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Objective—To describe the clinical use of regional limb perfusion with antimicrobials
(A-RLP), complications, and outcome in a large series of patients.

Design—Retrospective case series.
Animals—174 horses.

Procedures—Medical records of horses treated with A-RLP between 1999 and 2009 were
reviewed. Signalment, primary complaint, horse use, etiology, duration of clinical signs,
previous treatment, structures involved, concurrent conditions, A-RLP characteristics, ad-
ditional treatments, complications, and outcome were recorded. At long-term follow-up, 2
outcomes were investigated: survival rate and return to previous use at the same or higher
level. Univariate and multivariate logistic regression analyses were conducted.

Results—Group 1 (96 horses) included septic synovitis. Group 2 (50 horses) included extra-
synovial lacerations (23 horses) and fresh, minimally contaminated intrasynovial lacerations
without evidence of established synovial infection (27 horses). Group 3 (28 horses) includ-
ed miscellaneous other conditions. Only minor complications were reported in 12.26% of
horses that received IV (n = 155) and 33% of horses that received intraosseous (27) A-RLP
Horses with septic synovitis had a lower survival rate (53.43%) than did horses with lacera-
tions (91.89%). Within group 2, no significant differences in short- or long-term outcomes
were found between horses with extrasynovial and fresh, minimally contaminated intra-
synovial lacerations. For the horses returning to previous use, 80% of horses with septic
synovitis and 72.72% of horses with lacerations were performing at the same or higher
level at the time of follow-up.

Conclusions and Clinical Relevance—The results of the present study indicated that
A-RLP is a safe technique with minimal adverse effects. The IV route presented fewer com-
plications than intraosseous injection. Horses with infection of synovial structures had a
lower survival rate than did those with acute, minimally contaminated intrasynovial lacera-
tions. The latter had a similar prognosis for horses with extrasynovial lacerations treated with
A-RLP (J Am Vet Med Assoc 2012;241:1650-1658)
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Both the IV and intraosseous routes can be used with
similar results.®® The antimicrobial concentrations
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are much higher than those after systemic administra-
tion,”*!! and experimental infections have responded
favorably to A-RLP.'? Reported complications of A-RLP
include thrombophlebitis of the injected vein, soft tis-
sue inflammation over the intraosseous infusion site,
difficult injection into the medullary cavity of the
bone, and osteonecrosis of the injected bone.*%" On
the basis of clinical experiences and anecdotal clinical
reports,'> ! 121% it is believed that the use of A-RLP has
helped increase the successful outcome of horses with
orthopedic infections. However, information about
ease of use, complications, and short- and long-term
results after clinical application of A-RLP in a large
number of cases is lacking. The objective of the study
reported here was to describe the clinical use of A-RLP
and its complications and outcome in a large series of
horses.
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Materials and Methods

Case selection criteria—Medical records from
horses hospitalized at the Ontario Veterinary College
Teaching Hospital between October 1999 and May
2009 that received A-RLP were reviewed.

Medical records review—Retrieved data included
signalment (breed, sex, and age), use, duration of clini-
cal signs, treatment prior to admission, structures in-
volved, concurrent conditions, A-RLP characteristics,
additional medical or surgical treatments, and hospi-
talization time. Characteristics of the A-RLP included
total number of A-RLPs performed, starting day, time
interval between A-RLP procedures, route of admin-
istration (IV or intraosseous), administration site,
whether performed under general anesthesia or stand-
ing sedation, antimicrobial used, antimicrobial dose,
total perfusate volume, use of local anesthetic in the
perfusate (amount of local anesthetic used), use of peri-
neural anesthetic block proximal to the tourniquet, and
duration of tourniquet placement. Recorded technical
and clinical complications associated with the perfu-
sions were also retrieved. Complications were consid-
ered minor as long as these had no consequences for
the well-being of the patient or did not require a major
change in the treatment plan. Minor complications in-
cluded mild phlebitis, mild transient localized swelling,
difficult injection, or screw breakage. Complications
were considered major when important consequences
to the patient were observed (ie, severe thrombophle-
bitis, tissue sloughing, complication requiring a change
in treatment plan, or bone fracture at the injection site).
Patients with incomplete records were excluded.

Horses included in the study were divided into 3
groups according to the main clinical sign: septic syno-
vitis (group 1), lacerations (group 2), or any other clini-
cal condition (group 3). Horses with an infected synovial
structure (joint, synovial sheath, or bursa) were included
in group 1. A diagnosis of septic synovial structure was
confirmed if organisms were seen on cytologic exami-
nation of synovial fluid or if results of bacterial culture
of synovial fluid or a membrane sample were positive.
Additionally, a diagnosis of septic synovitis was made
if there were obvious signs of contamination in chron-
ic synovial lacerations or the results of synovial fluid
analysis met > 3 of the following criteria: WBC count
> 30,000 cells/uL (reference range, 50 to 500 cells/uL),
> 90% polymorphonuclear leukocytes (reference range,
< 10%), total protein concentration > 4 g/dL (refer-
ence range, 0.8 to 2.5 g/dL), and degenerative changes
in polymorphonuclear leukocytes.”> Horses with fresh,
minimally contaminated lacerations involving synovial
structures did not meet criteria for synovial sepsis and
were therefore included in group 2. Variables investi-
gated in the synovial sepsis group (group 1) were breed,
sex, age (both as a continuous and categorical variable
[foal < 6 months of age vs adults]), use, duration of clini-
cal signs (< 24 hours, 1 to 7 days, or > 7 days), type of
synovial structure affected (joint, sheath, or bursa), eti-
ology of infection (hematogenous, traumatic, iatrogenic,
or unknown), number of synovial structures affected per
horse (1 vs > 1), presence of osteomyelitis, other con-
current lesions, tendon involvement, number of A-RLPs

performed, administration of systemic antimicrobials,
intrasynovial local antimicrobials, use of arthroscopic or
tenoscopic lavage, and use of ISCL with isotonic fluids.
Group 2 included horses with lacerations not involving
a synovial structure and horses that had lacerations in-
volving a synovial structure but that did not meet the
criteria for established infection. The latter typically in-
cluded horses with fresh, minimally contaminated in-
trasynovial lacerations because these lacerations were
considered to not have an established, ongoing septic
process. In some of these cases, synovial fluid analysis
revealed cytologic parameters within the reference rang-
es or well below those values indicated in group 1. Re-
sults of cultures when available were negative. In some
cases, a synovial fluid sample was not available as fluid
had drained out through the laceration; however, con-
tamination was minimal. Variables investigated in group
2 included breed, sex, and age (both as a continuous and
categorical variable [foal < 6 months of age vs adults]),
use, duration of clinical signs (< 24 hours, 1 to 7 days,
or > 7 days), synovial involvement (extrasynovial vs in-
trasynovial), type of synovial structure affected (joint,
sheath, or bursa), number of synovial structures affected
per horse (1 vs > 1), bone involvement, tendon involve-
ment, number of A-RLPs performed, administration of
systemic antimicrobials prior to admission to the hospi-
tal, intrasynovial local antimicrobials, use of tenoscopic
synovial lavage, and ISCL with isotonic fluids. Horses
that received A-RLP for any other clinical condition were
included in group 3.

Short-term outcome was determined at time of hos-
pital discharge by evaluation of medical records to deter-
mine whether horses were successfully discharged from
the hospital, euthanized for the primary complaint, or
euthanized for an unrelated reason. Long-term outcome
was determined at the time of follow-up (= 3 months
after discharge) by means of a telephone questionnaire
administered to the owners or trainers. The purposes
of the questionnaire were to determine whether horses
were alive, had been euthanized because of the prima-
ry complaint, or had been euthanized for an unrelated
reason and whether horses had returned to their previ-
ous use. During the questionnaire, the level of athletic
performance that the horse had achieved prior to the
occurrence of the condition under investigation was es-
tablished, and then it was investigated whether, in the
owner’s or trainer’s opinion, the horse had been able to
return to a lower, equivalent, or higher level of perfor-
mance after discharge from the hospital. If the owner or
trainer did not consider the horse to have returned suc-
cessfully to its previous level of performance, it was es-
tablished whether this was attributable directly to the oc-
currence of the condition treated with A-RLP or whether
other factors had contributed to the eventual outcome.
Therefore, at long-term follow-up, horses were catego-
rized according to whether they had returned to previous
use (at the same or higher level or at a lower level ow-
ing to the primary complaint, an unrelated lesion, or an
unknown reason), had retired without attempt to return
to previous use, had been euthanized (because of the
primary complaint or for an unrelated reason), or were
still convalescing. For some horses, long-term follow-up
information was not available.
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Statistical analysis—Descriptive statistical anal-
ysis of data in different groups was performed. Out-
comes that were evaluated included long-term out-
come (alive vs euthanized for the primary complaint
at long-term follow-up) and return to previous athlet-
ic use (same or higher level vs lower level because of
the primary complaint). For each outcome, univariate
exact logistic regression analysis was used to test the
variables of interest to determine whether they were
significant predictors of the outcomes alive versus eu-
thanized for the primary complaint and returned to
previous use at the same or higher level or at a lower
level because of the primary complaint. Multivariate
stepwise logistic regression analyses were then per-
formed to fit prediction models for the outcomes with
an entry value of P < 0.4 for inclusion in the model.
Interactions among significant factors in the multi-
variate stepwise logistic model were analyzed. Values
of P £ 0.05 were considered significant. Odds ratios
and 95% Cls were calculated for significant variables.
Power for the multivariate stepwise analyses was cal-
culated on the basis of the x* score and degrees of free-
dom upon termination of the model building. Values
are expressed as median and range. All analyses were
performed with standard software.?

Results

A total of 174 horses (36 sexually intact males,
54 castrated males, and 84 females) were included in
the study. There were 56 Thoroughbreds, 53 Standard-
breds, 23 warmbloods, 18 American Quarter Horses, 16
mixed-breed horses, 3 draft horses, 3 Arabians, and 2
ponies. The median (range) age at the time of admis-
sion was 4 years (0.003 to 20 years). Athletic use at
the time of admission was recorded in 150 (86.21%)
cases and included racing (n = 60), performance (show-
jumping, dressage, or western showing; 32), pleasure
riding (13), breeding (8), and other purposes (2).
There were 5 yearlings or young horses that had not
started training and 30 foals (age < 6 months). There
were 96 horses with septic synovitis (group 1; 74 septic
joints, 16 septic sheaths, and 6 septic bursae), 50 with
lacerations (group 2; 27 fresh, minimally contaminated
intrasynovial lacerations and 23 extrasynovial lacera-
tions), and 28 with other conditions (group 3; osteo-
myelitis [4], fractures [2], prophylactic use of A-RLP
[11], surgical site infections [5], and other conditions
[6]). Median (range) duration prior to admission to the
hospital was 4 days (0 to 60 days; group 1), O days (0 to
25 days; group 2), and 5 days (0 to 180 days; group 3).

The A-RLPs were performed under general anes-
thesia (n = 9 [5%]) or standing sedation (165 [95%]).
In 97 (55.74%) horses, treatment with A-RLP was initi-
ated the day of admission, and perfusions were repeated
on a daily basis. The median (range) number of A-RLPs
performed per horse was 5 (1 to 19), median (range)
volume of the perfusate administered was 50 mL (12 to
62 mL), and median (range) duration of application of
tourniquet was 20 minutes (15 to 45 minutes). Addi-
tion of local anesthetic to the perfusate was recorded in
91 (52.2%) cases; 2% lidocaine was used in most horses
at a median (range) dose of 10 mIL/perfusion (1 to 45
ml/perfusion). The use of a perineural block proximal

to the tourniquet was recorded in 7 animals. Intrave-
nous RLP was used in 155 (89.1%) cases, and intraos-
seous RLP was used in 27 (15.51%); in 8 (4.6%) cases,
both IV and intraosseous RLP were used. The cephalic
and saphenous veins were used most often for IV RLP;
the palmar or plantar digital vein was less frequently
used. The dorsal metatarsal artery was used in 1 case.
The medullary cavity of the third metacarpal or meta-
tarsal bone was most commonly used for intraosseous
RLP; the medullary cavity of the radius was injected
in 1 instance. The type of tourniquet and the device
used for injection were not recorded consistently. How-
ever, at our institution, a 12-cm-wide elastic tourniquet
(Esmarch bandage) is typically placed proximal to the
area to be perfused. Intravenous RLP is commonly per-
formed with a 22-gauge butterfly needle, and custom-
made cannulated 4.5-mm cortical screws with a welded
Luer-lock adaptor are typically used for the intraosse-
ous route. At the end of the IV injection of the perfus-
ate, the butterfly catheter is removed, and pressure is
applied with gauze and several rounds of tape, which is
removed after tourniquet release. After completing the
intraosseous RLP, a sterile injection port is applied to
the Luer-lock adaptor, and the limb is kept bandaged.

No major complications for the A-RLP procedure
were reported. Vein-related complications (hematoma,
phlebitis, or thrombosis) were recorded in 19 of 155
(12.26% of horses undergoing IV RLP). Screw-related
complications (discharge around the screw, difficult
injection, screw loosening, and screw breakage) were
recorded in 9 of 27 (33%) horses undergoing intraos-
seous RLP. In the patient where the dorsal metatarsal
artery was used, no complications were recorded. Me-
dian (range) hospitalization time was 11 days (2 to 74
days; group 1), 10 days (1 to 98 days; group 2), and 7
days (2 to 97 days; group 3). Long-term follow-up in-
formation was available for 132 (75.86%) horses, with
a median (range) time of 3.25 years (0.17 to 12 years)
after discharge from hospital. From these 132 horses,
85 (64.4%) had returned to their previous use and were
included in the multivariate stepwise analysis for return
to previous athletic use at the same or higher level or at
a lower level because of the primary complaint.

Synovial infections (group 1)—There were 96 pa-
tients with synovial infections. The origin of infection
was hematogenous in 18 (18.75%) cases, iatrogenic (af-
ter intrasynovial injection or surgery) in 30 (31.25%),
traumatic (wound) in 44 (45.83%), and unknown in 4
(4.16%). In 26 (27.1%) cases, only the forelimbs were
affected, and in 64 (66.7%) cases, only the hind limbs;
in 6 (6.2%) cases, both forelimbs and hind limbs were
involved. In 78 (81.25%) cases, only 1 synovial structure
was affected, and in 18 (18.75%), multiple synovial struc-
tures were affected. Seventy-four (77.88%) infections
were affecting joints, 16 (16.7%) sheaths, and 6 (6.25%)
bursae. Synovial structures affected were tarsocrural
joint (n = 38), metacarpophalangeal or metatarsopha-
langeal (fetlock) joint (24), distal interphalangeal joint
(9), intercarpal joint (8), radiocarpal joint (6), proximal
interphalangeal joint (4), stifle joint (3), tarsometatarsal
joint (3), distal intertarsal joint (2), digital flexor tendon
sheath (14), tarsal sheath (2), calcaneal bursa (5), na-
vicular bursa (3), and digital extensor tendon sheath (1).
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Concurrent conditions were present in 34 (35.4%)
horses and included osteomyelitis (n = 27 [28.1%]),
tendon involvement (8 [8.3%]), and ligament involve-
ment (2 [2.1%]). Cases with osteomyelitis included 22
horses with septic arthritis, 2 with septic tenosynovitis,
and 3 with septic bursitis. Of the 22 horses with septic
arthritis and osteomyelitis, 12 cases were hematogenous,
7 cases were traumatic, 2 cases were iatrogenic, and 1 case
was of unknown origin. Duration of the condition prior
to admission to the hospital was distributed as < 24
hours (n =17 cases [17.7%]), 1 to 7 days (45 [46.8%]),
> 7 days (30 [31.3%]), and unknown (4 [4.2%]). Treat-
ments prior to admission to the hospital included ad-
ministration of antimicrobials systemically (n = 71
[74%]) and intrasynovially (15 [15.6%]).

In-hospital additional treatments included lavage
(93 [96.9%] cases, from which arthroscopy was used
in 35 [36.5%]), ISCL with isotonic fluids (14 [14.6%]
cases; 7 of these were septic tenosynovitis), systemic
antimicrobials (95 [99%] cases), and intrasynovial anti-
microbials (60 [62.5%] cases). Median duration of ISCL
with isotonic fluids was 2 days (range, 1 to 7 days).

Bacterial culture and susceptibility testing were
conducted in 81 (84.37%) cases, of which positive
bacterial growth was found in 48 (59.26%). The most
common systemic antimicrobial treatment used was the
combination of penicillin and gentamicin initially (n =
67 [69.79%]), followed by trimethoprim-sulfamide as
a long-term treatment (26 [27.08%]). Other less fre-
quently administered systemic antimicrobials included
ceftiofur, metronidazole, and enrofloxacin. In most
foals, amikacin was used systemically instead of gen-
tamicin, and the combination of clarithromycin and
rifampin was also used in some cases. Amikacin was
the antimicrobial most frequently administered into the
synovial cavity (n =55 [57.3%]; 91.6% of horses receiv-
ing intrasynovial antimicrobials); other antimicrobials
used included gentamicin, penicillin, meropenem, ce-
fotaxime, and vancomycin.

Regional limb perfusion with antimicrobials was
initiated the day of hospitalization in 46 (47.9%) hors-
es and the following day in 27 (28.1%). Amikacin at
a dose of 0.5 to 1 g/perfusion (range, 250 mg to 4 g)
was most commonly used for A-RLP (n =78 [81.25%]).
Gentamicin (300 mg [3 g/perfusion]) and ceftiofur
(200 mg [1 g/perfusion]) were the next most common-
ly used antimicrobials. Other antimicrobials included
timentin, cephazolin, cefotaxime, penicillin, cefoxitin,
imipenem, meropenem, and vancomycin. Antimicrobi-
als were combined in 17 cases: amikacin, timentin, and
clavulanic acid (n = 3); gentamicin-amikacin and peni-
cillin (9); cefazolin and amikacin (3); amikacin and
cefoxitin (1); and ceftiofur and cephazolin (1).

At the time of discharge from the hospital (short-
term outcome), 69 (71.9%) horses were alive, 22
(22.9%) had been euthanized for reasons related to the
primary complaint, and 5 (5%) had been euthanized
for other reasons. At long-term outcome, follow-up was
available for 73 of 96 (76.04%) horses, and from these,
39 (53.43%) cases were alive, 26 (35.61%) had been
euthanized for the primary reason, and 8 (10.95%) had
been euthanized for other reasons. Sex was a signifi-
cant (P = 0.03) factor for long-term survival. Mares (22

survived and 11 euthanized) were more likely to sur-
vive than geldings (10 survived and 11 euthanized; OR,
9.814; 95% CI, 1.798 to 53.559). Intact males (7 sur-
vived and 4 euthanized) were more likely to survive than
geldings (OR, 5.331; 95% CI, 0.619 to 45.9). Higher
long-term survival rates (OR, 11.897; 95% CI, 2.017 to
70.181) were associated with horses that received sys-
temic administration of antimicrobials prior to admis-
sion to the hospital (25 survived and 15 euthanized),
compared with those that did not receive antimicrobi-
als (6 survived and 11 euthanized; P = 0.006). Horses
with a single synovial structure involved (33 survived
and 17 euthanized) were more likely to survive long
term (OR, 6.205; 95% CI, 1.168 to 32.952; P = 0.032)
than horses with multiple synovial structures involved
(6 survived and 9 euthanized). Of the horses for which
long-term follow-up was available that had returned to
their previous use (n = 35), 28 (80%) were performing
at the same or higher level, 6 (17.14%) were performing
at a lower level because of the primary complaint, and
1 (2.86%) was performing at a lower level for other rea-
sons. The probability to return to performance at a level
equal to or higher than before the injury was higher for
horses in which the hind limb was involved (23 higher
vs 3 lower), compared with those in which the forelimb
was involved (5 higher vs 4 lower; OR, 16.44; 95% CI,
1.71 to 110.23; P = 0.028). Horses that were not treated
with ISCL with isotonic fluids were more likely to re-
turn to the same or higher level (27 higher vs 4 lower),
compared with those in which ISCL with isotonic fluids
was not used (1 higher vs 3 lower; OR, 43.99; 95% CI,
1.929 to > 999.999; P = 0.018). The following variables
did not have a significant effect on survival or return to
performance: duration of clinical signs before hospital
admission, etiology of sepsis, presence of osteomyeli-
tis, number of A-RLPs performed, use of intrasynovial
antimicrobials, and use of arthroscopic or tenoscopic
versus through-and-through lavage.

Lacerations (group 2)—There were 50 horses with
lacerations. The front limb was affected in 22 (44%) and
the hind limb in 28 (56%). Of the 27 acute, minimally
contaminated lacerations with synovial involvement but
without established synovial infection, 25 (92.6%) had
only 1 synovial structure involved, and 2 (7.4%) had 2
synovial structures involved. Articulations were affected
in 16 (59.25%) cases and tendon sheaths in 10 (37.04%),
and 1 case involved a bursa (3.71%). Synovial structures
affected were fetlock joint (n = 8), tarsocrural joint (4),
radiocarpal joint (1), proximal intercarpal joint (1), digi-
tal flexor tendon sheath (10), digital extensor tendon
sheath (1), and calcaneal bursa (1).

Concurrent conditions were present in 22 (44%)
cases and included bone (n = 5 [10%]), tendon (15
[30%]), or ligament involvement (2 [4%]). Duration
of the primary condition prior to admission to the
hospital was distributed as follows: < 24 hours (n =
41 [82%]), 1 to 7 days (6 [12%]), > 7 days (2 [4%]),
and unknown (1 [2%]). Duration of the fresh, mini-
mally contaminated intrasynovial lacerations (n = 27)
was distributed as follows: < 24 hours (25 [92.6%]) or
1 to 7 days (2 [7.4%]). These 2 cases had a duration
of clinical signs just over 24 hours but were included
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in group 2 on the basis of cytologic analysis, negative
culture, and absence of obvious signs of synovial con-
tamination. Additional treatments prior to admission to
the hospital included systemic antimicrobials (n = 23
[46%]) and intrasynovial antimicrobials (1 [2%]).

In the hospital, all horses received antimicrobials
systemically. Other in-hospital treatments used in horses
with intrasynovial lacerations included synovial lavage
(n =26 [52%] horses, from which arthroscopy was used
in 5 [10%]), intrasynovial antimicrobials (12 [24%]),
and ISCL with isotonic fluids (7 [14%]). The systemic
antimicrobial treatment most commonly used was the
combination of penicillin and gentamicin initially (n
= 37 [74%]), followed by trimethoprim-sulfamide as a
long-term treatment (22 [44%]). Other less frequently
administered antimicrobials included ceftiofur and peni-
cillin alone. Intrasynovial antimicrobials included ami-
kacin (n =9 [18%]) and gentamicin (3 [6%]).

Regional limb perfusion with antimicrobials was
initiated the day of hospitalization in 15 (53.57%)
horses and the following day in 9 (32.14%). Amikacin
at a dose of 0.5 to 1 g/perfusion (range, 0.150 to 3 g/
perfusion) was most commonly used for RLP (n = 42
[84%]). Gentamicin (1 g/perfusion), cefazolin (1 to 2
g/perfusion), and penicillin (both 2 X 10° U/perfusion)
were used occasionally. The median duration of the in-
trasynovial isotonic fluid CRI was 3 days (range, 1 to
5 days).

At the time of discharge from hospital (short-
term outcome), 47 (94%) horses were alive, 2 (4%)
horses had been euthanized for reasons related to the
primary complaint, and 1 (2%) horse had been euth-
anized for other reasons. For long-term outcome, fol-
low-up was available for 37 of 50 (74%) horses, and
of these, 34 (91.9%) were alive, 2 (5.4%) had been
euthanized for the primary complaint, and 1 (2.7%)
had been euthanized for other reasons. Because of
the small number of patients that were euthanized
in this group, the degrees of freedom to test all the
factors in a stepwise model were not available; there-
fore, logistic regression analysis was not performed
for outcome survival.

Of the horses with long-term follow-up informa-
tion available and that had returned to their previ-
ous use (n = 33), 24 (72.72%) were performing at the
same or a higher level, 8 (24.24%) were performing at
a lower level because of the primary complaint, and
1 (3.03%) was performing at a lower level for unde-
termined reasons. Tendon involvement decreased the
probability of return to previous use at the same or
higher level (P = 0.020). Horses with lacerations not
involving a tendon (18 vs 2) were more likely to re-
turn to performance at a level equal to or higher than
before the injury than were horses with lacerations
involving a tendon (6 higher vs 6 lower; OR, 9; 95%
CI, 1.418 to 57.117). The following variables did not
have a significant effect on return to performance:
duration of clinical signs before hospital admission,
synovial involvement, type of synovial structure af-
fected, systemic administration of antimicrobials prior
to admission to the hospital, use of intrasynovial anti-
microbials, number of A-RLPs performed, and use of
tenoscopic vs through-and-through lavage.

Other conditions (group 3)—The 28 cases in
group 3 were divided into surgical-site infections
(n = 5 [17.86%]), osteomyelitis (4 [14.29%]), open
fracture (2 [7.14%]), prophylactic use of A-RLP (11
[39.29%]), periarticular cellulitis (4 [14.29%]), quittor
(1 [3.57%]), and bone sequestration (1 [3.57%]). The
forelimb was affected in 15 horses (53.57%) and the
hind limb in 13 (46.43%).

Duration of the condition prior to admission to
the hospital was distributed as follows: < 24 hours
(n =7 [25%]), 1 to 7 days (9 [32.14%]), > 7 days
(10 [35.72%]), or unknown (2 [7.14%]). In 8 horses
(28.57%), 1 synovial structure was involved. Systemic
antimicrobials were administered in 24 (85.71%) cases,
and intrasynovial antimicrobials were used in 7 (25%).
Penicillin was the antimicrobial most commonly used
systemically (n = 22 [78.57%]); other antimicrobials
used included gentamicin, trimethoprim-sulfamide,
and chloramphenicol.

Amikacin (125 mg to 3 g/perfusion) was used in
A-RLP in all cases. Amikacin was combined with penicil-
lin (2 cases) and ticarcillin and clavulanic acid (1 case).

At the time of hospital discharge, 26 (92.86%)
horses were alive, 1 (3.57%) horse was euthanized for
the primary complaint, and 1 (3.57%) horse was eutha-
nized for unrelated reasons. Twenty-two (78.57%) hors-
es were available for long-term outcome: 18 (81.82%)
were alive, 3 (13.64%) were euthanized for reasons re-
lated to the primary complaint, and 1 (4.54%) was eu-
thanized for unrelated reasons. At that time, 17 horses
had returned to their previous athletic use: 11 at the
same or higher level (64.71%) and 6 at a lower level (1
horse [5.88%] for reasons related to the primary com-
plaint, 4 [23.53%] for unrelated reasons, and 1 [5.88%]
for undetermined reasons). No statistical analyses were
performed in this group because of the diverse condi-
tions included.

Power calculations—Power was calculated for the
multivariate stepwise analysis for each of the groups.
Results for power values were as follows for group 1:
alive versus dead, 93.67%; return to previous use at the
same or higher level versus at a lower level, 83.89%.
Results for power values were as follows for group 2:
return to previous use at the same or higher level versus
at a lower level, 71.57%.

Discussion

The results of the present study confirmed the
suggestions made in previous experimental inves-
tigations®'*"® and anecdotal reports'>!'* that the use
of A-RLP in horses is feasible and clinically safe. The
technique can be easily performed with horses under
standing sedation or general anesthesia. The IV route
presented a lower incidence of technical complica-
tions than intraosseous injection; therefore, we sug-
gest IV RLP would be preferable when venous access
is available. The intra-arterial route was used in 1 case
without complications; however, the arterial route was
used only for the last perfusion on that horse because
venous thrombosis occurred after 6 IV RLPs via the sa-
phenous vein. The horse had a severe laceration to the
right metatarsophalangeal (fetlock) joint, and the plan-
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tar digital veins were not available. The arterial route
has been used for perfusion of the distal portion of the
limb with miconazol in a mare with chronic pythiosis'®;
however, drug induced toxic effects on the endotheli-
um are much more frequent and severe in arteries than
in veins,!” and therefore, IV and intraosseous routes are
preferred over intra-arterial RLP.

The IV route was most commonly used to perform
A-RLP in the present study, likely indicating the readily
accessible IV route versus the more invasive intraosse-
ous RLP technique. Repeated daily venipuncture with a
small-gauge needle was not associated with serious ad-
verse effects, and topical anti-inflammatory drugs'® or
intraperfusate dimethylsulfoxide! were not used. Place-
ment of indwelling IV catheters for A-RLP has been
reported clinically' and recently evaluated.' Mainte-
nance of indwelling catheters in limb veins of healthy
horses for 5 to 7 days was associated with thrombosis
in 15.78% of the veins," which is slightly higher than
the complication rate after IV RLP in the present study
(12.26%).

The complication rate was higher for intraosseous
RLP than IV RLP but included only minor complica-
tions related to the screw and the difficulty of injecting
into the medullary cavity as previously described,'®*
and osteonecrosis of the injected bone® did not occur.
For repeated intraosseous RLP, the cannulated screw
was maintained in place under a bandage and with-
out routine administration of heparinized saline (0.9%
NaCl) solution.

Signs of sepsis after administration of A-RLP have
been reported in foals® and humans®' but were not ob-
served in this study. All the foals were receiving system-
ic antimicrobials at the time of the A-RLP, which could
have decreased the likelihood of sepsis.?!

Local anesthetics were included in the perfusate
in some patients in the present study, both with IV
and intraosseous routes. This practice may increase
the comfort level of horses receiving intraosseous
RLP?* and might also increase the efficacy of the
perfusion by reducing the movement of the patient.
Perineural anesthesia proximal to the tourniquet was
used in a limited number of cases, but in the authors’
opinion, patients undergoing RLP with perineural
anesthesia stand more still than those without peri-
neural anesthesia.

In groups 1 and 2 in the present study, a series of 5
RLPs performed on consecutive days was typically ad-
ministered regardless of the antimicrobial being used,
but in severe infections and refractory cases, A-RLP
was performed for longer periods or another series
of 5 A-RLP was repeated. Repeated cytologic analysis
of synovial fluid collected from the infected synovial
structures is typically used by the authors as a guide
to determine whether treatment should be continued.
When A-RLP was used prophylactically (11 of the 28
cases in group 3), A-RLP was administered only once
or twice. Amikacin was the antimicrobial most com-
monly used for RLP, probably because of its highest
activity against pathogens isolated from equine ortho-
pedic infections.**** Bacterial culture and antimicrobial
susceptibility testing were performed on admission
in most horses in group 1, but A-RLP was typically

started before the laboratory results became available.
Antimicrobial doses varied widely, which is commonly
observed in the literature.>>!'2> Regional limb perfu-
sion with antimicrobials was repeated on a daily basis,
although longer intervals (36 hours) have been indi-
cated on the basis of studies** performed on healthy
horses. However, amikacin clearance was shortened in
inflamed versus normal joints,” and the septic acidic
environment and accumulated cellular debris decrease
the activity of some antimicrobials.?”*® Administration
of antimicrobial combinations by RLP has been less fre-
quently reported' and was used in 9.8% of horses in
this study. No specific complications were reported in
those cases, but clinicians should be aware of the in-
teractions among antimicrobials,**° which could affect
the antimicrobial efficacy.

Fresh intrasynovial lacerations are commonly
grouped together with septic processes in the litera-
ture*'3%; however, contamination differs from infection,
and the response to treatment is therefore also different.
It was our purpose to be as specific as possible when
defining sepsis in a synovial structure and to evaluate
septic synovitis and nonseptic contaminated intrasy-
novial lacerations separately. Previous studies'>****-°
evaluating septic synovitis in horses have found sur-
vival rates of 62% to 92% in adults and 42% to 85% in
foals. In our study, 72% of horses with septic synovitis
were discharged from the hospital, and 53.43% of the
horses with follow-up information available were alive
at long-term follow-up. These values are relatively low,
compared with those reported; however, our definition
of septic synovitis was more specific than in other stud-
ies, and 10.95% of horses with long-term follow-up
information available had been euthanized for reasons
unrelated to the septic condition. Foals and adults were
evaluated together, but age was not a significant fac-
tor in the multivariate analysis. Our study population
was purely referral, compared with other studies®®*
that also included primary cases. In fact, 74% of the
patients in this study had received treatment by refer-
ring veterinarians before admission to the hospital, and
17% of cases had received intrasynovial antimicrobi-
als. Therefore, a higher proportion of cases refractory
to primary treatment might have been included, com-
pared with other studies.’® Positive results of bacterial
cultures have been associated with a lower survival
rate.”! In group 1, 59.26% of bacterial cultures were
positive, which lies in the upper portion of the range of
reported culture success rates (22% to 74%)**** and
might indicate high severity of disease.”* However, the
effect of positive culture on rate of survival or return to
performance was not investigated in our study.

In our study, systemic administration of antimicro-
bials before admission to the hospital was found to be
a protective factor for survival in cases of septic synovi-
tis. This finding supports the recommendation for early
initiation of treatment and specifically the administra-
tion of antimicrobials.* Duration of clinical signs prior
to treatment has been negatively associated with prog-
nosis in horses** and has been reported as the most
important prognostic indicator in humans.*® However,
recent studies,> "4 including ours, have failed to
find such an association. In the present study, median
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(range) duration of clinical signs before admission to
the hospital in group 1 was 4 days (0 to 60 days), which
is longer than in other studies,’®* which have reported
higher survival rates. Wereszka et al”” found that dura-
tion of clinical signs prior to admission to the hospital
< 1 day was associated with higher survival rates than
clinical signs > 10 days. Within the horses treated with
A-RLP in this study, those with septic synovitis had low-
er survival rates (53.43%) than horses with lacerations
without infection (91.9%); however, within each group,
duration of the condition did not have a significant ef-
fect. Only 17.7% of the horses in group 1 were admitted
to the hospital within 24 hours after the clinical signs
were noticed, whereas 92.6% of the horses with intra-
synovial lacerations in group 2 were admitted within 24
hours after the incident. Therefore, although duration
prior to admission was not significant in this study, we
believe that early treatment of injuries with synovial in-
volvement is important for a successful outcome.

Geldings were less likely to survive, compared
with mares and sexually intact males, in the present
study. We speculate that this finding might be caused
by greater economic constraints applied on geldings,
compared with sexually intact males or mares that can
be destined to breeding. The number of synovial struc-
tures affected was also a significant factor for survival,
patients with only 1 synovial structure affected had a
higher survival rate than patients with > 1 synovial
structure involved. This has been reported and is es-
pecially relevant in young foals.*!>3*383! In this study,
only 7 foals with multiple joints affected were included,
and of those, only 3 survived. Concurrent osteomyelitis
has also been reported to negatively influence progno-
sis*303952 however, that was not observed in the present
study. The high antimicrobial concentrations achieved
in bone tissue after A-RLP****> might result in better out-
come for these horses. In group 1, 5 foals with septic
arthritis and osteomyelitis (1 with iatrogenic infection
after Salter Harris II fracture repair and 4 with hema-
togenous septic arthritis and physitis) survived after
treatment with systemic antimicrobials and A-RLP and
without debridement of the osteomyelitic lesion. In
group 3, 3 foals with septic physitis were included; all 3
survived, and 2 entered racing competition.

Survival or return to performance was not affected
by the anatomic structure involved (ie, joint vs sheath
vs bursa). Schneider et al** reported a higher survival
rate for horses with septic tenosynovitis, compared
with septic arthritis, and the authors suggested that the
absence of articular cartilage and milder negative con-
sequences in septic tenosynovitis might have been the
reason. It was also speculated that septic invasion of the
subchondral bone could result in a persistent focus of
infection difficult to resolve. Regional limb perfusion
with antimicrobials might be more effective in prevent-
ing or treating infection in the subchondral bone, al-
though gentamicin concentrations in subchondral bone
after A-RLP were not different from those achieved after
intra-articular administration in healthy horses.”*

Reported rates for return to previous level of ath-
letic use in horses with septic synovitis and lacerations
to synovial structures are 40% to 60%.'>2*363%4 In our
study, 48% of horses with septic synovitis returned to

the previous or intended athletic use, and from those
horses, 80% were performing at the same or at a higher
level than before. Differences in study populations and
treatment modalities make comparisons among stud-
ies difficult. In a recent report,” the use of continu-
ous intrasynovial antimicrobial infusion provided 94%
survival of horses with chronic or complicated septic
synovitis, which compares favorably with our results.
Continuous intrasynovial antimicrobial infusion could
therefore be superior to repeated A-RLP when chronic
septic synovial conditions are being treated, although
the number of cases was limited.

Horses with septic synovitis treated with ISCL with
isotonic fluids had worse prognosis than horses not
treated with ISCL with isotonic fluids. The use of ISCL
with isotonic fluids was to provide continuous lavage
rather than a continuous administration of antimicrobi-
als into the synovial cavity. Intrasynovial implantation
of indwelling orthopedic drains has been used clinical-
ly**3*# and has been associated with an increased risk
of ascending infection.* The ISCL with isotonic fluids
was used in 15 horses in group 1, and 7 of the 13 hors-
es with long-term follow-up information available had
been euthanized for the primary complaint. However,
ISCL with isotonic fluids was used in 7 cases in group
2, and 5 of the 6 cases with long-term follow-up infor-
mation available were alive. Therefore, although ISCL
with isotonic fluids did not seem to be protective over
other treatments for septic synovitis, this treatment
modality might have been used in more severe cases of
septic synovitis.

The authors are not aware of any report that septic
synovitis affecting the forelimb carries a worse prog-
nosis for return to performance than the hind limb. A
possible explanation could be that a higher proportion
of the horse’s weight is carried by the front limbs,* and
therefore postseptic consequences are more severe and
performance limiting than those conditions affecting
the hind limbs.

Horses with lacerations had an excellent prognosis
for long-term survival (long-term survival rate, 92%)
and good prognosis for return to athletic use (89.2%),
regardless of whether the laceration was intrasynovial
or extrasynovial and the type of synovial structure af-
fected (ie, joint vs sheath vs bursa). From those horses
that returned to athletic use, 72.7% were performing at
a level equal to or higher than before the injury. These
findings compare positively with those of other stud-
ies that have found long-term survival rates between
71% and 80%** and rates of return to athletic use
between 50% and 80%.1%3132373° In these studies, A-
RLP was used only in a small proportion of the cases,
among other locoregional techniques for administra-
tion of antimicrobials.>* The fact that the synovial in-
volvement of the laceration did not have a significant
effect on the outcome indicates that fresh lacerations
with contamination of synovial structures carry as good
a prognosis as extrasynovial lacerations, provided that
adequate treatment is administered and A-RLP is indi-
cated in the treatment of these cases. Even though du-
ration prior to admission did not have a significant ef-
fect on survival or return to performance, our findings
indicate that adequate treatment should be performed
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before the infection becomes established, which sug-
gests early treatment carries a better prognosis in these
conditions.?>**32% Tendon involvement was the only
factor that had a significant effect on return of the horse
to performance, which is in agreement with results of
other studies.? Differences in the prevalence of tendon
involvement in study populations may also be the rea-
son for differences in outcomes among studies.*

As reported,**?® the synovial structure involved did
not have a significant effect on survival or return to per-
formance. The tarsocrural joint was most commonly
affected in cases of septic arthritis followed by the fet-
lock joint, which corresponds with the literature.?*3>!
When referring to synovial sheaths, the digital flexor
sheath was mostly affected both in septic cases and in
lacerations, as reported.'>3!324

Regional limb perfusion with antimicrobials was
used for a variety of conditions in the horses in group 3.
The prophylactic use of A-RLP has not been reported in
the equine veterinary literature, but its effectiveness is
well described in humans.”” This practice provides high
tissue concentrations of antimicrobials when surgically
approached and might be beneficial when horses un-
dergo long surgical procedures, such as repair of com-
plex fractures or difficult arthrodesis, which are associ-
ated with a higher risk of infection.”®

The inclusion criteria and the retrospective na-
ture of this study preclude conclusions regarding ef-
fectiveness of the technique. Regional limb perfusion
with antimicrobials is usually used as an adjunct to
conventional treatment (systemic administration of
antimicrobials, lavage, debridement, administration of
anti-inflammatory drugs, and rest), which also limits
the evaluation of the effectiveness of RLP as a sole treat-
ment. Treatment strategies and management can differ
largely among cases, and this fact precludes direct com-
parisons among clinical reports. However, our results
are favorable for the use of A-RLP in the clinical set-
ting of equine medicine. The relative effectiveness of
A-RLP compared with other modalities of locoregion-
al antimicrobial treatment is also unknown. Studies
adopting a prospective, controlled design are required
to be able to draw conclusions on the efficacy of spe-
cific treatment regimens.

a.  SAS OnlineDoc, version 9.1.3, SAS Institute Inc, Cary, NC.
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