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Abstract
Background. Data from the national registers of arthroplasty showed that about 12% of hip and knee arthroplasty undergo 
revision within 10 years after the primary surgery. The leading cause of hip revisions is aseptic loosening of components, 
knee joint — periprosthetic infection (PPI). Some of the infectious complications, including those related to mechanical 
causes, remain out of sight. The aim of the study was to identify the frequency of «unexpected» infections during revision 
knee and hip arthroplasty performed for aseptic complications of any etiology. Materials and Methods. 839 cases of 
revision arthroplasty of knee and hip joints were analyzed, including 485 aseptic revisions in 450 patients. Clinical, X-ray, 
laboratory (complete blood count and comprehensive metabolic panel, coagulation panel) methods, synovial fluid analysis 
and microbiological examination of punctures, including intraoperative ones, were used. The ICM and EBJIS (European 
Bone and Joint Infections Society) consensus recommendations were used as criteria for assessing the presence of infection. 
Results. The average age of patients at the time of the revision was 61.7 years. The hip joint prevailed (59.4%), knee joint — 
40.6%. The growth of microorganisms in the intraoperative biomaterial was detected in 2.08% of observations: in 10 out of 
287 patients after aseptic revision of the hip joints and in none of the 198 revisions of the knee joints. In 8 out of 10 cases, the 
causative agents were coagulase-negative staphylococci, including 6 — MRSE; in two cases, anaerobic bacteria. All revisions 
were carried out by a one-stage method. Patients with detected PPI underwent systemic antibacterial therapy. At the stage 
of catamnesis, reinfection was assumed in one of the 10 identified cases of PPI, the patient did not show up for revision. In 
control 63% of the group of the other (aseptic) 470 patients, PPI developed in 4 cases, two-stage revisions were carried out. 
Conclusions. The frequency of infections accidentally detected during aseptic revisions of large joints was 2.08%. Three-
time examination of joint punctures, including intraoperative, provides additional opportunities for the diagnosis of PPI 
during aseptic revision, and also allows you to choose the optimal stage of revision treatment. The experience gained makes 
it possible in certain cases to perform one-stage revision in the treatment of PPI.
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Реферат
Актуальность. Данные мировых регистров артропластики суставов показали, что около 12% эндопротезов тазо-
бедренного и коленного суставов подвергаются ревизионным вмешательствам в течение 10 лет после первичной 
операции. Лидирующая причина ревизий тазобедренного сустава — асептическое расшатывание компонентов, 
коленного — перипротезная инфекция (ППИ). Часть инфекционных осложнений, в т.ч. связанных с механически-
ми причинами, остается вне поля зрения врачей. Целью работы является выявление частоты «неожиданных» 
инфекций при ревизионном эндопротезировании коленных и тазобедренных суставов, выполненном по поводу 
асептических осложнений любой этиологии. Материал и методы. Проанализировано 839 случаев ревизионно-
го эндопротезирования коленного (КС) и тазобедренного (ТБС) суставов, в том числе 485 асептических ревизий  
у 450 пациентов. Применялись клинический, рентгенологический, лабораторный (общий и биохимический анализы 
крови, коагулограмма) методы, анализ синовиальной жидкости и микробиологическое исследование пунктатов,  
в т.ч. интраоперационных. В качестве критериев оценки наличия инфекции использовали рекомендации кон-
сенсуса ICM и EBJIS (Европейского общества по инфекциям костей и суставов). Результаты. Средний возраст 
пациентов на момент ревизии составил 61,7 года. На ТБС выполнено 59,4% ревизионных операций, на КС — 40,6%. 
Рост микроорганизмов в интраоперационном биоматериале обнаружен в 2,08% наблюдений: у 10 из 287 пациен-
тов после асептической ревизии тазобедренных суставов и ни в одном случае из 198 ревизий коленных суставов.  
В 8 из 10 случаев возбудителями были коагулазо-негативные стафилококки, в том числе в 6 — MRSE; в двух случа-
ях — анаэробные бактерии. Все ревизии проведены одноэтапным методом. Пациентам с обнаруженной ППИ про-
ведена системная антибактериальная терапия. На этапе катамнеза в одном из 10 выявленных случаев ППИ пред-
полагалась реинфекция, пациент на ревизию не явился. При контроле 63% из группы остальных (асептических) 
470 пациентов в 4 случаях развилась ППИ , проведены двухэтапные ревизии. Заключение. Частота инфекций, слу-
чайно обнаруженных при асептических ревизиях крупных суставов, составила в 2,08%. Трехкратное исследование 
пунктатов сустава, в т.ч. интраоперационных, предоставляет дополнительные возможности диагностики ППИ при 
асептической ревизии, а также позволяет избрать оптимальную этапность ревизионного лечения. Полученный 
опыт позволяет в определенных случаях при лечении ППИ выполнять одноэтапное реэндопротезирование.

Ключевые слова: ревизионное эндопротезирование, перипротезная инфекция, асептические ревизии, пункция 
сустава, микробиологическое исследование.
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Background
The increase in the number of primary arthroplasties in 
recent years has led to a significant increase in revision 
interventions worldwide [1, 2, 3, 4, 5, 6]. Data from the 
national arthroplasty register (AR) showed that about 
12% of hip and knee endoprostheses undergo revision 
within 10 years after the initial surgery [7, 8, 9].

The most common cause of revision total hip ar-
throplasty (THA) is aseptic loosening of components 
— 34-94% of cases. This is followed by deep infection, 
recurrent dislocations, mechanical destruction of im-
plants, periprosthetic fractures [1]. Thus, the most 
common reason for revision after THA in the period 
up to 1.7 years is periprosthetic joint infection (PJI), 
while later, aseptic instability and wear of the endo-
prosthesis components (wear of the insert) prevail 
among the indications for revision THA [10].

For the knee, the most common cause of revision 
is infection (36.1%), followed by aseptic loosening 
(21.9%) and periprosthetic fracture (13.7%) [11].

V.I. Roberts et al. report that PJI is the second most 
common cause of implant failure after aseptic loosen-
ing of endoprosthesis components [7].

However, infection rates are probably actually un-
derestimated, since many cases of suspected aseptic 
loosening of the endoprosthesis can be caused by an 
unrecognized infection [7, 10]. It is often difficult to 
determine the exact cause of functional instability 
(septic or aseptic) in such patients [12].

The main problem of revision arthroplasty is the 
lack of a reliable and valid pre- and intraoperative 
diagnostic tool with 100% specificity and 100% sen-
sitivity in the diagnosis or exclusion of PJI [13,14]. 
The available diagnostic search methods are not in-
formative enough, which leads to delayed diagnosis, 
and the diversity of views on the surgical treatment 
of PJI indicates the relevance of a unified approach 
to the diagnosis and treatment of this pathology [15]. 
Along with the annual increase in the number of revi-
sion surgery, there is also a growing need to develop 
a technique for differential diagnosis between aseptic 
loosening of the implant and instability with the addi-
tion of microbial agents.

Currently, various criteria and algorithms are used 
for the diagnosis of PJI, including those developed at 
the International Consensus Meeting in 2013 and then 
at the Second International Consensus Meeting on 
Musculoskeletal Infection (International Consensus 
Meeting — ICM, 2018) [16, 17], as well as criteria and 
algorithms proposed by the The European Bone and 
Joint Infection Society — EBJIS [18]. However, in some 
cases, PJI can be caused by low-virulent microorgan-
isms, for example, Propionibacterium acnes, when the 
listed criteria are unacceptable [8, 12, 14, 18, 19, 20].

In some studies were mentioned patients in whom 
the cause of aseptic revision arthroplasty may have 

been PJI [8, 14, 19, 21, 22]. Not every case of PJI meets 
the criteria described above. In addition, any iden-
tified mechanical causes may be combined with a 
chronic infection, which must be taken into account 
during the examination [19].

Currently, there is no absolute test for the diag-
nosis of PJI, which forces clinicians to rely on a com-
bination of studies of synovial fluid and serological 
markers, which are an equally important in diagnostic 
[23]. Timely and accurate diagnosis of PJI is crucial for 
planning appropriate treatment tactics. It is extremely 
important to exclude infection as a possible etiologi-
cal factor in the preoperative period, since the tactics 
of surgical treatment vary depending on the causes of 
the revision. Some orthopedic surgeons prefer one-
stage revision in the treatment of late PJI [24, 25], oth-
ers prefer two-stage revision arthroplasty [26, 27, 28].

The aim of the study was to identify the frequency 
of "unexpected" infections during revision total ar-
throplasty of the knee and hip joints performed for 
aseptic complications of any etiology.

Materials and methods
We conducted a retrospective continuous single-
center study of all cases of aseptic revision total ar-
throplasty of knee and hip joints performed at the 
Federal State Budgetary Institution "Federal Center of 
Traumatology, Orthopedics and Endoprosthetics" of 
the Ministry of Health of Russia (Cheboksary) (herein-
after referred to as the Center) in 2017–2019. The data 
of electronic medical records of patients in the medi-
cal information system (MIS) are analyzed. Informed 
consent to personal data processing was obtained 
from all patients.

Previous operations of total knee arthroplasty 
(TKA) and THA were performed in the conditions of 
the Center, also in other medical organizations of the 
Russian Federation and abroad. All aseptic revisions 
at the Center were carried out by a one-stage meth-
od. It should be noted that when PJI is detected, the 
Center mainly uses two-stage revision (removal of all 
infected components, spacer implantation, antibiotic 
therapy, the second stage of revision). 

The main criterion for the presence of infection 
in the joint in the case of revision for a complication 
of presumably aseptic etiology were the positive re-
sults of bacteriological examination of intraoperative 
samples — the growth of identical microorganisms in 
two or more samples when detecting low-virulent mi-
croorganisms; in one sample — when detecting high-
virulent pathogens.

The diagnostic algorithm included measures to 
identify the infectious process based on the complex 
application of clinical, laboratory and instrumental 
tests. Before hospitalization, patients were recom-
mended to perform X-rays, CT and ultrasound exami-
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nation of the joints (according to indications). Upon 
admission to the hospital, anamnesis data were stud-
ied in detail, clinical examination, physical examina-
tion were performed, local status was described, X-ray 
and laboratory tests were performed.

Laboratory screening included a study of the to-
tal blood count with erythrocyte sedimentation rate 
(ESR), a biochemical blood test with the determina-
tion of C-reactive protein (CRP), a coagulogram with 
D-dimer; synovial fluid analysis with the count of 
leukocytes and the percentage of polymorphonuclear 
neutrophils.

The ESR study was performed from venous blood 
using the Westergren method using an automatic 
Vital Mix-Rate X100 analyzer and MONOSED test 
tubes (Vital Diagnostics, Italy). CRP and D-dimer were 
measured in blood serum/plasma by immunoturbidi-
metric method.

Before the revision surgery, patients underwent 
joint punctures, with at least one of them in the 
Center (the total number of required punctures is 
usually three). Aspiration of synovial fluid from knee 
joint was performed under aseptic conditions without 
the use of local anesthetics, from hip joint — with the 
use of anesthetics and with ultrasound navigation. In 
the future, the count of the leukocytes number, leuko-
cyte formula and microbiological examination of the 
punctate were carried out. 

The study was carried out even if the volume of the 
aspirate received was less than 1 ml. The samples had 
the form of a non-complete punctate or were hemor-
rhagic in nature with additional notes "hemorrhagic 
sample", "flushing".

The study of synovial fluid included the count-
ing of nucleated cellular elements and the study of a 
Romanovsky–Giemsa stained smear in order to deter-
mine the proportion of neutrophilic leukocytes. With 
a small amount of material, a binocular microscope 
and plastic slide-tablet cameras were used to count 
the cellular elements of the synovial fluid. To count 
the cellular elements in biological fluids, they were 
examined in 20-fold dilution with isotonic or hypo-
tonic sodium solution. If there was enough synovial 
fluid and it did not contain foreign impurities (wear 
particles), the SYSMEX XN-1000 series hematologi-
cal analyzer was used in automatic analysis mode; the 
aspirate was cultured in vials of the BacT/ALERT3D 
bacanalyzer. In case of insufficient punctate volume, 
culture was carried out in a routine way — in broths 
prepared in the laboratory with culturing on nutrient 
media: columbian, chocolate, Schaedler agar.

During the surgery, aspirate was taken from the 
joint cavity and tissue biopsies. In 100% of cases of 
implant removal, they were examined. Aspiration (if 
the joint was not dry) was performed before dissec-
tion the joint capsule with a syringe for 5 minutes. The 
intraoperative punctate was delivered to the labora-

tory for leukocyte count. The leukoformula was ana-
lyzed only at elevated leukocyte levels. The result was 
reported to the operating room by phone in 10–15 
minutes.

Intraoperatively, 4—6 tissue biopsies were taken 
from at least 4 different points, as well as joint fluid (if 
available). To isolate microorganisms from microbial 
biofilms, the removed endoprosthesis components 
were processed in a BRANSON 8510 ultrasound ma-
chine (USA) for 5 minutes at a frequency of 40 ± 2 kHz, 
followed by culturing of flushes on nutrient media. On 
average, 7 samples of the material were taken intra-
operatively. All cultures were incubated up to 14 days, 
creating the necessary conditions for cultivation. The 
negative result was verified on the 7th and 14th days, 
positive — as the culture grows. When the growth of 
microorganisms was detected, the identification of 
pathogens with the determination of sensitivity was 
performed on an automatic bacteriological analyzer 
Vitec 2-compact (Bio Merieux, France).

Histological examination of joint tissues also al-
lows to reveal the picture of nonspecific inflamma-
tion with the presence of neutrophil granulocytes, 
however, this study is not carried out at the Center. 
The main ("big") clinical and laboratory signs of PJI 
were considered to be two positive results of cultur-
ing with identical microorganisms. The level of CRP in 
blood plasma is more than 10 mg/l; ESR >30 mm/hour; 
D-dimer >860 ng/ml, an increase in the level of leu-
kocytes in synovial fluid >2000 cells/ml, an increased 
percentage of polymorphonuclear neutrophils >70% 
were regarded as additional ("small") diagnostic signs 
of PJI [18, 29].

The study was conducted in three stages: at the 1st 
stage — preliminary selection of all cases of revision 
in the MIS with the exception of septic revisions (in-
cluding one-stage and both stages of two-stage) and 
re-revisions; at the 2nd stage — sorting of observa-
tions cases on the affected joint with the exception of 
cases of revisions conducted on the 2nd-7th day after 
the primary arthroplasty during one hospitalization, 
as well as cases when microbiological examination of 
intraoperative materials was not carried out; at the 
3rd stage — analysis of the data obtained and their 
statistical processing.

A total of 839 revisions were carried out during the 
study period (Fig. 1).

At the 1st stage, all cases of infection or suspicion 
of it detected before or during the surgery were ex-
cluded from the study (n = 354). In 120 observations 
at the first stage of the two-stage revision, 56 (46.7%) 
cases were initially characterized by "large" signs of 
PJI (the presence of a fistula — 29 and/or two positive 
cultures — 27 cases). In 33 (27.5%) cases there were 
"small" signs. In the remaining 31 cases (25.8%), it was 
necessary to confirm the PJI by performing additional 
punctures. During the third puncture, the growth of 
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microorganisms was detected in 8 cases (6.7%). In 
two cases, with three negative preoperative punctures 
against the background of cytosis detected during the 
surgery, the growth of the pathogen in the intraop-
erative material was detected (1.7%). Along with this, 
in 5 cases (12.5%), positive punctures received before 
surgery were not confirmed by intraoperative cultur-
ing; in 16 cases, all punctures performed, including 
intraoperative ones, were culture-negative (13.3%), 
however, all described cases of PJI were confirmed 
clinically and laboratory and excluded from our study.

At the 2nd stage, 5 cases of revisions were excluded 
from the study. The remaining cases of aseptic revi-
sions (n = 480) performed by one-stage method were 
distributed by types of non-infectious complica-
tions and analyzed in accordance with the evaluation 
criteria.

Demographic data (age, gender of patients and the 
affected joint); the time interval between primary ar-
throplasty or the revision/re-revision stage and the 
last revision were analyzed; the reasons for the revi-
sion; comparative data of biomaterials microbiologi-
cal studies; the results of preoperative synovial fluid 

examination were evaluated. The clinical outcome in 
the medium term in patients with positive microbio-
logical culturing was evaluated actively (by phone); 
the results of the surgery in other patients — as they 
applied to the Center at the stage of catamnesis.

Statistical analysis
Statistical processing of the obtained data was car-
ried out using the analysis package of the Microsoft 
Excel 2007 program. The correspondence of the sam-
ple values to the normal distribution in MS Excel was 
confirmed graphically, which allowed reflecting the 
results in the form of arithmetic mean (M) and stand-
ard error (m), and in the absence of normality — mini-
mum, maximum, median, mode. The Graph pad pro-
gram was used to evaluate the statistical significance 
of differences in the frequency of deviations of labo-
ratory parameters from the threshold values during 
THA and TKA. To assess the statistical significance of 
the frequency differences in the groups, an accurate 
Fisher test was used — it was calculated using the Graf 
Pad program. The differences were considered statis-
tically significant at p<0.05.

All revisions for 2017-2019.

Excluded  
within one hospitalization  

n = 2

Excluded  
within one hospitalization, n = 2 

Absence of intraoperative seeding, n = 1
Hip joint  
n = 287

Septic revisions are excluded,  
n = 354
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n = 485

Pathogen isolated, 
n = 10

Hip joint 
n = 285

Types of infectious 
complications

Knee 
joint   

n = 195

Pa
th

og
en

 w
as

 n
ot

 id
en

tifi
ed

8 96 Aseptic loosening 117

– 131 Liner wear 10

2 58 Mechanical (fracture, 
dislocation, etc.) 43

– – Joint instability 25

Knee joint  
n = 198

Fig. 1. Study design flowchart
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Results

The average age of patients at the time of the revi-
sion was 61.7 years (CI = 95%; SD = 10.1), among them 
there were 308 women (64.2%), 172 men (35.8%). In 
the study group, the failed THA prevailed (59.4%), 
TKA — 40.6%.

The sample size was 450 patients, the volume of 
studies — 480 revisions (including 17 repeated revi-
sions on one joint, 13 bilateral surgeries in the same 
patient). There were no clinical signs of infection be-
fore surgery in all patients.

After primary arthroplasty, revisions were carried 
out in 447 cases (hip joint = 264 and knee joint = 183), 
including 14 (7.2%) cases — after unilateral knee ar-
throplasty. In 33 cases out of 480 (6.9%) patients had 
previously undergone revision surgery (including out-
side the study period).

In the structure of non—infectious complications 
that caused the revision, insert wear was the leader 
in the hip joint group (46%), aseptic instability in the 
knee joint group (60%).

The average period from the moment of surgery 
to the present revision was 6.4 years (SD = 3.8; Me = 
6.8; Mo = 9.2; 0.1–19.3) The time interval from the 
previous surgery to current revision was 4.1 years for 
knee joint (SD = 2.7; Me = 3.9; Mo = 3.0; 0.1–15.0), 
for hip joint — 8.1 years (SD = 3.6; Me = 8.6; Mo = 9.2; 
0.1–19.3).

The obtained results of the blood test revealed a 
significant number of inflammation biomarkers de-
viations from the threshold values (Table 1).

The frequency of deviations from the threshold 
values in patients with aseptic revision of knee joint 
was 12.7% for CRP, 37.9% for D-dimer and 11.2% for 
ESR; with aseptic revision of hip joint: 17.9% for CRP, 
41.8% for D-dimer and 11% for ESR.

The relationship between the frequency of de-
tected deviations of laboratory parameters in patients 
with aseptic revision of knee joint and hip joint was 
not statistically significant: for CRP — p = 0.2067, for 
D-dimer — p = 0.4324 and for ESR — p = 1.0.

The analysis of synovial fluid with the count of 
leukocytes and the percentage of polymorphonuclear 
neutrophils in the pre- and intraoperative periods 
showed a predominance in the frequency of three-
time punctate examination.

Punctates of 91.2% of patients were examined at 
the preoperative period, 76.8% intraoperatively. The 
positive results of preoperative punctations per-
formed at the place of residence in 6 cases did not 
coincide with the results obtained at the Center and 
were recognized as false positive.

Punctates of 91.2% of patients were examined at 
the preoperative period, 76.8% intraoperatively. The 
positive results of preoperative punctations per-

formed at the place of residence in 6 cases did not 
coincide with the results obtained at the Center and 
were recognized as false positive. 

Aspirate sampling with different time inter-
vals was performed three times in 67.7% of cases, 
twice in 13.1% and once in 10.4%. At the outpatient 
stage, punctates of 8.75% of patients with mechani-
cal complications (dislocation or periprosthetic frac-
ture) detected by X-ray method were not examined. 
Subsequently, in some of these patients, the punctate 
was obtained intraoperatively. At the same time, 4.9% 
of the total number of patients (n = 480) were not 
punctated either before or during surgery.

The studied group of patients underwent 804 joint 
punctures (hip joint + knee joint) in the polyclinic of the 
Center. Of these, 32.6% of the results showed the pres-
ence of hemorrhagic contents in the punctate, which 
may be due to both the presence of blood in the joint 
cavity and traumatization of the vessel during the ma-
nipulation. 13.9% of the studies were possible only by di-
luting the punctate with saline (“dry” joint). At the same 
time, a difference in the quality of the received punctates 
was revealed, probably related to the complexity of tak-
ing biomaterial due to anatomical features of approach 
to the joint. 26.8% of knee joint punctates (95 out of 354) 
and 44.9% of hip joint punctates (202 out of 450) did not 
meet the requirements of cytological examination.

The results of bacteriological examination of syno-
vial fluid before surgery in all patients (hip joint and 
knee joint) were negative, while some laboratory pa-
rameters did not allow to completely exclude PJI.

Out of 480 cases of aseptic revision, “unexpected” 
positive intraoperative cultures were found in 10 cas-
es, which amounted to 2.08% of the total number of 
studies conducted (Table 2).

A positive result with identical sensitivity was ob-
tained in two or more samples. The specific structure 
of the selected intraoperative cultures with the pro-
posed aseptic revisions is shown in Figure 2.

In 8 out of 10 cases, the causative agents were co-
agulase-negative staphylococci, 6 out of 8 cases were 
MRSE pathogens. In two cases, anaerobic bacteria 
(Propionibacterium granulosum and Parvimonas mi-
cra) were the causative agents of infection.

Since the laboratory picture is diverse and ambigu-
ous and does not make it possible to reliably judge the 
presence of infection, we could confirm the infection 
only on the basis of the results of bacteriological cul-
turing (Table 3).

The growth of the pathogen from the removed 
components was detected in all 10 patients. The as-
pirate was not taken in four cases (“dry” joint); in 
one case out of 6 others, the absence of growth of mi-
croorganisms in the punctate was noted in the pres-
ence of growth from the removed components of the 
endoprosthesis.
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Fig. 2. Species structure of isolated microorganisms (number of results)
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Results of studies of patients with "unexpected" infections
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In 9 out of 10 patients, the infection was detected 
after the primary arthroplasty, in one — after the re-
vision arthroplasty. In all cases, the infection was re-
garded as late chronic (the earliest occurred 6 months 
after the arthroplasty). In one patient, both markers 
of PJI were elevated; in 6 cases, both indicators (CRP 
and ESR) were below the threshold values. Isolated in-
crease in CRP was noted in 4 cases. The reason for the 
revision in 8 out of 10 cases was the aseptic loosening 
of the endoprosthesis components. In 2 cases, there 
was a mechanical cause of the revision — migration of 
the acetabulum component with protrusion into the 
pelvis — and a periprosthetic fracture consolidated by 
the time of surgery.

All patients were prescribed systemic antibacterial 
therapy: intravenously during inpatient treatment 
and then, after discharge, orally for 10—12 weeks. The 
replacement of the drug, taking into account the sen-
sitivity of the microorganism in the early postopera-
tive period, was carried out on the 2nd-6th day after 
the surgery, as the result of microbiological examina-
tion was obtained.

Since an aseptic revision was supposed, only un-
stable components of hip joint were replaced in some 
patients (in 3 patients — the acetabulum component, 
in one — the femoral component), in other cases both 
components were replaced.

At the stage of catamnesis, following the results of 
an active telephone call of patients with positive cul-
ture, one of 10 patients had a problem in the joint: 7 
months after the surgery, periodic pain appeared in the 
joint, after another 10 months (after the COVID-19), 
the pain intensified, the temperature began to rise pe-
riodically, which, based on the patient’s complaints, 
can presumably be regarded as PJI. Revision was not 
carried out due to the patient’s failure to appear for 
hospitalization. Two patients noted periodic joint 
pain during weather changes or after prolonged activ-
ity, the remaining 7 patients did not make any special 
complaints. All patients noted a decrease in pain syn-
drome in the postoperative period compared to the 
result of the previous surgery, and were satisfied with 
the surgery. 

In 470 patients with negative culture, 63% of pa-
tients showed up for a follow–up examination a year 
after the revision, including four patients with typical 
PJI complaints: two with Knee joint endoprosthesis (5 
months and 2 years 10 months after the previous sur-
gery), two with hip joint endoprosthesis (a year and 3 
years, respectively). In each of them, the infection was 
confirmed clinically and laboratory at the preopera-
tive and intraoperative stages. Four patients, which 
accounted for 1.4% of those who showed up for a 
control examination, underwent a two-stage revision 
arthroplasty.

Discussion
Despite all diagnostic efforts, in many patients, the PJI 
remains unrecognized until the moment of revision 
[21]. According to the classification of D.T. Tsukayama 
et al., unexpected infection — “positive intraoperative 
culture” — belongs to the fourth type of the surgery 
area deep infection [30].

The most common complaint in these patients is 
joint pain, while there is no consensus on the system-
atic screening of infection with aseptic revision joint 
replacement. According to number of authors, each 
case with pain syndrome in the area of THA, especially 
during the first 2–3 years after surgery, should be con-
sidered as a potential infectious complication, up to 
evidence to the contrary [12, 31].

The study showed that in preparation for aseptic 
revision and their performing, some of the PJI that 
were not detected by available methods remained out 
of sight. In the presence of mechanical complications, 
surgeons ignored performing diagnostic joints punc-
tures, since the cause of the complication and the rea-
son for the revision were not in doubt. The successful 
results of preoperative studies also testified in favor 
of the absence of an infectious process. Meanwhile, 
we have identified a certain part of the “unexpected” 
infections associated with mechanical complications.

In our opinion, in order to exclude PJI in any re-
vision, there are indications for the study of serum 
markers of inflammation and the analysis of aspirate 
from the joint cavity. In PJI caused by highly virulent 
pathogens, inflammatory markers such as ESR and 
CRP are usually elevated; in the case of chronic (low-
symptom) infection, changes in these indicators are 
less common, and their level has secondary impor-
tance [12, 32].

It is known that normal blood counts do not exclude 
the presence of infection (which was the case in our 
study), and deviations in their level are nonspecific for 
PJI and may be manifestations of an infectious process 
of any localization or other concomitant pathologi-
cal process. With a simultaneous increase in the level 
of ESR and CRP, the combined sensitivity of the latter 
increases to 96%, but the specificity remains low [23]. 
If both indicators are negative, then this corresponds 
to a high negative prognostic value, but does not com-
pletely exclude infection [12, 33]. In our study, CRP was 
above the threshold values in 11.1–19.4% of all cases; 
among “unexpected” infections — in 6 out of 10 cases 
it was below the threshold values with confirmed PJI.

Despite the fact that the Second ICM included the 
D-dimer as a secondary criterion (“small” marker) for 
PJI, its diagnostic role deserves further study. For the 
diagnosis of PJI, the D-dimer level has the same or less 
significant importance than CRP and ESR. According 
to colleagues, the frequency of false positive results 
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may be 46%, the frequency of false negative results — 
17%; at the same time, sensitivity and specificity may 
remain relatively high. Causes contributing to an in-
crease in D-dimer values in patients with aseptic loos-
ening: thrombotic disorders, inflammatory diseases, 
postoperative conditions, oncological diseases, infec-
tions, injuries, hemorrhages and even coronavirus dis-
ease (COVID-19). The D-dimer is mainly a marker of 
systemic fibrinolysis and fibrin turnover, so its values 
can potentially be influenced by many factors: age, 
gender, body mass index, concomitant cardiovascular 
diseases requiring treatment with anticoagulants [34]. 
The high proportion of D-dimer values deviations 
from the norm in our study (41.8%) can be explained 
by the lack of information about concomitant diseases 
of patients that could have a significant impact on 
D-dimer values.

Preoperative aspiration of synovial fluid as an in-
vasive procedure is not mandatory for the study, it 
is usually performed in patients with suspected PJI, 
which corresponds to the routine clinical practice in 
some medical organizations. Bacteriological exami-
nation makes it possible to determine the antibac-
terial sensitivity of the microorganism, which is of 
extremely high value for determining the tactics of 
further treatment [21]. With the standard approach, 
the examination of the punctate in the preoperative 
period is not always carried out in most medical or-
ganizations [8, 21]. We assume that the aspirate analy-
sis should be performed in all patients regardless of 
the level of serum markers of inflammation.

When puncturing the cavity around the prosthe-
sis, it is not always possible to isolate the causative 
agent of PJI. It is known that many microorganisms 
that cause PJI are capable of forming biofilms, which 
sometimes does not allow isolating the infecting 
agent by traditional cultural methods [12, 35]. If there 
is suspicion of PJI, and the aspirate study gave a nega-
tive result, for example, with Punctio sicca, an open 
diagnostic biopsy can be used — a more reliable meth-
od compared to the aspirate study both in sensitivity 
(82% vs. 64%) and specificity (98% vs. 96%) [36]. If PJI 
is suspected, the need for an additional invasive pro-
cedure should always be assessed.

With a wide coverage of patients with punctures 
before aseptic revision, it is not always possible to ob-
tain a sufficient amount of punctate for examination, 
which is characteristic of the aseptic process. With the 
existing different approaches of ICM and EBJIS to the 
collection of synovial fluid, in our case, 13.9% of the 
studies were possible only by diluting the punctate 
with saline solution (according to EBJIS). If possible, 
the punctate should not contain blood inclusions, 
because this can mimic leukocytosis [37, 38]. In our 
case, more than 30% of the received punctures were 
hemorrhagic.

With significant dilution of synovial fluid with 
saline solution, significant dilution of cell mass can 
distort the results of laboratory studies; it is recom-
mended to exclude these low-quality samples from 
future diagnostic studies, since an artificial decrease 
in the sensitivity of the test will be observed [23, 38]. 
On the contrary, hemorrhagic impurities can simulate 
false leukocytosis. Nevertheless, we used dilute and 
hemorrhagic samples for diagnosis as accessory with 
appropriate comments for clinicians to maintain in-
fectious alertness.

The study of the punctate gives us two diagnos-
tic criteria at once to help us: bacteriological culture 
and analysis of aspirate with cell differentiation. In 
our study, preoperative examination of synovial fluid 
showed the absence of pathogens growth and cytosis 
during a three-time preoperative examination of the 
joint punctate, which in 97.9% of cases coincided with 
negative results of the intraoperative materials study, 
which indicates the high efficiency of the proposed 
examination algorithm. However, it should be keep in 
mind that it is not necessary to rely entirely on the 
result of cytosis, since the accepted cytosis thresholds 
are unacceptable for hemorrhagic samples for 6 weeks 
from the day of surgery, as well as for systemic dis-
eases, dislocation and fracture [18].

According to G.A. Kukovenko et al., three-time 
examination makes it possible to correctly diagnose 
and isolate the causative agent of deep PJI [39]. Our 
analysis of the punctate microbiological examination 
results showed that with an increase in their multi-
plicity, the number of positive results increases. This 
conclusion is confirmed by the fact that during the 
third puncture in patients with septic process, the 
growth of microorganisms was detected in another 
6.7% of cases. If a three-time study had not been con-
ducted, then this part of the cases would have been 
recognized as aseptic and would subsequently have 
been qualified as septic already during the revision 
and in the postoperative period.

For clinicians, preoperative data has great impor-
tance in choosing surgical tactics — in our case, they 
did not cause suspicion. At the same time, cytosis de-
tected intraoperatively in three patients (>2000 cells /
µl) in combination with other complications (mechan-
ical, somatic) did not contribute to infectious alert-
ness, and this could affect the change in the course 
(staging) of the surgery. We identified “unexpected” 
infections only in the postoperative period, after bac-
teriological examination of intraoperative materials.

According to the literature, the prevalence of “un-
expected” positive intraoperative culture ranges from 
4% to 38%, which may be due to differences in pre-
operative diagnosis, features of the cases selection 
of aseptic revisions, the number of culture samples 
taken, as well as be associated with possible contami-
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nation of biomaterial, insufficient sample size [8]. The 
average prevalence of “unexpected” infection among 
the patients included in this review was 10.5% [8]. The 
gap between our result (2.08%) and the literature data 
may be due to the short follow-up period of patients 
in this study (3 years), as well as different approaches 
to the frequency of preoperative and intraoperative 
joint punctures in non-infectious complications after 
arthroplasty.

Some of authors consider “unexpected” infections 
mainly in the context of aseptic loosening of compo-
nents. In our study, the proportion of “unexpected” 
infections in the structure of aseptic loosening was 
only 3.75% compared to 10.0% in G. Renard et al [19].

According to the literature data, “unexpected” in-
fections are almost twice as often detected in hip joint 
than in knee joint [8]. All the cases we identified con-
cerned THA, which is explained, as we believe, by the 
difficulty of obtaining synovial fluid from hip joint.

In the studies of colleagues, it is noted that the 
most common microorganisms in “unexpected” infec-
tions are coagulase-negative staphylococci, in second 
place is Propionibacterium; virulent organisms such 
as Staphylococcus aureus and enterococci are less 
common [14]. Our results confirm these conclusions: 
methicillin-resistant Staphylococcus epidermidis — 
MRSE was the leader in the microbial landscape.

The use of molecular biological methods such as 
polymerase chain reaction (PCR) for the diagnosis 
of PJI has been well studied [8, 12, 40, 41, 423] and it 
would contribute, on the one hand, to the additional 
detection of microorganisms. On the other hand, these 
methods are very sensitive to contamination [21]. In 
addition, most of them as test kits are not available to 
many medical organizations and therefore are still far 
from routine use in everyday clinical practice.

Measurement of alpha-defensin in synovial fluid is 
used as a supplement to existing tests for the diagno-
sis of PJI as the most specific preoperative test [14, 18]. 
Its use also has its limitations — false positive results 
are possible in cases of hemorrhagic or dilute sample, 
with metallosis. This test is used in daily clinical prac-
tice in our Center to a limited extent in doubtful cases 
due to its high cost.

The tactics of further revision depends on the veri-
fication of the etiological factor of the complication 
that led to the aseptic revision — whether it should 
be carried out by a one-stage method or in two stages. 
When there is no data for the infectious process be-
fore surgery, and pathogens difficult to eradicate are 
isolated from intraoperative material, for which the 
choice of active antimicrobials is limited, one-stage 
replacement of the endoprosthesis can lead to subse-
quent relapses and repeated revisions.

Currently, one-stage revision arthroplasty is used 
only to a limited extent in the treatment of PJI, de-

spite the obvious economic benefits in comparison 
with two-stage revisions. Both approaches have their 
pros and cons.

There is an opinion that one-stage revision in pa-
tients with PJI reduces total intraoperative blood loss, 
negative impact on concomitant diseases and the 
mortality rate of patients, not inferior to the results 
of two-stage treatment in terms of infection suppres-
sion [41]. It is fundamentally important to complete-
ly remove all the components of the endoprosthesis 
and remaining bone cement if it presents [12]. The 
absolute advantage of this surgery is the simultane-
ous relief of infection and the rapid restoration of lost 
limb function, as well as a single course of antibiotic 
therapy [41].

However, compared with two-stage revisions, one-
stage has a number of limitations of use in conditions 
of polymicrobial infection, immunosuppression, sig-
nificant defects in the bone and soft tissues of the af-
fected joint [43]. At the same time, it is believed that 
two-stage revision in chronic (low-symptomatic) PJI 
has a high success rate compared to a one-stage revi-
sion: the risk of reinfection is 33.9% higher than with 
a two-stage revision [12].

The tactics of joint punctures practiced in the 
Center in the preoperative period with any upcoming 
revision allows you to immediately differentiate ob-
vious PJI. Our additional studies make it possible to 
detect “unexpected” infections at the level of 2.08% 
of all aseptic revisions, which is significantly less than 
the data of the world literature — 4–38% [8].

Timely chosen treatment tactics in the identified 
cases (the appointment of antibacterial therapy in the 
postoperative period after one-stage revisions and at 
the outpatient stage, taking into account the sensitiv-
ity of the isolated microorganism) allowed to achieve 
a good treatment result in 9 out of 10 patients.

Valuable information for diagnosis was added by 
the examination of the aspirate from the joint. The 
analysis of the studied publications showed that for-
eign colleagues did not perform triple punctures en 
masse, which explains the higher rate of detection 
of “unexpected” infections during aseptic revisions 
in the postoperative period. The tactic of three-time 
punctate studies used by us logically increases the 
proportion of detected infection in the preoperative 
period, which allows us to attribute these cases to PJI 
and apply appropriate surgical treatment tactics to 
them. We assume that this is the reason for the differ-
ences in the frequency of detection of “unexpected” 
PJI in our study and in the literature.

The maximum coverage of patients with joint 
punctures (from one to three) before aseptic revi-
sions, and especially during their implementation 
with mandatory cytological and microbiological stud-
ies of the punctate, allowed us to choose the optimal 
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stage of surgical treatment of patients and reduce the 
risk of relapses.

According to our data, 9 out of 10 patients with 
“unexpected” infections in the medium term (more 
than one year) had a favorable outcome of surgical 
treatment.

Study limitations

The results of the study could be affected by incom-
plete data of laboratory and bacteriological studies in 
some patients at the pre- and intraoperative stages 
(lack of research results, non-compliance with the fre-
quency of their conduct), non-attendance of some pa-
tients for a follow-up examination. It should be noted 
that we included low-quality punctates (synovial flu-
id) in the data processing, which is also a limitation 
of the study, since it indicates that in 43.9% of cases 
it is not possible to obtain biological material that 
meets the requirements for cytological examination. 
This significantly reduces the diagnostic capabilities 
of cytological examination of the punctate. The pro-
gram of our research differs from the methodological 
approaches of other authors, which requires an addi-
tional multicenter or meta-study on this problem ac-
cording to a single protocol.

Conclusions
The detection of infection where it was not supposed 
to be and its identification make it possible to pre-
scribe a rational course of antibacterial therapy after 
one-stage revisions. Successful results of treatment of 
patients with “unexpected” infections in 90% of cases 
make it possible to use this approach in planning of 
revision interventions. The experience gained allows 
us to use one-stage revision in certain cases in the 
treatment of PJI.

Ethical expertise
The study was carried out in accordance with the 
ethical principles of the Helsinki Declaration (World 
Medical Association Declaration of Helsinki — Ethical 
Principles for Medical Research Involving Human 
Subjects, 2013), “Rules of Clinical Practice in the 
Russian Federation” (Order of the Ministry of Health 
of Russia dated 06/19/2003 No. 266).

Informed consent
The patients gave written informed consent to partici-
pate in the study and publish its results.
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