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Abstract: Knee PJIs represent one of the most important complications after joint replacement surgery.
If the prerequisites for implant retention do not subsist, the surgical treatment of these conditions is
performed using one-stage and two-stage revision techniques. In this study, an implemented two-
stage revision technique was performed, adopting antibiotic calcium sulfate beads and tumor-like
debridement guided by methylene blue, such as described for the DAPRI technique. The aim of
the present study is to compare the implemented two-stage revision technique with the standard
technique in order to assess its effectiveness. Methods. Twenty patients affected by knee PJIs were
prospectively enrolled in the study and underwent an implemented two-stage revision technique
(Group A). Data collected and clinical results were compared with a matched control group treated
with a standard two-stage technique (Group B). For each patient, the time of the reimplantation and
length of antibiotic systemic therapy were recorded. Each patient underwent routine laboratory
tests, including inflammatory markers. Results. In Group A and in Group B, inflammatory markers
normalized at 6.5 ± 1.1. weeks and 11.1 ± 2.3 weeks, respectively (p < 0.05). Also, the difference
in length of antibiotic therapy and time to reimplantation were significantly shorter in Group A
(p < 0.05). No recurrence of infection was found in Group A at the last follow-up. Discussion. The
implemented two-stage revision technique demonstrated a faster normalization of inflammatory
markers, as well as a decrease in reimplantation time and duration of antibiotic therapy, compared to
the traditional technique. The use of calcium sulfate antibiotic beads and tumor-like debridement
seems to improve the results and reduce the time of healing. Conclusion. The implemented two-stage
revision technique seems to improve the results and reduce the time of healing. This leads to a more
rapid and less stressful course for the patient, as well as a reduction in health care costs.

Keywords: periprosthetic joint infection; two-stage revision; revision total knee arthroplasty; DAPRI
technique

1. Introduction
1.1. Periprosthetic Joint Infection

Hip and knee prosthetic surgeries have become some of the most successful procedures
in orthopedic surgery in recent decades [1]. They have excellent functional outcomes and
provide a significant improvement in overall quality of life for patients, but as the number of
primary interventions has increased, the number of failures and revisions has grown [2–4].
Moreover, the longer the implanted prosthesis is expected to last, the greater the cumulative
risk of developing complications and infection [5].

Periprosthetic joint infection (PJI) represents one of the most important and feared
complications after joint replacement surgery [6]; the incidence varies between 0.5 and
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2.2% [7,8]. PJI is the most common cause of total knee arthroplasty (TKA) failure and
revision surgery [9,10].

PJI has a dramatic impact on the patient’s life; in fact, septic revision surgery, regardless
of the technique, correlates with 90-day and 1-year mortality rates 5 times higher than
aseptic surgery and reaches a mortality rate after 5 years that is comparable to those of
oncological patients [11].

The management of PJI is still controversial and requires a complex therapeutic
approach, prolonged antibiotic therapy, and the use of various surgical techniques [5]. Two-
stage revision arthroplasty is still considered the gold standard for the surgical treatment
of PJI [12]; however, the impact of revision surgery is impressive. The period between the
two stages, which can last from 6 weeks to several months, in particular, has a significant
negative impact on mobility and usually confers a subsequent dependency on the patient.
Other significant negative consequences reported include the burden of systemic antibiotic
therapy, changing interfamily dynamics, and a strong psychological impact [13,14].

Among the greatest problems in PJI is the presence of biofilm, which enables the
responsible pathogens to remain on the implant surface, making them resistant to most
systemic antibiotic therapy [15–17].

1.2. The Implemented Technique

The classical PJI treatment alternatives include “debridement, antibiotics, and implant
retention” (DAIR); single-stage revision; and double-stage revision [18].

The “debridement, antibiotic pearls and retention of the Implant” (DAPRI) protocol
represents a surgical technique alternative to DAIR [19,20]. It can save the implant and
consists of aggressive soft-tissue debridement guided by methylene blue, including culture
sampling, extensive pulse lavage, insert replacement, and the use of local calcium sulfate
antibiotic beads, plus systemic antibiotic therapy. When it is not possible to retain the
implant, one- or two-stage exchange surgery is used.

In this study, an implemented two-stage revision technique was performed in knee PJI,
adopting antibiotic calcium sulfate beads and tumor-like debridement guided by methylene
blue, such as previously described for the DAPRI technique [21].

The aim of the present study is to assess the time and rate of infection healing with
the implemented two-stage revision technique compared with the standard two-stage
technique. The hypothesis is that the implemented two-stage technique can allow for a
faster infection resolution.

2. Materials and Methods
2.1. Study Design and Population

Twenty patients suffering from hip or knee PJIs were prospectively enrolled in the study
from June 2019 to December 2021 and received an implanted two-stage revision technique.

The study protocol was approved by the local ethics committee. Written informed
consent to participate was obtained from each patient.

Inclusion criteria were patients affected by knee PJI diagnosed according to 2018
Consensus Meeting on Musculoskeletal Infection criteria [22]; aged 18 years or above;
diagnosis made more than 4 weeks from first implantation or symptoms onset for more than
a week; requiring revision surgery; positive preoperative culture and microbic identification;
sensitivity of the microorganism to antibiotic therapy. Exclusion criteria were polymicrobial
infection, allergy to any study material, immunosuppressed patient, and generalized sepsis.

All patients included in the study underwent an implemented two-stage revision
technique. Data collected and clinical results were compared with a match control group,
whose data were collected for another study in the past 3 years from the beginning of the
present study, in which patients were treated according to the standard technique.
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2.2. Standard Two-Stage Revision Surgical Technique

The two-stage revision procedure was used for Group B patients. In the first stage,
the previous surgical scars were used to approach the joint. All implanted materials were
removed, and radical debridement, including soft tissues, membranes, and potentially
infected or devitalized tissue, was provided. A minimum of 3 to 5 or 6 periprosthetic intra-
operative tissue samples or the explanted prosthesis were sent for aerobic and anaerobic
cultures to obtain a definitive diagnosis. An extensive lavage with high-pressure pulsatile
lavage system using at least 6 L of normal saline was performed. A Cement spacer was
positioned following the implant removal. The antibiotic added to the spacer’s cement
was chosen on preoperative culture and sensitivity testing. During interim period between
the two stages, patients underwent a regimen of 4–6 weeks of intravenous antibiotics,
followed by discontinuation of the antibiotics for a period of 2–8 weeks prior to the second
stage. Antibiotic therapy was tailored to microorganism antimicrobial sensitivity. Empiric
therapy should be started if the organism or sensitivities are unknown. The decision to
proceed with prosthesis implantation was determined by clinical evaluation and resolution
of blood markers.

2.3. Implemented Two-Stage Revision Surgical Technique

Patients included in Group A underwent the implemented two-stage revision surgical
technique. During the first stage, methylene blue-guided debridement was performed
similarly to the DAPRI technique [21]. Prior to skin incision, an arthrocentesis was per-
formed, and the aspirated material was sent for cultural analysis; with the same needle,
50 mL of diluted (0.1%) methylene blue (40 mL normal saline and 10 mL of 0.5% methylene
blue solution) was then injected into the knee joint. Methylene blue is known to stain
bacterial biofilm and all tissues in the effective joint space [23–25]. After injection, the
knee underwent multiple rounds of flexion and extension to facilitate the intra-articular
distribution of the staining dye. An arthrocentesis was then performed to remove the
excessive dye. After the arthrotomy was performed, all stained soft tissues were removed,
as these tissues had been in contact with the infected intra-articular space. The implant
was then removed. Five soft tissue culture samples from different stained areas were sent
for standard microbiological studies (aerobic, anaerobic, and fungal exams). A pulsed
jet lavage with 5 L of 0.9% saline and 150 mL of sterile 10% povidone-iodine was used
during surgery.

A patient-specific, antibiotic-loaded cement articulated spacer was implanted (Cemex,
Tecres S.p.A., Sommacampagna, Italy), according to the pre-operative antibiogram.

Irrigation with 0.65% diluted povidone iodine solution is then performed by mixing
35 mL of sterile 10% povidone-iodine with 500 mL of 0.9% saline. Further irrigation of the
joint was performed using saline pulse irrigation. Thereafter, calcium sulfate antibiotic-
filled beads (Stimulan; Biocomposites Ltd., Keele, UK) were prepared by mixing a 10 mL kit
of PG-CSH (Stimulan; Biocomposites Ltd., Keele, UK) with antibiotics selected according
to the antibiogram obtained at the time of micro-organism identification. Alternatively,
1000 mg of vancomycin hydrochloride powder and 320 mg of gentamycin were used. A
smooth paste was first formed mixing all components for 60 s and pressed into 4.8 mm di-
ameter hemispherical cavities in a flexible mold. The beads usually become hard and ready
for implantation after resting between 30 and 60 min. The beads are normally reabsorbed
over 4–6 weeks and allow for a continuous local elution of the appropriate antibiotic.

2.4. Postoperative Protocol

Postoperative systemic antibiotic therapy was prescribed by the infectivologist from
preoperative and intraoperative culture results.

All patients followed the same postoperative rehabilitation protocol.
Time to reimplantation was decided by a multidisciplinary team according to inflam-

matory markers normalization and clinical condition of the patients.
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Each patient underwent weekly routine laboratory tests, including inflammatory mark-
ers (total white blood cell (WBC), C-reactive protein (CRP), Erythrocyte Sedimentation Rate
(ESR), D-Dimer, and procalcitonin) and clinical control after surgery. Clinical examination
focused on looking for swelling, secretion, or other infection signs.

Reimplantation surgery was performed at least after 4 week of systemic antibiotic
therapy and after a wash-out period from antibiotic therapy of 2 weeks (it is the same
protocol adopted in the standard technique).

For each patient, time of the reimplantation and length of antibiotic systemic therapy
were recorded. Patients were evaluated every month for the first 6 months and at last
follow-up at 1 year after the second stage surgery. Each patient received clinical and
radiological evaluation at 1, 3, and 6 months after the second stage procedure, including
clinical examination, inflammatory markers testing, and radiographs.

2.5. Statistical Analysis

A matched-pair analysis was applied to minimize the impact of extraneous factors
and any potential selection bias. A propensity score was calculated for each patient using
the following parameters: age at the time of two-stage revision surgery (<80 years or
>80 years), PJI site, body mass index, sex (male or female), time from diagnosis to surgery
(<3 or >3 days), and patient immunity status according to McPherson [26].

Then, each patient who received the implemented two-stage surgery was matched
with a patient who underwent the standard two-stage revision surgery, according to the
nearest corresponding propensity score [27].

A descriptive analysis was performed on all variables of interest. The statistical analy-
sis was performed using the Student’s t-test; the level of statistical significance was set at
0.05, and the confidence interval was set at 95%.

3. Results

A total of 20 patients (12 male and 8 female) were enrolled in the study.
There was no statistically significant difference between the study group (Group A)

and match paired group (Group B) regarding demographic parameters, host immunity
status according to McPherson, and the type of microorganisms responsible (Table 1).

Table 1. Demographic data.

Group A, n = 20 Group B, n = 20 p

Age 76 ± 10.75 75.6 ± 10.2
Male 12 (60%) 10 (50%)

Famale 8 (40%) 10 (50%)
BMI 27 ± 5.2 28 ± 4.8

McPherson >0.05
A 4 (20%) 6 (30%)
B 8 (40%) 6 (30%)
C 8 (40%) 8 (40%)

The most represented bacterium was Staphylococcus Aureus, followed by Coagulase-
Negative Staphylococci (Table 2).
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Table 2. Microbiological data.

Group A, n = 20 Group B, n = 20

Bacteria
MSSA 7 (35%) 6 (30%)
MRSA 6 (30%) 5 (25%)

CN Staf. 4 (20%) 6 (30%)
Streptococcus 1 (5%) 2 (10%)
Enterococcus 2 (10%) 0 (0%)

E. coli 0 (0%) 1 (5%)
MSSA: Methicillin-sensitive Staphylococcus Aureus; MRSA: Methicillin-resistant Staphylococcus Aureus; CN
Staf.: Coagulase-Negative Staphylococci. E. coli: Escherichia coli.

Normalized inflammatory biochemical markers were reached in all patients in Group
A at a mean of 6.5 ± 1.1 weeks and 11.1 ± 2.3 weeks in Group B (p < 0.05);

The length of antibiotic therapy was 7.1 ± 1.8 and 12 ± 1.3 weeks in Groups A and B,
respectively (p < 0.05).

The time to reimplantation, after a 2-week wash out of antibiotic therapy, was lower
in the study group (12.5 ± 2.4 vs. 18.4 ± 3.3 weeks, p < 0.05) (Table 3).

Table 3. Results.

Group A Group B p

Time to normalization of inflammatory markers 6.5 ± 1.1 week 11.1 ± 2.3 week 0.0001
Length of antibiotic systemic therapy 7.1 ± 1.8 week 12 ± 1.3 week 0.0380

Time to reimplantation 12.5 ± 2.4 week 18.4 ± 3.3 week 0.0011

Intraoperative culture samples at the time of reimplantation were negative for all the
patients in both groups. A case of reinfection was detected in Group B, treated with a
second standard two-stage revision surgery because of PJI recurrence after 9 months from
the revision.

No other reoperations and no signs of infection were detected in both groups at the
latest follow-up.

4. Discussion

The main finding of the present study is that the implemented two-stage revision
technique seems to accelerate the final reimplantation, compared to the standard technique.
In this study, the implemented two-stage revision technique proved to achieve quicker
healing from PJI compared to the standard technique. The time to normalization of inflam-
matory markers and time to reimplantation were significantly shorter. Thus, the hypothesis
was confirmed. The implemented technique was successful in all cases studied, although
the authors are aware of the paucity of sample size.

Most human bacterial infections involve biofilm-producing microorganisms, and
the current literature agrees that biofilm is the main actor in PJI’s development [28,29].
Biofilm protects bacteria from immune response and antibiotic therapy and promotes the
exchange of genetic material [17]. Biofilm removal is mandatory for success with PJI’s
treatment [28,30], so total removal of the infected tissue is key during surgery, but it
is difficult to differentiate between good and infected tissue; completeness of removal
mostly depends on surgeon experience, and it is not reproducible. Methylene blue-guided
debridement helps this practice as it stains biofilm, infected cells, and non-vital tissue
without affecting the culture exam [23].

The calcium sulfate beads represent a considerable innovation as they create an en-
vironment hostile to bacteria and biofilm synthesis [31–33]; Knecht [34] and Cooper [35]
demonstrated that antibiotic-loaded calcium sulfate beads can guarantee a high intra-
articular antibiotics concentration, specific and prolonged (up to 40 days) without reaching
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toxic levels, which systemic therapy cannot achieve. Furthermore, they are normally ab-
sorbed within 6 weeks, leaving no foreign body surface for new bacterial colonization [36].
Abosala and Ali [37], in their systematic review, showed the use of antibiotic-loaded cal-
cium sulfate beads delivering high doses of antibiotics locally and their role as an adjuvant
in revision surgery.

The main disadvantages of the two-stage revision technique compared to the single-
stage technique are certainly the length of the overall treatment and the patient’s quality of
life between the two surgical stages [13,38].

However, the use of the single-stage revision surgery technique is still controversial
because of the associated high recurrence rate of postoperative infection, and even though
an increasing number of surgeons choose to use this technique, its effectiveness needs to be
further explored [39,40].

The right time for reimplantation in the two-stage revision technique is the subject
of great debate [41]. The current literature has reported that the time to reimplantation
ranges from a few weeks to several months [42]. Some authors have reported an increased
re-infection risk associated with prolonged time intervals between the two stages. Fu [43]
reported that a spacer maintained for more than 16 weeks correlated with poor outcomes
and a higher failure rate; in this consideration, the implemented two-stage revision tech-
nique can certainly be helpful in reaching the best outcome for the patient. Aalirezaie [44]
found that patients who underwent the second stage at >26 weeks had twice the risk of
failure than patients reimplanted within <26 weeks. In his study, Vielgut established that
the optimal retention time of the spacer is less than 12 weeks [45], while Borsinger observed
that retention longer than 18 weeks was associated with a higher failure rate [46]. Moreover,
in addition to the reinfection risk, prolonged spacer retention length is associated with
worse clinical and functional outcomes [47,48].

The shortening of the two-stage treatment achieved with the implemented technique
implies an important advantage for life patients and has socioeconomic benefits that may
mitigate the cost of the beads. In fact, the number of medical examinations, tests, and
overall antibiotics prescribed is also reduced. The shortening of antibiotic systemic therapy
can also reduce the total toxicity and side effects of the treatment.

Furthermore, in this preliminary study, the implemented technique was adopted for
each patient included, but it is possible that a more targeted use could increase the benefits
of the technique.

The authors believe that some patients could be more suitable for this treatment (such
as in case of antibiotic resistance, major comorbidities, and multi-germ infections), but
further studies are needed to investigate this further. It would also be interesting to analyze
the implemented technique in the context of single-stage revision surgery.

Even if, in the authors’ experience, no complications have occurred in patients who
underwent the implemented two-stage revision surgery, calcium sulfate beads are not free
from complications; the main side effects reported in the literature are the presence of
a copious exudate from the wound (that may require surgical intervention), heterotopic
ossifications [49], and transient hypercalcemia [50].

The present study has some limitations. First of all, it is not a randomized control
trial, although the patients were recruited prospectively. Furthermore, the protocol for
antibiotic administration was not standardized but tailored to the patient; the different
microorganisms isolated required different antibiotics. The study was a single-center study
performed in an academic tertiary referral center, and the number of patients was not
large. Another limitation was the lack of PROMs correlation between groups, as the study
was focused on length of therapy and trends in markers of inflammation. Further studies
should be performed to investigate the clinical outcomes of the implemented two-stage
technique. The results obtained are scientifically valid and clinically relevant and may be
of help to other surgeons facing these demanding and potentially catastrophic events.
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5. Conclusions

The major conclusion of the present study is that the implemented two-stage revision
technique is probably the best treatment solution in patients affected by knee PJI and in
which pre-operative cultures are available. The authors did not record any major compli-
cations but are aware that the sample studied is limited. The shortening of the inter-stage
period seems to be the biggest benefit for the patients and their quality of life. This leads
to a more rapid and less stressful course for the patient, as well as a reduction in health
care costs.

Further studies are needed to investigate the potential of the implemented two-stage
technique, and its role should also be studied in the context of the one-stage treatment.
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