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1. Introduction

pharmacological and surgical treatments required by PJl increase the risk of peri-operative complications
in elderly patients. The increase in life expectancy combined with procedural advances make these treat-
ments possible even in the oldest patients. Here, our objective was to compare the characteristics and
outcomes of curative PJI treatment in patients < 80 years vs. > 80 years.
Methods: A prospective single-center design was used to compare the characteristics and outcomes of
curative treatment for hip or knee PJI in patients <80 years and > 80 years admitted in 2004-2014.
Results: Of 765 patients admitted for PJI, 590 were <80 years and 124 were > 80 years. Medical history
and comorbidities were similar in the two groups. The older group had a significantly higher proportion
of patients with American Society of Anesthesiologists Scores > 3 and with streptococcal infection (20%
vs. 13%, P<0.05). After complete surgical excision and prolonged antibiotic therapy, the only event whose
frequency differed significantly between the two groups was P]I-related death, which was more common
inthe older patients (6.5% vs.0.8%, P<0.05). The 2-year survival rate after one-stage exchange arthroplasty
was >90% in the >80 year group.
Conclusion: Patients aged 80 years or older are eligible for the same curative pharmacological and surgical
PJI treatments used in their younger counterparts. Before surgery, the risk/benefit ratio of the major
surgical procedure required to treat PJI must be assessed on a case-by-case basis.

© 2019 Published by Elsevier Masson SAS on behalf of Société francaise de rhumatologie.

age-related decline in adaptation to stress; increased morbidity and
mortality; and frequent occurrence of early post-operative cogni-

Infection remains a serious complication of hip and knee arthro-
plasty procedures. The frequency of hip or knee prosthetic joint
infection (PJI) ranges across studies from 0.3% to 2% [1,2]. Patients
aged 80 years or over are at increased risk for comorbidity decom-
pensation in the event of major surgery, despite advances in
surgical techniques and prophylactic treatments. When manag-
ing PJl in patients > 80 years, the perioperative monitoring strategy
must therefore be specifically designed to take into account the
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tive dysfunction, notably after prolonged anesthesia [3,4].

Osteoarthritis is the main reason for performing total hip arthro-
plasty (THA) or total knee arthroplasty (TKA). The main other
indication of THA is proximal femoral fracture, which is more com-
mon in elderly individuals, notably women older than 80 years [5].

The number of arthroplasty procedures performed in industrial-
ized countries such as France is increasing at a brisk pace. In France,
over 200,000 arthroplasties were done in 2012 [6], and the number
of THA and TKA procedures in the US is projected to reach 4 million
in 2030 [7]. In France, it is estimated that one-third of the popula-
tion will be 60years of age or older by 2060 [8]. The aging of the
population, combined with the increased healthy life expectancy,
is translating into growing numbers of arthroplasty procedures in
individuals aged 80 years or over.
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As a corollary to this trend, the number of PJls is increasing. The
morbidity and mortality rates of the major pharmacological and
surgical treatments required in PJI increase with advancing age.
Nonetheless, the increase in life expectancy, together with proce-
dural advances, can be expected to produce good outcomes even
in the oldest patients.

The objective of this prospective single-center study was to
compare the characteristics and outcomes of curative PJI treat-
ments in patients <80 years vs. > 80 years.

2. Methods

A prospective observational single-center study was conducted
in patients admitted to a referral center for complex osteoarticu-
lar infections in Paris, France, between 2004 and 2014, for PJI after
THA or TKA. The inclusion criteria were age older than 18 years
and microbiologically documented PJI. Microbiological documen-
tation was defined as recovery of a microorganism in cultures
of at least two different samples of joint fluid or joint tissues.
The samples could be obtained by pre-operative joint aspiration
and/or intra-operative collection. Recovery of a microorganism
from a single sample could be sufficient in patients with a sug-
gestive medical history and local signs of infection. Thus, the
diagnosis of PJI was based on the criteria developed by Parvizi
[9].

For chronic PJI, curative treatment combined prolonged antibi-
otic therapy and exchange of all the prosthetic components. For
acute PJI developing within 1 month after the last arthroplasty pro-
cedure or occurring abruptly due to hematogenic dissemination at
adistance from the last arthroplasty procedure, curative treatment
consisted in joint lavage and synovectomy, with conservation of
the implants.

We divided the patients into two groups based on age <80 years
or > 80 years. The following events were compared between these
two groups: recurrent PJI (relapse with the same microorgan-
ism or new infection with a different microorganism), mechanical
events related to the prosthesis (dislocation, loosening, fracture),
and deaths due to the PJI (sepsis) or its treatment (peri-surgical
complications).

Qualitative variables were described as number (%) and quan-
titative variables as median [interquartile range]. Recurrence-free
survival and PJI-related mortality were compared between the two
groups using the Kaplan-Meier method and the logrank test. R
software was used for the statistical analyses.

Role for the funding source: not applicable

3. Results

Of 765 patients treated for hip or knee PJI then followed-up for
at least 2years, 51 were excluded because they did not undergo
surgical treatment; among them, 66% were > 80years of age. This
left 714 patients for the study, 518 with THA and 196 with TKA
(Fig. 1).

Of the 714 patients, 590 were<80years and 124
were > 80 years. The only significant baseline differences between
the two groups were higher prevalences in the older patients
of cardiovascular comorbidities (55% vs. 29%, P<0.01) and of
an American Society of Anesthesiologists (ASA) Score >3 (47.5%
vs. 24.0%, P<0.001) and a lower body mass index (24.7 vs. 27.3,
P<0.001) (Table 1). The distribution of PJI types as defined by the
Tsukayama classification was not significantly different between
the two groups [10] (Table 2).

The most common causative microorganisms were coagulase-
negative staphylococci, notably in the group <80 years, followed
by Staphylococcus aureus and streptococci, chiefly group B strep-

Initial population, n=765

PJI after THA or TKA with referral center
admission in 2004-2014

Excluded patients, n=51

No surgical treatment

[ Patients included in the study, n=714 ]

1

[Patients included in the analysis, n=714]

<80 years <80 years

n=590 (83%) n=590 (83%)

Fig. 1. Patient flow chart.

Table 1
Main features of the study patients.
Age <80years Age > 80years P-value
(n=590) (n=124)

Features
Male sex 320 (54%) 55 (44%) <0.05
Age (years) 67 [60.1-73.7] 83.3

[81.5-85.6]

Body mass index, kg/m? 27.3[24-30.8] 24.7 [21.8-28] <0.001

Comorbidities
Hypertension 286 (48.5%) 72 (58%) NS
Cardiovascular disease 172 (29%) 68 (55%) <0.01
Diabetes 77 (13%) 12 (9.7%) NS
Cancer within the past 33 (5.5%) 5 (4%) NS
5years

Hematological disease
Inflammatory joint disease 41 (7%) 5 (4%) NS
ASA Score >3 143 (24%) 59 (47.5%) <0.001
History of PJI 153 (26%) 22 (17.7%) NS
Glucocorticoid and/or 34 (5.7%) 7 (5.5%) NS
immunosuppressant therapy

Site of infection
Hip 430 (73%) 88 (71%) NS
Knee 160 (27%) 36 (29%) NS

ASA: American society of anesthesiologists; PJI: prosthetic joint infection; NS: non-
significant.

Table 2
Presentation of the prosthetic joint infection.
Age <80years Age > 80years P-value
(n=590 (n=124)
Early post-operative infection 99 (17%) 25 (20%) NS
Chronic infection 192 (32.5%) 30 (24%) NS
Hematogenic infection 173 (29%) 46 (37%) NS

(secondary)

Unclassified infection 126 (21%) 23(18.5%)

NS: non-significant.

tococci and commensal oral and gastrointestinal streptococci. The
older group had a nonsignificantly higher prevalence of Enterobac-
teriaceae (12/124, 10% vs. 33/590, 5.5%) and a significantly higher
prevalence of streptococci (25/124, 20% vs. 77/590, 13%, P<0.05)
(Table 3).

The proportions of patients managed by one-stage and by
two-stage exchange arthroplasty were similar in the two groups.
Excision/lavage was used more often in the>80year group
(16/124,13% vs. 36/590, 6%, P=0.01), notably to treat early PJI (20%
vs. 6%, P<0.05, data not shown) (Table 4). The prolonged antibiotic
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Table 3
Bacteria recovered from the prosthetic joint infections.
Age <80years Age > 80years P-value
(n=590) (n=124)

Gram +bacteria
Staphylococcus aureus 100 (17%) 24 (19.3%) NS
MRSA’ 13 (2%) 3(2.5%)
Staphylococcus epidermidis 129 (21.9%) 17 (13.7%) <0.05
MRSE£ 99 (17%) 13 (10.5%)
Other staphylococci 65 (11%) 8 (6.5%)
Streptococci 77 (13%) 25 (20%) <0.05
Enterobacteriaceae 13 (2%) 2 (1.5%)

Gram- bacteria
Enterobacteriaceae 33(5.5%) 12 (10%) NS
Pseudomonas aeruginosa 11 (1.8%) 2(1.5%)

Other organisms
Cutibacterium acnes 51 (8.5%) 10 (8%)
Other Cutibacterium 5(0.8%) 0
Other organisms 32 (5.5%) 8 (6.5%)

>1 organism 74 (12.5%) 16 (13%)

MRSA: methicillin-resistant Staphylococcus aureus; MRSE: methicillin-resistant
Staphylococcus epidermidis; NS: non-significant. *: MRSA : methicillin-resistant Stao-
hylococcus aureus; £: MRSE : methicillin-resistant Staphylococcus epidermidis.

Table 4
Treatment strategies.
Age <80years Age > 80 years P-value
(n=590) (n=124)
One-stage EA 419 (71%) 89 (72%) NS
Two-stage EA 93 (16%) 11(9%) 0.05
Excision/lavage/synovectomy 36 (6%) 16 (13%) 0.01
Other? 42 (7%) 8 (6.5%)
EA: exchange arthroplasty; NS: non-significant.
a prosthesis removal, arthrodesis, resection.
Table 5
Treatment outcomes.
Age <80years Age > 80years P-value
(n=590) (n=124)
Infection relapse 31 (5%) 5 (4%) NS
New infection 54 (9%) 14 (11.3%) NS
PJl-related death 5(0.8%) 8 (6.5%) <0.05
Death unrelated to PJI 70 (12%) 29 (23.5%)
Unexplained death 8(1.3%) 7 (5.5%)
Dislocation 24 (4%) 1(0.8%) NS
Loosening 26 (4.5%) 3(2.5%) NS
Periprosthetic fracture 17 (3%) 8 (6.5%) <0.05
Other 11 (2%) 0(0%)

NS: non-significant; PJI: prosthetic joint infection.

treatment, given for 6 weeks in acute PJI and 12 weeks in chronic
PJI, was similar in the two groups.

The only post-operative event whose frequency differed sig-
nificantly between the two groups was PJI-related death, which
was more common in the older group (8/124, 6.5% vs. 5/590, 0.8%;
P<0.05) (Table 5). Relapses and new infections occurred with sim-
ilar frequencies in the two groups. Among the mechanical events,
periprosthetic fractures were more common in the older group (6.5
% vs. 3.0%, P<0.05).

In the older group, the 2-year survival rates without septic
events were 92% after one-stage exchange arthroplasty, 66% after
two-stage exchange arthroplasty, and 67% after excision/lavage.
The corresponding 2-year survival rates without mechanical events
were 92%, 66%, and 94%; and those without PJI-related death were
95%, 91%, and 94%, respectively. None of these survival rates dif-
fered significantly from the corresponding value in the younger
group.

4. Discussion

The management of PJIs is a complex challenge that is being
increasingly well standardized by international recommendations
[11]. In France, the creation of referral centers for complex osteoar-
ticular infections has benefited the management of complex PJIs.
One criterion for PJI complexity is patient vulnerability, due for
instance to advanced age with or without clinically significant
comorbidities. Here, we report the first data on curative PJI treat-
ment in very elderly patients. We found a high 2-year success rate
in patients > 80 years, with a greater than 90% 2-year survival rate
after one-stage exchange arthroplasty.

The causative microorganisms differed significantly between
the two age groups, with higher prevalences of streptococci and
Enterobacteriaceae in the older patients. This difference may be
related to the higher prevalence of early post-operative infections
by hematogenic dissemination after THA used to treat hip frac-
tures, which were more common in the older group. Previous work
also suggested an increased susceptibility in elderly patients to
Gram-negative rods including Enterobacteriaceae. Thus, a study
published in 2016 found that Gram-negative rods caused 67%
of early post-operative PJIs in elderly institutionalized patients
[12]. Conceivably, asymptomatic bacteriuria with Gram-negative
rods may be more common in elderly institutionalized patients
and may increase the risk of PJI [13,14]. The higher prevalence
of streptococcal PJIs in elderly patients has also been reported
previously [15,16]. Age-related immune-system alterations may
result in greater susceptibility to streptococcal infections [17].
Consequently, prophylactic measures should be implemented to
minimize the risk of infection in the very elderly. To allow early
ambulation after surgery, preference should be given to prosthesis
implantation via the anterior approach with full weight-bearing
immediately after surgery. Other preventive measures include
good oral hygiene, eradication of all foci of infection, and appropri-
ate treatment of any chronic skin conditions that might promote
skin colonization by staphylococci or streptococci. These preven-
tive measures should be implemented not only preoperatively, but
also in the long term, which requires raising awareness among
primary-care physicians of the risk of PJI. A standardized geriatric
evaluation involving the use of specific tools and scoring systems
can be useful in the very elderly to predict the chances of survival
and the risk of surgical complications [18].

In our study, the only comorbidities whose prevalence differed
between the two age groups were cardiovascular diseases, which
were more common in the older group. In addition, a significantly
higher proportion of the older patients had an ASA Score > 3, a find-
ing associated with higher perioperative morbidity and mortality
rates. PJI-related deaths were more common in the older group
(n=8, 6.5% vs. n=5, 0.8%; P<0.05). Of the 8 patients who died of
PJl-related causes, 6 had an ASA Score > 3. Surgery-related deaths
were slightly more common than after clean or scheduled ortho-
pedic surgery. In a 2003 study of 90-day mortality after scheduled
THA in 62,000 patients, mortality was 1% overall [19]. However,
mortality in the subgroup > 80years was 3 times higher than in
the group aged 65-69 years and 2 times higher than in the group
aged 70-79years. These data invite a careful assessment of the
risk/benefitratio of arthroplasty procedures in elderly patients with
an ASA Score > 3. However, the PJI-related mortality rate was far
lower than the 10%-25% rates reported after orthopedic trauma
surgery [5,20].

The only difference in surgical strategies between the two
groups was significantly greater use of synovectomy-lavage in the
older group, notably to treat early post-operative infections (20%
vs. 6%, P<0.05). Synovectomy-lavage is a less aggressive option that
may therefore have been preferred in the oldest patients despite its
higher failure rate, whereas one-stage exchange arthroplasty may
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have been considered more often in younger patients, even in the
event of early post-operative infection.

Our results demonstrate that outcomes of one-stage exchange
arthroplasty are as good in patients > 80 years of age as in younger
patients. This primary curative strategy obviates the need for a
second surgical procedure, which may be particularly hazardous
in older patients at increased risk for morbidity and mortality. It
expedites the recovery process, whose goal is a prompt return to
function. Consequently, when making treatment decisions for PJI,
the optimal surgical strategy aimed at eradicating the infection
should be discussed first. This strategy must be appropriate for
the patient’s characteristics, regardless of age. Patients should be
selected to curative surgery by an experienced medical and surgical
team, based on a case-by-case evaluation of the comorbidities that
may affect the surgical risk.

Perioperative monitoring is essential. The intensity of monitor-
ing increases with patient age [3,4]. Alternatives to surgery should
be considered in patients at high surgical risk and/or when the con-
dition of the bone precludes implantation of prosthetic material.
Among these alternatives, suppressive antibiotic therapy to con-
trol the infection and relieve the pain can be used in the absence
of implant loosening. This treatment may improve joint function,
notably in streptococcal PJls, as streptococci are highly suscepti-
ble to oral antibiotics such as amoxicillin. In patients with only
minimal symptoms, therapeutic abstention may deserve consid-
eration [21]. In our study, we excluded 51 patients who did not
undergo surgery, including 66% who were > 80 years. Exclusion of
these patients may have improved the outcomes in our study. How-
ever, careful selection of patients eligible for curative treatment is
essential.

Finally, although the mechanical failure rate was similar in
the two groups, periprosthetic fractures were significantly more
common in the patients > 80 years. This difference may be ascrib-
able to the greater bone fragility in older individuals. Of the 8
patients > 80 years who experienced periprosthetic fractures, 3 had
risk factors for fractures (documented osteoporotic fractures moti-
vating bisphosphonate therapy in 2 patients and a body mass index
lower than 19kg/m? in 1 patient). After clean orthopedic surgery,
the overall estimated risk of periprosthetic fractures of 1% to 3%
was increased 5-fold in patients older than 75years [22]. Thus,
our findings are consistent with previous reports, and infection
does not increase the risk of periprosthetic fracture. Nonetheless,
fall prevention, measures to combat bone fragility (e.g., calcium
and vitamin D supplementation and physical exercise), and the
management of osteoporosis is crucial before primary or revision
arthroplasty, in order to decrease the risk of periprosthetic fracture
in elderly patients.

In our study, the curative treatment strategy and its out-
comes were similar in the two age groups, except for a noticeably
higher mortality rate among the older patients. One-stage exchange
arthroplasty may be the best treatment strategy in older patients
given its high 2-year success rate. Although our results are very
encouraging, the risk/benefit ratio of curative surgery must be
evaluated carefully on a case-by-case basis in older patients. A
standardized geriatric evaluation may help to guide the treatment

decisions. Further studies are needed to confirm our findings with
the goal of optimizing the treatment of elderly patients, who will
constitute a growing proportion of patients with PJI.
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