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Abstract
Introduction: Total hip arthroplasty is one of the most successful modern surgical procedures, yet periprosthetic joint infection (PJI) 
remains a serious complication associated with disability and increased postoperative mortality.

Aim: This study highlights the importance of identifying the causative microorganism and its antibiotic susceptibility profile for the 
successful application of a one-stage revision protocol in treating PJI.

Materials and methods: Between October 2017 and July 2023, 33 patients underwent one-stage revision total hip arthroplasty. Preop-
erative joint aspiration and intraoperative periprosthetic tissue sampling were performed in all cases, with microbiological analysis con-
ducted. The study group consisted of 15 men and 18 women, with a mean postoperative follow-up of 33 months (range 2–66 months).

Results: A pathogen was identified in 31 patients. Staphylococcus epidermidis was the most common microorganism, responsible for 
44.1% of infections. Staphylococcus aureus was found in 14.7% of cases. Enterococcus faecalis was isolated in three patients, and Serratia 
marcescens in two. No infection recurrence was recorded during follow-up. Complications included two postoperative dislocations, 
both managed with closed reduction, and one death due to pulmonary embolism. Functional outcomes improved, with the mean Harris 
Hip Score increasing from 54.3 preoperatively to 72.3 postoperatively.

Conclusion: In this selected cohort, one-stage revision was associated with favorable short- to mid-term outcomes. These findings 
suggest that, when guided by precise microbiological diagnosis and multidisciplinary management, one-stage revision may be a viable 
option for carefully selected patients with periprosthetic hip infection.
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Introduction

Total hip arthroplasty is one of the most successful surgi-
cal interventions in recent decades. With the technological 
advancement and their incorporation in medicine, poten-
tial complications from the procedure, such as early aseptic 
loosening, instability, joint dislocation, or component mal-
positioning, are increasingly rare. Periprosthetic joint infec-
tion (PJI), however, remains a problem for which a solution 
has yet to be found. This pathology not only compromises 
the success of treatment for advanced osteoarthritis but of-
ten worsens the overall patient condition, compared to the 
preoperative status.[1] The incidence of periprosthetic infec-
tions in Bulgaria following primary hip replacement is esti-
mated to be 1.5%–2%.[2] According to relevant publications 
on the matter, infection is the third most common cause of 
revision hip replacement (14.7%) and the most common 
cause of knee revision surgery (25.2%).[3-5] According to 
leading European centers, PJI after hip arthroplasty occurs 
in 0.5%–1.5% of cases.[6] According to a publication by Phil-
lips et al., infection is the most catastrophic complication in 
primary joint replacement.[7] This finding is confirmed by 
a 2018 meta-analysis of 20,719 knee arthroplasty patients, 
treated via a two-stage revision protocol for PJI. The study 
shows that the mortality rate in the first year was 4.33%, 
rising to 21.64% by the fifth year.[8] The costs incurred by 
healthcare systems for treating this pathology are also enor-
mous. According to the Australian registry, annual costs 
for treating PJI almost doubled between 2005 and 2010, 
reaching 566 million dollars in the latter year.[4] All of this 
underscores the social significance of the problem and the 
necessity of finding a solution.

Successful treatment of PJI is directly related to accurate 
microbiological diagnosis. Proper microbiological diag-
nosis and identification of antimicrobial susceptibility and 
resistance of isolated pathogens are crucial for the correct 
management of this condition. Optimization of antibiotic 
therapy is linked to reducing the likelihood of developing 
resistant microorganism strains—yet another healthcare 
issue, the importance of which is only likely to increase in 
upcoming years.

The gold standard for PJI treatment remains the two-
stage revision protocol. The first stage consists of the re-
moval of the primary arthroplasty components in conjunc-
tion with thorough soft-tissue and bony debridement and 
the implantation of an antibiotic-coated articulating spacer. 
The second stage is characterized by subsequent revision 
arthroplasty and is carried out once clinical and laboratory 
results show eradication of the pathogen. The aim of the 
one-stage protocol is to reduce the potential risks of high-
er morbidity and mortality associated with the two-stage 
surgical protocol. The one-stage protocol also strives to 
decrease the likelihood of complications during hospital-
ization (e.g., reduce blood loss, decrease the need for blood 
transfusion) and improve financial efficiency.[9-12]

Aim

The objective of the present study is to profile the microbi-
ological pathogens in the patient cohort under investiga-
tion and to emphasize the significance of the data for the 
successful treatment of periprosthetic joint infections with 
one-stage revision.

Materials and methods

The definition of periprosthetic joint infection was derived 
from the 2013 International Consensus Meeting (ICM) on 
Orthopedic Infections criteria. After 2018 we adopted the 
ICM Philadelphia criteria (Table 1).[13,14] The incorporat-
ed criteria in this study are divided into two main groups: 
primary and secondary. The primary criteria are: 1) two 
positive periprosthetic cultures obtained intraoperatively 
or via joint aspiration, and/or 2) a superficial sinus tract 
communicating with the joint cavity.

The diagnosis of PJI is established if any primary criteri-
on is present. If no primary criteria are identified, second-
ary criteria are evaluated, and PJI is confirmed when at least 
three of the five secondary criteria are met. The presence of 
one primary criterion indicates the presence of a PJI. In the 
absence of these criteria, the diagnostic algorithm includes 
secondary criteria (see table below). 

Table 1. Philadelphia consensus criteria

Criteria† Definition
Main 
criteria 

Two positive periprosthetic cultures with mor-
phologically identical microorganisms, OR
Superficial sinus tract communicating with the 
joint cavity, OR

Secondary 
criteria

Elevated CRP, ESR, D-dimer
Elevated leukocyte count in synovial fluid, OR 
(++) positive leukocyte esterase test
Elevated number of granulocytes in synovial 
fluid (PMN %)
Positive histological result for periprosthetic 
tissue 
Single positive microbiological sample 

† ICM Philadelphia criteria adapted for the purpose of the study

The study included 33 patients (15 men and 18 wom-
en), who underwent one-stage revision between October 
2017 and July 2023. The average patient age was 66.7 years. 
Informed consent from the patients was obtained prior to 
their inclusion in the study. Approval for the study was ob-
tained from the local ethics committee of the healthcare 
facility. Medical records for all patients were reviewed and 
compiled into a standardized database. All patients un-
derwent preoperative diagnostic aspiration of the affect-
ed joint. A microbiological pathogen was identified in 31 
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patients. In two cases, preoperative aspiration yielded no 
results. Microbiological cultures were also obtained from 
periprosthetic tissues, which showed macroscopic signs of 
infection. During surgery, a total of five samples for micro-
biological investigation were collected from each patient. 
An isolated microorganism was considered as pathogenic if 
it was isolated in two or more of the five cultures. Preoper-
ative CRP levels were elevated (>0.6 mg/dL) in 14 patients. 
ESR was elevated in 17 patients (>40 mm/H). Joint aspira-
tion markers including neutrophil count >2000/mL, differ-
ential neutrophil count >70%, and leukocyte esterase (++) 

Table 2. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria
Confirmed microbiological diagnosis with identified pathogen 
preoperatively and known antibiotic susceptibilities
Good soft tissue envelope with no extensive skin loss or non-re-
constructable tissue defects.
Reasonable host and comorbidity profile (not severely immuno-
compromised, acceptable nutritional status, controlled diabetes, 
etc.)
Manageable bone loss that allows stable implant fixation at reim-
plantation
Chronic (rather than early acute hematogenous) infections †

Unknown causative organism before surgery
Polymicrobial infection with difficult / resistant organisms
Fungal PJI
Severe soft tissue compromise, persistent draining sinus with 
gross tissue loss that cannot be reliably debrided and closed in 
one operation
Severe systemic sepsis or unstable patient
Major bone loss or need for complex staged reconstruction

† Timing alone is not an absolute determinant of treatment strategy. However, early postoperative or acute hematogenous infections are 
more commonly managed with debridement, antibiotics, and implant retention (DAIR) rather than one-stage exchange.

Table 3. Isolated pathogens in the patient cohort

Microorganism N
Staphylococcus epidermidis (MRSE+, MLS+) 15
Staphylococcus aureus 5
Enterococcus faecalis 3
Serratia marcescens 2
Enterococcus faecium – VRE 1
Acinetobacter lwoffii 1
Klebsiella pneumoniae 1
Streptococcus bovis 1
Streptococcus viridans 1
Enterobacter cloacae 1
Pseudomonas aeruginosa AmpC 1
No pathogen isolated 2

were analyzed in 17 patients, showing elevated values in 8 
cases. Statistical analysis of the data was performed using 
SPSS 20.0, with a significance level set at p<0.05.

Patients without septic status, with adequate reparative 
potential, minimal bone and soft-tissue defects, and no fis-
tula communicating with the joint underwent one-stage re-
vision when the causative pathogen was identified and sus-
ceptible to effective bactericidal therapy; infections caused 
by atypical pathogens or fungi were excluded. A summary 
of the inclusion and exclusion criteria of the study is pre-
sented in Table 2.

Results

Staphylococcus epidermidis was the most frequent cause of 
PJI, identified in 44.1% of cases. Staphylococcus aureus was 
found in 5 cases, accounting for 14.7% of the cases (a de-
tailed percentage breakdown by isolated pathogen is pre-
sented in Fig. 1). No pathogen was isolated in two patients. 
No polymicrobial infection was identified in the patient 
cohort. A detailed breakdown of the isolated pathogens in 
the patient cohort is presented in Table 3. Antibiotic ther-
apy continued intravenously for 14 days during the peri-
od of hospitalization. Upon discharge, each patient was 
prescribed oral antibiotic treatment for a duration of 4-8 
weeks.

The application of the one-stage protocol took into ac-
count the preoperative overall status of the patient. Posteri-
or approach to the hip was utilized in all cases. Global hip 
arthroplasty revision was carried out, using non-cemented 
revision components.

During an average follow-up of 33 months (range 2-66 
months), no recurrence of infection was observed. The av-
erage Harris Hip Score (HHS) increased from 54.3 points 
preoperatively to 72.3 points postoperatively. No neurolog-
ical injuries or loosening of the arthroplasty components 
were observed during the follow-up period. Two disloca-
tions were observed at 2 and 4 months, respectively, treat-

ed with closed reduction, with no recurrence observed in 
subsequent follow-up. One lethal outcome was recorded, 
involving a patient who died from a pulmonary embolism 
two months postoperatively. Although no infection recur-
rence was observed during follow-up, the limited sample 
size and absence of a comparator group preclude definitive 
conclusions regarding eradication rates.



4

G. Lukanov et al.

Folia Medica I 2026 I Vol. 68 I No. 3

Figure 1. Percentage of cases by isolated pathogen in the patient cohort.

Discussion

After the first study of the etiological structure of PJI in Bul-
garia from 2019, we now focus on the importance of patho-
gen isolation for optimal treatment outcomes.[15] The isola-
tion of a microbiological pathogen is crucial for the success 
of this procedure. Gram-positive organisms predominated 
in this cohort, consistent with previously published series. 
Our data correlates with the relevant publications. In a sys-
tematic review from 2021, including 1,236 patients, Balato et 
al. state that methicillin-sensitive Staphylococcus aureus was 
isolated in up to 37% of cases.[16] In another series by Wolff 
et al., which included younger patients up to 45 years old, 
Staphylococcus epidermidis was the most commonly isolated 
pathogen, found in 30.8% of cases.[17] In our series, methi-
cillin-sensitive Staphylococcus epidermidis was not detected. 
These differences could be attributed to the genetic diversity 
of Staphylococcus epidermidis and the specific characteris-
tics of regional antimicrobial resistance, as well as the rise of 
highly resistant pathogens in recent years. The indications 
for the one-stage protocol were adhered to since vancomy-
cin (a bacteriostatic antibiotic) was listed in the antibiogram 
for MRSE. Over a seven-year period, T. Rosteius et al. re-
ported a progressive increase in MRSE, extended-spectrum 
beta-lactamase (ESBL) bacteria, ampicillin-resistant Entero-
coccus, Acinetobacter spp., and vancomycin-resistant En-
terococcus (VRE). The authors noted a significantly higher 
frequency of MRSE in revision arthroplasty cases. The only 
trend showing a decrease was in the frequency of methi-
cillin-resistant Staphylococcus aureus (MRSA), attributed 
to specific characteristics of this pathogen and adherence 
to MRSA carriage prevention guidelines through preoper-
ative decolonization.[18] In our experience, the availability 
of an effective bactericidal antibiotic was associated with 
successful outcomes following one-stage revision; however, 
these observations should be interpreted cautiously given 
the small cohort size. In a 2020 study by Ohlmeier et al., 

infection control was attained in 93.1% of cases involving 29 
patients with MRSA-caused periprosthetic infections treat-
ed with a one-stage protocol. These results are comparable 
to those of the two-stage protocol.[19]

Prolongation of antibiotic therapy, based on the anti-
biogram results, is crucial for the success of the interven-
tion. One-stage treatment of PJI is indicated when a bacte-
ricidal, pathogen-sensitive antibiotic regimen is available, 
including biofilm-active agents such as rifampicin when re-
quired (e.g., for Staphylococcus spp. or Cutibacterium spp.). 
Difficult-to-treat pathogens, which lack sensitivity to bio-
film-active antibiotics, can only be suppressed by extending 
systemic antibiotic therapy. In these cases, prolonged sup-
pressive therapy may be a valid option.[20] Gram-negative 
bacteria should be treated with fluoroquinolones during 
the post-hospitalization period and the use of rifampicin 
should be avoided.[21] 

Cessation of antibiotic therapy two weeks prior to joint 
aspiration is crucial for isolating the pathogen. According 
to Parvizi et al., this approach increases the likelihood of 
correct diagnosis and appropriate therapy. Contrarily, а re-
cent study advises starting antibiotic therapy as soon as an 
infection is suspected. According to the authors, systemic 
antibiotic administration does not affect cultures and de-
laying therapy decreases the chances of successful treat-
ment.[22] In our cohort, six patients had infections caused 
by gram-negative bacteria. Implementing a one-stage pro-
tocol in this setting is a challenging task. No infection-re-
lated complications were observed in the small subgroup 
of patients with Gram-negative infections; however, the 
limited number of cases does not allow robust conclusions 
regarding efficacy in this setting. Our results correlate 
with the findings of Yicheng et al., who recommend in-
tra-articular infusion of carbapenems when diagnosing a 
gram-negative organism, in combination with systemic an-
tibiotics based on the antibiogram. The goal is to increase 
local concentration while avoiding systemic side effects.[23] 
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Concurrent use of fluoroquinolones in these cases is highly 
recommended. This treatment regimen provides two key 
benefits. It achieves good tissue penetration in bone and 
joint structures and exhibits anti-biofilm activity against 
Gram-negative bacteria.[24] 

Citak et al. identified risk factors for the failure of one-
stage revision. According to their study, the isolation of 
Enterococcus and Streptococcus spp. significantly reduces 
the likelihood of a successful intervention.[25] Similar re-
sults are observed with the two-stage protocol.[26,27] In our 
series, we observed six patients with infections caused by 
these pathogens. No recurrence of infection was noted after 
eight weeks of antibiotic therapy in our cohort.

When comparing our results with contemporary two-
stage revision series and registry-level analyses, several im-
portant points emerge. Recent systematic reviews and me-
ta-analyses of one-stage versus two-stage revision report no 
consistent, clinically important difference in reinfection or 
reoperation rates when patients are selected appropriately, 
although study heterogeneity remains high.[28] Large series 
and pooled analyses of two-stage exchange report infec-
tion eradication rates commonly in the ~74%–88% range, 
depending on joint type, follow-up duration, and whether 
repeat or complex cases are included.[29,30] Registry-linked 
analyses and national registry studies have likewise docu-
mented meaningful rates of re-revision and mortality after 
two-stage exchange, and emphasize substantial interstudy 
variability driven by case mix and reporting differences.[31] 

Contemporary two-stage revision cohorts and registry 
studies most commonly report coagulase-negative staph-
ylococci and Staphylococcus aureus as the predominant 
pathogens, with lower eradication rates observed in the 
presence of resistant organisms (MRSE/MRSA, vancomy-
cin-resistant enterococci, extended-spectrum β-lactamase–
producing bacteria) or multidrug-resistant gram-negative 
infections. Consequently, two-stage revision is often pre-
ferred for polymicrobial, fungal, or difficult-to-treat infec-
tions. In our cohort, the predominance of Staphylococcus 
epidermidis and the availability of targeted antimicrobi-
al therapy are consistent with pathogen profiles in which 
one-stage exchange has most frequently been reported as 
feasible. Differences in microbiological distribution across 
regions and increasing antimicrobial resistance should be 
considered when interpreting outcomes.[30,32] 

One-stage revision may also be performed in cul-
ture-negative infections when indications are broadened 
or when an unexpected infection is identified during revi-
sion for presumed aseptic loosening. In our series, we per-
formed two such procedures. Despite our good results, the 
difficulty in determining the correct antibiotic therapy re-
quired treatment with vancomycin and meropenem during 
hospitalization and extended oral therapy with rifampi-
cin for three months, combined with levofloxacin for one 
month after hospital discharge. Despite favorable outcomes 
in two culture-negative cases, the small number and inten-
sified antibiotic regimens preclude recommending routine 
extension of one-stage indications in this context. Support-

ive of this approach is a publication by Zanna et al., who 
found a failure rate of one-stage revision in undiagnosed 
PJI at only 9.1% of those followed. According to the author, 
the lack of a preoperatively isolated pathogen should not be 
a contraindication for the procedure.[33] 

A key contributor to outcome variability across studies 
is patient selection. Two-stage protocols are often reserved 
for polymicrobial or difficult-to-treat organisms, severe 
soft-tissue compromise, major bone loss, or unstable host 
physiology. Conversely, many one-stage cohorts (including 
ours) select hemodynamically stable patients with an iden-
tified pathogen and a favorable antibiogram—criteria that 
enrich for better outcomes. These selection differences lead 
to confounding by indication and make direct comparisons 
challenging unless case mix is carefully matched or adjust-
ed. Recent reviews emphasize that selection criteria—not 
only surgical technique—explain much of the observed out-
come variability between one- and two-stage approaches.[28] 

Direct comparison between revision strategies is fur-
ther limited by heterogeneity in outcome definitions 
across studies. Recent studies variably report reinfection, 
reoperation for any cause, implant retention, or composite 
endpoints such as DOOR-PJI, with substantial differenc-
es in follow-up duration. Registry analyses commonly use 
re-revision as the primary endpoint, whereas clinical series 
often report infection-free survival, leading to meaningful 
variation in reported success rates. In the present study, 
outcomes were defined as the absence of clinical or mi-
crobiological recurrence and improvement in Harris Hip 
Score over a mean follow-up of 33 months; nevertheless, 
broader adoption of standardized outcome frameworks 
would improve comparability across studies.[31,34] 

The study’s retrospective design, small sample size, sin-
gle-center setting, and lack of a control group limit statis-
tical power and generalizability. Selection criteria for one-
stage revision may have biased the cohort toward healthier 
patients and lower-complexity infections, restricting gen-
eralizability. Functional outcomes were evaluated using the 
Harris Hip Score, without the inclusion of quality-of-life 
assessments or patient-reported outcome measures. As 
such, the results should be viewed as hypothesis-generating 
rather than confirmatory. Considering the obtained out-
comes with the implementation of the one-stage protocol, 
we believe that the presented epidemiological profile can 
be useful in guiding clinical decision-making for tackling 
the complex and important issue that is periprosthetic joint 
infection. Regional antimicrobial resistance patterns may 
limit extrapolation to other healthcare settings.

Conclusion

In this single-center cohort, one-stage revision for peri-
prosthetic hip infection was associated with satisfactory 
clinical and functional outcomes when patients were care-
fully selected and treatment was guided by detailed micro-
biological diagnostics. While these findings are encourag-
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ing, larger comparative studies are required to determine 
the broader applicability and long-term effectiveness of this 
approach.
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