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ABSTRACT

RESUMO

Objective: To retrospectively evaluate the results after applying
a protocol for treating acute infections in cases of total knee
arthroplasty and to establish factors predictive of success or failure. Methods: Thirty-two patients who were diagnosed with acute
infection of the knee following total arthroplasty between 2004 and
2009 were retrospectively evaluated. Infections following arthroplasty
were treated in accordance with the protocol for acute infections
following arthroscopy recommended at our institution. Results: With
application of a treatment protocol for acute infections following
total knee arthroplasty, 26 patients (81.2%) had good results and
6 (18.8%) had unsatisfactory results. Statistical analysis showed
that the variables correlated with a worse prognosis were age
(p = 0.038) and number of surgical debridement procedures
performed (p = 0.038). Conclusion: Our treatment routine was
effective for infection. Prosthesis revision was performed in 2 cases
when the initial surgical debridement failed to control the infection.
Nível de Evidência IV, Série de casos.

Objetivos: Avaliar retrospectivamente os resultados da aplicação do
protocolo de tratamento das infecções agudas após artroplastia total
do joelho e estabelecer fatores preditivos de bons resultados ou falhas.
Métodos: Trinta-e-dois pacientes diagnosticados com infecção aguda
após artroplastia total do joelho entre 2004 e 2009 foram avaliados.
Os casos caracterizados como infecção foram tratados de acordo
com o protocolo de tratamento recomendado em nossa instituição.
Resultados: Através da aplicação de nosso protocolo para infecções
agudas após artroplastia total do joelho, 26 (81,2%) pacientes tiveram
bons resultados e seis (18,8%) apresentaram resultados insatisfatórios.
Após a análise estatística, as variáveis que se correlacionaram com um
pior prognostico foram idade (p=0,038) e número de procedimentos
cirúrgicos para limpeza realizados (p=0,038). Conclusão: Nosso
protocolo de tratamento foi efetivo no controle de infecção após as
artroplastias. Revisão da prótese em dois tempos deve ser realizada
quando o primeiro desbridamento cirúrgica não for eficaz no controle
do quadro infeccioso. Level of evidence IV, case series.
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INTRODUCTION
1,2

Locomotor system disorders are increasingly prevalent worldwide.
Chronic joint pain lasting more than 3 months affects about onefourth of the population over 18 years, and the knee is the most
commonly affected joint.2
Total knee arthroplasty is very popular, but success is not guaranteed.3 Mechanical or biological failure can occur, including failure
due to infection.4,5
Infection after total knee arthroplasty occurs in 1-3% of cases
worldwide, and invariably requires lengthy and costly treatment.6-8
The estimated annual expenditure for treatment in the USA is USD
300 million; on our service alone, the annual expenditure exceeded
USD 90,000 between 2005 and 2006.1,8

The diagnosis of infection after knee arthroplasty must comply with
predetermined clinical and laboratory criteria, as pathologic characterization is not always easy, and treatment should follow protocols that
consider the type and time of antibiotic use, indications for surgical joint
debridement, removal of instrumentation, placement of antibiotic-loaded
cement spacers, and prosthesis replacement.9
This prospective study evaluated outcomes after application of a treatment protocol for acute infection in total knee arthroplasty and identified
factors predictive of success or failure in treatment of infected arthroplasty.
MATERIALS AND METHODS
The study was approved by the Research Ethics Committee of
our institution (CAAE: 05424312.1.0000.0068). We prospectively
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evaluated 32 patients with a diagnosis of acute knee infection after
total arthroplasty between 2004 and 2009. Diagnostic criteria for
infection included local clinical parameters, such as inflammation
around the wound and secretion from the surgical incision, systemic
parameters, such as a decline in general condition and fever,
and laboratory parameters, such as elevation of leukocyte count,
erythrocyte sedimentation rate, and C-reactive protein.
Cases diagnosed as infection following arthroplasty were treated
according to the protocol used for acute infections after knee
arthroplasty recommended by the institution.9
Initial evaluation characterized the infection as superficial or deep.
Superficial infections were initially treated only with broad-spectrum
antibiotics, and deep infections were treated with surgical debridement in combination with antibiotics.
Infections that did not resolve after surgical debridement underwent
prosthesis removal and placement of antibiotic-loaded cement
spacers, with subsequent revision 6 weeks after satisfactory control
of the infectious process (Figure 1).
Based on the protocol, 8 patients were treated with antibiotics alone, 19
with antibiotics combined with surgical debridement, and 5 with antibiotics, surgical debridement, prosthesis removal, and spacer placement.
Patients who had remission of the infectious process with preservation of knee function were considered to have good results, and
those without control of the infection or with impairment of function
(requiring arthrodesis, resection arthroplasty, or amputation) were
considered to have poor results.10

We evaluated patient data including age at arthroplasty, presence
of clinical comorbidities, body mass index, and number of previous
orthopedic surgeries; microbiological data, including results of intraoperative cultures and microbial load; and data related to application
of the protocol including the time between arthroplasty and diagnosis
of infection and the number of surgical debridements performed.
The data were analyzed and correlated with treatment outcomes.
Fisher’s exact test was used in statistical analysis for the association
between independent variables and outcomes, the Kolmogorov-Smirnov and Mann-Whitney tests were used for the association
between quantitative variables and outcomes, and Spearman’s
correlation was used for the associations between variables.
RESULTS
Use of the protocol for treatment of acute infections after total knee
arthroplasty resulted in 26 (81.2%) cases with good results and 6
(18.8%) with poor results. Among those with poor results, 1 died,
2 required amputation, 1 had aseptic loosening, 1 required knee
arthrodesis, and 1 received long-term antibiotic therapy.
Twenty-two patients were male and 10 were female. Age ranged
from 35 to 83 years, with a mean of 67.4. Twenty-three patients were
older than 65 years, and 9 were younger than 65 years.
Ten (31.2%) patients had no comorbidities. The most prevalent
comorbidity was systemic arterial hypertension, in 20 (62.5%)
cases. Three (9.3%) patients had diabetes mellitus and 3 (9.3%)
had rheumatoid arthritis.
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Figure 1. Treatment algorithm in the IOT-HC/FMUSP protocol for acute infection after total knee arthroplasty.
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Body mass index (BMI) was determined in only 23 patients, of
whom 14 (60.8%) had a BMI greater than 30, which is considered
the cutoff for obesity. Nine patients (39.1%) had normal weight
or were overweight. None of the patients were underweight (BMI
less than 18.5).
The number of previous orthopedic surgeries was evaluated in 29
patients. Fourteen (48.3%) had previously undergone surgery, and
arthroplasty was the index procedure in 15 (51.7%).
In 14 cases (43.7%), no microorganism was isolated. Staphylococcus
aureus was the most prevalent agent, and was isolated in 8 cases
(25%). Other bacteria were isolated in 10 cases (31.3%). Of the 18
cases (56.2%) with positive cultures, eleven (34.4%) had only 1
organism isolated, and 7 (21.9%) had more than 1 isolated.
Fourteen (43.8%) patients were diagnosed with infection less than
10 days after arthroplasty and 18 (56.2%) were diagnosed more
than 10 days after surgery.
Sixteen (50%) underwent only 1 surgical debridement, 7 (21.9%)
did not require a surgical procedure to treat the infection, and 9
(28.1%) underwent more than 1 procedure (Table 1).
In statistical analysis, the only patient-related variable that was associated with worse prognosis was age. Patients younger than 65 years
undergoing arthroplasty had a poor prognosis for remission of the
infectious process and preservation of function (p=0.038). Variables
such as sex, BMI, diabetes mellitus, rheumatoid arthritis, and the
number of previous orthopedic surgeries showed no significant association with outcomes (p>0.05). There was no statistically significant
association between the microbial load and the outcome (p>0.05).
The time elapsed between arthroplasty and diagnosis of infection
showed no statistical correlation with a poor outcome (p=0.365).
However, patients who underwent more than one surgical debridement were more likely to have a poor outcome (p=0.038).
Table 1. Summary of treatment results using the protocol.
Number
Percentage
Outcome
Good
26
81.2%
Poor
6
18.8%
Mean age (range)
67.4 (35-83)
Sex
Male
10
31.2%
Female
22
68.8%
Comorbidity
None
10
31.2%
Systemic arterial hypertension
20
62.5%
Rheumatoid arthritis
3
9.3%
Diabetes mellitus
3
9.3%
BMI (23 patients analyzed)
Greater than 30
14
60.9%
Less than 30
9
39.1%
Previous orthopedic surgery (29 patients analyzed)
Yes
14
48.3%
No
15
51.7%
Infectious agent isolated
No
14
43.7%
S. aureus
8
25%
Others
10
31.3%
Number of agents isolated
None
14
43.7%
One agent
11
34.4%
More than 1 agent
7
21.9%
Time between surgery and diagnosis of infection
More than 10 days
18
56.2%
Less than 10 days
14
43.8%
Number of surgical debridements
None
7
21.9%
One
16
50%
More than 1
9
28.1%
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DISCUSSION
Most cases of total knee arthroplasty show good results. However,
complications can still occur. Infection is one of the most serious
complications because of the difficulty of early diagnosis, the lengthy
and costly treatment, and the severe sequelae.8,11
Infection after arthroplasty can occur due to noncompliance with
surgical protocols, surgery itself, or patient-related factors. Some
examples are systemic diseases, clinical conditions, and patient
living conditions.
Infection following total knee arthroplasty can be direct or hematogenous. Direct infection can occur due to the absence of
laminar flow in the surgical environment, inadequate sterilization,
incorrect manipulation of surgical material, and excessive number of
assistants and others in the surgical environment; variables directly
associated with surgical technique, such as prolonged operative
time, inadequate hemostasis, and excessive manipulation of soft
tissue are also contributory factors. Hematogenous infection can
be due to spread from patient foci, such as airway or urinary tract
infections, skin ulcers, dental abscesses, or even quiescent bacteria
from previous orthopedic surgeries.5
Following diagnosis, classification is necessary to determine the
appropriate treatment protocol. Superficial infection involves only
skin and subcutaneous tissue, and deep infection involves the joint
itself; nosocomial infection occurs less than 1 year after arthroplasty
and community-acquired infection occurs more than 1 year after
surgery; acute infection occurs less than 4 weeks after arthroplasty,
before formation of a biofilm, and is otherwise considered chronic.5,9
Treatment of infection following arthroplasty aims to preserve the
prosthesis, with use of a broad-spectrum systemic antibiotic based
on hospital microbial profiles; surgical debridement is used to identify
the agent through cultures that guide specific antibiotic therapy.12
Many different treatment protocols have been recommended. In the
1970s, the prosthesis was removed, and arthrodesis was attempted.
In the 1980s, Freeman recommended one-stage revision.13
Two-stage revision was first reported in 1979 and was popularized
by Insall in 1983.14,15 The use of a spacer to decrease soft tissue
retraction and place antibiotics at the site of infection was introduced
by Borden and Gearen16 in 1987. Use of a functional spacer, which
we believe is the best solution, was introduced in 1995.17 Two-stage
revision is still limited by the cost of treatment and the limited options
for local antibiotic use.18
Some treatment recommendations lack consensus in the literature.
In acute deep infections, antibiotic therapy alone shows satisfactory
results in 23-68% of cases. Much of this can be explained by the
fact that surgical debridement prevents biofilm formation, in contrast
to the results from clinical treatment alone.9,19,20 The number of
surgical debridements before prosthesis removal is needed varies.
Wasielewski et al.21 consider multiple procedures to be beneficial,
whereas Sherrell et al.22, similar to our conclusions, consider multiple
procedures to be undesirable. It is also unclear whether revision
after resolution of infection should be performed in 1 or 2 stages.
Immediate replacement is undoubtedly less time-consuming and
costly, but 2-stage revision has a higher success rate and is more
commonly performed.13,23-26
We intended to evaluate our findings and correlate the results with
patient conditions, microbial load, and application of the protocol. The
success rate was significantly higher than that in previous reports.27-29
The only patient-related variable associated with a poor outcome
was age younger than 65 years; this can be explained by the fact that
younger patients usually have more severe joint damage, leading
to earlier need for surgery, and resulting in greater surgical trauma.
Moreover, younger patients are more active. Earlier surgical indications may be related to comorbidities, such as inflammatory diseases,
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which would also result in a worse prognosis.30 Our study examined
the correlation between age and other factors that could lead to worse
prognosis, such as BMI, diabetes, and rheumatoid arthritis, but no
statistical association was found, indicating that younger patients
have worse prognosis independent of other variables.
There was no statistical correlation between the microbial load or
virulence and worse prognosis. This indicated that correct application of our protocol led to a successful outcome, regardless of
the infectious agent.
Another factor predictive of worse prognosis was the number of
surgical debridements. The more delayed the surgical debridement
after infection, the greater the chance of biofilm formation. Thus, a
greater number of surgical debridements favored biofilm formation
and delayed a 2-stage prosthesis revision.

Early diagnosis of infection is not always easy, and specific tests
are lacking.5,31-33 Genetic analysis using messenger RNA is not yet
clinically available.34 Better characterization of the biofilm and a
method to overcome this barrier to remove bacteria adherent to implants are essential to success using different types of treatments.35
CONCLUSION
Analysis of the results following application of our treatment protocol
led to highly successful infection control and preservation of knee
function. Our outcomes were even better than those in recent prior
studies. Younger patients who underwent serial surgical debridements in an effort to maintain the prosthesis had worse outcomes.
Two-stage prosthesis revision should be performed when the
infection is not successfully controlled after initial debridement.
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