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A B S T R A C T 

The purpose of this pilot study was to validate the use of computed 

tomography (CT) for documenting the anatomy of the thorax of Shirazi 

cats. We used 3 clinically normal adult Shirazi cats, which were screened 

for radiographic and CT views and then used for reference gross dissection. 

Thorax CT scan displayed through hundreds of views the thoracic cage, 

trachea, bronchi, lungs, heart, vessels, mediastinum, and pleural cavity not 

only on sagittal and coronal planes but also – and exceptionally – on a 

transverse plane providing precise and unique information that was 

unobtainable with radiographs. CT scan also provided soft and lung 

windows, both of which enabled proficient tracing of the position, shape, 

and size of all the thoracic structures. The obtained radiographic and CT 

findings in the thorax of the investigated cats have been compared, and 

several anticipated parameters of the two screening techniques were 

evaluated and discussed. Our results indicated that radiographic scans 

remain a fast and easy start point for thoracic examination enough for an 

emergency diagnosis, whereas CT images are superior to identify 

anatomical structures and subsequent clinical interpretation of the feline 

thoracic affections. Anatomical reference study of the thoracic CT images 

is proposed for all screening levels of Shirazi cat. 
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1.  Introduction 

Veterinary imaging includes modalities such as radiographs (x-rays), 

ultrasound microscopy, computed tomography (CT scans) and magnetic 

resonance imaging (MRI). The feline thorax may be easily examined 

radiographically (Farrow et al., 1994), but mediastinal structures are 

superimposed on radiographs; in particular, the cranial part of mediastinum 

is not individually identifiable (Suter 1984, Thrall 1994). Conventional 

radiology film continues to be the mainstay of thoracic imaging; however, 

the obtained views are limited to lateral and dorsoventral and/ or ventro-

dorsal projection (Hayward et al., 2004; Johnson et al., 2008; Guglielmini 

and Diana, 2015). Since thorax CT has been introduced in veterinary 

medicine (Burk, 1991), it becomes widely accepted as a specialized 

imaging modality. It provides radiography-based thin cross-sectional 

images without disturbing internal structures (Rycke et al., 2004 and 

Irausquin et al., 2008), and eliminates super imposition of structures and 

harmony improve quality resolution (Al-Akraa et al., 2015). It allows better 

distinction among specific tissue densities in the thorax and displays the 

lungs, mediastinum, pleural cavity, and chest wall, and provides unique 

information that is unobtainable with conventional radiographs (Chen et al., 

1992, Hathcock and Stickle 1993, Henninger, 2003). Reports of CT-based 

anatomy make interpretation of thoracic scans easier, thus providing 

increased diagnostic information and allowing more specific therapy 

(Schwarz and Tidwell 1999). 
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However, the frequency of the use of CT for thoracic imaging in the 

reported literature is lower than for imaging other regions. To our 

knowledge, clinically relevant CT reports on the anatomy of the thorax of 

cat are few (Samii et al., 1998; Shojaei et al., 2003; Vladova et al., 2005), 

which were based a comparison of the obtained CT images only with 

normal cross- anatomical sections. Skillful person aware with information 

of gross anatomy is required to locate the organs on CT image (Al-Akraa et 

al., 2015), and long-term benefits for the thoracic CT have yet to be 

realized or determined and there are still no comparable anatomy reports 

for lateral, dorsoventral or ventrodorsal radiographs. Therefore, the present 

study was performed to identify anatomic structures of CT images of the 

Shirazi cat thoracic region, with particular emphasis on their comparison 

with radiographs for use by veterinary radiologists and clinicians. 

 

2. Materials and Method 
2.1. Animal preparation 
Three clinically normal adult Shirazi cats of 2.5 to 3 years old weighing 3 

to 5 kg were used in the present study. Prior to the conduction of our 

experiments, the cats were sedated with intravenous injection of xylazine 
(1 mg/kg) and atropine 0.05 mg/kg) for induction and ketamine (5-10 

mg/kg) for the maintenance of general anesthesia. 

Radiography (X-ray imaging): 
According to Reed and Axam (2017), the cats were properly positioned in 

sternal recumbency on the scanning table with their forelimbs in extension 

to collect dorsoventral radiographic views. Then, cats were positioned on 
their lateral aspects for screening the right and left lateral sides.  The 

radiographic views were made by use of Toshiba 500 mA and FCR Prima 

T2 X-ray device. Hard copies of the dorsoventral and lateral radiographic 

views were printed out on x-ray films and soft copies were also obtained 

for offline surveying the thorax. 
2.2. Computed tomography (CT) 

Right and left lateral radiographic views of the thorax of each cat were 

investigated for normal anatomical morphology prior to the onset of CT 
examination. Cats were positioned in sternal recumbency on the scanning 

table with their forelimbs in extension. Tomograms were made almost 

perpendicular to the longitudinal axis of the thorax from the thoracic inlet 
to diaphragm to get transverse and coronal slices, and then changed 

parallel to longitudinal axis to get sagittal slices. Contiguous images were 

obtained using a general diagnostic CT system (Toshiba xvid; scanning 
conditions: 80 kV, 171 mA., 4 second) set for soft window. The slice 

thickness was 1.3-mm for transverse views and 2.22-mm for sagittal and 

coronal views. Lung window was obtained from the CT system by 
changing the settings (window width, 1,000 Hounsfield units; window 

level, −690 Hounsfield units according to De Rycke et al. (2005). The cats 

were then photographed for 3D images of thoracic skeleton on the same 
CT system. For documentation, the CT scanned images were printed as 

hard copies and digital workstation images were saved on a hard drive for 

offline investigation using RadiAnt DICOM Viewer software; version 
2020.2.3. Nomenclature of the relevant structures and landmarks of the 

thorax were identified and labelled on CT images according to Shojaei et 

al. (2003). 
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2.3. Radiography and CT evaluation 

A custom-designed list of the anticipated parameters for both radiography 

and CT was prepared, filled out (Table 1) and then evaluated and 
discussed. 

2.4. Dissection of animals 

After screening examinations, the cats were euthanized, fixed by 10% 
formalin, and then dissected out and used as reference of the thoracic 

anatomic structures.  

 

3. Results 
3.1. Radiography (X-Ray) 
The thoracic cage of the adult Shirazi cat was bounded dorsally by 13 

thoracic vertebrae, laterally by 13 pairs of ribs and ventrally by the 

sternum (Fig. 1). All the bones and cartilages presented high contrast 
compared to the thoracic visceral contents. We outlined the area of 

attachment of the diaphragm, location of the esophagus, heart, and great 

vessels as well as the right and left lungs and their extension limits. The 
cranial mediastinum may be widened and the contribution of pericardial 

fat to the overall shape of the cardiac silhouette may not be discernable. 

As presented in lateral radiographs, the heart was the largest organ of soft 
tissue opacity within the thorax and located in the middle mediastinum 

traversing from approximately the fourth to the sixth intercostal space 
(Fig. 2A). The base was the wider and most dorsal part of the heart, while 

the apex is narrower and sloping caudally and ventrally. In dorsoventral 

radiographs, most parts of the heart were located left to the midline (Fig. 
2B). The cranial and caudal borders of the cardiac outline define the 

cranial and caudal edge of the right and left ventricle, respectively. We 

could not observe the internal chambers of the heart on all thoracic 
radiographic projections, meanwhile the great vessels specially the aorta, 

brachiocephalic trunk and caudal vena cava were clearly observed. 

3.2. Computed tomography (CT) 
We obtained excellent soft and lung window images of the thorax and soft 

tissue architecture. and collected thin multi-slice and contiguous views at 

transverse (Fig. 2 and 3), sagittal (Fig. 4 and 5) and coronal (Fig. 6) levels 
of the cat. Thorax average number of transverse slices was about 112 out 

of 428 total scanned slices for the whole body, for sagittal slices was 42 

out of 51 total scanned slices, and for coronal slices about 44 out of 49 
total scanned slices for the whole body.  Soft window views (Fig. 2, 4, 

6A) and lung window views (Fig. 3, 5, 6B) showed different levels of 

tissue density. A higher density was constantly shown for the thoracic 
cage, which was composed dorsally of 13 thoracic vertebrae (ThV), 

laterally of 13 pairs ribs (Ri) and ventrally of 8 sternebrae (S). 

Mediastinum was observed as low dense sagittal partition alongside the 
midline of the thorax. Cranial mediastinum (Mcr) extended from the 

thoracic inlet to 3rd intercostal space (Fig. 2A and 3A), middle 

mediastinum (Mmi) between 4th and 6th intercostal spaces (2B and 6B) 
and caudal mediastinum (Mcd) continued till the diaphragm (D) (Fig. 3B). 

In soft window views, the right (RL) and left (LL) lungs as well as the 

trachea (Tr) and esophagus (Es) were represented by consolidated black 
areas. In lung window views, lobes of the lungs remained black except the 

intralobar vessels, which became readily visible. We also observed the 

right and left bronchi (RB and LB, respectively) with the associated 
pulmonary arteries and veins (Fig. 3B). The heart and great vessels were 

visible with appreciable density in both soft and lung windows. The heart 

was located between the 4th and 6th intercostal spaces where its 
longitudinal axis was parallel to the sternum with a cranially oriented base 

(Hb) and a rounded caudal apex (Ha). Chambers of the heart and great 

vessels of the thorax were clearly observed including the aortic arch 
(Aoa); thoracic aorta (Ao); pulmonary trunk and arteries (Pt) left 

subclavian artery (LsA); right brachiocephalic artery (RBa) as well as 

caudal vena cava (CVC).  
3.3. 3D imaging 

The relationship between various organs and structures was easily 

visualized by the used CT screening system, which enabled a 

sophisticated 3D reconstructions of the thoracic cage and its contents 

specially the heart (Fig. 7). 

Comparison of radiograph and CT imaging: 
Table 1 illustrates radiographic and CT imaging of the investigated 

Shirazi cats (n=3). 

 Discussion: 

Our intent in the present study was to mainly to evaluate the screening 

views obtained from conventional radiography with the viewing 

opportunities available in the CT system. Similar to the findings of Suter 
(1984); Farrow et al. (1994); Thrall (1994); Hayward et al., (2004); 

Johnson et al. (2008); Guglielmini and Diana (2015), we found 

radiographs proved a substantial clarification of the components of 
thoracic cage but fairly outlined the topography of organs and vascular 

structures. However, superimposition of the heart and the lungs was 

observed over thoracic structures especially those in the mediastinum. On 
the other hand, thin slices of the CT at sagittal, transverse, and coronal 

planes provided clear, unobstructed images and improved demonstration 

of individual structures of the thorax. All anatomical structures of the 
thoracic cavity were clearly identified and were very similar to those 

denoted by Samii et al. (1998) and Shojaei et al. (2003). 

3.4. Thorax Positioning 
The goal of positioning the patient for any radiograph is to place the 

animal so that the anatomy is accurately represented. Knowledge of 

positioning and anatomy is crucial to producing a radiograph that will 
afford the clinician the greatest chance of making an accurate diagnosis 

(Matt, 2014). The standard views for radiographic evaluation of the thorax 

are the lateral view and dorsoventral (DV) or ventrodorsal (VD) 
projection (Guglielmini and Diana, 2015). These radiographs should be 

centered on the 5th intercostal space to include the heart, entire lung field 

and the surrounding ribs (Reed and Axam, 2017). The canine heart is less 
affected by chest conformation when the patient is placed in the DV 

position (Holmes et al., 1985). The vessels in the caudal lung lobes, which 

are important in evaluating heart disease, are better magnified in the DV 
position in both dogs and cats (Carlisle and Thrall, 1982). In the present 

study, the collected radiographs offered only one shot per each posture, 

meanwhile CT scans provided hundreds of high contrast slices with 
detailed information at all levels including the transverse planes which 

was not obtained by radiography.  

Previous CT anatomy relevant studies in the cat were constantly based on 
the transverse views obtained by the CT and relate them with transverse 

anatomical sections (Samii et al., 1998; Shojaei et al., 2003; Vladova et 
al., 2005; Pazvant et al., 2012; A l-Akraa et al., 2015; Masseau and 

Reinero, 2019). One of the new findings in this study is the availability of 

thin and multi-slice sagittal and coronal projections of the thorax, which 
undoubtedly extended the advantage of CT for clear visualization of 

anatomic features and individual differences. We were fortunate to utilize 

this data series to outline the mediastinum and its anatomic relations with 
the trachea, esophagus, lungs, heart, cranial and caudal vena cavae and 

other structures. Further anatomical reference studies are needed to clarify 

all screening levels of the CT. 
3.5. Radiography Contrast versus CT windows 

Technique settings with proper radiographic density and contrast are 

crucial, and without contrast, it would not be possible to view discrete 
anatomical structures.  In the present study, this was limited for 

radiographs not for the CT, which provided soft and lung windows. The 

opportunity of the CT which enabled us for proficient tracing of position, 
shape, and size of all thoracic contents as well as 3D reconstructions of 

thoracic structures. In agreement with Thrall (2013), the results of our 

evaluation list in Table 1 confirmed that CT imaging offer superior 
imaging qualities over conventional radiography. Meanwhile radiographs 

represent two dimensional or flat structures, projections of the thorax that 

had three-dimensional structures, tissues were easily examined with CT in 
thin slices. This facility eliminated superimposition and thereby one easily 

identifies thoracic organs and structures, which was extremely limited in 

conventional radiographs. Moreover, we were able to reformate the 
obtained CT volume image workstation in the favorable imaging plane, or 

as 3D reconstruction. 

4. Conclusion  
We conclude that conventional radiography is inconclusive or insufficient 

to provide different levels of tissue density and more detailed images at all 

planes than do the CT, which is the technique of choice for clear 

visualization of anatomic features, individual differences, and the 

diagnosis of feline thorax pathology. 
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Table 1 illustrates radiographic and CT imaging of the investigated 

Shirazi cats (n=3). 

Basis for comparison Radiographs (X-rays) Computed tomography CT 

Sedation Cats were not sedated. Cats must be sedated. 

Posturing of cat 
Change according to 

required plane 
Not changed on scanner. 

Density Mostly bones. Bones, organs, and vessels. 

Imaging planes 
(Sides) 

Dorsoventral (DV), 

ventrodorsal (VD) and 

lateromedial. 

Transverse, sagittal and 
coronal. 

Imaging time 5 – 10 minutes. 20 – 30 minutes. 

Side /side 
Identically similar 

shotting. 
3D. 

Image Dimensions Consolidated 2D. Multi-slice 3D. 

View thickness Whole side thickness. Thin slice. 

Delivered image (s) One per shot. 
Multi-slice and contiguous 

(hundreds or more per plane) 

Superimposition 

of structures 
Extensive causing opacity. 

Thin slices eliminate 

superimposition. 

Structural anatomic 

relationship 
Weakly supported. Highly effective. 

3D reconstruction Available. Not available. 

Reformatting digital 

images 
Not supported. 

Provided high-quality 

images. 

 
Figure 1: Lateral (1A) and dorsoventral (1B) radiographs of the thorax of 

a healthy 2.5-year-old Shirazi cat showing the thoracic cage, which was 
bounded dorsally by 13 thoracic vertebrae (ThV1-13), laterally by 13 
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pairs of ribs (Ri1-13) and ventrally by the sternum (S). Thoracic 

radiographs clearly presented the lobes of right lung; cranial (RLcrl), 

accessory (RLal) and caudal lobe (RLcl); the heart base and apex (Hb and 
Ha, respectively) and the great vessels including the aorta (Ao), 

brachiocephalic trunk (Btr) and caudal vena cava (CVC) as well as the 

trachea (Tr). attachment of first rib (Ri1) to last cervical vertebra (CV7). 
Superimposition of thoracic structures i.e., bones of the thoracic cage, 

right lung masking the left one, and the trachea masking the esophagus 

and surrounding vessels. Arrowheads show the continuous white line 
illustrate the area of attachment of diaphragm; red dotted lines outline the 

heart and great vessels; dashed pink lines outline the extension limits of 

the right and left lungs. 
 

 
Figure 2: CT soft windows of the selected transverse slices of a 

healthy 3-year-old Shirazi cat showing the architecture of the thorax 

and its contents. The selected slice No. 144 (Fig. 2A) was scanned 
about the level of the 2nd thoracic vertebra i.e., cranial mediastinum, 

meanwhile the slice No. 178 (Fig. 2B) was scanned about the level of 

the 5th thoracic vertebra i.e middle mediastinum. Notice the higher 
density of the components of thoracic cage, which was formed 

dorsally by the 2nd/ 5th thoracic vertebra (ThV2/ 5), laterally by the 

3rd / 6th rib (Ri3/ 6) and ventrally by the sternum (S). The trachea 
(Tr), and right (RL) and left (LL) lungs appeared as black areas 

meanwhile other structures within the mediastinum as the heart (RV 

and LV), aorta (Ao), pulmonary trunk (Pt), and other structures were 
gray but clearly discernible. Thoracic aorta (Ao) was found dorsal to 

the tracheal bifurcation (TrB). 
 

 
 

 

 
 

 

 
Figure 3: CT lung windows of the selected transverse slices of a healthy 

3-year-old Shirazi cat showing architecture of the thorax with a higher 
density of the lungs, trachea (Tr), left bronchus (LB) and intralobar 

vessels versus the other components of the thorax. The selected slice No. 

160 (Fig. 6A) was scanned about the level of the 4th thoracic vertebra 
(ThV4); middle mediastinum, meanwhile the selected slice No. 210 (Fig. 

6B) was scanned about the level of 8th thoracic vertebra (ThV8) i.e. 

caudal mediastinum. The trachea (Tr) was clearly visible as a black circle 
in the cranial mediastinum (M) right to the midline. In Fig. 6B, there lobes 

of right lung; cranial (RLcrl), middle (RLml), and caudal (RLcl) and the 
two lobes of left lung; cranial (LLcrl) and caudal (LLcl) were clearly 

observed. Emergence of the caudal vena cava (CVC) from the liver (Li) 

through the diaphragm (D) as well as the right (RB) and left (LB) bronchi 
with their arteries and veins. 
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Figure 4: CT bone window of the sagittal slices of a healthy 3-year-old 

Shirazi cat showing the architecture of the thorax and its contents. The 

selected slices were about the midline of the scanned cat where 2A 
represent the slice No. 21 which was right to the midline; slice No. 24 was 

about the midline while slice No. 26 was left to the midline. Notice the 

higher density of the components of thoracic cage; thoracic vertebrae 
(ThV 1-13), ribs (Ri 1-13) and the sternum (S). The heart was located 

between the 4th and 6th ribs where its longitudinal axis was parallel to the 

sternum with a cranially oriented base (Hb) and a rounded caudal apex 
(Ha). Great vessels of the thorax were clearly observed including the 

aortic arch (Aoa); thoracic aorta (Ao); left subclavian artery (LsA); right 

brachiocephalic artery (RBa) and caudal vena cava (CVC). One can 
hardly distinguish the lobes of the two lungs from the esophagus (Es) or 

trachea (Tr) as they all were represented by black areas. 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 

 
Fig 5: CT lung window of the sagittal slices of a healthy 3-year-old 

Shirazi cat showing architecture of the thorax with a higher density of the 

lungs, trachea (Tr) and pulmonary artery (Pa) and intralobar vessels 
versus the other components of the thorax. The selected slices were about 

the midline of the scanned cat where 3A represented the slice No. 21, 

which was right to the midline; slice No. 26 was at the midline while slice 
No. 30 was left to the midline. In Fig. 3C, the caudal vena cava (CVC) 

emerged from the diaphragm (D) into the thoracic cavity and coursed 

cranial wards between the caudal lobe (RLcl) and accessory (RLal) lobe 
of the right lung to open into the right atrium. 
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Fig 6: CT windows of coronal slices (6A, soft window; B, lung 

window) of a healthy 3-year-old Shirazi cat showing the architecture 

of the lungs with high density. Fig. 6B represented the selected slice 
No. 25, which was scanned at the level of the middle of the cat i.e., at 

about the junction of the two halves of the 4 – 10th ribs. Fig. 4A 

represented the selected slice No. 34, which was scanned ventral to the 
previous one. Tracheal bifurcation (TrB) was clearly visible dorsal to 

the base of the heart and left subclavian artery (LsA), which coursed 

cranial wards left to the trachea. At this level of scanning, three lobes 
of the right lung were observed; cranial (RLcrl), accessory (RLal) and 

caudal (RLcl) lobes, meanwhile the two lobes of the left lung were 

observed; cranial (LLcrl) and caudal (LLcd) lobes. The liver (Li) 
occupied the intrathoracic part of the abdominal cavity with its major 

parts located right to the midline, meanwhile the stomach (St) was on 

the left side (6B). Caudal vena cava (CVC) pierced the diaphragm (D) 
and coursed between the caudal (RLcl) and accessory (RLal) lobes of 

the right lung to open into the right atrium (RA). 
 

 
 

 

 
Fig 7: A 3D reconstruction of the thorax of the investigated cats 

developed by the used CT screening system and showing the thoracic 

cage and its contents and the relationship between thoracic organs and 
structures specially the heart, which was easily visualized. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 


