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Abstract

Background: There are over one million patients with a prosthetic joint replacement in the United States. Majority of patients who
receive joint arthroplasties are over 65 years of age.

Objectives: There are no studies evaluating the best options for antibiotic management in prosthetic joint infection. It is important
to evaluate alternative treatment modalities for this age group.

Methods: This is a retrospective study evaluating studies published between the years 2000 - 2019. Patients over the age of sixty-five
with total joint replacement who had confirmed prosthetic joint infection and received treatment with oral antimicrobial treat-
ment were included in the study.

Results: A total of 409 patients were included in this study. 306 patients were successfully treated, whereas treatment failure was
noted in 103 patients. Adverse events were only noted on 3 out of 7 studies. Of the events noted, renal failure was the most common
and diarrhea was the second most common.

Conclusions: Due to the lack of data available, there is a need for prospective study that evaluates the response of oral antimicro-
bial therapy in the elderly. At this time there is very little data to recommend oral antimicrobial therapy in the literature to make
definitive recommendations. However, in the author’s experience, there may be a role for oral antimicrobial therapy in patients
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who have undergone single stage revision with no significant co-morbidities with a non-multidrug resistant pathogen.

1. Background

In the United States, there are over one million pa-
tients with a prosthetic joint replacement. Majority of pa-
tients who receive joint arthroplasties are over 65 years of
age and it is important to evaluate alternative treatment
modalities for this age group. There are no studies evalu-
ating the best options for antibiotic management in pros-
thetic joint infection. Currently, roughly 500,000 primary
joint replacements are performed annually in the United
States (1). Although the rates of intraoperative joint infec-
tion is 0.5% to 2% following total hip arthroplastyand 1% to
3% following total knee arthroplasty, prosthetic joint infec-
tion (PJI) has the potential to cause significant morbidity
and mortality(2). Due to higher rates of underlying comor-
bidities in the elderly population, PJIs are also more com-
mon in this population (3). Although the overall risk of in-
fections continues to remain relatively stable across most
medical centers, the number of people living with a pros-
thetic joint is expected to reach over four million over the
next ten years (1, 4).

Treatment modalities available for patients includes
conservative management with prolonged suppressive an-
tibiotic therapy (PSAT) for patients who do not meet crite-
ria for surgical management. Conservative surgical man-
agement is defined as debridement, irrigation, and pros-
thesis retention followed by long term antimicrobial ther-
apy. More extensive surgery may be required, involv-
ing one- or two-stage exchange, resection arthroplasty,
arthrodesis, and amputation. The removal of implant
involves either a one or two step exchange arthroplasty,
where the removed implant is replace in the same surgery
or in a separate surgery approximately 6 weeks later, re-
spectively (5).

2. Objectives

There are various options available for treatment. Most
patients are started on intravenous antimicrobial therapy
and transitioned to oral antibiotics regardless of patients’
age. This study aims to evaluate whether the elderly popu-
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lation would benefit from the use of oral antimicrobials in-
stead of intravenous and then oral due to various reasons.
Polypharmacy and drug-interactions are important topics
to consider when starting elderly patients on intravenous
antimicrobials. In addition, there are risks associated with
peripherally inserted central catheters required for intra-
venous drug delivery. Data is currently limited regarding
the effectiveness of intravenous versus oral antibiotic use
in patients, especially in patients over 65 years of age. We
will attempt to evaluate whether treatment with oral an-
timicrobials only will be an alternative option in patients
over 65 years of age.

3. Methods

This is a retrospective study evaluating studies pub-
lished between the years 2000 - 2019. Database used to
gather the studies included PubMed and Medline. The in-
clusion criteria for this study included patients over the
age of sixty-five with total joint replacement. Inclusion
criteria also included patients who had confirmed PJI and
received treatment with oral antimicrobials. A success-
ful treatment is defined as resolution of active signs of in-
fection and retention of prosthesis. Treatment failure is
defined as recurrence of infection, removal of prosthesis,
infection-related death, and/or lack of response to conser-
vative therapy. Tolerance to antimicrobials and adverse
events related to the use were also noted. Studies that were
published before 2000 and studies that did not include pa-
tients over the age of sixty five were not included in this
study. All the studies evaluated for our study is listed in Ta-
ble1.

4. Results

Figure 1 summarizes the most common pathogens iso-
lated in PJI. Staphylococcal aureus continues to be the most
common cause of prostheticjointinfections across numer-
ous studies.

Table 1 summarizes the seven studies involving pa-
tients over 65 years of age evaluated for this study. Among
the studies included, not every study contained the clini-
cal and pathological information for each patient, hence
it is not reported in our table. The table lists the duration
of treatment, treatment outcomes, and any adverse reac-
tions noted. All patients, except one, received intravenous
(IV) antibiotics prior to oral antibiotics. However, the dura-
tion of IV antibiotic use and the type of antibiotic differed
with each respective study. A total of 409 patients were in-
cluded in this study. 306 patients were successfully treated
(75%), whereas treatment failure was noted in 103 patients
(25%)(1,3, 4, 6-9).

Adverse events were only noted on 3 out of 7 studies.
Of the events noted, renal failure was the most common
and diarrhea was the second most common with 8 and 7 re-
ported episodes, respectively. Out of the 7 cases of diarrhea,
there were only 2 cases of diarrhea caused by Clostridium
dificile reported. Seven patients stopped treatment due to
weariness, 4 reported unspecified allergies, and 3 patients
experienced nausea. Two patients stopped treatment due
to neurotoxicity and one due to hematotoxicity. None of
the patients included in this study had to undergo removal
of their prosthetic joints (1, 3, 4, 6-9).

5. Discussion

As the rates of total joint replacement continues to in-
crease with the growing aging population, various treat-
ment modalities for prosthetic joint infections have been
extensively evaluated due to its significant impact in mor-
bidity, mortality, and healthcare expenditure. Most pa-
tients with prostheticjointinfections also undergo antimi-
crobial therapy for a given period of time regardless of
whether or not they undergo a revision surgery. Currently,
some patients are started on oral antibiotics alone while
others are started on intravenous antibiotics and bridged
to oral medications. The use of some oral antimicrobials,
such as sulfamethoxazole/trimethoprim, ciprofloxacin, and ri-
fampin, are used without the need for intravenous antibi-
otics because these drugs are able to penetrate to the bone
and achieve adequate bactericidal concentrations above
minimum inhibitory concentration (MIC) of pathogens.
However, standard of practice of when to use oral ver-
sus IV has not been established. Because the use of intra-
venous therapy can come with issues regarding patient
discomfort, patient non-compliance, barrier to access to
care, issues with the PICC line, drug anaphylaxis reactions,
druginteractions, polypharmacyissues, and restriction on
classes of antibiotics available intravenously, we seek to
evaluate whether patients might benefit from oral antimi-
crobials alone. These issues are especially concerning for
elderly patients.

Currently, there is limited data on the use of oral an-
tibiotics alone, especially for patients over 65 years of age.
Barberan et al. reported the outcome of patients over 65
years of age with Staphylococcoal prostheticjointinfections
who were treated only with long-term oral levofloxacin
500 mg and rifampicin 600 mg once per day. They found
that efficacy of this treatment was higher in patients with
shorter duration of symptoms and earlier diagnosis (6). In
our study, we analyzed data collected from seven different
studies thatevaluated theresponse to long-term use of oral
antimicrobials in patients over the age of 65 years old only.
The goal of therapy is to attain a pain free, mobile joint
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Table 1. Oral Antimicrobial Use and Documented Response in Patients Over 65 Years of Age

Author Total Age PJIType Oral Abx IVAbx Duration of Outcomes in Tx Adverse
# pts Treatment Reactions to Abx
Prendki et 38 Median 84 Unspecified Amoxicillin, cloxacillin Amoxicillin, cefazolin Oral median: 6.4 1 persistent infection with MRSA 1case of
al. (1) weeks Clostridium dificile
Sulfamethoxazole/trimethoprim, Ceftriaxone IV median: 4.2 3 relapses in MSSA treated with 1patient
fusidic acid, doxycyclin, weeks cloxacillin, 1 related death, infected bedridden then
co-trimoxazole, clindamycin with Finegoldia magna, treated institutionalized
with clindamycin
Cloxacillin 1discontinuation after prolonged 1case of renal
co-trimazole for MRSA failure
Barberan 60 Mean 74.6 28 TKA Levofloxacin < 2 weeks of IV levafloxacin and Mean 6 weeks 12 knee tx failures Adverse reaction
etal. (6) oral rifampin not discussed
32THA Rifampin 9 hip tx failures
Hsieh etal. 27 Median 68 THA only Ciprofloxacin Ciprofloxacin, clindamycin, Median 7 weeks 20 treatment failure Adverse reaction
(4) imipenem, ceftriaxone, aztreonam, not discussed
metronidazole
Ciprofloxacin + clindamycin Amikacin, gentamicin piperacillin
Cipro, sulfamethoxazole, Ceftazidime +ciprofloxacin
trimethoprim combo
Cefepime +gentamicin, ceftazidime
+amikacin
Ceftriaxone+ clindamycin,
ceftriaxone +metronidazole,
vancomycin +aztreonam,
vancomycin + ciprofloxacin
Spormann 8 Mean 71.8 Elbow only Augmentin + rifampin Augmentin + rifampin IV 2 weeks No recurrence in 6 cases Adverse reaction
etal.(7) not discussed
Cipro rifampin Fluclox/rifampin Oral 10 weeks 2recurrences- both in delayed tx
Linezolid Teicoplanin Irecurrence in pt who only had oral
cipro
Cipro Cefuroxime 1recurrence in fluclox/rifampin and
Levofloxacin + rifampin
Linezolid x4 weeks, clinda x 6 weeks
Levofloxacin + rifampin
Cobo et al. 104 Median 57THA, 46 Rifampin, Oral subbed for IV per physician 30 hip tx failures, 17 knee tx failures, Adverse reaction
(8) 79.9 TKA, 1 sulfamethoxazole/trimethoprim, preference, but not specified in the 0 shoulder failures not discussed
shoulder linezolid study
Fusidic acid, clindamycin
Prendki et 136 Median 83 81THA Amoxicillin, oxacillin Unspecified Mean 27 weeks 1.5% died due to infection related 7 weariness,
al.(3) causes. stopped tx
53 TKA Cloxacillin, imipenem 3 diarrhea, 1C.diff
2shoulders Cefazolin, cefazolin, cephalexin, Survival rate without an event at 2 7 renal failure, 4
cefadroxil, cefixime, cefpodoxime, years was 61% allergies, 3
ceftriaxone, nausea, 1
sulfamethoxazole/trimethoprim hematotoxicity, 2
neurotoxicity
Amoxicillin/clavulanate, ofloxacin,
ciprofloxacin, levofloxacin.
rifampin, clindamycin,
pristinamycin
Doxycycline, fusidic acid,
teicoplanin
Raoetal. 36 Median 77 15 THA Minocycline/rifampin, Oxacillin or ancef + rifampin Mean 52.6 5 discontinued due to clinical 3 Diarrhea
(9) sulfamethoxazole months failure
19 TKA Trimethoprim/rifampin Vancomycin, levaquin, ampicillin, 31out of 36 able to maintain their
fluconazole prosthesis
2elbows Cephalexin/rifampin, minocycline,

sulfamethoxazole/trimethoprim,
cephalexin, penicillin, dicloxacillin,
oxacillin

Levofloxacin, clindamycin,

amoxicillin/doxycycline,
fluconazole, linezolid

Abbreviations: Abx, antibiotics; THA, total hip arthroplasty; TKA, total knee arthroplasty.

(5). Aside from the exception discussed below, majority of
the patients received IV antibiotics prior to beginning oral
therapy. Only one patient was noted to have received only
oral ciprofloxacin and with a recurrence of infection (7).

Overall, only 25% of patients experienced treatment
failure. Treatment failures were mostly associated with a
delay in starting treatment, especially if patients started
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treatment more than six months after the onset of symp-
toms of inflammation. Rates of treatment failure was
lower in patients who started treatment within one month
of symptoms (4, 6). Of the adverse events reported in our
study, renal failure was the most common and diarrhea
was the second most common. There were only 2 cases of
diarrhea caused by Clostridium dificile reported. None of
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Figure 1. Most common pathogens isolated in PJI

the patients included in this study had to undergo removal
of their prosthetic joints. All of the patients evaluated in
this study were over the age of 65 years old.

Prendki et al. reported “weariness” as a common com-
plaint for their cohort. This is likely a common adverse
event associated with the elderly that is likely not as com-
monly reported as some of the more objective adverse ef-
fects, such as renal failure (3). Weariness and fatigue may
be secondary to toxic accumulation of the antimicrobials
in elderly patients and their inability to clear the drugs ef-
ficiently. When choosing antimicrobials for treatment of
prosthetic joint infections, several points must be taken
into consideration, bactericidal action and limited adverse
side effects, while maintaining the ability to reach effective
bone and tissue concentration (10).

Given the lack of data on the sole use of oral antimi-
crobials, we cannot conclude whether treating patients
over 65 years of age with only oral antimicrobial would be
equally as effective as starting with IV therapy initially. Al-
though there are benefits to only using oral therapy, fur-
ther studies are needed to evaluate outcomes in patients
who initially do not receive IV antimicrobials.

There are notable limitations to our study. The most

significant limitation was the missing data from some
studies regarding the outcomes for patients who only re-
ceived oral antimicrobials and the tolerance to oral use
only. Our data also contains a large variety of infecting or-
ganisms with variation in selection of antibiotic choice for
therapy. There was also a lack of data evaluating outcomes
of only oral antimicrobial therapy, as most studies evaluate
therapy with IV and oral antimicrobials.

5.1. Conclusions

Due to the lack of data available, there is a need for
prospective study that evaluates the response of oral an-
timicrobial therapy in the elderly. The benefits of oral
therapy include the availability of outpatient treatment,
lower risks of anaphylaxis reactions, and reduction of
risks associated with peripherally inserted central catheter
(PICC) line placement, such as supraventricular tachycar-
dia. There is also an overall cost benefit since oral ther-
apy will lead to lower cost of treatment, early discharge
from the hospital, and lack of need for close monitoring.
The disadvantages to oral therapy include higher rates of
gastrointestinal intolerance and renal failure, especially in
drugs like sulfamethoxazole/trimethoprim, which may affect
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the duration of antibiotic use. Oral antimicrobials also
may not be beneficial in multi-drug resistant pathogens,
such as in the treatment of pathogens with extended spec-
trum beta lactamases. There are limited cases published
in literature that evaluates the outcome of oral therapy
only, which makes it difficult to conclude whether oral ver-
sus IV would produce equivocal results. Therefore, we rec-
ommend continuing to determine whether patients are
candidates for oral therapy only on a case-by-case basis
depending on whether the antimicrobial selected for the
pathogen s able toreach appropriate bone concentrations
by oral use alone. In the future, prospective studies that
evaluate outcomes and tolerance of oral antimicrobials in
elderly patients in the treatment of prosthetic joint infec-
tions will be beneficial.

In conclusion, at this time there is very little data to
recommend oral antimicrobial therapy in the literature to
make definitive recommendations. In the authors’ experi-
ence, however, there may be a role for oral antimicrobial
therapy in patients who have undergone single stage re-
vision with no significant co-morbidities with a non- mul-
tidrug resistant pathogen.
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