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Urinary Catheterization of Male Rabbits: A New
Technique and a Review of Urogenital Anatomy

Rajesh K Uthamanthil,"* Ray Y Hachem,? Mihai Gagea,' Ruth A Reitzel,> Agatha T Borne,! and Peggy T Tinkey’

Rabbits are widely used as an animal model for urologic research studies in which urinary bladder catheterization is required.
However, standard manual retrograde urinary catheterization proved to be difficult to perform on anesthetized male rabbits
in a research study, with frequent misplacement of the catheter into the vesicular gland. Attempts to reposition the catheter
into the bladder after initial entry into the vesicular gland frequently failed and resulted in exclusion of the animal from the
study. We assessed the normal anatomy of the lower urinary tract of male rabbits to determine the cause of catheterization
misdirection into the vesicular gland and to develop a more reliable technique for urinary bladder catheterization. A modi-
fied “digital (finger) pressure’ catheterization technique was developed for successful urinary catheterization of male rabbits.
Retrospective statistical analysis of 45 rabbits used for urinary catheterization studies showed improvement in the success rate
of catheterization by using the digital pressure technique over the standard method of retrograde urinary catheter insertion.
In addition, we here review the relevant gross and histologic anatomy of the urogenital tract of male rabbits.

Abbreviation: VG, vesicular gland.

Rabbits are commonly used as an animal model of urinary
tract infection and other urologic studies that require urinary
catheterization.>>121625 Correct urinary catheterization is
crucially important in studies requiring evaluation of urine
parameters, such as diagnostic or research investigations in
preclinical drug development and discovery studies, medical
device investigations, and veterinary clinical practice.

Simple manual retrograde insertion of a urinary catheter is
the standard technique described in textbooks for the urinary
catheterization of male rabbits.>®!15 This insertion technique is
used in various other laboratory animal species with high suc-
cess rates, including mice, rats, dogs, and primates. However,
in our hands, using the traditional manual technique in studies
requiring urinary catheterization of male New Zealand white
rabbits resulted in a catheterization failure rate of as high as
40%. We examined the normal anatomy of the male rabbit lower
urinary tract to determine the cause of catheterization failure
and realized that manual urinary catheterization frequently
failed due to misplacement of the catheter into the vesicular
gland (VG). Attempts to reposition the catheter into the blad-
der after initial entry into the VG by using the standard manual
retrograde technique frequently failed and resulted in exclusion
of the animal from the study. The opening of the VG gland lies
on the dorsal aspect of the urethral lumen close to the neck of the
urinary bladder. Our examination of rabbit anatomy led to our
hypothesis that redirection of the catheter tip by using external
counter pressure over the caudal urethra would decrease the
frequency of catheter entry into the VG opening and increase
rates of successful urinary bladder catheterization. Counter
pressure applied externally over the caudal urethra during
catheterization caused ventral deflection and repositioning
of the catheter tip from the VG into the urinary bladder; this
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placement was demonstrated by using CT imaging. Here, in a
retrospective study, we compared the reliability of the ‘digital
pressure’ technique for urinary catheter placement in male rab-
bits with that of the standard manual catheterization technique.
In addition, we used computed tomography and gross and
microscopic examination to demonstrate the unique anatomy
of the urogenital tract of the male rabbit.

Materials and Methods

All procedures were performed in rabbits enrolled in research
protocols approved by the IACUC of The University of Texas
MD Anderson Cancer Center (Houston, TX) and conducted in
an AAALAC-accredited facility in compliance with the Guide for
the Care and Use of Laboratory Animals' and the Animal Welfare
Act.2 Male New Zealand White rabbits (Oryctolagus cuniculus;
n = 48) were obtained from a commercial vendor (Myrtle’s
Rabbitry, Thompson’s Station, TN). The rabbits were tested at
the vendor by using ELISA, microbiologic culture, PCR, and
pathology and were negative for Treponema cuniculi, Encepha-
litozoon cuniculi, cilia-associated respiratory bacillus, Pasteurella
multocida, Clostridium piliformis, Salmonella spp., and endo- and
ectoparasites. The animals were housed individually in stain-
less steel cages (24 in. X 14 in. X 16 in.) in an environmentally
controlled room (68 + 2 °F [20.0 = 1.1 °C], 30% to 70% relative
humidity, 12:12-h light:dark cycle, 10 to 15 air changes per hour).
Rabbits were fed a commercial pelleted diet (Laboratory Rabbit
Diet 5321, Lab Diet, PMI Nutrition International, St Louis, MO)
and tap water supplied ad libitum by an automated watering
system. Enrichment was provided by dietary supplementation
with alfalfa cubes and cage enhancements (stainless steel rattle,
perforated jingle ball). Rabbits were acclimated for a minimum
of 7 d after arrival before any research manipulations were
performed.

This study was conducted in conjunction with an approved
animal research protocol to examine the efficacy of antimicrobial
urinary catheter coating on the incidence of bacterial urinary
tract infection. For this study, rabbits received buprenorphine
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(0.05 mg/kg IM; Buprenex, Reckitt and Colman, Kingston-
upon-Hull, England) every 12 h for 48 h, with the first dose
administered immediately prior to surgery, and were anes-
thetized by using 5% isoflurane (IsoThesia Isoflurane, Butler
Animal Health Supply, Dublin, OH) in oxygen by face mask,
followed by endotracheal intubation and maintenance on 2% to
3% isoflurane in oxygen. All rabbits in the study then underwent
surgery for insertion of a jugular vein catheter and manual inser-
tion of a urinary bladder catheter and urine collection system.

In the first cohort of rabbits, we noted that attempts to manu-
ally catheterize the urinary bladder of anesthetized male rabbits
by using a retrograde, blind, manual technique frequently were
unsuccessful. To diagnose the problem, 2 rabbits in which uri-
nary catheterization was unsuccessful after multiple attempts
were euthanized (Beuthanasia-D Special, Schering Plough Ani-
mal Health, Quebec, Canada) while under isoflurane anesthesia.
Euthanasia was performed in the same manner for all rabbits
in these studies at experimental endpoints or when a rabbit
was removed from study because of urinary catheterization
failure. In these 2 rabbits, gross necropsy was performed, and
abdominal and pelvic structures were examined. The catheter
failed to enter the bladder during catheterization due to mis-
placement of the catheter into the VG. The movement of the
catheter tip was monitored as it was withdrawn from the VG
and introduced into the urinary bladder while assessing vari-
ous external manipulations. During these manipulations, the
direction of catheter tip was corrected by using digital pressure
to allow the catheter tip to bypass the VG entrance and directly
enter into the urinary bladder.

Therefore, using these observations, we developed a new
‘digital pressure’ technique to increase the frequency of
transurethral urinary catheter placement into the bladder of
anesthetized male rabbits. In this technique, the male rabbit was
placed in dorsal recumbency and under isoflurane anesthesia.
By using sterile techniques, the tip of a lubricated 10-French
catheter was introduced into the penile urethra. The index
finger tip of one hand was placed immediately caudal to the
pubic symphysis, while the catheter was threaded slowly into
the urethra by using the opposite hand. During advancement
of the catheter, the operator’s index finger was used to depress
a point immediately caudal to pubic symphysis (Figure 1 A and
B). The advancing tip of the catheter could be felt at the finger-
tip during this step. Once the catheter was advanced into the
bladder lumen, placement was confirmed by aspirating urine.
This technique diverted the catheter tip from entering into the
VG, allowing successful entrance into the urinary bladder and
urine collection.

To confirm these findings, the misplacement of a catheter as
well as successful catheter advancement by using the digital
pressure technique was demonstrated during CT imaging of
a third rabbit (Figure 2). After induction and maintenance of
general anesthesia with isoflurane, a lubricated 10-French cath-
eter was inserted into the urethral meatus and slowly advanced
retrograde through the urethra toward the urinary bladder by
using the standard blind catheterization technique. However,
no urine could be obtained by light suction from a syringe. To
identify the location of the catheter tip, 30 mL of iothalamate
meglumine contrast agent (Conray, Mallinckrodt, St Louis, MO)
was infused into the urinary tract through the catheter. After in-
fusion of contrast agent, the catheter was advanced slowly, and
a CT image of the pelvis and lower abdomen obtained to visu-
alize the tip of the catheter (Figure 2 B). This image confirmed
the misplacement of the catheter tip into the VG instead of the
urinary bladder. The catheter then was withdrawn completely,

Male rabbit urinary catheterization

Figure 1. Schematic demonstration of the digital (finger) pressure
technique of urinary catheterization of male rabbits. Arrows indicate
the point of pressure application. (A) Lateral view. (B) Ventral view.

reinserted into the urethra, and advanced toward the urinary
bladder by using the digital pressure technique. This technique
achieved correct placement of the catheter into the urinary
bladder. The location of the contrast-filled catheter within the
urethra and below the pubic symphysis is shown in Figure 2
A. Confirmatory CT images of the pelvis and abdomen during
the failed attempt at catheterization with displacement of the
catheter tip into the VG is shown in Figure 2 B and subsequent
successful placement into the urinary bladder by using the
digital pressure technique are provided in Figure 2 C and D.

Once we had demonstrated that the digital pressure technique
allowed the catheter to bypass the VG and successfully enter
the urinary bladder in male rabbits, we assessed the technique
in additional cohorts of rabbits enrolled in the same research
study.® A total of 45 additional animals were catheterized by us-
ing 1 of the 2 techniques, either the traditional blind technique
or digital pressure technique. Collection of urine from these
rabbits was recorded as a success in these data. Data from 23
rabbits catheterized by using the digital pressure technique were
compared with those from 22 rabbits catheterized by using the
traditional blind technique.

Cases were defined as either a ‘catheterization failure” or
a ‘catheterization success.” Catheterization failure included
rabbits from which no urine could be collected after repeated
attempts at urinary catheterization and those in which rupture
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Figure 2. CT images demonstrating misplacement of the catheter into the VG and corrected placement by using digital pressure technique. (A)
Axial CT section showing the position of the urethra under the pubic symphysis (arrow). (B) Sagittal section demonstrating misplacement of
the catheter tip into the VG (arrow). (C) Sagittal and (D) coronal images demonstrating correct placement of the catheter tip within the urinary
bladder of the same rabbit by using digital pressure technique (arrows).

of the urinary tract resulted in the entrance of the catheter tip
into the abdominal cavity. Catheterization success comprised
rabbits in which the catheter tip was introduced into the urinary
bladder, as confirmed by the ability to collect urine samples.

Univariate analysis was used to calculate the odds ratio and
95% confidence interval for the effect of the digital pressure tech-
nique in urinary catheterization. The Fisher exact test was used
to determine significance. Results with a 2-sided o level of 0.05
(thatis, a P value less than 0.05) were considered significant. All
statistical analyses were performed by using STATA statistical
software (Stata, College Station, TX). In addition, we describe
the anatomy of the urogenital tract of the male rabbit. A male
rabbit was necropsied and the urogenital tract examined grossly
and microscopically. Sequential cross sections of formalin-fixed
tissues throughout the urogenital tract with the urinary catheter
in place were examined grossly and histologically.

Results

The digital pressure technique resulted in successful urinary
catheterization in greater than 95% of rabbits and proved to be
superior to the blind catheterization technique. Among rab-
bits catheterized by using the blind technique, catheterization
failure occurred in 8 of the 22 (36.4%) rabbits, whereas only 1 of
23 (4.35%) rabbits had catheterization failure when the digital
pressure technique was used. Among rabbits in which catheteri-

zation failed, 8 of 9 failures (88.9%) occurred when using the
traditional method compared with 1 failure (11.1%) when using
the digital pressure method. These results indicated a significant
(P =0.01) protective odds ratio (0.079; 95% confidence interval,
0.002 to 0.74), showing a 92% reduction in the risk of urinary
catheterization failure when the digital pressure technique was
used. Therefore, use of the digital pressure technique prevented
the failure of catheter placement and the associated inability
to collect necessary urine samples that we had encountered
frequently during catheterization of male rabbits by using the
traditional method.

Macroscopic examination of the urogenital tract anatomy of
a male rabbit demonstrated the presence of following sexual
accessory glands on the dorsal aspect of the urethra within
the pelvic cavity: ampulla ductus deferentis, VG, proprostate,
prostate, paraprostate, and bulbourethral gland (Figure 3 A
and B). The VG is located on the dorsal surface of the urethra
and neck of urinary bladder. Bilaterally on the ventral aspect
of the VG and dorsal aspect of the urethra and the neck of uri-
nary bladder are the 2 ampullae of the deferent ducts. These
ampullae enter into the ejaculatory duct through small orifices.
Dorsal and caudal to the VG are the proprostate, prostate, and
paraprostate. The VG is a saccular structure that is composed
of an expandable thin wall and a lumen. The lumen can dilate
greatly with the accumulation of clear viscous or gelatinous
fluid secretion from the glands within the vesicular wall. The
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Figure 3. Photographs of male rabbit urogenital tract. (A) Lateral view. (B) Dorsal view. Anatomic structures: a, urinary bladder; b, vesicular
gland; ¢, proprostate; d, prostate; e, paraprostate; f, bulbourethral gland; g, urethra; h, deferent duct.

lumen of the VG narrows caudally, forming a short ejaculatory
duct. This ejaculatory duct communicates with urethra through
a crested cleft orifice at the apex of colliculus seminalis, near
the neck of the urinary bladder (Figure 4 A and B). The col-
liculus seminalis is a protuberance on the dorsomedial aspect
of urethral wall. The colliculus seminalis controls the release
of sperm and seminal vesicle secretions into the urethra, while
preventing urine from entering into the reproductive organs.

Histologic examination revealed glandular mucosa lining
the lumen of VG, with submucosa, tunica muscularis, and
adventitia on the external surface (Figure 5 A). The mucosa
of the VG is composed of superficial simple tall cuboidal or
columnar epithelia and subepithelial lamina propria with sim-
ple or branched tubular glands lined by simple tall cuboidal
or columnar epithelia. The lamina propria blends with the
underlying submucosa, which is composed of a thin layer of
fibrovascular connective tissue that separates the mucosa from
the underlying tunica muscularis. The tunica muscularis is com-
posed of interwoven bundles of smooth muscle fibers. External
to tunica muscularis is a layer of loose connective tissue that
forms the adventitia. The mucosa in the caudal region of the
VG contains fewer glands than does the cranial region. Near
the ejaculatory duct, the mucosa lacks glands and consists of a
single layer of simple columnar to tall cuboidal epithelium lined
by a thick layer of abundant loose connective tissue intermixed
with numerous irregularly oriented bundles of smooth muscle
fibers (Figure 5 B).

Discussion

To our knowledge, this report is the first to describe a digital
pressure technique to improve transurethral urinary catheteriza-
tion of male rabbits. The primary obstacle to successful urinary
catheterization of anesthetized male rabbits was demonstrated
asinadvertent entry of the catheter tip into the ejaculatory canal
and VG. We developed the digital pressure technique to correct
the orientation of catheter tip, redirecting it ventrally within the
urethra, thereby avoiding inadvertent placement of catheters
into the VG. A retrospective study confirmed the efficacy of
this new technique, demonstrating greater than 95% success
in catheter placement within the bladder by using the digital

pressure technique during retrograde transurethral urinary
catheterization, compared with a 40% success rate by using the
standard placement technique.

Rabbits are commonly used in research studies requiring
catheterization of the urinary bladder for multiple, timed
urine sample collection or continuous urine collection. For
example, urine collection is integral in studies of urinary tract
infection,>!7-223 physiology of the urinary system,'* treatment
of urologic diseases,”® pharmacologic and toxicologic studies,?
and urologic oncology studies.! As the most commonly used
large animal tumor model in which a well-characterized, trans-
plantable tumor is available, rabbits are important in urologic
oncology research.’

Our conversations with 2 research groups in 2 countries
revealed a shared experience of the difficulty of urinary cath-
eterization of anesthetized male rabbits, but this problem
has not been identified in the literature. Most rabbit clinical
medicine textbooks recommend the blind technique of uri-
nary catheterization of male rabbit without any reference to
the difficulties that might arise.o#111518 A literature search on
methods for urinary catheterization in rabbits did not yield any
publications describing alternative techniques. Using the blind
technique routinely described in current text books,*%115 our
group was frequently unable to successfully catheterize the
urinary bladder in male rabbits for urine sampling studies, due
to misplacement of catheter tip into the VG. Once the VG was
entered, subsequent attempts at retrograde catheter placement
were usually unsuccessful and resulted in trauma to the urinary
tract and penis, even with careful and gentle handling. The
reason for this apparent contradiction between descriptions in
clinical textbooks and our experience in research setting could
be due to the relatively low frequency of urinary catheterization
of rabbits in clinical practice or to differences in the techniques
used to perform catheterization, including the types of catheters
and anesthesia used.

The unique anatomy of the urogenital tract in male rabbits
as well as the anesthesia technique used during catheterization
may play a role in misplacement of catheters into the VG. The
colliculus seminalis, a valvelike structure at the entry of VG from
the urethra, controls the release of sperm and VG secretion in
rabbits. The caudal narrow lumen of VG, the lumen of ejaculator
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Figure 4. (A) Urethra, colliculus seminalis, and the neck of urinary bladder. (B) Misplacement of catheter into the Vesicular gland. a, urethral
lumen; b, colliculus seminalis and opening of ejaculator duct; ¢, the neck of urinary bladder; d, catheter.

Figure 5. (A) Vesicular gland. a, mucosa with glands; b, submucosa; ¢, tunica muscularis; d, adventitia. (B) Vesicular gland near the ejaculator
duct. a, mucosal epithelium; b, thick wall of loose connective tissue with bundles of smooth muscle fibers. Hematoxylin and eosin stain. Mag-
nification, 200x.

duct, and its urethral opening can expand greatly during ejacu-
lation.? Therefore, one of the reasons for inadvertent insertion
of catheter tip into the VG could be relaxation of VG opening
to the urethra caused by an ejaculatory response originating
from penile manipulation for catheterization in an anesthetized
rabbit. Another possible factor could be the type of anesthesia
that was used in the rabbits in this study. Anesthesia might have
led to relaxation of ejaculatory duct as well as dysfunction of
the colliculus seminalis, thus increasing the likelihood of the
catheter entering the VG opening by using standard technique.
All catheter placement attempts in our study were conducted in
rabbits under isoflurane general anesthesia. Various regimens
are available for producing sedation or anesthesia in rabbits,
but we did not compare the effect of the anesthetic agent on
the difficulty of urinary catheterization.

A limitation of this study might be the size of the urinary
catheters used. The size of urinary catheter that is used for most
clinical applications in rabbits is 9 French.® The research study in
which the catheterization failure was identified was designed to

evaluate urinary catheter-related infection and required the use
of 10- to 12-French catheters.® The possibility of larger catheters
causing aberrant entry of the catheter tip to VG compared with
that of smaller catheters seems to be low. However, we did not
assess the role of catheter size in ease of urinary catheterization.

We here have demonstrated limitations in successful urinary
catheter placement in male rabbits by using the blind techniques
described in standard textbooks. We developed a new digital
pressure technique for successful blind transurethral urinary
catheter placement in male rabbits. In a retrospective study, we
demonstrated that the new technique significantly improved suc-
cessful bladder catheterization using large-size catheters (10 to 12
French) by preventing inadvertent placement of the catheter tip
into the VG. This information is relevant in research and clinical
practice to educate personnel performing urinary catheterization
in rabbits about potential causes of catheterization failure and
describes a technical refinement that improves the success rate
of manual urinary catheterization in male rabbits.
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