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Abstract

Background. The most common method of treatment of chronic periprosthetic joint infection (PJI) is considered
to be a two-stage revision arthroplasty. The efficacy of this technique is largely determined by the results of
infection management after the first (debridement) stage, which may depend on many factors. At the same time,
the widespread tendency to reduce the duration of patients’ hospital stay brings to the forefront the problem of
long wait for the results of preoperative microbiological examination.

Aims of the study: 1) to retrospectively evaluate the efficacy of the debridement stage of chronic periprosthetic
hip joint infection in 2021 depending on the availability of preoperative microbiological examination results;
2) to determine the factors influencing the treatment outcome.

Methods. Patients (n = 86) with chronic PJI of the hip were allocated into two groups depending on the presence
or absence of results of the microbiological examination of preoperative biomaterials (aspirate and/or tissue
biopsy) at the time of performing the first stage of the two-stage revision arthroplasty.

Results. The availability of final results of the microbiological examination (MBE) of joint aspirate at the time
of surgery had no significant effect on the efficacy of infection management (p = 0.536; OR = 1.53, 95% CI
0.43-5.45). There was a significant reduction of the risk when the results of preoperative and intraoperative
MBE coincided (p = 0.024; OR = 0.121, 95% CI 0.015-0.990). An increased risk of adverse outcome of
the debridement stage of treatment was observed in the case of types 2C (p = 0.042; OR = 6.66; 95% CI
1.26-35.2) and 3B (p = 0.078; OR = 8.1, 95% CI 1.015-64.8) acetabular defects, type 3A femoral defects
(p = 0.021; OR = 6.57, 95% CI 1.49-29.01), and connective tissue diseases (p = 0.062; OR = 5.25,
95% CI 1.05-26.2). The presence of microbial associations (p=0.02; OR = 6.75, 95% CI 1.36-33.44) and
the presence of Gram-negative bacteria in them (p = 0.058; OR = 4.2, 95% CI 1.02-17.20) significantly
worsened the treatment prognosis. As the number of patient’s risk factors increased, the probability of an
unfavorable outcome increased significantly (p<0.001).

Conclusions. Polymicrobial infection, presence of Gram-negative bacteria in microbial associations,
connective tissue diseases, types 2C and 3B acetabular defects, type 3A femoral bone defects, and total
number of risk factors in one patient had a significant negative impact on the outcome of debridement
surgery. Apparently, the results of the microbiological examination of preoperatively sampled biomaterials
are much more important as a diagnostic criterion for suspected periprosthetic infection than as a criterion
for the drug choice for etiotropic antibacterial therapy. However, this assumption should be studied on a
larger sample of patients.
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CaHupyoLWKiA 3Tan IeYeHUs NaLUMEHTOB C XPOHUYECKOM
nepunpoTesHoi MHdekumein TasobeapeHHOro cycrasa:
OT Yero 3aBUCUT pe3ynbrat?

C.A. boxkoga, I0.B. Oneitnuk, B.A. Aptiox, A.Il. AHTUmnos, C.C. Toporos

@I'BY «HayuoHanvHwlli MeOUYUHCKULI UCcedosamensckuil yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepat

AxmyansHocms. CaMbIM PaCIIPOCTPAHEHHBIM METOIOM JIeUeHMs] XPOHMUECKON mepunpoTesHoii magexkuym (I1I11)
CUMTAETCS ABYXITAITHOE PesHAOIpoTe3upoBanme. dPheKTUBHOCTh JaHHOM METOAMKYM BO MHOTOM OIpefesIioT pe-
3Y/IbTAThI KYMIMPOBaHMS MHGEKIINY TOC/Ie IIEPBOT0 (CAaHMPYIOIIETO) 3Talla, YTO MOKET 3aBMCETh OT MHOXECTBA pas-
JMYHBIX (HakTOpoB. IIpM 3TOM MOBCceMeCTHas TEHAEHIMS K YMEeHbIIeHUIO0 TTPOJO/IKUTETbHOCTY TOCIUTAIU3ANN
MpOWIbHBIX MALIMEHTOB BRIBOAUT Ha MepeIHMII IUIaH MPOOIeMY IJIUTEIbHOTO OKUIAHMS Pe3yIbTaTOB JOOIepaly-
OHHOTO MUKPOGMOIOTMYECKOTO MUCCIeTOBAHMS.

Ilenu uccnedosanusn: 1) peTpoCIEKTUBHO OIIEHUTDb 3 PEKTUBHOCTb CAHUPYIOIIErO Tara Je4eHus] XPOHMUIECKOIi TTe-
PUIIPOTE3HOV MHQEKINY Ta300eqpeHHOro cyctaBa 3a 2021 . B 3aBMCUMOCTY OT HaJIMUMS PE3Y/IbTaTOB JOOTepaly-
OHHOT'O MMKPOOMOJIOTMYECKOTO UCC/IENOBAHMS; 2) OIIpeneauThb (GaKTOPbI, BIUSIOIIME HA MCXO, JIEUeHUSI.

Mamepuan u memodet. TanyieHTsl (n = 86) ¢ xpoHnueckoii [NMITY Ta306eApeHHOr0 CycTaBa ObLIM paclpeneieHbl Ha
IBe TPYIIIbI B 3aBUCHMMOCTY OT HAJIMYUSI WJIM OTCYTCTBUSI PE3YIbTAaTOB MUKPOOVMOIOTMUECKOTO MCCIeIOBaHMS I0-
omnepaloOHHbIX 6MOMaTepUasIoB (acIMpaT M/ TKaHEeBO 6MONTAaT) Ha MOMEHT BBITTOJIHEHMST TIEPBOTO JTaTla IBYX-
3TaHOTO PEBM3VOHHOTO SHAOIPIOTE3MPOBAHMSI.

Pe3ynomamsi. Hanuune OKOHYATEIbHBIX DE3YJIbTaTOB MUKpOGMOMOTMUeckoro wucciaemoBanust (MBU) cyc-
TaBHOTO aclypaTa Ha MOMEHT BBIIIOJIHEHMS OIMepalyuy He OKa3bIBaj0 3HAUYMMOIO BAMSHMS Ha 3G eKTUB-
HOCTh KYNMpOBaHMSI MH(MEKUMOHHOro rmporecca (p = 0,536; OLI = 1,53; 95% IOU 0,43-5,45). YcraHoBie-
HO 3HauMMoOe CHIDKEeHMe pucka Mpu IIOJIHOM COBMHafeHuMM pesynbTaToB MBU 1o- M MHTpaoliepalyiOHHBIX
matepuasioB (p = 0,024; OII = 0,121; 95% OU 0,015-0,990). VBenuueHue pyucka HeGIarompusiTHOTO MCXOHda ca-
HUPYIOIIETO 3Tama JiedeHusT HaOMIogaaoch Mpy Haauumyu AedeKTOB BepTIYKHOIV BHaguubl TuioB 2C (p = 0,042;
Ol = 6,66; 95% oM 1,26-35,2) u 3B (p = 0,078; OII = 8,1; 95% OU 1,015-64,8), nedekToB GeapeHHOI KOCTU
tuna 3A (p = 0,021; OII = 6,57; 95% IOU 1,49-29,01), a Takke 3a001eBaHMIT COeAMHUTENbHOM TKauu (p = 0,062;
Olll = 5,25; 95% TN 1,05-26,2). 3HauMMO yXYAIIaJ0 IIPOTHO3 JIeUeHMs Halnure MUKPOOHBIX accoumanumii (p = 0,02;
Olll = 6,75; 95% U 1,36—33,44), a TaKKe MPUCYTCTBME B UX COCTaBe TPaMOTpUIIATeNbHbIX I'p(-) 6akTepmii (p = 0,058;
Olll =4,2;95% 11 1,02-17,20). C yBenuueHMeM KoamuuecTBa GakKTOPOB pUCKA y MallMeHTa 3HAUMUTEIbHO BO3pacTasia
BEPOSITHOCTH HebmaronpusaTHOro ucxoga (p<0,001).

3akaoueHue. 3HauMMOe HETaTUMBHOE B/MSHME Ha Pe3y/abTaT CAHMPYIOLIel omepauyuu MMeNu MOIMMUKpPOGHAs
MHOEKIMS, Hauuye rpaMOTPUIIaTETbHBIX 6aKTePUii B COCTaBe MUKPOOHBIX acCOLMaIuii, 3a60IeBaHMsI COeIMHY -
TeJbHOV TKaHU, medeKThl BePTIY)KHOI BraguHbl TUIIOB 2C 1 3B, medeKTbl OeApeHHOl KOCTU TUIa 3A, a TaKke
COBOKYITHOE KOJIMYECTBO (GaKTOPOB PMCKA Y OMHOIO IMalueHTa. [10-BUaMMOMY, pe3y/IbTaThl MUKPOOMOIOTMYUECKOTO
MCCIeNOBaHMST JOOIIEPAI[MOHHO B3SIThIX 6110MaTepuajoB MMEIOT ropaso Oojblliee 3HaUeHMe KaK IMarHOCTUYeCKUit
KPUTEpWUil IIpy IMTOA03PEHNY Ha IEPUITPOTE3HYIO MHPEKIINIO, YeM KaK KPUTepUit BbIOOpa IMperapaToB IJIsk STUOTPOII-
HOJI aHTMOaKTepUaNbHOI Tepanyuiu. OgHAKO 3TO MPEITONIOKEeHE TOKHO ObITh MCC/IeOBAHO Ha O60JbIEei BHIOOpKe
MalyeHToB.

KitroueBble cI0Ba: XpOHMUECKas TePUITPOTe3Hast MHOEKIMS, MMKPOOMOIOTMYECKOe MICC/IeOBaHMe, CTAPTOBAs aH-
TubaKTepMaNbHas Teparms, pakTopbl pMcKa peluanBa IePUITPOTE3HO MHBEKIINMN.
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BACKGROUND

Periprosthetic joint infection (P]JI) is considered
one of the most devastating complications of
total hip arthroplasty (THA), which worsens the
quality and overall life expectancy of patients
[1, 2]. At the same time, the risk of treatment
failure remains rather high, and according
to some scientific publications, it reaches
10-29% after performing a two-stage revision
arthroplasty, which is still considered the
gold standard [3, 4]. The high recurrence
rate is determined by various factors starting
from the somatic status of patients [5, 6] and
hypoalbuminemia [7, 8] to the impossibility

of prolonged oral antimicrobial therapy [9].

One of the most important parameters
significantly affecting the treatment efficacy is
the etiology of the infectious process, i.e. the
type of microbial pathogen and its antibiotic
sensitivity [6]. The results of preoperative
microbiological examinations (MBE) should
determine the type of etiotropic antibacterial
therapy in the postoperative period, but the
peculiarities of PJI pathogenesis, including
the presence of bacterial depots in the
patient's organism and biofilm formation [10],
predetermineasignificant share of disagreement
of the results of MBE of preoperative aspirate
and intraoperatively taken materials and thus
require correction of previously prescribed
antibacterial therapy (ABT) [11]. Moreover, the
widespread tendency to decrease the duration of
hospital stay in orthopedic clinics often forces
to stop waiting for preoperative MBE results and
to prescribe initial empirical antibiotic therapy
before surgery.

Aim of the study is to retrospectively evaluate
the efficacy of the debridement stage of treatment
of chronic periprosthetic hip joint infection
depending on the results of preoperative
microbiological examination, as well as to
determine the risk factors for an unfavorable
outcome.

METHODS
Study design

This retrospective study is based on the treatment
outcomes of patients with chronic PJI of the
hip in the department of septic osteology from
January to December 2021.

Inclusion criterion for the study was the
performed stage 1 of a two-stage revision hip
arthroplasty for chronic PJI of the hip.

Exclusion criteria:

1) sepsis, systemic inflammatory response
syndrome, bacteremia on admission;

2) no data on MBE performed before and/or
after surgery;

3) history of infectious diseases of the
musculoskeletal system before primary hip
arthroplasty;

4) total removal
debridement stage.

A total of 130 patients with chronic PJI of the
hip were treated during this period, 86 of them
meeting the inclusion and exclusion criteria.
The share of men was 51.2% (44/86) with a
median age of 64 years (IQR 53-71), while
the share of women was 48.8% (42/86) with a
median age of 68 years (IQR 64-72). The median
of BMI reached 27.1 kg/m? (24.2-71.7).

In the preoperative period, in those cases
when aspirate obtaining was impossible, tissue
biopsy samples were taken from within the fistula
according to the original technique (Russian
Federation patent RU 2698175 C1).

The patients were divided into two groups
depending on the presence (Group 1) or absence
(Group 2) of the results of MBE of preoperative
biomaterials (aspirate and/or tissue biopsy) at
the time of surgery. Group 1 included 39 patients,
Group 2 — 47 patients.

Surgical intervention in all patients
consisted of implant removal, debridement and
radical surgical treatment of an osteomyelitis
focus, insertion of an antimicrobial spacer and
drainage of the joint cavity. The final etiology
of the infectious process was determined on the
basis of MBE results of intraoperative materials:
five tissue biopsy samples, synovial fluid and
removed prosthetic components. From the day
of surgery the patients, whose final results
of preoperative MBE were not ready, received
empirical ABT (vancomycin + cefoperazone/
sulbactam or vancomycin + levofloxacin)
according to the local protocol of treatment of
patients with chronic PJI of the hip. Patients
with a previously known etiology of the
infectious process were treated according
to these data. The final results of MBE of
intraoperative materials having been received,
a clinical pharmacologist was consulted for

of the femur during
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correction of therapy and prescription of drugs
for the outpatient stage.

Using the data from the arthroplasty registry
of the Vreden National Medical Research Center
of Traumatology and Orthopedics, the database
of the microbiological laboratory and the data
extracted from the medical records, a database
of patients was formed in Microsoft Office
Excel 365 spreadsheets. It included gender,
age, BMI, concomitant diseases, waiting period
for MBE results, results of examination of pre-
and intraoperative materials, anamnesis data
(duration of infection, number of debridement
surgeries), local status: bone defects, laboratory
tests (WBC, Hb, total protein, CRP) at the time
of admission and discharge. The degree of bone
mass loss was determined according to the
W.G. Paprosky classifications for the acetabulum
and femur [12, 13]. ABT duration at the inpatient
and outpatient stages was also taken into account.

Treatment outcomes were determined by a
phone interview of patients: a favorable outcome
was considered to be the absence of signs of
infection recurrence at a follow-up period of at
least 24 months from the time of surgery.

Statistical analysis

IBM SPSS Statistics v.26 software was used for
statistical analysis. Normality of distribution
of quantitative variables was tested using
the Shapiro-Wilk and Kolmogorov-Smirnov
tests. The median (Me) was used to describe
quantitative variables and the lower (Q1) and
upper (Q3) quartiles (25-75% IQR) were used as
measures of dispersion. Comparisons within the
study groups were performed using the Mann-
Whitney and Kruskal-Wallis tests. Nominative
data were described with absolute values and
percentages (n, %), the presence or absence of
significant differences was tested by two tests:
Pearson's %? and Fisher's exact test. Differences
between groups were considered statistically
significant at p<0.05. An odds ratio (OR) with 95%
confidence interval (95% CI) was calculated to
quantify the relationship between the probability
of outcome (recurrence) and the presence of a
risk factor. A subanalysis of treatment outcomes
in groups was performed depending on the
number of risk factors identified in each patient
during the study. Discriminant analysis was
performed to determine the relationship between

the probability of developing an unfavorable
outcome and the number of risk factors identified.
Discriminant function equation:

y=ax, +tax,+..+ax +da,
where y — value of discriminant function;
x — independent indicators (factors); a,, a, —
coefficients; a, — constant.

Statistically significant differences between
groups when comparing the mean values of
the discriminant function in both groups were
established using Wilks' A statistic.

RESULTS

The share of patients with chronic hematogenous
infection in Group 1 was 48.1% (n = 24), in
Group 2 — 51.9% (n = 27), p = 0.658. The average
time from the primary arthroplasty to the
infectious process onset in both groups was
about two years (Table 1). The duration of the
infectious process in Group 1 was 12 months,
in Group 2 — 10 months (p = 0.53).

Table 1
Medical history data
Group 1, Group 2,
Parameter Me (IOR) Me (IOR) p

Time from 24.3 24.3 0.879
arthroplasty to PJI (3-73) (2.5-73.0)
onset, mos.
Time from 12.0 10.0 0.530
PJI onset to index (3.1-34.5) | (3.8-24.0)
surgery, mos.

There were no previous interventions for
PJI of the hip in Group 1 — 48.7% (n = 19) of
patients, in Group 2 — 61.7% (n = 29), p = 0.278.
Among patients with recurrent PJI, 3 or more
operations were performed in 45% (n = 9) and
22.2% (n = 4) of patients (p = 0.075) in groups
1 and 2, respectively. The share of patients with
a draining fistula was 46.2% (n = 18) in Group 1
and 76.6% (n = 36) in Group 2 (p = 0.007).
The preoperative MBE result of tissue biopsy
samples from the fistulae was obtained in an
average of 9 days (IQR = 8-11) from sampling,
while the result of hip synovial fluid examination
was ready in an average of 6.5 days (IQR = 6-7).
The hospital stay duration in Group 1 was
15 days (IQR = 12-18), (IQR = 14-21) in Group 2
— 17 days.

Cardiovascular and gastrointestinal diseases
accounted for more than 70% of cases in Group 1

8 2024;30(2)
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and 85% in Group 2 (Table 2). Anemia of varying
severity at the time of admission was diagnosed
in 25.6% (n = 10) and 40.4% (n = 19) of patients,
respectively. Group 1 patients were almost
5 times more likely to have renal and urinary
diseases (p = 0.038) and 2.5 times more likely
to have hepatic and biliary diseases (p = 0.129).
Connective tissue diseases had a significant
impact on the outcomes of chronic PJI treatment,
increasing the risk of recurrence of the infectious
process more than 5-fold (p = 0.062, OR = 5.25,
95% CI 1.05-26.20).

No intergroup differences were found between
thelaboratoryparametersatthetime of admission
and in the postoperative period (p>0.05). At the

same time, all patients included in the study
showed significant negative dynamics of pre-
and postoperative hemoglobin, total protein
and albumin levels (p<0.001). Hemoglobin in
patients by the time of discharge decreased by
20 g/L, total protein and albumin - by 13 and
9 g/L, respectively (Table 3).

No significant differences were obtained when
analyzing perioperative parameters: the median
of the blood loss in both groups was 700 ml
(p = 0.737). The surgery duration was 175 min
(IQR = 149-208) and 165 min (IQR = 137-192)
in groups 1 and 2, respectively (p = 0.248). Blood
transfusion was administered to 3 (7.7%) patients
in Group 1 and to 6 (12.0%) in Group 2 (p = 0.464).

Table 2
Concomitant diseases
Disease Group 1, Me (IQR) Group 2, Me (IQR) p

Essential hypertension 28 (71.8) 42 (89.4) 0.052
Gastrointestinal diseases 29 (74.4) 40 (85.1) 0.279
Coronary heart disease 18 (46.2) 25 (53.2) 0.665
Chronic heart failure 16 (41.0) 15 (39.1) 0.449
Anemia 10 (25.6) 19 (40.4) 0.174
Diabetes mellitus 9 (23.1) 9 (19.1) 0.791
Renal and urinary diseases 8 (20.5) 2 (4.2) 0.038
Hepatic and biliary diseases 8 (20.5) 4 (8.5) 0.129
Cardiac arrhythmia 7(17.9) 14 (29.8) 0.221
Respiratory diseases 6 (15.4) 11 (23.4) 0.422
Smoking 3(7.7) 8 (17.0) 0.331
Hepatitis C 4 (10.3) 3(6.4) 0.697
Connective tissue diseases 2(5.1) 6 (12.8) 0.283
Anticoagulant intake 3(7.7) 4 (8.5) 1.0

Other diseases 3(7.7) 5(10.6) >0.05

Table 3
Pre- and postoperative laboratory parameters
Laboratory parameters Before surgery, Me (IQR) | After surgery, Me (IQR) p

Hb, g/L 117.5 (106.0-130.0) 97 (91.0-105.0) <0.001
CRP, mmol/L 33.9 (16.3-53.7) 37.4 (23.8-65.0) 0.164
WBC, 109/L 8.0 (6.5-9.7) 7.8 (6.6-9.5) 0.121
Total protein, g/L 74.8 (71.0-79.2) 61.7 (57.0-67.0) <0.001
Albumin (n =79), g/L 40.2 (37.4-42.0) 33.3 (30.5-35.5) <0.001
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Types 2A and 2B acetabular defects were
prevalent in both groups (Fig. 1). Type 3A defect
was diagnosed only in 2.6% (n = 1) of cases in
Group 1 and 25.5% (n=12) in Group 2 (p = 0.005).
Significant differences (p = 0.013) were found
when analyzing the effect of the acetabular bone
loss on the outcomes of PJI treatment: type 2C
defects increased the risk of recurrence 6.7-
fold (p = 0.042; OR = 6.66, 95% CI 1.26-35.20)
and type 3B defects 8-fold (p = 0.078; OR = 8.1,
95% CI 1.015-64.800).

In both groups, in the vast majority of cases,
femoral defects formed during the debridement
surgery corresponded to type 2 (Fig. 2). There
were no significant intergroup differences by
femoral defect type, but the risk of unfavorable
outcome was significantly lower in patients with
type 2 femoral defects (p =0.06; OR =0.24,95% CI
0.07-0.90). In contrast, type 3A defects increased
the risk of recurrence 6.6-fold (p = 0.021;
OR =6.57,95% CI 1.49-29.01).

According to the results of preoperative MBE,
the pathogen growth in Group 1 was absent

40%
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Fig. 1. Acetabular bone defects

w S.aureus

2,49
2,4% ¥

u S.epidermidis
2,4%
= Enterococcus spp.
2,4%
Anaerobic bacteria

= Streptococcus spp. 4,8% | ~
= Fam. Enterobacteriaceae

= Acinetobacter spp., P. aeruginosa

= Koagulase-negative staphylococci®
= Others

31,0%
* — except for S. epidermidis.

-

in 12.8% (n = 5) of cases, and in 17.9% (n = 7)
the microbial associations were isolated with
42.8% (n = 3) including Gram-negative bacteria.
Staphylococci predominated in the spectrum of
pathogens isolated from preoperative material
(Fig. 3), with a cumulative proportion of 76.3%.
The share of methicillin-resistant strains was
11.1% among S. aureus (MRSA) and 69.2% among
S. epidermidis (MRSE).

In the postoperative period, no bacterial
growth was obtained from intraoperative
materials from only one (2.6%) patient in
Group 1, and the infection was considered
culture-negative. Polybacterial infection was
diagnosed in 48.7% (n = 19) of Group 1 patients
and in 42.6% (n = 20) of Group 2 patients (p =
0.448). The incidence of microbial associations
with Gram-negative pathogens was 36.8% (n =7)
and 30.0% (n = 6) (p = 0.556), respectively. It was
found that the polybacterial infection unlike the
monobacterial one increased the risk of adverse
outcome more than 6.7-fold (p =0.02; OR = 6.75,
95% CI 1.36-33.44), and the presence of Gram-
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negative bacteria in microbial associations
increased the risk of unfavorable treatment
outcome 4-fold (p = 0.058; OR = 4.2, 95% CI
1.02-17.20).

An intragroup analysis of the concordance
between the MBE results of pre- and
intraoperative samples in Group 1 showed
complete disagreement in 17.9% of cases
(n =7) and partial agreement in 41.05% (n = 16).
In the remaining 41.05% (n = 16) of cases, the
MBE results of pre- and intraoperative materials
were the same. Statistical analysis revealed that
complete agreement of the MBI results of pre- and
intraoperative samples more than 8-fold reduced
the risk of PJI recurrence (p = 0.024; OR = 0.121,
95% CI 0.015-0.990). Despite some differences
in MBE results, staphylococci prevailed in the
microbial spectrum postoperatively, with the
total share of staphylococci in Group 1 reaching
80% (Table 4). In Group 2, they accounted for
only 57.3% of the microbial spectrum, and in
comparison with Group 1, streptococci were 6
times more frequent, and anaerobic pathogens
and representatives of the Enterobacteriaceae
were 2.6 times more frequent.

Intravenous antibiotic therapy in all patients
was started on the day of surgery after biomaterial
sampling for microbiological examination. On
average, its duration in the studied cohort of
patients was 8 days (IQR = 7-11) and did not
differ between the groups (p>0.05). Empirical
antibiotic therapy was administered to 38.5%
of patients (n = 15) who had preoperative MBE
results, as the isolated pathogens were within the
spectrum of antibiotic activity defined by the local
protocol for initial therapy. In Group 2 in 48.9%
of cases (n = 23) empirical antibiotic therapy
was administered as well. Initial therapy in the
remaining 51.1% of patients included antibiotics
against the strains of pathogens most often
characterized by a high level of resistance, which
were isolated during the previous debridement
surgeries. It took an average of 5 days (IQR = 3-6)
until the final correction of therapy. Etiotropic
intravenous antibacterial therapy from the
moment of its administration lasted 4 days
(IQR = 1-7) with subsequent change to oral drug
forms. Correction of antibacterial therapy was
carried out not in all patients (Table 5).

Table 4
Microbial spectrum in groups according to postoperative examination, %
Pathogen Group 1 Group 2
S. aureus 351.40 25.30
S. epidermidis 32.30 21.30
Coagulase-negative staphylococci 12.30 10.70
Anaerobic bacteria 4.60 12.00
Enterobacteriaceae 3.10 8.00
Acinetobacter spp., P. aeruginosa 3.10 4.00
Streptococcus spp. 1.50 9.30
Enterococcus spp. 1.50 5.30
Other pathogens 6.20 4.00
* — except for S. epidermidis.
Table 5
Correction of antibiotic therapy in groups
Correction of antibiotic Group 1 Group 2
therapy n (%) n (%) of recurrences n (%) n (%) of recurrences
No correction 17 (43.6) 1(5.9) 15 (31.9) 0(0)
Partial correction (1 drug) 12 (30.8) 3(25.0) 12 (25.5) 1(8.3)
Complete correction 10 (25.6) 2 (20.0) 20 (42.6) 4 (20.0)
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Complete or partial change of antibacterial
drugs was performed in 56.4% (n=22) and 68.1%
(n =32) of cases in groups 1 and 2, respectively.
Complete change of intravenous therapy was
performed 1.7 times more often in Group 2.
Despite the absence of statistical significance
(p>0.05), in both groups there was a tendency to
increase the frequency of recurrences depending
on the need to change antibiotic therapy (see
Table 5). At the outpatient stage all patients
were administered oral antibiotics for 8 weeks.
The maximum period of administration was 4
weeks in case of linezolid prescription only in
accordance with the instructions for medical
use of the drug, since longer administration
is associated with a high incidence of adverse
effects.

The share of patients with an unfavorable
outcome of PJI treatment at 2-year follow-up
in the groups with presence or absence of an
MBE result at the time of surgery was 15.4%
(n=6) and 10.6% (n = 5), respectively (p = 0.536;
OR =1.53,95% CI 0.43-5.45).

The following factors statistically significantly
worsening treatment outcomes were included

in further subanalysis: microbial associations,
presence of Gram-negative bacteria in microbial
associations, connective tissue diseases, types 2C
and 3B acetabular defects, and type 3A femoral
defects.

It was found that in all 18 patients (44.2%)
enrolled in the study who did not have the
considered risk factors, persistent suppression of
infection was achieved. The share of such patients
in Group 2 was 1.9 times higher than in Group
1 (Table 6). The presence of a single risk factor
for recurrence was found in 35.9% and 27.7%
of cases in groups 1 and 2, respectively (n = 14;
n = 13), leading to recurrences in 14.3% and
7.7% of observations, respectively (n = 2;
n =1). Patients with a combination of two or more
factors were more numerous in Group 1. Adverse
outcomes were more frequent in Group 2 (44.4%)
than in Group 1 (33.3%).

Discriminant analysis revealed a statistically
significant positive correlation between the
number of risk factors identified during the study
and unfavorable treatment outcome (p<0.001).
The sensitivity of the model was 72.7%, the
specificity was 82.7%.

Table 6
Number of risk factors in groups
Group 1 Group 2
Number of factors
n (%) n (%) of recurrences n (%) n (%) of recurrences
0 13 (33.3) 0(0.0) 25 (53.2) 0(0.0)
1 14 (35.9) 2 (14.3) 13 (27.7) 1(7.7)
2 and more 12 (30.8) 4 (33.3) 9 (19.1) 4(44.4)
DISCUSSION

In the studied cohort of patients, the efficacy of
the management of chronic PJI of the hip after
debridement stage was 87.2% (n = 75), despite
a high share of patients with polymicrobial
infection (45.3%), which, according to the
scientific literature, is a significant risk factor
for PJI recurrence [24]. The achieved results
are comparable with the data of Russian and
foreign authors. F. Li et al. in their meta-analysis
describe favorable outcomes after two-stage
revision arthroplasty in 79.6% of patients [14].
In a multicenter study by B.]. Kildow et al. this
parameter amounted to 88.2% [15]. According

to the data of V.Y. Murylev et al. eradication of
infection after debridement stage of the two-
stage revision arthroplasty was achieved in 92.1%
of cases [16]. A.A. Kochish et al. reported effective
treatment of PJI in 89% of cases as a result of
the use of the modified tactics of perioperative
management of profile patients [17].

According to some researchers, the
impossibility to start etiotropic antibacterial
therapy from the day of surgery negatively
affects the treatment outcomes [9]. However,
the intergroup analysis of efficacy in our study
showed no significant differences depending on
the presence or absence of MBE results at the time
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of surgery: this parameter was 84.6% (n = 33) and
89.4% (n = 42), respectively (p = 0.535). It should
be noted that the clinical profile of patients in
the comparison groups differed: patients with an
identified etiology of the infectious process were
more likely to have urinary infection, multiple
debridement interventions in the history, and
significant defects of the bones forming the hip.
At the same time, 38.5% and 48.9% of patients
in groups 1 and 2, respectively, received initial
empiric therapy. The need for a broad-spectrum
initial therapy is determined by the significant
differences in pre- and intraoperative MBE results
reported previously [11]. In our study in Group 1,
complete matching of pre- and intraoperative
MBE results was observed in only 41% of cases
(n = 16). At the same time, the share of
polymicrobial infection increased 2.7-fold:
from 17.9% preoperatively (n = 7) to 48.7%
postoperatively (n = 19). In our opinion, such
discrepancies are caused by the peculiarities
of the pathogenesis of the infectious process
associated with orthopedic implants: formation
of sessile forms of bacteria as part of biofilms
[18], intracellular location of microorganisms,
as well as colonization of osteocyte-lacunar
tubules, proved in relation to S. aureus [19, 20].
In Group 1, this pathogen accounted for 35.4% of
the microbial spectrum, in Group 2 — only 25.3%.

The COVID-19 pandemic made a certain
contribution to the shortening of the preoperative
period, when the terms of preoperative
examination of trauma and orthopedic patients
were universally reduced in order to decrease
the risk of coronavirus infection outbreak among
the hospitalized patients [21]. As a consequence,
it was often not possible to postpone surgical
intervention until the final results of MBE were
available. The lack of data on the etiology of
the infectious process determines the need
to prescribe empiric antibacterial therapy to
patients in the postoperative period according
to the educated guess principle [22], which
requires regular microbiological monitoring of
the spectrum of leading pathogens and their
antibiotic resistance [23]. The study showed that
the necessity to change parenteral antibacterial
therapy was accompanied by an increase in the
incidence of PJI recurrence.

Regardless of the presence or absence of
MBE results at the time of surgery, a number of
factors had a statistically significant impact on

patients' treatment outcomes. First of all, the
presence of microbial associations in a patient
6.7 times increased the risk of PJI recurrence,
and the presence of Gram-negative bacteria in
their composition — 4 times. Our earlier studies
showed a similar trend: extremely low rate of
polymicrobial infection management — only
27.8% (p<0.0001). At the same time, the presence
of Gram-negative pathogens in microbial
associations significantly increased the risk of
recurrence (p=0.07) [24].

Other risk factors identified in this study
leading to unfavorable outcome of P]I treatment
have also been reported in the relevant literature.
In Group 1, 45% of patients (n = 9) with recurrent
infection had a history of 3 or more debridement
interventions. In the study of H. Abdelaziz et al.
this factor more than 4-fold increased the risk
of reinfection (p<0.005) [25]. Type 3A femoral
defects, which were more common in patients
with the identified etiology of PJI (15.4%;
n = 6), increased the probability of an unfavorable
outcome 6.6 times (p = 0.021). According to
P.A. Slullitel et al. a similar loss of bone mass
was associated with a 13.5-fold greater risk
of PJI recurrence (p<0.003) [26]. According to
A.A.Kochish et al.data, along-term course of type
III chronic hematogenous PJI is often associated
with the formation of extensive defects of the
acetabulum [27]. In our study, types 2C and 3B
were also more frequently observed in Group 1
- 15.4% of patients (n = 6) and 7.7% of patients
(n = 3) than in Group 2 - 2.1% of cases each
(n=1), increasing the risk of recurrence 6.7 and 8
times, respectively.

Discriminant analysis showed that the
unfavorable outcome of debridement stage
of treatment of PJI of the hip statistically
significantly (p<0.001) depends on the number
of risk factors in a patient. At that, among the
cohort of patients with 2 and more risk factors
the unfavorable outcome of debridement stage
was observed in 38% of cases, with one risk
factor - in 11,1%. In the absence of risk factors,
persistent suppression of the infectious process
was achieved in all patients.

Limitation of the study

Small size of the study groups is considered tobe a
limitation of the study, which has been taken into
account when choosing statistical methods. Also,
such factors as the time from arthroplasty and
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infection onset to primary surgical care, creation
and benefits of a local depot of antibiotics have
not been considered in this study.

CONCLUSIONS

To date, no similar analysis of the impact of
the presence or absence of microbiological
examination results at the time of debridement
surgery has been performed in the scientific
literature, and the principle of the necessity to
obtain these results before surgical intervention
has not been questioned. The study showed
that the availability of data on the causative
agent isolated from aspirate and/or tissue
biopsy samples from the peri-implant fistula
in the preoperative period had no significant
effect on the efficacy of treatment of chronic
periprosthetic hip joint infection. However,
the probability of an unfavorable outcome
increased significantly (p<0.001) with an
increase in the number of identified risk factors
in a patient (p<0.001). Apparently, the results of
microbiological examination of preoperatively
taken biomaterials are much more relevant as a
diagnostic criterion for suspected periprosthetic
infection than as a criterion for the choice of drugs
for etiotropic antibacterial therapy. Nevertheless,
this assumption requires further studies on a
larger sample of patients.
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