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Comorbidity Index as a Risk Factor of Knee PJI Recurrence
After Spacer Implantation
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St. Petersburg, Russia

Background. Patient-related risk factors for periprosthetic joint infection (PJI) are currently investigated in detail.
However, the influence of those factors on PJI recurrence and their confounding effect was not investigated. Identifying
factors that influence PJI recurrence and establishing the role of each risk factor are important.

The study aimed to analyze the comorbidity structure in patients with knee PJI and create, based on obtained data, a
rating scale that allows predicting the probability of PJI recurrence after spacer implantation.

Methods. A single-center study was conducted based on retrospective data of 161 patients with PJI after primary
total knee arthroplasty treated with staged reimplantation from January 2007 to January 2017. To clarify comorbidity
structure and the most important risk factors, all patients were divided into two groups: patients with PJI
recurrence after spacer implantation (group 1, n = 48) and patients who successfully passed spacer implantation
(n =113, group 2). Based on the obtained data, the frequency of comorbidities was analyzed. The list included 17 points
that characterized the presence and severity of different comorbidities. Then, we conducted a logistic regression analysis
to identify the significance of each factor and thresholds for the comorbidity index (CI) for the interpretation of the final
score. With the presented scale, spacer implantation in the compared groups was analyzed.

Results. The most significant comorbidities were anemia, chronic kidney disease, obesity, and cardiovascular
pathology. The CI thresholds were calculated, which allowed interpretation of the obtained score. The distribution
of patients by risk categories within each group was also analyzed, and differences between groups were
determined. The CI value corresponding to the minimal risk of PJI recurrence was more common (p<0.0001)
in group 1. Moreover, more than half of the patients with failed spacer implantation had a high risk of PJI recurrence
according the CI value, and only 6.2% of patients who had successful treatment had CI high value (p<0.0001).
Conclusions. The multivariate analysis of the presence and severity of concomitant pathologies enabled the development
of a comorbidity scale with the calculation of an integral indicator (comorbidity index) and establishment of its threshold
values. The proposed CI could be the basis for a combined relapse risk calculator and an algorithm for choosing the
surgical treatment strategy in patients with knee PJI, which requires further investigation.
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PacueTt uHpekca KOMOp6MAHOCTU KaK akTopa pUCKa peunamBa
nepunpoTesHon MHGEKLMUU NoCNe YCTAaHOBKM cneicepa
KOJNIEHHOrO CyCTaBa

I1.M. IIpeo6paskenckuii, C.A. BoxkkoBa, A.B. Kasemupckuii

OIBY «HauyuoHanvHblli MeOUYUHCKULL ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munszdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxkmyansHocmp. B HacTosilee BpeMsI TOAPOOHO M3yUeHbI CBSI3aHHBIE C MAlMeHTOM GaKkTOopbI, TOBBIIIAOIIME PYCK BO3HMUK-
HOBeHMS niepunpoTe3Hoit nHbekyuy (IIT11), ogHaKOo BAMSIHME TeX ke (DaKTOPOB HA PUCK Pa3BUTHS peliManBa MHGEKIUN, a
TaKke KyMYJISTUBHBIN 3¢ deKT HeCKOMbKMUX 3a00/1eBaHMIt Ha PUCK peliMANBa M3yUeHbl HeJOCTaTOUHO.

Ilens uccnedosanus — MPOAHATN3UPOBATH CTPYKTYPY COMYTCTBYIOLIE) MTaTOMIOTM Y TanueHTOB ¢ [TV KoJIeHHOTO CycTaBa
M Ha OCHOBAHMM IIOJTYYEHHBIX JAHHBIX CO3JaTh OLEHOYHYIO LIKAJTY, IIO3BOJISIIOLIYIO IPOrHO3MPOBATh BEPOSITHOCTh Pa3BU-
TUS pelUaANBa MHGEKLMM TOoC/Ie CAaHUPYIOLIEro 3Tara orepaluu.

Mamepuan u memodsi. PeTpocrieKTMBHOE OJTHOLIEHTPOBOE KOTOPTHOE MCC/IelOBaHMe OCHOBAHO HA MOTYYEHHbIX U3 MeIy-
LIMHCKOM JOKyMeHTaluu cBefeHusix o 161 maiuenTe c I[1IIM nocie nmepBUYHOTO SHAOMIPOTE3MPOBAHMS KOJIEHHOTO CyCTa-
Ba, MPOMIEIIEro 3TArHoe JeyeHne 3a nmepuoyg, ¢ ssuBapst 2007 1. mo sHBapb 2017 1., COBpaHHBIX B X0/ AMCCEPTAIMOHHOTO
ucciaemoBanus. C 1eTbI0 YTOUHEHMSI CTPYKTYPhl KOMOPOUAHOCTY U Haubosee BaXKHbIX (aKTOPOB pucka peryuausa [T
MaluMeHTOB pa3fenuau Ha [IBe TPyNIbl: rpynna 1 — nauueHTsl ¢ penyauBamu [IIM nocie BbITTOIHEHUST IEPBOTO 3Tarma
JieueHUs: — 48 denoBek; rpymmna 2 — naiueHTsl ¢ [1I1H, ycreltHo mpollefiinxe MepBblii 3Tan (MMIUIAaHTaLUus clieiicepa) —
113 yenoBex. IIpy BBITTOMHEHNUM AUCCEPTALIMOHHOTO MCCIeqoBaHmMs mepBoro apTopa (I1.M.I1.) 6611 chopMUPOBaH MepeueHb
COMYTCTBYIOILEe} TaTOMOTUM, COCTOSIILMI 13 17 MyHKTOB, XapakTepU3YIOUIMX HaTUUYMe U BbIPasKeHHOCTD Pa3JIMYHBIX COITYT-
CTBYIOIIMX 3a060eBaHmit. B mambpHeliiem mpy MOMOIIM MyJIbTU(MAKTOPHOTO CTATUCTUYECKOTO aHa/IM3a C MCTIONTb30BaHMEeM
MeTOo/Ia KJacCU(UKALMOHHBIX IEPEBbHEB OMPeIesiM 3HAUMMOCTh KaXk[I0i ITaTOIOTY, TOPOrOBbie 3HAUEHMS IJIST CYMMap-
Horo 6aJi1a 1Mo chopMyIMPOBAHHOI 1IKaIe KOMOPOUIHOCTH (MHIEKCA KOMOPOUIHOCTH) AJIT MHTEPIIPeTaly TOTyUeHHbIX
pesyJIbTaToB.

Pesynsmamet. Hau6osbIiast 3HAUMMOCTb Cpeiy pounx HakTopoB MPUHAMIEKUT XPOHUUECKOI Kee30aedUIIUTHON aHe-
MUY, 32607IeBaHMSIM ITOYEK, OSKUPEHMIO U ITATOJIOTUY CEPIEYHO-COCYANCTONM CUCTEMBI. YCTAHOBIEHBI 3HAUEHMSI TOPOTOBBIX
KPUTEpUEB MHAEKCA KOMOPOUIHOCTM, TTO3BOJISIONIME TPAKTOBATh MOJIYYEHHBIN pe3ynbrat. [[poaHaM3MpoBaHO pacipe-
JlefieH)e TIalleHTOB 10 KaTeropmsiM pucka BHYTPU KaKI O TPYIIIbI U OMpeiesieHbl MeKTPYIIIIOBble pasanyys. 3HaueHue
MHJIEKCa, COOTBETCTBYOIIee MYMHMMAIbHOMY PUCKY PelMaAMBa MHMEKIMHM, Yallle BCTPEYaIoCh B IPYIIIIE MAI[MEeHTOB 6e3 pe-
uuauBa I (p<0,0001). Bosee mMoOBMHBI MAIMEHTOB € HEYIAYHBIMY TMOTIBITKAMM CaHAIMM ovara MHMEKIMOHHOTO BOC-
TayieHyst UMeJ BbICOKUIT PUCK, TT0 CPaBHEHMIO C MaljeHTaMu 6e3 peunayusa IITN.

3axouerue. TIpoBeeHe MHOTO()AKTOPHOTO aHAIN3a HATMYMS U BBIPAKeHHOCTY COMYTCTBYIOIIEH MTaTONOTMM TI03BOIUIIO
pa3paboTaTh MIKaTy KOMOPOUAHOCTM C PaCUeTOM MHTErpa/ibHOTO IoKa3aTessl (MHAeKca KOMOPOUIHOCTM) M YCTAaHOBUTD
€ro Mmoporosbie 3HaueHus. [IpeIoKeHHbI MHIEKC KOMOPOMUIHOCTM MOXKET Jieub B OCHOBY 00beMHEHHOT0 KaJIbKyIITOpa
pHUCKa penyauBa U aIropmMTMa TaKTUKY BhIOOPA XUPYPTMUECKOrO JieueHus y maineHTos ¢ 1[IV KoJIeHHOro CycTaBa, uTo
TpebyeT JaJbHeNIINX UCCIef0BaHNIA.

KiioueBble cmoBa: repuripotesHas MHOEKIMS, KOJIEHHbI CYyCTaB, PelUANB, KOMOPOUIHOCTD, PaKTOPBI pyUCKa.
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Background

Over the past decade, periprosthetic joint infec-
tion (PJI) has steadily become one of the most
common reasons for revision interventions af-
ter knee arthroplasty [1, 2]. Given the increasing
number of PJI cases caused by difficult-to-treat
pathogens and a significant proportion of com-
plicated PJI cases (such as undetected pathogens,
fistulous forms of P]I, and massive bone defects),
staged re-endoprosthetics remains one of the
preferred surgical approaches [3, 4, 5]. The treat-
ment of PJIis associated with significantly higher
costs and a greater number of complications than
arthroplasty for aseptic reasons [6, 7]. According
to Lum et al., the mortality rate varies from 1.7%
to 34.0%, and its causes can be both the severity
of the infectious process and decompensation of
concomitant pathology [8].

Currently, patient-related factors that in-
crease the PJI risk have been studied in detail,
which include the presence of systemic diseases,
liver and kidney pathologies, immunodeficiency
states, obesity, peripheral vessel pathologies, etc.
[9]. However, the influence of these factors and
the cumulative effect of several diseases on the
risk of recurrence are less investigated. Thus, not
only identifying the factors that influence the
risk of relapse but also establishing the degree of
this influence is important. Considering that sev-
eral patient-related risk factors are modifiable,
the identification of key pathologies will help
the patient be more prepared at the preoperative
stage for the upcoming surgical intervention, re-
ducing the probability of P]I recurrence and le-
thal outcomes.

This study aimed to analyze the comorbidities
in patients with knee PJ]I and, based on the data
obtained, to create an assessment scale for pre-
dicting the probability of infection recurrence af-
ter the sanitizing stage.

Methods
Study design

A retrospective single-center cohort study was
conducted based on the medical records of 161
patients with PJI after primary knee replace-
ment who underwent staged treatment from
January 2007 to January 2017, collected dur-
ing the thesis research of the first author* [*P

M. Preobrazhensky, Ways to Optimize Revision
Knee Arthroplasty in Patients with Periprosthetic
Infection, Ph.D. (Medicine) thesis work, Saint
Petersburg (2017)]. The average follow-up period
was 5.6 (2.4-7.2) years.

The criteria for exclusion from the study were
previous revision interventions on the knee joint
and signs of a systemic inflammatory response.

Diagnostics of the knee PJI was performed
based on the criteria of the International
Consensus Meeting [10]. The PJI type was de-
termined based on the timing of its manifesta-
tion after primary arthroplasty, that is, early
(<3 months after arthroplasty), delayed (3-12
months after arthroplasty), and late (>12 months
after arthroplasty) [11].

To clarify the structure of comorbidities and
the most important risk factors for PJI recur-
rence, patients were distributed into two com-
parison groups:

- Group 1 included patients with PJI relapse
after stage 1 of treatment (n = 48);

- Group 2 consisted of patients with PJI whose
spacer implantation was successful (n = 113)
(Fig. 1).

In the comparison groups, known risk factors
for the occurrence of infectious complications
were analyzed, namely, initial diagnoses; identi-
fication of the pathogens in the puncture sample
preoperatively or diagnostically significant path-
ogens from the intraoperative material; presence
and severity of cardiovascular, respiratory, liver
and biliary duct, and urinary disorders; diabetes
mellitus; systemic, hematological, and malig-
nant diseases; coagulation disorders; and intake
of anticoagulants.

Patients with PJI
(n=161)
Stage I: sanitation,
installation of a spacer
Group 1:relapse Group 2: successful
results (n = 113)

(n=48)
Comparison groups

Fig. 1. Study flowchart
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To determine the degree of the estimated risk
of PJI recurrence, we created a list of comorbidi-
ties, consisting of 17 items characterizing the
presence and severity of various comorbidities.
Each item, depending on the degree of disease
manifestation, was assigned 0-3 points: 0, no
manifestations; 1, minor manifestations or their
absence, and no permanent therapy is required;
2, presence of clinical manifestations, but with
a controllable patient condition, and constant
therapy is required; and 3, moderate and severe
manifestations despite treatment (Table 1).

Subsequently, in the multivariate analysis us-
ing the classification tree method, we determined
the significance of each factor and threshold val-
ues for the total score according to the formulated
comorbidity scale, that is, the comorbidity index
for interpreting the results obtained. This scale
was used to analyze the treatment outcomes of
all study patients.

In this study, all patients underwent a sanitiz-
ing surgery, including arthrotomy, removal of the
components of the endoprosthesis and cement
mantle, if any, debridement of soft and bone tis-
sues involved in the infectious process, abundant
lavage of the joint cavity using Lavasept solution
(at least 5 L), and further implantation of an an-
timicrobial articulating or block-shaped cement
spacer [4].

Stage 1 of surgical treatment was considered
successful if the patient had no clinical or labora-
tory signs of PJI recurrence upon admission for
revision arthroplasty. Repeated sanitizing inter-
ventions between sanitation stages were inter-
preted as a poor outcome.

Statistical analysis

The clinical results obtained were analyzed us-
ing the StatSoft STATISTICA 10 software system.
Frequency characteristics (sex, PJI type, comor-
bidities, and outcomes) of qualitative indicators
were compared using nonparametric y?> methods,
Pearson’s %%, and Fisher’s test. The median was
used as the central characteristic, and the low-
er (Q1) and upper (Q3) quartiles (25%-75% of
the interquartile range) were used as measures
of dispersion. Quantitative parameters (such as
age, duration of hospitalization, surgery dura-
tion, and blood loss volume) in the study groups
were compared using the Mann-Whitney test.
Differences between the groups were considered

significant at p < 0.05. The classification tree
method was used to determine the significance
of factors and threshold values in the proposed
comorbidity scale.

Results

The infectious process was possible to be ar-
rested in 113 of 161 study patients after the first
stage of sanitizing surgery. Stage 2 was revision
arthroplasty. Thus, the efficiency of the sanita-
tion stage was 70.1%.

The general characteristics of both the study
cohort and comparison groups are presented in
Table 2. The distribution of patients by sex and
age in the comparison groups was comparable
with a slight predominance of women. The aver-
age age of the patients in the comparison groups
was 60.5 (29-77) years. A hematogenous route of
generalized infection in which symptoms mani-
fest later than 12 months was the most common
in both groups. In the majority of the study pa-
tients, primary arthroplasty was performed for
idiopathic gonarthrosis, that is, in 70.2% of pa-
tients without PJI recurrence and 50.0% of pa-
tients with relapses. Posttraumatic gonarthrosis
occurred significantly more often (p = 0.05) in
patients with PJI relapses, and systemic diseases
as the cause of primary arthroplasty occurred
with a comparable frequency.

As regards PJI pathogens in patients who
completed successfully the two-stage treatment,
Staphylococcus epidermidis was the most com-
mon, whereas in patients with relapses of infec-
tion, S. aureus was the most common pathogen.
Moreover, 40% of S. aureus isolates in patients
with relapses were resistant to methicillin, sur-
passing more than twice (p = 0.086) that in pa-
tients without relapses (17.7%). In addition,
the frequency of methicillin-resistant strains
of epidermal staphylococcus in the compari-
son groups was comparable. Representatives
of Corynebacterium spp. and Enterobacteriaceae
were more frequently isolated from patients with
poor treatment outcomes (Table 3).

Polymicrobial infection was also diagnosed
two times more often in recurrent PJI, that is, in
22.6% of the cases compared with 10.6% of pa-
tients who had successful surgery (p = 0.05).

The most common somatic pathologies in both
groups were cardiovascular diseases (coronary
heart disease, arterial hypertension, and heart fail-
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Table 1
List of comorbidities
Disease 0 points 1 point 2 points 3 points
Ischemic heart disease No Constant therapy Use of therapy, the condition is Decompensation: unstable

Congestive heart failure

Cardiac arrhythmia

Arterial hypertension

Peripheral vascular disease:
obliterating atherosclerosis,
varicose veins, endarteritis

Diabetes mellitus

Respiratory system diseases:
COPD and chronic bronchitis,
bronchial asthma

Malignant neoplasms,
including hematological

Pathology of the liver and BD

GIT pathology

Systemic connective
tissue diseases: RA, SLE,
scleroderma, etc.

Anemia of any etiology

Coagulation system
disorders: thrombophilia,
thrombocytopenia, etc.

Intake of anticoagulants

HIV/AIDS

Diseases of the kidneys and
UT: CRF associated with
glomerulonephritis, diabetes,
etc., chronic infections of the
kidneys and UT

Metabolic status: entry of
height and weight, automatic
calculation of BMI and
assignment of the required
number of points

No
No

No

No

No

No

No

No

No

No

No
No

No

No

No

Normal

is not required

CHF-I

Constant therapy
is not required

Constant therapy
is not required

Initial signs,
constant therapy
is not required

Diet

Initial signs,
constant therapy
is not required

History, no
recurrence

Initial signs,
constant therapy
is not required

Initial signs,
constant therapy
is not required

Initial signs,
constant therapy
is not required

Mild: >90 g/1

Without hypo- or
hypercoagulation

For orthopedic
indications

Constant therapy
is not required

Kidney disease
without CRF;
history of acute
infection

Overweight
(BMI 26.0-27.9)

compensated, and/or a history of
infarction

CHEF-II (A and B)

Permanent or paroxysmal form
of arrhythmia, use of constant
therapy; the condition is
compensated

Use of constant therapy; the
condition is compensated

Moderate signs; therapy is
required

Use of therapy; the condition is
compensated

Moderate signs; therapy is
required

Stabilization during antitumor
treatment

Use of therapy; the condition is
compensated

History of gastrointestinal ulcer;
therapy is required

Use of therapy; the condition is
compensated

Moderate: 70-90 g/L

Clinical and laboratory
manifestations of hypo- or
hypercoagulation

For cardiological indications;
without hypocoagulation

Use of therapy; the condition is
compensated

Initial or moderate CRF, remission

of chronic disease

Obesity I-1T (BMI 31.0-40.9)

angina, acute coronary
syndrome, acute myocardial
infarction

CHF-III

Newly detected untreated
arrhythmia and
decompensation during
therapy

Decompensation: hypertensive
crisis

Surgical treatment is required

Subcompensation and
decompensation

Severe respiratory failure

With distant metastases,
progression during treatment

Hepatic cirrhosis, severe signs
of liver failure

Acute erosive gastritis, acute
ulcer, and bleeding from the
GIT

Decompensation during
therapy

Severe: <70 g/L

History of venous thrombosis
or PAE

For cardiological indications;
there are clinical and
laboratory manifestations of
hypocoagulation

Development of an infectious
process associated with HIV/
AIDS

Severe CRF or dialysis,
exacerbation of infection

Obesity III-IV (BMI 36-41),
anorexia (BMI < 17.5)

CHF - chronic heart failure; COPD — chronic obstructive pulmonary disease; GIT — gastrointestinal tract; BD — biliary ducts; RA — rheumatoid
arthritis; SLE — systemic lupus erythematosus; PAE — pulmonary artery thromboembolism; UT — urinary tract; CRF — chronic renal failure; BMI -,

body mass index.
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Table 2
Characteristics of patients in the study groups
Parameter Total, n =161 n (%) GrouI’)q }"%’; =48, Groupn2(,c£)= 13, p
Gender
Men 41 (25.5) 17 (35.4) 24 (21.2) 0.075
Women 120 (74.5) 31 (64.6) 89 (78.8) 0.075
PJI type
Early 46 (28.5) 13 (27.1) 33(29.2) 0.850
Delayed 48 (29.9) 14 (29.8) 34 (30.1) 1.000
Late 67 (41.6) 21 (43.7) 46 (40.7) 0.730
Initial pathology
Idiopathic gonarthrosis 103 (64.0) 24 (50.0) 79 (70.2) 0.010
Posttraumatic gonarthrosis 37 (23.0) 16 (33.3) 21 (18.5) 0.050
Rheumatoid arthritis 21 (13.0) 8 (16.7) 13(11.3) 0.400
Statistically significant values are given in bold.
Table 3
Structure of PJI pathogens in both groups
Pathogens G;ozlc}j)l G;o(l(% 2 D
Staphylococcus epidermidis 15 (23.1) 48 (37.5) 0.05
Staphylococcus aureus 20 (30.8) 42 (32.8) 0.87
CNS 6(9.2) 14 (10.9) 0.81
Streptococcus sp. 1(1.5) 3(2.4) 1.00
Enterobacteriaceae 9 (13.9) 3(2.4) 0.01
Enterococcus spp. 6(9.3) 6 (4.7) 0.22
NGNB 0(0) 3(2.4) 0.55
Corynebacterium spp. 4 (6.1) 1(0.7) 0.04
Propionibacterium spp. 1(1.5) 4(3.1) 0.66
Candida sp. 0(0) 1(0.7) 1.00
Other 3 (4.6) 3(2.4) 0.40
Total 65 (100) 128 (100) -

CNS - coagulase-negative staphylococci (except for S. epidermidis); Enterobacteriaceae, including Escherichia coli, Klebsiella
pneumoniae, Enterobacter cloacae; NGNB - nonfermentative gram-negative bacteria. Significant values are given in bold.
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ure). Moreover, this pathology was detected sig-
nificantly more often in patients with P]I relapses
(p <0.001) (Fig. 2).

Peripheral vascular disease, as a risk factor for
PJI occurrence and recurrence and tends to pro-
gress in case of repeated surgical interventions, oc-
curred in 48% of the patients in group 1 compared
with 24.8% of the patients in group 2 (p < 0.001).
Similar differences in the incidence were found for
liver and biliary duct, gastrointestinal tract, and
kidney and urinary tract diseases (p < 0.0001). Iron
deficiency anemia, which develops in the course of
a chronic infectious process, was also significantly
more often (p < 0.0001) detected during preopera-
tive laboratory examination in group 1. The rest of
the indicators included in the analysis did not show
significant differences in the comparison groups.

In the multivariate statistical analysis, each
indicator used in the comorbidity scale was as-
signed with its degree of significance depending
on the influence of this factor on the final result
(Table 4).

Among other factors, hematological diseases
(chronic iron deficiency anemia), kidney diseas-
es, obesity, and cardiovascular diseases (arterial
hypertension and coronary heart disease) were
significant.

The total score obtained when completing the
scale for each patient is called the comorbidity
index. Later, based on the statistical analysis,
the values of the threshold criteria for the co-
morbidity index were determined, which allow
interpretation of the results obtained. In the
study patients, the number of points correspond-
ing to each category of results was calculated
(Fig. 3). The distribution of patients by risk cat-
egory within each group was also analyzed,
and intergroup differences were determined
Table 5).

The index value corresponding to the minimum
risk of infection recurrence was more common
(p < 0.0001) in the group without PJI recurrence
(group 2; 51.3%). Moreover, more than half of the

Ischemic heart disease GG 734
96,2

Heart failure NN 69,0
Rhythm disorder W1

Arterial hypertension

Peripheral vascular disease M 24,8 S

i i N 124
Diabetes mellitus 20.9
Respiratory disease [l 11,5
18,7
Malignant neoplasms | 2,6
Pathology of the liver and pummm 192

bile ducts

Pathology of the — N 320
gastrointestinal tract

Systemic formations of the M 8,9
connective tissue

Anemia of any etiology M 44
Disorder of the blood | 0,0
clotting system | 2.1

Intake of anticoagulants IEEEE—————— 1nag

0,0
HIV/AIDS 31

Kidney and urinary tract [l 12,4
diseases 375

i — |
Metabolic status 88,0 87.5

0% 50% 100% 150%

m Group 2 = Group 1

Fig. 2. Occurrence of concomitant pathology in
groups 1 and 2;
*p<0.001; ** p<0.0001 compared with group 2

patients with unsuccessful attempts to sanitize the
infectiousinflammation foci(group 1) had ahighrisk
ofrecurrence (58.3%),whichwassignificantlyhigher
(p < 0.0001) than that in patients without P]I re-
currence (6.2%). The final average values of the
comorbidity index in the group without and with
PJI recurrence were 7.4 (3-14) and 13.0 (6-21),
respectively.
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Table 4
Significance of indicators of the
comorbidity scale

Indicators Significance of the factor by Place
strength
Anemia of any etiology 100 1
Kidney and urinary tract diseases 86 2
Arterial hypertension 80 3
Metabolic status 78 4
Ischemic heart disease 71 5
Diabetes mellitus 40 6
Heart failure 39 7
Pathology of the gastrointestinal
37 8
tract
Pathology of the liver and bile
d 34 9
ucts
Rhythm disorders 24 10
Respiratory system diseases 23 11
Peripheral vascular diseases 20 12
Intake of anticoagulants 16 13
Systemic connective tissue diseases 9 14
Malignant neoplasms 6 15
Blood coagulation disorders 5 16
HIV/AIDS 2 17
120% - .
100% e . 80,0%

80% - 72,7%

60%

40% - 273%™ 20,0%

20% -

0% -
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Fig. 3. Distribution of patients in groups 1 and 2 depending on the
risk calculated by the comorbidity index,
*#% p<0.0001 compared with group 2
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Distribution by risk categories within both groups, % ables
Risk Group 1 Group 2 p (between groups)
Minimum 4.2 51.3 0.0001
Medium 37.5 42.5 0.3000
High 58.3 6.2 0.0001
Total 100 100 -
Discussion (RR 2.22; p=0.001) in patients with chronic kid-

The development of relapse after spacer implan-
tation and further attempts of staged surgical
treatment are known to result in the aggrava-
tion of comorbidity and an increased risk of le-
thal outcomes [12]. Thus, identification of the
key risk factors for recurrence, their mutually
aggravating effect, and, if possible, correction at
the preoperative stage can both increase the ef-
ficiency of repeated endoprosthetics and reduce
the mortality of patients postoperatively.

Preoperative anemia in patients undergoing
primary arthroplasty more than double (from
2.0% to 4.2%) the risk of PJI manifestation, as
established by Greenky et al. after analyzing
complications in 15,707 patients. Nearly half
of the patients (44%) with preoperative anemia
required donor blood transfusion; while in the
absence of this risk factor, this indicator was
13.4% [13]. Although allogeneic blood transfu-
sion increases the risk of PJI, Newman et al. did
not reveal a relationship between this method of
hemoglobin correction and the recurrence of in-
fectious complications [14].

By using the classification tree method, we re-
vealed that anemia in a patient with PJI at the
preoperative stage most affects the risk of relapse.
However, this risk factor is modifiable, and timely
correction of the hemoglobin level will increase the
efficiency of the first stage of surgical treatment.

According to our data, kidney and uri-
nary tract diseases increase the risk of failure
of sanitizing interventions in patients with
PJI; their frequency in patients with PJI re-
currence reached 37.5%, significantly exceed-
ing (p < 0.001) the same indicator in group
1(12.4%). McCleery et al. came to similar conclu-
sions, having proved a significant increase in the
relative risk of development of both early PJI (RR
1.52; p=0.002) and late hematogenous infection

ney disease after primary arthroplasty [15]. An
even greater risk of infectious complications is
typical for patients with end-stage chronic kid-
ney disease, who receive hemodialysis (RR 4.40;
p =0.001) [16].

In our study, another significant risk factor for
recurrence was being overweight among patients
with PJI. The influence of this factor is also con-
firmed by international publications. Katakam et
al. reported a higher failure rate in patients with
obesity who underwent sanitation of the infec-
tious site with preservation of the endoprosthe-
sis components (57.9%) than in patients without
obesity (36.8%; p = 0.035). Watts et al. demon-
strated a significantly lower efficiency of the san-
itation stage in patients with PJI receiving staged
surgical treatment, that is, 22% of relapses in
case of morbid obesity compared with 4% in the
comparison group (p < 0.01) [17, 18].

Understanding the significance of the influ-
ence of the cumulative effect of various patholo-
gies on the life expectancy of patients resulted
in the development of various calculators that
predict both the potential life expectancy of a
patient and the risk of upcoming surgical inter-
vention. Charlson et al., based on patient age and
presence of concomitant pathologies (cardiovas-
cular, lung, liver, urinary system, neurological,
and oncological diseases and diabetes mellitus),
created a calculator to predict the 10-year sur-
vival of patients [19]. The disease severity on this
scale was taken into account only for liver pathol-
ogy, diabetes mellitus, and oncological diseases,
whereas for the other included pathologies, only
their presence matters.

Subsequently, the Charlson scale was validat-
ed to predict early mortality (3 months, 1 year,
and 5 years) in older patients hospitalized with
an exacerbation of chronic pathology [20]. This
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scale was also used in assessing the risk of surviv-
al in patients with end-stage kidney disease, who
receive hemodialysis, and patients with pros-
tate cancer, depending on the type of prostate-
specific antigen detected [21, 22]. A modified
Charlson scale also enabled assessing the 30-day
mortality in patients with bacteremia caused by
S. aureus [23].

A correlation was also established between
scores obtained on the American Society of
Anesthesiologists (ASA) scale, which is used to
predict the risk of surgery, and the probability
of PJI. Namba et al. revealed that patients who
scored >3 points on the ASA scale belong to the
group with a high risk of infectious complica-
tions [24].

The combination of modifiable and nonmodi-
fiable risk factors is known to affect the probabil-
ity of PJI. An analysis of 64 factors, performed by
Tan et al., led to the development of a calculator
that computes the probability of infectious com-
plications. However, such a calculator enables
computation only of the risk of PJI manifesta-
tion, and it is not applicable for predicting the
risk of recurrence of an infectious process due to
the structure of risk factors [25].

To predict the outcomes of sanitation of the
infectious inflammation focus with the preser-
vation of the components of the endoprosthesis
(debridement, antibiotics, and implant retention
[DAIR] procedure), based on the presence of cer-
tain pathologies, underlying diseases leading to
the development of gonarthrosis, and the level of
C-reactive protein, two groups of researchers cre-
ated two different calculators. The KLIC scale pre-
dicts the success rate of the DAIR procedure, re-
gardless of the term of PJI manifestation, and the
CRIMESO scale is used for a similar surgical inter-
vention in acute hematogenous infection [26, 27].

Based on the analysis of 56 risk factors in 293
patients with PJI, Klemt et al. found that the stron-
gest predictors of recurrence are attempts of sani-
tation interventions with the preservation of en-
doprosthesis components, obesity, bad habits, and
detection of an inveterate pathogen (Enterococcus
sp.). Moreover, the authors did not conduct a de-
tailed analysis of comorbidity, limiting themselves
to determining the presence of the most known pa-
thologies that increase the risk of PJI [28].

The calculation of the comorbidity index,
which we have developed, showed that for 58% of
patients with PJI relapses, a score of >12 points
corresponded to a high risk of PJI relapse. Only
6.2% (p < 0.0001) of the patients in the group
without relapses had a high risk of relapse, which
indicates a high sensitivity of the developed scale
for calculating the risk of PJI recurrence.

Study limitations

The limitations of this study were the noninclu-
sion of factors not related to comorbidity (initial
diagnosis, pathogen type, duration of hospital-
ization, previous surgeries, and spacer type) in
the analysis and the lack of approbation of the
proposed comorbidity index on a prospective
cohort of patients, which is planned to be per-
formed in the future.

Conclusions

A multivariate analysis of the presence and se-
verity of concomitant pathology enabled us to
develop a comorbidity scale that allows the cal-
culation of an integral indicator (comorbidity
index) and set its threshold values. A high score
on the proposed index (>12 points) increases
significantly the risk of PJI recurrence. The pro-
posed comorbidity index can form the basis of a
combined recurrence risk calculator and an al-
gorithm for choosing surgical treatment in pa-
tients with knee joint PJI, but this requires fur-
ther research.
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