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Abstract

Background: Little is known about functional outcome and quality of life (QolL) after one-stage
revision for periprosthetic joint infection (PJl) of the hip.

Methods: a cohort of 30 subjects treated with one-stage revision between 2011 and 2015 was
identified, and questionnaires on functional outcome and QoL were distributed.

Results: 28 subjects were successfully treated (93%). Most subjects were referred from other
hospitals. Coagulase-negative Staphylococcus was found in 50% of the cases, and 40% of all cultured
bacteria were multidrug-resistant. 25% had subsequent revision surgery, unrelated to PJI. Functional
outcome was good and QoL scores were high, comparable to prosthetic joint revision surgery in
general.

Conclusion: Although the cohort was small and statistical analysis was not performed, this study
showed that excellent results can be obtained with one-stage revision for hip PJI. Functional
outcome and QoL was comparable to prosthetic joint revision surgery in general.
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Introduction

Periprosthetic joint infection (PJI) of the hip is
one of the most precarious complications of total hip
arthroplasty (THA). It generally requires one or more
operations, weeks of hospitalization and long courses
of antibiotic treatment. It is a great financial and
logistic burden to hospitals and health care in
general[1,2]. The patients themselves, however, are
the ones most afflicted by the complication. Treatment

methods range from life-long suppressive antibiotic
therapy (for inoperable patients with a low grade PJI)
to months of living without a functioning hip
articulation (Girdlestone procedure) and to curative
therapy with joint replacement[2]. In joint
replacement therapy, two-stage revision is the gold
standard. In this procedure, the arthroplasty is
resected and reimplantation is performed after weeks
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or months of treatment with antibiotics. A one-stage
revision, however, according to guidelines, is the
preferred option for non-acute PJI in patients with an
adequate soft tissue envelope, sufficient bone stock
and a pre-operatively identified non-resistant
micro-organism[2].

In one-stage revision, all arthroplasty
components are removed, including any poly-methyl-
methacrylate (PMMA) bone cement, thorough
surgical debridement and extensive irrigation are
performed, after which new arthroplasty components
are directly reimplanted. Rigorous removal of all
possibly contaminated tissue and foreign body
material is paramount for infection eradication[2,3].
Success rates of one-stage revision in different studies
vary between 76 and 100%, but in patients with
favourable circumstances (e.g. infection with
non-resistant micro-organism, adequate soft tissue) lie
around 90%[2,4]. A recent systematic review
suggested that one-stage revision may be comparable
to two-stage revision in terms of reinfection risk[3].

Studies on functional outcomes after one-stage
revision are scarce, and only one found better
functional outcomes compared to two-stage revision
(Harris Hip Score and Visual Analogue Scale for
pain)[5]. To our knowledge, no published studies
have described the effect of one-stage revision on the
quality of life (QoL) of patients[6]. However, a trial
protocol has been published on one-stage versus
two-stage revisions, including QoL and functional
outcome at follow-up, but these results have not been
published yet[7].

The aim of this study is to describe the outcomes
of a retrospectively selected cohort after one-stage
revision for hip PJI, in terms of reinfection rate,
functional scores and quality of life.

Material and methods

Subject selection and inclusion

We searched our hospital’s database of
performed surgical procedures for all ICPC
(International Classification of Primary Care) and
surgery codes possibly linked to PJI procedures, to
find patients who were surgically treated for hip PJI
between January 2011 and December 2015. Electronic
patient records were retrospectively analysed and
relevant data were extracted. Subjects were included
if they underwent one-stage revision for PJI of THA in
the study period. Excluded were subjects with PJI of a
hemi-arthroplasty, incomplete removal of foreign
body material (i.e. arthroplasty components or bone
cement) and subjects in whom PJI criteria were not
met. PJI criteria were: two or more positive
periprosthetic cultures with phenotypically identical

organisms, or a sinus tract communicating with the
joint, or having at least three of the following minor
criteria: elevated serum C-reactive protein (CRP)
AND erythrocyte sedimentation rate (ESR); elevated
synovial fluid white blood cell (WBC) count OR ++
result on leukocyte esterase test strip;, elevated
synovial  fluid polymorphonuclear neutrophil
percentage (PMN%); positive histological analysis of
periprosthetic tissue; a single positive culture[8]. If
subjects died within a year of follow-up, unrelated to
PJI, success was defined as ‘“uncertain’, and subjects
were excluded. A minimal follow-up of one year was
required in all other cases.

Informed consent and ethical approval

Ethical approval for this study was received
from the ethical committee of our hospital, with
approval number 2017.181. Data collection and
subject contacts were handled according to the ethical
standards in the 1964 Declaration of Helsinki.

Subjects meeting our inclusion criteria were
informed about the proposed study by letter and
invited to participate. Instructions and information
about the study were included, along with the
questionnaires and reply envelope. If no reply was
received, subjects were contacted by telephone.

Treatment

In our institution, one-stage revision for PJI is
performed by one orthopaedic surgeon, the senior
author (RS), and is the treatment method for all
patients with hip PJI for chronic infection or when a
sinus tract is present. Two-stage revision is only
performed when patients have sepsis or are otherwise
severely immunocompromised (e.g. undergoing
chemotherapy treatment), or when bone defects are so
extensive that a tumour prosthesis is necessary. This is
a protocol that is not generally performed in other
Dutch hospitals, where one-stage revision is much
less performed.

All hips were revised using a posterolateral
approach in lateral decubitus position. Surgery was
performed under strict sterile conditions. After
removal of all arthroplasty components, complete
PMMA bone cement removal (if present), thorough
debridement and irrigation with at least 6L of saline,
reimplantation was performed in the same session.
Choice of THA model and use of (gentamicin loaded)
bone cement was based on bone stock and quality,
whether a fracture had occurred and whether
osteotomy was required for THA removal. In most
cases an uncemented primary or modular stem was
used, and the acetabular component was also
uncemented in  the  majority of  cases.
If subjects were not already receiving antibiotics
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aimed at pathogens from culture results prior to
surgery, they received intravenous vancomycin (1000
milligrams twice daily, adjusted to renal function and
serum levels) and ciprofloxacin (400 milligrams three
times daily, or adjusted to renal function) after all
cultures were taken. Postoperative antibiotic therapy,
based on bacterial susceptibility (according to the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) definitions) and in consultation
with an infectious diseases specialist and a medical
microbiologist, was administered for a minimum of 6
weeks, the standard duration being 3 months, but
ultimate therapy duration depended on an individual
subject’'s parameters e.g. presence of clinical and
laboratory signs of inflammation and tolerance of
therapy. Intravenous therapy was usually given for
two weeks, followed by oral antibiotic therapy when
agents with a high bioavailability were available e.g.
rifampicin and quinolones. In subjects where such
antibiotics could not be given, due to inherent or
acquired antimicrobial resistance or allergies,
outpatient parenteral antibiotic therapy was given.

Outcome

Successful outcome was defined as retainment of
THA after one-stage revision, without any subsequent
surgical procedures for PJI (debridement, antibiotics,
irrigation, and retention (DAIR), one-stage or
two-stage revision or arthroplasty removal), without
the chronic use of antimicrobial agents, and without
signs or symptoms of PJI at follow-up.
If other surgical procedures were performed, patient
records were checked: if the surgical report,
postoperative notes or culture results suggested PJI
relapse, this was defined as treatment failure.
Otherwise, this was noted as ‘revision for other
reason’, and treatment was regarded successful. In
patient records, culture results were checked and
infections were classified as whether or not being
polymicrobial PJI and culture negative PJI, and
micro-organisms were categorized as non-resistant or
multidrug-resistant according to standard
definitions[9]. If subjects died as a result of PJI, this
was defined as failure. As mentioned above, if
subjects died within a year of follow-up, unrelated to
PJI, success was defined as “uncertain’, and subjects
were excluded. If subjects died after more than a year
of follow-up, unrelated to PJI, and without
subsequent procedures related to PJI, treatment was
considered successful.

Questionnaires

For measurement of outcome, three
questionnaires were used, according to the advice of
the Dutch Orthopaedic Society (Nederlandse
Orthopaedische Vereniging, NOV)[10]: Oxford Hip
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Score (OHS, score range 0 to 48 ), Hip disability and
Osteoarthritis Outcome Score-Physical function
Short-form (HOOS-PS, score range 0-100) and

EuroQol five dimensions questionnaire (EQ-5D, score
range -0.329 to 1). All three have validated Dutch
translations[11-13]. Furthermore, Visual Analogue
Score (VAS) pain for current pain (100-0), VAS
satisfaction for overall satisfaction after one-stage
revision (0-100) and a question whether the subject
had been treated elsewhere for the same hip after the
one-stage revision, were added.

Results

In the study period, 79 subjects were treated for
PJT of the hip. 1 subject died within a year (after 3
weeks, unrelated to PJI), and treatment success was
therefore classified as ‘uncertain’. This subject was
removed from further analysis. Of the remaining
subjects, 30 met the inclusion criteria (Figure 1). Of
these 30, 2 subjects underwent subsequent surgical
procedures related to PJI after one-stage revision, and
were therefore classified as treatment failure (1 subject
underwent DAIR twice after one-stage revision, and 1
subject underwent DAIR and a subsequent
Girdlestone procedure after one-stage revision). 28
Subjects were treated successfully (93%). Because only
2 cases were categorized as treatment failure, no
statistical analysis was performed on the data.

Patients
surgically
treated for PJI
79

Reason of
exclusion

Reason of
exclusion

Treated with
arthroplasty
resection
8

Treated for PJI of
hemi-arthroplasty
5

A
Y

Positive intra-op Treated with DAIR

Y

culture after aseptic | 28
revision [
3

Incomplete removal
of bone cement
Intra-operative 1
suspicion during
aseptic revision
3

Y

Uncertain success,
follow-up < 1 year
1

Y

Y

Included:
30

Figure 1: Flowchart of subject inclusion with numbers.
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All patients received 6-12 weeks of antibiotic
treatment. The mean follow-up was more than 3
years. During the follow-up, 5 subjects died, of which
1 in the failure group (unrelated to PJI, but underwent
two subsequent DAIR procedures). For subject
characteristics, see Table 1. For a list of subjects and
their positive P]I criteria, see Table 2.

Most subjects were patients referred from other
hospitals (60%). A sinus tract was present in 37% of all
subjects. In 23 cases, the causative micro-organism
was known preoperatively (77%), either from
aspiration or positive blood culture results.
In 50% of all cases, coagulase-negative Staphylococci
were found. 40% of all cultured bacteria were
multidrug-resistant to antibiotic agents (all in the
failure group). None of the multidrug-resistant
micro-organisms were resistant to vancomycin, when
vancomycin susceptibility was tested. No methicillin
resistant Staphylococcus aureus (MRSA) was cultured.
23% subjects had a polymicrobial PJI. In 2 cases (6%),
cultures remained negative.

Table 1: Subject characteristics.

TOTAL SUCCESS FAILURE
Number of subjects 30 28 2
Mean age in years (SD) 71.8 (10.2) 71.0 (10.1) 82.1(6.1)
Mean follow-up in months (SD) 39.8 (19.8) 41.3 (19.3) 18.7 (17.7)
Male: female (% male) 9:21 (43) 9:19 (47) 0:2 (0)
Deceased (%) 5(17) 4(14) 1
ASA classification
1 4 4 0
1I 11 11 0
I 14 12 2
v 1 1 0
\% 0 0 0
Current smoker (%) 6 (20) 6(21) 0
Body mass index (SD) 28.8 (6.4) 28.8 (6.0) 29.0 (14.3)
Body mass index > 30 kg/m2 (%) 11 (37) 10 (36) 1**
Body mass index > 35 kg/m2 (%) 6 (20) 5(18) 1**
Co-morbidities*
Cardiovascular (%) 18 (60) 17 (61) 1
Pulmonary (%) 8 (27) 8(29) 0
Renal failure (%) 2(7) 2(7) 0
Diabetes mellitus (%) 3 (10) 3(11) 0

ASA = American Society of Anesthesiologists Score; SD = standard deviation;
*Subjects were considered to have a comorbidity if it was described in the subject’s
medical records or if the subject used medication for the comorbidity. **Both are the
same patient, with a body mass index of 39.

Table 2: Case characteristics and criteria for confirmation of PJl, according to definition.

Subject Major criterion: 2 or more Major Minor criterion: one positive Minor criterion: Minor criterion: Micro-organism
nr. positive cultures criterion: sinus culture (aspiration or elevated serum histology**
(intra-operative) tract intra-operative) markers

1* + + Coagulase-negative Staphylococcus

2% + + Corynebacterium spp., Enterobacter spp.

3 + +(A) + Salmonella spp.

4 + + Coagulase-negative Staphylococcus

5 + +(A) + Streptococcus spp.

6 + + Enterococcus spp.

7 + + Enterococcus spp.

8 + +(A) + Staphylococcus aureus

9 + +(I) + Enterococcus spp.

10 + + + _

11 + + + Enterococcus spp., Morganella spp.

12 + Coagulase-negative Staphylococcus

13 + + + Staphylococcus aureus

14 + + Coagulase-negative Staphylococcus

15 + + Staphylococcus aureus

16 + + Coagulase-negative Staphylococcus,
Propionibacterium spp.

17 + + + Coagulase-negative Staphylococcus

18 + +(A) + Coagulase-negative Staphylococcus,
Salmonella spp., Pseudomonas spp, Proteus
mirabilis

19 + +(A) + Coagulase-negative Staphylococcus

20 + +(A) Coagulase-negative Staphylococcus

21 + + Coagulase-negative Staphylococcus,
Corynebacterium spp., Enterococcus spp.

22 + + Streptococcus spp.

23 + + Streptococcus spp., Proteus spp., anaerobes
(unspecified)

24 + + Coagulase-negative Staphylococcus

25 + + Coagulase-negative Staphylococcus

26 + + -

27 + + Coagulase-negative Staphylococcus

28 + + Coagulase-negative Staphylococcus,
Propionibacterium spp., Streptococcus spp.

29 + + +(A) + Staphylococcus aureus

30 + + +(A) Coagulase-negative Staphylococcus

*: treatment failure; **: histology was only performed once; white blood cell count, leukocyte esterase test strip and polymorphonuclear neutrophil percentage were never

performed in the study period.
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The average duration of surgery was 182
minutes. Bone allograft was used in 3 cases (10%), of
which 2 cases of failure. Femoral osteotomy was
performed in 40% (n=12), and intra-operative
fractures occurred in 13% (n=4). For subjects with
treatment failure, surgery time was longer than for
subjects with treatment success, as well as more
frequent use of allograft bone, more frequently
performed femoral osteotomy and occurrence of
fractures. Reoperations unrelated to PJI were
performed in 25% of successfully treated subjects
(n=7): of these, revision for recurrent dislocations took
place in 4 cases, 1 subject was treated for a
periprosthetic fracture three months after one-stage
revision, removal of osteosynthesis material in 1 case,
and femoral stem revision after stem subsidence
occurred in 1 subject. In all cases, cultures in
subsequent procedures were negative.

21 subjects responded to our survey (84% of all
living subjects), but some replied only partly. Survey
results can be seen in Table 3. For successfully treated
subjects, the mean HOOS was 63 (of 100), OHS 35 (of
48), EQ-5D 0.68 (of 1), EQ-5D-VAS 74 (of 100), VAS
pain 31 (of 100), and VAS satisfaction 81 (of 100). The
only living subject with treatment failure had worse
functional and QoL scores, except for VAS pain (0).
None of the respondents reported subsequent surgery
on the affected hip elsewhere.

Table 3: Survey results; worst and best scores respectively:
HOOS 0-100; OHS 0-48, EQ-5D 0-1, EQ-5D-VAS 0-100, VAS
pain 100-0, VAS satisfaction 0-100.

TOTAL SUCCESS FAILURE
HOOS 64 (SD 28, range 15-100, n=21) 63 (SD 29, n=20) 90 (n=1)
OHS 35 (SD 11, range 13-48, n=22) 35 (SD 11, n=21) 24 (n=1)
EQ-5D 0.68 (SD 0.30,n=19) -
EQ-5D-VAS 74 (SD 20, n=19)

VAS pain 30 (SD 34, range 0-100, n=22) 31 (SD: 34, n=21) 0 (n=1)
VAS satisfaction 77 (SD 30, range 0-100, n=22) 81 (SD 25, n=21) 0 (n=1)

HOQOS: Hip disability and Osteoarthritis Outcome Score, OHS: Oxford Hip Score,
EQ-5D: EuroQol five dimensions questionnaire, VAS: Visual Analogue Score, SD:
Standard deviation.

Discussion

Of 30 included subjects who underwent
one-stage revision, 28 were considered successfully
treated (93%), at a mean follow-up of 40 months. In
50% of cases, coagulase-negative Staphylococcus was
cultured. 84% of the still living subjects responded to
our survey regarding functional outcome and quality
of life after one-stage revision for hip PJI.

One-stage revision

One-stage revision is a treatment option in cases
of PJI occurring more than 30 days after initial hip
arthroplasty, when there is good soft tissue and bone

stock, micro-organism susceptibility to antibiotic
agents is high, and bone grafting is not required|2].
Success rates differ, according to selection criteria and
study protocols, but lie between 76 and 100%[4]. See
Table 4 for a list of recent and large studies on
one-stage revision. The success rate of 93% that was
found in this study is comparable to other studies, in a
cohort of subjects with 37% sinus tracts and 10% use
of allograft bone. The presence of a sinus tract did not
seem to lead to worse outcomes in this cohort, as
neither of the two patients with treatment failure
initially had a sinus tract. In the Infectious Diseases
Society of America (IDSA) guidelines, the presence of
a sinus tract is no criterion for the choice between
one-stage and two-stage revision, although one-stage
revision is not recommended when a sinus tract is
present[2].

The use of allograft in one-stage revision may
have a greater risk of failure according to
guidelines[2]. Although the groups are small, both
subjects with treatment failure in this cohort
underwent one-stage revision with the use of
allograft. However, there are also studies that
reported good outcomes of one-stage revisions with
the use of allograft bone[14,15].

Furthermore, all (3 of 3) micro-organisms in the
failure group were multidrug-resistant. On the other
hand, 40% of micro-organisms in the successfully
treated group were resistant as well, so successful
treatment with one-stage revision, when PJI is caused
by multidrug-resistant micro-organisms, is very well
possible. However, it may be safe to say that when
multidrug-resistant organisms are cultured and bone
defects necessitating allograft reconstruction are
present, other treatment options, such as two-stage
revision, should seriously be considered.

Functional outcome scores

In this cohort, a HOOS of 63 was found for the
successfully treated group. To our knowledge, no
studies exist on the HOOS score after one-stage
revision or DAIR. We found one study that described
a HOOS of 54 after two-stage revision[16]. We found
only one other study on HOOS after revision surgery:
Mahmoud et al. found a HOOS of around 70 after cup
revision with metal augmentation in 147 subjects[17].

We found a mean score of 35 for OHS in this
cohort. One other study described postoperative OHS
after one-stage revision. They found a score of 31,
comparable to the 35 in this study[18]. In other
settings, an OHS of 36 after DAIR treatment[19], and
an OHS of 32 in 1176 hip revisions (for all reasons)[20]
were described.
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Table 4: Overview of studies on one-stage revision.

Functional scores* QoL scores Follow-up

at least 1.5 years

Author Year Country N Success rate Duration of antibiotic treatment
Studies on one-stage only (recent studies with >20 cases, all studies with >100 cases)

Buchholz 1981 Germany 583 77% None

Raut 1995 UK 183 84% 6-12 weeks

Wrobleski 1986 UK 102 88% up to 6 weeks

Vielpeau 2002 France 127 88% unclear

Zeller 2014 France 157 94% 12 weeks

Ilchmann 2016 Switzerland 39 100% 3 months

Jenny 2014 France 65 83% 9 weeks (range 0-17)

Whiteside 2017 USA 21 95%
Winkler 2008 Austria 37 92%
Hansen 2013 USA/UK 27 70%
Bori 2014 Spain 24 96%

6 weeks (intra-articular)

2 weeks iv, oral not mentioned
minimum 6 weeks

not standard, mean 60 days

Rudelli 2008 32 94% 6 months

Studies comparing one- and two-stage; results of one-stage group (recent studies with >10 cases, all studies with >100 cases)

Choi 2013 USA 17 82% 6 weeks
Klouche 2012 France 38 100% 3 months
Oussedik 2010 UK 11 100% minimum 6 weeks

De Man 2011 Switzerland 22 95% 8-12 weeks

Preop MAP (9.8) - 93 months
Postop MAP (14.8)

- - 38 months
- - 36 months
- - 42 months
Postop HHS (81) - 6.6 years
Preop MAP (9.5) - 37 months
Postop MAP (13.3)

Postop OHS (31.0)

- - 63 months
- - 4.4 years

- - 50 months
Postop MAP (13.8) - 45 months
Postop HHS (65.4)

Preop MAP (7.0) - 103 months
Postop MAP (15.9)

Postop HHS (77) - 62 months
Postop UCLA (4.0)

Preop MAP (11.1) - 35 months
Postop MAP (15.5)

Preop HHS (40.5) - 6.8 years
Postop HHS (87.8, higher than two stage)

Postop VAS satisfaction (86, higher than two stage)

Postop HHS (84) - 3.8 years

QoL: Quality of Life, MAP: Merle d'Aubigné-Postel, HHS: Harris Hip Score, OHS: Oxford Hip Score, UCLA: University of California at Los Angeles score, VAS: Visual

Analogue Score.

Table 4 summarizes other studies that describe
functional outcomes after one-stage revision for hip
PJI. Most of those studies report outcome using either
the Merle d'Aubigné-Postel functional score (MAP)
(range 13.3-15.9) or the Harris Hip Score (HHS) (range
65.4-87.8). For both scores, postoperative results were
higher than preoperative results. The results of these
scores were comparable to results after both two-stage
revision and aseptic revision found in other
studies[21].

Oussedik et al. found a VAS satisfaction of 86
after one-stage revision, comparable to the 81 in this
cohort[5]. This study was one of the four to make a
comparison between one-stage and two-stage
procedures, but was the only one to find differences in
functional scores: VAS satisfaction and HHS after five
years were higher after one-stage than after two-stage
revision (86 versus 69 and 87.8 versus 75.5,
respectively)[5,22-24].

Functional scores between stages in two-stage
revision for hip PJI have been reported by
Scharferberger et al.[25]. The mean HHS of 54.5 in the
interval with a spacer they reported is lower than the
HHS after one-stage revision or after aseptic revision.
Furthermore, they reported that 56% of patients were
bound to ambulation in their own house.

So, in terms of functional scores, this is the first
study to describe HOOS after one-stage revision, and
OHS was comparable to one other study on one-stage
revision. For both scores, and for other scores
described by others, functional outcome of one-stage
revision is comparable to aseptic hip revision.

Comparison to two-stage revision shows better
outcome after one-stage revision in only one of four
studies, but functionality in the interval between

stages is lower. Larger and better designed
comparable studies are necessary for better
comparison.
Quality of life

The EQ-5D in this cohort was 0.68, and

EQ-5D-VAS was 74. In a recent systematic review on
QoL after hip PJI treatment, no studies were found on
the effect of one-stage revision on quality of life[6].
Also, no other studies on hip PJI were found that used
EQ-5D for assessing QoL. However, after prosthetic
joint revision surgery in general, two studies found
EQ-5D scores of 0.69 and 0.62, of which Raman et al.
found an EQ-5D-VAS of 79[26,27]. These results are
similar to the EQ-5D scores found in this study. Both
Dawson et al. and Mahmoud et al. found a significant
improvement in QoL scores after hip revision
surgery[17,27]. Although the QoL after two-stage
revision seems comparable to aseptic revision, the
QoL in the interval period (without functioning joint)
is lower[6,25]. We believe one-stage revision improves
quality of life for patients comparable to aseptic
revision, as no interval period is needed.

Study quality

Although our study cohort is small, the study
setup is retrospective, and it is a single-centre
observation, this is the first cohort to describe
outcomes of one-stage prosthetic joint replacements in
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terms of quality of life. Unfortunately, no comparison
with a comparable cohort after two-stage revision was
possible, as only a very small group underwent
resection for two-stage revision in our hospital. Also,
no scores before revision surgery were available due
to the retrospective nature of this study. Furthermore,
the group of failures was so small (n=2), that reliable
statistical analysis was not possible.

Conclusion

This study suggests excellent results of one-stage
revision, with a success rate of 93%. Functional
outcome and quality of life after one-stage revision
are both good, and are comparable to prosthetic joint
revision surgery in general. Careful and preferably
predefined patient selection is required for optimal
results. For further research, pre- and postoperative
outcome scores are recommended. Studies comparing
one-stage revision with DAIR or two-stage revision
would be a welcome addition to the current studies.
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