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QUESTION 7: what are the indications for one-stage versus two-stage exchange arthroplasty in
management of the infected total ankle arthroplasty (TAA)?

RECOMMENDATION: Two-stage exchange arthroplasty is recommended in the majority of cases following infected TAA. One-stage arthroplasty is
onlyindicated in a limited patient population with acute infection, preoperatively identified low-virulence organisms and low-risk patient factors.

LEVEL OF EVIDENCE: consensus

DELEGATE VOTE: Agree: 92%, Disagree: 8%, Abstain: 0% (Super Majority, Strong Consensus)

RATIONALE

The management of the infected arthroplasty remains a challenging
and controversial topic in relation to any joint [1-5]. Reported rates
of infection following TAA requiring re-operation (surgical irriga-
tion and debridement (I&D), component removal and exchange, or
revision) range from o to 8.6% [6-11]. Special consideration must be
taken into account in the management of the infected total ankle
given the tenuous soft tissue coverage, frequent history of multiple
preceding operations, and, relative to hip and knee arthroplasty, a
more recent arthroplasty design and more limited experience [12].
Currently, two-stage revision exchange arthroplasty surgery is the
most popular surgical option for the management of periprosthetic
joint infection (PJI) in North America and worldwide. However, it
may resultin significant bone loss, patient morbidity and prolonged
disability, leading to a more challenging reconstruction and ulti-
mately prolonged recovery, poorer patient-reported clinical func-
tional outcomes, higher rates and risk of subsequent infection and
potential failure of salvage operations leading to amputation.

Surgical treatment goals of the infected TAA are to eradicate the
infection, obtain mechanical stability and soft-tissue coverage, alle-
viate pain and maximize clinical function. Historic treatment strate-
gies have included antibiotics with hardware retention, aggressive
debridementwith or without polyethylene exchange and removal of
hardware and exchange or arthrodesis in one or two stages with an
antibiotic-impregnated cement spacer.

Extreme care should be taken when considering appropriate
management of the infected TAA. Kessler et al. published the largest
study to date evaluating 34 patients following revision TAA for infec-
tion [10]. An infection-free outcome with satisfactory function of
the ankle was obtained in only 23 patients (67.6%). One-stage revi-
sions with retention of one or both components resulted in 33.3%
(7/21) failure with persistent infection, whereas two-stage revision
with explantation of all components results in 10% (1/10) failure.
Myerson et al. retrospectively evaluated 19 revision cases, and only
3 of the 19 patients underwent successful revision with replace-
ment (15.7%), 6 with arthrodesis (31.6%), 7 with a permanent anti-
biotic spacer (36.8%) and 3 patients required a transtibial amputa-
tion (15.7%) [11]. Although prosthesis salvage was attempted in three
early postoperative and one acute hematogenous cases, all revision
cases ultimately required subsequent removal of the prosthesis.
Whereas Myerson et al. reported that no patient was successfully
treated with retention of the hardware, Patton reported conflicting
results with four of four patients (100%) successfully treated with
retention of hardware and irrigation and debridement (two with
and two without exchange of polyethylene liner) for heterogeneous
presentations (one acute presentations with cellulitis, one acute
presentation with dehiscence, one late chronic, and one remote
hematogenous) [12]. However, the majority of the patients in this
study were treated with two-stage revision arthroplasty or amputa-

tion with retention of arthroplasty only achieved in 19 (65%) cases
of infection (n = 29). Given the currently available literature, there
are conflicting data for the utility of surgical I&D with retention of
hardware. Future studies are necessary to evaluate the feasibility of
surgical I&D of PJI in TAA.

To date, there is no level I evidence that provides indications
or contraindications for a one-stage exchange arthroplasty in TAA.
Furthermore, there are no randomized controlled trials that provide
absolute indications or contraindications for two-stage exchange
arthroplasty in hip and knee arthroplasty [13-16]. Care must be taken
to determine the need for implant removal given that the reported
success of treating the infected TAA with retention of one or both
implants ranges from o to 100% [7,11,12]. Given the variability in the
reported rates of success in eradicating infection, morbidity and
mortality among observed patient populations and variable time
periods prior to reimplantation, direct comparisons with one-stage
exchange arthroplasty are difficult due to a patient selection bias in
the current literature [15-18]. Although no literature is available with
respect to TAA, a recent systematic review of the knee arthroplasty
literature by Romano et al. demonstrated that a two-stage exchange
provides, on average, a better outcome with respect to the control of
infection in the knee [19]. The same group recently presented similar
but less notable findings for the hip [20]. It is not clear how these
findings would translate to the ankle, and future studies are neces-
sary to better understand the potential for infection control and
functional outcome with one- versus two-stage revision arthroplasty.

There are, however, circumstances that necessitate the removal
of implants. Systemic infection necessitates timely administration of
appropriate antibiotics and prompts removal of implants with thor-
ough debridement of the soft tissues and bone in order to address
the potential life-threatening sequelae of PJI. The immunocompro-
mised patient or the presence of medical comorbidities, including
metastatic disease, advanced cardiac disease and renal and/or liver
dysfunction, have been shown to impact the rate of success for infec-
tion eradication and certainly influence morbidity and mortality
[7,10]. It is unknown if the presence of these comorbidities consti-
tutes a contraindication for one-stage exchange arthroplasty in TAA
[14-16,18,21,22].

Since 1999, when Costerton first attributed the persistence of
certain chronic infections to the presence of biofilm, the majority
of implantrelated infections in orthopaedics are believed to be
secondary to biofilm-related infections [23]. These infections are
associated with glycocalyx polysaccharide biofilms that pose unique
challenges including frequently being recalcitrant to antibiotic
treatment and may be culture-negative with ineffective clearance
from the host [24,25]. Failure to identify the offending organism and|
or culture-negative PJI is a relative contraindication to one-stage
exchange arthroplasty [13,16,26,27]. Given the risk of biofilm-related
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TABLE 1. Indications for one- versus two-stage exchange for infected TAA

Treatment Type Indications

One-stage Exchange Arthroplasty

No sinus tract or exposed hardware

Healthy patient and soft tissue

No prolonged antibiotic use

No significant bone loss requiring bone graft

Low-virulence Organism with good antibiotic sensitivity

Two-stage Exchange Arthroplasty

Sepsis. Patients with systemic manifestations of infection
No Cultured Organism. High suspicion for infection but no organism has been identified
Antibiotic-resistant Organism. Preoperative cultures identifying difficult to treat and anti-
biotic-resistant organisms
High-risk Patient Factors.

a.  Presence of asinus tract or exposed hardware

b. Immunocompromised

c.  Inadequate and non-viable soft tissue coverage

d

Need to utilize higher order reconstructive techniques (bone graft, augmentation,
soft-tissue flaps)

TAA, total ankle arthroplasty

infections, several authors advocate that reimplantation of a pros-
thesis should be delayed until adequate resuscitation and eradica-
tion of the offending organism have been confirmed [13-16,21,26-31].

The presence of compromised soft tissues (e.g., sinus tract,
exposed hardware, etc.) that may limit adequate implant coverage is
another indication for two-stage exchange arthroplasty. Sinus tracts
frequently present with indurated, poorly elastic surrounding tissue
near and around the ankle that limits the potential for adequate
primary closure. In addition, the presence of a sinus tract may
contaminate preoperative cultures and preclude the prerequisite
for the identification of the offending organism [ 4,13,16,26,27]. Tissue
expanders, musculocutaneous flaps and possible repeat debride-
ments may all be indicated, necessitating further time between
initial resection and reimplantation [14-16,22]. If soft tissue coverage
cannot be obtained at index revision of a one-stage exchange arthro-
plasty, a two-stage surgery should be considered [13-15].

If the decision is made to pursue two-stage arthroplasty, there
is no definitive evidence in the literature concerning the optimal
timing between the two stages. However, there should be ample time
to allow administration of a complete full course of antibiotics, erad-
ication of the offending organism supported by a decrease in inflam-
matory markers (C-reactive protein [CRP]/erythrocyte sedimenta-
tion rate [ESR]), and adequate soft tissue preparation. Although no
literature exists demonstrating the optimal timing of replantation
in TAA, there is evidence that replantation prior to completing a
complete six-week course of antibiotics may result in increased posi-
tive cultures at the time of surgery in the hip and knee [14,16]. In the
United States, the most common practice is to complete a course
of six weeks of intravenous or oral antibiotics followed by a cessa-
tion of antibiotics for two to eight weeks prior to reimplantation
[16,32,33]. In addition, in the adult hip arthroplasty literature, there
is evidence that delaying replantation beyond six months impairs
functional improvement compared to patients who underwent two-
stage exchange within six months of resection and reimplantation
[34]. Although we recommend trending the ESR and CRP, the need
for serologic evaluation prior to reimplantation is unclear. Although
ESR and CRP alone are poorly diagnostic of persistent PJI with no
optimal cutoff values, changes in inflammatory marker values from
the time of resection may demonstrate improved pathogen control

and decreased overall biologic burden [1535-37]. There is currently
no literature with respect to TAA to guide decision-making on the
optimal timing between exchanges, nor serologic cutoff values.

All patients, regardless of nonoperative or operative manage-
ment, should be critically evaluated clinically and every effort
to minimize the risk of wound breakdown should be pursued,
including optimization of diabetes, reduction of inflammatory
conditions, the absence of tobacco use and optimal nutrition. Soft
tissue defects may require flap coverage. We recommend revision to
ankle arthroplasty after clearance of infection.
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QUESTION 8: what metrics can be used to determine the optimal timing of reimplantation in
patients who have undergone resection arthroplasty as part of a two-stage exchange for infected

total ankle arthroplasty (TAA)?

RECOMMENDATION: There is no conclusive data regarding what metrics can be used in order to determine the optimal timing of reimplanta-
tion for an infected TAA. We recommend that reimplantation is performed when there are clinical signs of resolution of infection (well-healed
wound, lack of erythema, etc.), and the serological markers have substantially declined (> 40%) from baseline (measured at the time of diagnosis

of infection).

LEVEL OF EVIDENCE: consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Infected TAA is a serious complication that is thought to occur in
as many as 5% of patients [1,2]. Management of infected TAA often
requires surgical intervention that includes removal of the pros-
thesis, local and systemic antibiotic treatment,and subsequent reim-
plantation in a select group of patients. One of the most challenging
questions pertains to optimal timing of reimplantation. There is
little in the literature regarding the optimal treatment of an infected
TAA. Most of the available literature has limitations including low
numbers of patients, short duration of follow-up and so on [1-5].
There are a number of publications related to patients with
infected TAA who underwent two-stage exchange arthroplasty.

Patton et al. reported on 29 of 966 (3.2%) cases of infected TAA [3].
Among the infected TAA, 13 patients underwent two-stage exchange
arthroplasty and antibiotic spacer placement. While infection type
and operative cultures were listed, no specific recommendations on
timing of reimplantation were made. Similarly, Lee et al. omitted
data regarding timing of reimplantation but reported one case of
deep infection, out of 50 TAAs (2%) that required implant removal,
antibiotic-impregnated spacer placement, and later revision TAA [4].

Thoroughly outlining the timeline, Young et al. detailed a case
report of a two-stage TAA revision [5]. Irrigation and debridement
(cefazolin 1 gm diluted in 1L 0.9% saline) and antibiotic cement



