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Abstract

Purpose: We conducted a retrospective study to evaluate the outcomes of one-stage revision total hip arthroplasty
(THA) following periprosthetic joint infection (PJl) in terms of eradication of the infection, improvement of pain and
joint function. We hypothesized that this treatment strategy could lead to satisfying results in selected patients after
preoperative microorganism isolation.

Methods: Ten patients underwent cementless one-stage revision hip arthroplasty with antibacterial hydrogel coating
for the treatment of an infected THA. Inclusion criteria were: the presence of a known organism with known sensitivity,
patients non-immunocompromised with healthy soft tissues with minimal or moderate bone loss. Mean age at surgery was
69.4years. Assessment included objective examination, Harris hip score, visual analog scale pain score, standard X-rays.
Results: At a mean follow-up of 3.1 years (range, 2-5years), none of the patients had clinical or radiographic signs
suggesting recurrent infection. Follow-up examination showed significant improvement of all variables compared to
pre-operative values (p < 0.05). Radiographs did not show progressive radiolucent lines or change in the position of the
implant.

Conclusions: One-stage revision THA with antibacterial hydrogel coated implants represents a safe and effective
procedure providing infection eradication and satisfying subjective functional outcomes in selected patients.
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Introduction the need for two major surgical procedures and prolonged
antibiotic therapy, when performed in patients after preop-
erative microorganism isolation.

One-stage exchange using antibiotic-loaded cement
has shown promising results with an infection eradication

The incidence of periprosthetic joint infection (PJI) fol-
lowing total hip arthroplasty (THA) is rising due to the
increasing number of surgeries being performed, as well as
with increasing age and life expectancy, and with the
growing number of patients with co-morbidities.!
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Table I. Patient demographics and anthropometric data.

Age at surgery (SD) (year) 69.4 (SD:8.3)
Gender

Male 5

Female 5

Side

Left 4

Right 6

Type of infection

Delayed (<2years) 8

Late (>2years) 2

SD: standard deviation.

rate of up to 82 % and with results similar to two-stage
procedures.*

In addition, satisfying outcome following one-stage
exchange with the use of uncemented implants have been
reported.”!! Recently, a reduced recurrence rate after one-
stage exchange combined with the use of defensive anti-
bacterial coating (DAC®, Novagenit Srl, Mezzolombardo,
Italy), has been reported, and DAC®-coated implants dem-
onstrated to be safe and effective in the treatment of PJIs
requiring revision surgery.'>!3

We conducted a retrospective study to evaluate the out-
comes of one-stage revision THA using DAC®-coated
implants in terms of eradication of the infection, improve-
ment of pain and joint function. We hypothesized that this
treatment strategy could lead to satisfying results in selected
patients after preoperative microorganism isolation.

Patients and methods

Between 2014 and 2017, 10 patients treated for an infected
hip prosthesis with one-stage revision surgery were retro-
spectively evaluated.

Inclusion criteria were: patients non immunocompro-
mised with healthy soft tissues with minimal or moderate
bone loss, the presence of a known gram positive organism
with known sensitivity.

Mean age at presentation was 69.4years (range, 63—
78 years). Detailed patients’ demographic data are reported
in Table 1. All surgeries were performed by one single sen-
ior surgeon. All investigations were conducted in conform-
ity with ethical principles of research and according to the
guidelines expressed by authors’ Institution, and informed
consent was obtained.

Surgical technique

First removal of all previously implanted components and
cement and meticulous surgical débridement were per-
formed. One stage-exchange with cementless implants was
allowed whenever infecting micro-organism and sensitivity
were determined before surgery. Intra-operative sampling
was performed to confirm pre-operative isolated bacteria.

Six hips (60%) were revised with a titanium acetabu-
lar components (Pinnacle Multi-Hole Cup with Corail
stem (Depuy Johnson & Johnson Co, Warsaw, IN), while
Fixa Ti-Por with Recta stem (Adler Ortho, Milan, Italy)
was implanted in four patients (40%). In all cases, a
hydrogel coating (DAC® Novagenit Srl) was used.

The DAC® hydrogel was prepared intra-operatively
according to the indications reported by the manufacturer.
A syringe prefilled with 300mg of sterile DAC® powder
was mixed with a solution of 5mL of sterile water with
tailored antibiotics selected according to pre-operative cul-
ture, at a concentration ranging from 25 to 50 mg/mL. In
all patients, the DAC® hydrogel was loaded with a combi-
nation of vancomycin 5% and gentamicin 5%. Its applica-
tion took place immediately before the positioning of the
implant components, by directly spreading it on all implant
surfaces.

Post-operative rehabilitation

In all patients, antibiotic therapy was carried out for
6—8 weeks, starting with a broad spectrum coverage with
Vancomycin 1g two times a day and Ciprofloxacin
400 mg two times a day. At discharge, intravenous ther-
apy was converted to targeted oral therapy according to
specific microorganism isolation. After surgery, patients
started performing passive motion exercises, walking
with partial weight-bearing. At 12weeks postopera-
tively, patients were allowed to resume activity without
restriction.

Outcome measures

Clinical outcomes were evaluated pre-operatively and at
the most recent follow-up and included clinical and radio-
graphic signs of infection eradication, range of motion,
Harris Hip Score (HHS), visual analog scale (VAS) pain
score. Standard X-rays were examined for signs of loosen-
ing, osteolysis, and modifications in implant position.

Statistical analysis

Data were analyzed using the program IBM SPSS
Statistics for Windows®, Version 21.0 (IBM Corp.,
Armonk, NY). Paired t-test (two sided test and a=0.05)
was utilized to compare preoperative and follow-up sta-
tus. Differences with a p value <0.05 were considered
statistically significant.

Results

After a mean follow-up of 3.1years (range, 2-5years),
none of the 10 patients had clinical or radiographic signs
suggesting recurrent infection.

Both functional and pain scores significantly improved.
Detailed overall clinical outcomes are reported in Table 2.
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Table 2. Overview of the results of clinical assessment.

Pre-operative Post-operative p Value
Harris hip score (mean, SD) 38.1 (SD: 10.3) 81.3 (SD: 6.7) p<<0.001
VAS pain score (mean, SD) 6.8 (SD: 3.2) 1.9 (SD: 2.4) b <<0.001

VAS: visual analog scale; SD: standard deviation.

Table 3. Epidemiology of infecting organisms.

Pathogen Number (%)
CNs 5 (30)
MRSA 4 (40)
Staphylococcus aureus I (10)

MRSA: methicillin-resistant Staphylococcus aureus; CNS: coagulase-
negative Staphylococci.

The mean HHS improved from an average pre-opera-
tive value 0of 38.1 (SD: 10.3) points to 81.3 (SD: 6.7) points
(»<<0.001). VAS improved from 6.8 (SD: 3.2) to 1.9 (SD:
2.4) (p<0.001). Standard radiographs did not show pro-
gressive radiolucent lines or signs of mechanical loosening
of the components. Bacteria were isolated in all patients,
most of them being coagulase-negative Staphylococci
(CNS) and methicillin-resistant Staphylococcus aureus
(MRSA) (Table 3).

Discussion

The most important finding of the present study was that
none of the subjects had clinical or radiographic signs sug-
gesting recurrent infection, following one-stage exchange
arthroplasty using cementless implant and a hydrogel coat-
ing. Most patients reported subjective and objective satis-
fying outcomes at an average follow-up of 3.1 years.

PJlis arelatively frequent and serious complication fol-
lowing prosthetic joint implantation, which can be devas-
tating and life changing, with significant psychosocial and
socioeconomic costs.'* For this reason, the orthopedic
community is putting a lot of effort in developing appro-
priate treatment strategies.!>!”

Advantages of one-stage revision surgery include the
fact that patients undergo a single major procedure, thus
avoiding complications associated with the use of tempo-
rary spacers such as spacer dislocation or allergic reactions
to the antibiotics, reducing hospitalization times and costs.

A main requirement for one-stage exchange arthro-
plasty is that the infecting organism and its sensitivity
must be determined before surgery.'$!”

Currently several surgeons support the use of one-stage
revision with cement alone or cementless prostheses together
with bone grafts.2®?> Winkler et al.?? reported satisfying
results with a 92% eradication of infection in 34 hips affected
by PJI after an average time of 2 years after surgery.

Recently, antibacterial coatings have been proposed as
an adjunct in the treatment of PJIs, either combined to one-
or two-stage revision procedures.'>>3-2" The success of these
procedures relies in the use of a coating technology prevent-
ing biofilm formation and implant-related infection.’* Zagra
et al.”3 showed that the use of an antibacterial hydrogel
coating was effective in reducing hospitalization time when
combined to cementless two-stage THA.

Similarly, Capuano et al.,'” in a comparative study on
44 patients, reported similar results between patients with
PJI treated with one-stage exchange with antibacterial
hydrogel coated implants and patients undergoing two-
stage revision, without the coating.

The excellent infection eradication rate of 100% reported
in our case series may be due to highly selective criteria for
patient selection. For patient not fulfilling criteria, a two-
stage procedure was planned. In fact, it has to be clear that
its use is limited to non-immunocompromised patients with
identified gram-positive microorganisms, absence of sinus
tract and acceptable soft tissue coverage. Most commonly
isolated bacteria in our case series were CNS and MRSA,
which are most frequently causative agents of PJIs as previ-
ously reported.?®? The relatively high rate of MRSA can be
related to the small sample size; it has to be noted that
MRSA screening is not routinely performed at our
Institution. Institutional prescreening programs for the
detection and eradication of MRSA among patients under-
going joint replacement surgery may reduce postoperative
rates of PJIs,*® although the optimal approach to S. aureus
screening and decolonization remains uncertain.’!-2

Still no evidence-based criteria for the management of
PJIs exist for one-stage revision surgery, and the efficacy
of antibacterial hydrogel coatings has yet to be substanti-
ated with further randomized clinical trials with longer
follow-ups.

Limitations of the present study include its retrospec-
tive nature, the relatively small sample size and the absence
of control group. The limited number of patients is due to
the fact that this is an unfrequent complications, and these
approaches requires adopting highly selective indications
as criteria for patient selection.

Conclusion

One-stage revision THA with antibacterial hydrogel coated
implants represent a safe and effective procedure providing
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infection eradication and satisfying subjective functional
outcomes in patients with infected knee arthroplasty. In order
to succeed it should be performed in non-immunocompro-
mised patients with healthy soft tissues with minimal or
moderate bone loss and the infecting organism and its sensi-
tivity must be determined before surgery.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication of
this article: Each author discloses any financial and personal rela-
tionships (e.g., employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registra-
tions, grants or other funding) that might pose a conflict of inter-
est in connection with the submitted article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
The study was funded by the Italian Ministry of Health.

ORCID iD

Claudio Legnani “ https://orcid.org/0000-0003-3742-5451

References

1. Dale H, Fenstad AM, Hallan G, et al. Increasing risk of
prosthetic joint infection after total hip arthroplasty. Acta
Orthopaedica 2012; 83: 449-458.

2. Lange J, Troelsen A, Thomsen RW, et al. Chronic infec-
tions in hip arthroplasties: comparing risk of reinfection
following one-stage and two-stage revision: a systematic
review and meta-analysis. Clin Epidemiol 2012; 4: 57-73.

3. Berend KR, Lombardi AV Jr, Morris MJ, et al. Two-stage
treatment of hip periprosthetic joint infection is associated
with a high rate of infection control but high mortality. Clin
Orthop Relat Res 2013; 471: 510-518.

4. Choi HR, Kwon YM, Freiberg AA, et al. Comparison of
one-stage revision with antibiotic cement versus two-
stage revision results for infected total hip arthroplasty. J
Arthroplasty 2013; 28: 66-70.

5. Gehrke T and Kendoft D. Peri-prosthetic hip infections: in
favour of one-stage. Hip Int 2012; 22(Suppl. 8): S40-S45.

6. Wongworawat MD. Clinical faceoff: one- versus two-stage
exchange arthroplasty for prosthetic joint infections. Clin
Orthop Relat Res 2013; 471: 1750-1753.

7. George DA, Logoluso N, Castellini G, et al. Does cemented
or cementless single-stage exchange arthroplasty of chronic
periprosthetic hip infections provide similar infection rates
to a two-stage? A systematic review. BMC Infect Dis 2016;
16: 553.

8. George DA, Konan S and Haddad FS. Single-stage hip
and knee exchange for periprosthetic joint infection. J
Arthroplasty 2015; 30: 2264-2270.

9. De Man FH, Sendi P, Zimmerli W, et al. Infectiological,
functional, and radiographic outcome after revision for
prosthetic hip infection according to a strict algorithm. Acta
Orthopaedica 2011; 82: 27-34.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Zeller V, Lhotellier L, Marmor S, et al. One-stage exchange
arthroplasty for chronic periprosthetic hip infection: results
of a large prospective cohort study. J Bone Joint Surg Am
2014; 96: el.

Hansen E, Tetreault M, Zmistowski B, et al. Outcome of
one-stage cementless exchange for acute postoperative
periprosthetic hip infection. Clin Orthop Relat Res 2013;
471:3214-3222.

Capuano N, Logoluso N, Gallazzi E, et al. One-stage
exchange with antibacterial hydrogel coated implants pro-
vides similar results to two-stage revision, without the coat-
ing, for the treatment of peri-prosthetic infection. Knee Surg
Sports Traumatol Arthrosc 2018; 26(11): 3362-3367.
Trentinaglia MT, Van Der Straeten C, Morelli I, et al.
Economic evaluation of antibacterial coatings on health-
care costs in first year following total joint arthroplasty. J
Arthroplasty 2018; 33: 1656-1662.

Efremov K, Benedetti Valentini M, De Maio F, et al.
Periprosthetic hip and knee infections: comparison of eti-
ology, perioperative management and costs. Eur Rev Med
Pharmacol Sci 2019; 23(Suppl. 2): 217-223.

Signore A, Sconfienza LM, Borens O, et al. Consensus docu-
ment for the diagnosis of prosthetic joint infections: a joint
paper by the EANM, EBIJIS, and ESR (with ESCMID endorse-
ment). Eur J Nucl Med Mol Imaging 2019; 46(4): 971-988.
Pellegrini A, Legnani C and Meani E. A new perspective on
current prosthetic joint infection classifications: introduc-
ing topography as a key factor affecting treatment strategy.
Arch Orthop Trauma Surg 2019; 139(3): 317-322.

Corvec S, Portillo ME, Pasticci BM, et al. Epidemiology
and new developments in the diagnosis of prosthetic joint
infection. Int J Artif Organs 2012; 35(10): 923-934.
Parvizi J, Gehrke T and Chen AF. Proceedings of the inter-
national consensus on periprosthetic joint infection. Bone
Joint J2013; 95-B: 1450-1452.

Pellegrini A,Meani E,Macchi V, etal. One-stagerevision sur-
gery provides infection eradication and satisfying outcomes
for infected knee arthroplasty in selected patients. Expert Rev
Anti Infect Ther. Epub ahead of print 2020. DOI: 10.1080
/14787210.2021.1851597.

Li P, Hou M, Zhu ZQ, et al. Cementless revision for infected
hip arthroplasty: an 8.6 years follow-up. Orthop Surg 2015;
7(1): 37-42.

Yoo JJ, Kwon YS, Koo KH, et al. One-stage cementless
revision arthroplasty for infected hip replacements. Int
Orthop 2009; 33(5): 1195-1201.

Winkler H, Stoiber A, Kaudela K, et al. One stage unce-
mented revision of infected total hip replacement using can-
cellous allograft bone impregnated with antibiotics. J Bone
Joint Surg Br 2008; 90: 1580-1584.

Zagra L, Gallazzi E, Romano D, et al. Two-stage cementless
hip revision for peri-prosthetic infection with an antibacte-
rial hydrogel coating: results of a comparative series. Int
Orthop 2019; 43(1): 111-115.

Romano CL, Scarponi S, Gallazzi E, et al. Antibacterial
coating of implants in orthopaedics and trauma: a classifica-
tion proposal in an evolving panorama. J Orthop Surg Res
2015; 10: 157.

Amerstorfer F, Fischerauer S, Sadoghi P, et al. Superficial
vancomycin coating of bone cement in orthopedic revision


https://orcid.org/0000-0003-3742-5451

Pellegrini and Legnani

26.

27.

28.

29.

surgery: a safe technique to enhance local antibiotic concen-
trations. J Arthroplasty 2017; 32(5): 1618-1624.

Logoluso N, Drago L, Gallazzi E, et al. Calcium-based,
antibiotic-loaded bone substitute as an implant coating: a
pilot clinical study. J Bone Jt Infect 2016, 1: 59-64.
Stavrakis Al, Zhu S, Hegde V, et al. In vivo efficacy of a
“smart” antimicrobial implant coating. J Bone Joint Surg
Am 2016; 98(14): 1183-1189.

Drago L, De Vecchi E, Cappelletti L, et al. Role and
antimicrobial resistance of staphylococci involved in
prosthetic joint infections. Int J Artif Organs 2014; 37:
414-421.

Tornero E, Garcia-Oltra E, Garcia-Ramiro S, et al.
Prosthetic joint infections due to Staphylococcus aureus and

30.

31.

32.

coagulase-negative staphylococci. Int J Artif Organs 2012;
35(10): 884-892.

Kim DH, Spencer M, Davidson SM, et al. Institutional pre-
screening for detection and eradication of methicillin-resistant
Staphylococcus aureus in patients undergoing elective ortho-
paedic surgery. J Bone Joint Surg Am 2010; 92(9): 1820—1826.
Schweizer ML, Chiang HY, Septimus E, et al. Association
of a bundled intervention with surgical site infections
among patients undergoing cardiac, hip, or knee surgery.
JAMA 2015; 313(21): 2162-2171.

Chen P, Sun F, Feng W, et al. Pathogenic characteristics
of Staphylococcus aureus isolated from arthroplasty infec-
tions. Int J Artif Organs. Epub ahead of print 2020. DOI:
10.1177/0391398820948877.





