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Abstract
Periprosthetic joint infection (PJI) is considered one of the most challenging
complications compromising patient health and is considered an economic
burden. Despite all strategies periprosthetic joint infection prevalence is between
1-2%. Considerable efforts have been investigated in the past decade to diminish
or erradicate PJI prevalence. This article manages the definition of periprosthetic
joint infection and the new major and minor criteria from Parvizi et al. Then a
scientific analysis of every minor and major criteria. Multidisciplinary
management is reccommended according to guidelines. A numerous of surgical
options exist each and everyone with its indications, contraindications and
specific antibiotic therapy regimen . Surgical options are: 1) Irrigation and
cleaning with retention of the prosthesis with a success rate 0-89%. 2) Singlestage revision surgery with a succes rate of >80%. 3) Two-stage revision surgery
(authors preferred method) with a succes rate of 87%. Radical treatment options
like arthrodesis and amputation are reserved for specific group of patients, with
a succes rate varying from 60-100%. The future of periprosthetic joint infection is
focused on improving the diagnostic tools and to combat biofilm. The
cornerstone of management consists in a rapid diagnosis and specific therapy.
This article presents the most current diagnostic and treatment criteria as well as
the different surgical treatment options depending on the type of infection,
bacterial virulence and patient comorbidities.
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Core tip:
The total replacement surgery is a highly effective surgery that improves the
quality of life of patients. The periprosthetic infection is considered a devastating
complication that increases patients morbidity, mortality and an economic
burden. The cornerstone of management consists in a rapid diagnosis and
specific therapy. This article presents the most current diagnostic and treatment
criteria, as well as the different surgical treatment options depending on the type
of infection, bacterial virulence and patient comorbidities.
Citation:
Vilchez F, Villarreal G, Acosta C, Peña V. The management of periprosthetic
infections. World J Clin Infect Dis 2016; In press

Introduction
Total joint replacement is a highly effective surgery that provides relief of pain,
improves the range of motion, independence, and lastly, quality of life in the
patient.

[1]

It is estimated that in 2030 a total of 4 million total hip and/or knee

replacements will be done every year in the United States[2]. Prosthetic infections
are considered a serious and devastating complication of total replacement; in
general, the incidence of this complication is 1-2%[3,4]. Nonetheless, there are
reports ranging from 0.3% by the British Medical Research Council[5] up until 716% in hip revision surgeries according to the Scandinavian Arthroplasty
Report[6].
The key for the management of a prosthetic infection is based on an early
diagnosis, which will allow adequate and fast treatment[7]. However, this
represents a clinical burden, since the majority of the cases we are up against are
complex, immunocompromised patients and antibiotic-resistant bacteria[8]. It
also represents an economical burden since a prosthetic infection increments
costs by 76% and 52% in total hip replacement and total knee replacement
surgeries, respectively[9].
The objective of the present article is to update and summarize the diagnostic
and therapeutic methods in periprosthetic joint infections in both knee and hip
arthroplasty.
Diagnosis and definition of prosthetic infection
For the diagnosis of prosthetic infection a high suspicion and laboratory studies
are needed. There is no gold standard for the diagnosis of prosthetic infections,
rather a series of clinical findings, laboratory and imaging studies guide the
diagnosis[8]. In 2011, the Musculoskeletal Infection Society proposed a series of
major and minor criteria[10], the latter then modified by the International

Consensus Meeting on Periprosthetic Joint Infections to give a numeric value to
the serological markers[11].
To consider the diagnosis a prosthetic infection, one of the following criteria
must be met:
1. Two positive periprosthetic cultures (fluid or tissue) for the same
microorganism
2. The presence of sinus tract that communicates with the joint
3. Three of the following criteria exist:
a. Increase of 100 mg/L of C-reactive protein (CRP) in an acute
infection; >10mg/L in a chronic infection and a rise in the
erythrocyte sedimentation rate >30 mm/h in a chronic infection
(not applicable in acute infections).
b. Elevated synovial leukocyte count (> 10,000 cells / uL in acute and
> 3000 cells / uL in chronic infections) and / or ++ or more in
Leukocyte esterase dipstick test.
c. Elevated synovial neutrophil percentage (PMN%); > 90% in acute
and > 80% in chronic infections.
a. Positive preriprosthetic histological analysis (> 5 neutrophils per
field)
d. A single positive culture (fluid or tissue)
Algorithm for the approach to the diagnosis of periprosthetic infection
To achieve a systematic approach to diagnosing periprosthetic infections, in 2010
DellaValle et al. proposed an algorithm in the American Academy of Orthopedic
Surgeons (AAOS)

[11, 12]

(Figure 1); changes have been made to this algorithm,

such as the proposal of Parvizi et al. in 2016[13]. However, in all cases this
algorithm is only a tool and should never be considered a diagnosis. Any case of
high clinical suspicion of infection should be subjected to this algorithm[11] .

Risk factors, history and clinical presentation
There are predisposing factors such as systemic malignancy, diabetes mellitus,
rheumatoid

arthritis,

immunocompromised

host,

obesity,

malnutrition,

intravenous drug use, steroid therapy, systemic skin diseases, history of prior
total replacement, and previous history of septic arthritis; intraoperative factors
such as low body temperature, hypoxemia, duration of surgery, contaminated
implants, and flow and configuration of the operating room; postoperative
factors such as hematoma formation, transfusions, Foley catheter > 24 hours as
well as surgical site infection

[14–16].

Clinically, patients with prosthetic infection

usually present with pain, wound dehiscence and wound output[8] . However
this varies significantly according to the evolution time and the pathogen
involved[13]. Patients with less tan 3 months of evolution present with pain and
rapidly progressive stiffness. On physical examination edema, erythema, warmth,
increased sensibility and / or fever, effusion, surgical site infection and wound
edge necrosis are usually present. Patients with 3-12 months evolution usually
present

pain

and

slow

but

progressive

stiffness.

They

are

usually

indistinguishable from aseptic loosening or present with an active fistula into the
joint. In infections of > 12 months of evolution the patient can present symptoms
in two ways: 1) acute onset of pain and stiffness with a history of trauma or
bacteremia (acute hematogenous infection) 2) chronic pain and stiffness. The
patients with

acute hematogenous infections, clinically presents with more

severe symptoms of pain, redness, warmth, increased tenderness and / or fever
compared with patients with acute infections[13,17,18]. An important sign is fever,
although it is considered a cardinal symptom of infection, it is reported that there
may be an increase in the temperature of the postoperative patient of a total
replacement surgery for up to five days and is considered as a physiological
postsurgical process[19].
Imaging studies

Because of their ease, fast delivery, and low cost, plain radiographs are the study
of choice even if they have low sensitivity and specificity for the diagnosis of a
prosthetic infection [13,20]. In regards to other studies, the evidence doesn’t show a
routine use. For example MRI, produces visual artifacts, is difficult to interpret
and has a high cost. Ultrasound is limited to the acquisition of collections and is
operator-dependent[20–22].

Except

for

plain

radiographs,

none

of

the

aforementioned studies are part of the current recommendations for the
management of prosthetic infection. The radiographic findings are easy to
interpret and amongst them are: 1) focal osteolysis (radiolucency > 2 mm in the
bone-metal interface or cement-bone) 2) Loosening of the components 3) cement
fractures and 4) subperiosteal reaction

[20,23].

Regarding gammagraphy, there is

no consensus for the use in diagnosis of periprosthetic infection; even the
American Academy guidelines do not recommend its routine use[24].
Serological studies: blood count, C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR)
In the current diagnostic criteria for infection, CRP and ESR are part of the minor
criteria for prosthetic infection diagnosis and are studies every patient with high
suspicion for prosthetic infection should undergo[11]. These markers can be
elevated in patients with rheumatic or chronic inflammatory diseases. It is
reported that an ESR >30 mm per hour has a sensitivity of 82% and 85%
specificity, a positive predictive value of 58% and a 95% negative predictive
value. Meanwhile, CRP >10 mg / L is associated with 96% and 92% sensitivity
and specificity respectively; with a positive predictive value of 74% and a
negative predictive value of 99% [25]. Another advantage offered by the CRP over
the ESR is the return to normal values in 3 weeks compared with ESR which can
take up to a year

[26,27].

The current recommendation is that all patients with

suspected prosthetic infection undergo both serological studies, as the
combination of these normal parameters is an excellent predictor of absence of
infection and the combination of both positive tests approaches a 98% of

diagnosis of prosthetic infection[25,28]. Finally it should be emphasized that the
ESR has no diagnostic value in acute infections (<6 weeks) because it normally
remains elevated after surgery for several weeks. Positive minor criteria are CRP
>100 mg/L in acute infections, and CRP >10 mg/L and ESR >30mm in chronic
infections[11,13].
Diagnostic arthrocentesis: Synovial fluid analysis, leukocyte esterase and
synovial fluid culture
After the initial approach to the suspected diagnosis of prosthetic infection,
including clinical history, physical examination, and initial laboratory and
imaging studies, the next step is a diagnostic arthrocentesis, specifically a cell
count to determine percentage of polymorphonuclear leukocytes (PMN),
leukocyte esterase levels and a synovial fluid culture[13,21]. According Trampuz A
et al. a percentage of PMN above 65% has 97% sensitivity and 98% specificity for
the diagnosis of prosthetic infections. As for the leukocyte count in the synovial
fluid, figures above 4200 / uL have sensitivity of 84% and a specificity of 93% for
the diagnosis of infection.
The leukocyte esterase dipstick test is a fast, cheap and reproducible test. It
consists of dipping a urinary test strip in the previously collected synovial fluid,
leaving it submerged for two minutes and then interpreting the result according
to color change. Leukocyte esterase is an enzyme released by neutrophils in
response to infection[10,29]. It is reported that a leukocyte esterase value of ++ has
a sensitivity of 81%, specificity of 100%, a positive predictive value of 100%, and
a negative predictive value of 93% for the diagnosis of prosthetic infection.
The synovial fluid culture is a routine test within the studies in diagnostic
arthrocentesis, performed to ensure specific antibiotic treatment for the infecting
pathogen. This study has a sensibility of 86-92% and a specificity of 82-97%[30,31].
The use of a Petri dish is preferred because of its sensibility (90.92%) over
intraoperative cultures in swabs or sterile containers (77-82% sensibility)

[32].

For

optimal results, the following recommendations are made: 1) Withhold

antimicrobial therapy 2 weeks prior sampling 2) Prolong incubation period
cultures at least two weeks for a definitive result[33,34]. However, it should be
emphasized that the preoperative dose of antibiotic prophylaxis should not be
suspended because it does not affect the sensitivity of intraoperative culture, in
case the necessary diagnostic arthrocentesis sample was not obtained[35]. The full
analysis of synovial fluid: leukocyte count, PMN percentage, leukocyte esterase,
and synovial culture, are part of the minor criteria for diagnosis of prosthetic
infection and should be taken routinely in every patient [1,11,13].
Histopathology
Another minor criterion for the diagnosis of periprosthetic infection is tissue
biopsy[1,11,13]. As definition, a biopsy is considered positive when: it contains 5-10
PMN per high-power field (HPF) in at least 5 different fields[21]. There are lowvirulence bacteria that may be present in the simple and be reported as an
inflammatory reaction or fibrosis. These bacteria are Propionibacterium acnes and
coagulase-negative staphylococci, and may not be reported as positive findings.
For this study, it is recommended to: 1) Send 3-6 samples and 2) take the sample
with dissection techniques without the use of cautery (risk of false positives) [11].
Treatment
The management of prosthetic infection requires surgical intervention and
prolonged periods of intravenous or oral antibiotics[1,36]. There is a lot of basic
science and clinical research dedicated to the treatment of prosthetic infections;
nonetheless, there are still many doubts as to how to treat them.
Multidisciplinary management (orthopedist, infectious disease specialists, plastic
surgeons) is of vital importance in these cases, as is following the consensus of
therapeutic guidelines to diminish costs and morbidity and mortality in the
patient[1]. There are several surgical options for treating prosthetic infections
depending on the type of infection, virulence of the pathogen, and health status
of the patient: 1) debridement, irrigation and cleaning with retention of the

prosthesis, 2) single-stage revision surgery, 3) two-stage revision surgery, 4)
arthrodesis and 5) amputation[1]. So far, there are no randomized clinical trials
where these surgical techniques are evaluated; most studies include patients
from only one hospital, are non-comparative and decisions are based on cohort
studies or case-control studies[1,37]. No matter the method of treatment, a
prosthetic infection is not considered an emergency procedure (except in patient
with sepsis). The patient must be in optimal condition for surgery, have normal
glycaemia, hemoglobin> 10 mg / dl, and should be in optimal conditions for
surgery[38].
Treatment: Debridement, irrigation and cleaning with implant retention
This technique has specific indications: 1) infection <30 days in duration 2)
implants without evidence of loosening 3) acute hematogenous infection 4) that
the prosthesis was placed <3 months prior[1,39]. Contraindications include: 1)
Wound not closing on first intention, 2) presence of a fistula, 3) evidence of
prosthesis loosening. Relative contraindications are: 1) infection with highly
virulent organisms (Methicillin-resistant Staphylococcus aureus MRSA) 2)
polymicrobial infection 3) immunocompromised patients[17,40,41]. In a systematic
review by Romano et al. it was estimated that the success rate with this method
varies between 0-89%[42]. There are factors that increase the success rate of the
procedure such as infection by organisms of low virulence, rapid surgical
treatment of patient with acute symptoms (less than 72 hours) and antibiotic
treatment administered in the first month post-debridement[17,39,43,44].
During surgery, the same approach that was used for the placement of the
prosthesis is performed[38,45]. By incising the deep dissection plane a better
visualization of the structures is achieved[46]; the mobile components of the
prosthesis are removed. When the modular components are removed, access to
the surfaces underneath is achieved[17,39,47,48], 3-6 samples for culture and

histology studies are taken[1,13], then the surgical site is irrigated with 6-9 liters to
avoid trauma to adjacent structures[38,49].
Medical treatment with antibiotic therapy is critical after surgery[17,44]. Various
authors recommend rifampin combination with the antibiotic of choice. This is
due to the action of rifampicin against biofilm, although there is no consensus as
to when is the best time to start this treatment; several authors recommend
initiating use in conjunction with intravenous antibiotic therapy in order to
reduce the risk of selecting resistant mutants, others recommend to start
rifampicin when oral antibiotics are started[50–52]. In a double-blind study by
Zimmerli et al., acute infections by Staphylococcus aureus associated to orthopedic
implants were treated with debridement, irrigation, cleaning and implant
retention, combined with ciprofloxacin (750 mg / 12 h) and rifampicin (450
mg/12 h) compared against ciprofloxacin as monotherapy (750 mg/12hr);
finding a cure rate (100% hip and knee replacement 53%) higher when rifampicin
is added with p <0.05 at 35 months follow-up[52]. When the microorganism is
Staphylococcus aureus or coagulase-negative Staphylococcus and the germ is
sensible, several studies recommend the combination of rifampin with
fluoroquinolones[44,51–54]. Within fluoroquinolones, the one that best interacts
with rifampicin is levofloxacin[55]. When talking about a MRSA, available
information is very limited, however, studies report good results with the
combination with rifampicin[56]. The combination of linezolid plus rifampicin
reported cure rates of 60%[57–59]. However, its use is not recommended for more
than six weeks due to toxicity and follow-up serum levels are necessary[60].
As for the duration of antibiotic therapy, the current trend is an initial
intravenous therapy of 2-6 weeks maximum, followed by 3 to 6 months of oral
antibiotics depending if it is a total hip or knee replacement[1,36]. The rapid
change of intravenous to oral antibiotics (7-15 days) allows an early discharge for
the patient and avoids catheter-associated infections[50]; this reports a success rate

of over 70%[47,51,54]. Some authors recommend a treatment with intravenous
antibiotics of less than 3 months with similar success rates of over 70%[51,61].
However, it is an issue that is still under discussion and more information is
needed to this[50].
Treatment: Single-stage revision surgery
This type of procedure is not common in the United States, it is more common in
Europe[1,62]. The indications for this technique are: 1) relatively healthy patients 2)
insignificant bone loss 3) viable soft tissue 4) low virulence microorganism
(sensitive Streptococcus aureus, Enterococci, not infections by Pseudomonas or gramnegative bacteria) 5) That the microorganism is susceptible to oral antibiotics
with excellent bioavailability[1,62,63]. The advantages of this technique are: 1)
Lower cost for the patient/hospital/insurance system, 2) avoidance of a second
surgery (in comparison with two-stage revision surgery) and 3) lower morbidity
rates[64].
The technique consists of removing all of the prosthetic components including
the cement (polymethyl methacrylate) aggressive debridement of soft and bone
tissue (this being the most important factor), The placement of a new prosthesis,
using antibiotic-loaded cement. This technique reports a success rate above
80%[64–66].
The

medical

treatment

for

single-stage

revision

surgery

consists

of

administration of specific intravenous antibiotic treatment for 2-6 weeks
combined with oral rifampicin and changing the treatment to oral antibiotics for
3 months. The success rate for this regimen is calculated between 80-100% and
two different approaches for treating these patients are described: 1)
Identification of the pathogen previous to surgery, followed by 4-6 weeks of
intravenous/oral antibiotic treatment (high bioavailability) followed by
replacement of the prosthesis, 2) In aseptic loosening, the prosthetic infection is
confirmed by cultures, followed by intravenous antibiotic treatment combined
with rifampicin[63,67,68].

Treatment: Two-stage revision surgery
This is the technique of choice in the United States for the treatment of chronic
periprosthetic infections[69–72]. The ideal patient and the indications for this
technique are: 1) chronic prosthetic infection 2) insignificant bone loss 3) patient
in adequate conditions for surgery 4) patient willing to undergo two surgeries 4)
patients

with

active

fistula

5)

high-virulence

microorganisms

(MRSA,

Candida)[36,69,73]. This technique reports a success rate of 87%[1,74].
This surgical technique consists of aggressive debridement, removal of all
prosthetic components including the cement (polymethyl methacrylate).
Subsequently, a cement spacer with antibiotics is placed in block or articulated
(to keep space and avoid future soft tissue contractures)[75,76]; in the second stage
the cement spacer is removed and a new prosthesis is placed only if there is no
evidence of infection. In case of infection, debridement, irrigation and cleaning
should be performed again.
Regarding the medical treatment and the time of placement of the second
prosthesis, reports vary from two to several months[71,75]. The most used strategy
is 4-6 weeks of intravenous antibiotic treatment (6 weeks for Staphylococcus
aureus) followed by 2-8 weeks with no antibiotic treatment, obtaining good
results[78–80]; in this case, rifampicin is not used, since the components with
biofilm were removed[1].
Treatment: Arthrodesis
This is a useful treatment but has few indications; it involves the arthrodesis of
the limb to allow ambulation and avoid amputation. The indications for this
treatment are: 1) Non-walking patients 2) significant bone loss 3) Little and poor
quality soft tissue 4) high-virulence infections (low bioavailability antibiotics) 5)
Poor general condition of the patient and 6) failure of two-stage revision
surgery[1]. Arthrodesis is achieved by an intramedullary rod or an external
fixator[81]. An eradication rate of 60-100% is reported. Medical treatment involves

the administration of intravenous or oral antibiotics (high bioavailability) for 4-6
weeks[1].
Treatment: amputation
This treatment is reserved for select group of patients and its indications are: 1)
Necrotizing fasciitis (not responding to debridement) 2) severe bone loss 3) soft
tissue defect that could be closed primarily 4) failed attempts at resection and
arthrodesis 5) non-walking patients[1,74,82]. The technique consists of amputation
or disarticulation above the affected areas. The medical treatment consists of
antibiotic treatment for 24-48 hours if clean and non-contaminated edges were
achieved during surgery. In case of bacteremia, sepsis or inadequate
debridement, intravenous or oral antibiotic treatment should be continued for 46 weeks[1].
The future management of prosthetic infections
Despite all initiatives and actions against prosthetic infections, the general
incidence of infection ranges between 1-2%[3,4]. Most actions are focused on
improving the diagnostic tools and to combat biofilm[4,13].
Regarding the future of diagnostic imaging studies, the PET scan is the imaging
study that provides the most information for the diagnosis of prosthetic
infections. The problem with PET scan is the variability of results that has been
reported. In a meta-analysis by Kwee et al. composed of 11 studies, the PET scan
reported a sensibility of 82.1% and a specificity of 86.6% for the diagnosis of
prosthetic infection, concluding that there was great heterogeneity in the
percentages reported by the studies[83]. However, there are more recent studies
that report a sensibility of 95% and a specificity of 98%[84]. More studies are
needed to find the real value of PET scan for it to be a part of the diagnostic tools
for prosthetic infections[13].

The most important biomarkers for the diagnosis of prosthetic infection are Creactive protein (CRP) and erythrocyte sedimentation rate (ESR)

[10,11,13].

However, interleucin-6 (IL-6) has been reported as an excellent marker for
prosthetic infection, even above CRP and ESR. The advantage IL-6 offers is a
return to normal levels within days, compared with weeks for CRP and months
for ESR[85].
Diagnostic arthrocentesis is the method from which samples are taken for
evaluating major and minor criteria for prosthetic infection[10,13]. Research shows
that a CRP ELISA of synovial fluid is superior compared to serologic CRP, with a
sensibility and specificity of 85-97%
(serologic CRP)

[86].

(synovial CRP ELISA) versus 76-93%

But nevertheless, the best biomarker obtained from synovial

fluid with reports of a sensibility and specificity of 100% is alpha-defensin[87,88].
This marker is a peptide secreted by the cells in response to microbial byproducts.
The advantage it offers is that it is not influenced by inflammatory response nor
by antibiotics; it is necessary to keep researching this test for it to be
recommended generally[87,88].
As to perioperative tools/strategies to lower the periprosthetic infection there is
the covering of prosthetic surfaces with silver ions. It has been reported that
silver ions have antimicrobial properties when used in cream, gel and
impregnated gauzes for the treatment of ulcers and wounds[89,90]. In a study by
Gordon et al. the team designed a metallic prosthesis impregnated with silver
polymers which showed in vitro activity against biofilm[91]. Another strategy is
the covering of the prosthesis with antibiofilm agents; biofilm is defined as a
protective membrane of polysaccharides, polypeptides and nucleic acids that
create an ideal microenvironment for the reproduction of bacteria and makes
them resistant to antibiotics and the patient’s immune system[92,93].

Extensive research has been made about therapies directed specifically to
combating the physical integrity of the biofilm such as Deoxyribonuclease I
(DNase I) and Dispersin B[94]. DNase I degrades extranuclear DNA, which causes
the firmness and stability of the biofilm. Dispersin B is directed against the
intracellular adhesin produced by the biofilm[95]; its effects have been proved
against S. Aeureus, S. Epidermidis, and E. Coli[95,96].
Regarding intraoperative therapies; Disposable antibacterial coating (DAC) is
used in the bone-prosthesis interface. DAC is an hydrogel made of hyaluronic
acid and polylactic acid to which specific antibiotics against the microorganism
can be added; a great advantage since a high dose of antibiotics are added to the
surgical site. This gel is smeared on the prosthesis (with no cement) prior to
placement and it is reported to release antibiotics for up until 96 hours[97]
Conclusions
Prosthetic infections continue to be a devastating complication for patients,
health systems and the medical teams who handle these cases. Despite the
progress made in diagnostic tools and the unification of criteria for creating
treatment algorithms, the management of these cases is still a challenge for the
orthopedic surgeon. It is expected that in the near future, better diagnostic tools
for prosthetic infections will be created.
Clinical suspicion of the orthopedic surgeon is the cornerstone for achieving a
quick diagnosis and choosing the ideal treatment; early diagnosis in acute
infections is essential to preserve the prosthesis. In chronic infections, two-stage
revision surgery is the treatment of choice in the vast majority of cases.
The current tendency is to reduce the intravenous antibiotic treatment when the
bacteria involved are susceptible to oral antibiotics with ample bioavailability
and to asses the duration of antibiotic treatment according to the patient’s clinical

response, with satisfactory results, with the benefit of shorter hospital stays,
decreased complications of catheter use and reduced side effects of prolonged
intravenous antibiotic therapy.
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Figure 1. Simplified algorithm for approaching a patient with a probable
periprosthesic joint infection, proposed by DellaValle et al.
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