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Abstract

Purpose of Review Although a two-stage exchange revision is reported to have a high success rate, this strategy may fail as a
treatment for prosthetic joint infection (PJI). When it does, resection arthroplasty, arthrodesis, amputation, and chronic antibiotic
suppression may play a role. The purpose of this review is to determine which are the main risk factors for a two-stage exchange
failure and to analyze the indications and results of resection arthroplasty, arthrodesis, amputation, and antibiotic chronic
suppression for PJL.

Recent Findings Recent literature demonstrates that the main risk factors for a two-stage exchange failure are as follows:
hemodialysis, obesity, multiple previous procedures, diabetes mellitus, corticosteroid therapy, hypoalbuminemia, immunosup-
pression, theumatological conditions, coagulation disorders, and infection due to multidrug-resistant (MDR) bacteria or fungal
species. Regarding microorganisms, besides Staphylococcus aureus, Streptococcus spp., Enterobacteriaceae species such as
Klebsiella pneumoniae and Enterobacter sp., Pseudomonas aeruginosa, or Acinetobacter baumannii, and fungus including
Candida sp. are also considered risk factors for a two-stage exchange failure. Resection arthroplasty, arthrodesis, and amputation
have a limited role. Chronic suppression is an option for high-risk patients or unfeasible reconstruction.

Summary In summary, we report the main risk factors for a two-stage exchange failure and alternative procedures when it
occurs. Future research on patient-specific risk factors for a two-stage exchange may aid surgical decision-making and
optimization of outcomes.

Keywords Periprosthetic joint infection (PJI) - Two-stage infected exchange failure - Revision hip arthroplasty - Two-stage
exchange arthroplasty - Chronic suppression therapy

Introduction

Periprosthetic joint infections (PJIs) are among the most devas-
tating conditions in orthopedic surgery, and it is associated with a
significant economic burden for healthcare systems worldwide.
The management of PJI is associated with higher healthcare
expenditure by health institutions, which was estimated at more
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than $566 million, and may exceed $1.62 billion by 2020 [1]. PJI
patients often present with impaired function, poor quality of life,
and lower expectations after having experienced clinical im-
provements commonly present after primary total hip
arthroplasty. Due to the important economic burden of PJI, as
well as its significant morbidity, standardized practices were pro-
posed to improve the clinical and surgical management of PJI
[2-4]. Several strategies, including those based upon surgical and
antimicrobial therapy, have been considered for the management
of PJI. Among the operative strategies, debridement, implant
retention, and antibiotic therapy (DAIR) were adopted for de-
cades as first-line treatment. In the presence of high failure rates,
surgeons have adopted different surgical modalities of treatment,
including the exchange of the implant, arthrodesis, or even am-
putation. Prosthesis exchange is usually performed in a single
step, or as a staged two-stage treatment. Administration of intra-
venous antimicrobial therapy is recommended for both surgical
strategies, and it is adjusted according to the cultures and sensi-
tivity results obtained intraoperatively [5—7, 8ee].
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Predictors and Risk Factors for Failure
of a Two-Stage Exchange

In face of the high failure rates after debridement, antibiotics,
and implant retention (DAIR), the surgical treatment of PJI is
traditionally based on exchange of the implant, which can be
performed in one or two stages [15]. The two-stage revision
surgery, which is also denominated as staged exchange, has
been traditionally adopted worldwide as a successful treat-
ment for PJI, although it is considered more expensive than
the one-stage procedure [5—7, 8+¢]. In addition, patients who
had a two-stage revision have lower self-reported health-relat-
ed quality of life outcomes and it may present inferior health-
related quality of life [16]. Even though it has been associated
with a prolonged immobilization period, the staged revision is
considered to have an acceptable control and eradication of
the infection while maintaining joint functionality [5, 7, 17].
The morbidity and mortality of patients undergoing a second-
stage revision total hip arthroplasty (THA) for the treatment of
PJI is high, which may be due to the necessity of two major
surgical procedures [5, 14¢¢]. Removing an infected implant is
considered a high-risk surgery and, according to a recent
study, this procedure is associated with a 30-day readmissions
rate of 11.1% and a 90-day mortality rate of 2.6% [18]. A
national investigation reported the reimplantation rates 1 year
after the first stage of the revision THA. Only 60% of the
patients were reimplanted [12]. The mortality after the first
stage was 6.5%. A significant percentage of patients who sur-
vived the first stage had either resection arthroplasty (the
Girdlestone-type procedure, 5.7%) or repeated debridement
procedures (10.8%) [12].

Failure of a two-stage exchange can be defined as the re-
currence of clinical infection and radiographic signs of

implant loosening, or the need for a subsequent surgery due
to infection [19]. Other definitions include persistence of in-
fection with clinical signs and symptoms along with a high C-
reactive protein with a subsequent second debridement after
the completion of the antibiotic treatment. Additionally, death
related to the PJI remains a pertinent outcome [15].

Multiple factors are associated with poor clinical outcomes
after a failed staged revision total hip and total knee arthroplasty
(Table 1). One of the most important is the persistence of low-
grade infection upon which the patient presents with nonspecif-
ic signs of infection. Lee et al. evaluated risk factors for treat-
ment failure after PJI in a cohort of 43 patients. Although other
factors were considered, including the presence of comorbidi-
ties and inadequate treatment with empirical antibiotics,
Staphylococcus aureus infection was the only significant risk
factor for treatment failure [9]. S. aureus can persist after im-
plant exchange in two-stage revision arthroplasty, increasing
the minimum inhibitory concentrations (MIC) of antibiotics
commonly used in cement spacers, and posing a risk for infec-
tions caused by resistant pathogens [20+¢]. Persistent infection
should be considered as one of the main causes of failure after a
two-stage exchange. Even though S. aureus is considered the
main pathogen associated with treatment failure, other micro-
organisms should be thoroughly investigated, including
Cutibacterium acnes (former Propionibacterium acnes) and
MDR Gram-negative bacilli [21]. A recent study performed
by Brown et al. found that, among patients diagnosed with
PJI caused by fungal pathogens and treated with a two-stage
exchange, reinfection caused by the same fungal organism oc-
curred in two out of three cases [10]. Streptococcal pathogens
are also associated with failure after a two-stage exchange pro-
cedure [11]. According to a recent study with 1-year follow-up,
mortality in patients undergoing a two-stage exchange revision

Table 1 Risk factors for failure during two-step exchange for PJI
Author Age  Gender  Comorbidities Pathogen Duration Length of Time to
of surgery  hospital stay  reimplantation

Lee et al. [9] - - - S. aureus - - -
Brown et al. [10¢] - - - Fungal pathogens  — - -
Akgun et al. [11] - - - Streptococcus - - -
Cancienne et al. [12]  >85  Males Diabetes - - - -

Congestive heart failure

Chronic lung disease

Liver diseases

Kidney diseases

Obesity

Inflammatory Arthritis

Depression
Ma et al. [13] - - BMI >30 kg/m - >4h - -

Gout
Kheir [7] - - - Enterococcus - - -
Aalie Rezai [14¢¢] - - The Charlson comorbidity index — — - Longer Longer
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was significantly associated with male gender, age greater than
85 years old, presence of comorbidities, and hemodialysis [12].
Female gender and depression were associated with a higher
risk of not having a reimplantation, while obesity and inflam-
matory arthritis were associated with repeat debridement with-
out reimplantation [12]. Higher perioperative glucose levels in
non-diabetic patients may be a risk factor for PJI [22, 23]. In a
recent study investigating two-stage exchange for total knee
arthroplasty (TKA), Ma et al. reported a 14.8% failure rate in
a cohort of 108 patient who had a two-stage exchange due to
PJI. A multivariate analysis revealed body mass index > 30 kg/
m, an operative time greater than 4 h, and gout to be the stron-
gest predictors for failure [13].

In light of the increasing proportion of infections caused by
non-Staphylococcus pathogens, such as Gram-negative bacilli,
the influence of multidrug-resistant pathogens should be con-
tinuously investigated [24]. The presence of Enterococcus spe-
cies has been found to be a strong predictor of failure in two-
stage reimplantation according to a recent study [7]. New path-
ogens can be present even after an aggressive surgical debride-
ment. Infections caused by new microorganisms not causing
the index infection are expected to happen in about two thirds
of failed staged revision THAs [25]. However, a recent study
reported that at 1 year after the two-stage exchange, failure due
to reinfection with the same organism occurred in 27% of the
failure cases, while 44% were re-infected by a different patho-
gen [14e¢]. The authors also reported that the time to
reimplantion in a staged procedure was not associated with
failure while, risk factors for failure included the presence of
comorbidities and a longer length of hospital stay [14e].

The role of patient comorbidities and demographics was
recently investigated in a large cohort of patients, which re-
ported younger age, tobacco use, chronic kidney disease, he-
modialysis, and depression as risk factors for PJI [12]. The
way age influences failure rates in PJI is controversial, and the
presence of other independent predictors of infection should
be addressed [12, 26]. Other factors reported in a recent sys-
tematic review included diabetes mellitus, corticosteroid ther-
apy, hypoalbuminemia, blood transfusion, use of closed suc-
tion drainage, wound dehiscence or superficial infection, co-
existence of malignancy, and immunosuppression [27].
Rheumatological conditions, coagulation disorders, and mor-
bid obesity were also considered risk factors for PJI [12, 27].
Duration of surgery has also been found to be associated with
infection after a joint replacement in a study based on the
Norwegian health registers [26].

Smoking has been shown to be a strong independent risk
factor for surgical site infections including PJI. The patho-
physiological consequences of smoking on surgical outcomes
refer to the toxic effects of inhalation leading to local tissue
hypoxia by the mechanism of vasoconstriction and inadequate
stimulation of fibroblasts under oxidative stress conditions
[28]. Delay in wound healing and increased risk of local
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infection has been associated with decreasing cell migration
and inadequate accumulation of connective tissue in the
wound [28]. A large number of patients who smoked were
retrospectively analyzed for surgical site infection risk factors,
and smoking on the day of surgery was independently associ-
ated with increased rate of infection following elective surger-
ies [29]. A recent meta-analysis has shown a significant in-
crease in infection among smokers as identified among 51
studies evaluating surgical procedures distributed across sev-
eral specialties [30]. Smoking may cause failure after a two-
stage exchange after joint replacement.

When to Do Amputation/Arthrodesis

Resection arthroplasty (pseudoarthrosis) has existed as a treat-
ment for hip joint infection since 1928, as described by
Girdlestone to treat tuberculosis infection of the hip. This tech-
nique was then adapted to treat osteoarthritis decades ago, as
described by R. G. Taylor in 1950 [31]. However, the first cases
of resection arthroplasty as a treatment for THA infection were
reported in 1972 by two groups, Patterson and Brown and as
Wilson et al., both as parts of outcome studies for larger sets of
THA patients [32, 33]. Wilson et al. reported a high incidence
of prosthetic loosening and wound complications in a cohort of
100 patients who had THA using the McKee-Farrar prosthesis
and acrylic cement [33]. In the Patterson and Brown study, the
same implant was used, and a high incidence of salvage proce-
dures after THA was recorded, of which, the Girdlestone
arthroplasty was performed in 26% of the cases [32]. Clegg
was the first surgeon to discuss pseudoarthrosis as a treatment
for infected THA in a dedicated retrospective study of 26 pa-
tients [34]. The author found significant improvements in pain
and acceptable functional results, with some limitations includ-
ing shortening of the operated leg between 4 and 7.5 cm, the
need to raise toilet seats, and difficulties with unaided standing
and walking [34]. Much of the literature discussing
pseudoarthrosis as a treatment for infected THA continued to
be written through the mid-1980s, prior to the advent of more
modern techniques such as antibiotic spacers and multiple stage
revisions [35, 36].

On the other hand, amputation can be utilized as treatment
in more complex pathologies. Typically, it is reserved for life-
threatening situations in the setting of severe infection or when
limb salvage is not possible due to severe bone loss or a vas-
cular injury. A series of 11 patients was described by Fenelon
et al. in 1980. The authors found that out of 11 patients, three
died, five had good wound healing, three had persistent
draining sinuses and improvement in pain, two had phantom
pain, four were able to return to work, and seven reported
overall happiness with the surgery and were able to move on
with their lives outside of the hospital [37]. Bucholz et al.
referred to disarticulation as treatment, but minimally
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addresses indications and subsequent outcomes of this treat-
ment arm, showing that this procedure is performed in the
setting of life-threatening sepsis or severe vascular injury
[38]. Other studies have shown a disarticulation rate of 0.7
to 1.3% of infected THA cases [39, 40]. As amputation is
considered a radical procedure, alternative treatments were
also adopted in the setting of PJI. A type of rotationplasty
was described by Peterson et al. in 1997, in which the patient’s
lower leg can be saved by placing the heel of the calcaneus in
the acetabulum and then have the calcaneotalotibial joint to
function as the new hip joint [41]. This technique was per-
formed to provide a stump that will facilitate movement and
stability of the torso.

Arthrodesis of the infected THA has also been suggested as
an alternative treatment, albeit in only rare circumstances. In
orthopedic literature, there is a paucity of studies reporting this
kind of treatment. In a study performed by Kostuik and
Alexander, out of 14 cases where arthrodesis was performed
after THA, seven had prior PJI. Only one patient had compli-
cations regarding arthrodesis healing [42]. In this case series,
the authors show that using a modified AO fusion technique
with allograft bone graft, it is possible to successfully fuse an
infected THA. As the advent of modern staging techniques
have arisen, the functional limitations of a hip arthrodesis may
represent a barrier to the procedure, being difficult to advocate
fusion as an alternative treatment.

Given the fact that the management of PJI represents a
major challenge for surgeons, clinicians, and patients, some
authors reported treatment algorithms aiming for better clini-
cal results. Giuleri et al. used different variables for a treatment
algorithm for hip PJI, including time of onset of symptoms
and clinical aspect of the implant and host soft tissue [43]. The
authors reported better clinical outcomes when the algorithm
was used. In addition, they dismiss the Girdlestone approach,
whereas this lacks in ability to effectively treat infection and
moreover, provides a stable, functional hip joint, and, supports
the use of suppressive antibiotics or an antibiotic spacer as a
bridge to a final THA [43].

On the other side, the decision of converting a resection
arthroplasty or arthrodesis to a THA needs to be considered
for improving patient’s function and quality of life. Several
complications were associated with conversion of hip arthrod-
esis to THA, including infection, instability, loosening, nerve-
related complications, abductor-related complications, and
venous-thrombotic events, and up to 12% revision rate ac-
cording to a recent study [44]. However, when compared to
aprimary THA, conversion to THA after arthrodesis can have
excellent results with similar satisfaction scores and compli-
cation rates [45]. Conversion of a Girdlestone procedure to
THA, as compared to match controls of patients undergoing
THA revision for aseptic loosening, showed similar outcomes
after a mean follow-up of 9.3 years [46]. Charlton et al.
reviewed the most common complications that occurred after

converting an infected hip treated with Girdlestone to THA in
44 patients with an average follow-up of 2 years. Although an
improvement in the Harris hip scores was present, complica-
tions were notable, including a 11.4% dislocation and 30% of
patients with a persistent limp. The authors did not recom-
mend the Girdlestone as a first-line treatment for hip infection
as a result of their findings [47].

Clearly, the orthopedic literature does not support either
resection arthroplasty, fusion, or hip disarticulation as first-
line treatments in the setting of periprosthetic hip infection.
However, if necessary, when two-stage revision techniques
fail, these are viable options with the possibility to convert
back to THA in the future.

Role of Chronic Suppression

Non-operative treatment of PJI is based on chronic suppres-
sive antimicrobial strategies. While remission of infection can
be achieved with 6 to 12 weeks of antimicrobial therapy in
69% of the cases, the duration of the chronic suppression is
variable, ranging from months to years after surgery [5, 48].
However, most cases of failure are reported on average at
4 months after discontinuation of the antimicrobial therapy
[49]. With the potential of being a life-long treatment, several
factors may influence the duration of suppressive therapy:
virulence of the infecting pathogen, previous antimicrobial
therapy and susceptibility profile, availability of the medica-
tion at the healthcare facility, and therapy in failure cases
which can occur in 25% of the cases [5, 50]. S. aureus is the
most common infecting pathogen, and PJIs caused by
methicillin-susceptible S. aureus (MSSA) are more prone to
respond to antimicrobial suppression [50], while MRSA in-
fections have been shown to be associated with poorer clinical
outcomes [48]. A recent review of the antimicrobial agents
used in PJI revealed that rifampicin may be used in combina-
tion with other drugs such as fluoroquinolones, fusidic acid,
trimethoprim-sulfamethoxazole, and minocycline [5, 51-56].
Although rifampicin is an inducer of cytochrome P-450 oxi-
dative enzymes, it is a potent reagent against staphylococcal
biofilms, and this antimicrobial agent may decrease the con-
centrations of other agents such linezolid, clindamycin, and a
life-long agent co-trimoxazole needed to treat the infection [5,
56]. In a study of PJI patients who had oral combination ther-
apy and with a minimum follow-up of 2 years, the type of oral
antibiotic selected was associated with higher failure rates,
while the duration of treatment did not affect failures rates in
the setting of PJI [56]. The authors concluded that failure may
be due to the antimicrobial selection in PJI and not the dura-
tion of treatment [56]. Although still under scientific debate,
chronic oral antimicrobial suppression can be administered as
a single therapeutic agent or as dual therapy. Albeit associated
with therapeutic success, different regimens may cause
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adverse events. In a study with patients older than 75 years old
with a median follow-up of 17.3 months, and that received
chronic suppression for PJI treatment, a single-agent treatment
composed of either clindamycin, beta-lactams, co-
trimoxazole, pristinamycin, or fluoroquinolones was adminis-
tered in patients with PJI. Combined therapy consisted of flu-
oroquinolone + rifampicin, fluoroquinolone + clindamycin,
co-trimoxazole + fusidic acid, and amoxicillin + clindamycin
[57]. Eight out of 21 patients experienced an adverse event
including allergy, death from non-septic cause, and systemic
progression of sepsis. A new fistula was also observed as a
sign of recurrence of infection [57]. The most common agent
leading to an adverse event was co-trimoxazole, and most
events were caused by one single agent [57]. The authors also
reported that indefinite chronic oral antimicrobial suppression
was not associated with death or infection, appearing to be an
effective strategy for PJI in the elderly [57]. Chronic suppres-
sion may be used as palliative therapy to elderly and bedrid-
den patients, whereas high doses of potent antimicrobial
agents may aggravate the clinical condition and lead to med-
ication complications in this particularly vulnerable popula-
tion [48, 57]. Chronic suppression also may have a role in
cases where reconstruction is unfeasible (Figs. 1 and 2).
Even though most of the drugs are well tolerated in the
long-term period, the 2-year survival rate free of complication
in the elderly population is about 40% [57]. These results
show a controversial benefit of the suppressive therapy in
PJI. However, in patients with poor clinical conditions, it
may be the only feasible treatment. Given the fact that ad-
vanced age is a risk factor for higher glucose levels, elderly
patients should be considered to have higher perioperative
hyperglycemia, which is associated with increased biofilm
formation and increased risk of chronic treatment failure [5,
58, 59]. Diabetic patients are at a higher risk of failure during
prolonged oral antimicrobial suppression [59]. In a compari-
son study regarding the use of chronic suppression, the 5-year
infection-free prosthetic survival rate of patients undergoing
chronic antimicrobial suppression was 68.5%, a rate signifi-
cantly higher than the one found in patients who had only
irrigation, debridement, and polyethylene exchange as their
treatment [60]. Greater benefit was reported to be found in
patients who underwent irrigation and debridement with poly-
ethylene exchange and patients in which the infection was
caused by S. aureus.

There are some limitations of chronic suppression therapy
that involve the type of infectious agent and the type of treat-
ment planned for the PJI. Chronic suppression might not be the
ideal treatment for PJI when Gram-negative bacilli treated with
fluoroquinolones cause the infection, but in a recent study, the
use of fluoroquinolones was associated with a lower failure rate
when the PJI was treated with debridement, implant retention,
and antibiotics [5, 56]. Differently from PJI treated with DAIR,
where rifampin is recommended for PJI caused by S. aureus, in
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Fig. 1 A 57-year-old female patient with rheumatoid arthritis and a right
hip infected arthroplasty. The patient had three hip revisions and seven
surgical debridement procedures with failure of eradication of infection.
This patient had also two knee arthroplasty revisions. In face of a high
chance of reconstruction failure and refusal of amputation, this patient
was treated with chronic antibiotic suppression therapy

cases of two-stage arthroplasty exchange, where the implant
was previously removed, combination therapy with rifampin
is not the first choice of treatment due to the fact that there is
no retained implant [5, 61]. There is still no consensus to

| 2
-
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Fig. 2 Same patient as in figure one with two active sinuses on the right
thigh with purulent effusion. P proximal, M medial, D distal, L lateral
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support a combined intravenous therapy with rifampin follow-
ing implant removal [62]. A common antimicrobial strategy is
based on the administration of pathogen-directed intravenous
antibiotics for 4 to 6 weeks between the first and second stages
[5]. In patients with lower ASA scores or extremely virulent
infection pathogens, the chronic suppression may not be the
first choice of treatment [26].

Conclusion

In conclusion, recent literature demonstrates that the main risk
factors for a two-stage exchange failure are hemodialysis,
obesity, multiple previous procedures, diabetes mellitus, cor-
ticosteroid therapy, hypoalbuminemia, blood transfusion, im-
munosuppression, rtheumatological conditions, and coagula-
tion disorders. Regarding microorganisms, besides S. aureus,
Streptococcus and fungi are also considered risk factors for a
two-stage exchange failure. Optimization of the patient’s clin-
ical comorbidities is a key to achieving improved outcomes.
Resection arthroplasty, arthrodesis, and amputation have a
limited role. Chronic suppression is an option for high-risk
patients or unfeasible reconstruction. Future research on
patient-specific risk factors for a two-stage exchange may
aid surgical decision-making and optimization of outcomes.
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