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Background: This study aimed to evaluate the outcomes of debridement, antibiotics, and implant
retention (DAIR) procedures and 2-stage revision surgeries in patients with periprosthetic joint infection
following megaprosthesis, including treatment failure; the patient-reported outcomes; and to determine
the survival rates of the revised megaprosthesis.
Methods: A retrospective study of 30 patients diagnosed with periprosthetic joint infection following
megaprosthesis between 2018 and 2023, with minimum 1-year follow-up. Patients with previous un-
successful debridement in other institutions were excluded. Patients presenting within 4 weeks of
megaprosthesis implantation underwent the DAIR procedure, while those presenting after this window
were taken for a 2-stage revision surgery. The primary outcome was treatment failure, defined as
persistent wound complication or the need for subsequent surgical intervention. The secondary out-
comes included patient-reported outcomes, assessed with the Oxford Hip Score and Oxford Knee Score,
and the survival rates of the revised megaprosthesis.
Results: The mean follow-up duration for all patients was 38 ± 12.6 months. Improvement was found for
Oxford Hip Score and Oxford Knee Score with mean 34.22 ± 9.2 and 32.40 ± 8.1, respectively, at the 1-
year follow-up. DAIR achieved an 81% success rate (13 out of 16) and 2-stage exchange had a 71.4%
success rate (10 out of 14).
Conclusions: Both DAIR and 2-stage exchange procedures yielded favorable functional outcomes with
satisfactory 2-year survival function. Careful patient selection and indication management are crucial for
optimal results.
Level of evidence: Level IV.
© 2025 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Revision arthroplasty, in the setting of a megaprosthesis, poses
significant challenges for orthopaedic surgeons, with periprosthetic
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joint infection (PJI) being the most common and morbid cause for
revision. [1,2] Prompt diagnosis and appropriate treatment are
essential to achieve a good prognosis. [3] The inherently compro-
mised physiology of patients undergoing megaprosthesis recon-
struction frequently results in these cases being secondary to
low-virulence organisms. [4] These infections rarely manifest with
classical clinical features like discharging sinuses or wound dehis-
cence. It is essential to maintain a low threshold of suspicion for
clinical symptoms and laboratory markers, for early diagnosis. [5]
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Table 1
Baseline characteristics of the patients.

Characteristics DAIR (n ¼ 16) 2-Stage revision
(n ¼ 14)

P value

Mean age at time of infection
(y)

57.2 ± 10.6 59.6 ± 6.4 .314

Gender (M/F) (6/10) (6/8) .593
Body mass index (kg/m2) 28.1 ± 2.1 29.1 ± 2.8 .414
Charlson Comorbidity Index 4.05 ± 1.4 3.5 ± 1.1 .052
Interval from symptom onset to

surgery (d)
21.5 ± 2.6 94.3 ± 40.2 .070

Type of prosthesis .510
PFR (18) 11 (68%) 8 (57%)
DFR (10) 5 (31%) 6 (43%)

Culture (positive/ negative) 16/0 8/6 .003
Aspirate culture 0/16 7/7 P < .001
Culture of intraoperative
sample

16/0 8/6 .003

Histology of intraoperative
sample

16/0 8/6 .003

VAS 7.75 ± 0.77 8.36 ± 0.63 .065
Preoperative ESR 101.63 ± 5.6 77.8 ± 5.2 .018
Preoperative CRP 51.2 ± 4.7 41.0 ± 5.5 .056

DFR, distal femoral replacement; VAS, visual analog scale.
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Despite the susceptibility of PJI in patients with megaprosthesis
implantation, limited studies have documented the complications
and functional outcomes due to the rarity of this surgical proced-
ure. Considering the expected growth in megaprosthesis surgeries,
a wider range of literature could help surgeons in advising appro-
priate treatment options and in being able to adequately manage
patient expectations.

This study was designed to evaluate the outcome of debride-
ment, antibiotics, and implant retention (DAIR) procedures and 2-
stage revision surgeries in patients with PJI after megaprosthesis,
including treatment failure; the patient-reported outcomes; and to
determine the survival rates of the revised megaprosthesis.

Material and methods

Study design and population

Following approval from the institutional review board, a retro-
spective reviewofmedical recordswas performed between 2018 and
2023. A total of 34 patients diagnosed with PJI following megapros-
thesis were identified. All patients with megaprosthesis who subse-
quently developed PJI and had minimum follow-up of 1-year were
included in this study. PJI was diagnosed with the presence of pain,
reduced range of motion, along with the latest International
Consensus Meeting criteria, or the elevated erythrocyte sedimenta-
tion rate (ESR) or C-reactive protein (CRP). [6,7] Patientwith previous
unsuccessful debridement in other institutions were excluded. One
patient passed awaydue to anaccident unrelated to the surgeryand 3
patients had to be excluded as they did not meet the criteria of min-
imum 1-year follow-up. The final analyses were performed on 30
patientswith infectedmegaprosthesis, including19proximal femoral
replacements (PFRs) and 11 distal femoral replacements. The initial
indication for megaprosthesis implantation was previous PJI in 15
patients (50%), aseptic loosening in 9 patients (30%), and post-
traumatic bone loss in 6 patients (20%) (Fig. 1, Table 1).

Surgical technique

The surgical approach selected was determined by the onset of
presentation. Patients presenting within 4 weeks of megapros-
thesis implantation underwent DAIR procedure, while those pre-
senting after this window underwent 2-stage revision surgery. The
previous incisionwas marked with methylene blue and included in
the dissection. Radical debridement, including debridement of all
devitalized osseous and soft tissue, was performed. A minimum of
6 tissue samples and fluid samples were collected in culture me-
dium bottles for microbiological analysis and separate samples
were sent for histological analysis. [8] In addition to these samples,
34 PJI after mega-prosthesis 

Excluded passed away (n = 1)

Final inclusion patients (n=30) 

Excluded: clinical follow-up <1 year (n=3)) 

33 PJI after mega-prosthesis 

Figure 1. Flowchart of patients.
a wash of the implant was also sent in all cases for culture and
sensitivity for aerobic and anaerobic cultures. This process involved
using 20-mL saline to wash the removed implant under high
pressure using a syringe, which was then sent for testing. [9] Fungal
and mycobacterial cultures were decided based on analysis of the
preoperative synovial fluid. [10]

Once the samples were taken, the debridement was continued.
First, a pulse lavage of 3 L 0.9% saline was given. This was followed
by a 3-minute soak in 100-mL 3% hydrogen peroxide, which was
poured and kept in the wound cavity and subsequently washed
away by another liter of saline lavage. Third, a betadine soak using
20-mL 10% povidone iodine diluted with 500-mL 0.9% saline was
given to the cavity for another 3 minutes. Next, a chlorhexidine
soak using 20-mL Hibiscrub (chlorhexidine gluconate 4%; Moln-
lycke) 0.05% (5 mL in 50 mL saline) was given for 1 minute. A final
wash with a pulse lavage of 9-L 0.9% saline was given. A single dose
of 1 g tobramycin and 1 g cefazolin were given intraoperatively
once the appropriate samples had been collected.

Before proceeding with the next step, we replaced all the sur-
gical drapes and instruments. The wound was packed with
betadine-soaked gauze and covered with clean gauze, a layer of
Ioban drape, and with new sterile surgical drapes. The surgical
team, including the assistants, rescrubbed before moving ahead.
The wound was reopened, a repeat saline wash was given, and we
proceeded with the next step.

In case of DAIR, the decision to perform the modular exchange
was made by the surgeon. Normally the surgeon exchanged the
modular except due to customized implant or unavailability during
the surgery, which was followed by insertion of a suction drain and a
watertight closure. For patients with 2-stage revision, the compo-
nents were explanted, and the articulating antibiotic spacer was
placed after debridement. The spacer included dual antibiotics
containing 3 g of vancomycin and 3.6 g of tobramycin per 40 g bone
cement. The decision for reimplantation was based on clinical and
laboratory evaluations. Similar steps for debridement were followed
before the reimplantation. Antibiotic cement, PALACOS (radiopaque
bone cement containing gentamycin; Heraeus Medical GmBH, Ger-
many), with 1 g vancomycin per 40 g cement was used in all cases.

The anticoagulation prophylaxis and postoperative rehabilita-
tion protocols were kept similar for all patients. Initial antibiotic
therapy was started with intravenous antibiotics comprising a
beta-lactam and an aminoglycoside combination. Subsequent



Table 2
Operative treatment and success rate.

Operative treatment Initial etiology Success rate

Previous PJI Aseptic loosening Post-traumatic

DAIR (16)
With modular component exchange 3 6 - 13 of 16 (81 %)
Without modular exchange - - 4

2-Stage revision (14) 8 1 1 10 of 14 (71.4 %)
Success rate 11 of 15 (73.3%) 7 of 9 (77.8%) 5 of 6 (83.3%)
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modification was done based on consultation with an infection
disease specialist, the culture reports, treatment response, clinical
picture, and serum markers. To cover coagulase-negative Staphy-
lococci (CoNS), second-generation cephalosporins were initiated. In
cases of methicillin-resistant Staphylococcus aureus, a combination
of vancomycin and linezolid was administered; for Pseudomonas
infections, a fluoroquinolone with a carbapenemwas given, and for
enterococcal infections, a third-generation cephalosporin was
prescribed. In cases with negative cultures, a combination of van-
comycin and a third-generation cephalosporin was administered.
Polymicrobial infections were treated with medications based on
the specific drug sensitivities reported for each individual organ-
ism. Injectables were given for 6 weeks, followed by oral antibiotics
lasting from 6 to 12months. In resistant cases with reversing trends
of ESR or CRP or recurrence of clinical features, a combination of
intravenous meropenem 6 g/day and daptomycin 700 mg/day was
started. Regular monitoring of levels of ESR or CRP along with liver
and renal function was done.

Outcome variables

The manual review was conducted to collect demographic, clin-
ical, laboratory, and radiological data for all patients (described in
Table 1). Demographic data included age, gender, Charlson comor-
bidity index, and body mass index. Preoperative and postoperative
radiographs of the femur, knee, and a lower-limb scanogram for limb
alignment were done for all patients. Surgical data recorded opera-
tive time, estimated blood loss, and intraoperative events. Follow-up
data were collected at 6 weeks, 3 months, 6 months, and 1 year
postoperatively. Postoperative wound complications included
wound dehiscence, incisional drainage, or redness.

The primary outcomewas treatment failure, defined as persistent
wound complication or need for subsequent surgical intervention.
The secondary outcome encompassed patient-reported outcomes, as
Table 3
Description of patients who had treatment failure.

No. Region Initial etiology for
megaprosthesis

Previous culture
result

Clinical feature First opera

1 PFR Post-traumatic - Sinus tract DAIR

2 PFR Aseptic loosening Negative Persistent pain DAIR

3 PFR PJI MSSA Sinus tract DAIR

4 PFR PJI MSSA - 2-Stage exc

5 PFR Aseptic loosening Negative Persistent Pain 2-Stage exc

6. DFR PJI CoNS - 2-Stage exc

7 DFR PJI Mixed - 2-Stage exc

DFR, distal femoral replacement; MSSA, Methicillin-Sensitive Staphylococcus aureus.
measured byOxfordHip Score (OHS) andOxfordKnee Score (OKS), as
well as the survival rates of the revised megaprosthesis. [11,12]

Data analyses

The data analyses were carried out using SPSS 22.0 software.
Student t test was used to analyze categorical data and independent
t test for analyzing continuous variables, with P value of .05 to
determine significance. KaplaneMeier survivorship curve was
generated using treatment failure as an end point.

Results

The mean follow-up duration for all patients was 35 ± 16.4
months. Of the 30 patients, 8 patients complained solely of pain
(26.6%, all were PFRs), 20 patients experienced swelling (66.7%), and
26 patients reported increased temperature (86.6%). Of the 30 pa-
tients, DAIR was performed in 16 patients (53%) with 11 undergoing
a modular component exchange. Among these 16 patients, 10 (62%)
underwent a single DAIR procedure with no resistant cases, while 2
(12.5%) underwent 2 DAIR procedures and 4 patients (25%) required
3 or more DAIR procedures. The mean duration between the first
stage and final reimplantation for the 14 patients who underwent
2-stage revision was 9.42 ± 1.5 weeks. These patients received
intravenous antibiotics for a mean period of 7.4 ± 1.2 weeks based
on clinical signs and serum biomarker levels. This was followed by a
2-week antibiotic-free period before definitive reimplantation.
Preoperative OHS mean was 8.72 ± 2.2, which improved to 34.22 ±
9.2 at 1 year postoperation. Similarly, the mean OKS improved from
8.50 ± 1.9 preoperation to 32.40 ± 8.1 at 1 year postoperation. The
success rate based on the indication for megaprosthesis was 73.3%
for prior PJI, 77.8% for aseptic loosening, and 83.3% for post-
traumatic bone loss patients (Table 2). The reinfection rate based
on the initial indication for megaprosthesis was 30.7 % (4 of 13) for
tion Intraoperative culture Second operation Final status

Mixed 2-Stage exchange Antibiotics continue at
last follow-up

CoNS 2-Stage exchange Antibiotics continue at
last follow-up

Group B Streptococcus 2-Stage exchange Antibiotics continue at
last follow-up

hange Culture-negative Vascular repair and
2-stage
exchange
revision

Antibiotics continue at
last follow-up

hange P. aeruginosa DAIR Antibiotics continue at
last follow-up

hange Mixed Implant revision Hyperextension
deformity

hange Enterococcus 2-Stage exchange
revision

Arthrodesis



Table 4
Microorganisms isolated in infected megaprosthesis.

Organism Frequency (%)

Aerobic gram-positive bacteria
Coagulase-negative Staphylococcus species 12 (40.0%)
S. aureus 2 (6.6%)
Streptococcus species 1 (3.3%)

Aerobic gram-negative bacteria
Pseudomonas species 2 (6.6%)
Enterobacterales 1 (3.3%)

Polymicrobial growth 6 (20.0%)
Fungal
Candida 1 (3.3%)

Culture negative 5 (16.6%)

Figure 2. KaplaneMeier plot comparing survival functions between DAIR and 2-stage exchange procedure. The 2-year survival function was 81% for DAIR and 71.4% for the 2-stage
exchange procedure.

Figure 3. KaplaneMeier plot comparing survival functions between etiology. This graph showed 77.8% 2-year survival function for aseptic loosening cause, 83.3% for bone loss
cause, and 73.3% for previous PJI.

R.K. Sharma et al. / Arthroplasty Today 33 (2025) 1016884



Figure 4. In case I, a 22-year-old male patient, primary megaprosthesis was done in view of excessive distal femoral bone loss elsewhere. At 1 year postoperation, the patient
presented to us with complaint of pain over knee with raised ESR and CRP levels, as seen in the radiograph (a and b) and intraoperatively (c). Six tissue samples and implant wash
were sent for culture (d). Debridement of all devitalized tissue, cleaning of medullary canal, and implanting of the cement spacer (e). Definitive implantation was done in the second
stage, 8 weeks after explantation, as seen intraoperatively (f) and in postoperative radiograph (g). At 1 year postoperation, the patient has returned to daily functional activities
without any limitations (h and i). At 5 years postoperation, patient comes with complaint of pain on walking. Radiograph reveals stem breakage but no recurrence of infection (j, k,
and l). Implant was revised and patient can do daily activities with postoperative x-ray as seen in the picture (m and n). Four years postoperative patient developed a hyperextension
deformity. There is no sign of active infection (o and p).
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prior PJI, 18.8 % (2 of 11) for aseptic loosening, and 16.6% (1 of 6) for
post-traumatic bone loss patients (P ¼ .505). Treatment failure was
observed in 7 patients (23.3%) (Table 3). DAIR achieved an 81%
success rate (13 out of 16), while 2-stage exchange had a 71.4%
success rate (10 out of 14). The 2-year implant survival rate was 76.6
% (Figs. 2 and 3). CoNS was the most isolated organism in 12 pa-
tients (40%), followed by polymicrobial growth in 7 patients (25%).
Five patients showed no growth and were defined as culture



Figure 4. (continued).
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negative (16.6%). The isolated microorganisms have been described
in Table 4. Figures 4-6 provide detailed accounts of representative
cases involving mega-prosthesis implantation.

One patient with a PFR experienced a vascular injury of the iliac
artery 4 years after first revision surgery due tomigration of the cup
cage. The iliac artery was repaired by a vascular surgeon using a
graft, which was followed by a 2-stage exchange procedure. Post-
operative cultures showed no growth, and the patient was started
on vancomycin and cefoperazone-sulbactam. The patient has re-
ported no clinical signs of infection recurrence at latest 2-year
follow-up but remains on oral antibiotics.
Persistent infection occurred in 5 patients, necessitating
multiple subsequent surgical procedures, and continued anti-
biotic therapy lasting more than a year. One patient under-
went a knee arthrodesis, but no amputations were required.
Two patients with a history of previous PJI experienced
reinfection after a period of 8 months and 15 months,
respectively. A 22-year-old patient who underwent 2-stage
revision developed a stem breakage at a follow-up of 5
years. This was revised with a larger stem, and the patient
returned to routine activities. At a subsequent 4-year follow-
up, the patient developed a hyperextension deformity of the



Figure 4. (continued).
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knee requiring a change of poly and locking mechanism. No
sign of active infection was noted. There were no reported
deaths during the follow-up period.

Discussion

The primary finding of this study is the favorable outcome
achieved with both DAIR and 2-stage exchange procedures, as
evidenced by OHS and OKS improvement at 1-year follow-up with
34.22 ± 9.2 and 32.40 ± 8.1, respectively. DAIR had an implant
retention success rate of 81% (13 out of 16), while 2-stage exchange
had a success rate of 71.4% (10 out of 14). Based on etiology, 2-year
survival function for aseptic loosening cause was 77.8%, for bone
loss cause was 83.3%, and for previous PJI was 73.3%.

Early and accurate diagnosis of PJI is a crucial factor in deter-
mining prognosis. However, the absence of distinct clinical signs or
symptoms in many cases presents a significant diagnostic
challenge. The presence of a sinus tract was noted in only 4 patients
(13.3%). Local symptoms such as erythema were uncommon.
Persistent surgical site pain was reported in all cases, serving as the
sole symptom in 6 patients. The high incidence of obesity within
the study cohort (mean bodymass indexwas 30.2 ± 5.6 kg/m2)may
account for the lack of local findings, particularly in cases involving
PFR. [13] In most cases, diagnoses relied on maintaining a low
suspicion threshold and closely monitoring changes in ESR and CRP
values.

The interval from symptom onset to surgical intervention was
the primary determinant in selecting the appropriate surgical
intervention. Literature suggests that implant preservationwithin 4
weeks of symptom onset is associated with better outcomes;
otherwise, implant revision is recommended. [14-16] Adhering to
established guidelines, we performed DAIR procedures exclusively
for patients presenting within the initial 4 weeks of symptom
onset. The management of delayed PJI remains a subject of debate,



Figure 5. Case II, a 55-year-old female patient, underwent a proximal femoral megaprosthesis implantation in view of excessive bone loss. Six months later, the patient presented
with pain on weight bearing, hip movement, tenderness, and swelling over the surgical scar. Radiograph revealed a dislocated implant (a and b). First-stage revision with
debridement and implantation of antibiotic eluding articulating cement spacer was done (c and d). At 8 weeks, once the ESR and CRP values had normalized for 2 consecutive
weeks, in absence of any antibiotic therapy, definitive implantation was done (e, f, and g). At 4-year follow-up, radiograph shows well-seated implant. Patient is able to carry out all
activities of daily living without complaints (h, i, j, and k).
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with the standard 2-stage procedure being gradually replaced by
single-stage revision, offering reduced hospitalization, potential
functional benefits, and comparable outcomes. [17] However,
considering the vulnerable physiology of typical megaprosthesis
patients, we preferred to stage our revision surgery. The preceding
etiology for the primary megaprosthesis implantation significantly
influences the risk of PJI. [3] Notably, 46.4% patients had a prior
history of PJI, underscoring the overall challenge in eradicating
bone infection once established.

Despite adequate surgical intervention, the role of antibiotic
suppression remains pivotal. The lack of consensus on standard-
ized treatment regimens, the preferred antibiotic, route of
administration, and treatment duration, pose a challenge.
Adhering to standard antibiotic guidelines, we prioritized intra-
venous administration to enhance bioavailability while mini-
mizing systemic effects. Bacterial load-independent drugs were
used to lower risk of resistance development, with continuous and
extended administration optimizing antibiotic efficacy over the
pathogen’s minimal inhibitory concentration. [18] The duration of
the antibiotic therapy varied based on the surgical intervention; a
6-week postoperative period sufficed in cases of 2-stage exchange,
while a minimum of 12 weeks was recommended following
implant preservation in DAIR procedures, often extending indefi-
nitely. [19,20]

The type of microorganism isolated also played a crucial role in
treatment decisions, with CoNS being the most frequently identi-
fied, followed by polymicrobial growths. In 16.6% of cases, no
growth was observed (culture-negative). In the absence of stan-
dardized regimens to tackle culture-negative cases, these patients
received broad-spectrum antibiotics effective against both gram-
positive and gram-negative pathogens. Despite the lack of specific
guidelines, this strategy yielded outcomes comparable to standard
regimens for positive cultures. [21]

Monomicrobial diagnoses can be addressed with standardized
antibiotic regimens. [19] However, when dealing with
polymicrobial or culture-negative isolates, there is a lack of
consensus regarding appropriate drug selection, optimal therapy
duration, or the mode of drug delivery. [22] The endpoint of
treatment is also ill-defined, given the high risk of recurrence and
associated morbidity.

The psychological impact of PJI following major surgery
should not be underestimated. Given the nonconfirmatory di-
agnoses in most cases, it is essential to recognize the challenge
faced by the surgeons in persuading patients to undergo pro-
longed and intensive treatment. The physiological and emotional
stress associated with extended therapy, coupled with
the frequent adverse effects of antibiotics, poses a persistent
challenge to patient compliance. This, in turn, can lead to inad-
equate treatment, frequent relapses, and the significantly lower
patient reported outcome scores compared to other revision
procedures.

This study has several limitations. First, the retrospective nature
of the study meant the risk of selection bias. Second, the limited
sample size can cause type II error. Third, there is an absence of
definitive criteria for determining the appropriate treatment
regimen, hindering effective comparisons. However, given the
rarity of available cases and the heterogeneous nature of infecting
organisms, further studies of this nature could contribute valuable
insights for surgeons in formulating appropriate surgical plans
while also enabling them to counsel patients adequately regarding
their expected outcomes. Fourth, while the wash of the implant
was used for diagnostic purposes in this study, it is not a standard
technique for diagnosing PJI. “Sonication” has been described as a
method to achieve a higher concentration of organisms within the
sample. Due to the absence of requisite infrastructure, we sent the
fluid that was used to wash the implant. Although no previous
studies have described this technique, we found positive results in a
significant number of PJI cases. However, these implant wash
specimens were positive for similar organisms that were present in
tissue cultures, therefore there was no change in any treatment



Figure 6. Case III, a 45-year-old male patient, presented to us with a history of megaprosthesis implantation (a, b, and c). One month later, the patient had continued tenderness over
surgical site and radiograph revealed implant loosening. Culture showed growth of S. epidermidis. Debridement of devitalized tissue, copious irrigation, and exchange of modular
components was done (d and e). At 3-year follow-up, figure shows a well-seated implant; patient is carrying out all routine daily activities without any complaints (f, g, and h).
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decisions. It is unclear with regards to the specificity or sensitivity
of this test, but it may be useful to gain further insight into path-
ological etiology. Fifth, we did not exchange polyethylene in several
cases based on surgeon decisions. We were aware that keeping the
polyethylene is one of the risk factors of failure in DAIR. But during
our evaluation, it was observed that the number of failures in DAIR
was lower and the survival ratewas higher in DAIR compared to the
2-stage revision process.
Conclusions

Both DAIR and 2-stage exchange procedures yielded favorable
functional outcomes with satisfactory 2-year survival function.
Careful patient selection and indicationmanagement are crucial for
optimal results.
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