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Simple Summary: The aim of this report was to depict the normal anatomy of the vascular struc- 20 
tures of the abdominal and pelvic regions in two female mature cats using computed tomography 21 
angiography, magnetic resonance angiography, three-dimensional printing. Three feline cadavers 22 
were used for anatomical dissections. The cats were scanned after iodinated contrast media was 23 
injected and three-dimensional computed tomography angiography images were obtained with dif- 24 
ferent computer software such as RadiAnt, Amira and OsiriX. A magnetic resonance angiography 25 
study was made through a non-contrast enhanced time of flight sequence. We also performed three- 26 
dimensional print and gross dissections to aid the identification of the main vascular structures of 27 
these anatomical regions and allow comparisons with computed tomography angiography and 28 
magnetic resonance angiography images. The computed tomography angiography and magnetic 29 
resonance angiography provided good detail of the main abdominal and pelvic arteries and veins. 30 
Results of current research may be used for other anatomical studies and in the assessment of sev- 31 
eral disorders of these regions. 32 

Abstract: This study describes the anatomical characteristics of the abdominal and pelvic vascular 33 
system of two healthy mature female cats via three-dimensional contrast-enhanced computed to- 34 
mography angiography, non-contrast enhanced magnetic resonance angiography and three-dimen- 35 
sional printing. Volume-rendering computed tomography angiography images were acquired from 36 
the ventral aspect using RadiAnt, Amira and OsiriX MD Dicom three-dimensional formats, and 37 
three-dimensional printing was obtained and compared with the corresponding computed tomog- 38 
raphy angiography images. Non-contrast enhanced magnetic resonance angiography was made us- 39 
ing the time-of-flight imaging in ventral, oblique and lateral views. In addition, three cadavers with 40 
colored latex injection were dissected to facilitate the identification of the vascular structures. Three- 41 
dimensional computed tomography angiography showed the main vascular structures, whereas 42 
with the time-of-flight blood appeared with a high signal intensity compared with associated ab- 43 
dominal and pelvic tissues. Three-dimensional computed tomography angiography images and 44 
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time-of-flight sequences provided adequate anatomical details of the main arteries and veins that 45 
could be used for future feline anatomical and clinical vascular studies of the abdomen and pelvis. 46 

Keywords: computed tomography angiography, volume rendering, 3D printing, magnetic reso- 47 
nance angiography, TOF, abdominal vascular imaging; pelvic vascular imaging; anatomy, feline.  48 
 49 

1. Introduction 50 
 51 

In humans, helical computed tomography angiography (CTA) and magnetic reso- 52 
nance angiography (MRA) are powerful advanced imaging techniques for the clinical 53 
evaluation of abdominal and pelvic vascular system [1,2]. The main advantages of these 54 
advanced image-based diagnostic methods are their speed in obtaining images with im- 55 
proved anatomic definition; better contrast resolution of vascular segments, and the re- 56 
duction of motion artifacts [1,3]. When compared with conventional angiography and ul- 57 
trasonography, CTA and MRA avoid the superimposition of structures; provide superior 58 
contrast resolution; allow the production of multiplanar imaging and are less limited by 59 
operator experience [3–5].  60 

In addition, the employment of iodinated contrast medium in CTA, or gadolinium in 61 
MRA improves the resolution of the vascular system and increases the contrast enhance- 62 
ment of parenchymal organs [1,5–8]. Non-contrast enhanced MR angiographic techniques 63 
also enable assessment of the abdominopelvic vasculature without administration of gad- 64 
olinium-based contrast media [9]. These techniques include black-blood spin-echo and 65 
bright-blood gradient-echo pulse sequences imaging depending on the signal intensity of 66 
the vascular lumen [10,11]. CTA has the disadvantages of the use of high doses of ionizing 67 
radiation in patients and causing kidney disorders [5,8], whereas non-contrast magnetic 68 
resonance angiography can be applied for accurate diagnosis of vascular disorders with- 69 
out presenting those effects [12,13]. However, it should be mentioned that the availability 70 
of MRI devices capable of producing the TOF sequence is limited compared to the acces- 71 
sibility that both clinical veterinarians and researchers have to CT devices, which is why 72 
the latter is the first imaging option today. 73 

By using different software, both modalities (CTA and MRA) quickly obtain volu- 74 
metric information, which can later be analysed slab by slab or by advanced volume re- 75 
construction procedures [14,15] which permit the exploration of anatomical detail that 76 
would be difficult to evaluate using axial reconstructions alone (16). Volume rendering 77 
(VR) is a technique for generating reconstruction images that outline the anatomical char- 78 
acteristics of the organs and associated blood vessels [5,6,17,18]. The VR-3D reconstruction 79 
software varies from one CT scanner manufacturer to another, but they all work similarly 80 
on the CT workstation (16). Likewise, there are several DICOM image viewer options 81 
available to analyse CT studies from the computer without using the CT workstation. To 82 
perform this study, we chose three different viewers that are normally used in the differ- 83 
ent veterinary fields: AMIRA in the case of research centers, OsiriX in the case of certified 84 
radiologists and RadiAnt in the case of clinical veterinarians (general practitioners). TOF 85 
techniques produce a difference among blood flowing and tissues and organs by handling 86 
of the value of the magnetization. This can be achieved by imaging planes selected and 87 
directed in a perpendicular orientation to blood circulation. With TOF methods, 2D or 3D 88 
acquisitions can be obtained. The employment of a flow-compensated gradient-echo MRI 89 
sequence from multiple thin imaging slabs from the vessels of interest generated 2D ac- 90 
quisitions [10–12]. Using a reconstruction technique results in a three-dimensional image 91 
of the vessels similar to conventional angiography [13,14]. 92 

In feline medicine, radiography and ultrasound have been the main diagnostic im- 93 
aging techniques used for the abdomen and pelvis [19,20]. However, the use of CTA and 94 
MRA in cats have made it possible to obtain better resolution of the circulatory system. 95 
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The major disadvantages of CTA and MRA include cost, limited equipment availability 96 
and the need for general anaesthesia. In cats, anatomical studies using helical CTA have 97 
been limited to the evaluation of maxillary artery blood flow with the mouth closed and 98 
opened [21]; the cardiac chambers and walls [22]; the coronary arteries [23]; the stomach 99 
and small intestine [24,25]; liver [24-28], pancreas [24,25,29] and kidneys [24,25,30-32].  100 

Information about MRA in cats is limited to a few anatomical reports on the thorax 101 
[33,34] and the visualization of the abdominal aorta and external iliac arteries [35]. In vet- 102 
erinary medicine, 3D printings have also been used as resources to improve anatomical 103 
and physiological studies [25,28,36,37].  104 

Our main objective was to describe the normal feline vascular structures of the ab- 105 
dominal and pelvic cavities using anatomical dissections with colored latex injection to 106 
compare it with CTA and MRA images, and also to use three different 3D VR softwares 107 
(OsiriX, Amira and RadiAnt) to decide if there are important differences between them, 108 
so as to be able to make recommendations depending on the accessibility of users to these 109 
programs. 110 

 111 
 112 
2. Materials and Methods 113 
 114 
2.1. Animals 115 

 116 
Two healthy live female cats (Felis silvestris catus, L.) aged 2 and 6 years old and 117 

weighing 3.2 kg and 4.2 kg were used for the CTA and MRA respectively.. After clinical 118 
evaluation, the anesthetic protocols in both animals for each study consisted of premedi- 119 
cation with a combination of medetomidine (Domtor, Orion Farma) 0,075 mg/kg and ket- 120 
amine (Ketaset, Zoetis Inc, Kalamazoo, MI 100 mg/ml) 5 mg/kg injected IM, and induction 121 
with IV propofol (Propofol-Lipuro 1%, Braun) 4-6 mg/kg via the cephalic vein. The anes- 122 
thesia was then maintained with a mixture of volatile anesthetic agents in oxygen (isoflu- 123 
rane (Forane, Abott) 2-3% in a flow of 0,8 l/min of O2). Mechanical ventilation was used 124 
throughout the studies at a rate of 10-12 breaths/min and the cats received IV physiologi- 125 
cal saline solution at 5 ml/h. 126 

In the dissection study, three crossbreed female cat cadavers were used. The cats 127 
ranged in age from 2 to 4 years old, and each weighed approximately 4 Kg, and were 128 
acquired from the Zoonoses Service of Murcia (Spain). The animals were humanely eu- 129 
thanized for reasons unrelated to this project. This study was supervised, and the research 130 
protocol authorized by the Animal Ethical Committee of Veterinary Medicine of the Uni- 131 
versity of Murcia, Spain (REGA ES300305440012 CEEA: 305/2017; extended on 25/07/2022 132 
as project Type II). 133 
 134 

2.2. Anatomic evaluation 135 
 136 
Anatomical dissections allowed us to evaluate the quality of the images obtained 137 

with the chosen techniques (CT, MRI and 3D Printing) when identifying vascular struc- 138 
tures. The fresh cat cadavers were transported to the dissection room and vascular pump- 139 
ing with 2% saline solution was carried out. These specimens were then injected via the 140 
common carotid artery and external jugular vein with red and blue latex (NV001, Ballons 141 
CP, Espinardo, Murcia, Spain), respectively. Subsequently, fresh cadavers with vascular 142 
repletion were frozen at -20°C for at least 15 days to harden the latex before performing 143 
anatomical dissections. After the dissections, the cats were embalmed (1% formaldehyde, 144 
5% glycerin, 10% isopropyl alcohol and 5% phenol and water) by immersion in a con- 145 
tainer. Several organs, and abdominal and pelvic vascular structures were labelled ac- 146 
cording to the Illustrated Veterinary Anatomical Nomenclature [38].  147 

 148 
2.3. Computed tomography angiography and 3D printing 149 
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 150 
Triple-phase contrast enhanced CT was performed obtaining plain, arterial phase (20 151 

s after the start of injection of the contrast medium), venous phase (40 s after the start of 152 
the injection), and delayed phase (120 s after the start of the injection). Iomeprol (Iomeron, 153 
Madrid, Spain, 300 mgI/ml) was used as contrast medium and administered at a dose of 154 
800 mgI/Kg, at 3 ml/s, via the cephalic vein with a power injector (Auto Enhance A-60; 155 
Nemoto-Kyorindo, Tokyo, Japan). 156 

CTA was acquired with the animal in dorsal recumbency using a 16-slice CT unit 157 
(Toshiba Astelion, Toshiba Medical System, Madrid, Spain). The technical parameters 158 
were 120kV tube voltage, 80 mAs tube current, 1.5 s tube rotation time, spiral pitch factor 159 
of 0.94- and 3-mm slice thickness. The display field of view was of 35 cm and the image 160 
matrix was 512 x 512. On the CT workstation, images were obtained with soft tissue and 161 
bone algorithms and reformatted in sagittal and dorsal planes, maximum intensity pro- 162 
jection and VR. The images were reviewed in a PACS workstation using soft tissue (WW 163 
= 400, WL = 40) and bone windows (WW = 1500, WL = 300). Adjustments to image window 164 
width and level were made as needed. 165 

To better evaluate the appearance of the vascular and pelvic structures, dicom files 166 
of the venous phase were adjusted using three standard Dicom 3D software packages 167 
(OsiriX MD 13.0.2, Pixmeo, Bernex, Switzerland; AMIRA 5.6, Thermo Fisher Scientific, 168 
Waltham, MA, USA; RadiAnt DICOM Viewer; Medixant Co., Poznan, Poland) to produce 169 
three-dimensional volumetric representations. Subsequently, 3D printing of the arterial 170 
and venous systems of the abdominal and pelvic cavities was performed using the Slicer 171 
3.0 program. Next, 3D printing was obtained using Grabcad Print 1.71.7.21930 program 172 
(Waltham, MA, USA) and Stratasys F170-FDM printer (Los Angeles, CA, USA). Finally, 173 
the printed cast was painted with different colours to identify organs and vascular struc- 174 
tures.  175 

 176 
 177 

2.4. Magnetic resonance angiography 178 
 179 
Non-contrast enhanced MRA was performed with a high-field (1.5 Tesla) MRI scan- 180 

ner (General Electric Sigma Excite, Schenectady, NA, USA), using a human head coil of 8- 181 
channel. The animal was placed in dorsal recumbency, and retrospective electrocardio- 182 
graphic gating (ECG) was used to mitigate motion artifacts in the images by the visceral 183 
motion and pulsatility of the small vessels. Using software tools of these standard pack- 184 
ages, the viscera (small and large intestine, liver, spleen) located below the abdominal and 185 
pelvic roof were manually removed for a better visualization of the vascular structures.  186 

Ventral, oblique and lateral 3D TOF images were acquired with the following param- 187 
eters: TR: 25 ms; TE: 6.9 ms; Slice thickness: 2 mm; Flip angle: 20 and Acquisition Matrix: 188 
256x256. Abdominal and pelvic vascular structures were assessed according to their hy- 189 
perintensity signal and compared to the three-dimensional volume-rendering CT images, 190 
3D printing and anatomical dissections. The interpretation of the CTA, 3D printing and 191 
MRA images was based on the study of anatomy textbooks [39-41] and gross dissections 192 
to facilitate the identification of the abdominal and pelvic vascular structures. 193 

 194 
 195 

 196 
 197 
3. Results 198 

3.1. Gross dissections  199 

Four figures corresponding to anatomical dissections with colored latex injection are 200 
presented. Figures 1-3 were obtained from the abdominal and pelvic roof and Figure 4 201 
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from the abdominal lateral wall. Several abdominal and pelvic arteries and veins were 202 
well visualized due to the colored latex substance injected. 203 

 204 
3.1.1. Arterial system 205 
  206 

The abdominal aorta is located in the dorsal abdomen, and its first abdominal branch 207 
is the celiac artery that supplies the celiac organs (stomach, liver, spleen, pancreas, and 208 
proximal duodenum). Caudal to the celiac artery is the cranial mesenteric artery that 209 
branches through the small and large intestine. The caudal mesenteric artery supplies the 210 
terminal parts of the digestive system; all these branches were observed (Figures 1,2). We 211 
differentiated caudal to the cranial mesenteric artery the right and left adrenal arteries that 212 
supply the adrenal glands (Figures 1,2). Caudal to the cranial mesenteric artery (Figure 1), 213 
the right renal artery arises, passing dorsal to the caudal vena cava and the right renal vein 214 
until it reaches the renal hilus. The left renal artery emerges caudal to the right renal 215 
artery, close to the roof of the abdomen and dorsolateral to the left ovarian and renal veins. 216 
In addition, it can be seen that the left adrenal artery originates from the left renal artery 217 
(Figure 2) and that the right adrenal artery is derived from the abdominal aorta, 218 
subsequently bifurcating into two branches that course towards the right adrenal gland 219 
(Figure 1). 220 

 221 
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 222 
Figure 1. Deep anatomical dissection of the abdominal and pelvic cavities of the cat. Ventral view. The small and large intestine and 223 
right lobe of pancreas has been displaced to the left. The right hepatic lobes have been displaced cranially using a surgical abdominal 224 
separator to observe the vascularization of the abdominal roof. The ovaries have been clamped from the mesovarium in order to 225 
clearly observe the irrigation of the right and left uterine horns. The arteries and veins have been injected with red and blue latex, 226 
respectively. (A) Detail of the ovarian irrigation. L=Left; R=Right; Cr=Cranial; Cd=Caudal. 1. Liver: left medial lobe; 2. Liver: left 227 
lateral lobe; 3. Liver: quadrate lobe; 4. Liver: right medial lobe; 5. Liver: right lateral lobe; 6. Gallbladder; 7. Abdominal surgery 228 
retractor; 8. Left kidney; 9. Right kidney; 10. Left adrenal gland; 11. Right adrenal gland; 12. Left ovary; 13. Right ovary; 14. Right 229 
uterine tube; 15. Mesovarium: suspensory ligament; 16. Mesovarium: proper ligament of the ovary; 17. Mesosalpinx; 18. Left uterine 230 
horn; 19. Right uterine horn; 20. Broad ligament: mesometrium; 21. Uterus: body; 22. Vagina; 23. Vagina: vestibule; 24. Urinary 231 
bladder; 25. Female urethra; 26. Pubis (sectioned); 27. Ischium (sectioned); 28. Musculature of the thigh (sectioned); 29. Duodenum: 232 
cranial part; 30. Duodenum: descending part; 31. Duodenum: ascending part; 32. Descending colon; 33. Rectum; 34. Pancreas: right 233 
lobe; 35. Mesoduodenum; 36. Abdominal aorta; 37. Celiac artery; 38. Cranial mesenteric artery; 39. Left adrenal artery; 40. Right 234 
adrenal artery; 41. Left renal artery; 42. Right renal artery; 43. Left ovarian artery; 44. Right ovarian artery; 45. Right ovarian artery: 235 
tubal branch; 46. Right ovarian artery: uterine branch; 47. Caudal mesenteric artery; 48. Right and left deep circumflex iliac arteries; 236 
49. Left external iliac artery; 50. Right external iliac artery; 51. Abdominal aorta: final stretch; 52. Right internal pudendal artery; 53. 237 
Right vaginal artery; 54. Right uterine artery ; 55. Right middle rectal artery; 56. Portal vein; 57. Caudal vena cava; 58. Left adrenal 238 
vein; 59. Right adrenal vein; 60. Left renal vein; 61. Right renal vein; 62. Left ovarian vein; 63. Right ovarian vein; 64: Right ovarian 239 
vein: ovarian plexus; 65. Right common iliac vein; 66. Psoas major muscle. 67. Hemostatic forceps. 240 
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 243 

Figure 2. Deep anatomical issection plane of the abdominal cavity of the cat. Ventral view. The small 244 
and large intestine have been displaced to the right. The arteries have been filled with red latex and 245 
the veins are blue. L=Left; R=Right; Cr=Cranial; Cd=Caudal. 1. Liver: left lateral lobe; 2. Liver: right 246 
lateral lobe; 3. Stomach; 4. Left kidney; 5. Right kidney; 6. Left adrenal gland; 7. Left ovary; 8. Left 247 
uterine horn; 9. Right uterine horn; 10. Uterus: body; 11. Duodenum: ascending portion; 12. 248 
Descending colon; 13. Abdominal aorta; 14. Celiac artery; 15. Cranial mesenteric artery; 16. Left renal 249 
artery; 17. Left adrenal artery; 18. Right renal artery; 19. Left ovarian artery; 20. Right ovarian artery; 250 
21. Left accessory ovarian artery; 22. Right ovarian artery: uterine branch; 23. Left uterine artery; 24. 251 
Caudal mesenteric artery; 25. Right and left deep circumflex iliac arteries; 26. Lumbar arteries; 27. 252 
Left and right external iliac arteries; 28. Abdominal aorta: final portion; 29. Left and right internal 253 
iliac arteries; 30. Caudal gluteal artery; 31. Right internal pudendal artery; 32. Caudal vena cava; 33. 254 
Left adrenal vein; 34. Left renal vein; 35. Right renal vein; 36. Left ovarian vein; 37. Right ovarian 255 
vein; 38. Psoas major muscle; Ellipse: a small sketch of the start of the obliterated right accessory 256 
ovarian artery.  257 

 258 

To the right of the abdominal aorta and caudal to the left renal artery, the right 259 
ovarian artery branches off, coursing ventral to the caudal vena cava. It continues ventral 260 
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to the psoas major muscle and, together with the right ovarian vein and supported by the 261 
broad ligament, they reach the right ovary. Slightly caudal to the right ovarian artery, the 262 
path of the left ovarian artery can be seen which, together with the left ovarian vein, 263 
reaches the left ovary (Figures 1,2,4). In addition, we observed the uterine branch of the 264 
right ovarian artery, a large caliber vessel which supplies the right uterine horn and 265 
anastomoses with the right uterine artery. The tubal branch of the right ovarian artery is 266 
significantly smaller in caliber (Figures 1 and 1A). Caudal to the ovarian arteries, we 267 
observed an accessory branch of the left ovarian artery coursing through the broad 268 
ligament (mesometrium) reaching the mesovarium and mesosalpinx, close to the ovary. 269 
We appreciated only a small portion of the origin of the obliterated right accessory ovarian 270 
artery, indicated with an ellipse (Figures 2,3). Caudal to the ovarian arteries is the origin 271 
of the caudal mesenteric artery that supplies the distal transverse colon, the descending 272 
colon and the cranial portion of the rectum. We observed the termination of the abdominal 273 
aorta caudal to the origin of the deep circumflex iliac arteries. First, we observed the large- 274 
calibre bifurcation of the external iliac arteries (right and left). Caudal to this, the aorta 275 
ends at the bifurcation of the internal iliac arteries (right and left) and the median sacral 276 
artery. 277 

 278 

Figure 3. Deep anatomical dissection of the abdominal and pelvic cavities of the cat. Detail of the 279 
uterine irrigation. Left side view. The small and large intestine have been displaced to the right. The 280 
arteries have been filled with red latex and the veins are blue. L=Left; R=Right; Cr=Cranial; 281 
Cd=Caudal. 1. Left kidney; 2. Right kidney; 3. Left ovary; 4. Left uterine horn; 5. Right uterine horn; 282 
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6. Uterus: body; 7. Uterus: neck; 8. Vagina; 9. Vagina: vestibule; 10. Descending colon; 11. Rectum; 283 
12. Female urethra; 13. Jejunum: loops; 14. Abdominal aorta; 15. Left renal artery; 16. Left adrenal 284 
artery; 17. Right renal artery; 18. Left ovarian artery; 19. Right ovarian artery; 20. Accessory ovarian 285 
artery; 21. Right ovarian artery: uterine branch; 22. Caudal mesenteric artery; 23. Left deep 286 
circumflex iliac artery; 24. Left external iliac artery; 25. Right external iliac artery; 26. Abdominal 287 
aorta: final stretch; 27. Right middle rectal artery; 28. Right vaginal artery; 29. Right uterine artery; 288 
30. Urethral artery; 31. Left uterine artery; 32. Caudal vena cava; 33. Left renal vein; 34. Right renal 289 
vein; 35. Left ovarian vein; 36. Right ovarian vein; 37. Common iliac vein; Ellipse: a small portion of 290 
the start of the obliterated right accessory ovarian artery.  291 

 292 

The internal iliac arteries divide into two branches, the caudal gluteal and the 293 
internal pudendal arteries (Figures 1-3). The right internal pudendal artery that courses 294 
medially to the ischial spine was displaced to the left (Figure 1). It gives off the right 295 
vaginal artery, which in turn gives off the middle rectal artery. In addition, the right and 296 
left uterine arteries (very tortuous) were clearly seen as branches of the right (Figure 1,3) 297 
and left vaginal arteries that travel lateroventrally to the rectum to reach the vagina. Before 298 
reaching the vagina, the right uterine artery branches off and courses cranioventrally to 299 
the uterus (Figure 1). The right and left uterine arteries (Figure 3) anastomose with the 300 
uterine branches of the right and left ovarian arteries, respectively. Finally, we identified 301 
the urethral artery arising from the uterine artery (Figure 3). 302 

 303 
3.1.2. Venous system 304 
  305 

We observed how the caudal vena cava is located parallel to the abdominal aorta. 306 
Conveying venous blood from the pelvic limb and the pelvic cavity, we could appreciate 307 
the right common iliac vein entering the caudal vena cava. Arriving from the ovaries, the 308 
right ovarian vein flowed directly into the caudal vena cava, while the left ovarian vein 309 
drained into the left renal vein. We also identified the right adrenal vein draining into the 310 
caudal vena cava; however, the left adrenal vein emptied into the left renal vein. Both 311 
renal veins entered the caudal vena cava. In addition, we were able to observe the portal 312 
vein coursing towards the porta hepatis (Figures 1-4). Finally, we saw the ovarian venous 313 
plexus filled with colored blue latex, as well as the uterine veins that appeared dilated and 314 
surrounded by the uterine artery (Figure 4). 315 

 316 

 317 
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Figure 4. Deep dissection of the abdominal cavity of the cat. Left side view. The small and large 318 
intestine and left kidney have been displaced ventrally. The right uterine horn has been clamped 319 
dorsally with two hemostats to observe vascularization. The arteries have been filled with red latex 320 
and the veins with blue. The right ovarian vein drain into the caudal vena cava, L=Left; R=Right; 321 
Cr=Cranial; Cd=Caudal. 1. Spleen, 2. Right kidney; 3. Descending colon; 4. Urinary bladder; 5. Right 322 
ovary; 6. Right uterine horn, 7. Left uterine horn; 8. Intercornual ligament; 9. Uterus: body; 10. Broad 323 
ligament: mesometrium; 11. Right ovarian artery; 12. Right uterine artery; 13. Right uterine vein; 14. 324 
Caudal vena cava; 15. Right renal vein; 16. Right ovarian vein: ovarian plexus; 17. Right ovarian 325 
vein. 326 

3.2. Computed tomography angiography and 3D printing 327 

Three-dimensional volume-rendering images using RadiAnt, Amira and OsiriX 328 
DICOM viewers are presented. An additional image was obtained by 3D printing. 329 
Volume-rendering showed an adequate representation of several abdominal and pelvic 330 
arteries and veins, and these were identified by their elevated CT density by the 331 
administration of iodinated contrast media. 332 

3.2.1. Arterial system  333 

The visceral branches of the abdominal aorta, notably the celiac artery and its 334 
branches, as well as the cranial mesenteric artery were well visualized in 3D printing. 335 
However, these vascular structures were not fully appreciated in volumetric 336 
reconstructions. The adrenal and renal arteries were not observed with RadiAnt. With 337 
Amira, we were able to observe only the left renal artery. Both renal arteries were entirely 338 
identified with the OsiriX program and 3D printing. The ovarian arteries were not visible 339 
with any of the software used. With RadiAnt, we observed the entirety of the left uterine 340 
artery which arose from the vaginal artery but the right uterine artery was not visible. The 341 
caudal mesenteric artery was seen but poorly represented with RadiAnt and Amira, 342 
whereas it was entirely identified with both OsiriX and 3D printing. Finally, the 343 
termination of the abdominal aorta was seen at the level of the joint between the sixth and 344 
seventh lumbar vertebrae, where the external and internal iliac arteries arose ventral to 345 
the end of caudal vena cava. The external iliac arteries were fully seen with Radiant, Amira 346 
and OsiriX but poorly represented with 3D printing. The internal iliac arteries were poorly 347 
represented with RadiaAnt and 3D printing but they were entirely observed with Amira 348 
and OsiriX. (Figures 5-8). 349 
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 350 
Figure 5. Three-dimensional reconstruction image of the abdominal and pelvic arterial and venous 351 
system in female feline. Radiant VR. Ventral view. R=Right. L=Left. Cr=Cranial. Cd=Caudal. 1. 352 
Thoracic vertebra; 2. Ribs; 3. Lumbar vertebra; 4. Costiform process; 5. Ilium bone: wing; 6. Sacrum: 353 
ventral face; 7. Sacroiliac joint; 8. Liver (sectioned); 9. Left kidney; 10. Right kidney; 11. Right ureter; 354 
12. Descending aorta: thoracic aorta; 13. Abdominal aorta; 14. Left external iliac artery; 15. Right 355 
external iliac artery; 16. Left internal iliac artery; 17. Right internal iliac artery; 18. Celiac artery; 19. 356 
Cranial mesenteric artery; 20. Left ovary; 21. Right ovary 22. Portal vein; 23. Splenic vein; 24. Cranial 357 
mesenteric vein; 25. Caudal vena cava; 26. Left renal vein; 27. Right renal vein; 28. Left ovarian vein; 358 
29. Right ovarian vein; 30. Ovarian vein: ovarian plexus; 31. Left uterine artery and vein; 32. Right 359 
uterine vein; 33. Left and right common iliac vein. 360 
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 362 

Figure 6. Three-dimensional reconstruction image of the abdominal and pelvic arterial and venous 363 
system in female feline. Amira VR. Ventral view. R=Right. L=Left. Cr=Cranial. Cd=Caudal. 1. 364 
Thoracic vertebra; 2. Ribs; 3. Lumbar vertebra; 4. Costiform process; 5. Ilium bone: wing; 6. Sacrum: 365 
ventral face; 7. Sacroiliac joint; 8. Liver (sectioned); 9. Left kidney; 10. Left ureter; 11. Right kidney; 366 
12. Right ureter; 13. Descending aorta: thoracic aorta; 14. Abdominal aorta; 15. Left external iliac 367 
artery; 16. Right external iliac artery; 17. Left internal iliac artery; 18. Right internal iliac artery; 19. 368 
Celiac artery; 20. Cranial mesenteric artery; 21. Left renal artery; 22. Left ovary; 23. Right ovary; 24. 369 
Caudal vena cava; 25. Left renal vein; 26. Right renal vein; 27. Left ovarian artery and vein; 28. Right 370 
ovarian vein; 29. Ovarian vein: ovarian plexus; 30. Left uterine artery and vein; 31. Right uterine 371 
vein; 32. Left and right common iliac vein. 372 

 373 
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 374 
 375 

Figure 7. Three-dimensional reconstruction image of the abdominal and pelvic arterial and venous 376 
system in female feline. OsiriX volumen rendering. Ventral view. R=Right. L=Left. Cr=Cranial. 377 
Cd=Caudal. 1. Thoracic vertebra; 2. Ribs; 3. Lumbar vertebra; 4. Costiform process; 5. Ilium bone: 378 
wing; 6. Sacrum: ventral face; 7. Sacroiliac joint; 8. Liver (sectioned); 9. Left kidney; 10. Right kidney; 379 
11. Right ureter; 12. Descending aorta: thoracic aorta; 13. Abdominal aorta; 14. Left external iliac 380 
artery; 15. Right external iliac artery; 16. Left internal iliac artery; 17. Right internal iliac artery; 18. 381 
Celiac artery; 19. Cranial mesenteric artery; 20. Left renal artery; 21. Right renal artery; 22. Caudal 382 
mesenteric artery; 23. Left ovary; 24. Right ovary 25. Portal vein; 26. Splenic vein; 27. Cranial 383 
mesenteric vein; 28. Caudal vena cava; 29. Left renal vein; 30. Right renal vein; 31. Left ovarian vein; 384 
32. Right ovarian vein; 33. Ovarian vein: ovarian plexus; 34. Left uterine artery and vein; 35. Right 385 
uterine artery and vein; 36. Left and right common iliac vein. 386 
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 387 

Figure 8. Three-dimensionals reconstructions images of the abdominal and pelvic arterial and 388 
venous system in female feline. 3D printing. Ventral view. R=Right. L=Left. Cr=Cranial. Cd=Caudal. 389 
1. Thoracic vertebra; 2. Ribs; 3. Lumbar vertebra; 4. Costiform process; 5. Ilium bone: wing; 6. 390 
Sacrum: ventral face; 7. Sacroiliac joint; 8. Left kidney; 9. Right kidney; 10. Descending aorta: thoracic 391 
aorta; 11. Abdominal aorta; 12. Left external iliac artery; 13. Right external iliac artery; 14. Left 392 
internal iliac artery; 15. Right internal iliac artery; 16. Celiac artery; 17. Hepatic artery; 18. Splenic 393 
artery; 19. Left gastric artery; 20. Cranial mesenteric artery; 21. Left renal artery; 22. Right renal 394 
artery; 23. Caudal mesenteric artery; 24. Left ovary; 25. Right ovary; 26. Caudal vena cava; 27. Left 395 
renal vein; 28. Right renal vein; 29. Left ovarian vein; 30. Right ovarian vein; 31. Left and right 396 
common iliac veins. 397 

3.2.2. Venous system  398 

The venous blood from the pelvic viscera and the pelvic limb drain into the internal 399 
and external iliac veins, which was seen with all the software used; while the uterine veins 400 
from the uterine horns and ovaries were observed but poorly represented with RadiAnt, 401 
Amira and OsiriX but not visible at all with 3D printing. Also, the uterine veins empty 402 
into the vaginal veins, which in turn drain into the internal iliac veins (right and left) 403 
before emptying into the common iliac veins (right and left) which are connected to the 404 
caudal vena cava. From the right ovary and right and left kidneys, blood drained directly 405 
into the caudal vena cava via the right ovarian vein and right and left renal veins. In 406 
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addition, the left ovarian vein was entirely seen draining into the left renal vein. These 407 
details were observed with all the software used (Figures 5-8).  408 

Functional venous drainage from the intestines, stomach and spleen was observed 409 
through the splenic, cranial mesenteric and gastroduodenal veins that converged in the 410 
portal vein. The gastroduodenal vein was not visible at all on the images as it drains from 411 
the right side. However, the splenic, cranial mesenteric and portal veins were fully seen 412 
with RadiAnt and OsiriX, but were not visible with Amira and 3D printing. In order to 413 
visualize the celiac and cranial mesenteric arteries, as well as the portal vein and the 414 
caudal vena cava the liver was partially removed. Finally, the right and left kidneys were 415 
observed in their entirety with all the software used (Figures 5-8). 416 

3.3. Magnetic resonance angiography 417 

Four representative three-dimensional TOF MRA images of the abdominal and 418 
pelvic regions in different views were selected and presented. Thus, the TOF images are 419 
shown in several aspects (ventral, right and left oblique and right lateral). In the TOF 420 
images, we identified the liver, spleen, kidneys, ureters and ovaries, which allowed us to 421 
describe the principal arteries and veins, as well as their most important branches due to 422 
the high signal intensity.  423 

3.3.1. Arterial system 424 

The abdominal aorta, positioned to the left of the caudal vena cava was observed in 425 
its entirety. At the level of pelvic cavity, the bifurcation of the aorta into left and right 426 
external iliac arteries was clearly seen. Likewise, we identified the origins of the celiac, 427 
cranial mesenteric and ovarian arteries although these were not fully seen in the ventral 428 
view, whereas in the oblique and lateral views the vessels were seen but poorly 429 
represented. The other aortic branches (renal, caudal mesenteric, right uterine and right 430 
and left adrenal arteries) were all identified in the ventral (Figure 9) but not in the oblique 431 
(Figures 10,11) or right lateral (Figure 12) views. 432 
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 433 

Figure 9. MRI TOF of the abdominal and pelvic arterial and venous system in the cat. Ventral view. 434 
R=Right side. L=Left side. Cr=Cranial. Cd=Caudal. 1. Liver; 2. Left kidney; 3. Right kidney; 4. Left 435 
ovary; 5. Right ovary 6. Descending aorta: thoracic aorta; 7. Abdominal aorta; 8. Celiac artery; 9. 436 
Cranial mesenteric artery. 10. Left renal artery; 11. Right renal artery; 12. Right and left ovarian 437 
arteries; 13. Caudal mesenteric artery; 14. Left uterine artery; 15. Right uterine artery; 16. Right and 438 
left adrenal arteries; 17. Left external iliac artery; 18. Right external iliac artery; 19. Left ureter; 20. 439 
Right ureter; 21. Caudal vena cava; 22. Left renal vein; 23. Right renal vein; 24. Left ovarian vein; 25. 440 
Right ovarian vein; 26. Left uterine vein; 27. Right uterine vein; 28. Left common iliac vein; 29. Right 441 
common iliac vein; 30. Left external iliac vein; 31. Right external iliac vein; 32. Left internal iliac vein; 442 
33. Right internal iliac vein; 34. Left vaginal vein; 35. right vaginal vein; 36. Portal vein; 37. Portal 443 
vein: left branch; 38. Portal vein: right branch; 39. Splenic vein; 40. Cranial mesenteric vein; 41. Gas- 444 
troduodenal vein; 42. Spleen. 445 
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Figure 10. MRI TOF of the abdominal and pelvic arterial and venous system in the cat. Right oblique 447 
view. R=Right side. L=Left side. Cr=Cranial. Cd=Caudal. 1. Liver; 2. Left kidney; 3. Right kidney; 4. 448 
Left ovary; 5. Right ovary 6. Descending aorta: thoracic aorta; 7. Abdominal aorta; 8. Celiac artery; 449 
9. Cranial mesenteric artery. 10. Left renal artery; 11. Right renal artery; 12. Caudal mesenteric artery; 450 
13. Left uterine artery; 14. Right and left adrenal arteries; 15. Left external iliac artery; 16. Right ex- 451 
ternal iliac artery; 17. Caudal vena cava; 18. Left renal vein; 19. Right renal vein; 20. Left ovarian 452 
vein; 21. Right ovarian vein; 22. Left uterine vein; 23. Right uterine vein; 24. Left common iliac vein; 453 
25. Right common iliac vein; 26. Splenic vein; 27. Cranial mesenteric vein; 28. Gastroduodenal vein; 454 
29. Spleen; 30. Portal vein; 31. Portal vein: left Branch. 455 
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 456 

Figure 11. MRI TOF of the abdominal and pelvic arterial and venous system in the cat. Left oblique 457 
view. R=Right side. L=Left side. Cr=Cranial. Cd=Caudal. 1. Liver; 2. Left kidney; 3. Right kidney; 4. 458 
Left ovary; 5. Right ovary 6. Descending aorta: thoracic aorta; 7. Abdominal aorta; 8. Celiac artery; 459 
9. Cranial mesenteric artery. 10. Left external iliac artery; 11. Right external iliac artery; 12. Caudal 460 
vena cava; 13. Left ovarian vein; 14. Right ovarian vein; 15. Left uterine vein; 16. Left common iliac 461 
vein; 17. Right common iliac vein; 18. Portal vein; 19. Splenic vein; 20. Cranial mesenteric vein. 462 

 463 
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Figure 12. MRI TOF of the abdominal and pelvic arterial and venous system in the cat. Left oblique 465 
view. R=Right side. L=Left side. Cr=Cranial. Cd=Caudal. 1. Liver; 2. Left kidney; 3. Right kidney; 4. 466 
Left ovary; 5. Right ovary 6. Descending aorta: thoracic aorta; 7. Abdominal aorta; 8. Celiac artery; 467 
9. Cranial mesenteric artery. 10. Left external iliac artery; 11. Right external iliac artery; 12. Caudal 468 
vena cava; 13. Left ovarian vein; 14. Right ovarian vein; 15. Left uterine vein; 16. Left common iliac 469 
vein; 17. Right common iliac vein; 18. Portal vein; 19. Splenic vein; 20. Cranial mesenteric vein. 470 

3.3.2. Venous system  471 

The TOF images showed the uterine veins flowing into the vaginal veins. These latter 472 
vessels joined the internal iliac veins, which in turn drained into the common iliac veins. 473 
Finally, they connected to the caudal vena cava (Figures 9-12). In addition, the caudal vena 474 
cava was located to the right side of the aorta in the ventral view (Figure 9). In the right 475 
lateral view, the caudal vena cava was observed ventral to the abdominal aorta but poorly 476 
represented and the portal vein was identified but inadequately represented (Figure 12). 477 
The right ovarian vein can be seen in its enterity draining directly into the caudal vena 478 
cava and likewise the left ovarian vein flowing into the left renal vein (Figures 9 and 10). 479 
Finally, the splenic, gastroduodenal and cranial mesenteric veins were accurately 480 
identified draining into the portal vein, which enters the liver at the at the hepatic porta, 481 
before dividing into right and left branches (Figures 9-11). 482 
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4. Discussion 483 

In the present study, feline abdominal and pelvic vascular structures were evaluated 484 
using gross dissections as an anatomical reference to compare with three-dimensional VR 485 
CTA as well as TOF images. Results from the current research show that the use of ana- 486 
tomical dissections injected with colored latex helps in the identification of the major 487 
blood vessels as well as their main branches and this enhanced the anatomical accuracy 488 
of the study. Our study concurs with other authors who have used anatomical prepara- 489 
tions with vascular repletion to facilitate the examination of the vasculature of the ab- 490 
dominal and pelvic cavities [25,27,28]. In our work, CTA images were acquired by means 491 
of a 16-slices spiral CT unit, which contributed a suitable view of the abdominal and pelvic 492 
vascular system. The reviewed literature contained a few studies on feline abdominal and 493 
pelvic anatomy using CTA [24-29]. Other researchers have applied CTA for the assess- 494 
ment of the characteristics of the renal vessels in healthy cats for selection of appropriate 495 
feline renal transplant donors [30-32], and there is also one recent report that combine 496 
CTA VR reconstructions, anatomical dissections and 3D printings for the study of the vas- 497 
cularization and bile circulation of the feline liver [28]. Compared with previous works 498 
[24-26], we have tried to show 3D images of the branches of the great vessels (aorta and 499 
caudal vena cava) in the roof of the abdomen. Therefore, our study does not make a de- 500 
tailed examination of the vascularization of specific organs of the abdominal and pelvic 501 
cavity such as the liver [25,26,28] or kidneys [30-32].  502 

For this study, the three-dimensional VR corresponding to CTA images of the abdo- 503 
men and pelvis were made using 3D post-processing software: RadiAnt, Amira and Osi- 504 
riX DICOM Viewers. These images showed the main characteristics of the main arteries 505 
and veins as well as their regional branches. In all three-dimensional VR images, numer- 506 
ous arteries were well defined, including the thoracic and abdominal aorta, the external 507 
and internal iliac arteries, and the celiac artery. OsiriX software provided the best views 508 
of the cranial and caudal mesenteric artery and renal arteries compared to RadiAnt VR in 509 
which we could only differentiate the cranial mesenteric artery; however, with Amira re- 510 
construction image we could observe both the cranial mesenteric and left renal arteries. 511 
Regarding the three software packages analysed, we must state that VR is not available to 512 
veterinarians, sometimes, due to limited knowledge of range of available software tools 513 
(Amira, OsiriX, RadiAnt) (16). An analytical study ranked OsiriX and RadiAnt as the best 514 
software for performing VR (42). In addition, the use of all reconstructed CTA acquisitions 515 
supplied accurate anatomical information on the main abdominal and pelvic veins. 516 

In this study, three different software have been used, which are the ones that we 517 
can frequently find in the different areas of veterinary medicine. Thus, we chose OsiriX as 518 
is one of the commercially available programs and is claimed to be the most widely used 519 
DICOM viewer in the world [43], especially among certified radiologists in veterinary re- 520 
ferral centers and those doing teleradiology. In this project, OsiriX software provided the 521 
best views of the vascular structures; however, we agree with [44] which highlights a dis- 522 
advantage of OsiriX®  in that it is only compatible with the Mac®  operating system. The 523 
second software used was Amira, usually used in research institutions and universities. 524 
Several articles describe the use of this software [25,28,45-48]. In the present study, when 525 
comparing the use of Amira's volumetric rendering image with that of OsiriX, it was not 526 
possible to observe certain veins as the portal and splenic veins or the internal and external 527 
iliac veins. Furthermore, it is an expensive software and is often not profitable outside 528 
large research centers or universities. The third software used in our study was RadiAnt 529 
as it is considered an attractive package, applicable for all imaging modalities [49] and the 530 
preferred Windows DICOM viewer [42]. When comparing images obtained with RadiAnt 531 
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with those of OsiriX, the internal and external iliac veins were not observed. However, 532 
RadiAnt showed the portal vein and its branches clearly, which were not seen with Amira. 533 

For our study, a TOF bright-blood gradient echo sequence was selected in ventral, 534 
right oblique, left oblique and right lateral view aspects. TOF images were very useful for 535 
identifying abdominal and pelvic vasculature. All vascular structures were identified 536 
based on high signal intensity compared to other tissues that showed less signal intensity. 537 
Thus, the image obtained in a ventral view allowed us to identify numerous arteries and 538 
veins in comparison with the right and left oblique, and right lateral aspects. This is due 539 
to the overlapping of structures when rotating the corresponding images. 540 

In addition, the non-contrast TOF images allowed the identification of the course of 541 
the arteries and the veins, as well as their main ramifications. For better visualization of 542 
these abdominal and pelvic blood vessels, we have relied on the ventral aspect, and to a 543 
lesser extent, on the right and left oblique views, as the right lateral view did not assist in 544 
structure identification. In clinically healthy cats, similar non-contrast 3D TOF results 545 
were reported although these were compared with 3D ECG-FSE pulse sequence and con- 546 
trast enhanced MRA. This study provided three-dimensional TOF images in dorsal and 547 
lateral views for the evaluation of the abdominal aorta and external iliac arteries [35]. 548 
However, our research of the abdominal and pelvic cavities used three-dimensional TOF 549 
images to observe accurately the main arteries and veins and their branches associated 550 
with the abdominal aorta and the caudal vena cava. 551 

In small animals, anomalies of the portal system have been increasingly detected in 552 
recent years with the growing availability of advanced imaging techniques in veterinary 553 
practice [50-52]. Other congenital anomalies of the venous system using CTA have been 554 
reported [53-55]. Knowledge of the congenital and acquired anomalies and their conse- 555 
quences is of great importance for clinical decision-making in surgery and for planning 556 
interventional procedures [50,51,56].  557 

In our study, three-dimensional CTA and MRA images of the abdominal and pelvic 558 
cavities provided accurate anatomical information of the main veins and would be useful 559 
in the evaluation of anomalous portal connections. The use of VR CT with contrast for 560 
detection the extrahepatic segments of the portal vein (classic shunts: portocaval and its 561 
branches) is the most appropriate method for locating the anomaly and for planning sur- 562 
gery. The use of RadiAnt viewer allowed highly detailed observation of the extrahepatic 563 
portal branches and other vessels (renal and ovarian). OsiriX provided an incomplete 564 
view, and observations were not possible with Amira. It is important to indicate that the 565 
ventral, oblique and lateral views should be used. The intrahepatic segment of the portal 566 
vein was completely observed using RadiAnt and OsiriX VR CT, although it took more 567 
time to remove adjacent tissues to fully appreciated it, whereas it was not completely ob- 568 
served with Amira. However, with MRA the oblique and lateral views showed the en- 569 
tirety of these segments although they were poorly represented in the ventral view. 570 

Finally, 3D printing from cadaver cats was used in this study to facilitate a better 571 
interpretation of the CTA and the TOF images. In veterinary medicine, several reports 3D 572 
printing and advanced corrosion casting technologies have supplied a valuable tool to aid 573 
surgery scheduling, improve anatomical knowledge and encourage research 574 
[25,27,28,36,37]. Colored latex vascular anatomical dissections, CTA acquisitions, TOF 575 
MRA and 3D printing of the feline abdominal and pelvic cavities have allowed us to iden- 576 
tify the great vessels and their main branches. The correlation between RadiAnt, Amira 577 
and OsiriX images and 3D printing, and the vascularization of the feline abdominal and 578 
pelvic cavities could contribute to increasing knowledge of vascular anatomy among vet- 579 
erinary clinicians and researchers. 580 

 581 



Vet. Sci. 2023, 10, x FOR PEER REVIEW 22 of 25 
 

 

The main limitations of our study have been the number of healthy cats used (n=2). 582 
It would be advisable to carry out more studies to confirm the results obtained. We de- 583 
cided to perform the CT study with a slice thickness of 3 mm as it is the standard thickness 584 
usually chosen in veterinary centers using a CT device, both in those that can opt for ma- 585 
chines of only 2 detectors, and in those with more modern devices (16 or more detectors). 586 
We did obtain and analyse the arterial phase although it is not shown in this report; these 587 
arteries were observed in the venous phase that was used for the 3D reconstructions (VR).  588 
 589 

5. Conclusions 590 

The use of anatomical dissections with colored latex injections has allowed an accu- 591 
rate description of the vascular structures in CTA and MRA images. The images obtained 592 
through this study provided a basic anatomic reference aid to clinicians for the diagnosis 593 
of diseases of these regions and for further use and development of these techniques in 594 
feline medicine. 595 

 596 
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