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Introduction

Bacterial infective arthritis is a devastating condition in dogs
and typically causes severe pain and lameness.1 While
infection may occur spontaneously and is often associated
with chronic osteoarthritis, bacterial infective arthritis is
most commonly reported following articular surgery.2 The
inflammatory processes associated with intra-articular sep-
sis can invoke destructive alterations of the synovium, bone
and cartilage, which can lead to permanent disability.1

Various treatments have been described for bacterial
infective arthritis, including systemic and local antimicrobial
therapy, joint irrigation, removal of implants and surgical
debridement; however, sustained administration of antimi-
crobials is the essential component of any therapeutic
plan.1–4 Potential limitations of systemic oral antimicrobial
administration, which are most commonly prescribed,5,6

include poor owner compliance,7–9 low tissue penetration
into joints8 and systemic side effects.8 Sustained intra-artic-
ular delivery of antimicrobials is therefore attractive as a
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Abstract Objectives The aim of this study was to describe the use of an intra-articular delivery
of a dextran polymer (IADP) for bacterial infective arthritis in dogs.
Materials and Methods Cases of bacterial infective arthritis treated with IADP were
reviewed. Resolution of infection was based on joint fluid cytology. Lameness scores,
total nucleated cell counts, and per cent neutrophils were monitored throughout
treatment.
Results There were 14 dogs included in the study. The stifle was the most commonly
affected joint. Themedian number of injections per dog was 3with amedian of 2 weeks
between injections. Amikacin was combined with the dextran polymer in 13 cases and
imipenem was used in 1 case. Concurrent oral antimicrobials were used in 12/14 cases,
and surgery for infection was performed in 10/14 cases. Cytological evidence of
infection resolved in 11/14 cases. Median lameness scores throughout treatment
decreased from severe (grade ¾) at initial presentation to mild (grade ¼) at the final
recheck. Median total nucleated cell counts and per cent neutrophils decreased from
40,000 white blood cell/µL and 91% to 2,200 white blood cell/µL and 4% respectively. A
transient worsening of lameness was the main side effect documented in 5/14 cases.
Conclusion Intra-articular dextran polymer combined with antimicrobials was gener-
ally well tolerated; however, the efficacy of IADP was unknown in this population since
most dogs received concurrent oral antimicrobials and/or surgery.
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potentially more reliable method to obtain high antimicro-
bial concentrations at the infected site. Polymethyl methac-
rylate (PMMA) beads, calcium sulphate beads and collagen
sponges have all been used for intra-articular antimicrobial
delivery.10–13 These delivery agents have not garnered much
popularity, possibly because surgery is required for implan-
tation, as well as removal when PMMA is used.

A biodegradable dextran polymer matrix (Vetrigel, Royer
Animal Health, Frederick, Maryland, United States), originally
developed for woundmanagement, can also be used to provide
sustained antimicrobial delivery.14–16 The product is formed by
mixing an oxidized dextran solutionwith a cross-linking agent
and excipients, and has a gel-like consistency. The dextran
polymer degrades by hydrolysis in vivo over a 4 to 5-week
period.14 In an in vitro study evaluating bioactivity against
Staphylococcus aureus, elution of amikacin with clindamycin�
vancomycin from the dextran polymer occurred rapidly for
24hours followed by a gradual decline in eluted concentrations
over a10-dayperiod.14Potential advantagesof using this carrier
for intra-articular antimicrobial delivery include the ability to
administer therapeutic agents by percutaneous injection, as
well its atraumatic physical characteristics.

There is limited published information regarding the
clinical use of the dextran polymer in dogs. In a retrospective
study, surgical site infection following tibial plateau levelling
osteotomy resolved in all cases when treated with local
administration of amikacin and clindamycin impregnated
dextran polymer at the explant site prior to closure.15 To the
authors’ knowledge, there havebeen no studies reporting the
use of the intra-articular antimicrobials delivered via the
dextran polymer (IADP) in the treatment of bacterial infec-
tive arthritis. The purpose of this retrospective study was to
report the outcomes and complications of dogs with bacte-
rial infective arthritis treated by IADP.

Materials and Methods

The medical records for dogs receiving IADP for bacterial
infective arthritis between 2015 and 2020 at the University
of Florida Small Animal Hospital were reviewed. All owners
consented to treatment. Inclusion criteria consisted of presen-
tationwithamonoarthropathy, jointfluidcytologywitha total
nucleated cell count (TNCC) greater than 3,000 cells/µL and
greater than 40% neutrophils,2 and follow-up of at least
1 month following cessation of treatment for the determina-
tion of treatment success or failure. Data retrieved from each
dog’s record included the dogs’ signalment, the affected joint,
duration of clinical abnormalities, whether or not the dog had
prior surgery involving the affected joint, severity of lameness,
results of joint fluid cytology and bacterial culture, results of
diagnostic imagingof theaffectedjoint, including thepresence
and severity of osteoarthritis, additional oral antimicrobial
administration, type anddurationof administration, thenum-
ber and frequencyof treatmentswith IADP, antimicrobial type
delivered with IADP and presence of any comorbidities.
The degree of lameness was classified as absent (0), mild
(1), moderate (2), severe (toe-touching) (3), or non-weight
bearing (4) and recorded for each evaluation.

All intra-articular injections were performed using
the same technique under dexmedetomidine sedation
(5–15μg/kg intravenous). Vital parameters were monitored
at least every 5minutes during the sedation, as well as after
sedation until full recovery. Atipamezole (100–300 μg/kg
intramuscular) was used for reversal of sedation in all cases.
The affected joint was aseptically prepared. Arthrocentesis
was performed and synovial fluidwas submitted for cytolog-
ical analysis; fluid was also submitted for bacterial culture
according to feasibility (e.g. sufficient volume) and need (e.g.
lack of previous culture). The dextran polymer was prepared
according to manufacturer guidelines.17 The syringe con-
taining the oxidized dextran solution was combined with a
syringe containing the antimicrobial. This syringe was then
connected to the syringe containing the cross-linking agent
and excipients using the supplied Luer Lock connector. The
syringes were mixed by repeat reciprocations for 20 cycles.
The antimicrobial selected was based on results of a culture
and susceptibility, if available, or empirically chosen by
the clinician if susceptibility results were not available.
The mixture was then aseptically injected into the affected
joint with a 20 g needle. Repeat injections were recom-
mended every 2 weeks, but the treatment interval could
be adjusted according to clinician preference.

The infectionwas considered to be cytologically resolved if
the TNCC was less than 3,000 cells/µL and if there were less
than 40% neutrophils in joint fluid obtained on follow-up
evaluations, as well as improvement without recurrence of
lameness for at least 1 month after cessation of treatment.
Treatment was considered successful if there was mild or no
lameness as documented by the veterinarian and owner, and
cytologically resolved according to the definitions above.
That is, a case was still classified as having an unsuccessful
outcome if there was a persistent moderate-to-severe lame-
ness despite cytologic resolution of infection. Records were
also reviewed for potential local complications from the IADP
administration such as pain at the injection site, loss of range
of motion and worsening of lameness, as well as known
systemic adverse effects of the delivered antimicrobial (such
as signs of renal injury for aminoglycosides).

Results

Study Population
Fourteen dogs met the inclusion criteria (►Table 1). Comor-
bidities were present in three cases. The stifle was the most
commonly affected joint (n¼12); there was one elbow and
one carpus infection. Eleven stifles had undergone previous
surgery. Four joints developed infection without previous
surgery. None of the cases had evidence of infection else-
where. The median duration between the onset of clinical
signs of bacterial infective arthritis and presentation was
19 days (range: 2–180 days).

Lameness Evaluation
At the time of initial presentation, the median lameness
score was 3 (severe lameness) (range: 0–4) (►Fig. 1). The
median lameness score decreased at the first recheck to 2
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(moderate lameness) (range: 0–4) and then further de-
creased to 1 (mild lameness) (range: 0–4) at the time of
the final recheck. Overall, 10/14 cases had improved lame-
ness from the initial evaluation and 4/14 cases did not show
signs of improvement, one of which never had a visible
lameness. Overall, 11/ 14 dogs had some degree of lameness
at the time of the last evaluation.

Cytologic Findings
The median TNCC and per cent neutrophils on initial
cytology were 40,000 white blood cell (WBC)/µL (range:
3,000–130,000) and 91% (range: 59–94%) respectively. Final
median TNCC and per cent neutrophils were 2,200 WBC/µL
(range: 1,080–30,000) and 4% (range: 1–92%) respectively
(►Figs. 2 and 3). Overall, the infection cytologically re-
solved in 11/14 cases, including ¾ cases with spontaneous
infective arthritis and in 8/10 cases with postsurgical
infection. Of the three cases that did not resolve, one
(case 12) had a synovial fluid TNCC of 30,000 WBC/µL
with 92% neutrophils, and had comorbidities including
T cell leukaemia, diabetes mellitus and hypothyroidism;
another case (case 8) had a transient improvement in
lameness but persistent neutrophilic inflammation was
detected in the synovial fluid (no official cytology report
was available for this case at the final evaluation); another
case (case 4) had a final synovial fluid TNCC of 4,920 WBC/
µL with 32% neutrophils. This case transferred to another
hospital where it was treated with immunosuppressive
therapy and died before treatment response to the immu-
nosuppresives could be evaluated.

Radiographic Findings
Radiographs of the affected joint were performed at the
time of initial evaluation in all cases. Osteoarthritis was

present in all affected joints, and was graded as mild in
three cases, moderate in eight cases and severe in three
cases. Repeat radiographs were performed in four cases at
the end of treatment, all of which showed static osteoar-
thritic changes when compared with the initial
radiographs.

Culture Results
Bacterial culture of the synovial fluid obtained at the time of
or before the first injection was performed in 14 cases of

Fig. 1 Box and whiskers plot of lameness scores recorded at the initial
presentation, the first recheck exam and the final recheck exam.

Fig. 2 Box and whiskers plot of initial versus final total synovial fluid
nucleated cell counts (TNCC).

Fig. 3 Box and whiskers plot of initial versus final neutrophil
percentage in synovial fluid.
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which 7 were positive. Organisms cultured included Staphy-
lococcus pseudintermedius (n¼3), Staphylococcus aureus
(n¼1), Pseudomonas aeruginosa (n¼1), Serratia marcescens
(n¼1), and a non-enteric gram-negative bacillus (n¼1).

Bacterial culture was performed in three cases after IADP
due to lack of cytologic improvement in one case, recurrent
lameness and joint effusion in one case, and unspecified
reasons in one case. Case 10 had a persistent infection with
Staphylococcus pseudintermedius which was initially treated
with amikacin in the IADP; the bacteria was deemed suscep-
tible to aminoglycosides; this case eventually had resolution
of infection based on cytology and clinical evaluation. The
remaining two cases had negative cultures.

IADP Injections
The median number of dextran polymer injections was 3 per
dog (range: 1–7). Thirteen cases were treated with amikacin
(250mg) and one was treated with imipenem (250mg). The
actual volume of the dextran polymer injected was not
consistently recorded. The potential maximum median dos-
age per injection (i.e. if presuming the entire volume was
administered) was 9mg/kg for both amikacin and imipenem.
For cases where culture and susceptibility results were
available, the isolated bacteria were susceptible to the anti-
microbial used in 4/7 cases. Of the remaining three cases, the
antimicrobial chosen did not have an interpretation on the
susceptibility panels. The infectionwas resolved cytological-
ly in 6/7 cases with a positive initial culture. The bacteria
isolated were sensitive to the antimicrobial combined with
the IADP in 4/7 cases and the infection was cleared in ¾ of
those cases. Imipenemwas used in the one infection that did
not resolve despite the bacteria being sensitive to the anti-
microbial. Of the three cases where the bacteria was not
deemed sensitive to the chosen antimicrobial, one was
treated with amikacin but amikacin was not listed on the
susceptibility panel, and there was no interpretation for the
injected antimicrobial for the other two cases. When more
than one injection was given, treatment frequency ranged
from 1 to 4 weeks (median: 2 weeks) between injections. No
dogs were deemed to have acute worsening of lameness
upon recovery from sedation; however, owners reported
transient worsening of lameness in 5/14 cases lasting for 1
to 3 days after the injection. No adverse systemic reactions
were noted.

Systemic Antimicrobials
Twelve total cases received systemic antimicrobial therapy
concurrentlywith IADP including amoxicillin/clavulanic acid
(n¼3), enrofloxacin (n¼3), chloramphenicol (n¼3), doxy-
cycline (n¼2), ciprofloxacin (n¼1), cephalexin (n¼1),
and clindamycin (n¼1). Three dogs were treated with
multiple systemic antimicrobials including enrofloxacin
with chloramphenicol, cephalexin with doxycycline and
amoxicillin/clavulanic acid with enrofloxacin. There were
two cases that were treated with the IADP alone and no
additional systemic antimicrobial therapy. Both of these
cases also received surgery for implant removal. The infec-
tion resolved cytologically in both of these cases.

Surgery
Ten joints were treated surgically within 1 month before the
first injection, including implant removal (n¼8), carpal
arthroscopy (n¼1) and lavage of the elbow joint via arthrot-
omy at the time of biopsy (n¼1).

Overall Clinical Outcome
Treatment was determined to be a success in 11/14 cases, as
evidence of infection was resolved cytologically and lame-
ness was noted as improved by both owner and veterinarian.

Discussion

Cytologic evidence of bacterial infective arthritis resolved in
the majority of dogs (11/14) treated with IADP. While our
results are promising, we cannot definitively ascribe the
positive response to IADP alone since most dogs received
concurrent oral antimicrobials, and many underwent surgi-
cal debridement. The intra-articular injections were gener-
ally well tolerated.

The resolution rate in our cases was similar to other
clinical reports describing treatment of bacterial infective
arthritis in small dogs, which ranged from 79 to 100%.2,3,18,19

Comparing our rates of cytologic resolution of infection to
previous reports is difficult for several reasons including
heterogenous and varying aetiologies, affected regions and
chronicity. In particular, it is possible that our cases encoun-
tered greater antimicrobial resistance, as most of our cases
had surgical site infection and were therefore likely exposed
to prior antimicrobial therapy.20,21 Subject numbers were
low, and the outcomes reported here and in previous studies
may not be reflective of a broader population.

Residual lameness despite resolution of infection was a
common finding in our cases. The residual lameness may
have been due to many factors including irreversible pathol-
ogy from the septic process, pre-existing osteoarthritis,
progression of osteoarthritis or even a low-grade infection
that was not detectable. Eleven of the 14 dogs in this study
had some degree of lameness at the time of the last evalua-
tion and all dogs in the study had evidence of osteoarthritis
on radiographs at the time of the initial evaluation. Most
dogs were only mildly lame at final follow-up, which was
consistent with previous studies.2,3,18

A positive bacterial culture of synovial fluid was obtained
in only 7/14 cases. Bacterial synovial fluid culture is a poorly
sensitive test, and limited positive culture rates (44–81%)
were previously reported for small animals with bacterial
infective arthritis.1,2,18,22,23 We identified cases with nega-
tive cultures responding to antibiotic medication therapy as
evidenced by improvements in lameness and synovial fluid
cytology. Rarely, immune-mediated arthropathy can occur in
a single joint,5 and it is possible that one of the treatment
failures in our report (which had negative cultures) was
misdiagnosed and had an autoimmune process. Our overall
results, however, corroborate previous evidence demon-
strating that a negative synovial fluid culture alone does
not exclude bacterial infective arthritis as a differential
diagnosis.2,18,22
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Response to treatment can be influenced by factors such
as antimicrobial choice, chronicity of infection and comor-
bidities. Antimicrobial therapy was based on culture and
susceptibility results when available. When susceptibility
panels were not available, antimicrobial selection was based
on clinician experience. No susceptibility profiles were
available for ⅔ cases in which the infection did not resolve,
leaving the possibility of inappropriate antimicrobial selec-
tion as a cause of failure in those cases. It was not possible to
determine the influence of infection chronicity in our case
series due to low subject numbers. One case with persistent
infection may have been immunocompromised as it was
diagnosed with several comorbidities including diabetes
mellitus, T cell leukaemia and hypothyroidism. Overall, there
were no clear associations or patterns for treatment failure in
our case series.

The recommended interval for IADP of every 2 weeks
was empirical based on a balance between reported elution
rates and logistical considerations.14,16 There are no estab-
lished guidelines for treatment frequency using the dextran
polymer. In an in vitro study, rapid release of amikacin was
observed in the first 24hours, and fell below breakpoint
minimum inhibitory concentration by day 10.14 To the
authors’ knowledge, elution characteristics of antimicro-
bials from this dextran polymer have only been investigated
in vivo in the subcutaneous space of horses, where amikacin
was also reported to drop below minimum inhibitory
concentrations by day 10.16 As no studies have been per-
formed assessing elution or degradation rates within joints,
whether appropriate antimicrobial delivery was achieved in
our cases remains unknown. We did not detect any evi-
dence that the dextran polymer was still present within
joints at subsequent injections. We were concerned about
client compliance if repeat injections, which require seda-
tion, were recommended at more frequent (such as weekly)
intervals. The ideal regimen needs further investigation,
and we caution against using the results or protocols in our
study as supporting evidence for a 2-week treatment
interval.

No major adverse events were observed with IADP.
The potential maximum median dose of antimicrobial in
each injection was 9mg/kg, which was within or below
the recommended daily systemic doses of amikacin
(15–30mg/kg every 24hours) and imipenem (5–10mg/kg
every 6–8hours).24 In the in vivo equine study, systemic
levels of amikacinwere not detected at 24hours and7 days.16

It is therefore unsurprising that known adverse systemic
effects of amikacin such as nephrotoxicity were not encoun-
tered. Furthermore, we did not combine amikacinwith other
potentially nephrotoxic or incompatible antimicrobials. Rou-
tine monitoring for renal injury (such as identification of
renal casts) was not performed; however, based on the doses
administered, they were not indicated. Worsening of lame-
ness following IADP in some cases was transient, and may
have been caused by distension of the joint rather than any
chemically irritating effects of the IADP.

The retrospective design is a major limitation of this
study. The number of cases was low, and the population

was heterogenous. Definitive resolution of infection was not
clinically feasible due to lack of cultures at the end of
treatment, and lack of long-term follow-up. As discussed,
concurrent treatment methods between cases varied and
were not standardized, and it was not possible to determine
the efficacy of IADP in this population. It was not surprising
to find thatmost dogs received concurrent oral antimicrobial
therapy, given that the efficacy of IADP was (and still is)
unknown. While attempts were made to maintain a consis-
tent protocol for IADP, the number and frequency of dosing
were variable. These limitationsmay be difficult to overcome
in future studies, since bacterial infective arthritis is uncom-
mon and clinical decisionmaking for these challenging cases
is multifactorial.

Summarily, IADP combined with systemic antimicrobi-
al therapy and/or surgery was successful in treating
bacterial infective arthritis in the majority of cases. Im-
provement in lameness scores and cytologic character-
istics of synovial fluid were observed. The injections
seemed to be well tolerated by all dogs with a minority
showing a transient increase in the degree of lameness.
Future studies should aim to determine antimicrobial
elution and degradation rates within joints, and report
outcomes of IADP treated dogs without concurrent anti-
microbial therapy.
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