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Abstract 
 

Jebeer (Gazella bennettii) primarily inhabits the central and southeastern regions of Iran. 

The estimated population in this country is only around 1,300 individuals, underscoring the 

need for increased conservation efforts and research. Due to the lack of anatomical data for 

this species and to address urgent conservation needs, such as veterinary care, this study 

aimed to provide detailed anatomical insights into the mediastinal cavity of the Jebeer using 

non-invasive computed tomography (CT). Four healthy adult Jebeer, both males and 

females, aged 2.5 - 3.5 years and weighing 20–25 kg were anesthetized and positioned in 

sternal recumbency. CT images of the thoracic region were acquired perpendicular to the 

thoracic vertebrae, with a slice thickness of 3 mm. Thoracic vertebrae served as anatomical 

landmarks to describe the position and extent of mediastinal organs. Structures were 

compared to those of dissected goats for reference. Key structures such as the trachea, 

cranial vena cava, and aorta in Jebeer exhibited similarities to the corresponding landmarks 

in goats. The trachea bifurcated at the level of the 6th thoracic vertebra, while the cranial 

vena cava entered the right atrium at the 4th thoracic vertebra. The aortic arch and 

pulmonary trunk were observed at the 4th-5th and 6th thoracic vertebrae, respectively. No 

anatomical differences were observed between males and females in the mediastinal 

structures. Species-specific variations in the positioning of pulmonary vessels and other 

structures were identified when compared to other ruminants and carnivores. Additionally, 

the angle and position of the heart in the Jebeer were distinct from those in carnivores, 

resulting in differences in the attachment sites of the major blood vessels. This research 

provides a comprehensive CT-based anatomical atlas of the mediastinal cavity in the Jebeer, 

offering valuable insights for veterinary diagnostics and treatment of mediastinal 

conditions. These findings can also support targeted conservation strategies for this 

endangered species. 
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Introduction  
 

Jebeer (Gazella bennettii) is a species of the genus Gazella 

that primarily inhabits the central and southeast regions of 

Iran (1-3). The Jebeer's habitat is primarily in arid regions, 

where it has adapted to survive with minimal water 

availability. This adaptation is critical given the ecological 

pressures the species faces due to habitat loss and hunting. 

Although the species is fully protected by the law, only 

around 1,300 individuals are estimated for this country, 

indicating a need for greater attention. Conservationists 

emphasize the importance of protecting these gazelles for 

their intrinsic value and for maintaining ecological balance 

within their habitats (4). The decline in population 

highlights the urgent need for enhanced conservation efforts 

and research initiatives focused on this species and its 

habitat (5). Due to the lack of anatomical studies on Jebeer 

(6, 7), this study aimed to prepare detailed anatomical 

images of the mediastinum of this endangered species using 

the noninvasive computed tomography (CT) technique. 

     The mediastinum, the central compartment of the 

thoracic cavity, houses critical structures such as the heart, 

major vessels, trachea, bronchi, esophagus, thymus, and 

lymph nodes. Accurate imaging of this region is essential 

for diagnosing a wide range of pathological conditions, 

including neoplasia, vascular anomalies, inflammatory 

masses, and trauma-related injuries. In veterinary medicine, 

CT has become an indispensable diagnostic tool for 

evaluating intra-thoracic structures due to its ability to 

provide detailed cross-sectional images without the 

superimposition inherent to traditional radiography (8, 9). 

This imaging technique enables the examination of body 

cross-sections in live animals. Modern multi‐detector CT 

scanners routinely image patients ranging from small pets 

to large species, including horses (10). In addition to 

neoplasia, CT in dogs and cats is used for a variety of 

thoracic problems (11, 12). CT enables non‐invasive cross‐

sectional imaging of the thorax, overcoming the structural 

overlap seen on standard radiographs. It provides superior 

contrast for solid, fatty, cystic, calcified, and vascular 

tissues. In dogs and cats, CT is now considered the second-

tier imaging modality after radiographs for thoracic 

evaluation. CT offers unparalleled detail of thoracic 

pathology in pets, from airway foreign bodies to occult 

mediastinal lymphadenopathy. It is also a valuable tool for 

assessing intra-thoracic diseases and allowing for improved 

diagnosis of the presence, location, and extension of 

pathology and involvement of thoracic structures compared 

to standard radiography (8-10). While CT has been 

predominantly utilized for diagnostic purposes in small 

animals (8, 9, 13-17), its application has expanded to 

include non-invasive studies in larger animals. In Equine 

veterinary practice, CT is increasingly employed, especially 

for imaging the skull and limbs, and this technology is 

becoming more accessible. For equine species, whole‐body 

mediastinal CT is limited by size, but specialized scans of 

the head and extremities are commonplace (18). Reports 

indicate a growing trend in employing CT to identify mass-

filled abnormalities (19-21), assess tissue volumes, and 

manage fractures in large herbivores (22-24). Recent studies 

on the abdominal cavity of Jebeer have utilized spiral CT 

imaging to precisely illustrate internal organs without 

requiring invasive procedures (25-41). CT imaging offers 

clear and detailed views of these animals' anatomical 

structures, enhancing understanding of their biology and 

supporting the development of effective conservation 

strategies to protect their populations and habitats. This 

study aims to advance knowledge of the mediastinum in 

Jebeer using noninvasive CT imaging. This method 

improves veterinary practices by facilitating better 

diagnosis and treatment of mediastinal conditions while 

providing important anatomical information to identify 

potential diseases. 

 

Materials and methods 
 

Four healthy adult males and females, Jebeer, weighing 

approximately 20-25 kg and aged 2.5-3.5 years, were 

obtained through collaboration with the Kerman Provincial 

Environmental Organization under the supervision of the 

organization’s designated veterinarian. Each Jebeer 

received intramuscular Atropine (Daroopakhsh, Iran) at a 

dosage of 0.04 mg/kg to reduce salivary and respiratory 

secretions and to counteract xylazine-induced bradycardia. 

Then anesthetized by intravenous injection of mixed 10% 

Ketamine (Alfasan, The Netherlands) at 2.2 mg/kg and 2% 

Xylazine (Alfasan, The Netherlands) at 0.11 mg/kg. The 

dosages of anesthetic agents were adapted from established 

protocols for small ruminants and adjusted to account for 

anatomical and physiological similarities between Gazella 

bennettii and this taxonomic group. The Jebeers were 

positioned in sternal recumbency, and X-ray radiation was 

adjusted at an angle of 90 degrees to the longitudinal axis of 

the trunk.  Tomograms were acquired at a thickness of 3 mm 

using a third-generation CT scanner with dynamic scanning 

capabilities (Toshiba X-Vision EX, Japan). The acquisition 

parameters were KVp 120, mA 100, and a scan time of 1 

second. Window width and level were adjusted as necessary 

to obtain the optimal image of the thoracic organs (WW: 

415 and WL: 28). 

     Following image acquisition, two goats-selected as a 

comparative anatomical model, to the best of the authors' 
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knowledge, based on the anatomical similarities between 

Jebeer gazelles (Gazella bennettii) and small ruminants-

were euthanized with an overdose of pentobarbital while 

still under anesthesia. CT images were labeled by 

comparison with the dissected thorax of the euthanized 

goats. Thoracic vertebrae were used as landmarks to 

describe the location and extension of the thoracic organs. 

 

 
Table 1. Topographical position of mediastinal organs in Jebeer according to the thoracic vertebrae 
 

Mediastinal organs T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

Trachea + + + + +      

Esophagus + + + + + + + + + + 

Brachiocephalic trunk + + + +       

Cranial vena  cava + + + +       

Bi carotid trunk +          

Right subclavian artery +          

Costo-cervical vein    +       

Right azygos vein    +       

Left subclavian artery  +         

Right atrium     + + +    

Right ventricle     + + +    

Aortic arch     +      

Descending aorta      + + + + + 

Pulmonary trunk      +     

Right and left pulmonary arteries       +    

Tracheal bifurcation      +     

Left atrium       + +   

Left ventricle       + + +  

Pulmonary vein        +   

Left azygos vein       + + +  

Caudal vena cava       + + + + 

Caudal mediastinal lymph node        + + + 

 

Results 
 

In Figures 1 to 13, CT images selected from one Jebeer are 

viewed from cranial to caudal. Transverse images illustrate 

the animal’s left and dorsal aspects on the left and top sides 

of the images, respectively. The selected images were 

achieved from the first to the tenth thoracic vertebrae; 

subsequently, the positions of mediastinal organs were 

evaluated relative to adjacent vertebrae (Table 1). 

     The trachea entered the mediastinum medial to the right 

first rib and lies on the right side of the esophagus (Figure 

1). It is separated from the right thoracic wall by the apical 

lobe of the right lung (Figure 2). In the cranial half of the 

cranial mediastinum, the trachea was located in the dorsal 

half of the thoracic cavity (Figures 1 and 2). However, as 

the vertical diameter increased within this cavity, it 

gradually displaced towards the dorsal third of the 

mediastinum (Figure 3). The trachea coursed caudally to the 

level of the sixth thoracic vertebra (Figure 9), bifurcating 

dorsal to the heart base into right and left bronchi (Figure 

10). 

 

 
Figure 1. 1. 1st thoracic vertebra, 2. longus colli muscle, 3. 1st rib, 

4. trachea, 5. esophagus, 6. right subclavian artery, 7. bicarotid 

trunk, 8. jugular vein 
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Figure 2. 1. 2nd thoracic vertebra, 2. longus colli muscle, 3. left 

lung, 4. trachea, 5. esophagus, 6. 2nd rib, 7. left subclavian artery, 

8. brachiocephalic trunk, 9. 1st rib, 10. cranial vena cava, 11. 

sternum, 12. right lung 

 

     The cranial vena cava (Figures 2 to 6) was formed by the 

union of two external jugular veins at the level of 1st 

thoracic vertebra. It was seen first ventral to the 

brachiocephalic trunk, but beyond the caudal part of the 2nd 

thoracic vertebra, it gradually displaced to the right side of 

the mentioned artery. Along its course, it was seen as a 

round structure in all images from the caudal part of the 1st 

to the caudal part of the 4th thoracic vertebrae, which 

entered the right atrium (Figure 6). 

     The aortic arch was observed along the caudal part of the 

4th to 5th thoracic vertebrae as a relatively vertical structure 

positioned to the left of the junction of the cranial vena cava 

with the heart (Figures 6 and 7). At the level of the 4th 

thoracic vertebra, it detached the brachiocephalic trunk 

cranially as a round structure left to the cranial vena cava 

(Figure 6). The brachiocephalic trunk was situated ventral 

to the esophagus in the cranial mediastinum, extending 

along the first four thoracic vertebrae (Figures 1 to 6). The 

right and left subclavian arteries branched from the 

brachiocephalic trunk at the level of the 1st and 2nd thoracic 

vertebrae (Figures 1 and 2). The descending aorta (Figures 

9 to 13) was identified dorsal to the base of the heart and to 

the left side of the esophagus at the level of the caudal part 

of 6th thoracic vertebra (Figure 9). It shifted dorsally within 

the caudal mediastinum during its caudal course and was 

situated dorsal to the esophagus and ventral to the longus 

colli muscles between 6th and 7th thoracic vertebrae. From 

the 7th thoracic vertebrae caudally, where the longus colli 

muscles disappeared, the aorta was observed directly 

beneath the vertebral bodies (Figures 10 to 13).  

     The pulmonary trunk was observed continuing from the 

conus arteriosus, positioned beneath the descending aorta at 

the level of the 6th thoracic vertebra (Figure 9). It coursed a 

short distance caudally to the level of the caudal part of this 

vertebra, where it bifurcated into the right and left 

pulmonary arteries (Figure 10). 

 

 
Figure 3. 1. 3rd thoracic vertebra, 2. 3rd rib, 3. left lung, 4. longus 

colli muscle, 5. esophagus, 6. trachea, 7. brachiocephalic trunk, 8. 

right lung, 9. mediastinal mass, 10. cranial vena cava, 11. 2nd rib, 

12. internal thoracic vessels, 13. transverse thoracic muscle, 14. 

sternum  

 

 

 
Figure 4. 1. 3rd thoracic vertebra, 2. longus colli muscle, 3. left 

lung, 4. trachea, 5. esophagus, 6. right lung, 7. brachiocephalic 

trunk, 8. cranial vena cava, 9. mediastinal mass, 10. 3rd rib, 11. 2nd 

rib, 12. transverse thoracic muscle, 13. internal thoracic vessels, 

14. sternum  
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Figure 5. 1. 4th thoracic vertebra, 2. 4th rib, 3. left lung, 4. longus 

colli muscle, 5. esophagus, 6. trachea, 7. brachiocephalicus trunk, 

8. costocervical vein, 9. cranial vena cava, 10. right azygos, 11. 3rd 

rib, 12. transverse thoracis muscle, 13. internal thoracic vessels, 

14. sternum  

 

 

 
 

Figure 6. 1. 4th thoracic vertebra, 2. 4th rib, 3. left lung, 4. right 

lung, 5. esophagus, 6. trachea, 7. brachiocephalic trunk, 8. 

costocervical vein, 9. cranial border of heart, 10. right azygos, 11. 

3rd rib, 12. cranial vena cava, 13. transverse thoracic muscle, 14. 

right atrium, 15. sternum, 16. internal thoracic vessels 

 

     At the level of the 8th thoracic vertebra, the pulmonary 

veins converged to meet the heart at the midline (Figure 11). 

Caudal to this point, they diverged to form distinct right and 

left pulmonary veins, which were observed medial to their 

respective pulmonary arteries (Figure 12). 

 
 

Figure 7. 1. 5th thoracic vertebra, 2. 5th rib, 3. left lung, 4. right 

lung, 5. esophagus, 6. trachea, 7. 4th rib, 8. pulmonary vessels, 9. 

aortic arch, 10. right atrium, 11. 3rd rib, 12. transverse thoracis 

muscle, 13. internal thoracic vessels, 14. sternum 

 

 

 

 
 

Figure 8. 1. 6th thoracic vertebra, 2. longus colli muscle, 3. 6th rib, 

4. esophagus, 5. descending aorta, 6. right lung, 7. pulmonary 

trunk, 8. tracheal bifurcation, 9. left lung, 10. pulmonary vessels, 

11. conus arteriosus, 12. 5th rib, 13. 4th rib, 14. internal thoracic 

vessels, 15. transverse thoracic muscle, 16. sternum 

 

     The internal thoracic veins were positioned medially to 

their corresponding arteries; these vessels were observed 

along the 3rd to 10th thoracic vertebrae (Figures 3 to 13).  

The costo-cervical and right azygos veins (Figures 5 and 6) 

entered the cranial vena cava at the level of the 4th thoracic 

vertebra, respectively. The left azygos vein was observed 

just beneath the left side of the descending aorta between 

the 7th and 9th thoracic vertebrae (Figures 10 to 12). 
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Figure 9. 1. 7th thoracic vertebra, 2. 7th rib, 3. descending aorta, 4. 

esophagus, 5. left lung, 6. right bronchus, 7. left pulmonary artery, 

8. right pulmonary artery, 9. left bronchus, 10. 6th rib, 11. right 

ventricle, 12. right lung, 13. 5th rib, 14. left ventricle, 15. transverse 

thoracis muscle, 16. internal thoracic vessels, 17. sternum 

 

 

 
 
Figure 10. 1. 7th thoracic vertebra, 2. 7th rib, 3. descending aorta, 

4. esophagus, 5. caudal branch of the left pulmonary artery, 6. 

caudal branch of the right pulmonary artery, 7. left lung, 8. caudal 

vena cava, 9. left atrium, 10. right atrium, 11. left ventricle, 12. 5th 

rib, 13. internal thoracic vessels, 14. transverse thoracic muscle, 

15. sternum 

 

Discussion 
 

This study expands the anatomical knowledge of the 

endangered Jebeer (Gazella bennettii) by providing a 

detailed CT atlas of the mediastinal cavity, a region 

previously underexplored in this species. The results 

delineate the spatial relationships of mediastinal structures, 

such as the trachea, cranial vena cava, aortic arch, and 

pulmonary trunk, relative to thoracic vertebral landmarks. 

Key observations include tracheal bifurcation at the 6th 

thoracic vertebra, the cranial vena cava’s entry into the right 

atrium at the 4th vertebra, and species-specific variations in 

pulmonary vessel positioning and cardiac angulation 

compared to goats. These findings complement prior 

anatomical studies on Jebeer and address a critical gap in 

understanding mediastinal anatomy in this species. 

 

 
Figure 11. 1. 8th thoracic vertebra, 2. 8th rib, 3. descending aorta, 

4. left azygos, 5. left lung, 6. esophagus, 7. caudal branch of the 

left pulmonary artery, 8. 7th rib, 9. pulmonary veins, 10. caudal 

vena cava, 11. left ventricle, 12. 6th rib, 13. transverse thoracic 

muscle, 14. internal thoracic vessels, 15. sternum 

 

 
Figure 12. 1. 9th thoracic vertebra, 2. 9th rib, 3. descending aorta, 

4. left azygos, 5. caudal branch of the left pulmonary artery, 6. 

caudal branch of the right pulmonary artery, 7. caudal branch of 

pulmonary veins, 8. esophagus, 9. left lung, 10. 8th rib, 11. left 

ventricle, 12. caudal vena cava, 13. transverse thoracic muscle, 14. 

internal thoracic vessels, 15. sternum 
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     While earlier CT studies focused on the Jebeer’s 

bronchial tree, nasal cavity, and abdominal organs (6, 7, 41), 

this work uniquely bridges the gap in understanding 

thoracic anatomy. The distinct cardiac orientation and 

vascular topography, differing from both goats and 

carnivores, suggest adaptive anatomical traits that may 

optimize cardiopulmonary function in arid environments. 

Clinically, these insights refine diagnostic criteria for 

mediastinal pathologies (e.g., masses, vascular anomalies) 

and underscore the need for species-specific reference 

standards in veterinary imaging. 

 

 
 
Figure 13. 1. 10th thoracic vertebra, 2. 10th rib, 3. descending aorta, 

4. right lung, 5. caudal mediastinal lymph node, 6. esophagus, 7. 

left lung, 8. caudal vena cava, 9. reticulum, 10. right cranial 

phrenic vein, 11. apex of heart, 12. liver, 13. 6th rib, 14. transverse 

thoracic muscle, 15. internal thoracic vessels, 16. sternum 

 

     In the present study, thoracic vertebrae were used as a 

reference to describe the topographical position of 

mediastinal organs. Normal CT features of the thoracic 

cavity of small animals have been studied in recent years 

(31, 32, 34, 37). However, only a few articles have focused 

on the CT anatomy of the ruminants (6, 7, 27, 29, 38, 39). 

These include a study by Alston et al. (2009), which 

examined CT imaging for assessing tissue volume in sheep 

and demonstrated that similar techniques can provide 

valuable insights into different ruminant species (20). 

Additionally, research by Arencibia et al. (1997) showed 

that CT could effectively delineate cranio-encephalic 

structures in goats, further supporting the utility of advanced 

imaging techniques in veterinary anatomy (27). Our study 

addresses this gap by preparing a sectional imaging 

anatomical atlas of the thoracic organs in the Jebeer. This 

atlas facilitates understanding the situation and extension of 

these organs relative to the vertebral column (Table 1). 

The trachea, cranial vena cava, esophagus, and 

brachiocephalic trunk were observed in the same position in 

the cranial mediastinum as described by Shojaei et al. 

(2012) in Rayini goats. We also observed descending aorta 

and pulmonary artery bifurcation in one vertebra caudal to 

the positions reported in the mentioned study (42), 

consistent with findings by Alsafy (2008) in goats (40). This 

observation aligns with findings from Patsikas et al. (2001), 

who noted variations in vascular anatomy among different 

ruminant species (15). 

     The observed differences in the topography and 

angulation of the Jebeer’s heart, along with the distinct 

positioning of its proximal vasculature, highlight critical 

interspecies anatomical variations when compared to 

carnivores such as dogs and cats (31, 34, 37, 43, 44). 

     If the position and course of the cranial vena cava 

described in this study are disregarded, mislabeling may 

occur (40). In young animals, the brachiocephalic trunk, 

bicarotid trunk, and thymus may be confused with the 

cranial vena cava. Hahn et al. (1990) previously noted this 

potential for confusion in discussions of vascular anatomy 

in small animals (13). Differential identification of the 

caudal vena cava and right pulmonary artery can be 

achieved by noting the former vessel's greater diameter and 

more ventral position.  

     According to the anatomy of the right azygos and costo-

cervical veins (42-44), these two veins were detected at their 

entrance to the cranial vena cava at the level of the 4th 

thoracic vertebra in the cranial mediastinum, respectively. 

This finding is consistent with observations made by Diana 

et al. (2006), who also identified similar anatomical 

landmarks in small animal thoracic anatomy (8). 

The right and left transverse thoracic muscles served as 

appropriate landmarks for identifying the underlying 

internal thoracic vessels, which were observed from the 3rd 

to 10th thoracic vertebrae in this study. The more cranial 

location of the pulmonary trunk bifurcation compared to the 

incorporation of the caudal vena cava into the right atrium 

(31, 34, 42), helps prevent mislabeling of these vessels. The 

left pulmonary artery and vein were observed closer to the 

median plane than the right vessels, 

supporting previous studies that indicate asymmetrical 

positioning of pulmonary vessels based on species-specific 

anatomy (20). These vessels are positioned dorsal to the 

level of the caudal vena cava. The pulmonary veins were 

also positioned more medially than the corresponding 

arteries. This mediastinal atlas enhances veterinary care by 

enabling precise localization of thoracic structures during 

imaging or surgical interventions. For conservationists, it 
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provides a baseline for monitoring cardiopulmonary health 

in captive breeding programs, which are critical for this 

endangered species. The non-invasive CT approach also 

models ethical research practices by minimizing stress on 

vulnerable populations. Furthermore, the study underscores 

the value of incremental anatomical research-each focused 

study (nasal, abdominal, and now mediastinal) collectively 

builds a holistic understanding of the species, informing 

both conservation and clinical strategies. 

     While the study benefits from CT imaging of live Jebeer 

specimens, thereby avoiding post-mortem positional 

artifacts, several constraints remain. The small sample size 

(n=4) limits the assessment of individual or demographic 

(age/sex) variability in mediastinal anatomy. Furthermore, 

anesthesia itself may alter physiological parameters (e.g., 

respiratory depth, cardiac output), subtly influencing 

vascular or tracheal dimensions. Finally, comparisons with 

dissected goats, though pragmatically necessary, introduce 

methodological asymmetry, as post-mortem tissue changes 

in goats (e.g., loss of vascular tone, gravitational shifts) may 

skew anatomical correlations. These limitations underscore 

the need for larger-scale live-animal studies to validate 

findings under more ecologically relevant conditions, 

ideally incorporating dynamic or standing CT protocols. 

Future studies should increase sample sizes to assess 

demographic variability and employ dynamic CT protocols 

to evaluate posture-dependent anatomical shifts, such as 

imaging in standing or locomoting Jebeer Cross-species 

comparisons within the Gazella genus may reveal adaptive 

trends tied to environmental pressures. Linking anatomical 

findings to ecological data-such as thermoregulation 

strategies or foraging efficiency-could 

elucidate evolutionary drivers behind observed traits, 

bridging anatomical research with conservation-driven field 

studies. 

 

Conclusion 
 

Though not the first CT study on Jebeer, this work 

represents a pivotal advancement in mediastinal anatomy by 

addressing a critical void in the existing literature. 

Synthesizing vertebral landmarks, species-specific 

variations, and clinical relevance, the study equips 

veterinarians and conservationists with actionable insights. 

As anthropogenic pressures threaten the Jebeer’s survival, 

such anatomical precision becomes indispensable for 

informed conservation and healthcare, exemplifying how 

iterative research fosters both species preservation and 

scientific progress.  
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