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Exteriorized chronic intravascular catheters (ECICs) are used frequently for repeated substance administration, sampling, 
and measuring of hemodynamic parameters in biomedical research protocols. ECICs can be a management challenge because 
they have been associated with catheter occlusion, thrombosis, sepsis, and serious clinical sequela. A monitoring regimen 
that identified infection early and a treatment protocol that eliminated infection would be of great benefit to animals and to 
research protocols using ECICs. Using clinical pathology and other parameters, this study compares 2 management strate-
gies in their ability to maintain the physiologic condition of the animals with ECICs. We compared the clinical outcome of 
treatment initiated in light of an elevated white blood cell count without delay for development of left shift or clinical signs 
coupled with prolonged duration of treatment (28 d for the first treatment and 42 d for subsequent treatments) with conven-
tional antibiotic treatment initiated after the advent of clinical signs. Significant findings of the study were that the use of 
fever as an indicator of infection unnecessarily delayed the initiation of treatment by an average of 12 d and that the use of 
a single clinical pathologic parameter (white blood cell count more than 18,000 cells/ml) as indication for treatment, with or 
without fever, in addition to prolonged antibiotic treatment (28 d for the first treatment and 42 d for subsequent treatment) 
initiated as soon as the white blood cell count exceeded 18,000 cells/ml and without delay for development of fever resulted 
in superior health of the animals with ECICs.

Abbreviations: CBC, complete blood counts; CI, confidence interval; ECIC, exteriorized chronic intravascular catheter; WBC, 
white blood cell count

Chronic intravascular catheters are frequently required in bio-
medical research for repeated sampling of blood and systemic 
delivery of substances.5,28,32,33 These devices can be exteriorized 
through the skin or connected to vascular access ports implanted 
subcutaneously. Performance advantages of vascular access 
ports over exteriorized chronic intravascular catheters (ECICs) 
for long-term venous sampling and delivery of substances 
include decreased incidence of catheter occlusion, thrombosis, 
and infections.31 However, vascular access ports are not recom-
mended for monitoring hemodynamic variables.30,31 

Catheter-related infections most commonly are due to mi-
gration of skin organisms at the insertion site (for short-term 
[less than 7 d]) or contamination of the catheter hub (long-term 
catheters).20 Therefore, the density of skin flora at the catheter 
insertion site and the technique used when handling catheters 
influences the risk of subsequent catheter infection. For short-
term catheters, sterile insertion techniques and aseptic handling 
techniques are most effective in minimizing infection. 

For long-term catheters, the likelihood of infection increases 
with the time the catheter is in place.1,25 Maintenance of long-term 
catheters has involved 1 or more of the following: antimicrobial- 
or antiseptic-impregnated catheters, antibiotic lock techniques, 
regular disinfection of the dermal ECIC exit site, and prophylactic 
antibiotic administration.10-12,17,23-26 Despite these procedures, 

the prevalence of bloodstream infection due to ECICs has been 
reported to be between 3 and 11 per 1000 catheter days.20

Even with these improvements, long-term maintenance of 
ECICs remains clinically challenging. Exit-site infection, reduced 
catheter patency, bacterial contamination, sepsis, and subsequent 
clinical sequella are reported as common complications.1,18 
Therefore, long-term studies still have the potential for debilita-
tion and complications associated with septic emboli.1,25

Diagnosis of catheter-related infections traditionally has been 
based on the combination of culture results and the presence of 
local or systemic clinical symptoms attributable to bloodstream 
infections in patients bearing ECICs for which no other source 
of infection is identified.10,18,19,24,29 However, catheter-related 
infections without overt clinical manifestations of infection have 
occurred in 10% to 55% of hemodialysis catheters.1,19 Therefore, 
the traditional clinical diagnosis of catheter-related infection, 
based on clinical signs18,19,21,24 may be delaying treatment, 
rendering it less effective.

Once infection is confirmed, removal of the catheter has 
been recommended.10,19 Attempts at catheter salvage, without 
removal of the catheter, typically are unsuccessful in clearing 
infection.15,18 Therefore, for peripheral catheters that are easy to 
remove and replace, removal of infected catheters is generally 
recommended.13 However, in the case of surgically implanted 
catheters, removal should be considered more carefully. In bio-
medical research, there are additional considerations because 
removal of the catheter may terminate the protocol, confound 
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the interpretation of results, and ultimately result in the use 
of additional animals to gain the data. There is an imperative 
to prevent infection of ECICs or, when necessary, detect and 
treat the infection as soon as possible, with the principal aim of 
maintaining the animal model in a physiologic state. A specific 
regimen of ECIC care that could improve both humane animal 
care and optimize data collection with the use of the fewest 
number of animals would be a substantial contribution to animal 
welfare and biomedical research. 

Once a catheter-related infection has been diagnosed, the 
choice of the optimal treatment regimen remains unclear. The 
in vitro sensitivity of an organism may not correlate well with 
in vivo activity, because the adherence properties of a particular 
organism influences pathogenesis in causing catheter-related 
infections.20 The growth of bacteria in biofilms affords the 
bacteria protection from host defenses and increased resis-
tance to antimicrobial agents.3 Bacteria growing in biofilms 
are more resistant to antimicrobials, and biofilm infections 
are more difficult to resolve with antibiotics alone.2-4 Antibi-
otic- and antiseptic-coated catheters have been used to reduce 
bacterial adherence and biofilm formation, yet their usefulness 
remains controversial due to inconclusive results regarding 
improvement in clinical outcome.6,7,9,23 One study assessing the 
susceptibility of P. aeruginosa to tobramycin found that bacteria 
harvested from day 7 biofilms were extremely resistant to the 
antibiotic, suggesting that treatment to eradicate the infection 
would best be done as early as possible.2,4 

In this study, we compare 2 diagnostic and treatment regi-
mens in their ability to maintain a physiologically stable animal 
model. Specifically, the study compared the use of standard 
clinical and hematologic parameters with the use of hematologic 
parameters alone as a trigger for treatment in dogs with ECIC. 
In addition, the response to treatment and assessed condition of 
the animals when the infection is treated with a standard regi-
men of antibiotic dosage, frequency, and duration versus those 
after use of a regimen based on recommendations for antibiotic 
treatment of human catheter infection was compared.19,24 

Materials and Methods
Animals. Class B random-source mixed-breed adult hound 

dogs (n  13, 20 to 25 kg) were entered into the study. Animals 
were received with proof of vaccination against distemper, 
hepatitis, leptospirosis, parainfluenza virus, parvovirus, and 
rabies, and proof of negative heartworm status. Upon arrival 
at the facility, animals were examined, vaccinated for bordatella 
(Bronchi-Shield, Fort Dodge Animal Health, Fort Dodge, IA), 
dewormed (Drontal Plus, Bayer Animal Health, Shawnee, KS), 
and treated with a single application of flea and tick control 
medication (Frontline, Merial Animal Health, Duluth, GA). 
Animals were housed in a facility accredited by the Association 
for the Assessment and Accreditation of Laboratory Animal 
Care International and used in an institutional animal care and 
use committee-approved protocol.

Surgery. All animals underwent left thoracotomy and inser-
tion of catheters (Tygon catheter, Cardiovascular Instrument, 
Wakefield, MA) into the aorta, left ventricle, and coronary 
artery. A pneumatic cuff was placed around the inferior vena 
cava to perform transient occlusion postoperatively. The sur-
gical site was clipped and asepticially prepped for surgery 
with chlorhexadine scrub and alcohol. All procedures were 
performed with aseptic technique. Catheters and wires were 
exteriorized dorsally between the scapulae. The incision was 
closed in 3 layers. All surgeries were performed by the same 
surgeon, who had 12 y prior experience with this surgical model. 

A morphine epidural (0.15 mg/kg epidurally) and fentanyl 
patch (25 to 50 g) provided analgesia. Cefazolin (30 mg/kg 
intravenously) was initiated at the time of surgery. After surgery, 
animals were housed in cages in the intensive care unit, and 
physical examinations were performed twice daily.

All animals were allowed 7 d postoperative recovery after 
implantation before the experimental model was initiated. 
Coronary embolization and hemodynamic measurements 
were performed daily over a 2- to 3-wk period. Once the dogs 
developed chronic heart failure as evidenced by hemodynamic 
measurements, generally around 4 to 6 wk, either sham or exper-
imental treatment was started. One week later, hemodynamic 
measurements were taken every other week for an additional 
12 wk, for a total of 20 to 22 wk survival postoperatively.

Catheter care. Catheter exit sites were cleaned 2 to 3 times 
weekly with chlorhexidine (4% solution) or povidone–iodine 
scrub (10% solution). After a 2-wk postoperative recovery pe-
riod, experimental manipulations were initiated. Catheters were 
handled under aseptic conditions, and sterile heparinized saline 
flush was used before and after infusion or sampling. Before cath-
eters were handled, sterile or clean exam gloves were donned, 
and the area around the catheter exit site was clipped and cleaned 
with chlorhexadine or povidone–iodine as described earlier; all 
equipment was handled by use of sterile technique.20 

Control and treatment groups. Animals were assigned to 
1 of 2 treatment groups. Group A animals (n  7) underwent 
surgery in summer 2003 and received the standard antibiotic 
regimen used in the intensive care unit, which consisted of 
perioperative cefazolin (30 mg/kg intravenously every 12 h for 
24 h)32 and cephalexin (22 mg/kg orally every 12 h until 10 d 
postoperative).14 When infection was diagnosed subsequently 
(see the section Diagnosis of catheter-related infection), antibiotics 
were administered for 14 d.19 Choice of antibiotic was left to the 
discretion of the clinician and was generally either enrofloxacin 
(5 mg/kg orally twice daily), cephalexin (22 mg/kg orally twice 
daily), or metronidazole (15 to 30 mg/kg orally twice daily). 

Group B animals (n  6) underwent surgery in summer 2004 
and received intraoperative and perioperative antibiotics for 
10 d postoperatively identical to that of Group A. However, 
diagnosis in group B was based on clinical pathology data (see 
the section Diagnosis of catheter-related infection), and antibiotic 
treatment was administered for 28 d for the first course of treat-
ment and for 42 d for any subsequent treatments.8,19 The choice 
of antibiotic was the same as for group A.

Clinical pathology. Complete blood counts (CBCs) with dif-
ferential were performed weekly on an automated cell counter 
(Beckman Coulter, Miami, FL). CBC parameters included 
hemoglobin, hematocrit, white blood cell count (WBC), red 
blood cell count, mean corpuscular volume, mean corpuscular 
hemoglobin, mean corpuscular hemoglobin concentration, 
platelet count, and differential count.

Diagnosis of catheter-related infection. For group A, diagnosis 
of a catheter-related infection18,19,21,24 was defined as a body 
temperature in excess of 39.4 C for 24 h; leukocytosis (more 
than 18,000 white blood cells/ml) accompanied by left shift 
(presence of immature white blood cells in peripheral blood); 
or clinical signs such as inappetance for more than 24 h, weight 
loss, shifting leg lameness, or evidence of organ infection for 
which no other source of infection was apparent. For group B, 
diagnosis of a catheter-related infection was defined as the pres-
ence of leukocytosis (more than 18,000 white blood cells/ml) 
independent of left shift, fever, or other clinical signs, such as 
inappetance.

Clinical scoring. CBC data and assessment of condition. 
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Weekly CBC results, body temperature, and blood culture 
results (called “CBC-Condition”) for each animal were ran-
domized, blinded via removal of date and individual animal 
identification, and distributed to 4 veterinarians experienced 
in laboratory animal medicine. Each veterinarian, blind to the 
treatment group, independently assessed the severity of clini-
cal issues likely associated with the presented objective clinical 
data from each animal (1, no or minor clinical issues to 5, severe 
clinical issues). Data were presented temporally, and a single 
score was assigned to each animal.

From 5 animals in each group, blood cultures were collected 
at the time of diagnosis of catheter-related infection, as defined 
earlier, and at 2 d after the completion of a course of antibiotic 
treatment selected at the discretion of the clinician. A peripheral 
vein, either the cephalic or lateral saphenous, was clipped and 
scrubbed with povidone–iodine scrub (10% solution) and alcohol 
and allowed to dry. The rubber stopper of the collection bottle (BD 
BBL Septi-Chek TSB, Becton Dickinson, Sparks, MD) was cleaned 
with alcohol and allowed to dry. Culture tubes were filled with 1 
to 3 ml of blood and transported at room temperature. 

Full clinical history and assessment of condition. Once the 
CBC-Condition assessments were returned, the full clinical his-
tory (animal medical record notes, assessment of condition and 
treatment), presented in the same weekly format, was reviewed 
by the same veterinarians (called “Assessment of Condition”) 
and scored as described earlier.

Body temperature. Body temperature was recorded each day 
at the time the CBC was collected, between 0800 and 1000.

Left shift. CBC differentials were assessed for left shift, or the 
presence of immature neutrophils, and quantified.

Completion of the study. The number of animals that com-
pleted the study, which was defined as reaching the intended 
experimental endpoint, was quantified and compared between 
the 2 groups. A body-weight decrease to less than 15% of the 
baseline weight or clinical symptoms of infection (as defined 
earlier) that did not respond to therapy within 48 h of treatment 

were defined as humane endpoints, prompting early removal 
from the study.

Statistical analysis. Clinical scoring: CBC data (CBC-Condition) 
and full clinical history (Assessment of Condition). The scores 
from each reviewing veterinarian were averaged for each ani-
mal. These mean scores then were averaged for each respective 
groups, and results were compared by using 2-sample t tests.

Body temperature. Because initial body temperatures among 
animals varied from 37.8 to 39.2 C, differences between baseline 
body temperatures were normalized by subtracting the initial 
body temperature from subsequent body temperature values. 
The temperatures then were aligned temporally, and means for 
both individual animals and groups were compared. 

For group A, the number of days from the first WBC count 
that exceeded 18,000 cells/ml until the initiation of treatment 
according to criteria described earlier was recorded.

Left shift. A left shift was defined as the presence of immature 
neutrophils in the bloodstream. The weekly CBCs were exam-
ined, and the number of animals in each group with a left shift 
was compared by use of Fisher Exact tests.

Completion of study. The number of animals removed from the 
study before the intended experimental endpoint was compared 
between the 2 groups by use of Fisher Exact tests (StataCorp, 
Stata Statistical Software: Release 8.0, College Station, TX).

Results
Clinical scoring. CBC and Assessment of Condition data are 

presented in Tables 1 and 2, respectively. Group B dogs had 
significantly (P  0.001) lower mean CBC-Condition scores than 
did Group A animals (Group A: U  3.5; 95% CI, 2.93 to 4.07; 
Group B: U  1.92; 95% CI, 1.35 to 2.48), indicating that group 
B dogs were in better condition. In addition, group B dogs had 
significantly (P  0.008) lower mean scores according to the full 
medical history (Group A: U  3.64; 95% CI, 2.82 to 4.46; Group 
B: U  2.13; 95% CI, 1.28 to 2.97).

All 7 of the animals in treatment group A grew Pseudomonas 
aeruginosa on blood culture. The condition of 2 dogs resolved 

Table 1. Clinical scoring: CBC–Condition

Reviewer no. 1 standard 
deviationAnimal no. 1 2 3 4 Mean

Group A
1 5 4 5 4 4.5 0.57735
2 4 5 2 4 3.75 1.2583
3 4 4 3 3 3.5 0.57735
4 3 4 3 3 3.25 0.5
5 4 4 4 3 3.75 0.5
6 3 4 3 3 3.25 0.5
7 3 3 3 1 2.5 1

Overall 3.5 0.88191

Group B
8 3 2 2 2 2.25 0.5
9 2 2 2 1 1.75 0.5
10 2 1 1 1 1.25 0.5
11 1 1 3 1 1.5 1
12 3 3 1 1 2 1.1547
13 3 3 4 1 2.75 1.2583

Overall 1.92 0.928611
Weekly CBC, body temperature, and blood culture results were 
reviewed, and a composite score (scale, 1 through 5) was assigned, 
with 1 indicating only minor clinical issues, 3 indicating moderate or 
considerable clinical issues, and 5 indicating considerable to severe 
clinical issues.

Table 2. Clinical scoring: assessment of condition

Reviewer no. 1 standard 
deviationAnimal no. 1 2 3 4 Mean

Group A
1 4 5 5 4 4.5 0.57735
2 4 5 5 4 4.5 0.57735
3 5 5 4 4 4.5 0.57735
4 3 4 2 3 3 0.81649
5 4 4 3 3 3.5 0.57735
6 2 3 2 2 2.3 0.5
7 2 5 3 3 3.3 1.2583

Overall 3.64 1.0615

Group B
8 3 3 1 3 2.5 1
9 1 2 1 1 1.3 0.5
10 1 3 1 1 1.5 1
11 4 3 4 3 3.5 0.57735
12 2 3 1 2 2 0.81649
13 2 3 1 2 2 0.81649

Overall 2.13 1.0347
Medical records notes for assessments, diagnoses, and treatments were 
reviewed, and a composite score was assigned on a scale of 1 through 
5 (see Table 1).

Long-term catheters in dogs
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such that there was no growth on blood culture subsequent to 
treatment, but 1 of these 2 dogs later had a recurrent positive 
P. aeruginosa blood culture. In treatment group B, all 6 animals 
had blood cultures that were positive for either Staphylococcus 
intermedius, S. aureus, or Alcaligenes xylosoxidnes on initial culture 
but had no growth on posttreatment cultures.

Body temperature. No significant difference was observed 
between the 2 groups with respect to baseline or normalized 
body temperature during the postoperative period. 

Treatment. All 13 dogs required treatment with antibiotics 
at some point during the study. For group A, the number of 
days from the first WBC count in excess of 18,000 cells/ml until 
the initiation of antibiotic treatment is reported in Table 3. The 
average number of days by which treatment was delayed if 
group A dogs had been treated according to the same criteria 
as group B was 12 d.

Left shift. Comparison between the 2 groups indicated signifi-
cantly (P  0.005, Fisher’s Exact test) fewer animals in group B 
experienced a left shift than did those in group A. 

Completion of study. Of the 7 animals in group A, 4 did not 
complete the intended study timeline and were euthanized 
based on humane endpoints due to their clinical condition. 

Animals 1 and 3 developed anterior uveitis and secondary glau-
coma that became refractory to treatment over time. Animals 2 
and 6 developed recurrent shifting leg lameness that over time 
could not be controlled with antibiotic and analgesic therapy. 
In group B, only 1 of the 6 dogs did not complete the study be-
cause of humane endpoints: animal 13 developed a spontaneous 
pneumothorax during postoperative week 19.

Discussion
ECICs are associated with considerable morbidity in animals 

used in research.32 The goals of this study were to minimize 
ECIC-associated infection and its adverse effects, thus improv-
ing the condition of animals in these studies. The stimulus for 
this study was dissatisfaction with the outcome of previous 
studies using generally recommended criteria to diagnose 
and treat ECIC-related infections. However, the basis for these 
putative regimens appears to be based largely on procedures 
used in general veterinary practice, where there is seldom a 
requirement for ECICs to be maintained for the lengthy dura-
tions often required in research. Therefore it is unsurprising that 
the combination of early recognition of clinical signs consistent 
with ECIC infection with aggressive and prolonged antibiotic 

Table 3. WBC ( 103/ml) and band counts over time

Dog no. Week postoperative

Group A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1a 20.6 20.8 16.9 18.8 22.8 30.5 23.9 25.7 24.6 20.3 24.9 25 15.8 16.4 15.4 19 18.5 13.3 17.2 16.9 13.9 ND
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2a 18.9 16.7 18.4 27.6 23.9 26.4 28.4 40.5 20.2 29.6 26.5 ND ND ND ND ND ND ND ND ND ND ND
0 0 0 0 0 0 284 0 0 0 189.5

3a 16.1 21.7 17.2 19.5 22.6 20.6 9.2 22.3 25.7 26.5 20 26.9 27.3 28.6 17.2 20.4 21.8 20.4 24.1 ND ND ND
0 0 0 0 0 0 0 0 771 0 0 269 304 571 0 0 124.5 0 0

4
19.5 17.4 15.5 24.6 24.6 23.5 23.7 11.5 28.8 23.8 24.8 28.2 22.7 18.9 16.6 27.4 23.5 21.6 21.1 23.4 20.6 ND

0 0 0 0 0 0 0 115 864 0 0 0 0 0 0 0 283 0 0 0 0

5
17.9 ND 32.7 28.5 ND 21.1 27.6 20.5 39.7 23.1 29.5 21.9 20.3 18.5 3.5 21.1 22.1 21.6 26.5 ND ND ND

0 0 0 0 276 0 0 0 1180 0 0 0 35 0 0 0 0

6a 17.4 15.4 23.5 24.1 24.1 ND 24.6 26.9 39.2 45.9 ND ND ND ND ND ND ND ND ND ND ND ND
0 0 470 0 0 492 0 1568 1377

7
21.3 14. 14.8 19.4 23.4 18.9 17 16.5 17.2 18.2 20.9 26.5 18.9 18.2 16.5 24.1 17.7 15.5 18.0 24.3 ND ND

0 0 0 0 0 0 0 0 0 0 0 530 0 0 0 284 0 0 0 0

Group B

8
ND 13.9 13.1 29.1 27.6 16.1 13.3 13.2 15.5 16.3 15.2 20.1 16.1 15.1 12.5 13.9 12.1 16.7 ND 18.7 24 19

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9b 15.8 10.2 9.9 9 11.8 11.4 19.2 24.6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
0 0 0 0 0 0 0 0

10b 12.2 12.6 24.3 18.9 21.3 17.8 23.5 22.7 21.9 24.6 16.3 ND ND ND ND ND ND ND ND ND ND ND
0 0 0 0 0 0 0 0 0 0 0

11
12.8 11.6 9.9 13.2 16.3 17.5 15.3 22.8 11.7 ND 11.5 14.9 15.6 14.1 14.6 17.5 15.9 14.9 15.4 18.8 ND ND

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12
13.3 11.3 21.1 15.2 14.8 12 12.4 12 13.6 15 15.4 19.4 24.2 15.6 13.3 13.1 11.1 22.6 27 14.2 12 15

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13a 12.4 10.9 11.5 12.4 13 8.9 12.8 10.8 15.2 15.1 15.5 18.1 23.7 14.7 10.3 17.8 9.8 11.9 13.3 ND ND ND
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ND, no data.
aDogs were euthanized before the study’s intended experimental endpoint in light of humane considerations. 
bDogs were euthanized before the study’s intended experimental endpoint due to equipment failure.
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treatment yielded superior results in this study. Contributing 
factors likely include intervention with bacterial colonization 
(biofilm) at an earlier stage and increased antibiotic penetration 
due to prolonged treatment. Early intervention was possible 
because neither an elevated temperature nor a WBC with a left 
shift was required for treatment of infection. 

The selection of a WBC count of more than 18,000 cells/ml as 
a trigger for antibiotic treatment provided an early warning sign 
of infection. In our experience, using this trigger for treatment 
and initiating treatment without waiting for the development of 
additional clinical signs (like fever, inappetance, or evidence of 
other organ infection) or left shift lead to a more physiologically 
stable model with respect to CBC parameters and animals that 
clinically fared better in regards to medical condition as recorded 
in the medical records. Because the stimulus for a neutrophilia 
that increases the WBC count is primarily purulent inflam-
mation,16 an increase in WBCs would be more specific for an 
infectious cause than clinical symptoms such as fever alone. In 
our opinion, although the initial WBC count might have been 
indicative of infection and an appropriate trigger for treatment, 
subsequent WBC counts did not necessarily reflect the clinical 
condition of the animal and thus were not used as an outcome 
measure in this study. 

Left shift, or the release of band neutrophils into the blood-
stream, is indicative of purulent inflammation in which the 
increased tissue demand for neutrophils exceeds the marginated 
storage pool.16 Therefore, left shift is generally the hallmark of 
infection or severe purulent inflammation. The polymorpho-
nuclear leukocyte count reflects the number of neutrophils in 
the circulating pool, and an almost equal number of polymor-
phonuclear leukocytes are held in a marginating pool which is 
not reflected in the CBC count. In severe inflammation, such 
as an intravascular infection, a release of polymorphonuclear 
leukocytes from the marginating pool is reflected as an increase 
in circulating pool, which is reflected in the WBC. Because left 
shifting in dogs is considered indicative of severe infection 
and because the marginating pool in dogs contributes a pool of 
neutrophils as large as the circulating pool before the band neu-
trophils are recruited,16 we considered any band count greater 
than 0 in our comparison of the 2 groups. We interpret the lack 
of left shift in group B as alleviating the infectious stimulus 
while the marginating pool of neutrophils is still being recruited 
and before it is depleted, necessitating the recruitment of the 
more immature band neutrophils into circulation. Therefore, 
responding to the elevated WBC count without waiting for left 
shift results in initiation of treatment 2 to 3 d earlier,16 decreasing 
the level of bacterial colonization and reducing the likelihood of 
development of resistance due to biofilm formation. This effect 
decreases the occurrence of catheter-related bacteremia, which 
has been associated with osteomyelitis, septic arthritis, endo-
carditis, and pyelonephritis.18,27 Early and prolonged treatment, 
in agreement with the findings of this study, has been shown to 
improve clinical outcomes.8,19,27

Blood culture data were supportive of the increased physi-
ologic stability of treatment group B. Although the development 
of increasingly resistant bacterial organisms due to long-term 
antibiotic treatment is a concern, these results suggest that the 
converse may be true. Further studies, including more frequent 
testing and larger numbers of animals, are warranted.

Body temperature generally is considered to be a sign of in-
fection or inflammation. Interestingly, there was no significant 
difference in this parameter between the groups, suggesting that 
body temperature is not a useful parameter to identify animals 
that have potential for substantial clinical pathology or clinical 

conditions that would be consistent with catheter infection and 
require treatment. This finding is noteworthy, because body 
temperature monitoring and indications for either treatment or 
a humane endpoint frequently are used in monitoring animals 
in research protocols with a potential for catheter-related infec-
tions. One study indicated that 71% of catheters from patients 
with suspected catheter-related infections according to the 
presence of fever and mild to moderate disease were sterile.19 
Therefore, diagnosis of catheter-related infection due to clinical 
signs including fever may be erroneous, lead to premature or 
unnecessary removal of the catheter, and increase the number 
of study subjects needed to achieve statistical significance. 

Clinical condition is a complex and difficult assessment to 
quantify. However, maintaining the highest standard of animal 
welfare through the refinement of research protocols is a tenant 
of our profession. The ability to maintain a complex animal 
model with the most physiologic stability speaks to both con-
cerns about humaneness in animal research and the generation 
of refined research data. Within the limits of sample size, our 
findings imply that the Group B treatment regimen produced a 
more physiologically stable model, which would represent both 
refinement in reducing potential experimental variables and a 
reduction in the total number of animals to complete the study 
objectives. Further studies with larger numbers of animals are 
warranted to substantiate this hypothesis.

In this study, dogs bearing ECICs that underwent prolonged 
antibiotic treatment that was initiated early in light of an 
elevation in the WBC count remained in better health than 
did conventionally treated animals. Specifically our findings 
suggest that: 
 1. a WBC count that exceeds 18,000 cells/ml is sufficient 

evidence to initiate treatment,
 2. a prolonged course of antibiotic treatment leads to im-

proved health outcome,
 3. body temperature alone is not a sufficient predictor of 

infection, and
 4. dogs bearing ECICs that are treated in the described man-

ner are more likely to maintain a physiologic condition 
(based on humane endpoints) that allows them to complete 
the study.

Acknowledgments
The authors thank Sonya Gearhart and Kevin Prestia for their time 

and expertise in scoring the data, Jie Wang and Geng-Hua Yi for their 
surgical expertise and cooperation, and Shing Lee and William Friede-
wald for their statistical expertise.

References
 1. Almirall J, Gonzalez J, Rello J, Campistol JM, Montoliu J, Puig de 

la Bellacasa J, Revert L, Gatell JM. 1989. Infection of hemodialysis 
catheters: incidence and mechanisms. Am J Nephrol 9:454–459.

 2. Anwar H, Dasgupta M, Lam K, Costerton JW. 1989. Tobramycin 
resistance of mucoid pseudomonas aeruginosa biofilm grown 
under iron limitation. J Antimicrob Chemother 24:647–655.

 3. Anwar H, Dasgupta MK, Costerton JW. 1990. Testing the suscep-
tibility of bacteria in biofilms to antibacterial agents. Antimicrob 
Agents Chemother 34:2043–2046. 

 4. Anwar H, van Biesen T, Dasgupta M, Lam K, Costerton JW. 1989. 
Interaction of biofilm bacteria with antibiotics in a novel in vitro 
chemostat system. Antimicrob Agents Chemother 33:1824–1826.

 5. Dennis MB Jr, Graham TC, Raff RF, Jones DR, Schuening F, Storb 
R. 1993. Implanted right atrial catheters for continuous infusion 
of solutions into dogs. J Invest Surg 6:461–467.

 6. Donelli G. 2006. Vascular catheter-related infection and sepsis. 
Surg Infect (Larchmont) 7 Suppl 2:S25–S27.

Long-term catheters in dogs

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27



60

Vol 46, No 4
Journal of the American Association for Laboratory Animal Science
July 2007

 7. Fraenkel D, Rickard C, Thomas P, Faoagali J, George N, Ware R. 
2006. A prospective, randomized trial of rifampicin-minocycline-
coated and silver-platinum-carbon-impregnated central venous 
catheters. Crit Care Med 34:668–675.

 8. Giessel BE, Koenig CJ, Blake RL Jr. 2000. Management of bacterial 
endocarditis. Am Fam Physician 61:1725–1732, 1739.

 9. Gosbell IB. 2005. Diagnosis and management of catheter-related 
bloodstream infections due to Staphylococcus aureus. Intern Med J 
35 Suppl 2:S45–S62.

 10. Hanna H, Afif C, Alakech B, Boktour M, Tarrand J, Hachem R, 
Raad I. 2004. Central venous catheter-related bacteremia due to 
gram-negative bacilli: significance of catheter removal in prevent-
ing relapse. Infect Control Hosp Epidemiol 25:646–649.

 11. Hanna H, Benjamin R, Chatzinikolaou I, Alakech B, Richardson 
D, Mansfield P, Dvorak T, Munsell MF, Darouiche R, Kantarjian 
H, Raad I. 2004. Long-term silicone central venous catheters 
impregnated with minocycline and rifampin decrease rates of 
catheter-related bloodstream infection in cancer patients: a pro-
spective randomized clinical trial. J Clin Oncol 22:3163–3171.

 12. Hanna HA, Raad, II, Hackett B, Wallace SK, Price KJ, Coyle DE, 
Parmley CL. 2003. Antibiotic-impregnated catheters associated 
with significant decrease in nosocomial and multidrug-resistant 
bacteremias in critically ill patients. Chest 124:1030–1038.

 13. Kim SH, Kang CI, Kim HB, Youn SS, Oh MD, Kim EC, Park SY, 
Kim BK, Choe KW. 2003. Outcomes of Hickman catheter salvage 
in febrile neutropenic cancer patients with Staphylococcus aureus 
bacteremia. Infect Control Hosp Epidemiol 24:897–904.

 14. Kreter B, Woods M. 1992. Antibiotic prophylaxis for cardiothoracic 
operations. Meta-analysis of thirty years of clinical trials. J Thorac 
Cardiovasc Surg 104:590–599.

 15. Kuizon D, Gordon SM, Dolmatch BL. 2001. Single-lumen subcu-
taneous ports inserted by interventional radiologists in patients 
undergoing chemotherapy: incidence of infection and outcome of 
attempted catheter salvage. Arch Intern Med 161:406–410.

 16. Latimer K, Mahaffey EA, Prasse KW. 2003. Duncan and Prasse’s 
veterinary laboratory medicine clinical pathology, 4th ed. Ames 
(IA): Blackwell Publishing.

 17. Maki DG, Stolz SM, Wheeler S, Mermel LA. 1997. Prevention of 
central venous catheter-related bloodstream infection by use of an 
antiseptic-impregnated catheter. A randomized, controlled trial. 
Ann Intern Med 127:257–266.

 18. Marr KA, Sexton DJ, Conlon PJ, Corey GR, Schwab SJ, Kirkland 
KB. 1997. Catheter-related bacteremia and outcome of attempted 
catheter salvage in patients undergoing hemodialysis. Ann Intern 
Med 127:275–280.

 19. Mermel LA, Farr BM, Sherertz RJ, Raad II, O’Grady N, Harris JS, 
Craven DE. 2001. Guidelines for the management of intravascular 
catheter-related infections. Clin Infect Dis 32:1249–1272.

 20. O’Grady NP, Alexander M, Dellinger EP, Gerberding JL, Heard 
SO, Maki DG, Masur H, McCormick RD, Mermel LA, Pearson 
ML, Raad, II, Randolph A, Weinstein RA. 2002. Guidelines for the 
prevention of intravascular catheter-related infections. Centers for 
disease control and prevention. MMWR Recomm Rep 51:1–29.

 21. O’Riordan E, Conlon PJ. 1998. Haemodialysis catheter bac-
teraemia: evolving strategies. Curr Opin Nephrol Hypertens 
7:639–642.

 22. Pearson ML. 1996. Guideline for prevention of intravascular de-
vice-related infections. The Hospital Infection Control Practices 
Advisory Committee. Am J Infect Control 24:262-277.

 23. Pearson ML, Abrutyn E. 1997. Reducing the risk for catheter-re-
lated infections: a new strategy. Ann Intern Med 127:304–306.

 24. Raad I, Darouiche R, Dupuis J, Abi-Said D, Gabrielli A, Hachem 
R, Wall M, Harris R, Jones J, Buzaid A, Robertson C, Shenaq S, 
Curling P, Burke T, Ericsson C. 1997. Central venous catheters 
coated with minocycline and rifampin for the prevention of 
catheter-related colonization and bloodstream infections. A ran-
domized, double-blind trial. The Texas Medical Center Catheter 
Study Group. Ann Intern Med 127:267–274.

 25. Raad I, Umphrey J, Khan A, Truett LJ, Bodey GP. 1993. The du-
ration of placement as a predictor of peripheral and pulmonary 
arterial catheter infections. J Hosp Infect 23:17–26.

 26. Raad II. 1994. The pathogenesis and prevention of central venous 
catheter-related infections. Middle East J Anesthesiol 12:381–
403.

 27. Ramos JM, Domine M, Ponte MC, Soriano F. 1996. [Bacteremia 
caused by Alcaligenes (Achromobacter) xylosoxidans. Description of 
3 cases and review of the literature]. Enferm Infecc Microbiol Clin 
14:436–440.

 28. Rao VP, Poutahidis T, Marini RP, Holcombe H, Rogers AB, Fox 
JG. 2006. Renal infarction and immune-mediated glomerulone-
phritis in sheep (Ovis aries) chronically implanted with indwelling 
catheters. J Am Assoc Lab Anim Sci 45(4):14–19.

 29. Rijnders BJ, Vandecasteele SJ, Van Wijngaerden E, De Munter 
P, and Peetermans WE. 2003. Use of semiautomatic treatment 
advice to improve compliance with Infectious Diseases Society of 
America guidelines for treatment of intravascular catheter-related 
infection: a before–after study. Clin Infect Dis 37:980–983.

 30. Stevens B, Barton SE, Brechbill M, Moenter S, Piel AL, Shankle 
D. 2000. A randomized, prospective trial of conventional vascular 
ports versus the vortex ‘Clear-flow’ reservoir port in adult oncol-
ogy patients. J Vasc Access Devices Summer 2000:37–40. 

 31. Swindle MM, Nolan T, Jacobson A, Wolf P, Dalton MJ, Smith 
AC. 2005. Vascular access port (VAP) usage in large animal species. 
Contemp Top Lab Anim Sci 44(3):7–17.

 32. Taylor WM, Grady AW. 1998. Catheter-tract infections in rhesus 
macaques (Macaca mulatta) with indwelling intravenous catheters. 
Lab Anim Sci 48:448–454.

 33. Ulphani JS, Rupp ME. 1999. Model of Staphylococcus aureus 
central venous catheter-associated infection in rats. Lab Anim Sci 
49:283–287.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27


