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Abstract

Background Above-knee amputation (AKA) is a rare but

devastating complication of TKA. Although racial dispar-

ities have been previously reported in the utilization of

TKA, it is unclear whether disparities exist in the rates of

AKA after TKA.

Questions/purposes (1) Which gender-racial group has

the highest rate of AKA from septic and aseptic

complications of TKA? (2) Which age groups have higher

rates of AKA from septic and aseptic complications of

TKA?

Methods Using National Inpatient Sample data from

2000 to 2011, AKAs resulting from complications of TKA

were identified using a combination of International Clas-

sification of Diseases, 9th Revision procedure and

diagnosis codes. Of the 341,954 AKAs identified, 9733

AKAs were the result of complications of TKA (septic

complications = 8104, aseptic complications = 1629).

Standardized AKA rates were calculated for different age

and gender- racial groups by dividing the number of AKAs

in each group with the corresponding number of TKAs.

Standardized rate ratios were calculated after adjusting for

demographics and comorbidities.

Results After adjusting for age and comorbidities, black

men had the highest rate of AKA after TKA (adjusted rate

in black men = 578 AKAs per 100,000 TKAs, standardized

rate ratio [SRR] = 4.32 [confidence interval {CI}, 3.87–

4.82], p\ 0.001). Black men also had the highest rate of

AKA after septic complications of TKA (p\ 0.001). The

adjusted rates of AKA were higher in patients younger than

50 years (adjusted rate = 473, SRR = 3.14 [CI, 2.94–3.36],

p\ 0.001) and older than 80 years (adjusted rate = 297,

SRR = 1.85 [CI, 1.76–1.95], p\ 0.001).

Conclusions The rising demand for TKA has led to an

increase in the number of AKAs performed for complica-

tions of TKA in the United States. Although we did not find

an increase in the rate of AKA during the study period,

certain populations, including black men and patients older

than 80 years and younger than 50 years, had higher rates

of AKA. Further studies are required to understand the

reasons for these disparities and measures should be

undertaken to eliminate these disparities.

Level of Evidence Level III, therapeutic study.
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Introduction

TKA is considered to be one of the most effective proce-

dures in orthopaedic surgery, relieving the suffering of

millions of people with arthritis and improving their quality

of life [11, 27]. Despite the documented benefits of TKA,

racial and ethnic disparities have been reported in the uti-

lization of TKA in the United States [2, 4]. In addition to

the disparities in TKA utilization, studies have also

demonstrated disparities with respect to outcomes and

complications of TKA [28]. However, these studies were

mostly limited to in-hospital complications and patient-

reported outcomes [16]. Above-knee amputation (AKA) is

a rare but serious complication of TKA. The reported

prevalence of AKA after TKA ranges from 140 to 410

AKAs per 100,000 TKAs [10, 21]. The functional out-

comes after amputation are poor with approximately half of

the patients being nonambulatory after TKA-related AKAs

[6, 7]. Although racial disparities in the rates and levels of

amputation have been previously described for amputa-

tions resulting from vascular reasons, these have been

unexplored for amputations arising as a result of compli-

cations of TKA [8, 17].

Prosthetic joint infection (PJI) poses a challenge to

orthopaedic surgeons, because recurrent infections are

difficult to treat [18]. Treatment options are limited after

multiple failed revision procedures and, unfortunately,

AKA sometimes is the best treatment option. Although

persistent PJI is responsible for the vast majority of AKAs

after TKA, other TKA-related complications like

periprosthetic fractures, severe bone/soft tissue loss, and

intractable pain can also result in amputations [10, 26].

Because strategies to prevent AKA will depend on the

factors influencing the rates of AKA, it is important to

understand the sociodemographic disparities in the rates of

AKA after TKA and the contribution of PJI toward AKA.

Given the poor functional outcomes and broad societal

implications of AKA, information about demographic

disparities in AKA is crucial for policymakers and

healthcare professionals.

Therefore, we asked: (1) Which gender-racial group has

the highest rate of AKA from septic and aseptic compli-

cations of TKA? (2) Which age groups have higher rates of

AKA from septic and aseptic complications of TKA?

Materials and Methods

The Nationwide Inpatient Sample (NIS) from 2000 to 2011

was utilized for this study [22]. The institutional review

board deemed this study exempt from approval because it

used nonidentifiable information obtained from a public

source. Diagnosis and procedure information was captured

using International Classification of Diseases, 9th Revision,

Clinical Modification (ICD-9-CM) codes.

NIS data from 2000 to 2011 were retrospectively queried

to identify 341,954 AKAs, defined as discharges with a pri-

mary or secondary procedure code of 84.17 (Fig. 1). After

initially excluding patients with a diagnosis code for trau-

matic amputations or lower limb malignancies, patients were

grouped into having a diagnosis code for a complication of

TKA or a diagnosis code for other causes of AKA (peripheral

vascular disease, diabetes, soft tissue infections, etc). Because

specific ICD-9 procedure/diagnosis codes for TKA-related

AKA were not available, the amputations with a diagnosis

indicating a complication of TKA were assumed to be from a

failure of TKA (Appendix 1 [Supplemental materials are

available with the online version of CORR1.]).

All AKAs were further classified into ‘‘septic’’ or

‘‘aseptic’’ based on the underlying diagnosis. Septic AKAs

include all the procedures with any of the ICD-9 diagnosis

codes implying failure from infection of TKA or related

components. Aseptic AKAs include the amputations with

the ICD-9 diagnosis codes implying failure from causes

other than infection such as periprosthetic fractures and

dislocations. Patients with multiple diagnosis codes for

both septic and aseptic failures were classified as septic. Of

the 9733 AKAs, 8104 (83%) were a result of septic com-

plications. We also validated the results obtained using this

approach with the prevalence reported in previously pub-

lished studies. The prevalence in this study was

approximately 170 AKAs per 100,000 TKAs (0.17%),

which was in agreement with other studies reporting

prevalence ranging from 140 to 180 AKAs per 100,000

TKAs (0.14%-0.18%) in the US population [10, 26]. Also,

the proportion of AKAs resulting from septic complica-

tions in this study (83%) was similar to that reported in the

literature (76%–88%) [10, 26]. The detailed description of

the ICD-9 codes and the methodology along with the

assessments of its validity are provided (Appendix 1).

To obtain standardized rates for age and gender-racial

groups, the number of AKAs in each subgroup was divided

by the corresponding number of TKAs. Age was divided

into four groups:\50, 50 to 64, 65 to 80, and[80 years;

and race was divided into three groups: white, black, and

others (includes Hispanics, Asians, and missing values).

For this study, the Elixhauser score was used to adjust for

comorbidities and all patients were divided into three

groups based on score: score 0 to 1, score 2 to 4, and score

[ 4. All standardized rates were multiplied by 100,000 to

express the numbers as AKAs per 100,000 TKAs. The

septic burden was defined as the percentage of septic

AKAs among all AKAs (septic AKA/septic AKA +

aseptic AKA). The standardized AKA rate for a particular

year was obtained by dividing the number of AKAs in a
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particular year by the number of TKAs in the corre-

sponding year.

Statistical Analysis

The rates of TKA and AKA were stratified by age, gender,

race, and Elixhauser score and adjusted rates were calcu-

lated using the largest group as the standard population. For

example, to obtain the adjusted AKA rates for the different

gender-racial groups, the standardized AKA rate in each

gender-racial subgroup, stratified by age and Elixhauser

score, was multiplied with the corresponding distribution

of TKA among white women. Adjusted rates for various

racial groups and age groups were similarly calculated

using blacks and age 65 to 80 years as the standard

populations. Standardized rate ratios were calculated by

dividing the observed number of AKAs in a certain group

by the expected number of AKAs based on the standard

population. Poisson regression was used to evaluate the

yearly changes in the incidence of AKA. Yearly changes in

standardized AKA rates and septic burden were evaluated

with a simple linear regression model. As a result of the

stratified sampling format of the NIS, all frequencies and

analyses were converted to national estimates using

weights and accounting for the complex sample design.

Results

Black men had the highest standardized rate of AKA after

TKA (black men: 602 AKAs per 100,000 TKAs [469 of

Fig. 1 The flowchart depicts

the approach used in this study

to identify AKA along with the

ICD-9 codes. HCUP = Health-

care Cost and Utilization

Project.
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77,968], black women: 245 AKAs per 100,000 TKAs [586

of 238,939], white men = 222 AKAs per 100,000 TKAs

[3174 of 1,430,020], white women = 119 AKAs per

100,000 TKAs [2782 of 2,347,568], other men = 222

AKAs per 100,000 TKAs [1365 of 615,698], other

women = 121 [1359 of 1,123,393], p \ 0.001). After

adjusting for age and comorbidities, black men had the

highest rate of AKA (adjusted rate in black men = 763,

standardized rate ratio [SRR] = 4.71 [confidence interval

{CI}, 4.28–5.18], p\ 0.001). The adjusted rate of AKA

after septic complications of TKA was highest in black

men (adjusted rate in black men = 578 AKAs per 100,000

TKAs, SRR = 4.32 [CI, 3.87–4.82], p \ 0.001). The

adjusted rate of aseptic AKA was also highest among black

men (adjusted rate in black men = 192 AKAs per 100,000

TKAs, SRR = 6.64 [CI, 5.47–8.04], p\ 0.001).

Throughout the study period, the rates of AKA remained

high in black men (annual range = 382–921 AKAs per

100,000 TKAs) (Fig. 2). There was no significant decrease

in the rates of AKA in any of the racial-gender groups

(white men, p = 0.339; white women, p = 0.826; black

men, p = 0.131; black women, p = 0.084). Overall, black

patients had the highest rate of AKA after TKA (white =

174 AKAs per 100,000 TKAs [4555 of 2,852,603], black =

422 AKAs per 100,000 TKAs [940 of 222,727], others =

178 AKAs per 100,000 TKAs [2337 of 1,312,798], p \
0.001). After adjusting for age, gender, and comorbidities,

blacks had the highest standardized rate of AKA (adjusted

rate in blacks = 530, SRR = 2.44 [CI, 2.29–2.60], p \
0.001). The adjusted rate of AKA after septic complica-

tions of TKA was also highest in blacks (adjusted rate in

blacks = 389, SRR = 2.17 [CI, 2.02–2.34], p\ 0.001).

Patients younger than 50 years and older than 80 years

have higher rates of AKA after TKA (age\50 years = 367

AKAs per 100,000 TKAs [1170 of 319,741], age 50–64

years = 129 AKAs per 100,000 TKAs [2654 of 2,053,809],

age 65–80 years = 141 AKAs per 100,000 TKAs [4157 of

2,939,581], age[80 years = 337 AKAs per 100,000 TKAs

[1752 of 520,455], p\ 0.001). After adjusting for gender,

race, and comorbidities, compared with patients of the age

group 65 to 80 years, the adjusted rate of AKA was still

higher in patients younger than age 50 years (adjusted

rate = 473, SRR = 3.14 [CI, 2.94–3.36], p\ 0.001) and

older than 80 years (adjusted rate = 297, SRR = 1.85 [CI,

1.76–1.95], p\ 0.001). The differences in AKA rates by

age were evident throughout the study period (Fig. 2).

There was no significant decrease in the rates of AKA in

any of the age groups (age \ 50 years, p = 0.095; age

50–64 years, p = 0.252; age 65–80 years, p = 0.438; age[
80 years, p = 0.793). The adjusted rate of AKA after septic

complications was also higher in patients younger than age

50 years (adjusted rate = 353, SRR = 2.86 [CI, 2.64–3.08],

p\ 0.001) and older than 80 years (adjusted rate = 235,

SRR = 1.76 [CI, 1.67–1.86], p\ 0.001).

The annual number of AKAs increased by 107%, from

522 procedures in 2000 to 1083 procedures in 2011. There

was a significant increase in the number of AKAs from

2000 to 2011 (incidence rate ratio [IRR] = 1.06 [CI, 1.06–

1.07], p\ 0.001). The rate of increase in AKA in the first

half (2000–2005) was significantly higher than in the sec-

ond half (2006–2011) (IRR first half versus second half:

1.10 [CI, 1.08–1.12] versus 1.01 [95% CI, 1.00–1.02], p\
0.001). The mean annual standardized AKA rate was 169

AKAs per 100,000 TKAs (annual range, 133-201 AKAs

per 100,000 TKAs) (Fig. 3). Linear regression analysis did

not demonstrate a significant annual change in the stan-

dardized AKA rate (p = 0.077). From 2000 to 2011, both

septic and aseptic AKAs increased by 117% and 70%,

respectively. The annual septic burden during the study

period ranged from 76% to 89% (average = 84%). There

was no significant year-to-year change in the septic burden

over the study period (p = 0.186).

Discussion

Even with expert, contemporary prosthetic approaches,

AKA can result in severe impairment in quality of life [24],

Fig. 2A–B The figure shows the annual changes in the standardized AKA rates (per 100,000 TKAs) for various gender-racial groups (A) and
age groups (B) in the United States from 2000 to 2011.
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perhaps even more so among the older patients who

experience it after TKA [7]. Because the number of AKAs

after TKA is expected to rise further, it is important to

explore the sociodemographic disparities in the rates of

AKA after TKA. The present study evaluated whether

racial and gender disparities existed in the rates of AKA

using a nationally representative administrative database.

The results of this study demonstrate variations in the

distribution of AKA among various age, gender, and racial

subgroups than expected based on the distribution of TKA.

The present study is primarily limited by the difficulty in

accurately identifying AKA. National arthroplasty reg-

istries in countries like the United Kingdom, Canada, and

Australia allow the monitoring of outcomes of various

procedures at a national level [1, 9]. However, as a result of

the lack of such a national joint registry, an administrative

database like NIS was used for estimating the national

trends, in line with other investigators [3, 15]. Although

NIS is the largest available national database, it is not

without limitations. The NIS does not enable longitudinal

tracking of individual patients and covers only short-term

complications. Therefore, identifying a long-term compli-

cation like amputation, which develops 6 to 9 years after a

TKA, was not directly feasible using NIS [6, 10, 26]. In

addition, no ICD-9 procedure/diagnosis code was available

for AKA. As a result, we relied on other available codes

used for prosthetic joint/orthopaedic implant failure to

estimate the incidence of amputations from failure of TKA.

A detailed description of this approach is given (Appendix

1). Furthermore, any administrative database like the NIS

is subject to the inaccuracies in coding, which is more

prevalent with comorbidities and diagnosis codes (as

opposed to procedure codes) [19]. The NIS database was

preferred over a state inpatient database or other databases

because it was the largest available database, and the rarity

of AKA necessitated the use of such a large database for

reliable national trends. Additionally, the true risk of AKA

after TKA cannot be identified from cross-sectional data-

bases like NIS. The standardized rates reported in this

study estimate the impact of underlying changes in TKA

volume on the incidence of AKA and do not reflect the

actual incidence rate of AKA after TKA.

Gender and racial disparities exist in the rates of AKA

after TKA with the highest rates seen in black men. The

reasons for these disparities are not fully understood and

could be related to the differences in true risks of AKA,

patient and surgeon preferences, and resource availability

[5, 23]. Racial disparities in the level and rate of lower

extremity amputations have been previously reported for

etiologies like peripheral vascular disease and diabetes

[5, 17]. Holman et al. [8] reported that blacks are less likely

to undergo attempts at limb salvage than their white

counterparts treated for peripheral vascular disease. Further

studies using longitudinal databases are required to

understand the factors responsible for the racial differences

observed in AKA after a failed TKA and to assess whether

amputation is preferred to repeat revision TKA/arthrodesis

in blacks.

Younger and older patients were found to have higher

rates of AKA after TKA. The reason for this bimodal

distribution in the rates of AKA could be related to the

reasons for TKA in these age groups and the differences in

Fig. 3 The figure denotes the yearly changes in the number of AKAs,

TKAs, and standardized AKA volume. The annual trends in AKA

were split into two periods (2000–2005 and 2006–2011). The dotted

lines (slopes) denote the rate of growth of AKA, which was

significantly higher in the first half (p\ 0.001).
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comorbidities. Patients undergoing TKA at a younger age

are likely to have diagnoses other than osteoarthritis and

might have comorbidities that predisposed them to be

candidates for TKA at a younger age like morbid obesity,

rheumatoid arthritis, etc [12, 25]. Meehan et al. [20]

showed that patients younger than 50 years are more likely

to undergo revision as a result of PJI or aseptic mechanical

failure at 1 year after TKA. Similarly, the higher rates of

AKA in older populations could be the result of differences

in comorbidities and/or patient preferences [13]. The

higher rates in older patients could also be the result of the

methodology used in this study. Because the study calcu-

lated rates by dividing the number of AKA in each group

by the corresponding number of TKA, higher rates are

expected for older patients because AKAs in the older age

groups might have been for TKAs done at a younger age.

Furthermore, although we adjusted for comorbidities using

the Elixhauser score, there could be unadjusted con-

founders/comorbidities that might, at least in part, explain

the age differences in the rates of AKA.

The present study did not find an increase in the rates of

AKA during the study period. Therefore, the observed

increase in AKA is probably the result of the rise in the

demand for primary TKA without an accompanying

decrease in the revision burden [14, 15]. Also, the results of

the present study suggest that the rate of increase in AKA

diminished toward the later years of the study. This decline

in the growth of AKA during the later years could be most

likely the result of the stabilization in TKA growth in the

later years. Although difficult to interpret based on the NIS

data, it is possible that the flattening in the growth of AKA

in later years could be the result of a decrease in the actual

risk of AKA. In agreement with other studies, the majority

of the amputations in this study were a result of septic

complications of TKA [10, 26]. With PJI being the major

contributor to TKA-related amputations, efforts to reduce

the amputations must be targeted at controlling infection.

Gender and racial disparities exist in the rates of AKA

after TKA. These disparities were evident in the rates of

AKA from both septic and aseptic complications of TKA.

As a result of the personal, social, and economic impacts of

AKAs, policymakers should be aware of the disparities in

the rates of AKA after TKA and effective measures should

be undertaken to address these disparities. Further research

using longitudinal databases needs to be conducted to

confirm the findings of this study and understand the

potential reasons for these disparities.
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