after infected TKA changed over the

last 10 years? (2) What clinical or institutional factors are

associated with patients undergoing arthrodesis or AKA?

(3) What is the risk of mortality after arthrodesis or AKA?

Methods The Medicare 100% National Inpatient Claims

Database was used to identify 44,466 patients 65 years of

age or older who were diagnosed with an infected TKA and

who underwent revision between 2005 and 2014 based on

International Classification of Diseases, 9th Revision,

Clinical Modification codes. Overall, 1182 knee arthrode-

ses and 1864 AKAs were identified among the study

population. One year of data before the index infection-

related knee revision were used to examine patient demo-

graphic, institutional, and clinical factors, including

comorbidities, hospital volumes, and surgeon volumes. We

developed Cox regression models to investigate the risk of

arthrodesis, AKA, and death as outcomes. In addition, the

year of the index revision was included as a covariate to

determine if the risk of subsequent surgical interventions

was changing over time. The risk of mortality was also

assessed as the event of interest using a similar multivariate

Cox model for each patient group (arthrodesis, AKA) in

addition to those who underwent additional revisions but

who did not undergo either of the salvage procedures.

Results The number of arthrodesis (hazard ratio [HR],

0.90, p \ 0.001) and amputation (HR, 0.95, p \ 0.001)

procedures showed a declining trend. Clinical factors

associated with arthrodesis included acute renal failure

(HR, 1.22 [1.06–1.41], p = 0.006), obesity (HR, 1.58 [1.35–

1.84], p\ 0.001), and having additional infection-related

revisions (HR for 2+ additional revisions, 1.36 [1.13–

1.64], p = 0.001). Higher Charlson comorbidity score (HR

for a score of 5+ versus 0, 2.56 [2.12–3.14], p\ 0.001),

obesity (HR, 1.14 [1.00–1.30], p = 0.044), deep vein

thrombosis (HR, 1.34 [1.12–1.60], p = 0.001), and addi-

tional revisions (HR for 2+ additional revisions, 2.19

[1.91–2.49], p\0.001) were factors associated with AKA,
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which in turn was an independent risk factor for mortality.

The risk of death increased with amputation after adjusting

for age, comorbidities, and other factors (HR, 1.28 [1.20–

1.37], p\0.001), but patients who received arthrodesis did

not show a change in mortality compared with the patients

who did not receive arthrodesis or amputation (HR, 1.00

[0.91–1.10], p = 0.971).

Conclusions The findings of this study suggest that

clinicians may be more aggressively attempting to preserve

the knee even in the face of chronic prosthetic joint

infection but also show that a greater number of revisions is

associated with a greater risk of subsequent AKA or

arthrodesis. The results also suggest that recommending

centers with a high volume of joint arthroplasties may be a

way to reduce the risk of the salvage procedures.

Level of Evidence Level III, therapeutic study.

Introduction

Prosthetic joint infection (PJI) is a serious complication of

TKA and is the most common reason for revision [2].

Despite best efforts, the recurrence of infection is not

uncommon, occurring in 8% to 16% of patients treated for

PJI [10, 22], and salvage operations such as arthrodesis or

above-knee amputation (AKA) may be considered after

other treatment options have been exhausted [16, 17].

Arthrodesis and AKA present obvious disadvantages as

salvage procedures for patients because they are associated

with poor function and substantial activity limitations in

this patient population. Fedorka et al. [6] reported that only

half of the patients who received an AKA could walk,

confirming results from other studies [8, 21]. In a recent

study comparing the outcome of arthrodesis and AKA,

arthrodesis was shown to have a higher risk of postopera-

tive infection compared with AKA [4], possibly as a result

of the presence of hardware in the knee. In addition, the

possibility of nonunion can lead to failure of this operation

[23], and patients after arthrodesis have been reported to

experience persistent pain and impairment of quality of life

[14, 20].

Despite such severe consequences, few studies have

investigated the frequency of receiving an arthrodesis or

AKA or the risk factors associated with these procedures.

The studies that have been conducted primarily focus on

the functional outcome rather than risk factors and are

mostly based on a single-institution series with a small

sample size as a result of the rarity of performing such

salvage procedures [4, 8, 15, 21]. Understanding risk fac-

tors is informative in formulating a preventive care plan

and can provide insight into identifying any institutional or

systemic measures that can be implemented to reduce the

risk of these procedures.

Therefore, we asked: (1) How has the frequency of

arthrodesis and AKA after infected TKA changed over the

last 10 years? (2) What clinical or institutional factors are

associated with patients undergoing arthrodesis or AKA?

(3) What is the risk of mortality after arthrodesis or AKA?

Materials and Methods

Data Sources

For this study, the Medicare Inpatient Claims Database was

used to identify a cohort of patients who received infection-

related revision TKAs from January 1, 2005, through

December 31, 2014. In addition, patients who subsequently

underwent AKA and/or arthrodesis were identified. The

hospital data were accessed in the Medicare limited data

set (LDS) format, which represents the fee-for-service

claims submitted by hospitals to the Centers for Medicare

& Medicaid Services for processing and does not include

claims associated with beneficiaries enrolled in health

maintenance organizations (HMOs) and other private

health insurance plans. Each beneficiary in these LDS files

is identified by a synthetic but unique number, allowing

tracking of the individual patient for any subsequent

complications.

Revision knee arthroplasties, AKA, and arthrodesis were

identified using the International Classification of Diseases,

9th Revision, Clinical Modification (ICD-9-CM) procedure

codes. Patients had to be 65 years of age or older at the time

of the revision and residing within the 50 United States.

Periprosthetic joint infection was identified by the diag-

nosis code 996.66 on the same record as the revision. In

addition, each beneficiary must have been enrolled in

Medicare for at least 1 year before admission for the index

revision knee arthroplasty. This preoperative, 1-year look-

back period was used to identify prior morbidities and

capture diagnoses and procedures performed before the

revision for establishing the general health status of the

patient at the time of the surgery. The primary TKA that led

to the infection-related index revision could be more than 1

year before the index revision. Patients entered the cohort

continuously during the study period, starting on January 1,

2005, and were followed until the end of the study period

(December 31, 2014), patient’s death, or patient’s with-

drawal from Medicare, which included withdrawal from

conventional fee-for-service Medicare and enrollment in

Medicare-HMO programs, where claims are not submitted

to the Centers for Medicare & Medicaid Services. The

patient’s status was tracked using the matching 2005 to

2014 Medicare annual enrollment files, which provide age,

resident state, entitlement status, and other enrollment

information. Patients younger than 65 years old, those
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residing outside of the 50 states, or those enrolled in

Medicare-HMO programs were excluded from this study.

The Medicare LDS hospital data identified 93,345 infec-

tion-related knee revisions from 2005 to 2014. After applying

the exclusions and accounting for multiple revisions per

patient, 44,466 patients remained, which included 41,420

patients who neither received arthrodesis nor amputation,

1182 who received arthrodesis, and 1864 who received an

AKA. A small fraction of the revision arthroplasty cohort

patients (approximately 0.25%) received arthrodesis and

ultimately an AKA. These patients were analyzed as part of

the AKA group to avoid including them in both the

arthrodesis and AKA groups. Total hospital charges, Medi-

care payments, and total lengths of stay of the first infection-

related revision were also examined and reported.

Determining Risk and Associated Factors

The two primary clinical outcomes were knee arthrodesis

and AKA. The patient’s recurring need for additional

revision and mortality were also studied. The Cox pro-

portional hazard regression was used to evaluate the

relative risk of knee arthrodesis and AKA after the initial

revision knee arthroplasty. Death is a strong competing risk

for these patients and many patients did not survive the

followup period. Thus, the cumulative incidence function

(CIF) extension of the conventional Cox model was used to

evaluate the relative risk of these clinical outcomes.

Amputation is also treated as a competing risk for addi-

tional revision or arthrodesis. Death before the end of the

study and without first experiencing the arthrodesis or

amputation is a competing risk censoring, which was sep-

arately identified from right-censoring as a result of end of

study for the CIF calculation. For descriptive purposes,

conventional survival plots were also generated using

cause-specific hazard estimation. The factors evaluated

included the patient’s age, sex, race, resident census region,

economic status using state Medicare buy-in as a proxy,

and overall health status as captured by the Charlson

Comorbidity Index. Specific comorbidity indicators for

diabetes, obesity, heart failure, pulmonary disease, and

acute renal failure were included to capture the effects

beyond the overall health status characterized by the

Charlson Index. Institutional factors included were hospital

ownership (eg, private), bed size, teaching or nonteaching

status, and urban/rural location. In addition, two volume

measures treated as proxy variables for experience were

included, quantifying the approximate annual joint

arthroplasty procedures performed at the facility and per-

formed by the physician for Medicare patients.

The data and results reported in our study were pro-

cessed and analyzed using SAS1 9.4 statistical software

(SAS1 Institute Inc, Cary, NC, USA). P-values \ 0.05

were considered statistically significant.

Results

Frequency of Above-Knee Amputation and Arthrodesis

In the years examined (2005–2014), the number of

arthrodesis and amputation procedures showed a declining

trend despite the increase in infection-related revisions. In

2005, there were 4147 infection-related revisions, of which

253 eventually required amputation, and 169 had

arthrodesis. In 2013, by contrast, there were 4854 PJI

revisions but only 129 amputations and 73 arthrodeses.

Adjusted for other factors, the risk for arthrodesis

decreased from year to year (hazard ratio [HR], 0.90 [0.88–

0.92], p\ 0.001) and similarly also for amputation (HR,

0.95 [0.93–0.97], p\0.001). One year after the infection-

related revision knee arthroplasty, the risk for arthrodesis

and amputation were both at approximately 2.5%, as

shown in a plot of the unadjusted CIF for arthrodesis and

amputation (Fig. 1). The risk for amputation was higher

than arthrodesis in later years, leveling off at 7% compared

with 4% for arthrodesis at 10 years. Of all infection-related

revisions identified in the study period, 14,625 of 44,466

(30%) patients underwent an additional surgery (amputa-

tion, arthrodesis, or another revision), which included AKA

in 1864 of 44,466 (4%) and arthrodesis in 1182 of 44,466

(3%) (Table 1). The median time from the first index

infection-related revision to arthrodesis and AKA was 6

and 11 months, respectively.

Factors Associated With Above-Knee Amputation and

Arthrodesis

Sex, age, residence region, and the patient’s eligibility for

state buy-in of Medicare (as a proxy for economic status)

are factors associated with AKA (HR for female [sex], 0.81

[0.74–0.90], p\ 0.001; HR for 70–74 years versus 65–69

[age], 0.85 [0.75–0.96], p = 0.009; HR for Midwest versus

South [residence region], 0.83 [0.73–0.95], p = 0.005; HR

for Medicare buy-in, 1.74 [1.54–1.97], p\0.001), whereas

arthrodesis was only associated with state buy-in of

Medicare (HR, 1.65 [1.43–1.93], p \ 0.001) (Table 2).

Patients who received aid to pay for Medicare had a much

greater risk of receiving either an AKA or an arthrodesis.

Institution-related factors at the time of the index revision

were not associated factors for arthrodesis with the

exception of the volume of total joint arthroplasties (TJAs)

performed in the hospital (HR for increment of 100 TJAs

per hospital, 0.96 [0.94–0.99], p = 0.018). For AKA,
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hospital size as well as hospital and surgeon volume of

TJAs were associated hospital-related factors (HR for

500+ versus\150 hospital bed size, 1.29 [1.08–1.54], p =

0.005; HR for increment of 100 TJAs per hospital, 0.96

[0.94–0.98], p\0.001; HR for increment of 100 TJAs per

surgeon, 0.99 [0.98–1.00], p = 0.010). The results showed

that larger hospital size and hospitals with larger TJA

volume were associated with a reduced risk of a patient

receiving AKA. In addition, having a higher Charlson

Index score at the time of the index revision (HR for a

score of 5+ versus 0, 2.56 [2.12–3.14], p \ 0.001) or

having additional revisions (HR for 2+ versus 0 additional

revision, 2.19 [1.91–2.49], p \ 0.001) was a strong risk

factor for AKA. Other comorbidities that resulted in a

higher risk of amputation were deep vein thrombosis (HR,

1.34 [1.12–1.60, p = 0.001] and obesity (HR, 1.14 [1.00–

1.30], p = 0.044). For arthrodesis, increased risk was

associated with acute renal failure (HR, 1.22 [1.06–1.41],

p = 0.006). Risk of arthrodesis also increased with addi-

tional revisions (HR for 2+ versus 0 additional revision,

1.36 [1.13–1.64], p = 0.001) and obesity (HR, 1.58 [1.35–

1.84], p\ 0.001) but did not increase with the Charlson

Index. The risk of receiving amputation and arthrodesis

procedures was much higher if additional revisions were

performed.

Mortality and Above-Knee Amputation, Arthrodesis,

and Additional Revisions

The risk of death increased with amputation and decreased

with additional revisions after adjusting for age, comor-

bidities, and other factors (Table 3). Patients who received

amputation had 28% higher mortality risk than those who

did not receive either salvage procedure (HR, 1.28 [1.20–

1.37], p \ 0.001). In contrast, patients who received

arthrodesis did not show a change in mortality compared

with the patients who did not receive arthrodesis or ampu-

tation (HR, 1.00 [0.91–1.10], p = 0.971; Fig. 2). Patients

who received one additional revision had a 27% lower risk

of death (HR, 0.73 [0.70–0.75], p\ 0.001), and those who

received two or more additional revisions had a 34% lower

mortality risk (HR, 0.66 [0.61–0.70], p\0.001). The mean

survival time for patients who did not undergo amputation or

arthrodesis was 6.8 years compared with 5.7 years for the

amputation group and 6.6 years for the arthrodesis group.

Fig. 1 Cumulative incidence function for amputation and arthrodesis after infection-related knee revision is presented.
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Discussion

Salvage procedures such as arthrodesis or AKA are occa-

sionally needed for patients with persistent infection who

are not candidates for reconstruction. Clinical and institu-

tional factors associated with these drastic procedures after

a failed TKA have not been investigated in a large-scale

population, and the utilization rate, trend, and mortality

risk of these drastic measures are not well known. Under-

standing the frequency and factors associated with the need

for salvage operations provides payers with helpful infor-

mation and may also help physicians decide on treatment

options and recommend preventive measures. In this study,

we showed that the number of AKA and arthrodesis pro-

cedures has declined in the past decade and that various

clinical and institutional factors are associated with these

procedures. In addition, the mortality risk was determined

to be higher for patients with AKA, whereas patients with

arthrodesis were not associated with a lower or higher risk

of mortality.

Limitations of the study include using the Medicare

administrative claims data that are based on a patient

population older than 65 years and in which clinical

information is limited to the diagnosis and procedures

Table 1. Revision knee arthroplasty with infection patient characteristics, 2005–2014

Patient characteristic Amputated Arthrodesis None

Sex

Male 960 (52%) 537(45%) 19,863 (48%)

Female 904 (48%) 645 (55%) 22,557 (52%)

Age groups (years)

65–69 606 (33%) 352 (30%) 11,881 (29%)

70–74 459 (25%) 325 (27%) 10,629 (26%)

75–79 401 (22%) 272 (23%) 9279 (22%)

80–84 262 (14%) 158 (13%) 6221 (15%)

85+ 136 (7%) 75 (6%) 3410 (8%)

Race

White 1620 (87%) 1020 (86%) 37,225 (90%)

Black 180 (10%) 114 (10%) 2751 (7%)

Others 64 (3%) 48 (4%) 1444 (3%)

Region

Midwest 485 (26%) 346 (29%) 11,551 (28%)

Northeast 263 (14%) 222 (19%) 6955 (17%)

South 847 (45%) 463 (39%) 16,088 (39%)

West 269 (14%) 151 (13%) 6826 (16%)

Charlson Index

0 417 (22%) 339 (29%) 14,262 (34%)

1–2 751 (40%) 491 (42%) 17,137 (41%)

3–4 422 (23%) 245 (21%) 6838 (17%)

5+ 274 (15%) 107 (9%) 3183 (8%)

Additional revisions

0 1153 (62%) 763 (65%) 29,841 (72%)

1 432 (23%) 299 (25%) 8934 (22%)

2+ 279 (15%) 120 (10%) 2645 (6%)

Total 1864 1182 41,420

Age (years)* (mean ± SD) 74 ± 7 74 ± 6 74 ± 7

Length of stay (days)* (mean ± SD) 10 ± 8 9 ± 8.5 7.5 ± 7

Hospital charge* (mean ± SD) USD 99,605 ± 92,635 USD 90,166 ± 86,353 USD 84,838 ± 82,547

Centers for Medicare & Medicaid

Services payment* (mean ± SD)

USD 22,173 ± 15,502 USD 21,465 ± 20,877 USD 19,982 ± 14,598

Followup period (years) (mean ± SD) 4 ± 3 5 ± 3 4 ± 3

* At the time of the initial revision.
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Table 2. Hazard ratios and 95% confidence intervals comparing the risk of receiving an amputation or arthrodesis

Patient demographic

factors

Level Amputation Arthrodesis

HR (95% CI) p value HR (95% CI) p value

Patient demographic factors

Sex Male 1.00 – – 1.00 – –

Female 0.81 (0.74–0.90) \ 0.001 0.98 (0.87–1.11) 0.781

Age (years) 65–69 1.00 – – 1.00 – –

70–74 0.85 (0.75–0.96) 0.009 1.07 (0.92–1.24) 0.386

75–79 0.84 (0.74–0.96) 0.012 1.03 (0.88–1.20) 0.720

80–84 0.86 (0.73–1.01) 0.058 0.93 (0.77–1.13) 0.477

85+ 0.89 (0.73–1.07) 0.208 0.87 (0.67–1.14) 0.309

Race White 1.00 – – 1.00 – –

Black 1.09 (0.91–1.30) 0.351 1.15 (0.94–1.41) 0.165

Other 0.79 (0.62–1.00) 0.052 1.03 (0.77–1.37) 0.848

Medicare Buy-in No buy-in 1.00 – – 1.00 – –

Buy-in 1.74 (1.54–1.97) \ 0.001 1.65 (1.35–1.84) \ 0.001

Resident region South 1.00 – – 1.00 – –

Midwest 0.83 (0.73–0.95) 0.005 1.05 (0.90–1.24) 0.514

Northeast 0.78 (0.66–0.94) 0.005 1.15 (0.94–1.41) 0.176

West 0.80 (0.68–0.95) 0.011 0.79 (0.64–0.96) 0.018

Year 2005–2014 0.95 (0.94–0.97) \ 0.001 0.90 (0.88–0.92) \ 0.001

Hospital factors Level Amputation Arthrodesis

HR (95% CI) p value HR (95% CI) p value

Institutional factors

Type Nonteaching 1.00 – – 1.00 – –

Teaching 0.95 (0.85–1.07) 0.411 1.00 (0.86–1.16) 0.990

Region Urban 1 – – 1.00 – –

Rural 1.06 (0.90–1.24) 0.516 0.98 (0.79–1.21) 0.837

Ownership Private 1.00 – – 1.00 – –

Nonprofit 1.08 (0.96–1.23) 0.207 1.03 (0.87–1.23) 0.723

Public 1.09 (0.93–1.27) 0.296 0.88 (0.70–1.10) 0.247

Bed size 1–149 1.00 – – 1.00 – –

150–299 1.10 (0.93–1.30) 0.248 0.94 (0.77–1.15) 0.551

300–499 1.30 (1.09–1.54) 0.003 1.07 (0.87–1.31) 0.537

500+ 1.29 (1.08–1.54) 0.005 1.06 (0.84–1.32) 0.643

Hospital volume Additional 100/year 0.96 (0.94–0.98) \ 0.001 0.96 (0.94–0.99) 0.018

Surgeon volume Additional 10/year 0.99 (0.98–1.00) 0.010 0.99 (0.98–1.00) 0.101

Comorbidities Level Amputation Arthrodesis

HR (95% CI) p value HR (95% CI) p value

Patient clinical factors

Charlson Index 00 1.00 – – 1.00 – –

1–2 1.36 (1.19–1.56) \ 0.001 1.06 (0.91–1.23) 0.475

3–4 1.86 (1.59–2.17) \ 0.001 1.26 (1.05–1.52) 0.015

5+ 2.56 (2.12–3.14) \ 0.001 0.89 (0.89–1.50) 0.271

Additional revisions 0 1.00 – – 1.00 – –

1 1.14 (1.03–1.28) 0.015 1.17 (1.02–1.34) 0.022

2+ 2.19 (1.91–2.49) \ 0.001 1.36 (1.13–1.64) 0.001
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listed on the record based on the ICD-9-CM codes.

Specifically, the database does not provide information

regarding the side of the knee on which the procedures are

performed and therefore requires the assumption that the

knee revised for infection is the knee that was either

amputated or had an arthrodesis procedure. This assump-

tion is reasonable given the drastic measures of amputation

and arthrodesis, which are considered last resort measures

for PJI after performing a revision. In addition, the revi-

sions identified in the database do not indicate whether the

patient received a single-stage or two-stage revision; a two-

stage revision would have most likely been considered as

two separate revisions. In defining the arthrodesis and

AKA patient groups, the small number of patients who

received an arthrodesis followed by an AKA were assigned

to the AKA patient group; these patients were approxi-

mately 0.25% of the overall number of patients, and not

including them in the arthrodesis group is not expected to

change the results of the study. The risk factors for

amputation and arthrodesis were also based on comor-

bidities that were identifiable using ICD codes only and did

not consider other important clinical factors such as bone

quality, patient mobility, or patient response to

antimicrobial treatment. Perhaps one of the most important

limitations of the database is the lack of microbiology data,

namely the type of infecting organism, that is known to

influence the outcome of surgical procedures for infection

[7, 13]. The results of this study should be understood with

this limitation but may aid surgeons in identifying high-risk

patients.

The Medicare population included in the study received

more AKA procedures compared with arthrodeses, and the

risk of receiving either operation decreased over time.

These findings suggest that clinicians may be more

aggressively attempting to preserve the knee even in the

face of chronic PJI. This result is in agreement with a study

by Carr et al. [4] that showed an increasing trend toward

AKA compared with arthrodesis. Although poor functional

outcomes of AKA have been widely reported [6, 8, 21],

patients with persistent infection have limited options; the

relative increase of AKA compared with arthrodesis may

be the result of the similarly unsatisfactory outcome of

arthrodesis [20] and reported patient satisfaction of AKA

despite poor functional outcomes [9].

Multiple clinical and institutional factors were found to

be associated with the risk of receiving an AKA or

Table 3. Hazard ratios and 95% confidence intervals of amputation, arthrodesis, and additional revisions for risk of mortality

Treatment Level Death

HR (95% CI) p value

Outcome None 1.00 – –

Amputation 1.28 (1.20–1.37) \ 0.001

Arthrodesis 1.00 (0.91–1.10) 0.971

Additional revisions 0 1.00 – –

1 0.73 (0.70–0.75) \ 0.001

2+ 0.66 (0.61–0.70) \ 0.001

HR = hazard ratio; CI = confidence interval.

Table 2. continued

Comorbidities Level Amputation Arthrodesis

HR (95% CI) p value HR (95% CI) p value

Acute myocardial

infarction

Y 0.98 (0.76–1.27) 0.894 0.90 (0.62–1.31) 0.589

Acute renal failure Y 1.10 (0.99–1.23) 0.080 1.22 (1.06–1.41) 0.006

Deep vein thrombosis Y 1.34 (1.12–1.60) 0.001 0.93 (0.72–1.22) 0.612

Diabetes Y 1.09 (0.98–1.21) 0.104 1.13 (0.98–1.30) 0.085

Obesity Y 1.14 (1.00–1.30) 0.044 1.58 (1.35–1.84) \ 0.001

Pulmonary embolism Y 0.92 (0.66–1.30) 0.640 1.19 (0.80–1.76) 0.389

Pneumonia Y 1.11 (0.95–1.29) 0.182 0.83 (0.67–1.03) 0.086

HR = hazard ratio; CI = confidence interval; Y = yes.
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arthrodesis, including Medicare buy-in, hospital volume of

TJA, obesity, and additional revisions. Medicare buy-in

status and obesity have also been shown to be risk factors

for developing PJI after a primary TKA, indicating that

patients who are at a higher risk of developing PJI in the

first place continue to be at high risk for recurrent infection

[11, 12, 18, 19]. The outcome of surgical intervention

appears to be better in institutions that perform a higher

volume of arthroplasty or infection-related revisions. This

result suggests that such institutions are capable of pro-

viding better care and should be recommended for

management of complex PJI. Other studies have also

shown that better outcomes occur in hospitals that conduct

a higher number of lower extremity joint arthroplasties

[1, 3]. High-volume hospitals are advantageous with

respect to having access to multidisciplinary teams,

including plastic surgeons, infectious disease consultants,

and surgeon specialists who may not always be available at

lower volume hospitals. Such factors may contribute to

lowering the risk of AKA and arthrodesis. In addition,

understanding the clinical factors associated with AKA and

arthrodesis such as obesity and renal failure may help

clinicians identify high-risk patients to monitor them more

closely after an infection-related revision or guide physi-

cians to address these comorbidities before subjecting

patients to these salvage operations.

Mortality risk among this cohort of patients undergoing

infection-related knee revision showed several revealing

patterns. Patients who had to be amputated, with or without

any additional revisions, showed worse survival, which is

in agreement with previous studies indicating poor func-

tional outcomes for patients undergoing AKA [3, 5, 18].

Interestingly, patients who had additional attempts at

treatment for the recurrent infection were associated with a

lower risk of death despite being also a strong factor for

amputation. This result also indicates that although the risk

of amputation is high with additional revisions, if the

revision is successful, the patient will have a higher chance

of survival. Arthrodesis did not have any effect on survival.

The cause of death is not available from the Medicare data,

but one can suspect a loss of functionality, decreased

quality of life, and reduced mobility associated with

amputation may have contributed toward an increased risk

of death. Although both arthrodesis and AKA may be

considered to have poor functional outcomes

[4, 6, 8, 14, 20, 21, 23] with some studies showing

Fig. 2 The percentage of patient survival after the initial infection-related knee revision is shown for patients who received an amputation or

arthrodesis in addition to patients who did not receive either of these salvage operations.
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arthrodesis as having higher failure rates, the difference in

the mortality risk between the two procedures may be the

result of the mental well-being of the patient. In a study

comparing AKA and arthrodesis outcomes, Chen et al.

showed that the patients with arthrodesis had better mental

scores, most likely because they preserved their leg [5].

Further investigation is necessary to understand whether

the lower mortality of patients undergoing arthrodesis is

the result of the procedure itself or whether other clinical

factors such as the mental well-being or rehabilitation

methods of the patient have an effect.

The data from the Medicare population over the last

decade demonstrate that there has been a reduction in the

risk of patients receiving a salvage operation such as

arthrodesis or amputation. These results indicate that

clinicians have been increasingly more successful with

attempts of additional revisions. However, this study also

indicates that additional revisions are associated with

increased risk of AKA and arthrodesis. Another important

finding is the lower risk of AKA and arthrodesis being

associated with institutions that perform a higher volume of

arthroplasty or infection-related revisions, suggesting that

such institutions that are capable of providing better care

should be recommended for management of complex PJI.

Data from examining the mortality risk of patients with

AKA or arthrodesis indicate that those who receive AKA

are at a higher risk of death, whereas receiving an

arthrodesis did not have any effect on patient survival. If a

salvage operation is determined to be necessary, the patient

and clinician need to consider the advantages and disad-

vantages of an AKA versus arthrodesis. In this decision, the

mortality risk results presented in this study can be con-

sidered in conjunction with known functional and clinical

outcomes of each procedure.

References

1. Baker P, Jameson S, Critchley R, Reed M, Gregg P, Deehan D.

Center and surgeon volume influence the revision rate following

unicondylar knee replacement: an analysis of 23,400 medial

cemented unicondylar knee replacements. J Bone Joint Surg Am.

2013;95:702–709.

2. Bozic KJ, Kurtz SM, Lau E, Ong K, Chiu V, Vail TP, Rubash

HE, Berry DJ. The epidemiology of revision total knee

arthroplasty in the United States. Clin Orthop Relat Res.

2010;468:45–51.

3. Bozic KJ, Maselli J, Pekow PS, Lindenauer PK, Vail TP, Auer-

bach AD. The influence of procedure volumes and

standardization of care on quality and efficiency in total joint

replacement surgery. J Bone Joint Surg Am. 2010;92:2643–2652.

4. Carr JB 2nd, Werner BC, Browne JA. Trends and outcomes in the

treatment of failed septic total knee arthroplasty: comparing

arthrodesis and above-knee amputation. J Arthroplasty.

2016;31:1574–1577.

5. Chen AF, Kinback NC, Heyl AE, McClain EJ, Klatt BA. Better

function for fusions versus above-the-knee amputations for

recurrent periprosthetic knee infection. Clin Orthop Relat Res.

2012;470:2737–2745.

6. Fedorka CJ, Chen AF, McGarry WM, Parvizi J, Klatt BA.

Functional ability after above-the-knee amputation for infected

total knee arthroplasty. Clin Orthop Relat Res. 2011;469:1024–

1032.

7. Fulkerson E, Valle CJ, Wise B, Walsh M, Preston C, Di Cesare

PE. Antibiotic susceptibility of bacteria infecting total joint

arthroplasty sites. J Bone Joint Surg Am. 2006;88:1231–1237.

8. Isiklar ZU, Landon GC, Tullos HS. Amputation after failed total

knee arthroplasty. Clin Orthop Relat Res. 1994;299:173–178.

9. Khanna V, Tushinski DM, Soever LJ, Vincent AD, Backstein DJ.

Above knee amputation following total knee arthroplasty: when

enough is enough. J Arthroplasty. 2015;30:658–662.

10. Kubista B, Hartzler RU, Wood CM, Osmon DR, Hanssen AD,

Lewallen DG. Reinfection after two-stage revision for peripros-

thetic infection of total knee arthroplasty. Int Orthop.

2012;36:65–71.

11. Kurtz SM, Ong KL, Lau E, Bozic KJ, Berry D, Parvizi J. Pros-

thetic joint infection risk after TKA in the Medicare population.

Clin Orthop Relat Res. 2010;468:52–56.

12. Meller MM, Toossi N, Johanson NA, Gonzalez MH, Son MS,

Lau EC. Risk and cost of 90-day complications in morbidly and

superobese patients after total knee arthroplasty. J Arthroplasty.

2016;31:2091–2098.

13. Mittal Y, Fehring TK, Hanssen A, Marculescu C, Odum SM,

Osmon D. Two-stage reimplantation for periprosthetic knee

infection involving resistant organisms. J Bone Joint Surg Am.

2007;89:1227–1231.

14. Morrey BF, Westholm F, Schoifet S, Rand JA, Bryan RS. Long-

term results of various treatment options for infected total knee

arthroplasty. Clin Orthop Relat Res. 1989;248:120–128.

15. Mortazavi SM, Schwartzenberger J, Austin MS, Purtill JJ, Parvizi

J. Revision total knee arthroplasty infection: incidence and pre-

dictors. Clin Orthop Relat Res. 2010;468:2052–2059.

16. Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W,

Steckelberg JM, Rao N, Hanssen A, Wilson WR, Infectious

Diseases Society of America. Diagnosis and management of

prosthetic joint infection: clinical practice guidelines by the

Infectious Diseases Society of America. Clin Infect Dis.

2013;56:e1–e25.

17. Parvizi J, Zmistowski B, Adeli B. Periprosthetic joint infection:

treatment options. Orthopedics. 2010;33:659.

18. Peersman G, Laskin R, Davis J, Peterson M. Infection in total

knee replacement: a retrospective review of 6489 total knee

replacements. Clin Orthop Relat Res. 2001;392:15–23.

19. Rezapoor M, Parvizi J. Prevention of periprosthetic joint infec-

tion. J Arthroplasty. 2015;30:902–907.

20. Rohner E, Windisch C, Nuetzmann K, Rau M, Arnhold M,

Matziolis G. Unsatisfactory outcome of arthrodesis performed

after septic failure of revision total knee arthroplasty. J Bone

Joint Surg Am. 2015;97:298–301.

21. Sierra RJ, Trousdale RT, Pagnano MW. Above-the-knee ampu-

tation after a total knee replacement: prevalence, etiology, and

functional outcome. J Bone Joint Surg Am. 2003;85:1000–1004.

22. Toms AD, Davidson D, Masri BA, Duncan CP. The management

of peri-prosthetic infection in total joint arthroplasty. J Bone Joint

Surg Br. 2006;88:149–155.

23. Van Rensch PJ, Van de Pol GJ, Goosen JH, Wymenga AB, De

Man FH. Arthrodesis of the knee following failed arthroplasty.

Knee Surg Sports Traumatol Arthrosc. 2014;22:1940–1948.

Volume 475, Number 12, December 2017 Are Salvage Operations Increasing Over Time? 2913

123


	What Are the Frequency, Associated Factors, and Mortality of Amputation and Arthrodesis After a Failed Infected TKA?
	Abstract
	Background
	Questions/purposes
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Materials and Methods
	Data Sources
	Determining Risk and Associated Factors

	Results
	Frequency of Above-Knee Amputation and Arthrodesis
	Factors Associated With Above-Knee Amputation and Arthrodesis
	Mortality and Above-Knee Amputation, Arthrodesis, and Additional Revisions

	Discussion
	References




