International Orthopaedics (SICOT) (2011) 35:1157-1164
DOI 10.1007/s00264-010-1134-1

ORIGINAL PAPER

Failure following revision total knee arthroplasty:

infection is the major cause
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Abstract The objective of this study was to evaluate the
survivorship of revision TKA and determine the reasons
and predictors for failure. Between January 1999 to
December 2005, 499 total knee arthroplasty revisions
were performed on 474 patients. There were 292 (61.6%)
women and 182 (38.4%) men. The average age at the
time of index revision was 63.9 years. Revision was
defined as surgery in which at least one component
(tibial, patellar, femoral, or polyethylene) required ex-
change. At an average follow-up of 64.8 months (range,
24.1-111.6), and considering reoperation or re-revision
as failure, there were 102 failures (18.3%). Infection was
the major cause of failure (44.1%) followed by stiffness
(22.6%), patellar or extensor mechanism problems
(12.8%), periprosthetic fracture (5.9%), loosening
(4.9%), haematoma formation (3.9%), malalignment
(2.9%), and instability (2.9%). A total of 83% of failures
were carly (less than two years). Infection was the most
common mechanism of failure of revision TKA. The
majority of TKA revision failures tend to occur in the
first two years after revision. The mode of failure of
revision TKA appears to differ from the failure of
primary TKA to some extent. Better understanding of
current modes by which TKA revisions fail may enable
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surgeons to prevent these problems and improve out-
comes for revision TKA.

Introduction

Primary total knee arthroplasty (TKA) is a successful
operation associated with dramatic improvements in quality
of life and restoration of function for the patient. Primary
TKAs are durable procedures with survivorship exceeding
90% in the second decade. However, failures of TKA may
occur, leading to a need for revision arthroplasty [1-6].
Despite the low percentage of primary TKA failures, it is
reasonable to expect an increase in the annual number of
revision TKAs as the number of primary TKAs performed
continues to increase annually [7].

Revision TKA is generally considered as a reliable
procedure with predictable outcome [8, 9]. However, the
outcome of revision TKA is not as successful as primary
TKA due to a multitude of factors including the complexity
of the procedure associated with bone loss and soft tissue,
the need to use larger and more constrained prostheses, and
so on [8—10]. On the other hand, the cost of TKA revisions
is approximately double that of a primary procedure
because of the increased technical demands (implants and
allografts), length of hospital stay, higher complication rate,
and lengthier period of convalescence [11-14]. Considering
the technical complexity and economic burden of the
revision TKA procedure, it would be advantageous to
investigate current mechanisms and the predictors for TKA
revisions failure, thereby focussing future efforts to address
these mechanisms of failure and improve the ultimate
outcome of TKA revisions.

The objective of this study was to evaluate the
survivorship of revision TKA and to determine the relative
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contributions of different mechanisms in the failure of
revision TKA. We also sought to determine the potential
predictors of failure after TKA revisions.

Materials and methods

After obtaining institutional review board approval and patient
consent, patients undergoing revision TKA were identified
from the institutional prospective database. There were 503
patients undergoing 517 revision TKAs between the dates of
January 1999 and December 2005. Twenty-nine patients died
prior to completion of a two-year follow-up, leaving 474
patients (499 knees) to be included. The primary TKA in 165
(33%) revisions was performed at our institution while the
remaining 334 knees (67%) were referred to our institution for
revision. The average follow-up was 64.8 months (range,
24.1-111.6). The average age at the time of index revision was
63.9 years (range, 33-94 years) of which 292 (61.3%) were
women and 182 (38.7%) were men. The average height,
weight, and body mass index (BMI) for the male patients were
180.4 cm (range, 156.8-248.9), 99.7 kg (range, 66.2—150.0),
and 30.3 kg/em?® (range, 19.0-45.9), respectively. Similarly,
the average height, weight, and BMI for the female patients
were 164.20 cm (range, 150.1-237.3), 89.8 kg (range, 52.9—
147.5), and 33.7 kg/em® (range, 17.7-62.1), respectively.
Revision was defined as the need for exchange of at least
one component (femur, tibia, patella or tibial polyethylene
liner). Multi-stage revisions were treated as a single
procedure. Revision failure, used as the endpoint, was
defined as need for reoperation when general or regional
anaesthesia was required. Of the 499 included knees, 102
patients (102 knees) required reoperations. The cause of
failure was determined by the treating surgeon and
categorised into one of nine modes of failure: infection,
stiffness, aseptic loosening, extensor mechanism dysfunc-
tion, instability, fracture, malpositioning/malalignment,
wear, and wound related problems (haematoma formation
or persistent wound drainage). When applicable, multiple
modes of failure were noted but categorised by the
predominant modality for analysis. Aseptic loosening of
either the tibial, femoral, and/or patellar components was
always treated as a secondary mode of failure when found
in conjunction with another failure mechanism, while
loosening of only the patellar component was considered
primarily as an extensor mechanism problem and second-
arily as aseptic loosening. Infection was always considered
as primary mode of failure if present. In assessing the mode
of failure, preoperative history, physical examination and
radiographic findings, along with the analysis of intra-
operative findings including examination under anaesthesia,
gross inspection of the components, and fluid and tissue
cultures were considered. Failures were subdivided into an

@ Springer

early group whose reoperation was performed less than two
years from the index revision, and a late group whose
reoperation was performed more than two years after index
revision. These failure groups are consistent with previously
published criteria [15].

Indications for revision

The predominant indication for revision of the primary
TKA in this cohort of 474 patients (499 knees) was aseptic
loosening (153 knees, 30.7%) followed by infection
(101 knees, 20.2%) and wear (66 knees, 13.1%). Stiffness
(52 knees, 10.5%) and extensor mechanism dysfunction
(52 knees, 10.5%) were the next common reasons for index
revision, followed by instability (40 knees, 8%), peripros-
thetic fracture (21 knees, 4.2%) and malalignment/malpo-
sitioning (14 knees, 2.8%). Periprosthetic joint infection
was diagnosed based on the presence of one of the
following criteria: (1) abscess or sinus tract that communi-
cated to the joint space, (2) positive growth on solid
medium from joint aspiration fluid or intraoperative culture,
(3) purulence detected intraoperatively, or (4) an elevated
cell count and differential of the aspirate fluid, and
abnormal erythrocyte sedimentation rate (>30 mm/hr) or
C-reactive protein>10 mg/dL. At the time of revision for
infections, patients were treated according to the appropri-
ate protocol for their clinical presentation. For acute
haematogenous infections, patients underwent irrigation
and debridement along with polyethylene exchange. For
chronic infection, patients usually receive two-stage
exchange. The majority (88%) of patients with primary
TKA infection were treated by two-stage exchange arthro-
plasty. Eight patients (9%) were treated with irrigation and
debridement along with exchange of the tibial polyethylene
insert. Three patients (3%) underwent debridement, removal
of prosthetic components and bone cement and insertion of
new prosthesis using antibiotic-impregnated cement. All
patients undergoing revision surgery at our institution receive
prophylactic antibiotics within 30 minutes of tourniquet
inflation. Cephozoline is the antibiotic of choice; however,
for patients with penicillin allergy, history of infection with
resistant staphylococcus, healthcare workers, and institution-
alised patients, vancomycin is the preferred prophylactic
antibiotic. All antibiotics are continued after revision TKA
until the results of culture are obtained.

Statistical analysis

All data were analysed using standard descriptive statistics,
and parametric and nonparametric two-tailed tests for
comparisons (Fisher’s exact and Student ¢ tests). Using an
unadjusted logistic regression, all covariates were tested.
We report the corresponding odds ratios, 95% confidence



International Orthopaedics (SICOT) (2011) 35:1157-1164

1159

intervals, and p values. Any p value of less than 0.05 was
considered significant. Multivariate logistic regression
analysis was used to model the effects of different patient-
or procedure-related factors on the risk of failure following
index revision TKA. Kaplan-Meier survivorship analysis
was calculated for the entire patient cohort, as well as septic
and aseptic modes of failure.

Results
Modes of revision failure

Of the 499 index revisions performed, 102 patients (102
knees) required reoperation yielding a 20.4% failure rate.
The primary modes of TKA revision failure were infection
(44.1%), followed by stiffness (22.6%), extensor mecha-
nism problems (12.8%), fracture (5.9%), aseptic loosening
(4.9%), haematoma (3.9%), misalignment/malpositioning
(2.9%), and instability (2.9%). Wear was not found to be a
mechanism of failure in any index revision patient in this
group. The most prevalent organism isolated from infected
revision operations was Staphylococcus aureus (27.3%),
followed by Staphylococcus epidermidis (16%), Streptococ-
cus group B (4.6%), Proteus mirabilis (4.6%), Streptococcus
mitis (2.2%), Pseudomonas aeroginosa (2.2%), Citrobacter
spp. (2.2%), and Enterobacter faecalis (2.2%). Out of 19

staphylococcal organisms, 11 were methicillin-resistant. In
16 (36.5%) patients with infected TKA revisions, no
organism was identified.

Among the 102 patients who failed, the indication for
index revision was infection (31.4%), followed by aseptic
loosening (19.6%), stiffness (13.7%), extensor mechanism
problems (10.8%), wear (8.8%), instability (5.9%), fracture
(5.9%), and misalignment/malpositioning (3.9%).

Persistence of failure

The data was then evaluated to discover if the indication for
index revision and the reason for reoperation or re-revision
were the same. Among 101 patients who underwent
revision for infection, 26 patients (27%) failed again
because of infection; in other words, diagnosis of infection
at the time of index arthroplasty was the most important
predictor for later failure as a result of further infection. The
reverse was true for aseptic loosening, as among 153
patients undergoing revision TKA, one patient (<1%) failed
again because of aseptic loosening (Fig. 1).

Predictors of failure
Using univariate analysis for different potential patient- and

surgery-related factors, body mass index, comorbidities,
presence of respiratory disease, hypothyroidism, time from

Fig. 1 Persistence or recurrence Persistence of
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the primary to revision, indication for revision, revision for
wear or infection, and transfusion were found to be
significant predictors of failure (Table 1). Considering all
potential variables, multivariate analysis using hypothesis-
driven modelling revealed infection to be the only
independent predictor of failure after allowing for all
potential confounders including age, gender, BMI, the
underlying joint disease and comorbidities (using Charlson
Index [16]). Patients with infection as the cause of failure

were 1.71 (confidence interval, 1.1-2.94) times more likely
to fail than patients who underwent revision for aseptic
reasons (p<0.05).

Survivorship
Using reoperation as an endpoint, the mean survival of

the index revision for the entire cohort was 86.1% at
30 months, 79.2% at 60 months, and 72.9% at

Table 1 Descriptive and unadjusted univariate analysis comparing cases with failure to controls who did not fail

Characteristic Failure (n=102) No failure (n=397) Odds ratio (95% CI) P value
Age 66.31 (10.66) 66.65 (11.18) 1.00 (0.98, 1.02) 0.78
Male sex 41 (40.20%) 145 (36.52%) 1.17 (0.75, 1.82) 0.49
BMI (continuous) 32.04 (8.46) 33.36 (8.22) 0.98 (0.95, 1.01) 0.17
BMI>25 76 (80.85%) 312 (88.64%) 0.54 (0.29, 1.00) 0.05
ASA (continuous) 2.41 (0.78) 2.36 (0.77) 1.10 (0.83, 1.46) 0.51
Charlson (continuous) 3.49 (2.37) 2.78 (1.60) 1.22 (1.09, 1.37) <0.01
Charlson>3 44 (43.14%) 109 (27.46%) 2.00 (1.28, 3.14) <0.01
Dx other than OA 10 (9.80%) 19 (4.79%) 2.16 (0.97, 4.81) 0.06
Inflammatory arthritis 13 (12.75%) 29 (7.30%) 1.85 (0.93, 3.71) 0.08
Heart 32 (31.37%) 112 (28.21%) 1.16 (0.73, 1.86) 0.53
HT 61 (59.80%) 207 (52.14%) 1.37 (0.88, 2.12) 0.17
DM 27 (26.73%) 92 (23.17%) 1.21 (0.73, 1.99) 0.45
Vascular arterial 12 (11.76%) 71 (17.88%) 0.61 (0.32, 1.18) 0.14

Respiratory disease 28 (27.45%)

GI 32 (31.37%)
Renal 3 (2.94%)
Liver 6 (5.88%)
Thyroid 20 (19.61%)
Vascular venous 8 (7.84%)
Stroke 3 (2.94%)
Cancer 10 (9.80%)

Bilateral 12 (11.76%)

Primary TKA done at our Institute 38 (40.20%)

Duration primary to secondary 3.69 (3.50)
Indication

Stiffness 14 (13.73%)
Extensor 12 (11.76%)
Fracture 5 (4.90%)
Instability 6 (5.88%)
Mechanical 3 (2.94%)
Wear 7 (6.86%)
Infection 33 (32.35%)
Loosening 22 (21.57%)
OR time 148.65 (49.25)
Unit transfused 1.00 (1.05)
Transfusion 42 (41.18%)

61 (15.37%) 2.08 (1.25, 3.48) 0.01

92 (23.17%) 1.52 (0.94, 2.45) 0.09
6 (1.51%) 1.97 (0.49, 8.03) 0.34
15 (3.78%) 1.59 (0.60, 4.21) 0.35

39 (9.82%) 2.24 (1.24, 4.04) 0.01

28 (7.05%) 1.12 (0.50, 2.54) 0.78
8 (2.02%) 1.47 (0.38, 5.66) 0.57
49 (12.34%) 0.77 (0.38, 1.58) 0.48
39 (9.82%) 1.22 (0.62, 2.43) 0.56
127 (33.25%) 1.35 (0.86, 2.11) 0.19
4.90 (4.64) 0.93 (0.88, 0.99) 0.02
0.01°
38 (9.57%) 1.50 (0.78, 2.90) 0.22
40 (10.08%) 1.19 (0.60, 2.36) 0.62
16 (4.03%) 1.23 (0.4, 3.43) 0.70
34 (8.56%) 0.67 (0.27, 1.64) 0.38
11 (2.77%) 1.06 (0.29, 3.88) 0.93
59 (14.86%) 0.42 (0.19, 0.95) 0.04
68 (17.13%) 2.31 (1.42, 3.78) <0.01
131 (33.00%) 1.17 (0.75, 1.83) 0.49
148.07 (46.13) 1.00 (1.00, 1.01) 0.92
1.09 (1.10) 0.92 (0.72, 1.18) 0.52
256 (64.48%) 0.39 (0.25, 0.60) <0.01

CI confidence interval, BMI body mass index, 4SA American Society of Anesthesiologists, Dx diagnosis, OA osteoarthritis, H7 hypertension, DM
diabetes mellitus, G/ gastrointestinal, OR operating room, 7KA4 Total Knee Arthroplasty

# Chi-squared overall
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Fig. 2 Kaplan-Meyer survivor-
ship: total cohort
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90 months (Fig. 2). The survival of the index revision for
aseptic modes of failure was 88.3% at 30 months, 82% at
60 months, and 78.2% at 90 months. For septic modes of
failure the mean survival of index revisions were 73.4% at
30 months, 68% at 60 months, and 52.4% at 90 months
(Fig. 3). Using time to event analysis where patients were
followed until failure or censorship (due to death or loss of
follow-up), patients with septic revision had higher risk of
revision failure than subjects who had an aseptic indica-
tion for revision. The hazard ratio adjusted for age, sex,
and other possible confounders was 2.24 (95% CI 1.31-
3.82), where p<0.01.

Fig. 3 Kaplan Meyer survivor-
ship: septic vs. aseptic modes
of failure

Survival
0.50 0.75 1.00
Il 1 L

0.25
|

0.00
1

T T T T T
20 40 60 80 100
analysis time

Months

Time to failure

Of the revisions which had failed, 68 (67%) occurred
within the first two years of index revision, while the
remaining 34 (33%) occurred more than two years later.
The mean time to failure was 21.5 months (range, 0.1-
110 months). Table 2 shows the percentage of early and late
revision groups for all modes of failure. No statistical
significance was found in comparing the mode of failure to
the categorical time of failure (early or late group). Failure
because of infection and stiffness tended to occur early
when compared to other mechanisms (p=0.04).
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Table 2 Early versus late

failures Diagnosis Total Early revision Late revision Mean time to
failure (months)
Infection 45 32 71% 13 29% 20.4
Stiffness 23 18 78% 5 22% 15.1
Aseptic loosening 5 2 40% 3 60% 49.9
Extensor mechanism problems 13 6 46% 7 54% 30.5
Instability 3 2 67% 1 33% 17.3
Fracture 6 3 50% 3 50% 21.1
Misalignment/malposition 3 1 33% 2 67% 324
Hematoma 4 100% 0 0% 0.4
Total 102 68 67% 34 33% 21.5
Discussion finding of the study performed by Suarez et al. when

TKA revision is an effective treatment for most patients
with failed primary TKA, evidently with less favourable
outcome than primary TKA [8]. In previous series, the
average survivorship of TKA revisions has ranged from
58% to 89% at five years [17-23], which is significantly
lower than that of primary TKAs [1-6]. The available
literature, however, is difficult to interpret due to the fact
that most of these studies are different in nature (evaluating
different outcome points), the varying time span of the
studies, the variation in definition of success and failure
between the studies, and most importantly the inclusion of
the septic and aseptic failures in the same group for the
purpose of determining the survivorship [18].

Studies have attempted to determine the reason for
reoperation or re-revision following revision TKA. Goldberg
et al. reported instability (three knees), patellar problems (two
knees), and infection (four knees) as the main reasons for
reoperation following 65 consecutive aseptic revisions [18].
Major reoperations for loosening (8%) and manipulation
under anaesthesia (15%) were the most common failure
mechanisms in the study by Rand et al. in a series of 54
aseptic revisions [20]. Stuart et al. reported on the reasons for
reoperation after 655 revisions, including extensor mecha-
nism or patellar problems (41%), component loosening
(22%), deep infection (20%), wound problem (20%),
tibiofemoral instability (17%), limited range of motion
(8%) and particulate debris synovitis (2%) [23]. Peters et
al. reported instability and extensor mechanism problems as
the main causes of failure [19].

This study was conceived to determine the mode of
failure, time to failure, and the predictors of failure of
revision TKA attempting to address some of the short-
comings of the available literature. The findings of our
study resembled those of previous studies in some aspects
and differed from them in other aspects. The main finding
of this study was that infection was the most common cause
of failure of revision TKA. This finding is similar to the
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infection at 46% was found to be the main cause of failure
in 508 patients undergoing revision TKA [24]. We
deliberately included revisions performed for infection and
aseptic reasons. This study found deep periprosthetic
infection (PJI) to be the major reason for reoperation or
re-revision, accounting for 44.1% of the failed TKA
revisions in this series. Not surprisingly, 58% of these
knees (26 of 45) had been revised due to infection of the
primary TKA, which may be an indication of persistence of
infection or reinfection. The data indicated an overall
25.7% recurrence rate for infection following treatment of
infected primary TKAs (26 of 101). Previous studies have
shown that the rate of failure following treatment of
infected TKAs depends on the treatment strategy. While
the failure rate following open debridement and retention of
the prosthesis has been reported as 60-80% [25-27],
studies have reported a 27% failure rate following one-
stage reimplantation and less than 10% failure rate
following two-stage reimplantation [28-35]. Our 23%
failure rate is comparable with these reported results,
considering open debridement and polyethylene exchange
with retention of prosthesis was used in some of our
patients.

The outcomes of treatment methods for infected TKAs
have been evaluated by their ability to eradicate infection,
which is obviously the most important objective of different
treatment options. However, as our data has shown, 22.6%
of patients with failure following septic revision failed as a
result of other mechanisms like periprosthetic fracture,
extensor mechanism problem, and stiffness even in the
presence of successful eradication of infection.

Reoperation rates for deep infection after revision TKA
in patients with no history of infection have ranged from 2
to 4.5% in different series [18, 23, 36]. Sierra et al.
compared the cumulative risk of reoperation for deep
infection after index aseptic revision in three consecutive
decades and found a trend toward a higher reoperation rate
for infection in patients revised in more recent decades.
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They also concluded that the rate of reoperation for
infection in patients who had a revision TKA was
approximately two times higher than that reported for
patients having had a primary TKA. Infection rates after
primary TKAs have been reported to be less than 1% in
high volume centres to 2% overall [15, 37-41]. Our data
showed a 4.4% reoperation rate for deep infection in those
patients with no history of infection. Thus, the risk of
reoperation for infection after aseptic revision is four times
greater compared to the risk after primary TKA, which
reveals the significant risk of infection following revision
for aseptic reasons. This increased risk is often attributed to
a combination of the poorly vascularised tissue commonly
encountered after multiple operations, the increased opera-
tive time for revision surgery, prior wound healing, and the
increased age and a compromised metabolic state of the
patient population [42, 43]. Alternatively, a possible
explanation is the fact that our conventional diagnostic
modalities for diagnosis of infection are not 100% sensitive,
which increases the probability that some of these so-called
aseptic cases were actually infected TKAs that escaped
detection by usual diagnostic tests. The indolent infection
could be hidden in the context of other modes of failure.

Several limitations of this study must be acknowledged.
While the data revealed a reliable profile of various
mechanisms leading to early failure of TKA revisions,
appropriate verification of the mechanisms of late failure
after revision TKA demanded longer follow-up. The other
limitation of this study is the fact that we did not take into
account functional failure, which includes patients with low
functional and clinical scores for the operated knee who did
not have any further intervention requiring some kind of
anaesthesia. Additionally, different types of surgery for
revision of infected TKAs were not considered in separate
categories, so the overall success rate in the treatment of
infection includes the less successful irrigation and de-
bridement and polyethylene exchange strategy as well as
the more predictable two-stage reimplantation.

The annually increasing number of TKA revisions
and the high economic burden of the revision procedure
necessitate improvement of the outcome of this proce-
dure through recognition, modification, and resolution of
the most significant contributory factors. Infection
remains the most important factor compromising the
outcome of revision TKA. Hence, further improvement
in prevention and management of this dreaded compli-
cation is warranted.
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