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Abstract

The variability of vascular anatomy of the pancreas underlines the difficulty of its
transplantation. Research regarding the consistency of anatomical variations
shows splenic arterial dominance in most cases. This can significantly improve
transplantation success. A systematic literature review was performed according
to the quality standards described in the AMSTAR measurement tool and the
PRISMA guidelines. We valuated existing literature regarding the vascularization
and blood perfusion patterns of the pancreas in terms of dominance and
variability. The collected data was independently analyzed by two researchers.
Variance of vascular anatomy was seen to be underreported in literature, though
significant findings have been included and discussed in this study, providing
valuable insight into the dynamics of pancreatic perfusion and feasibility of
transplantation on several different supplying arteries. The splenic artery (SA) has
a high percentage of consistency in all found studies (over 90%). High frequency
of anastomoses between arterial pools supplying the pancreas can mediate
sufficient blood supply through a dominant vessel, such as the SA, which is
present in most cases. Pancreatic transplantation with isolated SA blood supply
can provide sufficient arterial perfusion of the pancreas for stable transplant
viability due to high anatomical consistency of the SA and vast communications
with other arterial systems.
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Core Tip: We summarize existing findings on the variant anatomy of pancreatic blood supply to justify,
from an anatomical point of view, the possibility of pancreatic transplantation with isolated splenic artery
blood supply (ISABS). The blood supply of the pancreas is characterized the absence of a single large
source arterial inflow, and an intimate communication with arteries of the surrounding organs. The
practical significance of anatomical features of blood supply of cephalocervical and corporocaudal
segments of the pancreas and well-described numerous arterial collaterals and anastomoses of these areas
are the basis for establishing collateral circulation in cases of reduced blood flow through one or more
arteries or in case of pancreatic transplantation with ISABS.

Citation: Dmitriev I, Oganesyan M, Popova A, Orlov E, Sinelnikov M, Zharikov Y. Anatomical basis for pancreas
transplantation via isolated splenic artery perfusion: A literature review. World J Clin Cases 2022; 10(35): 12844-
12853

URL: https://www.wjgnet.com/2307-8960/full/v10/i35/12844.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i35.12844

INTRODUCTION

Pancreatic transplantation is the “gold standard” in surgical treatment of patients with type 1 diabetes
mellitus, allowing for restoration of stable euglycemia with underlying insulin independence[1]. Russia
has reported over 4.5 million patients with diabetes mellitus[2]. Gruessner et al[3] reported that from
2001 to 2016, the annual number of pancreatic transplantations according to the International Pancreas
Transplant Registry/United Network of Organ Sharing registry ranged from 860-1200. Forty-one
pancreas transplantations were performed in Russia between 2015 and 2018[4]. The need for pancreatic
transplantation does not correspond to the number of transplantations performed, due to critical deficit
of donor organs. Furthermore, due to strict selection criteria for potential donors, 30% of pancreatic
grafts obtained during multi-organ harvesting are recognised as unsuitable for transplantation[5]. While
it a first choice for a pancreatic graft is a transplant with a preliminary standard arterial reconstruction
using a Y-shaped prosthesis, in some cases different vascular pedicles may be used. We summarise
existing findings on the variant anatomy of pancreatic blood supply to justify, from an anatomical point
of view, the possibility of pancreatic transplantation with isolated splenic artery blood supply (ISABS).

A thorough literature search for information regarding the variable anatomy of pancreatic arterial
supply the Google Scholar, EMedicine, and PubMed databases was performed. The references of found
articles were reviewed and a citation search was conducted. The review was performed according to the
quality standards described in the AMSTAR measurement tool and the PRISMA checklist. The PICO
model formed the basis of the search strategy. Two co-authors independently selected, evaluated, and
extracted data. Keywords of the strategy of the search were the following: pancreas, arterial supply,
blood supply, pancreatic anatomy, vascular anatomy, common arteries of pancreas. The criteria for
inclusion were limited to the presence of experimental or clinical findings on the consistency of
pancreatic blood supply via variable arterial systems. Exclusion of articles was performed due to lack of
information about arterial vessels of the pancreas, insufficient data regarding the consistency of arterial
anatomy, lack of comparative analysis and qualitative measurement. Due to the nature of the study
(literature review), ethical approval was waived.

A total of 793 information sources were studied, of which only 24 studies were used to form a
hypothesis. The results can be categorized into three groups: embryological aspects of pancreatic blood
supply variability; anatomical findings on consistency of pancreatic blood supply; substantiation of
isolated splenic artery (SA) for pancreatic transplantation.

EMBRYOGENESIS AND SOURCES OF BLOOD SUPPLY TO THE PANCREAS

The main stages of pancreatic development during embryogenesis define the peculiarities of arterial
blood supply to its segments (Figure 1). The pancreas develops from two endodermal rudiments
(foregut diverticulum): the dorsal (splenic) and ventral (hepatic).
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Figure 1 Simplified representation of embryological aspects of pancreatic blood supply development.
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The dorsal rudiment of the pancreas, with its duct, develops at 4 wk in the mesentery of the
duodenum (mesoduodenum), with blood supply from branches of the SA. The ventral rudiment of the
pancreas develops by 4.5-5 wk (along with rudiments of the liver, gallbladder, and associated ducts
from the liver diverticulum) with blood supply from branches of the common hepatic artery (CHA).
Following the turn of the duodenum to the right, the ventral rudiment moves to the back and becomes
adjacent to the dorsal rudiment. Then they are conjoined within 6 wk, and their ducts are anastomosed.

Formation of the pancreas from two embryonic rudiments and its structural features as a gland with
mixed secretion explain the peculiarity of blood supply to the organ via branches of various arterial
systems[6-8]. Taking into account the embryotic development of the pancreas, an adult pancreas can be
divided into two segments: the ventral (posteroinferior part of the head, and most of the uncinate
process), and dorsal (anterosuperior part of the head, apex of the uncinate process, body, and tail)
segments[9].

From the anatomical-surgical point of view[10,11], the pancreas is divided into two segments: right
(cephalocervical) and left (corporocaudal), separated by a poorly vascularised area. They are then
divided into 5 anatomical parts: head, neck (isthmus), uncinate process, body, and tail. The vascular
anatomy of the pancreas remains unstandardized, despite a rich history of published findings[12-14].
Existing data on the blood supply of the pancreas are ambiguous, which is explained by different
variants of vessel distribution in the pancreas during embryogenesis as well as by the retention or
reduction of primary arterial pancreatic vessels, individual features of topographic anatomy, age, consti-
tution and different pancreatic pathology.

ARTERIAL BLOOD SUPPLY TO THE PANCREAS

Bertelli et al[12,15,16] showed that the arterial blood supply to the pancreas stems from three main
sources: the gastroduodenal artery (GDA), SA, and superior mesenteric artery (SMA). These vessels
form a network of anastomoses, trunks, and arches (arcades), both on the surface of the gland and
within the parenchyma.

According to the International Anatomical Terminology, the arteries of the pancreas are as follows:
anterior and posterior superior pancreaticoduodenal arteries, inferior pancreaticoduodenal artery with
anterior and posterior branches, and pancreatic branches of the SA [dorsal pancreatic artery (DPA),
greater pancreatic artery (GPA), artery to the tail of the pancreas, prepancreatic artery, transverse, or
inferior pancreatic artery (TPA, or IPA)].
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ARTERIAL BLOOD SUPPLY OF THE CEPHALOCERVICAL SEGMENT OF THE PAN-
CREAS

Blood supply to the head of the pancreas comes from branches originating from the GDA and SMA. The
GDA gives off a branch —the superior pancreaticoduodenal artery (SPDA), which divides into the
anterior SPDA (ASPDA) and the posterior SPDA (PSPDA). The SMA continues as the inferior pancre-
aticoduodenal artery (IPDA), from which anterior (AIPDA) and posterior (PIPDA) branches originate.
Inferior pancreaticoduodenal vessels are much more variable in origin and topography than superior
pancreaticoduodenal vessels. In this region, the anterior and posterior pancreaticoduodenal arcades
serve as origins for smaller branches involved in the formation of secondary parenchymal arcades[14].

Akstilovich et al[17] investigated the anatomy of arteries of the head of the pancreas in 55 human
organ complexes with dissection, polychrome arterial injection of gelatin-based die solutions, X-ray
angiography, morphometry, and multispiral computer tomography. The main arteries of the head of the
pancreas are the ASPDA, PSPDA AIPDA, and the PIPDA. Additional arteries involved in the blood
supply to the head of the pancreas are the IPA and GPA. An additional source of blood supply to the
pancreatoduodenal region is the DPA, the right branch of which forms an anastomosis with the anterior
pancreaticoduodenal arterial arc in the form of IPA (Figure 2, Table 1).

Macchi et al[18] described the blood supply of the cephalocervical segment of the pancreas based on
injection of acrylic resins to obtain vascular moulds and 30 computed tomography angiography (CTA)
image sets. According to their data, the PSPDA is visualised in 100% of cases, ASPDA in 92.6%, anterior
branch of IPDA in 73.1%, and posterior branch of IPDA in 86.4% of cases (Table 1).

Branches of the SPDA and IPDA form the anterior and posterior arterial arcades with variable
anastomoses between them[12]. Pronin et al[19] showed that a greater number of branches originate
from the posterior vascular arc than from the anterior one. According to Bertelli et al[20], the anterior
pancreatic arterial arcade may be absent in 50% of cases and the posterior in just 20% of cases.

The number of arteries involved in the formation of two arterial arcades, in the head of the pancreas
can significantly differ[6,13,21,22]. Authors Macchi et al[18] reported that the number of arteries
involved in the formation of the superior arcade varies from two to six, and for the inferior
arcade —from two to four. Szudk et al[23] also determined the frequency of variants of pancre-
aticoduodenal arterial arcades by injection of a resin mixture into the vessels of human organ complexes
(n = 50) of the abdominal cavity using the corrosion method. CT imaging and three-dimensional
reconstruction showed that two arcades were found in 58 %, three arcades in 30%, one arcade in 6%, four
arcades in 2%, and five arcades in 4% of cases, with the anterior arc being dominant in 52% of the cases.

BLOOD SUPPLY OF THE CORPOROCAUDAL SEGMENT OF THE PANCREAS

The blood supply of the corporocaudal segment of the pancreas is characterized by considerable
variability (Figure 3)[16,24-26]. The SA is considered to be the dominant source of blood supply to the
body and tail of the pancreas. The DPA most often originates from the SA, but can be a branch of the
CHA, SMA, or coeliac trunk[16,18,19,27-29].

Akstilovich et al[30] identified the dominant vessel as the SA (in 87.3% of cases), coeliac trunk (in 3.6%
of cases), and CHA (in 9.1% of cases) as main arteries of the body and tail of the pancreas, based on
dissection and angiograms of the pancreas. The authors noted that the “classic” version of blood supply
to the body and tail of the pancreas is via: the DPA and GPA. In 84.1% of all cases the DPA originates
from the SA, in 11.4% of cases, from CHA and in 4.5%, from coeliac trunk.

Tarasov et al[31] revealed that in 76% of cases, vascularisation of the corporocaudal segment of the
pancreas is carried out only by branches of SA, in 15% of cases by branches of the CHA, in 6% of cases
by branches of SA and SMA, and in 3% of cases by branches of SA together with gastric arteries. In 15%
of cases, the final pancreatic branch going to the tail of the gland originated from one of the terminal
branches of the SA rather than the main arterial trunk.

Wu et al[32], performed, found that the body and tail of the pancreas were supplied by the DPA in
50% of cases; DPA and GPA in 21.6% of cases; by solely GPA in 15.7% of cases; by TPA in 10.8% of
cases. The DPA originates from the proximal segment of SA in 46.6% of cases, from CHA in 23.3%, and
from SMA in 19.2% of cases. GPA originates mainly from the middle segment of the SA in 94.7% of
cases. TPA originates from IPDA in 54.5% and from GDA in 36.4% of cases.

According to studies by Pronin et al[19] in 2016, the DPA originates from the proximal segment of the
SA in 91.1% of cases, less often from the coeliac trunk, CHA, and SMA. According to the area of blood
supply and anastomoses, IPA and DPA are interchangeable. Neither artery was found in the same
investigated complex.

Covantev et al[33] using gross dissection (50 cases) and the corrosion cast method (22 cases), distin-
guished three main types of vascularisation of the distal segment of the pancreas: type 1, only short
branches of SA (36% of cases on the macroscopical dissection specimen and 36.4% of cases on corrosion
cast specimens); type 2, long and short SA branches (40% of cases on the specimen and 45.5% in case of
corrosion cast specimens); and type 3, only long branches of SA (24% and 18%, respectively). The
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Table 1 Consistency of anatomical variation in pancreatic arterial supply

Source of blood supply Consistency (%)
Akstilovich et al[17] Macchi et al[18]

Cephalocervical segment
Gastroduodenal artery Anterior superior pancreaticoduodenal artery 100 92.6

Posterior superior pancreatoduodenal artery 92.7 100
Superior mesenteric artery Anterior inferior pancreaticoduodenal artery 98.2 73.1

Posterior inferior pancreaticoduodenal artery 87.3 86.4
Splenic artery Greater pancreatic artery 14.5 -

Inferior pancreatic artery 21.8 -

Less common 25% 50% 75% . Constant

Anterior superior pancreaticoduodenal artery

OOOOOOK NN XX Anterior vasculararcade OO | [

Anterior inferior pancreaticoduodenal artery

GDA | SMA

» Posterior inferior pancreaticoduodenal artery ,
DOOOOOOCOOOOXHNX _ Posterior vascular arcade _ XOOOOOOONOOOOOOX

Posterior superior pancreaticoduodenal artery

DOI: 10.12998/wjcc.v10.i35.12844 Copyright ©The Author(s) 2022.

Figure 2 Schematic representation of cephalocervical blood supply consistency to the pancreas. GDA: Gastroduodenal artery; SMA: Superior
mesenteric artery; SA: Splenic artery; DPA: Dorsal pancreatic artery.

corrosion cast method identified the absence of arteries in the tail in 18.2% cases, one artery in 27.27%
cases, two arteries in 45.46% cases, and three arteries in 9.09% cases. The authors noted that DPA was
present in 76% of cases; GPA in 46% of cases, and the pancreas was supplied by both DPA and GPA
only in 26% of cases.

Woodburne and Olsen[14] showed that the GPA originated from the GDA in 37.5% of cases and from
ASPDA in 14.5% of cases. The artery moves along the anterior surface of the head of the pancreas, then
along the lower edge of the neck, and in the area of the body comes anastomoses with pancreatic
branches from the SA. In 62.5% of cases, both the GPA and DPA are observed, which anastomose
among themselves. The authors describe the IPA along the inferior margin of the pancreas as the left
branch of the DPA present in most cases (84%). The GPA enters the parenchyma of the pancreas from
the SA between the middle and left third and is observed in 64.7% of cases. The artery to the tail of the
pancreas reaches the tail originating mainly from the SA or the left gastro-omental artery and is
observed in 78.7% of cases.

According to Kulchitsky et al[34], the GPA can be observed in the absence of the DPA and IPA in 14%
of cases. It originates from the GDA or IPA and moves along the anterior surface of the head and neck of
the pancreas (as the right branch of the DPA or IPA), then, in the body of the pancreas (as the left branch
of the DPA or IPA) goes towards the tail, connecting with arterial anastomoses from branches of the SA.

Kopchak et al[35] reported that DPA, IPA, and GPA are interchangeable according to the blood
supply area and branches. Kulenovi¢ and Sara¢-HadZihalilovi¢[25] described arteries with an abundant
anastomotic network, originating from SA and travelling to the body and tail of the pancreas, with a
pronounced GPA, DPA, or IPA and an artery to the tail of the pancreas to form arcades of different

aﬁﬂ WJCC | https://www.wjgnet.com 12848 December 16,2022 | Volume10 | Issue35 |



Less common

Dmitriev I et al. Anatomical substantiation of PTx with ISABS

25% 50% 75% Constant
1 1

( Corporocaudal segment of pancreas J

DOI: 10.12998/wjcc.v10.i35.12844 Copyright ©The Author(s) 2022.

Figure 3 Schematic representation of blood supply consistency in the corporocaudal segment of the pancreas. GPA: Greater pancreatic
artery; DPA: Dorsal pancreatic artery; SA: Splenic artery; CHA: Common hepatic artery; CT: Coeliac trunk.

Jaishideng®

shapes and sizes. As in many previous studies, the authors confirmed that the arteries of the body of the
pancreas anastomose with the arteries of its head. In all cases, anastomoses are formed through the DPA
between the arteries of the head and tail of the pancreas. The body and tail of the pancreas, on the
whole, are supplied by the SA, through one to five collateral branches. According to their data, the SA
and vein form one vascular axis sufficient to supply the corporocaudal segment of the pancreas during
transplantation.

Okahara et al[36] performed 226 selective abdominal angiographies (SAA) and scans in selective CT
angiography (CTA). As a result, they divided the body of the pancreas, depending on the vascular
supply, into the superior and inferior parts supplied by the DPA and GPA, and the tail of the pancreas
into the superior and inferior sections supplied by TPA and GPA, and the terminal caudal segment
supplied with caudal pancreatic arteries.

The presence of a superior horizontal pancreatic artery in combination with IPA provides blood
supply to the distal part of the pancreas[29]. Mosca et al[37] using SAA on 1000 angiograms, visualised
the superior horizontal pancreatic artery as a variant of the GPA in 25.93% of cases. The artery gives
origin to the descending branches that anastomose with the IPA.

Baranski et al[38] believed that the DPA provides basic blood supply to the pancreatic tail and plays
an important role in the vascularization of pancreatic grafts. In rare cases, when the DPA originates
from the CHA or coeliac trunk, instead of a splenic origin, it can be easily missed by surgeons, which
can lead to unintentional impairment of the blood supply of the tail of the pancreas, and pose harm to
the pancreatic graft after reperfusion.

Macchi et al[18] described the blood supply of the corporocaudal segment of the pancreas based on
the injection of acrylic resins to obtain vascular casts and using the results of the analysis of 30 CTA. In
CTA transverse (inferior) pancreatic artery (TPA, or IPA), the only artery travelling from the cephalo-
cervical segment to the corporocaudal segment is detected in 76.9% of cases; suprapancreatic SA is
observed in 66.7% and intrapancreatic SA with the winding course in 33.3%; DPA is observed in 86.4%
of cases; GPA in 73.1%; and arteries of the body of the pancreas and artery to the tail of pancreas in
96.2% of cases.

ANATOMICAL SUBSTANTIATION FOR PANCREATIC TRANSPLANTATION WITH ISABS

Most transplant centres perform pancreatic transplantation using Y-graft arterial reconstruction to
restore the pancreas graft blood supply via the SMA and SA. In cases where it is not applicable due to
variant arterial anatomy, surgeons utilise any graft suitable for transplantation. Troppmann et al[39]
were the first who mentioned in their article the possibility of pancreatic allograft survival following
partial Y-graft thrombosis due to dual blood supply (SMA, SA).
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Hagspiel et al[40] described a patient with occlusion of the SMA of the pancreas graft and preserved
patency of the SA. They were the first who radiologically documented with MR angiography that
patency of only one pancreatic graft artery as sufficient to supply adequate perfusion to the entire
pancreatic graft.

Margreiter et al[41] analysed graft function in recipients experiencing a thrombotic occlusion of one
branch of the Y-graft and found that the occurrence of anastomoses between the SA and SMA, but
particularly to the pancreaticoduodenal arcade, was observed in all specimens. In view of the functional
importance of such anastomoses in pancreatic surgery, the authors proposed the term “splenocephalic
anastomoses”, which can be considered as ways of collateral circulation in addition to the two
pancreatic arcades. During the anatomical study using angiography, excellent perfusion of the pancre-
aticoduodenal arcade via intraparenchymal anastomoses was shown in all cases after isolated injection
of even low volumes of contrast medium into the SA. Even after occlusion of the SMA, sufficient global
perfusion of the pancreatic graft was provided by the SA through retrograde perfusion of the pancre-
aticoduodenal arcade, thus bringing into question the need for a Y-graft at all.

Matsumoto et al[42] described a case of a functioning pancreatic graft with occlusive thrombosis of
the splenic and superior mesenteric arteries after simultaneous pancreas-kidney transplantation. In that
case, pancreas graft perfusion was maintained via the I-graft in the head of the pancreas and the
transverse pancreatic artery in the body and tail of the pancreas with SA and SMA thrombosis.

The problem of the critical deficit of donor organs and pancreatic graft utilisation when Y-graft
reconstruction is not applicable was resolved by the idea of performing pancreatic transplantation with
ISABS. Pinchuk et al[43] conducted an anatomical study of the viability of pancreatic transplantation
with ISABS and introduced this method to clinical practice. They performed an anatomical study using
a transplant model with ISABS. The SA contrast-enhanced X-ray examination showed the presence of a
sufficiently developed system of collaterals between its system and the SMA system, which enabled
adequate perfusion to be achieved in all parts of the transplant. 3D computed tomography
reconstruction with contrast enhancement and CT perfusion enabled them to prove the sufficient blood
supply of PG’s parenchyma in the study group and uniform blood supply of the transplant through the
collateral system between the splenic and superior mesenteric arteries[43].

Adequate and sulfficient perfusion of all segments of the graft with ISABS is justified and possible due
to the development of collateral systems between the SA and SMA. The most frequent anastomoses of
these systems are provided by the DPA and IPA (TPA). DPA provides basic blood supply to the tail of
the pancreas together with SA[18,38,44]. Variants of DPA origin affect arterial vascularisation of the
pancreas, the number of collaterals, and anastomoses with other arterial vessels of different organ
segments[45,46]. The presence of a superior horizontal pancreatic artery in combination with IPA
provides blood supply to the distal part of the pancreas[29]. Thus, DPA, which in most cases originates
from the SA, is divided into two branches travelling in opposite directions: one branch, like Kirk’s
anastomosis, travels to the ASPDA, that is, to the anterior pancreatic arcade, and the other branch
travels to the body and tail of the pancreas[16,33,35,38,47-49]. As a result, an anastomotic arc is formed,
which travels along with the head, neck, and body of the pancreas. The TPA, when originated from
GDA or its branches, runs along the inferior surface of the body and tail of the pancreas, anastomoses
with the branches of the DPA or GPA[48]. The arteries of the tail of the pancreas form anastomoses
between the branches of the DPA and GPA. Arterio-arterial intracorporeal anastomoses with caudal
arteries have been previously described[16,18,29,30,50,51]. Anterior and posterior anastomotic arcades
in 86.3% of cases are connected by communicant arteries, which are referred to as the middle pancreatic
arterial arcade[12,49].

At the time of preparation of this article, there was one published description of the single-centre
experience of pancreatic transplantation with ISABS[43]. The method was proposed to use organs that
were previously recognised as unsuitable and were utilised for disposal[43].

The blood supply of the pancreas is characterized the absence of a single large source arterial inflow,
and an intimate communication with arteries of the surrounding organs. The arterial blood comes from
the CHA, SMA, and SA, and the topography of the pancreatic arteries is characterised by the presence
of anastomoses between them.

In the head of the pancreas, the anterior and posterior pancreaticoduodenal arcades are formed
between the ASPDA and PSPDA and the anterior and posterior branches of the IPDA, respectively. The
number of such arcades can vary from two to six. Moreover, the anterior and posterior arteries are
connected by communicant arteries.

Despite the fact that the pancreas is divided into cephalocervical and corporocaudal segments, based
on the type of blood supply, it is difficult to consider the pancreas as a classic segmental organ. Of
particular importance are anastomoses that combine arterial systems of the right cephalocervical and
left corporocaudal segments. The system of blood vessels that branches off from the GDA and SMA,
supplying the head of the pancreas, is involved in the blood supply of the body and tail of the pancreas
by anastomoses with DPA, GPA, or IPA. According to many authors, anastomoses formed by the right
branch of the DPA and ASPDA (branch of GDA), the so-called “Kirk’s anastomosis”, are often found.

In rare cases, the pancreas does not have a large number of anastomoses between branches[33].
Although the vessels of the body and tail of the pancreas are often anastomosed with the vessels of its
head, some authors claim that in 42.1% of cases, the tail has an autonomous blood supply[52]. This
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should also be taken into account when considering the transplantation of the pancreas with ISABS.

CONCLUSION

The topography of the arteries of the pancreas is characterised by significant variability, which should
be considered in case of surgical interventions. The practical significance of anatomical features of blood
supply of cephalocervical and corporocaudal segments of the pancreas and well-described numerous
arterial collaterals and anastomoses of these areas are the basis for establishing collateral circulation in
cases of reduced blood flow through one or more arteries or in case of pancreatic transplantation with
ISABS.
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