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Abstract

Background. 1t is known that the outcomes of patients treatment with periprosthetic joint infection (PJI)
are significantly influenced by the state of the patient’s body, the nature of the pathogen, the state of
tissues in the area of the infectious focus and the treatment tactics. However, topographic and anatomical
features of the blood supply to the knee and hip joints, as well as the volume of soft tissues, can affect the
spectrum of pathogens, manifestations of the infectious process and, as a consequence, the effectiveness
of treatment.

The aim of the study was to conduct a comparative analysis of the somatic status of patients, the etiology
of the infectious process and the effectiveness of treatment of PJI depending on its localization.

Methods. A single-center retrospective study was conducted. The cases of 337 patients were studied — 119
patients with knee and 218 patients with hip PJI who underwent treatment with a two-stage technique
during the period from 2007 to 2017. A comparative analysis of the PJI pathogens structure and concomitant
pathology between patients with hip and knee PJI was carried out. The frequency of infection relief in the
groups following the first stage was counted.

Results. Recurrence was diagnosed four times more frequently in patients with hip PJI compared to knee PJI.
Risk factors for recurrence were gram-negative pathogens, microbial associations, and fistulous forms of the
infectious process. Localization of the infectious process in the hip area was associated with a statistically
significant greater volume of blood loss during the prolonged debridement surgery.

Conclusions. Recurrences of PJI occur more frequently in the hip area compared to the knee joint. Further
analysisof critical factors in recurrence development is necessary for potential intervention.
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Pedepar

AKmyansHoCme. VI3BeCTHO, UYTO Ha MCXO[bI JIeUeHNs MalMeHTOB ¢ IepurpoTe3Hoit uHdexuueit ([IIT1) snaun-
MOe BJIMSIHME OKAa3bIBAIOT COCTOSTHME OpPraHM3Ma MalyeHTa ¥ TKaHei B 06;1acTy MHPEKIMOHHOTO 0Yara, Xapak-
Tep BO3OYOUTENs], TAKTUKA MMPOBEIEHHOro JieueHust. OqHaKko Tonorpado-aHaTOMUYeCKe 0COOEHHOCTY KPO-
BOCHaOXXeHMsI KOJIEHHOTO ¥ Ta306€IPEHHOT0 CYCTAaBOB, a TAK)Ke 06beMa MITKUX TKaHel TakKske MOTYT BJIVSITh Ha
CIEKTP BO36YIMUTENe, MPOSIBIIeHNST MHPEKLIMOHHOTO IPOIecca 1, Kak CJIeACTBME, Ha 3PPEKTUBHOCTD JIeUEeHMS.
Ilens uccnedosanus — PoOBeCTU CPAaBHUTEIbHBIN aHAIN3 COMATUYECKOTO CTAaTyca MalMeHTOB, STUOIOTUN UH-
dexunonHoro npotecca u 3¢bdeKTUBHOCTM JIeUeHUsI TTepUIPOoTe3HON MHPEKIMM B 3aBUCUMOCTY OT ee JIOKa-
IU3aLUN.

Mamepuan u memodst. IIpoBeieHO KOTOPTHOE PETPOCIIEKTUBHOE MCCIeqoBaHMe. Mi3yueHbl MCTOpUU 60e3HU
337 mauenToB: 119 c I niocne aHAomnpoTre3upoBanus KoineHHoro cycrasa (KC) u 218 — mocie saHaomnpore-
3MpoBaHus TazobempeHHoro cycrasa (TBC), mpolnenmmx jedeHue ¢ MIpUMMeHeHMeM IBYX3TaITHO! MEeTOIUKU
¢ 2007 o 2017 r. [IpoBeneH CpaBHUTENIbHbIN aHAIN3 CTPYKTYPhl Bo3oynuTesneii [1TT1 1 comyTcTBYyIOIIeH aTo-
norum mexay nauueHtamu c [T KC u TBC, onpepeneHa yactoTa KynupoBaHus uHGeKIMKU B 00eux rpymnax
T10CjIe IIepBOro STara jeyeHus.

Pesynvmamot. PeliuaiyiB IMarHoCcTUpoBa/iu B 4 pasa uaiie y naiueHToB ¢ I TBC otHocuTenbHo I KC.
dakTOpaMy PUCKA PelyANBa ObUIY IPaMOTPUIIATENbHbIE BO3OYAUTENN, MUKPOOHbBIE aCCOLMALIY U CBUIIIEBbIE
dhopmbl MHDEKIIMOHHOTO Mpoiiecca. Jlokanu3sanus MHGEKIVOHHOTOo mpoliecca B obimactu TBC accoummnpoBaHa
CO CTATUCTUYECKM 3HAUMMO GOBIIMM 06beMOM KPOBOIOTEpY Ha (oHe Gosee IIUTETbHOI OTlepalyy CAaHUPY-
IOLLlero JTara.

3aknrouenue. PeliyIBbI TEPUTTPOTE3HOI MHGBEKIIMY Yallle TPOUCXOIAT B 06/1aCTU Ta300eJPEHHOTO CYCTaBa I1o
CPaBHEHUIO C KOJIEHHBIM CcycTaBoM. Heo6Xomum JaabHeimii aHaau3 KPUTUUECKM BasKHBIX (PaKTOPOB pas-
BUTMS peIUIUBa C LIeIbI0 BO3MOXXHOIO BO3EMCTBMS Ha HUX.

KiroueBble ¢JioBa: nepuipoTesHas MHGEKIMs, SHIOIPOTe31POBaHye Ta306eIpPeHHOro CyCcTaBa, HI0IPOoTe-
3MpOBaHNe KOJIEHHOI'O CYyCTaBa, KOMOPOMIHOCTD, STUOJIOTHSL.
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BACKGROUND

Periprosthetic joint infection (PJI) following
arthroplasty is one of the most serious
complications.Itconsistentlyranksamongthetop
three most common reasons for revision surgery,
along with dislocations and aseptic instability
[1, 2]. The frequency of PJI remains high, and
its absolute numbers are increasing, leading to
substantial financial burdens associated with its
treatment [3, 4]. High recurrence rates, coupled
withtherising prevalence of difficult-to-eradicate
(DTE) pathogens, compel surgeons to continue
using the two-stage treatment method, which
involves debridement with the placement of an
antimicrobial spacer, followed by rearthroplasty
[5, 6]. Despite being the established method for
treating chronic PJI, the recurrence rate remains
high, ranging from 10% to 30% [7, 8].

Currently, risk factors related to patients, such
as obesity, chronic liver and kidney diseases,
systemic illnesses, and dependencies, are actively
being studied [9, 10, 11]. However, the influence
of the localization of the infectious process, i.e.,
an anatomical factor, has not been adequately
explored. The knee joint and hip joint have
unique topographic and anatomical features in
terms of blood supply and soft tissue volume in
the surgical access area. Their proximity to the
organs of the pelvis for hip and a thin layer of
connective tissue for knee could potentially affect
the spectrum of PJI pathogens and the frequency
of fistula formation.

A review of the literature on the research
topic revealed a limited number of publications
dedicated to the comparative analysis of risk
factors for PJI recurrence based on its localization.
Newdataregardingthe characteristics of infectious
processes in different locations and their impact
on outcomes could improve the effectiveness of
treatment for this patient population.

The aim of this study — to conduct a
comparative analysis of the somatic status of
patients, the etiology of the infectious process,
and the effectiveness of treatment for chronic PJI
based on its localization.

METHODS
Study design

A retrospective cohort study was conducted
based on the analysis of medical records and

telephone interviews of 337 patients with PJI
following primary arthroplasty. This included 119
patients with knee PJI and 218 patients with hip
PJI who underwent treatment at Vreden National
Medical Research Center of Traumatology and
Orthopedics from 2007 to 2017.

Inclusion criteria: Newly diagnosed PJI with
subsequent debridement surgery and the
placement of an antimicrobial spacer.

Exclusion criteria: revisions in the patient's
medical history, systemic inflammatory response
at admission, and the use of a tourniquet during
knee joint debridement.

PJI diagnosis was made based on the criteria
of the Consensus Meeting on Periprosthetic
Joint Infection (2018) [12]. Patients were divided
into two groups based on the localization of the
infectious process: group 1 — knee infection
and group 2 — hip infection. Both groups were
assessed for hospitalization duration, duration
of debridement surgery, volume of blood loss,
spectrum of PJI pathogens, comorbidity index
[13], infection type according to W. Zimmerli, the
proportion of patients with fistulous infection
forms, and the effectiveness of PJI control.

Microbiological examination results of
tissue biopsies and sonicated fluid samples
from removed constructs were considered
for analyzing the spectrum of pathogens.
Infection type was determined based on
W. Zimmerli's classification, which is based on
the time of infection manifestation after primary
arthroplasty [14]. Three infection types were
identified: early (manifesting within less than 3
months), delayed (manifesting between 3 to 12
months), and late (manifesting after 12 months).

To obtain a cumulative comorbidity score,
the frequency of pathologies that could
influence treatment outcomes was analyzed. The
comorbidity score was determined by summing
the scores for all pathologies according to their
severity [13].

The effectiveness of eradicating chronic
infection was assessed upon the patients'
admission for the second stage of surgical
treatment. The mean follow-up period for
patients after the first stage was 180 days (IQR
150-95). Eradication of infection was defined as
the absence of clinical and laboratory signs of
the infectious process, as well as no recurrence
data between treatment stages. Eleven patients
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with knee PJI were excluded from the treatment
effectiveness analysis due to their unavailability
during the study.

Statistical analysis

The collected data were analyzed using the
StatSoft STATISTICA 10. The comparison of the
frequencies of qualitative characteristics (gender,
PJI type, treatment effectiveness) was conducted
using the chi-squared (x*) and Pearson methods.
Median (Me) and interquartile range (IQR) (Q1-
Q3; 25-75%) were used for quantitative variables.
When analyzing differences in quantitative data
(age, duration of hospitalization and surgery, total
comorbidity score) between the study groups, the
Mann-Whitney U test was employed. Differences
were considered statistically significant at p < 0.05.
To assess therisk of recurrence, the relative risk (RR)
with a 95% confidence interval (CI) was calculated
following evidence-based medicine rules.

RESULTS

The study revealed a prevalence of females over
males in the overall cohort of patients included
in the study (Table 1). The proportion of females

among patients with knee PJI was significantly
higher (p = 0.03) than the corresponding figure in
the hip PJI group. The age of patients ranged from
22 to 87 years, with a median (Me) of 62 years
and an interquartile range (IQR) of 53-69 years.
Patients with knee infection were significantly
older than those with hip PJI (p = 0.004).

Irrespective of the localization of the
infectious process, the prevailing infection type
(51.6%) was late-onset infection, with symptoms
manifesting a year or more after arthroplasty.
Fistulous infection (FI) was observed in half
of all cases (50.7%), but comparative analysis
established its statistically significant prevalence
among patients with infection localized in the
hip area (p < 0.05).

The comorbidity index ranged from 5 to 12
points (Table 2). Patients with knee PJI had, on
average, a higher level of this indicator than the
group with hip PJI (p = 0.01).

In contrast, the duration of surgery (p = 0.00),
the volume of intraoperative blood loss (p = 0.00),
and the length of hospitalization (p = 0.02) were
significantly higher among patients with hip
infection.

Table 1
Characteristics of patients in the study groups, % (n)

Characteristic Total, n = 337 Knee group,n=119 Hip group, n =218 p
Male 39.8 (134) 32.0 (38) 44.0 (96) 0.03
Female 60.2 (203) 68.0 (81) 56.0 (122)

Age, years 62 (53-69) 64 (58-69) 61 (50-70) 0.004
PJI type:

early 24.6 (83) 26.7 (32) 23.4 (51) >0.05

delayed 23.7 (80) 26.0 (31) 22.5 (49) >0.05

late 51.6 (174) 47.0 (56) 54.1 (118) >0.05
PJI form:

fistulous 50.7 (171) 27.7 (33) 63.3 (138) 0.00

non-fistulous 49.3 (166) 72.3 (86) 36.7 (80) 0.00

* Statistically significant values are shown in bold.
Table 2
Study parameters in study groups
Parameter Knee group Hip group p

Comorbidity index 9 (7-12) 8 (5-11) 0.01
Hospitalization duration, days 23 (19-27) 25 (21-31) 0.02
Surgery time, min 165 (135-190) 190 (160-220) 0.000
Blood loss, ml 650 (400-900) 800 (500-1100) 0.001

* Statistically significant values are shown in bold.
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The effectiveness of controlling PJI after the
debridement stage in the overall patient cohort
was 83.8% (Table 3). Of note is the statistically
significant predominance of adverse treatment
outcomes among patients with hip infection
compared to the knee nfection (p = 0.002).

Among the leading pathogens causing PJI in
both patient groups, staphylococci (54.2%) were
predominant (Table 4). Among patients with knee
infection, Staphylococcus epidermidis slightly
prevailed, while Staphylococcus aureus prevailed
in the hip group. No significant differences in the
frequency of microorganisms were found between
the groups, except for Propionibacterium sp. This
pathogen was significantly more frequently
isolated from the biomaterial of patients with
knee PJI (p = 0.04).

Further analysis of pathogen structure focused
on studying the frequency of PJI recurrence in
patients with infections of different localizations
(Table 5). It was found that monobacterial
infection caused by Gram-positive (Gram(+))
bacteria significantly recurred more frequently
(p < 0.05) when the infectious process was
localized in the hip area. In patients with knee
PJI, the isolation of Gram-negative (Gram(-))
pathogens increased the risk of recurrence by 7
times (RR — 7.3; 95% CI 1.2-45.9) compared to
Gram(+) infection.

Microbial associations were predominantly
found in patients with hip PJI, with the
participation of (Gram(-) bacteria increasing
the risk of recurrence by more than 2 times
(RR — 2.3;95% CI 0.7-7.3).

Table 3
Outcomes before the second stage of treatment, % (n)

Outcome Total Knee group Hip group p
Recurrence 16.2 (49) 5.0(5) 21.8 (44) 0.002
Remission 83.8 (254) 95.0 (96) 78.2 (158) >0.05
Total 100 (303) 100 (101) 100 (202) n/a

* Statistically significant values are shown in bold; n/a — not applicable.
Table 4
Structure of PJI pathogens in groups
Pathogen Knee group, % (n) Hip group, % (n) P
Staphylococcus epidermidis 29.2 (40) 28.1 (74) >0.05
Staphylococcus aureus 27.0 (37) 33.4 (88) >0.05
Enterococcus sp. 8.8 (12) 7.2 (19) >0.05
Propionibacterium sp. 7.3 (10) 1.9 (5) 0.04*
Enterobacteriaceae family 6.6 (9) 4.2 (11) >0.05
Coagulase-negative staphylococci 5.1(7) 4.6 (12) >0.05
Streptococcus sp. 4.4 (6) 6.1 (16) >0.05
Non-fermenting Gram-negative bacteria 4.4 (6) 6.5(17) >0.05
Others 4.4 (6) 4.9 (12) >0.05
Corynebacterium sp. 2.9 (4) 1.9 (5) >0.05
Candida sp. 0.0 (0) 1.54) >0.05
Total microorganisms 100 (137) 100 (263) >0.05

* Statistically significant values are shown in bold. Coagulase-negative staphylococci (except S. epidermidis);

Enterobacteriaceae family - including Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae; Non-fermenting Gram(-)

negative bacteria: Ps. Aeruginosa, Acinetobacter sp.
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Table 5
Recurrence rate in patients with mono-/polymicrobial forms of PJI-in groups, % (n / N)
Recurrence
PJI cases p
Knee group Hip group
Monomicrobial form Gram(+) 3.0 (2/66) 22.2 (30/135) 0.002
Monomicrobial form Gram(-) 22.2 (2/9) 23.1 (3/13) >0.05
Polymicrobial form Gram(+) 6.7 (1/15) 15.4 (4/26) >0.05
Polymicrobial form: Gram(+) and Gram(-) 0.0 (0/3) 35.7 (5/14) n/a
No growth 0.0 (0/6) 10.0 (1/10) n/a
Fungi 0.0 (0/2) 25.0 (1/4) n/a
Total 5.0% (5/101) 21.8% (44/202) 0.002

n — number of patients with PJI recurrence; N — number of patients with a specific PJI form,;

* — average recurrence rate in the group.

Statistically significant values are shown in bold; n/a — not applicable.

DISCUSSION

Stage revision arthroplasty remains a competitive
treatment method for PJI despite promising
results of single-stage surgical strategies in
recent years. Authors of several meta-analyses
describe the advantages of single-stage revision
arthroplasty and gradually expand its indications
based on data showing comparable infection
eradication effectiveness. However, they still
emphasize the significant role of the two-stage
algorithm. For patients with complex somatic
status, obesity, the presence of fistulas, and the
presence of multi-drug resistant pathogens,
staged revision arthroplasty is preferable. Given
that a significant proportion of patients fall into
these categories, this strategy remains relevant.
The prevalence of osteoarthritis of the hip
and knee is higher in women than in men, and
the incidence increases during menopause due
to cartilage volume reduction and bone loss.
This fact is reflected in the patient population
undergoing primary hip and knee replacement.
A similar gender distribution is observed
among patients with hip and knee PJI, as
confirmed by the data from our study. However,
the proportion of males in the structure of
patients with infectious complications becomes
more significant. This may be related to the
fact that male gender, according to scientific
publications, is an independent risk factor for PJI.

S. Xu et al have shown that one of the
predisposing factors for the development of
fistulous forms of PJI is the localization of the
infectious process. According to their data, the
development of PJI after hip arthroplasty was
significantly more often accompanied by fistula
formation (25.4%) compared to the localization
of the infectious process in the knee joint (18.5%).
According to our study, the majority of patients
with knee PJI had the presence of fistulas (63.5%),
which was statistically significantly higher
than in similar studies by foreign colleagues; a
similar indicator among patients with hip PJI was
comparable with international statistics at 27.7%.

The total comorbidity index score in both
groups in our study corresponded to an average
risk of recurrence. Despite a higher comorbidity
score, the effectiveness of the debridement
stage was higher in patients with hip PJI. This
might be related to the higher frequency of
fistulous forms in patients with knee PJI, which
are often associated with significant soft tissue
inflammation, or possibly other risk factors.
For example, our study found a significantly
longer duration of debridement surgery with
spacer implantation and associated higher
intraoperative blood loss, which are predisposing
risk factors for PJI recurrence.

An analysis of treatment outcomes in
patients with knee PJ]I revealed a significant
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negative impact of microbial associations with
Gram(-) bacteria on the effectiveness of the first
stage of surgical treatment. The presence of such
pathogens increased the risk of failure by more
than 2 times, confirming the results of earlier
studies.

Staphylococci were the leading pathogens
of PJI in both study groups, which can be
attributed to their ability to form microbial
biofilms. Despite the similar species structure of
pathogens, except for the more frequent isolation
of Propionibacterium sp. from patients with knee
infection (p = 0.04), microbial associations more
frequently caused knee PJI.

Negative effects of Gram(-) pathogens on
the effectiveness of the sanitation stage of
monobacterial hip PJI were also observed. The
risk of recurrence was 7 times higher compared
to Gram(+) pathogens. When monobacterial
infection was localized in the knee joint, such a
dependency was not found. A similar negative
trend of Gram(-) pathogens' involvement
in the etiology of PJI was also identified by
B. Zmistowski et al, with the frequency of infec-
tion recurrence caused by Gram(-) and Gram(+)
pathogens being 48% and 31%, respectively.

Limitations of the sudy

This study has limitations due to its retrospective
nature and an uneven number of patients in the
comparison groups. However, this limitation
was mitigated by strict inclusion criteria in the
study and adequate statistical data processing
methods.

CONCLUSIONS

The study showed significant differences in
the effectiveness of the debridement stage of
two-stage treatment for patients with newly
diagnosed PJI depending on the localization
of the infectious focus. Infection in the knee
joint was characterized by a higher recurrence
rate compared to the hip joint. Prognostically
unfavorable factors included the involvement
of Gram-negative pathogens and microbial
associations in the etiology of the infection, the
presence of fistulas, and consequently, longer
surgery duration and increased blood loss.

Further research is needed to identify the full
range of the most significant risk factors for the
development of recurrent infectious processes
and to develop measures for their possible
modification or mitigation of their negative
effects depending on the localization of PJI.
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