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Summary

The aim of this study was to provide a detailed anatomic atlas
of the cranial abdomen by means of computed tomography

(CT). Three mature dogs, all mixed breed males, were used.
The dogs were sedated, anaesthetized and positioned in sternal
recumbency. CT scans from the eighth thoracic vertebra to the

fourth lumbar vertebra were performed using a third-genera-
tion equipment (TOSHIBA 600HQ scanner) with 1 cm slice
thickness. CT-images of the cranial abdomen were taken with

soft-tissue window (WL: )14, WW: 658) settings. Dogs were
killed and vascular-injection technique was performed: red and
blue latex filled the vascular system. Injected dogs were frozen
in the same position as used for CT examination and sectioned

with an electric bandsaw at 1-cm-thick intervals. The cuts
matched as closely as possible to the CT-images. The anatomic
sections were compared and studied with the corresponding

CT-images, and clinically relevant abdominal anatomic
structures were identified and labelled on the corresponding
CT-images. The results of our study could be used as a refer-

ence for evaluating CT-images of the canine cranial abdomen
with abdominal diseases.

Introduction

During the last two decades, computed tomography (CT) of
the corporal cavities has been established as an important and
useful imaging modality in veterinary medicine (Samii et al.,

1998). An increasing number of reports in different journals or
books are found involving thoracic and abdominal CT
(Feeney et al., 1991; Smallwood and George, 1993; Assheuer

and Sager, 1997; Samii et al., 1998; De Rycke et al., 2005;
Rivero et al., 2005; Teixeira et al., 2007). In human medicine,
CT has become the imaging technique of choice for the

diagnosis (Novelline et al., 1999) and evaluation of various
abdominal syndromes and disorders such as primary or
metastatic neoplasia (Ri-Sheng et al., 2006), renal calculus

(Girgin et al., 2007), injury in vessels (Schwartz et al., 2007)
and liver abscess (Syed et al., 2007).
CT provides, in a transversal plane, excellent diagnostic

information that is unobtainable with conventional radio-

graphic techniques (De Rycke et al., 2005). This is because of a
better distinction among the different CT tissue densities in the
abdominal cavity (Fike et al., 1980; Stickle and Hathcock,

1993). Accurate interpretation and identification of CT-images

require a thorough knowledge of the planimetric anatomy and
its topography (Feeney et al., 1991; Smallwood and George,
1993; Samii et al., 1998). Although other authors have

addressed cross-sectional anatomy of the abdomen using CT
and other techniques (Feeney et al., 1991; Smallwood and
George, 1993; Assheuer and Sager, 1997), we believe that our
work includes additional information such as adding better

quality CT-images and comparing them with anatomical
specimens that have been vascularly injected for a better
definition of the morphology and topography of the vascular

structures. The purpose of this study was to provide a colour
atlas of the canine cranial abdomen by means of gross
anatomic sections compared with their corresponding

CT-images.

Materials and Methods

Three mature dogs, all mixed breed males, were used for this
study. Their weight ranged from 25 to 34 kg and their
average height was 60 cm. The dogs were sedated with
0.2 mg/kg acepromazine (Calmo Neosan; Pfizer, New York,

NY, USA) and anaesthetized with 15 mg/kg intravenous
sodium pentobarbital (Braun; Braun Medical, Melsungen,
Germany). Throughout the procedure, the animals were

maintained in sternal recumbency perpendicular to the
exploration table. The CT-study was performed at the
Radiodiagnostic Service of the Hospital Universitario Insular

of Las Palmas de Gran Canaria with a TOSHIBA 600HQ
scanner (third generation equipment; Toshiba Medical Imag-
ing Systems, Tustin, CA, USA). Transverse slices from the

eighth thoracic vertebra to the fourth lumbar vertebra were
obtained using the following parameters: caudal vision of
image (V.V.F.), 8 s exposure time, 120 kV, 80 mA, 1 cm slice
thickness. Best image quality for soft tissue was obtained by

adjusting window widths and window levels. For soft tissue
abdominal structures, a soft-tissue window was used
(WL: )14, WW: 658).

Immediately following the CT study, the dogs were killed
using a sodium pentobarbital overdose. The dogs were
exsanguinated with a 0.9% saline solution and latex was

injected into their arterial and venous systems: A red latex
injection into the left common carotid artery filled the systemic
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arteries and the pulmonary veins, whereas a blue latex
injection into the left external jugular vein filled the systemic
veins and the pulmonary arteries. As a result, the blood vessels

were clearly identified, except the portal system of veins in
which the latex could not perfuse.

To minimize post-mortem changes, the injected dogs were

frozen within 24 h at )70�C in the same position as they
were scanned. Once the cadavers were completely frozen, they
were sectioned with an electric bandsaw at the positions which

matched the CT-images as closely as possible. Each section
was 1 cm thick. Sections were carefully cleaned with water and
their caudal surfaces were photographed. Anatomical atlases
(Feeney et al., 1991; Ruberte et al., 1998; Vázquez et al., 2000)

were used to identify the structures of the cranial abdomen and
correlated to analogous structures on the CT-images. Illus-
trated veterinary anatomical nomenclature (Schaller, 1992)

was used in accordance with official anatomic terminology.
Although CT and cross-section have approximately the same
slice position and orientation, some structures labelled in the

anatomic cross-section could not be identified in its corre-
sponding CT-images.

Results

Clinically relevant abdominal anatomic structures were iden-
tified and labelled in each of the two photographs presented in
the figures (Figs 2–5): CT (a) and anatomic section (b).

Figure 1 is a ventrodorsal radiographic image in which the
lines depict the CT transverse imaging planes and gross
sections (Figs 2–5). These four sections were selected from

different dogs and are presented in a cranial to caudal
progression from the level of the ninth thoracic vertebra
(Fig. 2) to the level of the first lumbar vertebra (Fig. 5). CT-

images and anatomic sections were orientated so that the left
side of the abdominal cavity is to the viewer�s left and dorsal is
at the top.

Detailed anatomy of the cranial abdomen was acquired with
a soft-tissue window. Grey scale CT is directly related to the
radiation attenuation of the abdominal structures. The CT-
images provide a good depiction of bone structures. Thus, the

walls and the roof bones of the thoracic and abdominal

(a)

(b)

Fig. 2. (a) Transversal computed tomography (CT) scan and (b)
anatomical section of the cranial abdomen at the level between 9th and
10th thoracic vertebra. Caudal view (WL: )14, WW: 658). 1, right
azygous vein; 2, oesophagus: abdominal part; 3, diaphragm: right crus;
4, right lung: caudal lobe; 5, caudal vena cava; 6, liver: papillary
process of caudate lobe; 7, liver: right lateral lobe; 8, portal vein (only
b); 9, liver: right medial lobe; 10, gallbladder; 11, liver: quadrate lobe;
12, diaphragm: sternal portion (only b); 13, liver: left medial lobe; 14,
diaphragm: costal portion (only b); 15, hepatic veins (only b); 16, liver:
left lateral lobe; 17, cardia of stomach; 18, fundus of stomach; 19, left
lung: caudal lobe; 20, diaphragm: left crus (only b); 21, descending
aorta.

Fig. 1. Ventrodorsal (VD) radiographic image corresponding to tho-
racic and abdominal regions. Transverse sections (1–4) are shown.
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cavities (caudal ribs with their head and tubercle; thoracic and
lumbar vertebra with their articular, transverse and spinous
processes, vertebral arch and vertebral body) and the sternum
(sternebrae and xiphoid process) were easily identifiable

because of the high CT-density and appeared white. In the

same way, CT-images provided an excellent view of the joint
surfaces of the costovertebral, costochondral and sternocostal

joints.

(a)

(b)

Fig. 3. (a) Transversal computed tomography (CT) scan and (b)
anatomical section of the cranial abdomen at the level between 11th
and 12th thoracic vertebra. Caudal view (WL: )14, WW: 658). 1, right
azygous vein (only b); 2, sublumbar muscles; 3, right pleural cavity; 4,
diaphragm: right crus; 5, liver: right lateral lobe; 6, caudal vena cava; 7,
liver: caudate process of caudate lobe; 8, portal vein; 9, lesser omentum
and pancreas; 10, duodenum: cranial part; 11, pyloric part of stomach;
12, liver: right medial lobe; 13, liver: quadrate lobe (only b); 14, liver:
left medial lobe (only b); 15, greater omentum (only a); 16, falciform
ligament (only b); 17, m. rectus abdominis; 18, liver: left lateral lobe;
19, liver: papillary process of caudate lobe (only b); 20, fundus of
stomach; 21, diaphragm: left crus; 22, descending aorta.

(a)

(b)

Fig. 4. (a) Transversal computed tomography (CT) scan and (b)
anatomical section of the cranial abdomen at the level between 13th
thoracic vertebra and first lumbar vertebra. Caudal view (WL: )14,
WW: 658). 1, sublumbar muscles; 2, diaphragm: right crus; 3, right
renal vein (only a); 4, right adrenal gland; 5, right kidney and caudate
process of caudate lobe of the liver; 6, caudal vena cava; 7, portal vein;
8, liver: right lateral lobe; 9, transverse colon; 10, pancreas: right lobe;
11, duodenum: descending part; 12, liver: right medial lobe; 13, pyloric
part of stomach; 14, greater omentum; 15, falciform ligament (only b);
16, liver: left lateral lobe; 17, jejunum; 18, body of stomach; 19, lesser
omentum and left lobe of the pancreas; 20, Left gastric and hepatic
arteries (only b); 21, fundus of stomach; 22, spleen (only b); 23, dia-
phragm: left crus; 24, descending aorta.
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Figure 2 shows the diaphragmatic crura with an intermedi-
ate CT-density and appears grey. The caudal lobe of both
lungs appears black with a low opacity compared with the
bronchial cartilages, which are observed with an intermediate

tissue density. The wall of the stomach is observed grey but its
lumen has a low CT-density because it is filled with air. The

external contour of the liver is visible and the contour of the
gallbladder can discern on the surface of the hepatic paren-
chyma. Descending aorta, right azygous vein and caudal vena

cava are observed grey because they have an intermediate
tissue density.
In a more caudal cutting plane (Fig. 3), we visualize

different muscles and tendinous structures (diaphragmatic
crura, sublumbar muscles and musculus rectus abdominis)
with an intermediate tissue density. The right pleural cavity

and the lumen of the stomach (fundus and pyloric part) and
the cranial part of the duodenum are observed with a low
CT-density. Vascular structures (descending aorta, caudal
vena cava and portal vein), the liver and the pancreas have

an intermediate tissue density compared with the lesser and
greater omenta that appear dark grey with a low-intermediate
CT-density because they contain adipose tissue.

In Fig. 4, we observe several structures of the digestive
system whose wall appears grey but the lumen of the stomach,
small intestine (descending part of the duodenum) and large

intestine (transverse colon) have a low CT-density. The spleen,
the right adrenal gland, the pancreas and the external contour
of the right kidney with the caudate process of the caudate lobe

of the liver are visualized grey in the abdominal cavity.
In the last figure (Fig. 5), the lumen of the small intestine

(descending part of the duodenum, jejunum) and the large
intestine (ascending colon) are visualized black because of their

low tissue density. Vascular structures (descending aorta and
caudal vena cava) and different abdominal organs (liver, right
kidney, right adrenal gland and pancreas) are observed with an

intermediate CT-density. Finally, some portions of the lesser
and greater omenta are observed dark grey.

Discussion

The use of CT as a non-invasive cross-sectional diagnostic
imaging technique offers considerable advantages compared

with traditional radiography and ultrasound for the examina-
tion of the abdominal cavity. Radiographic exploration of the
canine abdomen is difficult because of its complex anatomy
and individual ultrasound images represent only a portion of

the complete cross-sectional anatomy for any level of the body
(Samii et al., 1998). CT produces high-detail anatomical
images with good soft tissue contrast of the abdomen (Samii

et al., 1998). Inferior quality images can be manipulated using
the grey scale (Rivero et al., 2005). CT is more sensitive in
detecting diseases, and distinguishes normal and abnormal

structures accurately (Hounsfield, 1973; Collard et al., 1975;
Barbee and Allen, 1987; Thrall, 1994; Ottesen and Moe, 1998).
CT imaging studies can provide additional information in
patients with radiographic and ultrasonographic patterns of

abdominal disorders (Drost, 2003).
As a result of the high costs of the equipment and the

anaesthetic risks, abdominal CT is not yet used routinely in

veterinary medicine (De Rycke et al., 2005). At times, the
anaesthetic risk and diagnostic gain have to be balanced before
deciding whether or not to perform a scan (Schwarz, 2003),

and an adequate positioning of the patient is important to
ensure a good result and anatomic symmetry of the abdominal
structures.

CT-exploration takes a relatively long time and therefore
involves high radiation dosage. It has been claimed that
CT-scanning probably involves the highest radiation exposure

(a)

(b)

Fig. 5. (a) Transversal computed tomography (CT) scan and (b)
anatomical section of the cranial abdomen at the 1st lumbar vertebra.
Caudal view (WL: )14, WW: 658). 1, sublumbar muscles; 2, dia-
phragm: right crus; 3, right adrenal gland and renal vein; 4, right
kidney; 5, liver: right lateral lobe (only b); 6, liver: caudate process of
caudate lobe; 7, ascending colon; 8, pancreas: right lobe; 9, duodenum:
descending part; 10, jejunum; 11, liver: right medial lobe (only b); 12,
pyloric part of stomach; 13, liver: left lateral lobe; 14, body of stomach;
15, greater omentum; 16, spleen; 17, fundus of stomach; 18, portal
vein; 19, caudal vena cava; 20, diaphragm: left crus; 21, descending
aorta.
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per examination in the field of radiology (Ottesen and Moe,
1998). Recently, this problem has been reduced by means of
the use of spiral CT, already used in other abdominal studies

(Teixeira et al., 2007). This technique reduced the scan time,
resulting in improved temporal resolution and reduced ana-
esthetic time (Teixeira et al., 2007).

Anatomical structures of the abdomen were evaluated using
soft tissue window settings. Window settings should be chosen
based on the tissue type to be examined (Schwarz, 2003). CT

soft tissue window and cross-sections allow good differentia-
tion between soft tissues of the abdomen. The planimetric or
sectional anatomy of the canine abdomen with vascular
injection allows a correct morphology and topographic eval-

uation of the anatomic structures, especially of the systemic
veins and arteries, which is a useful tool for the identification
of the CT-images. In this study, we have not used intravenous

contrast medium because the aim was to describe plain CT-
images by standard procedures.
Although the use of CT-imaging in small animal medicine is

currently still limited because of its costs and availability, and
the logistic problems of acquiring CT-images, CT-imaging for
pets becomes more available with developing technology. In

the same way, we consider it quite useful to be able to establish
some anatomic references on the cranial abdomen, to scan
only selected parts during clinical or experimental applications.
During the last decade, several works in dogs about the

anatomy of the abdomen using CT were published (Feeney
et al., 1991; Smallwood and George, 1993; Assheuer and
Sager, 1997; Teixeira et al., 2007). To our knowledge, none of

the published works have applied and compared CT-images
with vascular injected anatomical cross sections. Moreover, a
high quality image allows a good and easy interpretation of

anatomical structures of the abdominal cavity (Rivero et al.,
2005).
In conclusion, the results of our study indicate that the use

of anatomic sections with vascular injection is helpful for

identifying anatomical structures that are visible on CT-
images. These provide detailed information of the structures of
the canine abdominal cavity compared with conventional

diagnostic imaging techniques (ultrasound, conventional radi-
ography, etc.). We hope that this paper could be used as a
reference for evaluating CT-images of canine diseases in the

cranial abdomen.
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