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INTRODUCTION 

The human spleen is highly vascular and friable and so it cannot be 

sutured. It is the largest of the lymphoid organ, which contains 25 % of the body’s 

lymphoid tissue. Spleen is a secondary lymphoid organ as it is the site of 

maturation of lymphocyte, their activation and initiation of an immune response. 

Spleen is the organ of haemopoeisis before bone marrow development. The 

spleen is called as the “Grave yard of Dead Red Blood cells” as the spleen is the 

site of red blood cell destruction. The spleen has the third highest blood perfusion 

rate.  

   The spleen is called as melancholy as ancient Greece scientist thought that 

the spleen was the source of black bile. Historically spleen was considered as a 

vestigial organ and was surgically removed even for minor ailments and injuries 

because it was considered that the spleen was not essential for life as removal of 

spleen does not lead to sudden death. Dimensions and functions of spleen were 

discovered in the 20th century. After understanding the fact that the spleen is 

called upon primarily to eliminate senescent and damaged cells from the 

circulation, to filter the antigens and its role in immunological response, spleen 

preserving surgeries gathered importance.  

 Splenic artery is also known as Lienal artery, the largest branch of the 

coeliac trunk in adults and is the second largest next to common hepatic artery 

in foetal life. Its origin is at the level of T12-L1 vertebral bodies. The normal 

branching pattern of the Splenic Artery to spleen facilitates the splenic micro- 
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circulation which is important for the organ to perform its normal function as a 

part of reticulo-endothelial system. 

Incidence of splenic injury is on the rise owing to increase in accidents. 

Total Splenectomy is commonly done after a splenic injury. As the spleen 

performs important immunological and haematological functions, total 

splenectomy leads to a decrease in the immunity and altered haematological 

features. The splenectomy performed at a younger age increases the risk of 

immunological disorders, may lead to functional disorders and reduce the 

regenerative capacity of the organism. The susceptibility to infections, mainly to 

pneumococcal flora, in children after splenectomy reaches 4%, with a mortality 

of 88%. Given the high rate of complications after splenectomy, many prefer a 

full or at least partial organ preservation tactic of treatment. 

Now Splenectomy is not the first choice of treatment modality which is 

replaced by non operative management and spleen preserving surgeries like 

partial splenic artery embolization, ligation of terminal branches of the splenic 

artery. Splenic artery embolization and ligation is also successively used in 

conditions like hypersplenism, thrombocytopenia, aneurysms of splenic artery 

and tumours of spleen. Laparoscopic Splenectomy has established itself as the 

gold standard for benign haematological conditions requiring surgery. 

The architecture of arterial segmentation and the avascular plane between 

them are very variable. The knowledge of segmental vascular anatomy of spleen 

including polar segments is very important for the limited resection/partial 
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resection of the spleen and for avoiding Iatrogenic injuries by the surgeons and 

also during interpretation of angiogram. Also, variations in the arterial pattern 

cannot be ignored, as ligation of wrong vessel can lead to ischemia or gangrene, 

leaking and bleeding from the site. 

Hence the practice of partial splenectomies in case of major trauma and 

hilar hydatid cyst is leading surgeons to perform successful subtotal 

splenectomies after splenic vessel ligation. 

There is tremendous improvement in the investigative procedures to 

detect the vascular disorders. X-Ray, angiography are replaced by non invasive 

imaging modalities like Ultrasound, Computed tomography and Magnetic 

resonance imaging.  

Diagnosis of asymptomatic splenic artery aneurysm is also on the rise. 

Splenic artery aneurysm is the most common aneurysm in the abdominal region 

next to aortoiliac aneurysms. Anatomy, Surgery and Radiology fields are 

intertwined. The best way to avoid injury to blood vessels is to know them and 

when, how and where to ligate them. If correct data of native population is 

available on the vascular anatomy it will be of excellent use for surgical and 

radiological purpose. 

The knowledge of branching pattern of splenic artery is very important 

for interpreting colour Doppler and arteriography of upper abdomen and also for 

performing the splenic artery embolism which is done preoperatively to reduce 
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vascularity of spleen. The splenic artery embolism is also done sometimes as an 

alternative to  surgery for preserving the spleen in nonoperative splenic injuries. 

Splenomegaly is an important diagnostic sign in malaria, kalaazar, 

inflammatory and degenerative disorders. In splenomegaly, the anterior border, 

anterior part of diaphragmatic surface and notched superior border may become 

clearly palpable below the left costal margin. 

Keeping in mind the applied importance and to add up some more 

knowledge to the already existing ones, the present study was undertaken to 

know in detail the variations in the branching pattern of Splenic Artery and the 

notches of spleen by dissection method. 
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EMBRYOLOGY 

The spleen is developed from mesoderm within the dorsal meso gastrium, 

where it appears at first as a number of lobules of the splenic tissue. These lobules 

join together to form a single splenic mass which projects under cover of the left 

layer of the dorsal meso gastrium. Early lobulated character of the spleen 

disappears but notches at upper border remains .The presence of the splenic 

notches affecting the upper border of the adult organ indicates the lobulated 

development of the spleen. The appearance of the spleen in the dorsal meso 

gastrium divides the latter into the gastro splenic ligament in front and the 

lienorenal ligament behind. 

 Embryological basis of vascular variations: The variations in the arterial 

patterns developed in the splenic artery could be due to; (1) Divergence in the 

mode of  proximo-distal level of branching; (2) Presence of unusual compound 

arterial segments; (3) Aberrant vessels that connect with principal vessels, 

arcades or plexuses.  

 Vascular system makes its appearance in the middle of third week 

of intra uterine life. Initially the ventral splanchnic branches are paired. With the 

fusion of dorsal aortae, the ventral branches also fuse and form a series of 

unpaired segmental vessels which run forward through the dorsal mesentry of 

the primitive gut and divide into ascending and descending branches along the 

dorsal aspect of the gut. These vessels eventually form the dorsal and ventral 

longitudinal anastomotic channels. The dorsal splanchnic anastomosis persists 
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in the later life as the gastro-epiploic, pancreaticoduodenal and the marginal 

arteries of the large gut where as the ventral anastomosis form the right and left 

gastric arteries. The ventral longitudinal anastomosis between the roots of the 

primitive vitelline arteries is the common source of origin of all the branches of 

the celiac artery. Persistence of interrupted sections accounts for aberrancy in 

origin of the regional arteries. 

         The coeliac trunk as hypothesized by Morita is formed by the union of 

1st, 2nd and 3rd root along with longitudinal anastomotic artery. 1st root 

corresponds with the left gastric artery, 2nd root with splenic artery and 3rd with 

common hepatic artery. In adults splenic artery is the larger branch of the celiac 

trunk whereas in fetal and early postnatal life the largest branch is common 

hepatic artery.  

          Regarding the histogenesis of the spleen, the primordium of the splenic 

tissue differentiates into a number of the branching trabecular cords and 

numerous free cells which are entangled between the trabeculae. The isolated 

free cells are subsequently differentiated into the erythroblasts, myeloblasts and 

lymphoblasts. The haematopoietic function of the spleen continues during foetal 

life and regresses after birth. Production of lymphocytes however, continues in 

the post-natal period. The appearance of the splenic vessels and the formation of 

the sinusoids allow elimination of the worn out erythrocytes, leucocytes and 

platelets from the circulating blood by the phagocytic activities of the reticulo-

endothelial cells of the splenic sinusoids. 
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ANATOMY OF SPLENIC ARTERY AND SPLEEN 

Splenic artery is the largest branch of the celiac trunk. Its origin is at the 

level of T12-L1 vertebral bodies. It runs along the superior border of the pancreas 

in the posterior aspect of the border. It runs as multiple loops or coils. The splenic 

artery lies anterior to the left kidney and left suprarenal gland. It runs in through 

spleno renal ligament posterior to the tail of the pancreas. Spleen is supplied 

exclusively by splenic artery whereas the splenic artery supplies other organs in 

addition to spleen. Branches of the splenic artery usually arise at right angles 

from the stem. The splenic artery divides into constant and inconstant branches. 

The more constant branches of splenic artery are: Short gastric arteries , 

Left gastro epiploic artery, Pancreatic branches, Superior terminal branch , 

Inferior terminal branch and Inconstant branches are Posterior gastric artery, 

Superior polar artery, Inferior polar artery, Middle terminal branch . 

The Splenic artery may extend as a single entity to the hilum of spleen 

and break up into its terminal branches, or it may divide into superior and inferior 

terminal branches as it overlies the pancreas some distance from spleen. 

The terminal branches are superior and inferior often the third terminal 

branch is called the middle terminal artery. These branches enter the hilum 

between the two layers of lieno-renal ligament, these terminals of the splenic 

trunk undergoes subdivision into penultimate and ultimate branches. The 

ultimate arteries sink directly into the spleen after origin from the two primary 

terminal divisions. The penultimate branches of the terminals that give off 
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further 2-5 branches before entering the hilum of spleen. The superior polar 

artery exhibits the characteristic tortuosity. It branches distally before entering 

the hilum of the spleen. Polar arteries to the inferior extremity of the spleen are 

much more numerous about 1-5 in number. 

The terminal or primary main branches of splenic artery also named as 

lobar arteries. Further the lobar artery divides into 4-5 or several lobular or 

segmental arteries and each supply a segment of splenic tissue. There was little 

collateral circulation at the segmental level and & occlusion of one of these 

arteries usually is associated with infarction of the corresponding region of the 

spleen. Further these segmental arteries divide into trabecular arteries with no 

collateral circulation. 

Figure 1 NORMAL SPLENIC ARTERY 
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Spleen is situated between diaphragm and fundus of stomach in the left 

hypochondrium and partly in the epigastrium. The spleen has two surfaces; 

superolateral or diaphragmatic and inferomedial or visceral; it has two poles, the 

anterior and the posterior; it has two borders, superior and inferior. 

       Diaphragmatic surface is smooth and convex, directed upwards, 

backwards and to the left. The visceral surface is irregular and it is marked by 

gastric, renal, colic and pancreatic impressions. Superior border separating the 

gastric impression from the diaphragmatic surface is thin, convex and presents 

one or two notches close to the lateral end. Inferior border separates the renal 

impression from diaphragmatic surface and extends obliquely coinciding with 

the lower border of the left 11th rib.  

Posterior extremity or medial end is blunt and rounded, directed upwards 

backwards and medially towards vertebral column. Anterior extremity or lateral 

end is broad and represented by a border, which extends between superior and 

inferior borders. It is directed downwards, forwards and to the left. Anterior basal 

angle is the junction of the superior border and lateral end and it represents the 

most forward projecting part of spleen.  

Posterior basal angle is the junction of the inferior border and lateral end 

of spleen. On the superior border, near the anterior pole, there may be one or two 

notches, persisting from the lobulated form of the spleen in early foetal life. 

Notched superior border results from improper fusion of the splenic nodules 
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along the superior margin. Accessory spleens may be present in 4.5% cases, in 

the form of round nodules at the hilum of the spleen.  

 

 

 

 

 

 

 

 

Figure 2 Hilum of spleen 

Figure 3 Schematic diagram of splenic artery 
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2. AIM AND OBJECTIVES 

 To study the terminal branching pattern 

 To study the number of terminal branches entering hilum 

 To study the number of segmental branches  

 To study the Occurrence of Superior and Inferior Polar arteries 

 To study the Origin of Superior and Inferior polar arteries 

 To study number of Splenic notches 
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3. LITERATURE REVIEW 

HISTORICAL PERSPECTIVE  

The history of spleen is full of myths and fables. The spleen has always 

been a mysterious organ of seemingly occult function as well as a forbidding and 

unnecessary organ. Hippocrates thought it was the source of black bile. Galen 

believed that spleen was an organ full of mystery and thought that spleen helps 

in purifying the liver. Since spleen was considered unnecessary it was removed 

whenever it was injured and in many splenic diseases.        

       Julius Caeser Arantius of Vienna was the first to describe the tortuosity 

of the splenic artery.  

       Splenic artery aneurysm was first described by Beaussier in 1770. 

Kyber (1870) described the spleen in man, cat, dog, horse and rabbit as 

being divided into several segments by 'fibrous septa'. He stated that each 

segment was supplied by its own main artery.  

Melnikoff (1923) observed the intrasplenic arterial anastomosis in the 

middle of the organ, whereas Lewis (1956) reported the intrasplenic arterial 

anastomosis in the fetus but not in the adult human spleen.  

Tait & Cashin (1925) confirmed the presence of segments in the spleen 

of the dog and cat and showed that stimulation of individual neurovascular 

bundles in the dog spleen produced localized contraction of a segment. 
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Michels N A 6 (1942) studied the origin of polar arteries in spleen. 

According to him, a vessel was considered as a polar artery if it penetrated one 

of the splenic poles and not the hilum. He found superior polar arteries in 65% 

cases, inferior polar arteries in 82% cases. He also found multiple polar arteries. 

He found a distributive type of branching in 70% of cases and the bundled type 

in 30% of cases. 

The concept that the spleen served no important role was maintained until 

1950’s. It was after the classic work of Morris and Bullock on splenectomised 

rats that the overwhelming post splenectomy infections emerged and stimulated 

a flurry of research. 

  Nguyen Huu (1956) reported the presence of two segments in the 

spleen: these segments were separated by an intersegmental avascular zone lying 

perpendicular to the main axis of the organ, 

Braithwaite & Adams (1956) studied the splenic segments by injecting 

radio opaque media demonstrated 5-7 splenic compartments in rats, each 

supplied by a separate branch of the splenic artery and drained by a separate 

tributary of the splenic vein. 

Clausen (1958) demonstrated splenic segments in corrosion casts of the 

splenic artery and its branches and showed the presence of two segments in 80 

% of cases. 
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Campos Christo (1962) described segmental anatomy of the spleen 

which helped the surgeons to perform partial splenectomy and thus preventing 

post splenectomy infections. 

Guitierrez (1969) demonstrated splenic segments in corrosion casts of 

the splenic artery and its branches and reported the presence of two segments in 

90 % of specimens and three or four segments in the rest. 

Anson (1971) mentioned about the superior polar, superior terminal and 

inferior terminal segmental arteries. 

Gupta et al (1976)8 worked on corrosion casts of human splenic arterial 

trees revealed the presence of two splenic segments - a superior and an inferior 

in 84 % of cases and three segments - a superior, a middle and an inferior  in 16 

% of cases. These segments are separated by avascular planes. 

 In literature, the lobulated spleen anomaly was declared in a study of 

congenital cardiac anomalies. Bharati et al(1976)7 observed that tricuspid 

atresia was found with a deep-notched spleen in 0.9% , with a lobulated spleen 

in 0.5%. 

  Mikhail Y et al (1979) 9studied 25 spleens from preserved cadavers. In 

all cadavers they observed that splenic artery originated from the celiac trunk. In 

2/3rd of specimens it was divided at the hilum of the spleen into its terminal 

branches. In the remaining 1/3rd it was divided into its terminal branches 

between the tail of pancreas and splenic hilum. Both upper and lower polar 

branches were observed in 12%; 12% presented with only upper polar artery; 
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50% presented with only lower polar ;in remaining 26% only terminal branches 

were observed and no polar arteries. 

Dixon (1980) 10declared that Arteria lienalis was divided into two 

(superior, inferior) or three (superior, middle, inferior) primary segmental 

branches. 

Conti S (1980)11 performed splenic artery ligation without splenectomy 

to control hemorrhage after blunt injury to spleen. They stated that the procedure 

was tolerated well because of good collateral blood supply to spleen. 

Katrisitis et al (1982)12 in their study of 70 cadavers observed 2 primary 

branches in 85.7% and 3 primary branches in 14.3% cases. They observed 

superior polar artery in 60% and inferior polar artery in 80% cases which were 

given from the splenic trunk or one of its primary branches. 

Keramidas DC et al (1984)13 studied the collateral arterial network of 

the spleen. Following splenic artery ligation, collateral blood supply to the spleen 

develops which has got a uniform pattern. This collateral arterial system 

develops mainly from short gastric arteries. 

David W Spriggs (1984) 14 reported a case of congenital absence of the 

splenic artery. The spleen was supplied via collateral channels. This rare 

condition has to be differentiated from atherosclerotic occlusion of splenic 

artery, splenic artery thrombosis or previous surgical interventions of splenic 

artery. 
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Dawson et al (1987)15 in their dissection on 10 cadavers observed an 

average of 7.6 branches of splenic artery and 22.1 tributaries of splenic vein. 

Knowledge of the smallest pancreatic branches of splenic artery is important 

while performing surgeries like distal pancreatectomy. 

Garcia et al (1988)16 studied segments and subsegments of spleen. 

Segments are the territories corresponding to the primary branches of splenic 

artery known as primary segments and the polar arteries known as polar 

segments. He observed 2 primary segments in 92.82% cases and 3 primary 

segments in 7.18% cases.  

Superior polar segment was present in 29.28%, inferior polar segment in 

44.75% and both superior and inferior polar segments in 10.49%. Occasionally 

2 or 3 inferior polar segments were seen. Subsegments are the territories 

corresponding to extra splenic subdivisions of the primary and polar branches. 

He also noticed the anastomotic bridges between arterial splenic compartment. 

Redmond et al (1989)17 divided the segments into two morphological 

types and named them as "central" and "polar". On his further study, he noted 

that each segment consisted of a number of subsegments which had their own 

arteries and veins, and the number of subsegments are 3 in the polar, 4 in the 

central segments.  

He declared that the central segmental blood supply was constant, the 

polar segmental supply was more variable. He insisted on the polar segments, 

especially the inferior polar segments. He classified the segmentary branches by 
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concerning their origin and he reported that superior polar segmentary artery 

originating from the main trunk of splenic artery was 39.8% and the same artery 

originating from the central branch (a. splenica superior) was 62%.  

For the inferior polar segmentary artery originating from the main trunk 

of splenic artery was 14.5% and 28% (a. splenica inferior) consequently, and for 

the left gastro-epiploic artery 57.5%. 

He defined the segments of the spleen as anatomically distinct areas of 

splenic tissue running from the anterior to the posterior border, perpendicular to 

the long axis of the spleen and he also observed that they ranged in number from 

three to seven. 

Sow M L et al (1991)18 studied 100 pancreatic splenic blocks by injection 

corrosion method. The splenic artery ended in the lienorenal ligament in 64 

cases, in pancreatic segments in 32 and hilar segment in 4 cases. The splenic 

artery bifurcated into upper and lower lobar arteries in 84 cases and trifurcated 

in 16 cases. 

Karl H. Treutner et al (1993)19 studied 32 spleens obtained from autopsy 

by angiographies and corrosion cast method. They observed bifurcation of the 

splenic artery in 93.8% cases and trifurcation in 6.2%. Y – type of branching 

with easier access for surgical procedures was observed in 84.4%, T – type in 

9.4% cases and classification was not possible in rest 6.2%. They observed 

superior polar arteries in 28.1% cases and inferior polar arteries in 46.9%. The 



 
 

18 

 

inferior polar artery originated either from the splenic trunk or from spleno – 

gastroepiploic trunk. 

           Ahmet Usta et al (1996)20 reported that if the notches are deep, the spleen 

is lobulated. A notch in 6 cm depth on the inferior edge of the spleen revealed in 

their study was a lobulated spleen. The spleen is in multiple form if some of the 

embryonic buds are not united. The splenic tissue which is not incorporated into 

the organ is isolated as accessory spleen (spleniculi). Sometimes this accessory 

spleen may be connected to the spleen by a thin band of splenic tissue.  

             They also reported that there were 2 central segments (superior, inferior), 

one superior polar and one inferior polar segments. There were two branches 

directly coming from the main trunk of splenic artery, one from superior central 

branch, totally three branches leading to superior polar segment. Two great 

branches leading to superior and inferior central segments, one branch leading to 

inferior polar segment. They did not observe any anastomosis between these two 

branches and the adjacent segmental arteries (inferior segmental artery). 

Alzběta Holibkova et al (1998)21 observed in 60 human spleens the 

course of the splenic artery in the splenic hilus and branching of segmental 

branches in the spleen. Specimens of blood vessels and casts showed two 

extreme types of segmental branches entering the splenic parenchyma: 1. 

Vertical type and 2. subcapsular type. The authors also studied the occurence of 

anastomoses between the individual branches of the splenic artery and 
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recognized three types of them: 1. hilar extra parenchymatous, 2. Intra 

parenchymatous and 3. subcapsular. 

G Gayer et al (2001)22 studied about CT findings in congenital anomalies 

of the spleen and stated that splenic lobulations may persist along the medial part 

of the spleen. A persisting bulge or lobule of splenic tissue sometimes extends 

medially, anterior to the upper pole of the left kidney. Less often, such a lobule 

lies partially posterior to the upper pole of the left kidney and displaces it 

anteriorly. It may be mistaken for a space-occupying lesion arising from the 

kidney. The notches or clefts on the superior border of the adult spleen are 

remnants of the grooves that originally separated the fetal lobules. These clefts 

can be sharp and are occasionally as deep as 2–3 cm. They may be erroneously 

interpreted as splenic laceration in patients with abdominal trauma. 

Shashikala Ramachandra Londhe (2002)23 studied about vascular 

pattern of splenic artery by dissection and corrosion cast method in 100 cadavers. 

Superior polar artery was seen in 30 cadavers, inferior polar artery in 59 and both 

in 11 cadavers. They also noted the origin of polar artery. Superior polar artery 

originated from splenic trunk in 23 cases, from primary division of splenic artery 

in 5 and from left gastroepiploic artery in 2 cases. In 40 cadavers Inferior polar 

artery originated from splenic trunk, from primary division in 14 and in 

remaining 5 cases from the left gastroepiploic artery. In cases where both the 

arteries were present both originated from splenic trunk. 
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Ribordy V et al (2002)24 treated a case of spontaneous rupture of spleen 

by transcatheter embolization of the splenic artery which is an alternative for 

surgery to attain splenic hemostasis. In addition it allows splenic preservation. 

Daisy Sahni et al (2003)25 studied the branches of splenic artery and 

splenic artery segments in 200 adult autopsy specimens. Study was done by both 

dissection and radiological method. Tortuosity of splenic artery was not seen in 

fetuses, newborns and young children, whereas 10% of adults showed tortuosity.  

            They have named the primary main branches of splenic artery as 

lobar arteries. Further the lobar artery divides into 4-5 or several segmental 

arteries and each supply a segment of splenic tissue. And even mentioned that 

there was little collateral circulation at the segmental level and & occlusion of 

one of these arteries usually is associated with infarction of the corresponding 

region of the spleen. Further ahead it had been mentioned that these segmental 

arteries divide into trabecular arteries with no collateral circulation.  

The superior polar artery was found in 52.5% cases and inferior polar 

artery in 86%. They observed 2 terminal branches in 180 cases and 3 in rest 40 

cases. 

Dimitrios and Michael (2003)27 assessed the function of the spleen in 

adults after splenic artery ligation in childhood. They assessed two individuals 

who underwent splenic artery ligation in childhood. Lab investigations showed 

the undisturbed function of spleen. Ligation of splenic artery had been 

successively used as a spleen saving procedure in rare cases of splenic trauma in 
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children in which the management with splenorraphy or partial splenectomy 

alone was not possible. 

Gullon R et al (2003)28 stated that increased frequency of abdominal 

scans had resulted in frequent finding of splenic artery aneurysm or its false 

aneurysm. These lesions were most often diagnosed by USG/CT/MRI. 

Aneurysm may be on the intermediate segment of the artery or near splenic hilum 

or whole length of the splenic artery may be involved. 

Chakravarty S et al (2003)26 studied the splenic avascular arterial pattern 

in 162 human spleen of both sex by angiographic method. The splenic terminal 

branches showed specific area of distribution. The lobar branches formed the 

arterial arcades in the intra hilar region. The ligated splenic terminal branch 

showed the avascular area without any established arterial communication from 

the surroundings.  

   The segmental branches were overlapped at many places in the inter 

segmental region of the male spleen but not in the female, which were not 

observed earlier. The inter segmental avascular zones were clearly demarcated 

in the female. These segmental branches travelled parallel to the long axis 

towards the diaphragmatic surface of the spleen. The segmental branches 

ramified in inter segmental and peripheral zones and terminated as end arteries. 

The presence of the avascular zones were noticed in between the territory of the 

segmental branches.  
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  They observed the upper polar arteries in 56% of the male and 27% of 

the female spleen and lower polar arteries in 28% of the male and 39% of the 

female spleen. The branches of the polar arteries showed their own area of 

territory and the anastomosis were not found in the inter segmental zone in both 

sex. They did not inject the dye to one of the terminal branches of the splenic 

artery which showed a specific avascular area. 

Pandey S K et al (2004)30 studied the variations in origin, course & 

terminal branching pattern of splenic artery in 320 cadavers. Splenic artery 

divided into terminal branches in 97% cases and in remaining 3% cases it passed 

through the hilum without dividing into branches. Two terminal branches were 

seen in 63.1% cadavers, 4 terminal branches were seen in 18.8%, 6 terminal 

branches were seen in 9.7% and more than six terminal branches were seen in 

5.6%. 

D Ignjatovic et al (2005)33 observed that superior polar arteries were 

occurred in 31.3% and inferior polar arteries were occurred in 20.6% in 102 

spleens. Inferior polar artery originated from the splenic artery in 19% of the 

specimens. Inferior polar artery originated from inferior terminal branch of 

splenic artery in 19% of specimens. Origin of inferior polar artery from the left 

gastroepiploic artery in 13% of the specimens. 

Charles Brunicardi F (2005)31 mentioned two types of splenic artery 

based on the pattern of its terminal branches. The most common type of Splenic 

artery is distributed type (70%) which is distinguished by a short trunk with many 
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long branches and the rest 30% is marginal type which has a long main trunk 

dividing near the hilum into short terminal branches. 

Slaba S et al (2005)32 reported a rare variation of the splenic artery during 

preoperative angiogram where total duplication of the splenic artery was seen. 

Madoff DC et al (2005)34 studied about various interventions of splenic 

artery for preservation of spleen with the realization of the fact that sepsis which 

occurs as a sequel in asplenic subjects should not be ignored. Hemostatic 

measures include use of metal clips, ligation of main artery or its branches, 

transcatheter and percutaneous embolization. These conservative splenic 

surgeries are possible in minor and major splenic trauma, splenic cysts, 

hypersplenism, portal hypertension and splenic neoplasia. 

Roland et al (2007)35 stated that the splenic artery aneurysm is the third 

most common aneurysm in abdomen. Though the rupture of splenic artery 

aneurysm is low, if rupture occurs the mortality rate is high. Especially high 

mortality is seen in pregnant women and patients with portal hypertension. In 

majority of patients the splenic artery aneurysm is asymptomatic and is 

discovered incidentally during imaging of abdomen for other purpose. Surgical 

treatment is the traditional method; laparoscopic and endovascular techniques 

are used to treat these vascular lesions in these days. 

Rayhan et al (2007)37 studied 70 cadaveric spleen and found two lobar 

arteries in 42 (60%) and three lobar arteries in 28 (40%) cases. 
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Chang C M (2007)36 mentioned that the splenic artery embolization may 

be considered as an alternative option for the management of refractory ascites 

due to portal hypertension in patients who are unable to undergo safe trans 

jugular intrahepatic portosystemic shunt or surgical shunt placement. 

Abdulmonem Al-Hayani (2007)38 observed that the spleen is supplied 

by polar arteries in addition to the terminal splenic branches and that arteries can 

maintain viable and functioning spleen even after ligation of the splenic artery 

or its terminal branches.  

They found that the medial end of the spleen was supplied by one polar 

artery in 8 cases (32%), 2 polar arteries in 5 cases (20%) and 3 polar arteries in 

12 cases (48%). The source of the polar arteries was as follows: in 10 out of 25 

cases (40%), they arose from the upper short gastric artery. In 12 out of 25 cases 

(48%) they arose from the upper short gastric and from the arterial network at 

the fundus of the stomach. In 2 out of the 25 cases (8%), they arose from the 

splenic artery, while on one out of the 25 cases (4%); it arose from the abdominal 

aorta.  

The artery to the lateral end of the spleen was called lateral polar artery. 

Lateral polar arteries in all cases (100%), arose from the left gastroepiploic 

artery.  

The left gastroepiploic artery was found to arise from the splenic artery at 

the junction of its middle and distal thirds (92%) or from its lower division (8%). 

In one out of the 25 cases (4%) there was an additional lateral polar artery arising 
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from the arterial network at the body of the stomach. The polar arteries were 

found to be followed by corresponding veins.  

They also found the mode of termination of the splenic artery that in 16 

out of 25 cases (64%), the splenic artery ended by dividing into upper and lower 

divisions, each of which further divided into 3 terminal branches in 10 cases or 

2 terminal branches in 6 cases. Thus, there were 6 terminal branches in 40% of 

the cases and 4 terminal branches in 24% of the cases. In 9 out of 25 cases (36%), 

the splenic artery ended at the hilum of the spleen by dividing directly into 4 

terminal branches. The terminal branches, in addition to the lateral and medial 

polar arteries, were distributed to 6 or 8 segments.  

The radiological study and plastic casts showed the free intra splenic 

communication between the terminal splenic branches on one hand and the 

terminal splenic branches and the polar arteries on the other hand. No evident 

avascular planes were found separating the segments from each other. The 

subcapsular area showed absence of anastomoses between the arteries of the 

spleen. The radiological study revealed rich anastomoses between all the arteries 

supplying the stomach. 

Das et al (2008)41 showed the presence of notches on the superior border 

of spleen 98% and on inferior border 2% in a study of 100 formalin fixed 

cadaveric spleens. He also concluded that presence of notches in the inferior 

border may be important for surgeons attempting splenic surgeries and 

radiologists interpreting CT scans. 
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Dormagen J B (2008)39 stated that there was a substantial change in the 

treatment of splenic injuries in adults in the last decade. The main objective is to 

preserve the splenic function. Proximal embolization of the splenic artery has 

become an adjunct to non operative management of severe splenic injuries. 

Guralnik V et al (2008)40 observed that increased leukocyte and 

thrombocyte count after partial splenic arterial embolization which can be used 

in patients with severe leukocytopenia and thrombocytopenia with liver cirrhosis 

and hypersplenism where splenectomy is risky. 

XU wei - li et al (2009)42 retrospectively evaluated the value of color 

doppler flow imaging for the determination of splenic vascular pattern in patients 

who underwent laparoscopic splenectomy. Anatomic type of splenic pedicle and 

relationship between the splenic artery and pancreas were included in study 

parameters. 

A] 2 anatomic types of splenic pedicle was observed 

> distributed pattern – in 69.6% 

> bundled pattern – 30.4% 

In distributed pattern ligation of vessels should be done individually 

whereas in bundled the trunk is cut off directly. 

Hamers RL (2009) mentioned that injury to the spleen occurs during 

accidents. Surgical interventions like splenectomy and splenorraphy are 

preferred in patients with unstable hemodynamic status. Splenic artery 
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embolization is the option in patients with stable hemodynamics. Either 

superselective embolization of a small distal arterial branch in the injured 

segment or proximal embolization of main artery can be done to reduce pressure 

on the splenic parenchyma. Splenic artery embolization has resulted in high 

splenic preservation rates. Post procedural bleeding, splenic infarction and 

splenic abscess are most frequent complications of splenic artery embolization. 

These complications are more when main artery is embolised. 

They also mentioned that occlusion of a long segment of splenic artery 

may result in ischemia and infarction of pancreas. Splenic artery gives rise to 

numerous branches that supplies pancreas like dorsal pancreatic artery, short 

pancreatic arteries, greater pancreatic artery, and artery to tail of pancreas. Rarely 

there may be a single pancreatic branch. Tail of pancreas is more susceptible to 

injury in splenic artery embolization owing to prevailing end arteries. 

Seelig M H et al (2010)43 mentioned that when common hepatic artery is 

segmentally resected en bloc with a periampullary tumor during pancreatectomy 

the splenic artery can be used as an inflow source for liver if there is no stenosis 

of the celiac trunk. The splenic blood flow is preserved via short gastric arteries. 

Liana Ferreira Alencar Silva et al (2011)44 studied that the splenic 

artery displayed a bifurcation-type terminal division that can be viewed 

arteriographically. He highlighted the existence of independent arterial 

segmentation in almost all cases (98%), similar in visceral and diaphragmatic 

surfaces of the spleen. Partial splenectomy is anatomical and the use of 
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radiological methods becomes feasible in conservative treatment of splenic 

injuries. 

Prashant Nashiket Chaware et al (2012)45 studied about the variational 

anatomy of the segmental branches of the splenic Artery. The number of 

branches of the splenic artery which divided the spleen into arterial segments, 

varied between two to five. Two segmental branches were found in 13.51% 

specimens, three were found in 60.66% specimens, four were found in 17.11% 

specimens and five segmental branches were present in 2.7% of the total spleens. 

The parts of the spleen which were supplied by these segmental branches were 

separated by an avascular zone, except in 1.80% spleens in which an inter-

arterial anastomosis was found between the arteries of the adjacent segments. 

They also found that the incidence of splenic notches reported in the superior 

border and inferior border as 74.76% & 24.32%. 

R Pakhiddey et al (2013)46 observed that splenic artery gave both the 

posterior gastric branch and an accessory branch to the left colic flexure. The 

inferior terminal branch of the splenic artery first gave a polar branch to the lower 

pole of the spleen and then gave an accessory branch to splenic flexure of colon. 

Additionally, the splenic flexure was also supplied by the left colic artery arising 

normally from the inferior mesenteric artery. 

Dr. Muktyaz Hussein et al (2013)47 studied anatomical variations of 

spleen in north indian population .Variations were observed in 13 spleens out of 

32 spleens (40.6%)in which 3 spleens (9.3%) found multiple lobes and notches 
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were present on the superior border of spleen, 4 spleens (12.5%) present deep 

notches on inferior border, 2 spleen (6.2%) showed deep notches on medial 

border. 

Arun Kumar et al (2014)53 reported a case of spleenomegaly that a was 

enlarged and all the impressions were large and deeply concave. The superior 

border shows 4 notches 3 were deep and one was shallow. Hilum of spleen was 

not well made out, but on close examination, it was curvilinear. There were no 

notches on the inferior border and intermediate border. Anterior end was sharp 

with one shallow notch. There were no lobulations. No lacerations present. The 

surface was smooth and even. They also concluded that this variant is commonly 

mistaken for laceration of the organ and is also useful for radiologists to rule out 

laceration or tear of the organ. 

Dr Bhivate Varsha R et al (2014)49 studied diameter, length, tortuosity 

of splenic artery and its branches with its clinical implications. The tortuosity 

decreases as the diameter increases and found that superior polar branch was 

slender and thin can be easily damaged. To avoid this operation should start from 

inferior pole. The mean diameter of splenic artery was 5.144 mm that of superior 

ramus was 4.340 mm and inferior ramus was 3.760 mm and found weak inferior 

ramus supplying the lower pole of spleen. Due to which inferior pole was also 

supplied by additional branches. 

Dr. Naveen Kumar et al (2014)54 observed that before its termination in 

the hilum of the spleen, it gave superior and inferior polar arteries about 2cm and 
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4cm proximal to hilum of the spleen respectively. The superior polar artery 

entered the substance of spleen at the upper end of splenic hilum, whereas, 

inferior polar artery through the lower end of the hilum. About 5cm proximal to 

the origin of inferior polar artery, the splenic artery gave the left gastroepiploic 

artery, through which an accessory splenic artery arose and coursed into lateral 

end of the spleen artery. 

Alim A et al (2014)52 studied about branching pattern of the splenic artery 

in a Bangladeshi Population. The samples were divided into three age-groups 

including group A (15-29 years), group B (30-49 years) & group C (50-69 years). 

Then macroscopic dissection was done and radiological angiograph was taken to 

see the arterial pattern in the human spleen. The splenic artery was the origin of 

sole blood supply in all the specimens. Two lobar branches were found in 70% 

of specimens and three branches in 23%. Four lobar branches were evident in 

only 2 specimens. Several segmental branches and polar arteries were found in 

the spleen of different ages. 

Gangadhara et al (2014)48 studied origin, course, branching pattern and 

morphometry of splenic artery and its branches supplying the spleen in 30 

spleens. The splenic artery trunk was bifurcated in 24 (80%) specimens (i.e. 

shows 2 lobar arteries), trifurcated in 5 (16.66%) specimens (i.e. shows 3 lobar 

arteries), and quadrifurcated in 1 (3.3%) specimen (i.e. shows 4 lobar arteries). 

Lobar artery was bifurcated in 19 (63.33%) specimens, trifurcated in 10 

(33.33%) and quadrifurcated in 1 (3.3%) of specimens.  
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The segmental artery was bifurcated in 28 (93.33%) and trifurcated in 2 

(6.66%) of specimens. In only 1(3.3%) specimen they found that only 2 

segmental arteries were present. In 18 (60%) specimens they found 4 segmental 

arteries supplying the spleen. 6 (20%) specimens were showing 5 segmental 

arteries in total. In 4 (13.3%) specimens they found 6 segmental arteries and in 

only 1 (3.3%) specimen they found 7 segmental arteries. 

 8 (26.6 %) specimens showed only superior polar artery, 11 (36.6 %) 

specimens showed only inferior polar artery, 5 (16.6 %) specimens showed both 

polar arteries and 6 (20 %) specimens has no polar artery.  

In one specimen two lobar arteries are directly entering in to the spleen 

and one lobar artery dividing into two segmental arteries which are directly 

entering into the spleen without dividing into trabecular arteries. In another 

specimen one lobar artery directly entering into the spleen and two lobar arteries 

are dividing into two segmental arteries each which in turn divided into two 

trabecular arteries each and enters into the hilum of spleen 

Girish et al (2014)50 found that the percentage incidence of spleens with 

absence of notches as 1.67% and the incidence of splenic notches in the superior 

border and inferior border as 95% & 3.33%. 

D. Naga Jyothi et al (2015)58 studied about variations in branching 

pattern of splenic artery. In 84% of cases the Distributed type was seen and in 

16% of cases the Magistral pattern of terminal branches of splenic artery was 

found. The superior polar artery arose from the superior terminal artery in 2%, 
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in 84% of cases the artery originated from the splenic trunk and absent in 14%. 

The inferior polar artery was seen only in 6% of cases. The middle terminal 

artery was seen in only 10% of cases and the superior and inferior terminal 

arteries were seen in 100% of cases.  

 Dr Lizamma Alex et al (2015)57 studied 70 spleens and observed that 

nineteen specimens showed notches on superior and inferior borders, and eleven 

had notches on all three borders. Notches were totally absent on all three borders 

in six specimens.  

Notches on the superior border in 90%, inferior border in 23% and on the 

intermediate border in 41% specimens. Notches on both superior and inferior 

borders were observed in 27% samples, and on all three borders in 16% 

specimens. 

 In nine percent of spleens, notches were totally absent on all borders. In 

one specimen the deep notches on the superior and inferior borders extended 

towards the diaphragmatic surface in the form of two fissures. In eight spleens 

(11 % of total), the deep notches of the superior and inferior borders, located 

close to the anterior pole lie in apposition, thus giving a ‘lobulated’ appearance 

to the spleen .  

A ‘posterior tubercle’ formed by a deep notch close to the posterior pole 

was seen in six spleens (9 %). The anterior lobule together with the posterior 

tubercle could be seen in four specimens (6%). The anterior lobule, when 

present, was seen to be pierced by a small polar branch from the splenic artery. 
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A prominent tubercle in relation to the intermediate border was observed in one 

specimen. 

R. Siva Chidambaram et al (2015)55 studied about morphological 

variations of spleen. The number of spleen showing notches on its superior 

border was 38 (63.33%) and in inferior border it was 6(10%). Absence of splenic 

notch was observed in 10 (16.67%) spleens and the remaining 6 spleens (10%) 

shows notches on its both the borders. The anomalous splenic fissure was found 

in 4(6.67%) spleens on its diaphragmatic surface. 

M Sangeeta et al (2015)59 studied about morphometry of Spleen. Notches 

were only seen on the superior border of 44 spleens and most of these spleens 

had one or two notches. Three spleens showed the presence of multiple notches 

and in 5 spleens no notches were seen. 

Natwar Lal Gaur et al (2015)56 study of the 3D view of splenic artery 

stated that splenic artery was originated from the coeliac trunk and divided into 

polar branches and terminal primary branches. Splenic artery cast showed that 

splenic artery divided into superior, middle and inferior terminal branches with 

two polar branches. Another specimen of splenic artery cast showed two terminal 

branches superior and inferior and one polar branch with one occasional branch 

of posterior gastric artery. Above branching pattern explained the splenic lobes 

where three terminal branches supply three lobes and two terminal branches 

supplied two splenic lobes. Additional lobes were supplied by the polar arteries. 

These segmental branches of the splenic artery divided the spleen into arterial 
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segments. These segments were separated from each other by an avascular plane 

in all the spleen. Thus the splenic lobes could be varies from 2-3 in numbers. 

Sukhinder Baidwan et al (2015)51 reported that a superior polar artery 

took origin from the main trunk of the splenic artery 6.4 cm proximal to the 

splenic hilum and ran a tortuous course to enter the superior pole of the spleen. 

The superior polar artery was 7.6 cm long, has an incidence of 3.27% and did 

not give any branches. The splenic artery divided into a superior and inferior 

terminal branch 3.3 cm proximal to the splenic hilum, and each terminal branch 

further gave two branches. 

Dr. Balachandra N et al (2016)62 observed variations in the branching 

pattern of splenic artery. In the male cadaver the superior and inferior splenic 

arteries arose 2.5 inches from the hilum of the spleen. They anastomose about ½ 

inches from the hilum and divided into 5 branches on entering spleen at or near 

its hilum. In the female cadaver the main artery gave upper & lower terminal 

branches. These terminal branches gave segmental branches; three from upper 

& two from lower respectively, before entering the hilum. The main artery 

continues as the gastroepiploic artery & from it the lower polar artery arose. The 

spleen also had lobulations & is segmented. 

Kawale Sugat G et al (2016)63 did morphological study of spleen and 

revealed that out of 50 spleens, 3 spleens (9.3%) found multiple lobes and 

notches present on the superior border of spleen, 4 spleens (12.5%), present deep 
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notches on inferior border, 2 spleen (6.2%) showed deep notches on medial 

border, 1 spleen (3.1%) with presence of notch on inferior border. 

Geeta Anasuya. D et al (2016)64 observed variations in the branching 

pattern of splenic artery. Splenic trunk gave origin to superior polar artery on 

reaching the upper end of the spleen .Thereafter it entered into the hilum of the 

spleen as four terminal branches. The inferior terminal branch gave a polar 

branch to the lower end of the spleen. Left gastroepiploic artery originated from 

the splenic trunk and an accessory splenic artery arouse from it and terminated 

into 3 smaller branches at the lateral end of the spleen. In 3.1% of cases, the 

Distributed type  was seen and in 96.9% of cases the Marginal type of was seen. 

Ashok K R et al (2016)61 studied branching pattern of splenic artery in 

50 cadavers. Splenic artery divided in distributed pattern or bundled pattern 

before entering the hilum of spleen. However in few cases splenic artery entered 

the spleen without dividing into terminal branches. In his study he found that 

distributed pattern was seen in 55.3% of cases, bundled type in 34.2% of cases 

and splenic artery entered the hilum without branching in remaining 10.5% of 

cases. 

   Only superior polar artery was found in 7 cases (14%), only inferior 

polar artery was found in 5 (10%) and both superior and inferior polar arteries 

were present in 6 cases (12%). In 12 cases the superior polar artery originated 

from splenic artery trunk and in one from the upper terminal branch. In 5 cases 
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the inferior polar artery originated from the splenic artery, in 3 cases from the 

terminal branch and from left gastroepiploic artery in 3 cases. 

Dr. U. Sunil Kumar et al (2016)65 conducted a study on splenic notches 

in 40 specimens Out of fourty, Two specimens showed notches only on inferior 

border, one specimen with notches on both superior and inferior borders and 

three spleens are without any notches on all borders. 

Thanya I. Pathirana et al (2016)66 reported a rare anomaly of the human 

spleen with nine notches associated with multiple accessory spleens. The nine 

notches were all observed on the anterior and inferior borders, whilst the 

accessory spleens numbered four, with two localized at the splenic hilum and the 

other two upon the splenorenal and splenocolic ligaments respectively. 

Dr Meet Krishna et al (2017)68 have done study of anatomical variation 

of the segmental branches of splenic artery in the population of Jharkhand using 

15 adult cadavers. The superior polar artery was seen in 6.66% of cases. In 6.66 

% of specimens showed both superior and inferior polar arteries and 86 % of 

cases showed no polar artery.  

 Bifurcation of splenic artery into two primary branches was observed  in 

100% cases. The different branching pattern was noted on each lobar artery. The 

upper lobar artery was bifurcated in 53.33% cadavers (i.e. 2 segmental arteries), 

trifurcated in 33.33% cadavers (i.e. 3 segmental arteries) and quadrifurcated in 

6.6% cadavers (i.e. 4 segmental arteries) and no branching was observed in 

1(6.66%) cadaver. The lower lobar artery was bifurcated in 60% cadavers (i.e. 2 
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segmental arteries), trifurcated in 26.66% cadavers (i.e.3 segmental arteries) and 

no branching was observed in 13% cadavers. 

Ganesh Trimbak Waghmode et al (2017)72 studied about variation in 

the morphology of spleen and found that notches of spleens varied between 0 to 

3 notches. 57 spleens had only one notch .Four spleens were present without 

notch. Two notches were present in 12 spleens. Only one spleen was present with 

three notches. 

Senthamizhselvi R et al (2017)67 studied inferior polar artery in 50 adult 

human spleens. The inferior polar artery was found in 72% of the splenic 

specimens. Inferior polar artery originated from the splenic artery directly or 

from the inferior terminal branch of splenic artery or from the left gastroepiploic 

artery. The inferior polar artery was originating from splenic artery in 55.56 %, 

left gastro epiploic artery in 25% and inferior terminal branch of splenic artery 

in 19.44% of splenic specimens. 

Anita Fating (2017)70 concluded that out of 54 spleens observed for the 

study, 27 (50%) spleens showed notches only on superior border, 4 (7.40%) 

spleens showed notches only on inferior border, 12 (22.22%) spleens showed 

notches on both borders & 11 (20.37%) spleens were devoid of notch. Number 

of notches on superior border varied from 1 to 5 & that on inferior border from 

1 to 2, so number of notches varies from 1 to 7. 12 spleens (22.22%) showed 1 

notch, 15 spleens (27.77%) showed 2 notches, 9 spleens (16.66%) showed 3 

notches, 5 spleens (9.25%) showed 4 notches, 1 spleen (1.85%) showed 5 

notches & 1 spleen (1.85%) showed 7 notches. 
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Olga Belic et al (2017)71 observed that the splenic artery near the tail of 

the pancreas entered the lienorenal ligament and then divided into five or more 

terminal branches, which enter the hilum of the spleen. The splenic artery 

divided into terminal branches in 311 cadavers (97%). In nine cadavers (2.8%) 

it passed through the hilum of the spleen without dividing. Two terminal 

branches were the most common (63.1%) followed by four (18.8%), six (9.7%) 

and more than 6 (5.6%) branches. 

R R Bokan et al(2017)69 studied about variations in origin of splenic 

artery and its clinical implications and stated that the splenic artery originated 

from the celiac trunk in 48 cadavers (96%), in 1 cadaver (02%) it originated from 

the abdominal aorta and in 1(02%) from superior mesenteric artery. 

Bhumica Dang et al (2018)76 studied variations in splenic notches and 

fissures. The notches were observed on the upper border in 51 samples (85%) 

and on the lower border in 5 samples (8.33%). 6.67% of the spleen samples 

presented with fissures on the upper border and lower border each. 

S. K. Y. I. Kodikara et al (2018)73 studied splenic morphometry in a 

group of Sri Lankan adult population in 30 cadaveric spleens. Notches were 

absent in 16.67% and when notches are present they are exclusively in the 

superior border. Single notch was present in 26.7%. Out of single notches, 30% 

were posterior pole notches. More than one notch was present in 46.7% and the 

81.8% of those were in the anterior pole. 
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Renuca Karam et al (2018)74 studied the morphological variations of 

human spleen. In all the 35 spleens studied the superior borders were 

characteristically notched. 

Bahiru Tenaw et al (2018)77 assessed anatomical variation of spleens in 

adult human cadaver and its clinical implication. Out of 21 spleen samples the 

splenic notches were present on the superior, intermediate and inferior borders. 

However, accessory spleens were not found at the hilum of the spleen.  

The number of spleens showing the notches on the superior and inferior 

borders were found to be 19 (90.48%) and 13 (61.90%), respectively. Twelve 

specimens showed notches situated both on superior and inferior borders, and 

one specimen has notches on all three borders. Notches were totally absent on 

all three borders in one specimen. 

 In two specimens, the deep notches were observed on the superior and 

inferior borders extended towards the diaphragmatic surface in the form of two 

fissures. Presence of notches on the superior margin is useful for the physician 

to palpate the spleen during enlargement of spleen. 

Umarani S et al (2018)75 studied morphological variations of spleen. Out 

of 40 spleens in 32 (80%) specimens, splenic notches were found on superior 

border, in 15 (37.5%) specimens the notches were found on inferior border, Only 

in 6 (15%) specimens, the notches were found on intermediate border, in 10 (25 

%) spleens notches were found on both superior and inferior borders, in 4 (10%) 

spleens the notches were found on all borders and in 4 (10 %) spleens the notches 



 
 

40 

 

were not found in any border. In two specimens, deep notches were found on 

superior border and inferior border. 

Naveena Swargam (2019)80 did study of morphological and 

morphometric variations in human spleen. Splenic notches were found majorly 

on superior border, with their number ranging between 1 and 4. Of 20 spleens, 

there were 12 spleens which showed only one notch on their superior border. 

Five spleens were found with two notches, two spleens were found with three 

notches, and only one spleen had four notches with their variable presence on 

superior and inferior borders. 

Kusum R. Gandhi et al (2019)78 reported a case of spleen with multiple 

notches. Along the superior border of spleen six notches were present and one 

notch was observed on the broad anterior pole. A 2.8 cm long fissure was also 

seen on the renal visceral surface of the specimen. This unusual anatomical 

variation may lead to difficulty while distinguishing the spleen from adjoining 

organs in patients of splenomegaly. 

M.Chelladurai et al (2019)79 did morphological study in 50 spleens and 

found that the number of spleen showing notches on its superior border was 

38(63.33%) and in inferior border it was 6(10%). Absence of splenic notch was 

observed in 10(16.67%) spleens and the remaining 6 spleens (10%) shows 

notches on its both the borders. The number of notches varied from zero to six, 

but in most of the specimens there were one or two notches. The number of 

notches present in superior border varied from one to two in 43 specimens (86%) 

and 3 to 6 in 7 specimens (14%). 
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MATERIALS AND METHODS 

The present study was conducted in Institute of Anatomy at Madurai 

Medical College, Madurai. 

SOURCE 

The present study was carried out in 50 specimens obtained from 

formalin preserved human cadavers of Institute of Anatomy, Madurai Medical 

College. 

INCLUSION CRITERIA 

The cadavers belonging to different age groups and both the sexes 

available from the Institute of Anatomy, Madurai Medical College were 

included in the study. 

EXCLUSION CRITERIA 

The specimens which are damaged during dissection or the specimens 

which have suffered from any Surgeries or any mass lesions are excluded from 

the study. 

STUDY DURATION 

June 2017 – August 2019. 

ETHICAL CLEARANCE 

Obtained. 
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Figure 4: INSTRUMENTS USED 

INSTRUMENTS USED DURING DISSECTION 

 Scalpel 

 Toothed forceps 

 Non-Toothed forceps 

 Scissors-small and large 

 Cotton Gloves 

 Apron 

 Digital camera 
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The cadavers were embalmed with the fluid of the following 

Formalin (10%)  - 2 Litres 

Glycerin   - 1 Litre 

Absolute Alcohol  - 1 Litre 

Common salt   - 1 kg 

Water    - 2-4 Litres 

And stored in dilute formalin filled tanks. The specimens were removed 

from the cadavers in the dissection room. 

In the above specimens collected from the dissection hall, the 

observations were made pertaining to the following parameters 

1. Terminal branching pattern 

 Distributive 

 Marginal 

 Entering the hilum without branching 

2. Number of terminal branches entering hilum 

 One 

 Two  

 Three 

 Four 
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3. Number of segmental branches  

 One 

 Two 

 Three 

 Four 

 Five  

 Six 

4. Occurrence of Superior and Inferior Polar arteries 

 SPA alone 

 IPA alone  

 Both 

 Absent 

   5. Origin of Superior and Inferior polar arteries 

 From splenic artery trunk 

 From terminal branches  

   6. Number of splenic notches 

 One  

 Two 

 Three 

 Four  

 Five 

 Absent 
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After observation, parameters were documented. Normal and abnormal 

patterns were photographed. The spleens were tied with discs and given serial 

numbers. Then the spleens were preserved in diluted formalin filled tub. 

PROPOSED STATISTICAL ANALYSIS 

The data were classified and statistically analysed. Diagrammatic 

representations were made to compare with the studies done previously.  

METHODOLOGY 

DISSECTION METHOD 

 An incision was made in the midline from xiphoid process till the 

umbilicus and extended it till pubic symphysis encircling the umbilicus. A 

curved incision was made from anterior superior iliac spine to public symphysis. 

Skin flaps and superficial fascia were reflected by blunt dissection according to 

Cunnigham.  

     The external oblique, internal oblique and transversus abdominis muscles 

were reflected. The rectus sheath, fascia transversalis and peritoneum were 

divided. Coeliac trunk exposed. Then the splenic artery was traced distally. The 

tail of pancreas and leino renal ligament identified and terminal branches of the 

splenic artery were dissected and counted.  

To remove the spleen from the abdominal cavity, it was detached from its 

various attachments and the splenic vessels were cut at a minimum of 5 cm away 
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from the hilum of the spleen. Each spleen was dissected by a piece meal 

dissection.  Polar branches if present were dissected and traced.  

The segmental branches of splenic artery were identified and traced 

individually by removing the splenic tissue by piecemeal dissection of the 

spleen.  

The terminal branching pattern of splenic artery were noted. The total 

number of the primary and the polar branches of the splenic artery was noted. 

Any variations in the form of the number of segmental branches of the splenic 

artery, source of origin of polar arteries were noted. Number of splenic notches 

were noted. 

  



 
 

 

 

 

 

 

 

 

Observations 
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OBSERVATION 

The following  parameters were observed in this study: 

 To study the terminal branching pattern 

 To study the number of terminal branches entering hilum 

 To study the number of segmental branches  

 To study the Occurrence of Superior and Inferior Polar arteries 

 To study the Origin of Superior and Inferior polar arteries 

 To study number of Splenic notches 

 

TERMINAL BRANCHING PATTERN 

In the present study we found distributed type of branching pattern in 43 

specimens and bundled/marginal type of branching pattern in 7 specimens out of 

50 specimens. 

TABLE 1: TERMINAL BRANCHING PATTERN 

PATTERN 
NO. OF 

SPECIMENS 
PERCENTAGE 

DISTRIBUTED 43 86 

BUNDLED 7 14 

TOTAL 50 100 

 

 



OBSERVATION 

 

  

Figure 1 : Total Specimens 



  

Figure 3 Distributed type of branching pattern 

Figure 2 Bundled/ marginal type of branching pattern 
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Chart 1: Pie chart showing pattern of termination 

 

 

  

Terminal Branching Pattern

Distributed Bundled
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NUMBER OF TERMINAL BRANCHES ENTERING HILUM 

         In the present study two terminal branches were found in 42 specimens, 

three terminal branches were found in 7 specimens and four terminal branches 

were found in one specimen. 

TABLE 2: NUMBER OF TERMINAL BRANCHES ENTERING HILUM 

NO. OF TERMINAL 

BRANCHES 
NO. OF SPECIMENS PERCENTAGE 

1 0 0 

2 42 84 

3 7 14 

4 1 2 

TOTAL 50 100 

 

Chart 2: Bar diagram showing the number of terminal branches 
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Figure 5 : Two Terminal Branches 

Figure 4: Three Terminal Branches 



 

 

Figure 6: Four Terminal Branches 
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NUMBER OF SEGMENTAL BRANCHES 

In the present study we found two segmental branches in 4 specimens, 

three segmental branches in 16 specimens, four segmental branches in 24 

specimens, five segmental branches in 6 specimens out of 50 specimens. 

TABLE 3: NUMBER OF SEGMENTAL BRANCHES 

 NO.OF SPECIMENS PERCENTAGE 

2 SA 4 8 

3 SA 16 32 

4 SA 24 48 

5 SA 6 12 

TOTAL 50 100 

 

Chart 3: Pie chart showing number of segmental branches 
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Figure 7: Two Segmental Branches 

 

Figure 8: Three Segmental Branches 



 

Figure 9: Four Segmental Branches 

 

Figure 10: Five Segmental Branches 
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OCCURRENCE OF SUPERIOR AND INFERIOR POLAR ARTERIES 

          In the present study we found Superior polar artery alone in 7 specimens. 

Inferior polar artery alone was found in 18specimens. Both superior and inferior 

polar arteries were found in 10 specimens and both arteries were not found in 15 

specimens. 

TABLE 4: OCCURRENCE OF SUPERIOR AND INFERIOR POLAR 

ARTERIES 

 NO. OF SPECIMENS PERCENTAGE 

SPA 7 14 

IPA 18 36 

BOTH 10 20 

ABSENT 15 30 

TOTAL 50 100 
 

Chart4: Bar diagram showing the occurrence of superior and inferior 

polararteries 
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Figure 11: Superior Polar Artery 

 

Figure 12: Inferior Polar Artery 



 

Figure 13: Both Superior and Inferior Polar Artery 

 



 

Figure 14: No Polar Artery 
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ORIGIN OF SUPERIOR AND INFERIOR POLAR ARTERIES: 

The superior polar artery arose from splenic arterial trunk in 14 specimens 

and in 3 specimens it arose from terminal branches. 

     The inferior polar artery arose from splenic arterial trunk in 23 specimens.  

In 5 specimens it arose from terminal branches.  

TABLE 5: ORIGIN OF SUPERIOR AND INFERIOR POLAR 

ARTERIES 

 SPA IPA 

SA TRUNK 14 23 

TERMINAL BRANCH 3 5 

TOTAL 17 28 

 

Chart 5: Bar diagram showing the origin of Polar arteries 
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Figure 15: Superior Polar Artery Arising from Splenic Artery Trunk 
 

 

Figure 16: Superior Polar Artery Arising from Terminal Branch 



 

Figure 17: Inferior Polar Artery Arising From Splenic Artery Trunk 

 

Figure 18: Inferior Polar Artery Arising From Terminal Branch 
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NUMBER OF SPLENIC NOTCHES 

       In the present study we found, only one notch in 12 specimens, two 

notches in 32 specimens, three notches in 2 specimens, four notches in 2 

specimens, five notches in 1 specimen. In one specimen no notch was present. 

TABLE 6: NUMBER OF SPLENIC NOTCHES 

 NO. OF SPECIMENS PERCENTAGE 

ONE 12 24 

TWO 32 64 

THREE 2 4 

FOUR 2 4 

FIVE 1 2 

ABSENT 1 2 

TOTAL 50 100 
 

Chart 6: Bar diagram showing number of notches 
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Figure 19: No Splenic Notch 

 

Figure 20: One Splenic Notch 



 

Figure 21: Two Splenic Notches 

 

Figure 22: Three Splenic Notches 



 

Figure 23: Four Splenic Notches 

 

Figure 24: Five Splenic Notches 



 
 

 

 

 

 

 

 

 

Discussion 
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DISCUSSION 

 A total of 50 splenic arteries were studied in south Indian population by 

gross dissection method. The observations have been recorded, summarized and 

discussed from the point of view of their surgical application with special 

reference to the partial Splenectomy that are becoming popular in cases of 

splenic injury. The data obtained in the present study was correlated with data of 

the previous studies. Following are the parameters for discussion. 

TERMINAL BRANCHING PATTERN 

  The termination of splenic artery can be of 2 types, the Marginal / Bundled  

Type and Distributing/Segmental Type. The Splenic artery divides into terminal 

branches before entering into the hilum of the spleen which may be Marginal or 

Distributed type. Sometimes it may pass through the hilum without dividing and 

supplies the spleen.  

In the marginal type, branching of main trunk takes place near the spleen 

about 1-2 cm from the hilum. In distributed type, branching takes place at a 

distance of 2-12 cm from the hilum. Variations in the terminal branching pattern 

of splenic artery were also reported.  

 Michels et al (1942) in his classical study of 100 cadavers found a 

distributive type of branching in 70% of cases. The magistral type was in 

30% of cases. 
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 Ronald A. Bergman et al (1981) described 2 types of splenic arterial 

terminations: 1. Magistral - 1-2 cm from the hilus (30%). 2. Distributing 

- Earlier branching (70%). 

  Karl H Treutner et al(1993) studied 32 spleens obtained from autopsy by 

angiographies and corrosion cast method. They observed distributed 

pattern in 84.4 % cases and bundled type in 9.4 % cases. They couldn’t 

classify the remaining 6.2 %. 

 Alběta et al(1998) observed distributive type of branching in 80% of cases 

terminal branching pattern of the splenic artery. The marginal type in 20% 

of cases.  

 Pandey S K et al (2004) studied the branching pattern in 320 cadavers. 

They observed splenic artery without terminal branches in 2.8 % cases. 

Pandey S K didn’t classify the branching pattern, together it was 97%.  

 XU wei – li et al (2009) retrospectively evaluated the colour doppler 

imaging for the determination of splenic vascular pattern in patients who 

underwent laparoscopic Splenectomy. They observed distributed pattern 

of splenic pedicle in 69.6 % cases and bundled pattern in the remaining 

30.4 % cases. They didn’t observe splenic artery without terminal 

branches. 

 D. Naga Jyothi et al (2015) reported that in 84% of cases, the distributed 

type of branching pattern was seen and in 16% of cases the magistral 

pattern of terminal branches of splenic artery was found. 
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  Geeta Anasuya et al(2016) conducted a study on 32 spleen specimen on 

this aspect and reported that in 3.1% of cases, the distributed type of 

spleen was seen and in 96.9% of cases the Marginal type of spleen was 

seen. The disparity between study might be due to variation in the number 

of cadavers dissected. 

  Ashok et al(2016) studied 76 spleen specimens and reported that splenic 

artery entered the hilum without branching in 8 cases (10.5%). Distributed 

type, where the splenic artery divides away from the hilum of spleen with 

long terminal branches that enter through the hilum was observed in 42 

cases (55.3%). Bundled/ Marginal type, where the splenic artery divides 

at the hilum with short terminal branches was seen in 17 cases (34.2%). 

In the present study we found distributed type of branching pattern in 43 

specimens and bundled type of branching pattern in 7 specimens out of 50 

specimens. 
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TABLE 7. COMPARISON OF TERMINAL BRANCHING PATTERN 

STUDY YEAR 
DISTRIBUTED 

TYPE 

BUNDLED 

TYPE 

Michels et al 1942 70% 30% 

Ronald A. Bergman et al 1981 70% 30% 

Karl H Treutner et al 1993 84.4% 9.4% 

Albeta et al 1998 80% 20% 

XU wei – li et al 2009 69.6% 30.4% 

D.Naga Jyothi et al 2015 84% 16% 

Geeta Anasuya et al 2016 3.1% 96.9% 

Ashok et al 2016 55.3% 34.2% 

Present study 2019 86% 14% 
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Chart No. 7 COMPARISON OF TERMINAL BRANCHING PATTERN 
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NUMBER OF TERMINAL BRANCHES ENTERING HILUM  

       On reaching the hilum of spleen, the splenic artery usually divides into 

superior and inferior terminal branches and each branch further divides into 4 to 

6 segmental intra splenic branches. Often the third terminal branch is formed 

which is called as middle terminal artery. The terminal branches pass between 

the two layers of lieno-renal ligament and enter the hilum. These terminals which 

are arising from the splenic trunk divide further into ultimate and penultimate 

branches. After origin from the terminal arteries, ultimate arteries directly go to 

the spleen whereas the penultimate branches give further 2-5 branches before 

entering the hilum of spleen. These superior and inferior terminal branches are 

also known as the upper lobar and lower lobar artery. Also third terminal branch, 

known as middle lobar artery. These primary branches travel in radial direction 

& dissection in parallel to the vessels make partial splenectomy possible. Some 

authors even named superior and inferior segmental arteries that supplies its own 

segment of spleen as the superior and inferior segments of spleen. These 

segments are separated by a avascular plane perpendicular to the long axis of the 

spleen. 

 Lipshutz (1917) noticed the superior and inferior terminal arteries in 

100% of cases. He also observed that in 75% of cases, the splenic artery 

divided into three terminal branches. 

 Michels et al (1942) found two primary branches in 80% and three 

primary branches in 20% of specimens of their study. 
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 Gupta et al (1975) described that in 42 specimens (84 %) the splenic artery 

divided into two primary branches and in the other 8 specimens (16 %) 

the artery divided into three primary branches. 

 Katritsis E et al (1982) stated that splenic artery was divided into two 

primary splenic branches in 85.7 % of the specimens, and into three 

primary splenic branches in 14.3% of the specimens.  

 Redmond et al (1989) stated that splenic artery divided into two lobar 

branches, but there wasn’t registered a third lobar artery.  

 Karl H Truetner et al(1993) observed that splenic artery in 93.8% of cases 

bifurcated into two primary branches and in 6.2% cases trifurcated into 

three primary branches. 

 Liu et al(1996) studied 850 specimens of spleen; the splenic artery had a 

single lobar artery in 0.8%, two lobar arteries in 86%, three lobar arteries 

in 12.2% and multiple lobar arteries in 1% cases. 

 Machálek et al(1998) observed that the splenic artery bifurcation in 79% 

of cases branches into superior and inferior splenic branch. Trifurcation 

into three branches was noticed in 18% cases.  

 Seok kil Zeon et al (1998) noticed the superior and inferior terminal 

arteries in 100% of cases. He reported middle terminal artery in 28% of 

cases. 

 Daisy Sahni et al(2003) have found on their study that in 90% specimens, 

the splenic artery was bifurcated into two primary or lobar branches and 

in 10% specimen trifurcated into three primary or lobar branches. 
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 Rayhan et al (2007) studied 70 cadaveric spleen and found two lobar 

arteries in 42 (60%) and three lobar arteries in 28 (40%) cases. 

 Prashanth et al (2012) stated that two primary branches were found in 

85.58% and three primary branches were found in 14.42% specimens.  

 Shashikala R. Londhe et al (2013) in their study of splenic artery cast 

noticed that in 90% spleens the splenic artery was divided into superior 

and inferior terminal branches and in 10% spleens divided into superior, 

middle and inferior terminal branches.  

 Gangadhara et al(2014) et al have observed on their study that splenic 

artery trunk was bifurcated into two terminal branches in 80% specimens, 

trifurcated into three branches in 16.66% specimens and quadrifurcated 

into four branches in 3.3% specimens. 

 Geeta Anasuya et al(2016) conducted a study and reported that the splenic 

artery divided into terminal branches in 97% cases. In 2.8% of cases, it 

passed through the hilum of spleen without any division. Two terminal 

branches were the most common (63.1%) followed by four (18.8%), six 

(9.7%), and more than six (5.6%) branches.  

 Nagajyothi et al (2016) found that the middle terminal artery was seen in 

only 10% of cases and the superior and inferior terminal arteries were 

seen in 100% of cases.  

 Olga Belic et al (2017) described that the splenic artery divided into 

terminal branches in 311 cadavers (97%). In nine cadavers (2.8%) it 

passed through the hilum of the spleen without dividing. Two terminal 
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branches were the most common (63.1%) followed by four (18.8%), six 

(9.7%) and more than 6 (5.6%) branches.  

 Meet Krishna et al(2017) study shows bifurcation of splenic artery into 

two primary branches in 100% cases.  

 In the present study two terminal branches were found in 42 specimens, 

three terminal branches were found in 7 specimens, four terminal 

branches were found in one specimen. 
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TABLE 8: COMPARISON OF NUMBER OF TERMINAL BRANCHES 

REACHING HILUM OF SPLEEN 

STUDY YEAR TWO THREE FOUR 

Lipshutz 1917 25% 75% - 

Michels et al 1942 80% 20% - 

Gupta et al 1975 84% 16% - 

Katritsis E et al 1982 85.7% 14.3% - 

Karl H Truetner et al 1993 93.8% 6.2% - 

Liu et al 1996 86% 12.2% 1% 

Machálek et al 1998 79% 18% - 

Seok kil Zeon et al 1998 72% 28% - 

Daisy Sahni et al 2003 90% 10% - 

Rayhan et al 2007 60% 40% - 

Prashanth et al 2012 85.58% 14.42% - 

Shashikala R. Londhe et al 2013 90% 10% - 

Gangadhara et al 2014 80% 16.6% 3.3% 

Geeta Anasuya et al 2016 63.1% 0% 18.8% 

Nagajyothi et al 2016 90% 10% - 

Olga Belic et al 2017 90% 10% - 

Meet Krishna et al 2017 100% 0% - 

Present study 2019 84% 14% 2% 
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CHART 8:  COMPARISON OF NUMBER OF TERMINAL BRANCHES 

REACHING HILUM OF SPLEEN 
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NUMBER OF SEGMENTAL BRANCHES 

 The lobar arteries divide into 4-5 or several segmental arteries and each 

supply a segment of splenic tissue and even mentioned that there was little 

collateral circulation at the segmental level. Occlusion of one of these arteries 

usually is associated with infarction of the corresponding region of the spleen. 

Also mentioned that these segmental arteries divide into trabecular arteries with 

no collateral circulation.       

 Cougard et al (1984) found two segmental branches in 36.4% of the cases, 

four segmental arteries in 45.5% of the cases.  

 Williams et al (1995) found that the superior lobar artery gave an average of 

three segmental arteries, while the inferior lobar artery gave 2–3 segmental 

branches.  

 Prashant Nashiket Chaware et al (2012) on their study observed the number 

of segmental branches were two in 15 [13.51%] cases, three in 74 cases 

i.e.(66.66%)], four in 19 cases i.e. (17.11%)] and five branches in 3 (2.70%) 

of the total spleens. 

 Gangadhara et al(2014) on their study observed that in 3.3% cases only 2 

segmental arteries were present. In 60% cases they found 4 segmental arteries 

supplying the spleen. In 20% cases they found 5 segmental arteries in total. 

In 13.3% cases they found 6 segmental arteries and in only 3.3% cases they 

found 7 segmental arteries. 

 Dr .Meet Krishna et al (2017) showed 2 segmental arteries in 6.66% cases. 

In 46.66% cases he found 4 segmental arteries supplying the spleen. In 
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26.66% cases he found 5 segmental arteries and in 20% cases he found 6 

segmental arteries in total.  

 In the present study we found two segmental branches in 4 specimens, three 

segmental branches in 16 specimens, four segmental branches in 24 

specimens, five segmental branches in 6 specimens out of 50 specimens. 

 

TABLE NO 9. COMPARISON OF NUMBER OF SEGMENTAL 

BRANCHES 

STUDY YEAR 2 SA 3 SA 4 SA 5 SA 

Cougard et al 1984 36.4% 0% 45.5% 0% 

Prashant Nashiket 

Chaware et al 
2012 13.51% 66.66% 17.11% 2.7% 

Gangadhara et al 2014 3.3% 0% 60% 20% 

Dr .Meet Krishna et al 2017 6.66% 0% 46.66% 26.66% 

Present study 2019 8% 32% 48% 12% 
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CHART NO 9.  COMPARISON OF NUMBER OF SEGMENTAL 

BRANCHES 
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OCCURRENCE 0F SUPERIOR AND INFERIOR POLAR ARTERIES 

A vessel is considered as a polar artery if it is penetrating the upper or 

lower pole of the spleen without entering the hilum. Segments of the spleen 

supplied by the polar arteries are known as polar segments. Both superior and 

inferior polar arteries may be found or they may be present individually. The 

polar arteries may take its origin from the splenic artery, its terminal branch, left 

gastroepiploic artery or from posterior gastric artery. Artery supplying both the 

pole of spleen and the stomach is also termed as gastro splenic or spleno gastric 

artery.  

 Michel et al (1942) found the incidence of the superior and the inferior polar 

branches were 65% and 82% respectively in their study. 

 Mikhail et al (1979) found 24% superior polar and 62%inferior polar 

branches in their study.  

 Katritsis et al (1982) found 60% superior polar and 80% inferior polar 

branches in their study. 

 Garcia-Lemes et al (1988) found superior polar branch in 39.77% specimens 

and inferior polar branches in 55.24% specimens.  

 Liu et al(1996) observed 31% of superior and 38% of inferior arteries in their 

study.  

 Chakravarty et al (2003) observed the upper polar arteries in 56% of the male 

and 27% of the female spleen and lower polar arteries in 28% of the male and 

39% of the female spleen. 
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 Daisy Sahni et al (2003) found the superior polar artery in 65% of the 

specimens and the inferior polar artery supplies lower pole or anterior end of 

the spleen, which was found in 88% of the spleen.      

 D Ignjatovic et al (2005) observed 31.3% superior polar arteries and 

20.6%inferior polar arteries. 

 Ashok et al (2010) found that only superior polar artery was found in 7 cases 

(14%), only inferior polar artery was found in 5 (10%) and both superior and 

inferior polar arteries were present in 6 cases (12%).  

 Liana Ferreira et al (2011) classified the polar arteries into two varieties based 

on their artery of origin. Polar artery type I- collateral branch of the splenic 

artery originated prior to their terminal division being long & relatively wide, 

directed to one of these spleen extremities. Polar type II artery- secondary/ 

tertiary branch of terminal division of the splenic artery, being short & 

thinner, also directed to one pole of the spleen. They have found the 

occurrence of polar artery type I in 10%, polar artery type II in 28.3% and 

polar artery type I and type II together in 8.3% of specimens.  

 Prashanth Nashiket Chaware et al (2012), found that polar branches were 

seen in 92 specimens. The superior polar branch was present in 32[28.82 %] 

specimens , the inferior polar branch was present in 47[42.34 %] specimens 

, both the superior and inferior branches were present in 13[11.71%] 

specimens , and no polar branch was observed in 19[17.11%] of the total 

spleens. 
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 Shashikala R. Londhe et al (2013) in their study of splenic artery cast noticed 

that in 26 spleens primary terminal branches were present without polar 

arteries and in 24 spleens primary terminal branches were present with polar 

arteries. In 33% of spleens there were superior polar branches. Inferior polar 

branches were found in 54% and in 24.4%  both superior and inferior polar 

branches were present. 

 Gangadhara et al (2014) observed that 8 (26.6%) specimens showed only 

superior polar artery, 11 (36.6%) specimens showed only inferior polar 

artery, 5 (16.6%) specimens showed both polar arteries and 6 (20%) 

specimens had no polar artery.  

 In the present study we found superior polar artery alone in 7 specimens, 

inferior polar artery alone found in 18specimens, both superior and inferior 

polar arteries found in 10 specimens, both arteries were not found in 15 

specimens. 
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TABLE 10: OCCURRENCE OF SUPERIOR AND INFERIOR POLAR 

ARTERIES COMPARED WITH OTHER STUDIES 

STUDY YEAR SPA IPA BOTH NIL 

Michel et al 1942 65% 82% - - 

Mikhail et al 1979 24% 62% - - 

Katritsis et al 1982 60% 80% - - 

Garcia-Lemes et al 1988 39.77% 55.24% - - 

Liu et al 1996 31% 38% - - 

Daisy Sahni et al 2003 65% 88% - - 

D Ignjatovic et al 2005 31.3% 20.6% - - 

Ashok et al 2010 14% 10% 12% - 

Prashanth Nashiket 

Chaware et al 
2012 28.82% 42.34% 11.71% 17.11% 

Shashikala R. Londhe      

et al 
2013 33% 54% 24.4% 52% 

Gangadhara et al 2014 26.6% 36.6% 16.6% 20% 

Present study 2019 14% 36% 20% 30% 
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CHART 10:  OCCURRENCE OF SUPERIOR AND INFERIOR POLAR 

ARTERIES COMPARED WITH OTHER STUDIES 
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ORIGIN OF SUPERIOR AND INFERIOR POLAR ARTERIES 

Superior polar and inferior polar arteries both may arise from the splenic 

trunk or less frequently from the superior terminal or from inferior terminal 

branches.  

 Katritsis et al (1982) described that 60% superior and 80% inferior polar 

arteries arose from the splenic artery or one of its primary branch.  

 Garcia & Lemes (1988) found 29% superior polar and 44% inferor polar 

arteries arose from the splenic artery or one of its primary branch.  

 Redmond et al (1989) reported that the polar segment was supplied by 

segmental artery of highly variable origin.  

 Ashok et al (2010) found that in 12 cases the superior polar artery originated 

from splenic artery trunk and in one from the upper terminal branch. In 5 

cases the inferior polar artery originated from the splenic artery, in 3 cases 

from the terminal branch and from left gastroepiploic artery in 3 cases.  

 Naga Jyothi et al(2015) reported that the superior polar artery arose from the 

superior terminal artery in 2%, in 84% of cases the artery originated from the 

splenic trunk and absent in 14%. The inferior polar artery was seen only in 

6% of cases. Ligation of splenic branches should be started from the inferior 

pole of the spleen as most of the splenic artery branches were very slender 

and can readily be missed.  
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 Dr. Meet Krishna et al(2017) found in 6.66% of cases the superior polar 

artery took origin from splenic artery trunk before branching into lobar artery 

and terminated into the superior pole of spleen. In 6.66 % of cases showed 

both superior and inferior polar arteries, they took origin from splenic artery 

and supplied both superior and inferior pole of spleen. 

 In the present study the superior polar artery arose from splenic arterial trunk 

in 14 specimens and in 3 specimens it arose from terminal branches. The 

inferior polar artery arose from splenic arterial trunk in 23 specimens and in 

5 specimens it arose from terminal branches. 

 

TABLE NO. 11 COMPARISON OF ORIGIN OF SUPERIOR AND 

INFERIOR POLAR ARTERIES 

Study Year 

SPA IPA 

SA 

trunk 

From 

Terminal 

Branches 

SA 

trunk 

From 

Terminal 

Branches 

Katritsis et al 1982 60% 0% 80% 0% 

Garcia & Lemes 1988 29% 0% 44% 0% 

Dr. Ashok et al 2010 92.3% 7.7% 45.4% 27.27% 

Present Study 2019 82.35% 17.65% 82.14% 17.86% 
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CHART NO: 11 COMPARISON OF ORIGIN OF SUPERIOR POLAR 

ARTERY  

 

CHART NO:12  COMPARISON OF ORIGIN OF INFERIOR POLAR 

ARTERY 
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NUMBER OF SPLENIC NOTCHES 

The spleen with many notches along its surface is categorized as a 

distributed type with a large hilum, in which the arterial branches are small and 

numerous. The notches on the surface of spleen are formed due to its lobulated 

origin. The spleen develops from mesenchymal condensation in the dorsal 

mesogastrium during the sixth week of gestation. The mesenchymal cells 

between the leaflets of dorsal mesogastrium and the cells of the coelomic 

epithelium of the dorsal mesentery form the early spleen. The proliferating cells 

invade the underlying angiogenetic mesenchyme, which becomes condensed and 

vascularized. The process occurs simultaneously in several adjoining areas 

which soon fuse to form a lobulated spleen. Lymphocytes migrate to the spleen 

late in the fetal life, from the central lymph organs. The earlier lobulated structure 

of the spleen disappears, but is indicated by the presence of notches on the upper 

border in the adult. 

 R. Siva Chidambaram et al (2015) observed that the number of spleen 

showing notches on its superior border was 38(63.33%) and in inferior 

border it was 6(10%). Absence of splenic notch was observed in 

10(16.67%) spleens and the remaining 6 spleens (10%) shows notches on 

its both the borders. 

 M Sangeeta et al(2015) observed that notches were only seen on the 

superior border of 44 spleens and most of these spleens had one or two 

notches. Three spleens showed the presence of multiple notches and in 5 

spleens no notches were seen. 
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 Umarani S et al (2018) found in 32 (80%) specimens, splenic notches 

were found on superior border, in 15 (37.5%) specimens the notches were 

found on inferior border, Only in 6 (15%) specimens, the notches were 

found on intermediate border, in 10 (25 %) spleens notches were found 

on both superior and inferior borders, in 4 (10%) spleens the notches were 

found on all borders and in 4 (10 %) spleens the notches were not found 

in any border. 

 Naveena Swargam(2019) studied 20 spleens and found that there were 12 

spleens which showed only one notch on their superior border. Five 

spleens were found with two notches, two spleens were found with three 

notches, and only one spleen had four notches with their variable presence 

on superior and inferior borders.  

 M.Chelladurai et al (2019) found the number of notches present in 

superior border varied from one to two in 43 specimens (86%) and 3 to 6 

in 7 specimens (14%). 

 In the present study we found, only one notch in 12 specimens, two 

notches in 32 specimens, three notches in 2 specimens, four notches in 2 

specimens, five notches in 1 specimen. In one specimen no notch was 

present. 
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TABLE NO:12 COMPARISON OF NUMBER OF OF SPLENIC 

NOTCHES 

Study Year ONE TWO THREE FOUR FIVE ABSENT 

Naveena 

Swargam 
2019 60% 25% 10% 5% 0 0 

Present 

Study 
2019 24% 64% 4% 4% 2% 2% 

 

CHART NO:13  COMPARISON OF NUMBER OF OF SPLENIC 

NOTCHES 
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SURGICAL SIGNIFICANCE 

Surgeons and radiologists need detailed anatomic vascular information. 

The colour Doppler flow imaging is a major diagnostic tool in preoperative 

assessment for laparoscopic Splenectomy which helps in selecting the operative 

procedures and treatment modalities. Knowledge of splenic artery anatomy 

coupled with preoperative evaluation helps to reduce the operation time and 

intraoperative complications. As sepsis occurs as sequel in post splenectomy 

patients the spleen preserving surgeries are gaining importance. Spleen 

preserving surgeries can be performed by either ligating splenic artery using 

metal clips or by transcatheter splenic artery embolization using thrombin. 

Splenic artery embolization can be used in patients with severe splenic injury, 

leukocytopenia, thrombocytopenia, hypersplenism, splenic cysts and neoplasm. 

The distal terminal branch of the injured segment can be embolized separately 

in distributed type of termination as the embolization of main trunk may lead to 

post procedure splenic infarction and abscess.   

In the present study variations in the terminal branching pattern of the 

splenic artery were found. The knowledge of these terminal branching patterns 

and its identification in colour Doppler flow imaging is important while planning 

for laparoscopic Splenectomy. In distributed pattern of splenic pedicle the 

ligation of splenic artery prior to Splenectomy should be done individually 

whereas in bundled pattern the trunk can be cut off.  
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Ligation of splenic branches should be started from the inferior pole of 

the spleen as most of the splenic artery branches were very slender and can 

readily be missed.  

CLINICAL SIGNIFICANCE 

 When examining the spleen clinically, one of the most characteristic 

findings is the splenic notch which distinguishes it from other organs in the left 

hypochondriac region. Presence of notches on the superior margin is useful for 

the physician to palpate the spleen during enlargement of spleen. Therefore 

multiple notches may lead to a false positive clinical diagnosis of splenomegaly. 

Furthermore, when there are multiple notches present in the anterior border, 

these lobulations may easily be mistaken for neoplasms of the kidney and/ or 

adrenal gland radiologically. Moreover, in patients with blunt abdominal trauma 

to the left hypochondrium, the presence of multiple deep and sharp notches on 

the spleen may inaccurately be misinterpreted as splenic lacerations, possibly 

resulting in an unnecessary exploratory laparotomy           

 

  



 
 

 

 

 

 

 

 

 

Summary and Conclusion 
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SUMMARY AND CONCLUSION 

The results of anatomical study of branching pattern of splenic arteries could be 

summarized as follows: 

A total of 50 specimens were utilized in the present study. 

It is observed that, 

 Distributed type of branching pattern was present in 43 specimens and 

bundled type of branching pattern was present in 7 specimens out of 50 

specimens. 

 Two terminal branches were found in 42 specimens, three terminal 

branches were found in 7 specimens, four terminal branches were found 

in one specimen. 

 Two segmental branches were found in 4 specimens, three segmental 

branches in 16 specimens, four segmental branches in 24 specimens, five 

segmental branches in 6 specimens out of 50 specimens. 

 Superior polar artery alone was found in 7 specimens, inferior polar artery 

alone was found in 18 specimens, both superior and inferior polar arteries 

were found in 10 specimens, both arteries not found in 15 specimens. 

 The superior polar artery arose from splenic arterial trunk in 14 specimens 

and in 3 specimens it arose from terminal branches. 

 The inferior polar artery arose from splenic arterial trunk in 23 specimens 

from terminal branches in 5 specimens. 

 Only one notch observed in 12 specimens, two notches in 32 specimens, 

three notches in 2 specimens, four notches in 2 specimens, five notches in 

1 specimen. In one specimen no notch was present. 
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A CADAVERIC STUDY OF SEGMENTAL BRANCHES OF SPLENIC ARTERY  
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NO 

TERMINAL BRANCHING 

PATTERN 

NO. 

OF.TERMINAL 

BRANCHES 

NO OF 

SEGMENTAL 

BRANCHES 

OCCURRENCE OF 

POLAR ARTERY 

ORIGIN OF POLAR 

ARTERY 

SPLENIC 

NOTCHES 

DISTRIBUTIVE BUNDLE   SPA IPA BOTH NIL 
SPLENIC 

TRUNK 

TERMINAL 

BRANCHES 
 

1. DISTRIBUTIVE  3 4 - - BOTH - - TBr 2 

2. DISTRIBUTIVE  3 4 SPA - - - ST  1 

3. DISTRIBUTIVE  2 4 - - - NIL - - 2 

4. DISTRIBUTIVE  2 3 - - BOTH - ST - 4 

5. DISTRIBUTIVE  3 5 - IPA - - ST - 2 

6. DISTRIBUTIVE  2 4    NIL   2 

7. DISTRIBUTIVE  2 4 SPA     TBr 1 

8. DISTRIBUTIVE  2 4   BOTH  ST  2 

9. DISTRIBUTIVE  2 4  IPA   ST  2 

10.  BUNDLE 3 3    NIL ST  1 

11. DISTRIBUTIVE  2 3 SPA     TBr 2 

12. DISTRIBUTIVE  2 2    NIL   2 

13. DISTRIBUTIVE  2 3  IPA   ST  5 

14. DISTRIBUTIVE  2 4   BOTH  ST  2 

15. DISTRIBUTIVE  2 4  IPA    TBr 2 

16. DISTRIBUTIVE  2 3    NIL   2 
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26. DISTRIBUTIVE  2 4 - IPA  -  TBr 2 

27.  BUNDLE 2 4  - - NIL   2 

28. DISTRIBUTIVE  2 4 - IPA   ST - 2 

29. DISTRIBUTIVE  2 4 - - BOTH - ST - 1 

30. DISTRIBUTIVE  2 2 - IPA - - ST - 2 

31.  BUNDLE 2 5 SPA     TBr 2 

32. DISTRIBUTIVE  3 4    NIL   1 

33. DISTRIBUTIVE  2 3  IPA   ST  0 

34. DISTRIBUTIVE  2 2   BOTH  ST  2 
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