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Selective Component Retainment
in the Treatment of Chronic
Periprosthetic Infection After Total
Hip Arthroplasty: A Systematic
Review

Abstract

Introduction: Chronic infections after a total hip arthroplasty (THA)
are a devastating complication and are usually treated by a complete
revision of components. Selective revision, with preservation of well-
fixed components, has been previously reported.We did a systematic
review to report on success rates of selective revision in chronic
infections after THA.
Methods: PubMed, Web of Science, and the Cochrane Database
were systematically searched for studies reporting on partial-retaining
revision for chronically infected THA. These were reviewed to
determine success rates based on component revised, as well as
infectious organism.
Results: Nine studies reported on 134 patients. The majority of the
patientsunderwent femoral-retainingprocedures (118), and the rest of
the patients underwent acetabular-retaining procedures (16).
Average follow-up was 60.56 months, and the success rates were
80% for femoral revision, 90.43% for acetabular revision, and overall
success rate was 89.41%.
Discussion: In select patients, retainment of well-fixed components
in chronically infected THA may be considered. Although reported
success rates are high, and comparable with complete revision
arthroplasty in cases of chronic infections, the quality of the studies
included is poor. The studies lacked sufficient internal validity, sample
size, methodological consistency, and standardization of protocols
and outcomes.
Level of Evidence: Systematic review of level IV studies

In the United States, the annual
volume of primary total hip ar-

throplasties (THAs) has increased
over the past 20 years reaching close
to 700,000 in 2014. The numbers are
in a constant rise, and it is expected
that by 2030, close to 1,000,000 pri-
mary cases of THA will be performed
a year.1 Approximately 50,000 revi-
sion THAs are performed annually in

the United States, and this is expected
to double by 2026, which is attributed
to a younger cohort and higher
activity level in the index procedure.2

Similar trends have been shown in
Europe as well.3,4

One of the most devastating com-
plications of THA is infection,
leading to higher morbidity, pro-
longed hospitalization, worse patient-
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reported outcomes, and higher mor-
tality.5–7 A registry-based study of
THAs done between 2001 and 2009
found an infection rate of 1.99%
in 2001, increasing to 2.18% by
2009, with a year-to-year increase
throughout the study period. By
2020, an expected 16,584 annual
cases of infected THA are expected,
with these creating a heavy economic
burden on the medical system.8

Management of periprosthetic
joint infection (PJI) is multifaceted
and complicated. Oftentimes, the
diagnosis of chronic infection is de-
layed, while management of this
condition is complicated by pro-
longed hospitalization and antibiotic
treatment and often multiple surgical
interventions. Tsukayama et al9

classified infected THA according to
chronicity into acute (early postop-
erative), chronic (late postoperative),
acute hematogenous, and incidental
cultures obtained during revision
surgery. In acute and acute hema-
togenous infections, several studies
have shown the viability of prosthesis
retention while doing débridement,
antibiotic treatment, and implant
retention (DAIR).10 By contrast, in
chronic cases, the benchmark for
treatment has traditionally been a
two-stage complete revision, with
prosthesis extraction, thorough
débridement and lavage, antibiotic
impregnated spacer implantation,
and finally, after a period of antibi-

otic treatment, a second stage of new
prosthesis implantation.11 System-
atic reviews and meta-analyses have
reported a 90% success rate in
infection eradication using a two-
stage approach.12 Over recent years,
the option of single-stage revision in
treatment of infected THAs has been
developed with success rates ap-
proaching and exceeding the success
rate of two-stage revisions.12,13

Although a complete one- or two-
stage revision provides acceptable
results regarding infection eradi-
cation, this comes at the cost of an
extensive surgery with notable
morbidity and bone loss for the
patient. This is especially enhanced
when one of the components is
well-fixed to the bone. To cope
with this predicament, some sur-
geons have proposed a partial
revision, extracting only the loose
component while preserving the
well-fixed component. The first to
propose this treatment method was
Faroug et al14 with a report on two
patients undergoing successful
selective revision, one of the ace-
tabular shell and one of the femoral
stem. The largest series on 31 pa-
tients was published by Ji et al,15 in
which an 87% success rate was
reported.
The goals of our study were to

review the published series and to
establish the overall proportion of
success after partial retention of a

well-fixed component in the man-
agement of chronic infectedTHAand
to identify risk factors for failure of
this treatment.

Methods

Search Strategy
We conducted a systematic review
according to the methodology
described in theCochraneHandbook
for Systematic Reviews of Inter-
ventions and reported according to
the Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses (PRISMA) statement.16

We searched the US National
Library of Medicine (PubMed/
MEDLINE), the Web of Science,
and the Cochrane Database of Sys-
tematic Reviews inMay 2018 for all
studies published to that date. We
used combinations of words per-
taining to hip arthroplasty and PJIs,
including the key words “Arthro-
plasty, Replacement, Hip”[Mesh]
AND “Infection”[Mesh]. Only ar-
ticles published in the English lan-
guage were included. The search
strings are available in Supplemen-
tal Appendix, Supplemental Digital
Content 1, http://links.lww.com/
JAAOS/A418. The PRISMA dia-
gram describing the selection pro-
cess is presented in Figure 1.
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Inclusion and Exclusion
Criteria
Studies were included if they reported
on patients with a chronic infection
of a hip implant undergoing selec-
tive component-retaining revision
THA. The definition of a selective
component-retaining revision was
one in which either the acetabular or
the femoral implantwas retained, but
not both. Studies were excluded if
they were registry studies which did
not enable specific data extraction,
case reports with less than five pa-
tients, studies which involved joints
other than hip joint, studies that did
not report on survivorship of the im-
plants, or studies reported in non-
English publications.

Study Selection
The results on PubMed, Cochrane,
andWeb of Science were screened for
relevance by two independent ob-
servers. The observers began screen-
ing the article titles identified in the
literature search and determined
whether the article should be con-
sidered for inclusion. Since the
screening process needed to distin-
guish between total and partial
retention, any title that men-
tioned infection/septic, hip implant/
arthroplasty, and revision was
selected for additional review. The
titles identified as potentially eligible
were then screened at the abstract
level, and finally, full-text reviews
were done according to inclusion and
exclusion criteria. Amanual search of
references and cited articles was done
to identify any additional relevant
studies for inclusion. Any disagree-
ments were resolved by consensus
with the two authors and a third
independent reviewer.

Methodological Quality
Assessment
Two reviewers (PJR and AG) inde-
pendently performed a methodolog-

ical quality assessment based on the
Methodological Index for Non-
Randomized Studies (MINORS)
(Supplemental Table 1, Supplemental
Digital Content 2, http://links.lww.
com/JAAOS/A419). MINORS has
been shown to be a valid tool for
assessment of methodological qual-
ity in nonrandomized surgical stud-
ies. Each of the items in the
MINORS criteria is given a score of
0, 1, or 2, giving an ideal score of 16
for noncomparative studies and 24
for comparative studies.17

Data Abstraction
Three reviewers (HAK, AG, and PC)
independently extracted data from
the relevant studies and recorded the
data in Microsoft Excel (Microsoft
Office 2011; Microsoft). Data on
study design, sample size, compo-
nent revised, indications for partial
component-retaining revision, num-
ber of stages, surgical method, in-

fecting organism, complications,
outcome scores, and survivorship
were extracted from each study and
used to assess study quality.

Results

Study Selection
The search resulted in 1,454 studies
that were screened to determine out-
comes of partial retention in chronic
infection of a THA. Of these, 1,354
studies were excluded based on their
title or abstract for clearly not meet-
ing inclusion criteria. After full-text
review, 91 studies were further
excluded. Of these, one study was
excluded for being a registry-based
study with no particular data on the
partial revisions and no data on exact
chronicity of cases.18 One study was
excluded for being a case report with
less than five patients.14 After
applying the screening process, a

Figure 1

Flow diagram of literature search conducted in May 2018 according to the
Preferred Reporting Items for Systematic Review and Meta-analyses guidelines.
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total of nine studies, reporting on the
outcome of 134 patients, were suit-
able for inclusion. The PRISMA
flowchart describing this process is
presented in Figure 1.
The studies included in this system-

atic review, along with demographics
and MINORS score evaluation, are
presented in Supplemental Table 2,
Supplemental Digital Content 3,
http://links.lww.com/JAAOS/A420.
One study, by Lombardi et al,19

included patients who were previ-
ously reported on by Ekpo et al.20

Study Quality Assessment
and Risk of Bias
All nine studies were retrospective,
noncomparative, case series in design,
and were assigned a level of evidence
of IV based on the guidelines set out
by Wright et al.21 The average MI-
NORS score of both reviewers and
the summation is presented in Sup-
plemental Table 3, Supplemental
Digital Content 4, http://links.lww.
com/JAAOS/A421. On average, the
studies yielded a score of 8.77 of 16
(range, 5 to 12).

General Description of
Studies
Two studies were done in China15,22;
two studies were done in the United
States19,20; and one study was done
in Canada,23 Germany,24 Japan,25

South Korea,26 and the United
Kingdom.27

Of 134 patients, 61 were men and
73 were women with average age of
60.82 years (range 19 to 86 years).
The average follow-up period was
60.56 months (range 4 to 217). Six
studies used a two-stage revision
surgery for surgical modality while
three studies used a single-stage revi-
sion. A total of 64 (47.7%) patients
underwent single-stage revisionwhile
70 (52.3%) patients underwent two-
stage surgery.
The indications and contra-

indications for surgery were not

uniform among the studies (Supple-
mental Table 4, Supplemental Digital
Content 5, http://links.lww.com/
JAAOS/A422). Some studies did
not clearly state a general guideline
for choosing this procedure.20,24 Six
studies clearly stated the need for
proof of fixation on either plain
radiography or advanced imag-
ing,15,22,23,25–27 and four stressed the
need to assure fixation during the
surgical procedure.15,22,23,26 Two
studies advocated using the proce-
dure when no major comorbidities
pre-existed,23,27 while one study
proposed the opposite, using this
procedure in the presence of co-
morbidities and frailty, to minimize
trauma to the patient.19

Success Rates
The definition of success/failure was
not uniform among the studies. Three
of the studies simply stated “recur-
rence of infection” without detailing
the diagnostic criteria19,25,26; Ana-
gnostakos et al24 added the specifi-
cation of the “same bacterium”; two
studies mentioned the need for “long-
term” suppressive antibiotics20,23; Ji
et al15 added an evaluation of “clin-
ical symptoms and signs”; and two
studies described a reliance on
inflammatory markers and radio-
graphic findings.22,27 The overall
proportion of success after partial
retention of well-fixed components in
chronic infected hip arthroplasty was
89.41% (range 81.3% to 100%)
(Supplemental Table 5, Supplemental
Digital Content 6, http://links.lww.
com/JAAOS/A423). The overall
1-year mortality rate was 0.7% (one
patient). The weighted-average suc-
cess rate of two-stage revision sur-
gery was higher at 89.9% while the
weighted-average success rate of one-
stage revision surgery was 87.49%.
Retention of the femoral head and

revision of the acetabular shell was
done in 118 patients (88% of pa-
tients) while revision of the femoral

stemwas done in 16 patients (12% of
patients). In one study by El-Husseiny
andHaddad,27 the authors noted the
subgroup of which component was
revised, however, in report of out-
comes combined both groups. These
patients were excluded from the
component analysis. The success rate
in acetabular shell revision was
higher than in femoral stem revision
(90.43% versus 80%); however, the
small number of femoral stem re-
visions precludes definitive con-
clusions (Supplemental Table 5,
Supplemental Digital Content 6,
http://links.lww.com/JAAOS/A423;
Figures 2 and 3).

Infectious Organisms
All nine studies reported on infectious
organisms cultured; however, El-
Husseiny and Haddad27 and Lom-
bardi et al19 did not identify the
organism in the failure cases and
therefore could not be included in
calculation of success rate by infec-
tious organism (Table 1). In all nine
studies, the single most common
infectious agent was coagulase-
negative Staphylococcus aureus in
31 of 114 (27.19%) culture-positive
cases. Successful eradication rate in
these patients was 92.3%.
Methicillin-sensitive Staphylococcus
aureus was positive in 25 patients,
with eradication success rate of
88.88%. Methicillin-resistant Staph-
ylococcus aureus was isolated in
eight patients, and in these, eradica-
tion was successful in only 40%.
Seven patients were infected with
multiple bacteria, in which eradica-
tion rate was 100%. Forty-three pa-
tients were positive for other types of
bacteria including Pseudomonas,
Enterobacter, Streptococcus, and
others. These patients were treated
with antibiotics according to the
specific sensitivity of each agent
with a success rate of 94.2% in
infection eradication. In 20 patients,
there were no positive cultures, and
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the infecting agent was not identified.
These cases had an 88.8% success
rate.
Postoperative intravenous anti-

biotics were continued for 6 weeks in
three studies.19,20,23 One study
continued intravenous antibiotics
for 4 weeks24 and in two studies
only for 5 and 14 days.15,27 The
remaining three studies did not
report on their postoperative treat-
ment of antibiotics.22,25,26 Four
studies reported on continuing oral
antibiotics for 6.5 weeks on aver-
age.15,23,24,27 The remaining studies
did not report on postoperative oral
antibiotic treatment.

Discussion

We found an overall success rate ap-
proaching 90% in the treatment of
chronically infected THA with selec-
tive component-retaining revision
arthroplasty. This eradication rate is
comparable with previous studies on
one- or two-stage revision arthro-
plasty. A systematic review by Ku-
nutsor et al28 compared results of 1-
and 2-stage revisions and found
success rates of 91.8% and 92.4%,
respectively. A different systematic
review found comparable results
regarding infection eradication with
slightly better functional outcomes in
one-stage revisions.13 The results of
our systematic review are compara-
ble with these studies and suggest
that partial retention of well-fixed
components is a feasible measure in
the treatment of chronically infected
THA.
The possibility of retaining a well-

fixed component in the face of a
concurrent infection has in the past
seemed implausible because of the
concerns of bacterial adherence and
subsequent biofilm formation. A
proposed hypothesis for the success
of this treatment may be that suc-
cessful osteointegration precedes the
invasion of bacteria to the bone-

prosthesis interface. It would follow
that the bone-prosthesis interface is
not part of the effective joint space in
these cases and renders the interface
inaccessible to bacteria.23,26 Morley
et al29 suggested this rationale also in
the case of a well-fixed cement
mantle in cases of PJI. Pellegrini
et al30 suggested using single photon
emission CT to localize PJI and, in
cases where the bone-prosthesis
interface is not involved, suggested
the possibility of DAIR alone. The

consensus of the Biofilm Workgroup
during the second International
Consensus Meeting on Musculo-
skeletal Infection determined that
mapping of biofilm location, either
with single photon emission CT or
other advanced imaging modalities,
is presently not applicable to the
clinical setting.31

An especially intriguing possibility,
one which was used in three studies,
was the use of a one-stage revision in
combination with fixed-component

Figure 2

Success rates in revision of acetabular shell of individual studies and weighted
success rate.

Figure 3

Success rates in revision of femoral stem of individual studies and weighted
success rate.
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retaining. These studies showed
comparable results to the two-stage
revisions, suggesting this may be a
successful treatment as well.15,23,27

The studies included in this review
are variable in design and methodol-
ogy. All studies are noncomparative,
and some include patient cohorts
whichwere removed from this review
either due to being acute infections,26

including duplicates of patients,19

and one due to incomplete data.27

To the best of our knowledge, one
registry study reported on the success
rate of partial retention revision in the
treatment of infected THAs.18 This
study includes a substantial number
of patients who might have met the
criteria for inclusion in this present
review and may have influenced our
results. However, the registry study
does not include crucial data for
reaching conclusions regarding this
treatment. First and foremost, the
study does not report on the chro-
nicity of the patients treated by
partial retention. Second, no details
on the method of treatment are
reported. Finally, in treatment of
these patients, it was not specified
whether the acetabular or femoral
implant was revised.
The relatively high success rates

reported in this systematic review, in
retentionof a fixed single component,

may raise a discussion regarding the
use of DAIR in chronic cases inwhich
both components are fixed. This
concept has previously been exam-
ined in a systematic review byMaillet
et al,32 which included six studies
with a total of 29 patients. The
studies included were very heterog-
enous, consisting of case reports,
with inconsistency regarding report
on implant stability and varying
follow-up periods. The pooled fail-
ure rate was 48%, and of patients
completing at least 2 years of follow-
up, failure occurred in 70%. These
inferior results may reflect the fact
that this group included a notable
portion of patients in which a loose
implant was retained, and DAIR was
done because of patient frailty or low
compliance.
Liebs,33 in a commentary on El-

Husseiny and Haddad,27 stated the
problems encountered when trying
to design high-quality studies on this
matter, stressing the difficulty in
amassing a sufficient number of pa-
tients. Second, because of the novelty
of this procedure, an effect size is still
problematic to define, limiting the
ability to do a power analysis. Third,
the ability to decide on which
patient a selective component-
retaining procedure may be done is
often an intro-operative decision,

thereby limiting the ability to perform
prospective studies and reducing the
homogeneity of studies. In addition,
the unique characteristics of patients
with PJI, including varying baseline
medical condition, different infec-
tious agents, and variability in surgi-
cal procedures, all limit ability to
undertake large-scale studies, gener-
alizable to other patients with PJI.
Despite these obstacles, retrospec-

tive matched studies, with longer
follow-up, are possible and should be
undertaken. Future studies should
clearly state and abide to pre-
determined surgical indications, as
well as evaluate outcomes based on
explicit definitions of success. Fur-
thermore, registry studies may pro-
vide valuable information in cases
where they contain specific and
detailed relevant data. Animal stud-
ies, as well as other preclinical
research, may develop methods to
accurately assess the bone-prosthesis
interface, thereby enabling better
understanding of the extent of bio-
film formation. Our hope is that this
systematic review will contribute to
the body of knowledge and enable
future studies to be done at a higher
methodological level.
In the Proceedings of International

Consensus on Orthopedic Infections
of 2018, 75%of experts in the field of
joint reconstruction agreed that there
may be circumstances when an
implant is well-fixed, either by
cement or through osseointegration,
and the infective organisms are not
able to access the prosthesis-bone
interface. The conclusion was that
in these cases, partial retention of
well-fixed implants in certain pa-
tients, especially those with chal-
lenging conditions, may be a viable
option. The need to do aggressive
soft-tissuedébridement and complete
removal of infected implants was
stressed.34

The limitations of this study are
first and foremost the quality of
studies included in the review. The

Table 1

Type of Organism Cultured on Primary Infection

Infectious Organism Cases Success Rates %a

CONS 31 92.3

MRSA 8 40

MSSA 25 88.88

Multiple organisms 7 100

Others 43 94.2

Culture negative 20 88.88

CONS = coagulase-negative Staphylococcus, MRSA = methicillin-resistant Staphylococcus
aureus, MSSA = methicillin-sensitive Staphylococcus aureus
a El-Husseiny and Haddad27 and Lombardi et al19 did not identify which infectious organism was
cultured in the failure cases precluding calculation of success rates including these studies.
Success rates are therefore based on the remaining seven studies.
Others—Pseudomonas, Enterobacter, Streptococcus, and other species.
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included studies lacked sufficient
internal validity, sample size, meth-
odological consistency, and stan-
dardization of protocols and
outcomes. The studies are retrospec-
tive case series, with no prospective or
matched studies included. Moreover,
the patients in these studies were
treated with varying surgical meth-
ods, including both one- and two-
stage procedures, as well as by vari-
ous centers, further contributing to
the inherent bias. In addition, the total
number of patients is relatively small.
Finally, the follow-up in these studies
was inconsistent, the definition of
“success” was not uniform, and a
clear description of the diagnostic
criteria for infection recurrence was
lacking. Although most included a
follow-up period of at least 2 years,
one study included patients with
shorter follow-up times.19

In conclusion, a selective retain-
ment of well-fixed components in the
face of a chronically infected hip ar-
throplasty may be considered in cer-
tain situations. Although the
reported success rate is high and is
comparable with complete revision
arthroplasty in cases of chronic in-
fected THAs, the quality of the stud-
ies included is poor. There is a need
for higher quality studies to defini-
tively assess the safety and efficacy of
selective component retainment in
the treatment of chronic peri-
prosthetic infection after THA.
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