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Abstract

Repeated arthrocentesis is necessary to diagndsa@mitor the evolution of joint diseases, but the
procedure may worsen any inflammation and leadhtalration in synovial fluid. The aim of this

study was to determine the effect of repeated @rtmtesis on synovial fluid cytology in healthy
horses with normal joints. The experimental stuésapproved by Ethics Committee (University

of Pisa, Italy).

Four horses were enrolled in this study on thesbaskiinclusion criteria and underwent repeated
arthrocentesis of the inter-carpal joint of botft End right forelimbs. The synovial fluid samples
were processed for total protein concentratioral toticleated cell count and differential leukocyte
count. Data distribution was performed with the Kdgorov-Smirnov test and a Friedman test for
repeated measures and Dunn’s tegioasshoc were performed in order to verify differences teth

to sampling times comparing each time point. Sigaifce was set at p<0.05.

All horses remained free of lameness throughousthey period. Statistical differences were found

for macrophage and lymphocyte related to samping.t

Our results support the finding that repeated adtmtesis does not induce detectable synovial fluid
alterations. Although mild statistically signifidarchanges in macrophage and lymphocyte
populations were found, the values were always iwitiormal ranges, suggesting that these
changes were not clinically significant. Moreovtre cytological alterations rapidly solved. In
conclusion, repeated arthrocentesis does not dangeterm and clinically relevant alterations in

synovial fluid cytology in healthy horses with nahjoints.
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I'ntroduction

Joint disease is a significant cause of lamenedsoises and arthrocentesis is common equine
practice in order to obtain synovial fluid for aysb, instill diagnostic anesthetics, and admimniste
therapeutic medications [1]. Nonetheless, repeattatocentesis is an invasive procedure that may
lead to the introduction of bacteria into jointdahe development of septic arthritis, which is a
potentially devastating complication [2]. Repeatethrocentesis may be necessary for repeated
blocks or for treatment of joints shortly after thang or to monitor the development of joint
diseases, as reported in other species [3]. Givermmiportance of arthrocentesis in horses, the aim
of this study was to determine the effect of repg@aamples on synovial fluid cytology in healthy
horses. Only one paper has reported on the effecepeated arthrocentesis on synovial fluid
cytology in dogs [3] and one on calves [4]. To thest of our knowledge, no papers have been

published regarding the effect of repeated arthrssas in horses.

Materials and methods

Approval to conduct this study was obtained frome tiEthics Committee on Animal

Experimentation of the University of Pisa, Italyp.NL4875/2012.

Animals

Four horses owned by the Department of Veterinaigriges, University of Pisa, were enrolled in
this study on the basis of the following inclusiamteria: (1) no lameness or signs of joint pain on
any of their four legs; (2) no local or systemiaugiradministration during the three months
preceding the study. The four horses enrolled ierale and included three were Trotters and one
Warmblood. They were aged between 3-10 years amghe& 430-560 kg, with a median Body

Condition Score of 4/5 [5].

Procedure
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All"horses underwent a complete orthopedic exanorbestarting the experimental protocol and
then the presence of lameness were assessed bafdrarthrocentesis. The horse was evaluated
while walking straight on a loose lead and then en@dcircle in left and right directions. Then, the
horse was examined for swelling, heat, and painteotted on a loose lead in a straight line and a
circle. A passive flexion test that involved thepad region was performed, for 60 seconds, after
which the horse was immediately trotted off. Thesks were housed in single 4X4 meters boxes

for all the study period and were not submittedxercise.

All horses were submitted to repeated arthrocemtafdihe intercarpal (IC) joint of the left andhig
forelimbs. In particular, the right IC joint wasnspled at Time O (TO), at 2 (T2), 7 (T7) days and
then every week for three times (T14, T21, T28peesively). After TO the left IC joint was
sampled twice every 10 days (T10 and T20, respag)ivAn arthrocentesis was also performed on
both, left and right, IC joints 60 days (T60) afted. The IC joint was chosen for ease of use and
sample consistency. The times for arthrocentesise wdhosen because most intra articular
treatments for joint disease are usually done weg}| while T10, T20 and T60 were chosen to

assess the synovial fluid changes in a longer gaidime.

Arthrocentesis was performed by the same operg®IR). The hair over the joints was clipped and
a 10-minute scrub in a circular motion using gasgenges soaked in povidone—iodine 10% was
performed. Excess povidone-iodine was removed ftioenarthrocentesis site by a single 70%
isopropyl alcohol wipe with a gauze sponge. Eathracentesis was performed by introducing a
non-lubricated 20 Gauge 1.5” needle [7] into tRejbint between the tendons of the extensor
carpi radialis and theM. extensor digitorum communis. The correct placement of the needle was
confirmed by the presence of synovial fluid in tihe of the needle. A 2.5 ml syringe was then
attached to the hub, and 2 ml of synovial fluid veadlected in sterile EDTA tubes for each
sampling time. The presence of blood in the saropléhe re-placement of the needle was not

recorded.
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The synovial fluid samples were processed withie tour to evaluate: 1) total protein (mg/dl)
(TP) concentration by a rephractometer [8]; 2) Itotacleated cell count (celll) (TNCC) by an
automatic hematology analyzer (Lasercyte®, Idex@AVwith hyaluronidase pre-treatment [9,10];
to reduce the viscosity; 3) differential leukocyteunt (expressed as absolute values and
percentages of macrophages, lymphocytes, neutsppbdsinophils) after cytospin preparation
(1500 gpm, 5’) (Cytofuge 2, StatSpin, USA) to imypeosmear quality [9]. Smears were colored
with a modified Romanowsky staining (Diff QuitkDade Spa, Milano, Italia), coded with random
numbers, and stored in the dark at room tempera®imears were then evaluated by microscope at
40X and 100 X by a single, experienced clinicahpédgist who was blinded to sample identities
and time points (V.M.). The activation of macropea@r the presence of red blood cells (RBCs) in

the smear was not evaluated.
Satistical analysis

Data distribution was performed with the Komolgoe®mirnov test to check normal distribution of
data. Data did not show a Gaussian distributions th Friedman test for repeated measures and
Dunn’s test apost hoc were performed in order to verify differences iR Toncentration, TNCC,

in absolute values and percentages of macrophdgephocytes, neutrophils and eosinophils

related to sampling times comparing each time p@&ignificance was set at p<0.05.

Results

All horses remained free of lameness throughout shely period. Results concerning TP
concentration, TNCC, absolute values and percestafjenacrophages, lymphocytes, neutrophils
and eosinophils were expressed as meanztstandaatidevResults for both right and left IC joints

for each horse enrolled were reported in TablesdlLZa respectively. Statistical differences related

to time were found in the right IC joint for per¢age of macrophages, percentage and absolute
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values of lymphocytes. Differences were also fouod percentage and absolute values of

lymphocyte in the left IC joint.

Regarding the right IC joint, the percentage of mophbages increased at T14, showed a plateau
between T14 and T21, and then decreased at T2&irgjuto basal values at T60. The percentages
and absolute values of lymphocytes decreased atshibfved a plateau between T14 and T21, and

then increased at T28 returning to basal valuds at

In the left IC joint, the percentage and absoludti@ of lymphocytes decreased at T10, and then

increased at T30 returning to basal values at T60.

Discussion

The aim of this study was to evaluate the effectepfeated arthrocentesis on synovial fluid in
horses. Our results support the finding that regmkarthrocentesis does not induce synovial fluid

alterations with clinical importance.

Similar studies have already been conducted in d8p&nd cattle [4]. Berg et al. (2009) [3]
demonstrated that serial arthrocentesis at 3-waekvials can rarely be associated with mild
mononuclear joint inflammation, however it does appear to induce neutrophilic inflammation in
the joints of healthy dogs. The increase of montmarccells was related to exercise. In our study
macrophage percentages showed an increase at ks \&tter the first arthrocentesis, then values
returned to the baseline at 60 days. Our resultssanilar to those reported in healthy dogs

regarding the increase of macrophages.

Francoz et al. (2007) [4] reported a moderate mnffeatory response in the joints of healthy cows
after repeated arthrocentesis characterized by@edase in mononuclear cells, lymphocytes, and
neutrophils 24 h after the first arthrocentesis #reh began to return to normal 24 h later. In our

study, we found an increase in the percentage @fophages (right IC joint) and a decrease of
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lymphocytes (percentages and absolute values imli@bjoints) 10-14 day after the first centesis,
while neutrophils remained constant during timee Tiflammatory cells returned to the baseline

after 60 days, suggesting that the time passeérsded the joint to recover from the insult.

Gottschalk et al. (1998) [11] find a mild inflamroag response characterized by an increased
nucleated cell count and neutrophils after repeassptic arthrocentesis (at 4h, 8h, 24h and 72h
after Oh) of the left intercarpal joint in cliniéalnormal horses. In this study, we did not foumd a

increase of both nucleated cell count and neuttephi

These differences could be due to different sargplimes. Moreover, in our study only
arthrocentesis for the collection of synovial flmes performed, while in previous studies, a joint
lavage with Ringers lactate at T24 [4] and theodtiction of sterile Ringer lactate solution inte th

joint at TO [11] were performed.

In a study performed in horses [12] submitted weeted arthrocentesis of the middle carpal joint,
the authors reported an increase in total cell tthat peaked 24h after the first procedure and the
returned to normal values 24h later. However, tite@s injected anesthetic agents (lidocaine HCL
and mepivacaine HCL) before sampling synovial fluithile only arthrocentesis for the collection
of synovial fluid was performed in our study. Lo@adesthetics are irritating to the synovial fluid
and may lead to an increase in synovial fluid datlty more rapidly than using arthrocentesis

alone.

In the study by Stover et al. (1985) [13], horsesemveuthanized 1 to 10 days (one horse per day)
after the first arthrocentesis to evaluate thecefd arthrocentesis alone on the total and diffeat
leukocyte counts. The leukocyte counts increasatiwith a predominance of mononuclear cells

instead of neutrophils, in line with our findings.

We found that neuthophils (percentages and absedltes) did not change over time, in line with
the study by Sanchez Teran and collegues (2012) W performed arthocentesis for 5

consecutive times in their control group.
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Also eosinophils remained unchanged over time, hewehis data cannot be related to the

literature because to the best of our knowledgesthee no papers on this issue.

In our study, macrophage and lymphocyte showedlainaalues to TO two months after the first
arthrocentesis. These results support the hypathbat joints adjusted to repeated centesis and
tolerance progressively developing, as already estgg by others in healthy calves [4] and horses

[12].

The total protein concentration remained constaat ime, both for right and left IC joints, in én
with some authors [12], but not with others whorfdwan increase over time [4,14]. The difference
could be related to different analytical methodsgfecent sampling times [4,14], and previous

treatment of the sampled joint [11,15].

The values that we found concerning total and difigal cell counts were always within reference

intervals [8] in line with other studies [3,14], ihtotal protein concentrations were slightly hegh

[8].

Our study has some limitations. One is that wenditlevaluate macrophages activation. Berg et al.
(2006) [3] found the concurrent presence of montwsancreactivity, defined as macrophages with
increased cytoplasmic volume with or without inae cytoplasmic vacuolization and foaminess,
and a slight increase in large mononuclear celleceSwe did not evaluate macrophages activation,
we cannot say whether the increase in macrophagesated to a real activation of these cells
secondary to the mild inflammatory stimulus or wiggtan activation of small mononuclear cells

could be interpreted as “macrophages” by the eelhter, as already reported by others [16].

The evaluation of the presence of RBC in the srhaarnot been done, however, a previous paper

reported that hemorrhage is an unlikely cause &f mflammation [3].

Our results support the finding that repeated addmtesis do not induce detectable synovial fluid
alterations. Although mild changes in macrophages lgmphocytes were found, values were

always within normal ranges and the TNCC is lowe3éfindings suggest that these changes were

8
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not clinically significant and cytological alteratis rapidly solved, probably due to an adjustment

of the joints to mechanical stimulation, as sugeg$ty others [4].

In conclusion the effect of repeated arthrocentekies not cause long term and clinically

cytological alterations in synovial fluid sampledlected from healthy horses.
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Right IC joint TO T2 T7 T14 T21 T28 T60
TNCC (cellsfiL) | 265+98.8|272.5+77.(827.5+100,0 67.5264.0 332.5+123.7305.0+134.262.5+160.p NS
TP (gr/dl) 6.2+1.6| 5.7+0.6] 4.620.2 4.2+06 5.1+0.5 5.1+1.1 | 6.2+0.9 NS
M (cellsuil) [192.8+85.9 79.5+7.8| 282.7+105854.8+62.1307.1.0+142 [266.5+107.4.89.0+126.p NS
M (%) 72.248.8| 79.5+7.8 [85.2+10.8"| 92.0+2.2 | 92.0+1.4 | 87.5+3.%* | 70.7+6.6 | P<0.05
L (cellsul) [67.2+28.4|53.8+29.7[ 32.4+27.7( 10.0+2.4 | 21.5+5.3° |26.9+18.8°| 64.7+32.7 | P<0.05
L (%) 25.7+8.4(19.0#8.3| 11.2+9.6 | 6.2+1.3 | 6.7+1.8 | 8.7+2.§" | 25.7+6.2 | P<0.05
N (cellspl) [17,2+16.0 2.7+0.8 | 12.3+8.6| 2.60.9 4.3+2.7 11.0¢5/4 8.8#4l4 SN
N (%) 1.7#1.0 | 1.2¢0.5| 3.5+1.9 1.7+1.p 1.2+0.5 3.1 3.5+0.6 NS
E (cellsil) | 0.5+1.1 | 0.0#1.0| 0.020.0| 0.0+0.0 0.00.0 0.0+0J0 0.00.0 NS
E (%) 0.25+0.5 0.2+0.5| 0.0+0.00 0.0+0P 0.020.( 0.0+ | 0.0+0.0 NS
195 Table 1 — Results obtained for right intercarp&)(Joint at different sampling times. Data are
196  expressed as meanzstandard deviation.
197 Legend
198  TNCC: total nucleated cell count; M: macrophagedyinphocytes; N: neutrophils; E: eosinophils;
199 TP: total protein; NS: no significant difference.itih row, different superscripts denote a
200 significant difference ¢gab#b).
Left IC joint TO T10 T20 T60
TNCC
257.5+83.4 192.5+47.9| 322.5£62.250.0+118.0 NS
(cell/uL)
TP (mg/dl) 6.5+0.7 4.910.4 5.1+0.6 6.4+0.6 NS
M (cellsjul) [190.2+49.2 177.9+48.4| 287.7+48,8188.4+74.9] NS
M (%) 75.849.1 92.0£2.2 88.315.( 77.016.8 NS
L (cellspil) | 21.6+11.0| 9.7+0.9 |32.2+17.6"| 56.2+45.2 | P<0.05
L (%) 22.0+11.6| 5.3+1.3 | 9.8+3.9" | 20.5+7.0 |P<0.05
N (cellspil) | 5.6%2.9 5.0£2.0 6.6x4.4 5.4+1.3 NS
N (%) 2.7+2.4 2.8£1.3 2.0£1.2 2.5£1.0 NS
E (cellsftil) | 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 NS
E (%) 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0 N$
201 Table 2 — Results obtained for left intercarpal)(jGint at different sampling times. Data are
202  expressed as meanzstandard deviation.
203 Legend
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TNCC: total nucleated cell count; M: macrophagedyimphocytes; N: neutrophils; E: eosinophils;

TP: total protein; NS: no significant difference.itivh row, different superscripts denote a

significant difference (gabzb).
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Highlights

1) Repeated arthrocentesis is necessary to monitor the development of joint diseases.
2) The procedure may worsen inflammation and alter the synovial fluid.
3) Repeated arthrocentesis were done on left and right intercarpal jointsin 4 horses.

4) The procedure does not cause relevant alterations in synovial fluid cytology.



