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Radiography of Exotic Companion Mammals

Introduction

Radiography is a very useful diagnostic tool in veterinary medicine, and is no less
importance in exotic mammal medicine. Production of high quality diagnostic images
requires some skill and practice, and is feasible with most standard radiography
equipment, and careful pre-planning. Poor quality radiographs are difficult to interpret
and may result in misdiagnosis. These proceedings will not attempt to delve deeply into
basic principles of diagnostic imaging, but will highlight differences and modifications of
importance to the exotic animal practitioner.

Equipment for Standard Radiography of Exotic Companion Mammals

Certain features are useful for obtaining high quality images of exotic animals, in
particular small exotic mammals.

Cassettes: High detail, low speed

Film: slow to ultra-slow film (mammography film)

Equipment: Use of slower film and cassette combinations necessitates increased exposure
(mAs). Mammography film may require up to 25 imes the mAs of par or high speed
combinations. mAs may be increased through increasing mA, or by increasing time in
seconds (s). Many veterinary radiographic machines are preset with a fixed, lower end
mA, often as low as 20 mA, which is suitable for most veterinary use. However, when a
machine with a low preset mA is used with mammography or other slow film, the only
way to obtain higher mAs is to increase exposure time. Increased exposure time
increases the risk of movement artifact, especially from rapid spontaneous breathing
movements in smaller exotic patients. The ideal machine, therefore, has an adjustable
mA, ideally in the range of 5.0 to 20.

Very few practitioners are faced with ancient radiography equipment without collimators
or other modern functions. Careful collimation over the area of interest allows increased
image quality, reduces dispersion of x-rays (scatter), and increases operator safety,
especially when using manual restraint techniques



Obtaining the Radiograph

Diagnostic radiographs require proper equipment, proper technique, and a cooperative,
still patient. Equipment selection has been discussed above. Sedation and anesthesia
techniques are described in detail below.

Developing a Technique Chart for Exotic Species

With the exception of larger species such as the potbellied pig, most exotic mammal
patients are placed directly on the cassette, and the Bucky tray is not utilized. Once the
patient is properly positioned on the cassette, standard measurements are made to
determine kVp and mAs. Many manufacturers of radiographic equipment supply
technique charts for traditional companion animals based on tissue type, such as thorax,
extremities, and abdomen, and on measurement of the area of interest. However, most
cannot supply technique charts for unusual species, or for unusual film/screen
combinations such as mammography film. It is important, therefore for the practitioner
to begin developing a unique technique chart for all exotic species commonly
encountered in practice, often based on trial and error. It must be kept in mind that a
technique chart for a specific film/cassette combination based simply upon measurement
of the area of interest is often inadequate for the exotic animal practitioner, as the tissues
of herbivorous and carnivorous mammals are often very different, for example, the
abdomen of the rabbit vs. the abdomen of a ferret. The best solution is a technique chart
based on film/cassette combination, species and measurement of the area of interest.

Preparing the Patient for Radiography

Initial decision-making for preparing the patient for radiography involves determination
of overall patient condition, and estimating the time required to complete the entire
procedure, including allowing time for a quick review of the radiographs to be certain
they are useful and of diagnostic quality.

The clinician should therefore:

Determine if patient condition will allow stress and handling of the radiographic
procedure

Determine if the patient can be safely radiographed using manual restraint with or
without sedation, or whether anesthesia will be required.

Determine the ideal anesthetic protocol (if needed) based on patient condition,
availability anesthetic agents, estimated length of procedure , and other factors such as
the ability to intubate, or interference of an anesthetic cone with collection of the image.

Patient Positioning for Radiography

Expert manual restraint, sedation and/or anesthesia are often necessary for collection of
diagnostic quality radiographs in exotic mammal species, and is discussed above. As in
any other species, image quality is negatively affected by poor positioning. Examples
include inadvertent omission of the area of interest from the area of collimation,
superimposition of structures, lack of symmetry, failure to collimate on the area of
interest, and patient movement.

Symmetry is an extremely important factor in patient positioning, with the exception of
oblique or other special projections. Contoured pieces of radiolucent foam are useful to



obtain proper positioning. Heavier devices like sandbags are rarely used in exotic
mammal patients. Radiolucent tape is useful for securing patients directly onto the
cassette or the radiographic table.

Standard views include lateral, dorsoventral or ventrodorsal, rostrocaudal and
anterioposterior /posterioanterior views, and various oblique projections. “Whole body”
radiographs are common in smaller exotic species. Attempts to collect whole body
radiographs in larger species are not recommended, as the technique (in particular kVp)
will not be ideal for all areas within the imaging area.

It is impossible to describe ideal positioning for each exotic species for each specific
study within a single proceedings. The reader is directed to an exotic mammal
radiographic textbook, such as Silverman/Tell.

Putting It All Together for Optimal Radiographic Images

Production of the highest quality radiographs requires attention to following details:
-The patient must be properly anesthetized or safely restrained manually to limit patient
motion
-Optimal screens and films must be selected based on patient size and diagnostic goal
-The object of interest must be centered in the image
-The patient must be properly positioned according to requirements of the desired
projection
-All projections required for that radiographic study must be acquired rapidly and
efficiently (this is great for the patient, but does not help radiographic quality, actually, it
can lead to errors and lack of attention on the operator’s part)
-The “right” and/or “left” aspect of the patient should be clearly labeled. Markers must be
incorporated in the radiographic exposure and not handwritten on the finished radiograph.
Oblique projections must be labeled according to beam entry and beam exit, to avoid
misidentifying the site of a lesion.
Identification must occur in conjunction with the x-ray exposure. Handwritten
identification made on the finished radiograph will lead to errors and will not satisfy legal
requirements.
-The identification label should not obscure the area of interest
-Apparatus associated with the patient such as tubes, monitoring equipment, etc. must not
obscure the area of interest
-Other external objects such as collars, or the hands of the operator must not appear in the
image

- In the authors’ experience, the best images of smaller exotic patients are made

with low speed cassettes and mammography film, with a radiographic machine
capable of higher mA settings.

Introduction to Computed Tomography (CT) in Exotic Companion Mammals

CT of Exotic Companion Mammals

Spiral CT scan for exotic patients is a new discipline, and few references are available.
Most difficulties are related to size and diverse anatomical differences of smaller exotic
patients. A digital image of a smaller subject is, by necessity, a lower-resolution image.
A smaller picture contains a small number of pixels; zooming in to increase the size



ultimately results in loss of resolution. Soft tissue to hard tissue ratio is less in smaller
species, which results in a narrower grey scale. Even with these limitations, however,
very good images can be obtained with the latest generation of CT machines.

Most recent improvements in CT scans include reduction of scan time, and improved
image resolution, factors that make such scans feasible and useful even for small exotic
patients.

Acquisition of the scan is the first step in utilization of this modality; elaboration and
manipulation of the image has vastly improved usefulness. The computer can reduce the
thickness of the acquired slices, and images can be reformatted into two-dimensional
multiplanar images and virtual reconstruction of 3D volume and surface images. Newer
CT scans acquire images via the standardized, internationally recognized DICOM
software system, which allows a greater number of visual options. Scanners come with
their own software; however, a free web-based software allows anyone to view and
manipulate DICOM images. OsiriX is a Macintosh program. created by Antoine Rosset,
from the Department of Radiology , University of Los Angeles
(http://homepage.mac.com/rossetantoine/osirix/).

Sedation or anesthesia are required for proper positioning for CT, and to reduce breathing
movement artifact, despite the fact that scanning time can be very brief. The patient is
most commonly positioned in ventral recumbency, with the head elevated slightly.
Standard scanning plane angles have been established for some canine breeds, but there
are no standards for exotic animals. Preliminary studies by the authors are currently
focused on the anatomy of the normal and pathologic skull and teeth of rabbits, guinea
pigs, and chinchillas. Scanning planes for the skull are perpendicular to the palatine
bone, but further studies may suggest additional advantageous angles, in particular for the
study of the mandible and cheek teeth.

Ultrasonography of Exotic Companion Mammals

Ultrasonography can be an extremely useful tool in small mammal practice. Knowledge
of anatomy of these species is necessary to isolate and identify organs, abnormalities, and
even perform guided-biopsies or fluid aspirations. Ultrasound can determine fluid
accumulations versus solid masses when plain radiographs are indeterminate.
Ultrasonography is limited by gas, hair, bone or metallic densities, and often ingesta in
the gastrointestinal tract may cause artifacts that obscure organ detail needed. Ultrasound
can be useful to watch peristalsis, bile expulsion into the duodenum, urine ejection into
the bladder, and cardiac function and parameters. These techniques can be performed
frequently in the awake animal, although some may need analgesics and/or sedatives if
positioning or activity of the animal prevents sustained imaging.

The small animal practitioner has access to a number of ultrasound machines and
transducers that will work well on ferrets. No special equipment is required, although a
small footprint on a 7.5 to 10 Mhz sector scanner is desirable. The 7.5 Mhz is appropriate
for cat-sized animals and smaller.

Table 1. Uses in Small Mammals



Ferret Rabbit Guinea Pig, Rat Mouse, Hamster,
Chinchilla Gerbil

Echocardiography | Echocardiography | Echocardiography | Echocardiography | Echocardiography

Prostate Bladder Ovarian cysts Bladder Bladder

Kidneys, cysts Kidneys Reproductive Kidneys Kidneys

Adrenals Liver tract Liver Liver

Liver Gallbladder, bile | Kidneys Gallbladder, bile | Reproductive

Gallbladder, bile | duct Liver duct tract, cysts

duct

Lymph nodes,
IBD,
lymphadenopathy
Bladder
Reproductive
tract (intact ferret)
Masses

Pleural, peritoneal
fluid

Guided biopsies,
aspirations

Reproductive
tract, cysts
Peritoneal fluid
Pleural effusion
Masses

Guided biopsies,
aspirations

Peritoneal fluid
Pleural effusion
Masses

Guided biopsies,
aspirations

Reproductive
tract, cysts
Peritoneal fluid
Pleural effusion
Masses

Guided
cystocentesis

Peritoneal fluid
Pleural effusion
Masses

Guided
cystocentesis,
aspirations

Formally, terms that are used to describe the appearance of ultrasound images relate to a
tissue’s echo intensity, attenuation, and image texture. Areas of high echo intensity:
echogenic, hyperechoic, high echo intensity or echo-rich. Areas of low echo intensity
may be properly termed echo-poor or hypoechoice, whereas areas with no echoes are said
to be anechoic or “echo-free”. As urine and bile are the most anechoic, it is useful to use
the bladder to adjust the screen to establish the baseline “black”. The liver and spleen are
normally in the mid-range of echogenicity, and can be used to set the screen’s contrast
and brightness. Focus depth of the scan will depend on which organ you are imaging, and
may need to be changed during the examination.

» Air, Hair: cause many problems, artifacts, inability to image. This includes gas
within the intestinal tract.

» Bone, calcifications may interfere with imaging particularly if the tissue to be
examined is behind the bone or calcified material (such as a bladder stone). Ribs
interfere with lateral scans of the heart, but once identified, the ultrasonographer
can determine which images are artifact, and obtain diagnostic images.

Table 2. Densities

Order of Increasing Echogenicity:

Urine, Bile

Renal Medulla

Muscle

Renal Cortex

Liver




Storage Fat

Spleen

Prostate

Renal sinus

Structural fat, vessel walls

Bone, gas, organ boundaries

From Nyland TG, Mattoon JS, Veterinary Diagnostic Ultrasound, WB Saunders Co., Philadelphia, 1995

The Ferret (Mustela furo)

A comprehensive understanding of the anatomy of the ferret is required to locate
structures. Variability in individual ferret anatomy, such as placement of the adrenal
glands, may complicate initial scans, however due to the flexibility of the ferret abdomen,
manual manipulation of key organs as landmarks will allow the practitioner to identify
the structures. This laboratory session is designed to show ways to quickly find and
identify key organs, tissues, and interpret the images.

With ferrets, having the ferret awake and swallowing a treat such as Nutrical, allows the
ultrasonographer to distinguish between gastrointestinal tract and other tissues. Motility
of the stomach, through the pylorus, and in various sections of the bowel can be
observed.

Laboratory Exercise: Ferret

Patient Preparation:

1. Shave the ferret from pubic bone the xiphoid process. If cardiac scanning, shave
the right area of the chest from the midline laterally approximately half the
distance to the spine.

2. The ferret may be restrained on its back, and distracted with a treat.

3. Apply acoustic gel to the mid-abdomen. Begin the scan at the bladder to set the
image. If the ferret is cooperative, the entire examination may be done without
sedation.

Light sedation with ketamine/acepromazine may be used. Ketamine at 10 mg/kg;
acepromazine at 0.03 mL per kg IM. This will afford light sedation for approximately 20
-30 minutes. Alternatively, relaxation can be achieved with midazolam at 0.3 mg/kg IM,
with effects lasting 30-60 minutes. For echocardiography, midazolam is preferred for
wiggly ferrets as ketamine may increase the heart rate.

Scan:

1. Longitudinal plane: palpate the left kidney. Locate with the beam. Move medially
at the level of the kidney and identify the caudal vena cava. Move laterally back
to the kidney, and position the beam so that you are at the anterior pole of the
kidney. Move slowly medially. The left adrenal gland is in the area between the
anterior left kidney and the caudal vena cava. It is usually at the depth of the renal
vessels.



Transverse scan at the same level. Use the kidney and cvc to locate the area of the
left adrenal. The abdominal aorta will also be visible in cross-section.

a. Note: if the spleen is enlarged, it may overlay much of the kidney and area
of the left adrenal. Use the spleen as an imaging window. You can also do
an examination of the spleen itself.

. Longitudinal plane: palpate the right kidney. Locate with the beam. Move
medially at the level of the kidney and identify the caudal vena cava. At the
cranial pole of the right kidney there is usually liver overlapping the area where
the right adrenal gland is located. The right adrenal lays on the dorsal surface of
the caudal vena cava, at the anterior pole of the kidney, and in the fat between the
kidney and the cvc. It may have separate vasculature. Occasionally it will wrap
around the cvc, and if enlarged, it may cause constriction of the cve. It may also
be on the left of the cve, and if enlarged, push against the pyloric area of the
stomach/duodenum.

Transverse scan at the same level. Use the kidney, cve, and liver to locate the area
of the right adrenal. The duodenum/pylorus and pancreas may be over lying the
adrenal area. You can differentiate the gi tract by the motility (particularly if the
ferret is awake and swallowing Nutrical).

a. Just anterior to the area of the right adrenal will be the gallbladder, and the
portal vein, although the portal vein is easier to locate on a longitudinal
scan of the liver.

b. If your picture is mostly liver, you are too anterior. Use the region
between the anterior pole of the right kidney and the gallbladder to find
the location of the adrenal tissue.

. Longitudinal scan of liver: locate the gallbladder and portal vein. Note path of the
portal vein, and relative diameters of bile ducts, major vessels. Dilation of vessels
in the liver is often seen with heart disease in the ferret. The liver may look almost
“cystic” in severe cases of congestion.

Transverse scan of the liver: locate the gallbladder, portal vein.

. Apical examination of the heart: using the liver as a window, the heart can be
scanned. This is done from just right of the midline, approximating the right
parasternal short axis view. Note movement, contractility, proportion of walls,
pericardial condition. For full cardiac examination, the chest will need to be
shaved primarily from the midline right to about _ distance to the spine (rib cage),
and gel applied. The most useful scan then is done as a right parasternal long axis
4 chamber view. M-mode can also be done, following the same parameters as
used for dogs and cats.

. Bladder and prostate. Start with a longitudinal scan to image relative position of
bladder and position of the urethra. The prostate lies at the pelvic brim and will
appear as a dense mass. If enlarged, there will be urethral constriction, change in
angle/positioning of the bladder, and some bowel displacement. Switch to
transverse scanning to image the diameter of the urethra in cross section.

Spleen: Scan longitudinally, then transversely. Look for dilated vessels, changes
in densities. Normally the spleen appears fairly homogeneous. Note that it will
always be enlarged with any sedative or anesthesia. Absolute size and architecture
is best examined without sedation/anesthesia.



10. GI tract: Ingesta within the gi tract can cause artifacts. Gas, hair, obstructions,
formed fecal material in the large bowel can be visualized particularly in contrast
to liquid/nutrical moving through the stomach into the intestine. Intestinal walls of
individual bowel loops can be visualized particularly if there is significant body
fat.

If the ferret is cooperative or sedated, manual manipulation of the kidneys and other

organs can also be done to isolate suspected masses and tissues seen in the scan. This

is helpful to locate circumscribed masses and determine possible tissue of origin.

Laboratory Exercise: Rabbit

If the rabbit is nervous or ticklish, it may be necessary to lightly tranquilize the rabbits
with midazolam at 0.3 mg/kg IM or acepromazine at 0.3-0.5 mg/kg IM.

Thoracic/Cardiac Imaging:

Fur may need to be clipped on the lateral chest wall, both right and left sides to access the
heart. The patch should be roughly a rectangle, approximately 2-3 cm in size. The rabbit
may be held or laid on the table slightly rotated on the side opposite of the side to be
accessed. Apply ultrasound gel and begin imaging.

Abdominal Imaging:

Kidneys: May be imaged from lateral paralumbar area rather than from the ventral
abdomen. Palpate the kidneys and if necessary clip an area of hair over each kidney.
Alternatively, in some rabbits the hair can be sufficiently parted and wetted with
ultrasound gel to obtain a satisfactory image. Rabbits can usually sit in a normal position
for this technique.

» For liver, bladder, reproductive organs, the rabbit needs to be scruffed and held
upright with the abdomen facing the ultrasonographer or in some pet rabbits or if
sedated, the rabbit may be laid in dorsal recumbancy.

» To image the liver, shave a small area just caudal to the right ribcage.

» To image the bladder, shaving is usually not necessary. The bladder will lay just
cranial to the pubic brim. The rabbit can also lay on its side for bladder imaging.
If the bladder is full of calcium sludge, there will be a lot of artefact, although the
walls can still be evaluated.

Other organs: will depend on the volume of ingesta and gas within the gastrointestinal
tract. Imaging can be attempted of the stomach, adrenals, and female reproductive tract
(if present).

Intact females: image the bladder first and adjust contrast. The uterus/uterine horns are
positioned just dorsal to the bladder, with the horns extending laterally to the ovaries. The
ovaries will lay just cranial to a full bladder. If the cecum and colon are distended with
ingesta, these may be difficult to find. In the young female, the organs will lie closer to
the bladder and may be easier to find.



Sedation and Anesthesia for Diagnostic Imaging of Exotic Companion

Mammals

Sedation and anesthesia are frequently used to facilitate collection of high quality
diagnostic images in exotic companion mammals, especially in those patients for which
manual restraint is stressful or risky.

Traditionally isoflurane via facemask with or without the addition of a pre-anesthetic
agent represents the most common choice reported in exotic animal literature. The
availability of safer injectable agents give exotic practitioners more flexibility when
choosing an anesthetic protocol for collection of diagnostic images. Choice depends on
anticipated length of the procedure, patient demeanor and condition, and availability of
agents and administration routes.

In general, options for patient restraint during imaging include:

Manual restraint alone:
Anesthesia/sedation:

-Isoflurane as a sole agent delivered via facemask or anesthetic chamber
-Combination pre-anesthetic with or without the addition of analgesic with isoflurane

delivered via facemask.

-Injectable sedation with manual restraint

-Injectable anesthetic agent

Many exotic practitioners use gas anesthesia as a sole agent. However, there are a
number of disadvantages to this technique, including increased patient stress, exposure of
veterinary staff to waste anesthetic gas, and potential interference of the face mask in
patients that cannot be intubated. Both isoflurane and sevoflurane are hypotensive, and
these effects are dose dependant. Patients are at higher risk for hypotension and
accompanying adverse anesthetic outcome with the higher gas anesthetic flow rates
required when these agents are used alone.

Table 2. Suggested selected drug dosages for sedation and anesthesia of small exotic mammals useful for

diagnostic imaging.

Drug Dosage Comments
Diazepam 0.5 mg/kg IV
Midazolam® 0.25-0.5 mg/kg IM Often provides excellent relaxation for

(sedation, pre-anesthesia)

or IV

phlebotomy or other minor procedures,
or to facilitate less stressful induction
with inhalant agents.

Medetomidine/K etamine®
(sedation, pre-anesthesia)

Medetomidine:Ketamine®
(anesthesia; reduce slightly when used
with isoflurane)

M: 1-2 ug/kg
K: 1-2 mg/kg

80-120 ug/kg: 25-30
mg/kg (rabbit)
50-70 ug/kg:20-25
mg/kg (guinea pig)
100ug/kg:30 mg/kg
(rodents)

Rapid sedation often adequate for brief,
minor procedures. May require
supplemental isoflurane at these
dosages.

Reverse with Atipamezole at the end of
the procedure; dosage is 5 times the
Medetomidine dose used (not 5 times
the volume).

Note: medetomidine is recommended
for healthy patients only due to
cardiopulmonary depressant effects

Etomidate®

1-2 mg/kg IV

Minimal cardiovascular depression,




(anesthetic induction) wide safety margin, but requires [V
Use with diazepam or midazolam administration. Is an induction agent,
therefore effects are short-lived when
used alone. Respiratory depressant
effects are dose-dependant.

Isoflurane 1-5% Commonly used as sole anesthetic
(anesthesia) agent. Induction is less stressful with

pre-anesthetic medication (see above)
Sevoflurane 3-7% See above. Most anecdotal reports
(anesthesia) indicate this agent is not

overwhelmingly superior to isoflurane,
and is considerably more expensive

a. Marla Lichtenberger, personal communication
b. Vittorio Capello, personal communication
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