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Infection is one of the most catastrophic complication following total knee arthroplasty
(TKA) and represents the second most common cause of TKA failure. Treatment of a
patient with periprosthetic joint infection (PJI) could require often costly and prolonged
hospital stays, weeks or months of antibiotic therapy, and multiple surgical procedures.
The best management is still highly debating, whereas many treatment options are
available. These include suppressive antibiotics, arthroscopic irrigation and debridement,
open debridement with insert exchange, single-stage reimplantation and two-stage
reimplantation. The choice of the treatment depends on many variables, including
integrity of implant, timing of the infection, host factors (age, health, immunologic
status), virulence of the infecting organism and wishes of the patient. The aim of this
review is to provide a comprehensive understaning of the different options for knee PJIs.

INTRODUCTION

Total knee arthroplasty (TKA) is a well-recognized excellent
surgical strategy for the treatment of severe degenerative
diseases of the knee, reliable and reproducible, effective
in eliminating pain and improving function.! However, de-
spite continued technical improvements and advanced pro-
phylactic strategies, complications continue to occur with
this procedure. Infection is one of the most catastrophic
complication following TKA and represents the second
most common cause of TKA failure.2:3 Treatment of a pa-
tient with periprosthetic joint infection (PJI) could require
often costly and prolonged hospital stays, weeks or months
of antibiotic therapy, and (often) multiple surgical proce-
dures. The increasing number of TKAs that are every year
performed in all over the world has resulted in a concomi-
tant rise in bacterial infections, and despite the use of sys-
temic antibiotic prophylaxis, strict hygienic protocols, and
special sterile enclosure with laminar flow, the infection
rate in primary TKA is between 1% and 3%.4~9 The Muscu-
loskeletal Infection Society (MSIS) and the Infectious Dis-
ease Society of America (IDSA) devised criteria to standard-
ize the definition of PJI in 2011,1:10.11 byt most recently, a
new 2018 evidence-based PJI definition has been published
which demonstrates improved performance for diagnosing
hip and knee PJI on formal external validation ; the Inter-
national Consensus Meeting (ICM) algorithm for diagnos-
ing PJI demonstrate a higher sensitivity of 97.7% compared
to the MSIS (79.3%) and International Consensus Meet-
ing definition (86.9%), with a similar specificity of 99.5%.12
The prevalence of resistant bacteria infecting TKAs has in-

creased in the last 15 years, mainly due to the over-con-
sumption of antibiotics in community and healthcare set-
tings, inappropriate strategies of antibiotic prophylaxis and
treatment, and increased stay in intensive care units. Con-
troversy remains about the best management of the
periprosthetic infections sustained by resistant organisms.
Moreover, after revision, the final survivorship of the im-
plant (and of the limb) is still unknown when resistant or-
ganisms are involved.13

The optimal outcome of a PJI is represented by eradi-
cation of the infection and restoration of a painless and
well-functioning joint. The best management is still highly
debating, whereas many treatment options are available.
These include suppressive antibiotics, arthroscopic irriga-
tion and debridement, open debridement with insert ex-
change, single-stage reimplantation and two-stage reim-
plantation. The choice of the treatment depends on many
variables, including integrity of implant, timing of the in-
fection, host factors (age, health, immunologic status), vir-
ulence of the infecting organism and wishes of the patient.
While each of these methods may be appropriate for a
given patient, two-stage revision has been reported to be
the most successful procedure with a success rate of more
than 90%.14-16 Anyway, in the presence of a low-grade PJI,
especially when acute, open debridement with insert ex-
change or single-stage reimplantation have been proposed
as valid surgical alternatives with less surgical impact to
the patient.!3.16:17 However, these success rates have not
been stratified because of type and virulence of infecting
organism. Certainly, treatment of low-grade PJI has been
reported to be more successful than treatment of infec-
tions caused by resistant organisms.1316:17 Unfortunately,
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sometimes the impossibility of eradication of the germ and
some local and general conditions of the patient, do not al-
low a joint reconstructive treatment and a complete recov-
ery from the infection therefore conservative therapies are
necessary such as chronic suppressive antibiotic therapy, or
even limb salvage procedures such as arthrodesis and resec-
tion arthroplasty, fortunately increasingly rare.815

The aim of this review is to provide a comprehensive un-
derstaning of the different options for knee PJIs.

SUPPRESSIVE ANTIBIOTICS

Suppressive antibiotic therapy has been reserved for pa-
tients medically unable to undergo further multiple surg-
eries.1819 This treatment has had little reported success in
eradicating infection, also in low-grade PJIs.13:20 Suppres-
sive antibiotics require a stable implant and a low-virulence
organism. Moreover, the infecting organism must be sus-
ceptible to oral antibiotics and the patient must be tolerant
of these antibiotics, perhaps for extended periods of time or
even lifelong.21,22

DAIR

DAIR (debridement, antibiotics and implant retention) is a
viable option with an acceptable success rate that can be
used as a first surgical procedure for patients who have a
well-fixed, functioning prosthesis without a sinus tract. It
is principally indicated in acute infections (early post-op-
erative or hematogenous) with no more than four weeks
of symptoms (most favourable being less than seven days).
The infecting organism has to be isolated and known as
well as its sensitivity to antibiotics; in this regard, DAIR
is particularly indicated in the presence of low-grade
PJ1s.13,16,17 Boyer et Cazorla?3 using a decision algorithm
increased the chances of DAIR being successful: the KLIC
score24 applies to early postoperative infections and the
CRIME-80 score?> applies to hematogenous infections.
They, following a decision algorithm, resolves the infection
in about 75% of cases. The functional outcomes and quality
of life are close to those of patients who have undergone
primary joint replacement. A failed DAIR contraindicates
a second identical procedure. As above mentioned, in the
setting of a low-grade PJI, a DAIR protocol could be indi-
cated in healthy patients affected by acute gram-positive
infection with a stable and well-functioning prosthesis and
good soft tissue envelope with no sinus tract.26-27 When
attempting component retention, thorough debridement,
and rapid antibiotic treatment prior to the accumulation of
biofilm are paramount for a successful outcome.28:29 Poly-
ethylene exchange is always preferred, as it allows complete
synovectomy and better debridement of the posterior syn-
ovium, and eliminates biofilm formation on the polyethyl-
ene.28,30 One reason for the failure of arthroscopic debride-
ment is likely due to the inability to eliminate biofilm at the
polyethylene-prosthesis interface and debride the poste-
rior aspect of the knee.2%29 Organism-specific intravenous
antibiotic therapy is continued for 4-6 weeks post-oper-

atively, eventually followed by oral antibiotic administra-
tion.

SINGLE STAGE REIMPLANTATION

Single-stage exchange arthroplasty for PJI has recently in-
creased in popularity among selected patients. The proce-
dure has multiple advantages, such as less morbidity and
better functional outcomes, reduced length of stay and less
overall costs.31:32 Single-stage reimplantation could avoid
some of the problems of two-stage procedure, such as stiff-
ness and arthrofibrosis resulting from a period with a
spacer in situ. Furthermore, debridement and a single-stage
strategy allows to retain the prosthetic components, clearly
improving the comfort for the patient.33 The reported suc-
cess rates of single stage reimplantation in highly selected
patients has been reported between 75% and 95%.3435 Pre-
operative identification of the causative micro-organisms
is mandatory in single-stage exchange since polymicrobial
infections and atypical and gram-negative organisms have
been associated with a higher failure rate. Low-grade PJI
has been potentially susceptible to a single-stage reim-
plantation due to the low virulence and antibiotic-resis-
tance of the infecting bacteria.2%30 Factors associated with
a successful single-stage reimplantation include pathogen
identification before revision, infections caused by gram-
positive bacteria, absence of sinus tract, and use of antibi-
otic-loaded bone cement for new components fixation. Ad-
equate bone stock and soft tissue coverage are necessary,
and the patient must be fit enough to undergo multiple
procedures if needed.3* Single-stage reimplantation in-
volves explant of all components and cement, thorough ag-
gressive debridement, copious irrigation, and reimplanta-
tion of new and appropriate prosthetic components with
antibiotic-impregnated cement, followed by 6-12 weeks of
systemic antibiotic therapy. Then, oral antibiotic therapy
should be considered for 3-6 additional months based on
recommendations infectious disease specialist.3¢

Singer et al37 reported that single-stage revision
achieved a 95% of success rate, and higher knee scores com-
pared to two-stage revisions in low-grade TKA infections.
Higher rates of recurrent infection appeared to be associ-
ated with chronic infections of hinged protheses. A recent
article by Dagneaux et al38 suggested the single-stage reim-
plantation as a more convenient treatment for PJIs when
compared to high morbidity of the two-stage revision. Sin-
gle-stage procedure avoids the painful interval with the ce-
ment spacer and the inevitable muscular atrophy. Rehabil-
itation can start immediately, therefore reducing the risk
of knee stiffness, and the patients are quicker to return
to independent activities. The clinical and functional re-
sults following a single-stage reimplantation appear better,
with improved patient-reported outcomes.3? Finally, an-
other benefit of a single-stage protocol is that reimplanta-
tion is much simpler, whereas technical challenges of the
two-stage revision such as a difficult surgical exposure and
the possible severe bone loss are avoided.39-42
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TWO-STAGE REIMPLANTATION

The strategy that involves the use of cement spacer, intra-
venous antibiotic therapy and successive revision TKA is
still considered the gold standard for the management of
the PJIs. This treatment is considered the first choice not
only for chronic but also for acute infections, especially in
the presence of resistant bacteria.!6:1743 During the first
stage, all prosthetic components and cement are removed,
and an antibiotic-loaded cement spacer is positioned into
the joint. After 6-12 weeks of concomitant specific antibi-
otic therapy, the spacer is removed and a revision TKA is
implanted. The strategy of using antibiotic-loaded cement
spacers and intravenous (with or without oral) antibiotics
with delayed exchange arthroplasty is considered the state-
of-the-art with a reported success rate of 88-96% in in-
fection eradication and function preservation.43-46 There
are many advantages using cement spacers: space preser-
vation; reduction of the scar tissue that could compromise
soft-tissue elasticity and thus balancing during reimplanta-
tion; improvement of patient’s comfort between the stages;
delivery of high-dose local antibiotics to the knee greater
than intravenous administration.!4 Three types of cement
spacers have been proposed for the treatment of PJIs: block
spacers and two types of articulated spacers. These latter
are distinguished in two types. The first one is made com-
pletely of antibiotic-impregnated cement, with or without
preformed moulds. The second one is made of metal and
plastic components, coated with antibiotic-impregnated
cement (composite spacer).13,16,17

In the setting of a two-stage revision, reimplantation is
performed when sufficient clinical, radiographic, and labo-
ratory (ESR and CRP) evidence support the absence of an
infection.#” Anyway, some factors could affect the relia-
bility of these hematic biomarkers: low-virulence bacteria,
antibiotics in the cement spacer and recent systemic an-
tibiotic administration. Therefore, some authors have pro-
posed obtaining repeated cultures by knee aspirations at
least two-week antibiotic cessation and before reimplanta-
tion to determine whether infection is still present.4” Re-
cently, it has been introduced a combined measurement
of synovial fluid CRP and alpha-defensin protein levels.
In fact, while synovial fluid a-defensin test alone demon-
strated a sensitivity of 97% and a specificity of 96% for
the diagnosis of periprosthetic joint infection, the combi-
nation of this test with CRP demonstrated a sensitivity of
97% and a specificity of 100%.48 Anyway, nor repeated as-
piration of the knee joint and nuclear medicine investiga-
tions are not routinely performed before the second stage.
In patients with rheumatoid arthritis and chronic inflam-
matory diseases, laboratory markers might not normalize;
therefore, their substantial improvement over time helps to
guide the timing of reimplantation. Other factors that can
be used to guide the decision to reimplantation, in these
patients, is the wound appearance and the results of the as-
pirate before reimplantation.*®

In case of suspected persistence of the infection, cement
spacer should be revised (multiple stage reimplantation).22
Similarly, if at the time of reimplantation the intraoperative

frozen sections indicate a state of persistent acute inflam-
mation, an antibiotic-loaded cement spacer should be re-
applied.4750 Generally, the revision prosthesis is fixed with
antibiotic-loaded cement. After reimplantation, intra-
venous antibiotics are administered for at least 4-5 days
and stopped if the intraoperative cultures result negative.
If intraoperative cultures are positive, instead, antibiotics
must be continued for at least 6 weeks, based on recom-
mendations of the infectious disease specialist.3%:49:51

SALVAGE PROCEDURES
RESECTION ARTHROPLASTY

Resection arthroplasty is a salvage procedure that involves
the removal of all components, debridement of the infected
soft tissues and the bone without re-implantation of new
components. The procedure has a very limited indication,
primarily reserved for low-demanded patients with pol-
yarticular rheumatoid or other chronic arthritis with lim-
ited ambulatory demands, while it is less tolerated with
single joint involvement. Resection arthroplasty involves
limited functional ambulation (all cane or walker), but it
preserves modest motion for ADLs. Relative contraindica-
tions are represented by single joint disease or high ambu-
latory demand. Anyway, intravenous antibiotics should be
administered for at least 4-6 weeks postoperatively, choos-
ing antimicrobial drugs specific for the infecting organism
detected during surgery.22 The prognosis for resection
arthroplasty is fair to poor, with a recurrent infection in
11% of the patients, instability in 83% of the patients, pain
common, and with an only 56% satisfaction rate reported.>2

ARTHRODESIS

Knee arthrodesis for recurrent PJI is a limb salvage proce-
dure that simultaneously provides a stable limb for weight-
bearing and effective eradication of the chronic infection.
Knee arthrodesis is a final resort for limb salvage that is ap-
propriate for patients with multiple recurrent revisions for
infection, a history of failed 2-stage exchanges, medical co-
morbidities, and an inability to tolerate multiple additional
procedures. Another important consideration is whether
the patient has a poor soft-tissue envelope that leaves knee
arthrodesis as the only viable option. The procedure is a de-
finitive surgery to eliminate return trips to the operating
room. This technique involves knee arthrodesis using a
long intra-medullary rod inserted proximally through the
piriformis fossa that spans the entire medullary canal of the
femur and the tibia. Before insertion, the surgeon may elect
to create a long antibiotic cement-coated intramedullary
rod. The rod is locked proximally and distally. An alterna-
tive method for large bone defects (.6 cm) at the level of the
knee is to create intercalary antibiotic-impregnated cement
spacers.>3

When reimplantation is not possible or multiply unsuc-
cessful, an alternative salvage procedure can be recom-
mended to prevent the need for amputation. Although rare,
PJI is the most common indication for arthrodesis.54-56
Conway et al># stated that “overall outcome of a successful
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arthrodesis is certainly better than the outcome of an am-
putation or a poor revision”. Arthrodesis is used as a serious
end-stage procedure when the extensor mechanism has
been highly compromised, and severe bone and soft tissue
loss precludes reimplantation of a prosthesis or makes it
highly problematic. Arthrodesis is also indicated in patients
with chronic recurrent infections in whom previous surgical
attempts at infectious eradication and pain relief have
failed. Moreover, arthrodesis may be performed in presence
of infections by high-resistant bacteria, and in immuno-
compromised patients because of the high risk of infection
recurrence after reimplantation of a revision TKA. Some-
times, arthrodesis is forced by desire of the patient for a
more predictable solution or by its poor general medical
status.>1,57 A successful arthrodesis permits ambulation
and the performance of daily activities at an acceptable
level of efficiency that otherwise would not be possible with
a failed TKA. Arthrodesis involves removal of all compo-
nents and cement, debridement of all infected and necrotic
tissue, and positioning of an intramedullary nail or an ex-
ternal fixator. Bone grafts may be necessary. Compression
plates have been also used, but very few cases of plate fixa-
tion for arthrodesis following a failed TKA are reported. Al-
though good fusion rates have been reported, arthrodesis
with plate requires large exposure and longer immobiliza-
tion, and it is often compromised by recurring infection.
Relative contraindications to the knee arthrodesis following
PJI could be represented by highly severe bone stock, sig-
nificant ipsilateral hip or ankle dysfunction or significant
contralateral knee disease. Additionally, arthrodesis could
represent a difficult and demanding surgical procedure, es-
pecially in patients with significant soft tissue and bone
loss, and could be complicated by delayed fusion,
nonunion, malunion, or persistent infection.>8 Nonunion
could be caused by bone loss, persistent infection, insuf-
ficient bone grafts, malalignment and inadequate immobi-
lization.

INTRAMEDULLARY NAIL

Knee arthrodesis using a long intramedullary rod is a very
effective and efficient method of fusion. With recurrent
periprosthetic knee infections, metaphyseal bone loss is
common and short knee-fusion rods may not provide ade-
quate stability. Long rods for knee arthrodesis use the dia-
physis for stability and have the additional advantage of be-
ing easily accessible for removal in the event of a recurrent
infection with a well-healed fusion. Long intramedullary
rods also provide the additional advantages of immediate
weight-bearing. Immediate weight-bearing on the affected
limb is critical because often these patients have been un-
able to bear weight preoperatively secondary to pain and
infection.53 The intramedullary nail allows higher rate of
fusion (90%) than external fixator (70-80%), but it is as-
sociated with a major complications rate (56%) including
the intramedullary spread of infection with potential con-
tamination of otherwise healthy bone.5 Other complica-
tions may be the breakage or migration of the nail, or bone
fractures. Furthermore, a potential problem associated to
the use of intramedullary nail may be the need for removal

that could require performing cortical windows in the fe-
mur and/or in the tibia. Intramedullary devices allow im-
mediate postoperative full weightbearing, therefore provid-
ing a more rigid fixation and generally a shorter time to
achieve a solid fusion. Additionally, internal fixation with
intramedullary nail has been proven to represent the most
effective technique to obtain knee fusion in the presence of
severe bone loss.?0 Intramedullary nails can be anterograde
that require insertion through the piriformis fossa, or mod-
ular with a retrograde femoral nail and an anterograde tib-
ial nail that are introduced from the knee joint. Moreover,
modular hardware allows for a mismatch in size between
the intramedullary canals of femur and tibia. The modu-
lar systems have the obvious advantages to allow for an ac-
curate debridement of the knee before the insertion of the
nail and obtain a more correct alignment than non-modular
systems. On the other hand, solid bony contact with com-
pression has been emphasized to favor fusion at the site of
arthrodesis. This, however, reduces the limb length when a
large bone defect is present.>5-61,:62 Finally, a relative con-
traindication to the use of the intramedullary nail for knee
arthrodesis could be represented the presence of ipsilateral
hip and/or ankle arthroplasty.

EXTERNAL FIXATION

External fixation used for arthrodesis following PJI presents
some theoretical advantages when compared to in-
tramedullary nail. The external fixator can be used with ip-
silateral total hip arthroplasty, and it allows delayed skin
coverage (when that is necessary). Compression and align-
ment can be obtained easily and adjusted after the initial
procedure. Furthermore, the external fixator can be suc-
cessively removed without insult to the patient. External
fixation techniques are effective but come with pin-site
problems. Pin-site problems are amplified in patients with
obesity who have large soft-tissue envelopes, and the long
intramedullary rod avoids pin problems in such patients.
Antibiotic cement coating of the long intramedullary rod
also provides local antibiotic delivery.>3> Complications as-
sociated to the external fixation devices could be pin tract
infection, pin loosening, bone fracture at a pin site, and
non-union.>>

AMPUTATION

Above-the-knee amputation (AKA) is used for life-threat-
ening sepsis or recurrent sepsis associated with massive
bone loss or complex soft tissue defects and intractable
pain after multiple revisions. Amputation is certainly con-
sidered the last resort for the treatment of a failed TKA.
Amputation is highly successful in infection eradication
and pain relief, but it is clearly associated with poor func-
tional result.63:64 Sierra et al® reported on the prevalence,
etiology and functional outcome of the AKA following a
failed knee replacement. On 18443 primary TKAs per-
formed from 1970 to 2000 at the Mayo Clinic, nineteen
(0,1%) knees were eventually followed by amputation for
uncontrollable infection; other causes of amputation were
periprosthetic fractures, intractable pain, severe bone loss,
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vascular occlusion, and other causes unrelated to the knee
replacement such as peripheral vascular diseases, tumors
and diabetic neuropathy. After amputation, only six of
nineteen infected knees were fitted with an external pros-
thesis; 14 patients were unable to walk, three ambulated
with prosthesis two of whom using two crutches and one
without aids, one ambulated without prosthesis using two
crutches, and one used prosthesis for cosmetic reasons.
These poor functional results often depend on debilitated
infected patients, medical comorbidities (typical in
rheumatoid arthritis) or multiple joint diseases, that make
difficult walking with a prosthesis.

Recently, Carr et al® reported about outcomes in the
treatment of failed septic TKA comparing arthrodesis and
above-knee amputation. They found a greater percentage
of patients older than 80 years in the AKA group compared
with patients of the arthrodesis group.6® Moreover, comor-
bidities such as diabetes mellitus, congestive heart failure,
coronary heart disease, chronic kidney disease, and chronic
obstructive pulmonary disease were observed much more
often in the AKA group compared with the arthrodesis
group. Currently, patients with more comorbidities are pre-
ferred for AKA instead of arthrodesis in septic failure of
TKA. However, it should be noted that a decrease in func-
tional status after AKA is inevitable. Only half of the pa-
tients achieved independent ambulation.6¢

CONCLUSION

In patients with acute low-grade knee PJIs, DAIR procedure
could a reasonable and acceptable choice to save the im-
plant, although characterized by a relatively high failure
rate. When a failed DAIR or a chronic PKI occur, resection
of all components appears mandatory. Single stage reim-
plantation has the potential to decrease the number of
surgeries and costs and improve the comfort for the patient.
Single-stage exchange is particularly indicated when the
patients present minimal soft tissue defect allowing pri-
mary wound closure, and in the setting of low-grade infec-
tions with high possibility to eradicate the infecting organ-
ism, absence of systemic sepsis and absence of extensive
comorbidities. Two-stage reimplantation is still considered
the gold standard for the management of PJIs and present
the highest success-rates in eradicating infection. Two-
stage reimplantation, generally chosen only for chronic
PJIs, is considered the first choice also in case of acute in-
fections when the infecting organism is not known, and in
the presence of multidrug-resistant bacteria. Salvage pro-
cedures are nowadays indicated as limb- or life-threatening
PJIs.
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