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Abstract

Introduction Periprosthetic joint infections (PJI) are serious complications of total hip arthroplasty (THA) and affect the patient's life
expectancy. The aim of the study was to identify independent factors influencing the risk of death in patients with PJI after revision THA.
Materials and methods The study included 51 lethal outcomes in patients with chronic PJI of the hip. Results and discussion In our
cohort of 434 patients, 13 (2.99 %) patients died within the first year after surgery (p > 0.05), which is 2.2 times less than similar published
data. The result of gender analysis showed no statistically significant differences in the risk of death between men and women (OR1.05
CI0.59-1.89, p = 0.87). It was found that in patients over 70 years old, the risk of death was significantly higher (OR 2.05 CI 1.09-3.87,
p = 0.031). Additional independent risk factors of death are diseases of the cardiovascular system. It was not possible to find a statistically
significant effect of the nature of infection on the risk of death: no growth (OR 2.23, CI 0.52-9.61), monomicrobial infection (OR 1.98, CI
0.45-8, 73), polymicrobial infection (OR 3.2, CI 0.71-14.45, p > 0.05). Conclusion The mortality rate during the first year after revision
THA in patients with PJI was 2.99 %, which is lower than the results of other researchers. In the next 2-3 years, the rate of death increases
3.9 times. The main independent risk factors are the age of patients and concomitant diseases of the cardiovascular system.
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INTRODUCTION

Modern total hip arthroplasty (THA) is an effective
tool in the fight against pain, dysfunction of the
lower extremities and has deserved being called an
intervention of the century [1]. In hospitals, united by
the local register of the Vreden Center, a total of 15,710
THA operations were performed from 2014 to 2018,
including 2,611 (16.6 %) revision TA. Interventions for
periprosthetic infection (PJI) made 44.8 % [2].

Despite a relatively small number of PJI cases,
infectious complications are a serious problem due to
the severity of the multifactorial pathological process
and high financial costs [3—5]. In most cases, the
treatment of PJI requires the use of aggressive surgical
techniques, repeated surgeries, long-term systemic
antibiotic therapy (ABT), which together affect the
patient's life expectancy [6-9].

P. Gundtoft et al. (2017) showed that among the
patients who underwent treatment for THA PJI, 8 %
died within one year after surgery, while among

patients who did not need revision for PJI, mortality
was only 3 % [10]. According to B. Zmistowski et al.
(2013), mortality was significantly higher (p < 0.001)
among patients with PJI compared with patients after
aseptic revision: 3.7 % and 0.8 % 90 days after surgery,
respectively, 10.6 % and 2, 0 % after one year, 13.6 %
and 3.9 % after two years, and 25.9 % and 12.9 %
after five years [11]. The authors compared the data
obtained with the survival rate after treatment of the
five most common cancers: prostate — 99 %, breast —
89 %, lung— 16 %, colorectal cancer — 64 % and
melanoma — 91 % [12, 13].

The study of risk factors leading to death after
revision arthroplasty (RA) due to PJI is considered
critical for the allocation of health care resources in the
next decade [14].

The aim of the study was to identify independent
factors influencing the risk of death in PJI patients after
THA RA.

MATERIAL AND METHODS

It was a single-center retrospective study.
According to the data of the local register of
infectious complications of THA at the department
of purulent surgery from 2012 to 2016, 603 patients
with PJI were treated, whose data were studied
in this work (Fig. 1). Treatment outcomes were
assessed during a follow-up examination of patients
at the outpatient clinic of the Vreden Center. If the
examination in person was impossible, data on the
outcome of the disease were collected during by a

telephone interviewing of the patient or his close
family, as well as from questionnaires received by
mail and e-mail.

The inclusion criteria were the following: 1) patients
with acute and chronic THA PJI who underwent
sanitizing surgery (index intervention); 2) patients
who have passed the control examination (survey);
3) patients who died by the time of the study.

The exclusion criterion was patients who are not
available for a follow-up examination (survey).
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Fig. 1 Diagram of study design

The source of information about inpatient treatment
was medical documentation: medical records,
operation protocol, and questionnaire data. The study
analyzed the sex, age of the patient, medical history
(date and indications for primary THA, duration of
PJI, number of previous joint surgeries), concomitant
diseases, laboratory parameters (hemoglobin,
leukocytes, ESR, CRP, fibrinogen), type of index
intervention, duration of surgery, blood loss, amount
of blood products used.

The diagnosis of PJI was established based on the
recommendations of the Musculoskeletal Infection
Society (MSIS) (2011), which distinguish two "big" and
six "small" signs of infection [15].

In addition, superficial and deep infection of
the surgical site was taken into account. Superficial
infection was the pathological process limited by the
skin and subcutaneous tissue, while deep infectious
inflammation involved fascia and peri-implant tissues,
including muscles and bone.

The course of PJI was defined as acute or chronic in
accordance with the classification of D. Tsukayama et al..
(1996) [16]. The evaluation criterion was the time interval
from the last hip arthroplasty to the onset of symptoms of an
infectious complication. An acute infection was considered
an infection that developed during the first 4 weeks after
arthroplasty, or when the first symptoms appeared, if more
than a year had passed after the operation.

The choice of the method of surgical intervention
was carried out on the basis of the analysis of the depth
of the infection process and duration of the disease.
In superficial infection, they were limited to excision
of the affected tissues with subsequent suturing of the
postoperative wound. Revision THA was performed in
patients with acute PJI with implant retention. Patients
with chronic PJI underwent a two-stage revision
arthroplasty, and a one-stage revision in separate cases.

Antibacterial therapy The starting ABT was of
a wide range, with the obligatory consideration of the
pathogens isolated before the operation. On the eve of
the operation or before the beginning of anesthesia, the
patient was placed a central venous catheter for parenteral

administration of drugs in the perioperative period. If
necessary, ABT was corrected after receiving the results
of the intraoperative biological material tests. Monitoring
the ABT safety included an assessment of the activity of
hepatic transaminases and the level of creatinine.

Ethical standards All manipulations performed
in studies on humans were in accordance with the
ethical standards of the institutional and / or national
research committee as well as the 1964 Declaration of
Helsinki and its later amendments or comparable ethical
standards. No formal consent was required for this type
of study. The minimum follow-up examination period
was 2 years after revision arthroplasty for hip PJI.

Statistical analysis

Registration, systematization of primary data and
visualization of the obtained results were performed
in Microsoft Office Excel 365 spreadsheets. Statistical
analysis was performed using the STATISTICA 10
software. To describe quantitative indicators, a normal
distribution test was performed using the Kolmogorov-
Smirnov test. In a normal distribution, to describe the
sign, its mean value and standard deviation were used.
In distribution other than normal, the median (Me),
and the lower (Q1) and upper (Q3) quartiles (25-75 %
MCI) as scattering measures were used. Comparison
of quantitative parameters (age, duration of inpatient
treatment, duration of surgery, and volume of blood
loss) in the study groups was carried out using the Mann-
Whitney criteria. Categorical data (gender, PJI type, co-
morbidity, spacer type, and outcome) were described
by conditional codes of unmeasured categories that
were not subject to ordering. Due to the small number
of observations, the comparison of nominal data was
carried out using the Pearson chi-square test, corrected
for Yates' continuity. Differences between groups were
considered statistically significant at p < 0.05. In order
to quantify the dependence of the probability of an
outcome on the presence of a risk factor, the odds ratio
(OR) was calculated with a 95 % confidence interval
(CI). The Kaplan-Meier method of nonparametric
statistics was used to assess the survival function based
on data on the patient's life years.
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RESULTS

At the time of the survey, it was possible to find out
the condition of 434 (100 %) patients, of which 383
(88.2 %) patients were alive, and 51 (11.8 %) cases
were dead. The period of control examination (survey)
ranged from 2 to 7 years (Me 47 (30—-67.8) months) after
the operation. Gender analysis of the group of deceased
patients found no significant dependence of deaths on
the sex of patients, 47.1 % (n =24) were women, 52.9 %
(n=27) were men (p = 0.86734) (Fig. 2).
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Fig. 2 Survival of patients with PJI after sanitizing surgery and
dependence on gender, calculated by the Kaplan-Meier method

The median of the number of operations among the
deceased was significantly higher than that in the group
of surviving patients and amounted to 2 (1-2) and 1
(1-2), respectively, p = 0.018 (Table 1).

PJI recurrence by the time of death was registered in
24 (47.1 %) patients, of whom more than a half (14 out of

24) underwent from 3 to 10 operations. Among 27 patients
who did not have signs of recurrent PJI, the overwhelming
majority (n = 23) underwent one operation, and only two
(7.4 %) had two surgical interventions each (p > 0.05).

The last operation in the group with fatal outcomes
was performed for infectious complications in
33 (64.7 %) patients, for problems not related to PJI
in 18 (35.3 %) cases (p > 0.05). In 25.5 % of deceased
patients (n = 13), the death happened within the first
year after surgery for PJI of the hip joint: in 6 (11.8 %)
cases in the first month after surgery, in 5 (9.8 %) up
to 90 days and 2 (3.9 %) up to 6 months. In most cases
(38 (74.5 %) observations), the lethal outcome occurred
more than after a year (1.7 (0.9-2.7) years) from the
moment of the index intervention. The median age of
patients at the time of death was 68 (59.5-76) years.
However, the average age of the deceased significantly
exceeded the same indicator in the group of survivors:
65 (55-75) years and 58 (49-67) years, respectively
(p =0.002). It was found that in patients over 70 years
old, whose portion in the total cohort was 21.2 %
(n=092), the risk of death was significantly higher
(OR 2.05 CI 1.09-3.87, p=0.031) (Fig. 3).

Additional independent risk factors for death were
concomitant diseases (Table 2). In most cases, those
were pathologies of the cardiovascular system.

A comparative analysis of the results of laboratory
studies showed that in the group of patients with
subsequent lethal outcomes, the levels of inflammation
markers (ESR, CRP) upon admission for index surgery
were statistically significantly higher than those in the
comparison group and a significantly lower hemoglobin
level. At the same time, a slower recovery of red blood
counts after surgery was noted (Table 3).

Table 1
Distribution of types of surgical interventions after performing an index operation
# Surgical intervention PJI recurrence, n = 24 | No recurrence, n = 27 p
1 | Implantation of antibacterial spacer (not removed), n (%) 5(9.8) 17 (33.3) >0.05
2 | Total re-implantation, n (%) 6 (11.8) 8 (15.7) >0.05
3 | Resection arthroplasty with the use of m. vastus lateralis, n (%) 11 (21.6) 2(3.9) >0.05
4 | Long suppressive therapy, n (%) 2 (3.9) 0 >0.05
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Fig. 3 Survival of patients older than 70 years based on Kaplan-
Meier analysis
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Table 2
Independent risk factors for death during the follow-up period
# Risk factor Odds ratio (OR) Confidential interval (CI) P
1 |[IHD 3.2 1.64-6.25 0.00075
2 |CHF 2.61 1.36-5.01 0.00505
3 | Heart rate disorders 2.46 1.25-4.81 0.01288
4 | Arterial hypertension 2.48 1.07-5.75 0.04469
5 |Diseases of periphery vessels 2.0 1.06-3.77 0.03433
6 | Respiratory system diseases 3.12 1.59-6.09 0.00117
7 | Oncologic diseases 2.68 1.13-6.35 0.04288
8 | Anemia 3.2 1.57-6.54 0.00156
9 | Intake of anticoaglulants 4.95 2.44-10.03 0.00001
10 | Diabetes mellitus 1.57 0.68-3.61 >0.05
11 | Liver diseases 1.09 0.52-2.32 >0.05
* [HD — ischemic heart disease; CHF — chronic heart failure
Table 3
Comparative laboratory results
# Indicator Lethal outcomes, n =51 Patients under follow-up, n = 383 ‘ p
Before intervention
1 | Hemoglobin 113 (100-121.5) 121 (110-133) 0.004
2 | Erythrocytes 4.1 (3.64.5) 4.32 (4.0-4.8) 0.536
3 | ESR 53 (31-84) 44.5 (23-66.5) 0.0014
4 | CRP 36.9 (23.2-60.3) 22.8 (9.16-42.8) 0.002
After intervention (14" day)
1 | Hemoglobin 100 (93-109) 105 (98-112) 0.019
2 | Erythrocytes 3.56 (3.26-3.78) 3.68 (3.39-3.93) 0.048
3 | ESR 53 (32-69) 42 (29-62) 0.28
4 | CRP 19.3 (11.8-37.3) 16 (8.1-30.5) 0.106

Data on the mono- or polymicrobial nature of the
infection were available from 396 (91.2 %) patients.
In the studied cohort, it was not possible to find a
statistically significant effect of the nature of infection
on the risk of death: no growth (OR 2.23, CI 0.52-
9.61), monomicrobial infection (OR 1.98, CI 0.45-
8.73), polymicrobial infection (OR 3.2, CI 0.71-14.45,
p > 0.05) (Fig. 4).

Group

"Lethal outcomes” F° Siis 41.3
Group "Survivors" 9.71 61.43 28.86
/ 7 P H
0% 20% 40% 60% 80% 100%
No growth Monobacterial
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Fig. 4 The nature of the infection (mono- and polybacterial) in
the comparison groups

At the same time, the Kaplan-Meier analysis
of survival demonstrated greater mortality,
predominantly among patients with polymicrobial
infection (Fig. 5).

Comparison of intraoperative parameters showed
that, despite the similar duration of the operation and

the volume of blood loss, the volumes of transfusion
of erythrocyte mass and FFP were significantly higher
in the group of patients with registered lethal outcomes
than in the comparison group (Table 4).

In addition, the analysis of the general indicators
of inpatient treatment of patients at the first stage of
revision revealed statistically significant differences
in the duration of inpatient treatment and its cost
(Table 5).
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Fig. 5 Survival of patients with different variants of infection
based on the analysis according to Kaplan-Meier
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Table 4
Characteristics of the operation, blood products used during the sanitizing stage of revision arthroplasty

# Parameter Lethal outcomes, n =51 | Patients under follow-up, n = 383 p

1 | Duration of the operation 175 (145-195) 185 (150-225) 0.4

2 |Blood loss 700 (500-1000) 800 (500-1100) 0.258

3 | Transfusion of erythrocyte mass, dose 25024 2 (2-3) 0.000

4 | Fresh frozen plasma transfusion 750 (600-1410) 600 (510-900) 0.000
Table 5

Characteristics of inpatient treatment at the sanitizing stage of revision TA

# Parameter Lethal outcome, n =51 Patier%}()sll\)g\l;(zllr;’rr;laizlleél3under p

1 |Bed-days 28 (21-45) 25 (21-35) 0.000

2 | Treatment cost (thousand rubles) 179 (143-255) 148 (126-193) 0.000

DISCUSSION

Mortality is one of the key indicators of the
quality of treatment of infectious complications after
hip arthroplasty. In the leading industrial countries,
this indicator is small and ranges from 1.6-1.9 %
in the United States, 2.6-3.3 % in China, 3.1 % in
France, and 2.2 % in Spain [17-21]. Unfortunately,
data on mortality in the Russian Federation were not
available to us.

However, the analysis of works with the objectives
similar to ours established that the rate of deaths within
a year after the first (sanitizing) operation of a two-stage
revision TA is 5.5-10.63 %, which is five times higher
than the same indicator in aseptic revision [22-25].
J. Cancienne et al. (2017) pointed out that, probably, these
indicators do not reflect the real state of affairs, since
information about the fate of some patients was absent
in national databases [26]. In our cohort of 434 patients,
13 (2.99 %) patients died within the first year after surgery
(p > 0.05), which is 2.2 times less than the analogous data
of J. Cancienne et al. (2017), who identified 6.5 % of
deaths within one year after surgery [26].

At the same time, the current death rate can be
reduced. Today, researchers note the connection between
mortality and socio-demographic factors. Thanks to the
allocation of health care resources to underdeveloped
regions, during 3-year follow-up C. Zeng et al. recorded
a decrease in the number of deaths from 2.9 % in 2013
to 2.6 % in 2016 [27].

Among the socio-demographic risk factors for
death, the elderly and senile age of patients are
distinguished  [28-30].  Statistically  significant
differences in age were found in patients over 70 years
of age and increased by the age of 85-90 years [24,
26, 27]. In our study, the boundary beyond which
mortality significantly increased was the age of patients
> 70 years (OR 2.05 CI 1.09-3.87, p=10.031).

According to published data, male patients with hip
PJI are more at risk of death than women 1-2 years after
revision [24, 26, 27]. By comparing treatment results in
our studied cohort, no statistically significant differences

were found between men and women (OR1.05 CI 0.59—
1.89, p = 0.87).

Cancienne et al. (2017) analyzed the comorbidity
of patients with THA PJI and found that diabetes
mellitus, diseases of the heart, lungs, liver and kidneys
are among the concomitant diseases [26]. J. Lange et
al. (2016) drew attention to the fact that patients who
underwent both stages of the two-stage treatment
of PJI are younger and have better overall health,
in comparison with those patients who underwent
only the first stage of revision [22]. In our study, as
well as in the work of Biilow E. et al. (2017), there
was no statistically significant effect on mortality of
factors such as concomitant liver disease [31]. At the
same time, the independent risk factors for death were
diseases of the cardiovascular and respiratory systems,
oncologic diseases, as well as blood diseases (anemia,
hypocoagulation by intake of anticoagulants).

The collected information about the treatment
outcomes of THA PJI, it was possible to find out
that the direct cause of death in 17 (33.3 %) cases
was the generalization of infectious inflammation,
decompensation of  cardiovascular disease in
21 (41.2 %), complications of oncologic diseases in
4 (7.8 %) and renal decompensation in 4 (7.8 %). The
cause of death in 5 (9.8 %) patients remained unknown.

The study had limitations. In accordance with
the purpose of the work, independent risk factors for
death were established for patients with THA PJL
Howevr, at this stage of the study, similar factors were
not disclosed for patients who did not have infectious
complications after THA revision. The study did not
perform a multivariate analysis of the risks of death. Our
work found a trend indicating the impact of pathogenic
microflora on lethal outcomes. But, a small number of
observations did not allow us to establish the statistical
significance of the data. Moreover, due to the lack of
information about the patient's condition on the eve
of the lethal outcome, we were unable to establish the
functional outcomes of treatment.
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CONCLUSION

The mortality rate during the first year after revision  factors are the age of patients and concomitant diseases,
THA that was performed with standard surgical tactics in ~ primarily diseases of the cardiovascular system. Further
PJI patients was 2.99 %, which is lower than the results  study of the identified risk factors will justify the rational
of other researchers. In the next 2-3 years, the frequency  choice of staged surgical treatment or suppressive therapy,
of deaths increases 3.9 times. The main independent risk  and propose an individual treatment algorithm.
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