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Abstract

Purpose Infection complicating total knee arthroplasty
(TKA) has serious implications. Traditionally the debate
on whether one- or two-stage exchange arthroplasty is the
optimum management of infected TKA has favoured two-
stage procedures; however, a paradigm shift in opinion is
emerging. This study aimed to establish whether current
evidence supports one-stage revision for managing infected
TKA based on reinfection rates and functional outcomes
post-surgery.

Methods MEDLINE/PubMed and CENTRAL databases
were reviewed for studies that compared one- and two-
stage exchange arthroplasty TKA in more than ten patients
with a minimum 2-year follow-up.

Results  From an initial sample of 796, five cohort studies
with a total of 231 patients (46 single-stage/185 two-stage;
median patient age 66 years, range 61-71 years) met inclu-
sion criteria. Overall, there were no significant differences
in risk of reinfection following one- or two-stage exchange
arthroplasty (OR —0.06, 95 % confidence interval —0.13,
0.01). Subgroup analysis revealed that in studies published
since 2000, one-stage procedures have a significantly lower
reinfection rate. One study investigated functional out-
comes and reported that one-stage surgery was associated
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with superior functional outcomes. Scarcity of data, incon-
sistent study designs, surgical technique and antibiotic
regime disparities limit recommendations that can be made.
Conclusion Recent studies suggest one-stage exchange
arthroplasty may provide superior outcomes, including
lower reinfection rates and superior function, in select
patients. Clinically, for some patients, one-stage exchange
arthroplasty may represent optimum treatment; however,
patient selection criteria and key components of surgical
and post-operative anti-microbial management remain to
be defined.

Level of evidence 1I1.

Keywords One-stage - Two-stage - Knee revision -
Infection - Total knee arthroplasty - Exchange arthroplasty

Introduction

Infection of total knee arthroplasty (TKA) is a recognised
and devastating complication of the procedure, with an
incidence of between 0.5 and 2.5 % in patients with oste-
oarthritis [3, 15], and significantly higher in patients with
rheumatoid arthritis, history of previous joint surgery and a
higher Charlson comorbidity index [6, 18]. There has been
wide debate as to the most appropriate management proto-
col of infected TKA.

There are currently three conventional treatment options
for infected TKA: Débridement, antibiotics and implant
retention (DAIR), one-stage exchange arthroplasty and
two-stage exchange arthroplasty surgery.

DAIR has a limited role. It is typically indicated in
patients presenting with acute infection and well-fixed
prostheses; however, outcomes are highly variable (ranging
from 14 to 100 % of patients with infection free survival)
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Literature search:
796 results

Following initial screen:
178 papers studied

618 studies primarily excluded:

527 papers not applicable to review question
73 inadequate follow-up (by time or outcomes
measured)/too few patients
18 foreign language papers

Following further screen:

171 studies excluded:
140 papers non-comparative
19 inadequate follow up (by time or outcomes
measured)/too few patients
12 inadequate detail for analysis
2 review papers

5 studies in final analysis

Fig. 1 Flow chart to show the study protocol and number of papers examined

dependent on appropriateness of patient selection [5, 27].
Often, definitive treatment remains to be surgical, with
exchange arthroplasty of prostheses in a one-stage or two-
staged fashion [13].

Two-stage exchange arthroplasty surgery refers to the
removal of infected prostheses, débridement of surrounding
tissues, addition of an antibiotic delivery device and a sub-
sequent period of systemic antibiotic treatment followed by
reimplantation, rather than exchange of prosthesis within
the same procedure as in one-stage exchange arthroplasty
[11].

The aim of this systematic review was to establish
whether there is a difference in (1) reinfection rates or (2)
functional outcomes, when comparing one- and two-stage
exchange arthroplasty surgery for infected TKA. This study
will summarise and critically appraise the evidence for
the management of the patient with an infected TKA and
investigate whether temporal changes in surgical manage-
ment have influenced outcomes in this patient group.

Materials and methods
Search strategy and criteria

A study protocol was developed and registered on the open-
access database of systematic reviews, PROSPERO [19]. A
complete literature search of the MEDLINE/PubMed data-
base and CENTRAL/Cochrane Library was undertaken
between August 2014 and January 2015 using the search
string ‘Infect™ AND (“total knee replace*” OR “total knee
arthroplast*””) AND revis*’.

The study protocol was designed with the inference that
one-stage procedures were less numerous in frequency, and
also in the number of institutions where this procedure was
performed. Therefore, in accordance with previously pub-
lished peer-reviewed systematic reviews, cohort studies
were included in the analysis (prospective and retrospec-
tive), despite their propensity to bias [9, 16].

The inclusion criteria applied to studies were: an n value
(number of patients in the study) >ten, a minimum two
year follow-up and two-arm, comparative studies. Strict
exclusion criteria were also applied, with any exchange
arthroplasty studies involving generic lower limb arthro-
plasty, inadequate detail of study methodology and non-
English language papers omitted. Studies satisfying inclu-
sion and exclusion criteria were independently reviewed by
all authors. The search process to determine which studies
were selected is detailed as a flow diagram (Fig. 1).

The primary outcome measure of interest was incidence
of reinfection, and the secondary outcome measure was
functional outcome.

Five papers were found to adequately match our strict
criteria for review with full agreement of all authors. All
five original papers studied reinfection rates (Table 1), of
which one paper followed functional outcomes after proce-
dures quantified by Knee Society Scores (KSS) [10].

A total of 231 patients (46 one-stage and 185 two-stage
surgeries) were included in this systematic review to com-
pare and determine reinfection trends, as defined by each
study’s own criteria (Table 1).

Certain studies [28] defined débridement and retention
of prostheses as a one-stage exchange arthroplasty; how-
ever, as this technique is associated with variable outcomes,
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particularly in chronic infections, the data were excluded
from analysis and the definition of a one-stage exchange
arthroplasty was limited to ‘débridement of infected tissues
with removal and replacement of prostheses’.

Analysis of data

Bias within studies was quantified using ‘Preferred Report-
ing Items for Systematic reviews and Meta-Analyses’
(PRISMA) guidelines, and methods used within studies
were critically appraised using the Methodological Index
for Non-Randomised Studies (MINORS) score, a tool to
determine the calibre of the methods used within a non-
randomised study [26].

For the primary outcome of risk of reinfection, the odds
ratio (OR) was calculated. Heterogeneity of included stud-
ies was examined using the /* statistic, and as a degree of
variability is expected among eligible studies, a random-
effects model was used. The pooled OR and 95 % confi-
dence intervals (CI) were estimated using the Mantel-
Haenszel method. Subgroup analysis was performed by
year of publication to investigate longitudinal changes in
surgical practice. Two subgroups based on those studies
published prior to the year 2000 and those studies pub-
lished after this, were investigated. All analyses were per-
formed and figures produced using Review Manager 5.3.3
(The Cochrane Collaboration, Oxford, UK).

Outcomes of search

Five studies were included within the systematic review
(Table 1) [4, 8, 14, 18, 25]. All included studies were
non-randomised, single-centre, retrospective cohort
studies. One- and two-stage groups were matched for
age (65.9 years, range 61-71 years) and time to follow-
up (61.3 months, range 25-159 months). The infecting
organisms were reported in 198 knees and are outlined
in Table 2. The quality of studies as determined by the
MINORS score was low (mean 17.6, range 14-20), fall-
ing short of minimum value of 24 for a comparative study
[26].

Inclusion criteria and the indications for two-stage, com-
pared with one-stage, procedures were poorly reported.
One study excluded complex cases, including infections
with psoriatic skin involvement, draining sinuses or resist-
ant organisms [4], and three studies reported the indications
for two-stage procedures [4, 8, 18] (Table 3).

Wide variations in surgical techniques, within and
between, studies of both the one- and two-stage exchange
arthroplasty surgeries were noted. One-stage exchange
arthroplasty procedures varied according to the extent of
débridement, type of antibiotic (broad-spectrum or organ-
ism specific) and use of intraoperative techniques, which
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Table 2 Epidemiology of infecting organisms
Infecting Organism % (n)
Staphylococcus Aureus (SA) 27.3 (54)
Coagulase-negative Staphylococcus 26.8 (53)
Staphylococcus epidermidis (SE) 11.1 (22)
Methicillin-resistant Staphylococcus aureus (MRSA) 5.6 (11)
Methicillin-resistant Staphylococcus epidermidis (MRSE) 4.5(09)
Streptococcus 3.0 (6)
Other 21.7 (43)

can help reduce the rate of reinfection including the use of
hydrogen peroxide and Betadine solutions [8].

Two-stage exchange arthroplasty procedures var-
ied with respect to time between first and second stages
(3-20 weeks), the duration and route of administration
(intravenous versus oral) of antibiotics between procedures
and requirement for negative cultures prior to reimplanta-
tion [4, 25].

All two-stage procedures utilised antibiotic cement
when implanting the new prosthesis, as would be expected.
A range of concentrations of antibiotic was impregnated
into the cement mixtures, from 1 g antibiotic in 80 g
cement to 1.2 g in 40 g cement. There were no references
made to evidence base for these concentrations. Post-reim-
plantation patients received a mean of 4.6 weeks of IV anti-
biotics with additional oral follow-on therapy, compared to
a mean of 4.1 weeks of IV antibiotics following one-stage
procedures [8, 14].

Results

Cumulative reinfection rates for one-stage exchange
arthroplasty procedures were 4.3 % (two of 46 cases) and
for two-stage procedures were 13.5 % (25 of 185 cases).
No single study self-reported any statistical significance
to favour one type of exchange arthroplasty surgery over
another. When pooling the number of reinfections to cal-
culate an overall OR, the comparative studies produced an
OR of —0.06 (95 % CI —0.13 to 0.01), suggesting no sig-
nificant difference in risk of reinfection between one- and
two-stage procedures. Subgroup analysis based on year of
publication demonstrated that in papers published prior
to 2000 no significant difference in reinfection rates is
detected between one- and two-stage exchange arthroplasty
(OR 0.08; 95 % CI —0.20 to 0.36); however, studies pub-
lished since 2000 demonstrate significantly lower reinfec-
tion rates in one-stage exchange arthroplasty (OR —0.08;
95 % CI —0.20 to 0.00). A summary of the findings from
different studies, with ORs extrapolated from data within
papers, calculated by our group, is shown in Fig. 2.

@ Springer
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Table 3 Further details of two-stage revision procedures

Study Years Number Spacer/beads Time between Indication for two-stage
of patients stages
Scott et al. [25] 1993 17 Beads 6 weeks Not stated
Borden et al. [4] 1987 25 Beads 3 weeks Chronic infection, radiolucency
Laffer et al. [14] 2006 36 Spacer Not stated Not stated
Haddad et al. [8] 2014 102 Spacer 62 days Degree of bone loss, immunocompromised patient, soft
tissue compromise, unknown infective organism
Mortazavi et al. [18] 2010 91 Not stated Not stated Institutional protocol

One study by Haddad et al. [8] was deemed suitable for
studying functional outcomes as it determined patient’s
pre-operative function, assessed using the Knee Society
Score (KSS), in addition to their post-operative status. This
study found a statistically significant difference in improve-
ment of functional scores, favouring the one-stage proce-
dure. The mean increase in KSS scores was +56 for one-
stage and +45 for two-stage, which takes into account a
patient’s anatomical stability post-operatively, but also their
self-reported functional status, including pain levels [10].

Discussion

The most important finding of this study is that no signifi-
cant difference in reinfection rates was detected between
knees treated with one- or two-stage exchange arthroplasty
procedures across the published literature. Furthermore,
subgroup analysis of studies published since 2000 demon-
strates that with appropriate patient selection and surgical
technique, one-stage exchange arthroplasty procedures are
associated with lower reinfection rates and may be associ-
ated with superior functional outcomes.

This systematic review found no statistical difference in
rates of reinfection following one- and two-stage exchange
arthroplasty for infected TKA (—0.06, 95 % CI —0.13 to
0.01). Reinfection was defined by clinical, biochemical,
radiological or a combination of these criteria [8], although
the majority of studies did not describe the criteria for rein-
fection fully.

Interestingly, subgroup analysis revealed that while older
studies, prior to the year 2000, find no difference in rein-
fection rates between one- and two-stage exchange arthro-
plasty, recent studies shift support away from two-stage
procedures and provide evidence of superiority of one-
stage exchange arthroplasty. The reasons for this shift are
unclear and will be multi-factorial with improved patient
selection, surgical technique and antibiotic protocols likely
all having a role. These results hold promise as the limited
evidence suggests that one-stage surgery has significantly

@ Springer

better functional outcomes and is more cost-effective than a
two-stage technique [8].

While there has been a significant quantity of literature
exploring the different techniques and attempting to com-
pare and contrast these, there are few long-term follow-
up, high power studies explicitly endorsing the use of one
method. Previous reviews on this subject have summa-
rised single-arm studies, separately investigating one- and
two-stage exchange arthroplasty or have only provided a
descriptive summary [7, 12, 23]. As part of our study, two
review studies were separately analysed, which combined
data from papers reporting on either one- or two-stage
exchange arthroplasty in isolation. Jamsen et al. [12] and
Romano et al. [23] looked specifically at papers with a
minimum follow-up of 12 months and minimum » value of
five per study.

Jamsen et al. studied 926 two-stage and 152 one-stage
procedures and the number of recurrent or new infec-
tions after surgery. Two-stage procedures were noted to
have lower reinfection rates, but this was not significant.
Romano et al. [23] stated that mobile spacers were also
associated with significantly lower reinfection outcomes,
and again, although there was a higher percentage of rein-
fection amongst one-stage procedures (18.1 % of 204) ver-
sus two-stage (10.2 % of 1421 procedures), this did not
reach significance.

These studies support our conclusions of non-statistical,
but descriptive differences in reinfection outcomes of one-
and two-stage exchange arthroplasty surgery for TKA. The
two reviews had 41.5 % reviews in common between them
and in addition to studying similar material, the reviews
had similar weaknesses, whereby they performed an over-
view of heterogeneous studies and methods and were lim-
ited to a descriptive review only.

Similar to the Jamsen and Romano studies, the limita-
tions of this systematic review lie within the evidence
studied. Although a large body of evidence was reviewed,
the studies remain inconsistent with regards to sample
size, operative techniques, length of time of follow-up and
indeed conclusion of recommendations.
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One-stage Two-stage

Study or Subgroup

Risk Difference
Events Total Events Total Weight M-H, Random, 95% Cl Year

Risk Difference
M-H, Random, 95% ClI

1.1.1 Prior to year 2000

Borden 1987 0 3 1 11 3.5%
Scott 1993 2 10 0 7 5.4%
Subtotal (95% Cl) 13 18 8.9%
Total events 2 1

Heterogeneity: Tau? = 0.01; Chi® = 1.42, df = 1 (P = 0.23); I> = 30%
Test for overall effect: Z = 0.54 (P = 0.59)

1.1.2 Year 2000 and after

Laffer 2006 0 2 2 13 2.2%
Mortazavi 2010 0 3 17 80 4.3%
Haddad 2014 0 28 5 74  84.6%
Subtotal (95% CI) 33 167 91.1%
Total events 0 24

Heterogeneity: Tau? = 0.00; Chi®* = 0.93, df = 2 (P = 0.63); I = 0%
Test for overall effect: Z = 2.06 (P = 0.04)

-0.09 [-0.47, 0.28] 1987 ]
0.20 [-0.10, 0.50] 1993 ]
0.08 [-0.20, 0.36]

-0.15[-0.62, 0.31] 2006
-0.21[-0.55, 0.12] 2010 — 1

-0.07 [-0.14, 0.01] 2014
-0.08 [-0.15, -0.00]

‘

Total (95% CI) 46 185 100.0% -0.06 [-0.13, 0.01] o
Total events 2 25

I 2 _ . 2 _ _ _ 12 — 09 I + t i
Heterogeneity: Tau® = 0.00; Chi® = 3.98, df = 4 (P = 0.41); I° = 0% ") s ) G 1

Test for overall effect: Z = 1.75 (P = 0.08)
Test for subgroup differences: Chi? = 1.07, df = 1 (P = 0.30), I> = 6.4%

Fig. 2 Summary of findings from studied papers, with extrapolated
odds ratios and 95 % CI, extrapolated from data within papers. Two
subgroups based on those studies published prior to the year 2000

Due to the absence of RCTs, patients either had one
type of surgery or another dependent on surgeon’s prefer-
ence and/or hospital protocol. This introduced an inherent
patient selection bias whereby certain patients are selected
for a specific procedure dependent on surgeon’s preference
or hospital protocol, removing any randomisation from the
operative technique used.

Overall, when comparing one and two-stage exchange
arthroplasty surgery, the evidence base is weighed down by
older studies. We can demonstrate this by taking the arbi-
trary time-point of the turn of the twenty-first century: two
comparative studies meeting our inclusion criteria written
before the year 2000 reported no significant difference in
reinfection rates between procedures [4, 25]; beyond this
date, however, three studies produced a mean OR of —0.08,
significantly favouring one-stage exchange arthroplasty [8,
14, 18].

Upon further scrutiny, it appears that this discrepancy of
worse outcomes in two-stage exchange arthroplasty may be
explained in part by operative technique and patient selec-
tion. Haddad et al. [21] classified infection with resistant
organisms (MRSA and MRSE) and polymicrobial infec-
tions as contraindications for one-stage surgery; moreo-
ver, a strict rescrubbing procedure was described intraop-
eratively within the one-stage procedure, which has been
shown to be highly efficacious in lowering reinfection
rates. The length of course of antibiotics was also found
to be of considerable length in papers where the one-stage
procedure had superior outcomes, averaging 3.2 weeks of
IV treatment followed by an unspecified length of oral anti-
biotic treatment, of a minimum of 6 months in the paper

Favours one-stage Favours two-stage

and those studies published after this, were investigated. All analyses
were performed and figures produced using Review Manager 5.3.3

by Laffer et al. [14]. This suggests that pre-selection of
patients can help to shape favourable outcomes for the one-
stage procedure.

The conclusion of one-stage surgery having greater
functional outcomes is fragile, as only one study was
deemed adequate in reaching a conclusion on this matter.
This is because most studies in this field are retrospective
case series, and so there is limited data available on pre-
surgical functional morbidity, as one would be expected
to determine were a trial to be prospectively designed for
comparison to post-surgical scores.

Some studies have reported no difference between the
one- and two-stage technique and PROMs [1]; however, the
general consensus of literature tends to support one-stage
procedures with regards to functional outcomes, citing
greater ROM, decreased stiffness and limited anatomical
deterioration compared to a two-stage procedures [2].

Future directions

There is an increasing vogue to establish a protocol, which
could be applied to all patients with different forms of
prosthetic joint infection, taking into account patient co-
morbidity, chronicity of infection, radiographical changes/
stability of implant and appreciation of the infective
organism (and therefore its resistance) [17, 24, 29, 30],
as described in Fig. 3. This stems from data showing
that acute and superficial infections with a stable implant
respond well to one-stage intervention or indeed simple
débridement and retention of the original prosthesis with
concomitant antibiotic therapy [8]. Furthermore, recent
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Fig. 3 Protocol for diagnosis and subsequent management of
infected TKA. This figure was published in Int. J. Infect. Dis., Vol-
ume 14, Gruppo Italiano di Studio sulle Infezioni Gravi Group, Con-

international efforts (International Consensus meeting on
peri-prosthetic joint infection) have intimated specific con-
ditions where two-stage exchange may be indicated over
one-stage exchange, which include (1) patients with sys-
temic manifestations of infection (sepsis); (2) the scenario
where infection appears obvious but no organism has been
identified; (3) pre-operative cultures identifying difficult
to treat and antibiotic-resistant organisms; (4) presence of
a sinus tract and (5) inadequate and non-viable soft tissue
coverage [22].

Having said this, approaches will continue to be
explored, to aim for a ‘magic bullet’ to the problem of
infected TKA, such as the two-in-one approach described
originally by Parkinson et al. [21] where a two-stage
procedure is undertaken in one operation. These novel
approaches require a shorter average length of stay in hos-
pital and along with DAIR and one-stage surgery can gen-
erate substantial financial savings for healthcare systems
[20].
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sensus document on controversial issues in the diagnosis and treat-
ment of prosthetic joint infections, S67-77, Copyright Elsevier 2010
(17]

In the long term, a multi-centre prospective RCT could
be employed. Such a study would implement a manage-
ment protocol into several centres and assess reinfection
and functional outcomes (taking into account pre-inter-
vention state) compared to centres where this protocol
was not in place. It is important to appreciate the differ-
ence in patient populations and take account of these. This
trial could establish selection criteria of patients for either
one- and two-stage exchange arthroplasty and ultimately
improve outcomes of patients with infected TKA.

This study presents evidence that in appropriate patient
groups one-stage exchange arthroplasty may be associ-
ated with lower rates of reinfection with the potential for
superior functional outcomes. This study challenges the
assumption that two-stage exchange arthroplasty proce-
dures represent the gold standard of care in all patients
and therefore encourages clinicians to consider one-stage
exchange arthroplasty when they encounter infected TKA.
The indications for a single-stage procedure remain to be
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defined, as do the critical steps in the surgical and post-
operative management. However, this study demonstrates
that recent improvements in our management of patients
with this devastating complication are translating into
improved clinical outcomes.

Conclusion

No difference in reinfection rates was detected between
one- and two-stage exchange arthroplasty procedures in the
management of infected TKA. Subgroup analysis of stud-
ies published since 2000 demonstrated lower infection rates
following one-stage procedures with limited evidence that
one-stage procedures are associated with superior func-
tional outcomes. This study presents evidence that with
improved patient selection and surgical management, one-
stage procedures may have significant patient benefits in
select patient cohorts.
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