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ABSTRACT

The aim of the present study is to investigate the main arterial and venous vessels responsible for the
blood supply of the spleen in dogs. The vessels were visualized through corrosion cast and radiographic imag-
ing in 5 mixed breed dogs. For the purposes of the corrosion cast two polymers were used — Biodur (Biodur
Products GmbH, Germany) and Duracril-Plus (SpofaDental, Kerr Corporation, USA) introduced through the
splenic artery and vein. The radiographic images were taken after injection of barium sulfas solution in a.
lienalis. The main external and intramural vessels were established together with their branches in the paren-
chyma and the stroma of the dogs” spleen.
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Introduction

The spleen is a well-vascularized hematopoietic organ in the form of a double bell, a bell with
a dilated ventral end or boot shape. The blood supply to the spleen is extremely important for the
formation of white blood cells, the distruction of old red blood cells and the metabolism of iron in
the body. These functions can be performed by other organs, which allows the removal of the spleen
(Kovachev & Vodenicharov, 2021). The anatomical and histological structure of the spleen in dogs
is well known and studied by a number of authors (Ayers et al., 1976; Eberlova et al., 2016; Schaller,
2007; Carneiro & Donald, 2020). The introduction of different polymeric compounds for the study
of blood vessels of different organs is widely applicable. Eberlova et al. (2016) made a comparative
study of two types of polymers, Mercox II and Biodur E20® Plus, on the blood supply to pig liver.
The portal blood circulation of the dog's liver was studied by introducing Duracryl-plus dental plas-
tic for the corrosion cast preparation and compared with contrast ultrasound and computed tomog-
raphy angiography (Georgiev et al., 2018; Georgiev, 2020). The microvascularization of the spleen
of the dog was examined by contrast radiography by Ayers et al. (1976) using barium sulfate.

The aim of the present study was to identify extra and intraorgan blood vessels of the spleen
in the dog, as well as possible variations relevant to changes in organ size under stress, anesthesia
and splenectomy Wolschrijn (2018).

Materials and methods

Ten mixed breed dog’s cadavers were used for this study, with weight 23-28 kg.

Corrosion cast

Introduction of polymers allows a more detailed visualization of blood vessels and their loca-
tion relative to each other (Kovachev et al., 2019). For this purpose the spleens from 5 dogs were
separated and 2 types of polymer were used — Duracril-Plus® dental polymer (SpofaDental, Kerr
Corporation, USA) and Biodur (Biodur Products GmbH, Germany), both prepared according to their
instructions for use. The mixing of the two ingredients of the respective products was made with a
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plastic container and a metal stirrer. The so prepared Duracril-Plus solution was introduced through
the splenic artery in three dogs’ spleens. The Biodur polymer was divided in two — one was colored
in red and the other in blue. The red was injected in a. lienalis and the blue in v. lienalis of 2 spleens.
After subsequent ligation of the blood vessels, the target organs were placed in a refrigerator for
complete polymerization. For the maceration of soft tissues and visualization of the arterial and
venous vessels casting, the organs were immersed in a 25% potassium hydroxide solution (Georgiev,
2020).

Contrast radiography with BaSO4

The introduction of a contrast solution into the vascular network and the subsequent radiog-
raphy allows for a more accurate examination of both the arterial and venous networks. Five dogs’
cadavers were used for the contrast radiography. At first the solution of BaSO4 (Milve AD, Bul-
garia) diluted with tap water (200 g barium sulphate in 400 ml of water at room temperature) was
introduced through the common carotid artery and a x-ray images were made. Then subsequently
after removing of the spleen through the splenic artery. The radiography was performed with an
Eickemeyer® Vet, model E 7239X in lateral and ventro-dorsal projection of the dog's carcasses and
lateral projection of the removed spleen (Aminkov, 2007; Filipov, 1999; Coulson & Lewis, 2008;
Georgiev, 2020). All used terms of structures are according to NAV (2017) and NHV (2017).

Results and discussion

The main arterial vessel supplying the spleen was identified by all methods in this study. A.
lienalis, the strongest branch of the celiac artery (Vodenicharov 2021) which separates at the level
of the thirteenth thoracic vertebra at 5 mm cranially of the cranial mesenteric artery, was observed
on a radiographic image in lateral projection (Fig. 1). This variability in the separation of the celiac
artery has been established in our previous studies (Georgiev et al., 2014), which differs from the
most common observation which is at the level of the first lumbar vertebra described by Hermanson
et al. (2020). On radiographic images and corrosion casts the splenic artery was identified separating
in two branches — r. dorsalis and r. ventralis (Fig. 2; 3). The dorsal branch after the detachment of
a. gastrica brevis gave off 15-16 rr. lienalis, while the ventral one was divided into 5 rr. lienalis,
after the detaching a. gastroepiploica sinistra. Two branches from the last artery to the spleen were
established (Fig. 2; 3). The number of rr. lienales from the dorsal and ventral branches of the splenic
artery correlates with those reported by Gupta (1978) and Hermanson et al. (2020), but there is no
data for branches to the hilusof the spleen from a. gastroepiploica sinistra. Rr. lienalis branch off
as a. trabecularis, which continue as laterally directed aa. pulpae albae (Sapundzhiev & Cherven-
kov, 2020) confirmed on corrosion cast and radiographic images by us (Fig. 2; 3). These arterial
branches are a confirmation of their macroscopic description made by Gupta (1978), Wolschrijn
(2018) and Hermanson et al. (2020) and their histological determination in the NHV (2017) and the
described by Sapundzhiev & Chervenkov (2020). The branching of the splenic artery to splenic
branches was also shown by Schaller (2007). The subsequent arterial branches described by NHV
(2017), but not shown by Schaller (2007) were established macroanatomically by the present study.

On the Biodur corrosion casts sinus venosus (lienalis/venulares) were established due to their
overflow with red colored polymer introduced through the splenic vein (Fig. 4) which is evidence
of the closed type of blood circulation in the spleen in dogs described by Takubo et al. (1986).
Several sinuses unite into small veins of red pulp — vv. pulpae rubrae with blue colour (Fig. 4), that
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initially do not follow the arteries in the trabeculae. They form short, large-caliber vv. trabecularis
just before the formation of the venous rr. lienalis (Fig. 4). This sequence of converging venous
vessels was also described by Konig and Liebih (2004), Sapundzhiev and Chervenkov (2020) and
Hermanson et al., (2020) and has been visualized by us with corrosion casts. The venous splenic
branches form v. lienalis that lies caudally from the artery at the hilus, which is observed on Figure 5.
The position of the splenic vessels in the hilus is similar to that reported by Kovachev & Voden-
icharov (1999).

Figure 1: Contrast radiography of the dog /post mortem/, lateral recumbency: Aoa — aorta; Ac — a. celiaca;
a.l —a. lienalis; Th13 — 13" thoracic vertebra; L1 — 1%t lumbar vertebra

Figure 2: Contrast radiography of the spleen of the dog, parietal surface, lateral pojection: r.d a.l — r. dorsalis of
a. lienalis; a. g s — a. gastroepiploica sinistra; r.v a.l — r. ventralis of a. lienalis; a.t — a. trabecularis;
a.p a—a. pulpae albae.
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Figure 3: Corrosion cast of the arteries of the spleen of the dog with Duracryl, lateral view — a.l — a.lienalis;
a.g b —a. gastrica brevis; r.I —r. lienalis of a. lienalis; a.l — a. lienalis; a.t — a. trabecularis; a.p a — a. pulpae albae;
a.g s — a. gastroepiploica sinistra; r.l of a. gastroepiploica sinistra.

Sv lienalis

Figure 4: Corrosion cast of the vessels of the spleen of the dog with Biodur, visceral surface —a.p a — a. pulpae
albae; a.t — a. trabecularis; S v lienalis — Sinus venosus (lienalis/venulares); v.t — v.trabecularis;
V.p r —venae pulpae rubrae.
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Figure 5: Corrosion cast of the vessels of the spleen of the dog with Biodur, visceral surface — v.I —v. lienalis;
a.l —a. lienalis; a.R.l — arterial r. lienalis; v.R.I — venous r. lienalis.

Conclusion

After the conducted study on the blood supply of the spleen in dogs with the combination of
anatomical and imaging methods we can conclude the following:

1. It was confirmed that the blood supply to the spleen is carried out by a. lienalis, which is
divided into a dorsal branch that gives approximately 15 rr. lienalis and a ventral branch
giving 5 rr. lienalis. Additionally, the blood supply includes a. gastroepiploica sinistra,
which gives two branches towards the spleen.

2. The arterial vessels of the microcirculatory net are visualized by the corrosion method with
Biodur and radiography with barium sulfate — a. trabecularis; aa. pulpae albae. From the
venous vessels are found vv. trabeculares and sinus venosus (lienalis/venulares) and wv.
pulpae rubrae on corrosion cast only.

3. The corrosion casts prepared with the Biodur polymer show that there is no mixing of the
two colors, which is a confirmation of the closed type of arterial circulation of the spleen
in the dog.

4. The celiac artery detaches from the aorta variably — at the level of the 13™ thoracic vertebra
or at the level of the 1 lumbar vertebra, which has been observed with our study.

The ligation of the visible branches from the splenic artery in the dog is of great importance in
veterinary practice, especially in the removal of the spleen /splenectomy/ to maintain the normal
blood supply to the stomach in the dog.

References

1. Ayers A. B, K. Henry, S. B. Russell and R. E. Steiner. (1976). The microvasculature of the spleen,
27, 259-264.



Macroanatomical study on the spleen blood supply in dogs 35

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Coulson A., N. Lewis. (2018). An Atlas of Interpretative Radiographic Anatomy of the Dog and Cat,
Second edition, Blackwell Publishing Professional, USA, 395-406.

Dinev D., B. Aminkov. (1999). Veterinary anesthesiology. Trakia University, Stara Zagora, 114—
116. (BG)

Eberlova L., V. Liska, H. Mirka, T. Gregor, Z. Tonar, R. Palek, M. Skala, J. Bruha, O. Vycital, K.
Kalusova, S. Haviar, M. Kralickova, A. Lametschwandtner. (2016). Porcine liver vascular bed in
Biodur E20 corrosion casts, Folia Morphologica.,75, 2, 154-161.

Filipov J. (1999). Veterinary Radiology, Thracian University Publishing House, Stara Zagora, 41.
(BG)

Georgiev G. I. (2020). Examination methods for blood vessels, caudal vena cava and portal system
in dogs, Intel Entrans, Sofia, 10-11. (BG)

Georgiev G. I, I. Raychev, N. Mehandzhiyski, L. Hristakiev, G. D. Georgiev, E. Sapundzhiev.
(2018). Morphological studies of the canine hepatic portal system, Bulgarian Journal of Veterinary
Medicine, 21, 4, 406-419. (BG)

Georgiev Gl, I. Raichev, GD Georgiev, N. Mehandzhiyski, L. Hristakiev, A. Savov. (2014). Devia-
tions in the separation of the branches of the abdominal aorta in dogs. Traditions and modernity in
veterinary medicine, 48-56. (BG)

Gupta S.G., C. D. Gupta, S. B. Gupta. (1978). Segmentation in the dog spleen, Acta Anatatomica,
101, 380-382.

Kovachev, G, Vodenicharov. (2021). Spleen. In: Anatomy of Domestic Animals, v. 3, 5th edition,
G. Kovachev, G. D. Georgiev & A. Vodenicharov, Kota publishing, Stara Zagora, Bulgaria, 201
205. (BG)

Hermanson J. W., Evans, H., A. Lahunta. (2020). Miller’s anatomy of the dog, 5th edition, St 1121-
1122; 1199; 1282-1285.

Joao J. Carneiro AND David E. Donald. (2020). Blood reservoir function of dog spleen,liver, and
intestine. Journals physiology, H67—-H72.

Konig H., H. Leibich. (2004). Veterinary anatomy of domestic mammals, Schattauer, Germany,
439-440; 461-464.

Nomina Anatomica Veterinaria. (2017). International Committee on Veterinary Gross Anatomical
Nomenclature, Hanover (Germany), Ghent (Belgium), Columbia, MO (U.S.A.), Rio de Janeiro
(Brazil), 6th edition,

Nomina Histologica Veterinaria. (2017). Submitted by the International Comitte on Veterinary His-
tological Nomenclature (ICVHN) to the World Associacion of Veterinary Anatomists
Sapundzhiev E., M. Chervenkov. (2020). Manual for exercises in cytology and histology, Ed. LTU
House, Sofia, 75-76. (BG)

Schaller, O. (2007). Angiology; Arterie; Vene; Spleen. Illustrated veterinary anatomical nomencla-
ture, 2nd edn, Ferdinand Enke Verlag, Stuttgart,306—-307; 412-413.

Takubo K, Miyamoto H, Imamura M, et al. (1986). Morphology of the human and dog spleen with
special reference to intrasplenic microcirculation, Japan Journal of Surgery 16, 29-35.
Vodenicharov, A. (2021). Celiac artery. In: Anatomy of Domestic Animals, v. 3, 5th edition, G. Ko-
vachev, G. D. Georgiev & A. Vodenicharov, Kota publishing, Stara Zagora, Bulgaria, 108-111.
(BG)

Wolschrijn, C. (2018). The spleen. In: K. Dyce, O. Sack, C. Wensing. Textbook of Veterinary Anat-
omy, 5" ed., (eds. Baljit Singh ). Souders Elsevier, St. Louis, Missouri, 734—738.



