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Two-stage revision surgery for periprosthetic joint infection
following total hip arthroplasty
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Introduction

Total hip arthroplasty (THA) is a common, highly
successful surgical intervention for the treatment of
symptomatic degenerative conditions of the hip, such as
osteoarthritis (1). Periprosthetic joint infection (PJI) is an
uncommon, but potentially devastating complication of
THA, with a reported incidence of between 0.6% and 2.2%
(2-4). PJI often necessitates invasive treatment strategies,
such as revision surgery, and has a significant negative
impact on patients’ quality of life (5,6). With more than
1 million THAs performed worldwide each year, the health
and economic burdens of this infective complication are
substantial (1,3). Furthermore, two large national registry
studies have demonstrated that the risk of revision due to
hip PJI is rising (7,8). In this context, an understanding of
the most effective treatment options is of great importance.
The three principal treatment options for hip PJI include:
surgical debridement with antibiotics and implant retention,
with or without modular exchange (DAIR); one-stage
revision; or two-stage revision. In contemporary healthcare
settings, the additional options of excision, or amputation
are considered a last resort. DAIR is commonly used in
acute PJIs involving bacteria with known sensitivities, well-
fixed prostheses and in patients unfit for major revision
surgery. However, patients who undergo DAIR may require
lifelong suppressive antibiotics and approximately half will
subsequently require revision with implant exchange (9,10).
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Revision for hip PJI involves removal of the existing
prosthesis, debridement of affected tissues, administration
of antibiotics and reimplantation of a new prosthesis. ‘One-
stage’ revision refers to the completion of this protocol in a
single operation under one anaesthetic, whereas a ‘two-stage’
approach refers to the delayed reimplantation of a definitive
THA, following completion of a course of sensitivity-
guided antimicrobial therapy. Two-stage protocols often
utilize a temporary prosthesis, or antibiotic spacer prior to
the definitive second stage.

Summary of paper

Petis et al. have recently published the results of a single-
centre series of 164 THAs in 162 patients, who underwent
a two-stage surgical revision for PJI (11). They report the
long-term re-infection and mechanical failure rates in a
selective cohort, which has a mean follow-up of 12 years
(range, 2 to 21 years). The paper offers a valuable
contribution to the existing literature on this subject and
we commend the authors for establishing such long-term
outcomes, which are very scarce in this population.

The authors included adult patients who underwent
both stages of revision at their institution (i.e., patients who
underwent the first stage at another centre were excluded).
All patients received an antibiotic spacer. The mean
duration of antibiotics was 8 weeks, and the mean duration
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between cessation of antibiotics and the second stage was 7
weeks. Patients were excluded if they had received any prior
treatment for infection of the joint in question. This study
is novel in that, to the authors knowledge, no previous study
reporting the results of a two-stage revision protocol for
PJI has excluded patients on the basis of prior treatment for
infection.

The principal finding of this study was an overall rate
of recurrence of infection of 15% up to 15 years after
THA. There were no additional episodes of reinfection
between 10 and 15 years. The authors note that this
15-year reinfection rate is similar to that observed in similar
shorter-term reports of two-stage revision for PJI (12).
The authors attribute this relatively high success rate to the
“pure” cohort of patients who have had no prior treatment
for infection. This is a reasonable suggestion, which could
be quantified through direct comparison with a parallel
“impure” cohort. However, it is important to highlight
that both primary and revision THAs were included and
grouped together in this cohort; given primary and revision
THAs have different survival profiles in terms of revision
for PJI (7), one might argue that this undermines the
“purity” of the cohort.

Other key conclusions of this paper include: the
utilization of chronic antibiotic suppression was predictive
of re-infection; aseptic mechanical failure was lower than
previously reported; clinical outcomes (measured by Harris
hip score) improved significantly after revision and this
improvement was sustained throughout follow-up; and
hip instability was a common complication (12%), which
surgeons should be prepared to mitigate and manage
operatively. With regards to chronic antibiotic suppression
predicting the recurrence of infection, which is likely to
be confounded by indication, the authors appropriately
suggest that this observation may be due to suppression
being used selectively in patients deemed to be at high risk
of recurrence. They attempted to account for this in their
modelling by the use of propensity score matching, but as
the precise reason why patients were selected for chronic
suppression was not available, or may be multifactorial,
the matching on the basis of the factors described is
not likely to fully account for the selection effect, and
residual confounding may persist leading to the observed
association.

The authors also use competing risk (CR) models to
calculate the cumulative incidences of re-infection, aseptic
and all-cause revisions. They say that Kaplan-Meier (KM)
analysis, as used in previous studies on this subject, can
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‘overestimate treatment success when a death rate exists in
a cobort’. They go on to say that the use of CR models
provides ‘@ more accurate estimation of the true success of two-
stage exchange’. This is a contentious topic, which is a source
of ongoing debate in the arthroplasty literature (13), and it
is important for the reader to understand in which context
each method is applicable. Commonly used methods
of survival analysis, such as the KM method and Cox
regression models, estimate net failure and depend solely
on the predefined event of interest (in this case re-infection,
or mechanical failure). In contrast, CR models estimate
crude failure and depend on both the profile of the event
of interest and other outcomes that have been considered #
priori to be competing events (in this case, death). In order
to justify the use of CR models, the research question needs
to be clearly framed in terms of the desired outcome, i.e.,
crude failure. The KM method was specifically designed
to account for incomplete observations that arise due to
episodes of non-informative censoring, such as death (14).
We have explored this notion in detail in a recent article
by Sayers et al. (13), in which Sayers argues in favour of the
use of KM models in the context of arthroplasty failure. He
states that, ‘as far as we currently know, the mortality process is
independent of whether implants are revised or not, i.e. mortality
satisfies the non-informative censoring assumption of death (in
the KM method)’.

The scenario in this paper by Petis ez /. is complicated,
in that they are not only analyzing the mechanical failure
of hips revised for infection, but they were interested in
the recurrence of infection. The association between re-
infection following revision for PJI and mortality has not
been fully explored; however, it is not unreasonable to
assume an underlying association between the two. With
this in mind, their belief that the use of CR methods will
mitigate any bias induced by the mortality profile in this
cohort is incorrect. The cumulative incidence function is
a “what you see, is what you get” estimator, whereas net
failure estimated using KM, describes the failure profile if
everyone was to live until the end of follow-up. Neither the
CR method or KM method can be said to be superior, they
just tell you something slightly different things and different
analyses may be needed in the same paper depending on the
outcome of interest.

Aside from these methodological issues, their study has
many strengths. The mean follow-up exceeds that of any
published observational study on this subject. Furthermore,
the number of participants is high; as of 2015 only 2 of
60 observational studies on this subject featured >150
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patients (15). The conclusions of this paper are sensible and
offer valuable insight into the longer-term outcomes of a
two-stage revision protocol.

Future research

Going forward, the direction of research in this field is
focussed on the comparison of one- and two-stage revision
protocols. While two-stage revision is considered by many to
be the gold standard in the treatment of PJI of the hip (16),
there is growing popularity for the one-stage approach
and a growing body of evidence to support its use. One-
stage revision is becoming increasingly popular because,
compared to two-stage revision, it has the potential to
reduce the overall surgical burden on patients, and to
reduce healthcare costs (17). In terms of re-infection rates,
a comprehensive meta-analysis on this subject, which
included 38 one-stage studies and 60 two-stage studies, has
demonstrated no difference in re-infection rates for the two
approaches (15). A more recent meta-analysis of pooled
individual participant data from 1,856 participants with a
median follow-up of 3.7 years, has indicated a hazard ratio
for re-infection following two-stage revision of 1.7 when
compared with one-stage revision and that variables such
as the presence of a sinus, may not preclude single stage
revision as previously believed (18).

To date, the available evidence from observational
studies and systematic reviews on this subject has been
inconclusive. Equipoise thus exists regarding the optimum
treatment for patients suffering from PJI in THA, and this
justifies the conduct of a prospective randomized controlled
trial (RCT) (19). For example, the ‘Infection: Orthopaedic
Management’ INFORM) trial, is a multi-centre RCT
coordinated by our unit, which aims to answer this
question (20). The first patient was enrolled in March 2015
and it is anticipated that the results of this trial will be
available in 2020.

Conclusions

Petis et al. offer a valuable contribution to the literature
on this subject and their study provides insight into the
longer-term outcomes and clinical effectiveness of a two-
stage revision protocol for hip PJI. However, given the
subtle methodological differences between CR methods
and KM analysis, readers should take care when comparing
the results with existing literature, or when communicating
the results presented here to patients when shared decision
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making around treatment choices occurs.
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