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a b s t r a c t

Peritonitis in horses persists with high incidence and mortality, requiring more innovative
and effective therapeutic strategies. The aimof this studywas to evaluate Tenckhoff catheters
and intraperitoneal use of ceftriaxone in horses. Ten healthy, male horses, with an average
age of 5 years, were used and divided into two groups of five animals each. A Tenckhoff
catheter was implanted in both groups. The intraperitoneal group received 25 mg/kg of
ceftriaxone diluted in 1 L of 0.9% saline solution (SS) intraperitoneally via the Tenckhoff
catheter, and the intravenousgroup received25mg/kgof ceftriaxone intravenouslyand1L of
SS intraperitoneally. In both groups, the dosing interval was every 24 hours for 5 days. The
animals were evaluated clinically and with laboratory tests through a blood count and
plasmafibrinogen assay. Amacroscopic, physical-chemical, and cytological evaluation of the
peritoneal fluid and an abdominal sonographic evaluation were conducted before the
catheter implantation and at 1, 3, 5, 7, and 10 days after the implantation and ceftriaxone
administration. Seven days after the catheter insertion and the beginning of the intraperi-
toneal treatment, a laparoscopic evaluationwas performed. The Tenckhoff catheter proved to
be an appropriate route for intraperitoneal solution administration; however, it promoted a
moderate inflammatory response in the abdomen. No differences in inflammatory reaction
was observed between groups, suggesting that the intraperitoneal administration of the
drug did not trigger a local or systemic inflammatory process, amplifying the possibilities of
intraperitoneal route utilization in the treatment of peritonitis.

� 2017 Elsevier Inc. All rights reserved.
1. Introduction

Peritonitis in horses has a varied etiology, being it
possible to be primary or secondary. Most cases tend to be
secondary, acute, diffuse, and septic [1]. Mortality rates
, Department of Vet-
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associated with this disease vary according to the under-
lying cause. Secondary peritonitis, related to intestinal
rupture and postoperative colic presents mortality rates
above 60% [2]. In contrast, primary peritonitis has survival
rates that can reach 86% [3].

Established therapy for peritonitis in horses is based on
supportive care and the combination of antimicrobials that
provide coverage against gram-negative, gram-positive,
and anaerobic bacteria. The most common association is
penicillin, gentamicin, and metronidazole [2,4]. Despite the
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use of this therapeutic strategy, secondary peritonitis per-
sists with high mortality rates necessitating the investiga-
tion of procedures and drugs for peritonitis treatment to
increase the survival rate of affected animals [5–8].

Abdominal drainage and lavage should have beneficial
effects, such as removal of bacteria and cellular debris in
the peritoneal cavity and decrease abdominal adhesions
[7]. The intraperitoneal route promotes high antibiotic
concentrations in the peritoneum and adjacent cells in the
peritoneal cavity [8]; however, it is used without scientific
confirmation of efficiency and has been poorly studied as
only a single study in horses described the use of intra-
peritoneal antibiotics in the operative period [6].

Ceftriaxone is a third generation cephalosporin with
established clinical efficacy, that is often used for primary
peritonitis treatment [9] or associated with other agents for
secondary peritonitis in humans [10]. Among the third
generation cephalosporins, it has the highest antibacterial
spectrum, acting against gram-positive, gram-negative,
and anaerobic bacteria [11–15].

Tenckhoff catheters are traditionally used in humans for
peritoneal dialysis and are considered a safe and reliable
method of abdominal cavity access [16–18]. They are made
of silicone and are straight or curve shape with additional
holes to the lumen as well as two cuffs that, after deploy-
ment, are housed in the abdominal parietal muscles and
subcutaneous tissue [17–19]. Despite thewidespread use in
humans, there are no reports of the Tenckhoff catheter use
in horses.

The aim of this study was to evaluate the technical
feasibility and safety of Tenckhoff catheter implantation and
intraperitoneal administration of ceftriaxone in horses
through clinical, laboratory, ultrasound, and laparoscopy
evaluations.
2. Materials and Methods

2.1. Animals

Ten healthy male horses were used, six mixed breed and
four Arabian horses, with an average age of 5.1 � 1.3 years
old and amean body weight of 317.6� 26.9 kg. The animals
Fig. 1. Tenckhoff catheter. (A) Abdominal portion with multiple additional holes; (B)
portion; (F) Extensor connectors.
were housed in stalls, received coast cross hay and water ad
libitum. Before the beginning of the study, the horses were
subjected to a medical evaluation through clinical and
laboratory tests.

The experiment was conducted in compliance with the
Ethics Principles in Animal Experimentation, and it was
approved by the Ethics Committee on Animal Experimen-
tation (CEUA; Protocol #105/2013).
2.2. Constitution of Groups

The animals were randomly divided into two groups of
five animals with a homogeneous distribution of breeds
between the groups. Therefore, each group was composed
of three mixed breed and two Arabian horses. The intra-
peritoneal group (IPG) received 25 mg/kg of ceftriaxone
(Ceftriaxona sódica; Eurofarma, São Paulo, Brazil) diluted in
1 L of saline solution (SS) intraperitoneally via a Tenckhoff
catheter every 24 hours for 5 days. The intravenous group
(IVG) received 25 mg/kg of ceftriaxone intravenously every
24 hours for 5 days and 1 L of SS intraperitoneally for the
same time and interval of administration. If the horses
presented with clinical signs of local, abdominal, or signs of
discomfort they would receive flunixinmeglumine (1.1 mg/
kg IV).

2.3. Peritoneal Catheter Implantation

The Tenckhoff dialysis catheter (Silmag Brasil; GMI, São
Paulo, Brazil) is made of 100% silicone, 42 cm long, and has
a 15 Fr diameter. It has a radiopaque line, a straight
configuration, two Dacron cuffs, multiple additional holes
to the lumen in its abdominal portion, and an extender
10 cm long with a Luer Lock connector (Fig. 1).

After 12 hours of fasting, the horses were restrained in
stocks and sedated with detomidine hydrochloride (Dor-
mium V-Agener União Ltda, Brazil) (bolus 5 mg/kg followed
by continuous infusion of 20 mg/kg/h). The skin in the left
flank region was clipped and aseptically prepared with
chlorhexidine. The surgical site was infused with lidocaine
2% (Xylestesin-Cristália, produtos químicos e farmacêuticos
Ltda, Brazil) for local anesthesia.
Muscular cuff; (C) Subcutaneous cuff; (D) Subcutaneous region; (E) External
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An approximately 2 cm skin incision was made in the
central region of the left paralumbar fossa at the height of
the coxal tuberosity. The access was video-assisted by
EndoTIP (Karl Storz Endoskope, Alemanha) cannula intro-
duction with a rigid endoscope. The pneumoperitoneum
was induced with CO2 through the cannula, and the
abdominal pressure during the procedure was maintained
between 12 and 15 mm Hg.

After sufficient insufflation, the catheter was inserted
through an additional portal, located 10 cm ventral and
5 cm caudal to the first access portal. One cuff was
positioned in the abdominal muscles, and the other was
positioned subcutaneously (Figs. 2A–F). Local anesthesia
Fig. 2. Implantation and fixation of the Tenckhoff catheter. (A) Portal positioning and
of the catheter in the abdomen; the arrows indicate the additional lumen holes in
points to the Dacron cuffs. The large arrow points to the cuff that was housed in the
in the subcutaneous region; (D) Retraction of the catheter for cuff positioning; (E) Pa
Final image of the abdominal wall after retraction and positioning of the cuffs; (G)
tunnel; (I) Skin after the suture and catheter attachment coupled to its extension t
of approximately 8 cm of the skin and subcutaneous
tissue was provided for catheter passage in subcutane-
ous tunneling. For this procedure, a 5-mm
trocar was used in the dorsal toward ventral direction
(Figs. 2G–H).

The skin suture was performed with Nylon 0 (Mono-
nylon-Brasuture, Ind Com Imp Exp, Indústria) in single
separate standard. The catheter was connected to the
extensor with a Luer Lock connector and attached to the
skin with the same suture material (Fig. 2I). After skin fix-
ation, a protective bandage with Micropore Tape
(3M-Micropore TM, 3M Brazil) was applied. The dressing
and protective bandage were changed daily.
guided insertion of the catheter through the second portal; (B) Introduction
the distal end of the catheter; (C) Introduction of the catheter; the arrows
abdominal muscle region, and the thin arrow points to the cuff to be housed
ssage and accommodation of the second cuff through the abdominal wall; (F)
Subcutaneous tunneling; (H) Catheter accommodated in the subcutaneous
ube.
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2.4. Ceftriaxone Administration

After the end of the surgical procedure, the adminis-
tration protocol was started for each group. Intraperitoneal
administration followed the recommendations of antisep-
sis and environmental control as described by Bender et al
[20].

The treatment was performed for 5 days to simulate real
cases of septic peritonitis, in which treatment with antibi-
otics last at least 5 days.

2.5. Peritoneal Response to Tenckhoff Catheter Use and
Intraperitoneal Administration of Ceftriaxone

The daily monitoring of the horses included evaluation
of the heart and respiratory rates, color of the mucous
membranes, capillary refill time, rectal temperature, and
intestinal motility. The region of the subcutaneous tunnel
and the catheter exit orifice were monitored for swelling,
heat, and discharge.

Laboratory and ultrasound evaluations were performed
before the Tenckhoff catheter placement (D0) and one (D1),
three (D3), five (D5), seven (D7), and 10 days (D10)
following the procedure.

Normal physiological parameters values were based on
Feitosa [21] and hematological reference on Feldman et al
[22].

Blood samples used to measure the complete blood
countwere collected through avacuumsystem(Vacutainer-
BD, Brazil) in the left cranial epigastric vein. The peritoneal
fluid sampleswere collected in the linea alba region through
a hypodermic needle 40 � 0.8 mm. A plain tube, without
anticoagulant was used for chemical physical evaluation
(pH, density, fibrinogen, glucose, protein) and an EDTA tube
was used for cytology. Samples of blood and peritoneal fluid
were processed immediately after collection.

The sonographic examination (MyLab70Vet, Esaote,
Italy) evaluated the peritoneal reactivity by peritoneal fluid
volume and echogenicity changes or the presence of fibrin
and cellular debris. Echogenicity was graded in a system of
scores, as follows: 0 (normal), 1 (slightly increased), 2
(moderately increased), and 3 (moderately increased,
associated with the presence of cellular debris), and
normality was established as the appearance of liquid
before surgical procedure [23].

The location of the catheter in the abdominal parietal re-
gion and subcutaneous tunnel was evaluated for periluminal
inflammatory reaction in the subcutaneous cuff region.

A laparoscopic inspection was performed 7 days after
catheter implantation, with the preparation and procedure
similar to the first laparoscopy. However, the access to the
peritoneal cavity was located on the 18th intercostal space,
approximately 8 cm below the transverse processes of the
thoracic vertebrae. This procedure evaluated peritoneal
reactivity related to drug aggression and the placement and
patency of the catheter.

Peritoneal reactivity was divided into three score cate-
gories by a blinded surgeon: 0dno reactivity, 1dmild
reactivity, and 2dmoderate reactivity. This score degree
was adapted from Alonso et al [23] adding the presence of
local reaction due to catheter visceral contact.
The catheters were removed by traction on the 10th day
and subjected to cultive.

A long-term evaluation was performed 12 months after
Tenckhoff implantation to evaluate the presence of
abdominal adhesions or reactivity. This evaluation included
sonographic evaluation, white blood cell (WBC) count, and
peritoneal fluid analysis.

2.6. Statistical Analysis

As a result of a nonparametric distribution, the Mann
Whitney test, with median values [24] were used to
compare the groups at each time point, and the Wilcoxon
test was used for paired samples [24] to compare the me-
dians in each time point with the initial time point within
each group. Significant differences were defined as P < .05.

3. Results

3.1. General and Specific Physical Examination

Therewere no significant differences between groups or
time points for heart and respiratory rate, color of mucous
membranes, capillary refill time, rectal temperature, or
auscultation of intestinal motility. All parameters were
within the physiological normal range. No horses required
the administration of flunixin meglumine.

There were no signs of discomfort on intraperitoneal
administration for either group. Two animals of the IPG
showed serosanguineous secretion in the tunnel exit orifice
between D5 and D10, which was not associated with the
presence of local changes such as erythema, dolorous
sensitivity on palpation, or local heat.

After catheter removal, fibrin clots were observed inside
its lumen. No healing problems occurredwith incisions and
orifices after catheter removal.

3.2. Hematologic Evaluation

The IVG had a significantly higherWBC (P< .0317) onD1.
Other parameters in the complete blood count were not
significantly different. Within each group, the D0 leukocyte
parameters were not significantly different from the other
time points. Parameters for both groups were within the
normal reference range (<14,500�103/mL) at all timepoints.

The IVG showed significantly higher plasma protein
concentrations at D1, and these concentrations remained
within the normal range in the animals of both groups
(5.8–8.7 g/dL).

Plasmatic fibrinogen varied significantly (P < .0477)
between D0 and D3 for IPG (Fig. 3). For both groups, there
were time points when fibrinogen values exceeded the
normal range (100–400 mg/dL); however, the median
value did not exceed 400 mg/dL.

3.3. Peritoneal Fluid Macroscopic, Physicochemical, and
Cytological Evaluation

Through chemical physical (pH, density, fibrinogen,
glucose, protein) and cytology evaluation, although there
was no significant difference in the peritoneal



Fig. 3. Median values of leukocytes and plasmatic fibrinogen in IPG and IVG. * Significant difference between groups; ** Significant difference compared with the
baseline. The dashed line represents the reference values for the species (leukocytes ¼ 5.4–14.5 � 106/mL; fibrinogen ¼ 100–400 mg/dL). IPG, intraperitoneal
group; IVG, intravenous group.
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inflammatory response between groups, a clear increase in
the inflammatory process was observed, especially on D5.
This inflammation was noted through the turbid appear-
ance of the liquid as well as by high nucleated cell counts
and protein, not followed by the presence of bacteria in the
peritoneal fluid and marked decrease in glucose levels
(Fig. 4).

3.4. Sonographic Evaluation

Peritoneal fluid echogenicity increased after surgery at
all time points. Between D5 and D10, the echogenicity
increased was more pronounced, but no significant differ-
ence was observed between groups by scores comparison.
An increased local inflammatory reactionwith the presence
of tissue disorganization and infiltrated fluid in subcu-
taneous cuff proximity was observed for both groups be-
tween D5 and D10 (Fig. 5).

3.5. Laparoscopic Evaluation

In the laparoscopic assessment carried out on D7, all
animals showed turbid peritoneal fluid varying in color
from dark yellow to orange. On the perimeter of the cath-
eter at the point of entry through the abdominal wall, there
was deposition of fibrin (Fig. 6).

The migration of the catheter in one animal was indi-
cated by the presence of the muscle cuff inside the
abdominal cavity (Fig. 6B). In all eight animals, the catheter
presented with its curvature facing the dorsal region, often
being housed under the nephrosplenic ligament (Fig. 6C),
and in two animals, the catheter was positioned on the
Fig. 4. Medians of nucleated cells and peritoneal protein concentrations in IVG a
intestinal segments (left large colon, small colon, or small
intestine). After the catheters were visualized, 20 mL of SS
were injected to examine their patency. All catheters were
patent (Fig. 6D).

Laparoscopy showed that the presence of the catheter
resulted in a localized inflammatory response in the region
of contact with the viscera; however, no difference be-
tween groups was observed. The spleen was the most
frequently affected structure, with strong fibrin deposition
and thickening of the capsule (Fig. 6E), followed by the left
dorsal colon serosa (Fig. 6F), which showed areas of suf-
fusion. Among the animals that had localized inflammatory
reactions, four presented exclusively in the spleen, and two
presented in the spleen as well as in colon segments.

The inflammatory reaction scoring used to evaluate
peritoneal reactivity showed no difference between groups.
Animals that had mild or moderate peritoneal inflamma-
tion showed a higher congestion of vessels within the
abdominal wall as well as in the intestinal segments.

3.6. Long-Term Evaluation

Ultrasound examination showed no abdominal adhe-
sionsbetweentheabdominalwall andthespleen, spleenand
intestinal segments, and/or between the intestinal segments
(Fig. 7). The peritoneal fluid was normal and had an echo-
genic appearance similar to the preoperative period. The
region of the subcutaneous tunnel was identified because of
the presence of the scar on the skin evidencing the point of
entry and exit of the catheter; no ultrasonographic changes
were observed in the musculature and subcutaneous in the
region of previous location of the tunnel.
nd IPG peritoneal fluid. IPG, intraperitoneal group; IVG, intravenous group.



Fig. 5. Sonographic image of the subcutaneous tunnel region of an IPG animal in D10. (A) Transverse section of the Tenckhoff catheter; (B) Transverse section of
the Tenckhoff catheter in the region of the subcutaneous cuff (arrow), demonstrating a periluminal inflammatory reaction (double arrow); (C) Longitudinal
section of the catheter, demonstrating the presence of the subcutaneous cuff (arrow). IPG, intraperitoneal group.
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Themedianvalues ofWBCcount for the IPGand IVGwere,
respectively, 9.200 and10.150after12monthsof surgery. The
macroscopic, physical chemistry, and cytological evaluation
Fig. 6. Laparoscopic observations 7 days after catheter insertion. (A) Fibrin depositio
cuff migration into the abdominal cavity; (C) Catheter housed in the nephrosplenic l
deposition on the contact point of the catheter with the caudal edge of the spleen,
entry point; (F) Inflammatory reaction on the left dorsal colon resulting from cont
of the peritoneal fluid also showed all the featureswithin the
normal range, presenting, respectively, for IPG and IVG a
median value of 670 and 530 nucleated cells (Fig. 8).
n around the entry point of the catheter into the abdominal cavity. (B) Muscle
igament region; (D) Patency test of the catheter; (E) Presence of intense fibrin
and the presence of inflammation and fibrin deposition around the catheter
act with the catheter.



Fig. 7. Sonographic aspect of the caudal border of the spleen after
12 months of surgery. All animals showed free borders wrapped by a thin
layer of peritoneal fluid.
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4. Discussion

The Tenckhoff catheter was the object of study because
of its widespread use with clinical safety in peritoneal
dialysis in humans [17,25–27] and because of the fact that it
is constituted of silicone, and described as a biocompatible
material that allows the possibility of long-term use
without stimulating local and systemic inflammatory re-
sponses [27,28]. Despite its apparent biocompatibility and
the positive results in human studies, in the present study,
we did find an inflammatory reaction on the viscera that
came in contact with the catheter.

For the placement and maintenance of a peritoneal
catheter in horses some particularities of the species, as an
inhabitant of a contaminated environment should be
considered, because of the risk of serious complications,
such as septic peritonitis. Because of these considerations,
Tenckhoff catheters have the advantage of the presence of
Dacron cuffs that act as physical barriers to infection and
stimulate a local inflammatory reaction with the conse-
quent formation of fibrosis, which provides greater
attachment of the catheter and reduces the risk of peril-
uminal contamination [27].

The implantation of the Tenckhoff catheter may be
accomplished percutaneously or laparoscopically
[17,29,30]. Percutaneous deployment can be performed in
any environment and has a lower cost, but it increases the
Fig. 8. Comparative values of IPG and IVG in a long-term hematological and peri
intraperitoneal group; IVG, intravenous group; WBC, white blood cell.
risk of bowel perforation [29,30]. The choice of
video-assisted laparoscopic implantation allowed for good
visualization of the peritoneal space and was reaffirmed as
a safe and efficient method for positioning the catheter
without complications [19].

There are no reports of using this type of catheter in
horses, and the studywas based on various aspects of its use
in humans. In humans, the catheter is placed in the para-
umbilical region. This locationwas considered inappropriate
for horses because of the ventral location of the abdominal
viscera that could obliterate theflow from the catheter. Thus,
the region of choice was the medium dorsal of the left
paralumbar fossa because this location reduces the risk of
visceral iatrogenic puncture, prevents the compression of
the catheter by the viscera, and enables a gravitational dis-
tribution of solutions. The subcutaneous tunneling was
performed in thedorsal toventraldirection toallowdrainage
of possible secretions, preventing their accumulation and
direction toward the abdominal cavity [16,27].

Infection at the catheter exit orifice is a major compli-
cation arising from the use of peritoneal catheters in
humans [30–33]. Two animals in the IPG had seros-
anguinous secretions, which were associated with accu-
mulation of fibrin in the tunnel exit opening, between the
fifth and 10th days of maintenance. Because there were no
signs of hyperthermia, local erythema, pain or heat, the
local reaction was considered to be inflammatory in nature
and not infectious [30–33]. These signs were not observed
in either group. Dacron cuffs cause local reaction in the first
days after catheter placement to provide greater attach-
ment of the catheter and reduce the risk of periluminal
contamination; however, the presence of an associated
discharge with these local reaction is described as a
complication [27]. In the two horses that had associated
discharge, the local inflammatory reaction subsided after
removing the catheter, suggesting that although silicon is
considered a biocompatible material, the presence of the
catheter and/or Dacron cuffs resulted in a periluminal in-
flammatory response. All catheters were sent to microbi-
ology evaluation and no agents were find on culture.

Abdominal infection pathways in patients with perito-
neal catheters include the followingpathways: intraluminal
contamination resulting from the administration of intra-
peritoneal solutions, allowing the entry of bacteria into the
peritoneal cavity by the lumen of the catheter; periluminal
contamination arising from the skin surface and entering
toneal evaluation. (A) WBC count; (B) Peritoneal nucleated cell count. IPG,
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the peritoneal cavity from the peritoneal dialysis catheter
tract; transmural contamination resulting from gut bacteria
in the peritoneal cavity; and hematogenous contamination
due to systemic infections [34]. Intraluminal and peril-
uminal contamination are themost commonpathways [34].
Themodel of antisepsis andprotective bandages used in this
study were adequate to prevent contamination of the
abdomen. In spite of high nucleated cell counts in post-
operative peritoneal fluid, no clinical signs of septic perito-
nitis were detected during catheter maintenance and no
bacteria was found on cytology. Culture and peritoneal
lactate should be of value if performed.

Fibrin deposition in the lumen of the catheter was evi-
denced by laparoscopic evaluation and at the moment of
catheter removal. However, this accumulation did not
result in any catheter patency change because there were
no alterations in solution flow during the treatment period.
No resistance was observed when laparoscopically inject-
ing 20 mL of SS on the seventh day.

Clinical findings showed that neither intravenous nor
intraperitoneal administration of ceftriaxone resulted in
abnormalities of physiological variables. These results are
different from the observations made by Ringger et al [13]
and Gardner and Aucoin [35], who respectively used the
dose of 50 mg/kg and 14 mg/kg and reported the occur-
rence of colitis, depression, and decreased appetite on
administration of ceftriaxone. No adverse effects were
observed by either route used in this study. Adverse effects
from the use of ceftriaxone in humans are rarely reported,
corroborating this study [36].

The choice of an antibiotic for intraperitoneal therapy
was based on its pH and on the spectrum of action. A pH
value below 5.5 or greater than 8.0 has been associated
with complications for intravenous therapy, such as
chemical phlebitis [37]. Ceftriaxone has a pH of 6.6, which
is compatible with intravenous administration. Because
ceftriaxone has been safely administrated intravenously, it
was initially considered to be suitable for intraperitoneal
administration. Nevertheless, because of prolonged contact
between the drug and the peritoneal cavity and organs, it
was important to evaluate whether its presence may result
in a local chemical reaction.

The differentiation of the inflammatory response origin
was made difficult because of the possibility of being fol-
lowed by ceftriaxone administration, laparoscopic proced-
ure, and maintenance of the catheter. Both groups of
animals developed signs of inflammatory peritoneal reac-
tion. Because there were no significant differences between
the hematological and peritoneal parameters between the
groups, we concluded that the inflammationwas caused by
the laparoscopic surgery and catheter maintenance and not
by the drug administration, suggesting that ceftriaxone
may be used as an adjuvant treatment for septic peritonitis.

Laparoscopic surgery is classified as a minimum inva-
sive procedure, that similar to open surgery affects the
integrity and biology of the peritoneum [38]. The interfer-
ence of an exploratory laparoscopic procedure was
demonstrated in the seventh day, when was observed an
increase in peritoneal fluid cells and protein. Postoperative
evaluation of nucleated cell counts in a laparoscopic pro-
cedure for ovariectomy in six mares showed respectively
after 3 and 14 days of surgerymedian peritoneal cell counts
of 23.050 cells/mL and 9.030 cells/mL [39]. These values are
lower than ours and suggest that in spite of the laparo-
scopic procedure, the catheter may be the major stimulus
to peritoneal inflammation.

The inflammatory response resulting from surgery and
catheter insertion was restricted to the abdominal cavity
and lasted as long as catheter maintenance, with no signif-
icant differences in WBC count profiles between groups.
Although the IVG had higher WBC counts, both groups had
parameters that remained within the normal range and
showedno systemic inflammatory response associatedwith
either the presence of the catheter or drug administration.

Intraperitoneal group plasma fibrinogen concentrations
differed significantly between the baseline and after 3 days
of drug administration. Fibrinogen elevation suggests that
the acute inflammatory response was more intense in the
IPG animals, but did not differed between groups. Plasma
fibrinogen is an acute phase protein most commonly
analyzed in plasma, and is a nonspecific indicator of an
inflammatory reaction in horses [40]. It is noteworthy,
however, that the plasma fibrinogen increase was not
accompanied by a similar inflammatory leukocyte response
in the blood analysis and peritoneal fluid of IPG.

The lack of a difference between the groups in echoge-
nicity of peritoneal fluid in the sonographic examination
confirms the clinical and laboratory findings that ceftriax-
one was probably not the cause for the observed peritoneal
inflammation. Despite the fact that Tenckhoff catheters are
characterized as biocompatible, after the end of therapy
with ceftriaxone, the echogenicity increases were main-
tained for both groups, and the laparoscopic examination
showed a peritoneal inflammatory response resulting from
visceral contact with the catheter in both groups.

5. Conclusions

The implantation, maintenance and use of Tenckhoff
catheters in horses was feasible and safe for the evaluation
period of 10 days; the Tenckhoff catheter resulted in mild to
moderate abdominal inflammation because of contact with
the viscera. A long-term evaluation showed no complica-
tions, such as abdominal adhesions. This study provided a
precedent for this catheter use in horses for drug admin-
istration, dialysis, or abdominal lavage; however, the im-
plantation in clinical cases should be evaluated because of
the additional inflammation caused by the catheter im-
plantation and because horses with septic peritonitis are
prone for adhesions and fibrin accumulation what can
interfere with the catheter patency.

Intraperitoneal administration of ceftriaxone did not
result in greater local or systemic inflammatory responses.
Studies are needed to assess the characteristic pharmaco-
kinetics of ceftriaxone administered intraperitoneally and
its use in clinical cases of peritonitis.
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