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Abstract: Background: The spleen is the largest secondary immune organ in the body. Knowledge
regarding the normal splenic vascular anatomy and its anatomical variants is crucial in the medical
practice of surgeons and radiologists and is useful for diagnostic evaluations and the guidance of
various surgical procedures. Hence, in this research, we aim to characterize the behavior of the lineal
or splenic artery in humans from an anatomoclinical point of view. Methods: A systematic search
was carried out in electronic databases to compile the available literature on the research subject.
Searches were undertaken in the following databases: Medline, Scielo, Wos, Cinahl, Scopus, and

”oou

Google Scholar. The search terms were “Splenic artery”, “Splenic vascularization”, “Anatomical
variations”, “Splenic organ”, and “Clinical anatomy”. Results: From the 35 studies included in this
review, clinical correlations of anatomical variations in the splenic artery with surgical procedures
in the abdominal region were reported in 8 studies. These correlations are mainly associated with
surgical procedures for the pancreas, liver, stomach, and bile ducts through imaging of the spleen.
To verify our conclusions, the risk of bias of the anatomical studies was measured using the AQUA
checklist. Conclusions: Recognition of the usual anatomy and anatomical variants of the splenic
artery is crucial for both morphology professionals and clinicians addressing the abdominal region
and its vascular components. In this review, we determined that the splenic artery could present
a variation in its origin or entry into the splenic hilum, which could mean that in any abdominal
intervention there may be complications if the splenic artery variation is overlooked. More anatomic
clinical studies considering this variation in both diagnostic and surgical processes are suggested for
further investigations.

Keywords: splenic artery; spleen vascularization; anatomical variations; spleen; clinical anatomy

1. Introduction

This review and meta-analysis has arisen from the need to update existing knowledge
in respect of anatomical variants of the abdominal arteries, including cadaveric, imaging,
and surgical samples. The spleen is the largest secondary immune organ in the body; it
weighs 0.2% of the total body weight and uses 3% of the body’s cardiac output. It is also
one of the most vascularized abdominal organs, consistent with the thickness of its blood
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vessels; this thickness is necessary for it to perform its main functions, including both
innate and adaptive immune function and removing old and abnormal red blood cells from
circulation, as well as cellular debris and circulating tumor cells [1].

Splenic circulation comprises arterial vessels that are part of the circulation that sup-
plies the esophagus, stomach, proximal duodenum, liver, biliary system, and pancreas [2].
Generally, this circulation is facilitated by the celiac trunk, which originates in the abdom-
inal aorta. This trunk, in most cases, gives rise to three branches: the common hepatic
artery, the left gastric artery, and the splenic artery. The splenic artery has an average
diameter of around five millimeters, constituting the largest branch of the celiac trunk. It
originates at the level of the first lumbar vertebra, with an anteroinferior course, after a
short oblique suprapancreatic segment downwards and to the left. Then, it is directed
transversely, following a tortuous path along the superior edge of the pancreas posterior
to the omental bursa. Next, it runs through the anterior of the pancreas tail, then passes
between the splenorenal ligament leaves and reaches the hilum of the spleen, where it
can be divided into two to five terminal branches. At this level, it gives rise to the short
vessels of the stomach and the left gastro-omental (gastroepiploic) artery that penetrates
the gastrosplenic ligament [3-5]. In the study by Pandey et al., 2004, it was found that the
pattern described above was present in 237 (74.1%) of the 320 specimens studied [6].

Knowledge in respect of splenic vascular anatomy is crucial for both surgeons and
radiologists as it is not only helpful for performing diagnostic evaluations but also for
guiding surgical procedures. In relation to the above, the absence of anastomosis between
the arterial vessels within the spleen is described; this determines the formation of vascular
segments of the spleen, which allows the execution of subtotal splenectomies [7,8]. In this
regard, some studies using radioisotopes in patients who underwent operations involving
a type of disconnection technique have allowed the simplification of operative techniques
at the level of the gastric vessels without ligating the splenic artery; this is the reason why
some authors have dedicated themselves to the study of patterns of branching of the celiac
trunk [9,10]. However, within abdominal vascular diseases, visceral aneurysms represent
a smaller fraction and it is important to know about these because of the possibility of
rupture, hemorrhage, and the consequent risk to life. Splenic artery aneurysm is a disease
with a poorly understood incidence due to its asymptomatic nature. From the point of
view of etiopathogenesis, it mainly affects women with an average age of 55 years, arterial
hypertension with splenomegaly, atherosclerosis, infections, and trauma. These aneurysms
are difficult to diagnose by clinical examination, so different imaging studies are required
for their diagnosis [11]. If the artery’s pattern has a variation, surgical techniques will
be used to avoid putting the patient’s life at risk. For this reason, the objective of this
research was to characterize the behavior of the lineal or splenic artery in humans from
both anatomical and clinical points of view.

2. Materials and Methods

In this systematic review, we sought to describe the characteristics of the anatomical
variations of the splenic artery. The searches and the order of delivery of information were
systematized based on the following methodological steps. Specific scientific articles and
books on human anatomy, written in Spanish or English, published between 1970 and 2022,
were considered. A systematic search was carried out in electronic databases to compile
the available literature on the research topic. Searches were carried out in the following
databases: Medline, Scielo, Wos, Cinahl, Scopus, and Google Scholar. We used the search
terms “Splenic artery”, “Splenic vascularization of the spleen”, “Anatomical variations”,
“Spleen”, and “Clinical anatomy”. These terms were entered with the Boolean connectors
“AND”, “OR”, and “NOT”. Additionally, to analyze the bias of the articles, the quality
assurance checklist in the performance of primary anatomical studies (AQUA) was used,
which allows analyzing the methodological quality of the studies included in this review as
it helps to verify the quality of the original anatomical reporting. The AQUA checklist was
used to better analyze the quality of the original anatomical study reports. If an item was
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not reported or was not applicable to this study, we recorded it as “NA” (not applicable).
The studies used in this research are listed in Table 1, while Table 2 shows the risk of bias
reported by the studies in each of the domains [12] (http:/ /www.eba.cm.uj.edu.pl/aqua
(accessed 15 December 2022)); we have submitted the completed checklist form as a
supplement to this manuscript.

Table 1. Anatomical quality assurance checklist.

References Study Design Domainl Domain2 Domain3 Domain4  Domain5
Aljahani, 2019 [13] Case study Low High High High High
Casado et al., 2018 [3] Descriptive study (26 specimens) Low Low High High Unclear
Nakamura et al., 2002 [14] Re(t2r7055 }s);ztcll‘;relesrtllsl)d y Low Low Low High Unclear
Ozan and Onderoglu., 1997 [15] Case study Low High Low Low Unclear
Bacallao et al., 2017 [16] Observat(ilcgnsll)iei;ig)st)ive study Low Low Low High Unclear
Ramakrishnan et al., 2020 [17] Case study Low High Low High Unclear
Srinivas et al., 1998 [18] Case study Low High Low High High
Tacob et al., 2018 [19] Case study Low Low High High High
Al Zahrani, 2016 [20] Case study Low Low High High High
Caruso, 2016 [21] Case study Low Low Low High High
Facy, 2006 [22] Case study Low Low High High High
Felli, 2019 [23] Case study Low Low Low High High
Fiorello, 2015 [24] Case study Low Low High High High
Kanoun, 2018 [25] Case study Low Low High Low High
Kervancioglu, 2013 [26] Case study Low Low Low Low High
Kumar, 2014 [27] Case study Low Low High High High
Li and Ren. 2011 [5] Case study Low High High High Unclear
Pandey, 2004 [6] ]?gzgr;};tel;ﬁetﬁg)y Low Low Low High Unclear
Patel, 2017 [28] Case study Low Low High High Low
Selaru, 2020 [29] Case study Low High Low High Low
Slaba, 2005 [30] Case study Low High Low High Unclear
Slaba, 2018 [31] Case study Low High High High Unclear
Sylvester, 1995 [32] (ZI;E;fciiF;EZr?s) Low Low Low High Unclear
Del sol et al., 2018 [33] Case study Low Low High High Low
Ekingen et al., 2019 [34] Retrospective study High High High Low Low
Juszczak et al., 2021 [35] Case series Unclear Low Low Low Low
Zheng et al., 2015 [36] Retrospective study Low Low Low Low Low
Wada et al., 2020 [37] Retrospective study Low Low Low Low Low
Vandamme et al., 1986 [38] Case series High High High Low High
Daisy et al., 2003 [39] Case series Low Low High Unclear Low
Chaware et al., 2012 [40] Case series Low Low Low Low Low
Garcia-Porrero and Lemes, 1988 [41] Case series Low Low Low Low Low
Ignjatovic et al., 2004 [42] Case series Low Low High Low Low
Liu et al., 2009 [43] Case series Low Low Low Low Low
Redmond et al., 1989 [44] Case series Low Low Low Low Low

Anatomical quality assurance checklist: Domain 1: objective(s) and subject characteristics; Domain 2: study
design; Domain 3: methodology characterization; Domain 4: descriptive anatomy; Domain 5: reporting of results
(Tomaszewski et al. [12]).
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Table 2. Details of the application and assessment of the AQUA tool.

References Study Design Domain 1 Domain 2 Domain 3 Domain 4 Domain 5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Aljahani, 2019 [13] Case study NA Y Y Y U Y N Y Y N Y N Y Y N Y Y Y U Y NA Y Y IX Y
Casado et al., 2018 [3] Descriptivestudy Y Y Y N U Y Y Y Y N Y U N N N Y Y N Y Yy nNa vy N N oy
Nakamura et al., 2002 [14] Retrospective study Y Y U N Y Y Y Y Y U U N N Y N Y Y Y Y Y Y Y Y NA U
Ozan and Onderoglu., 1997 [15] Case study Y Y Y N Y N N Y Y N Y Y Y Y Y N N Y Y N Y U U NA U
Bacallao et al., 2017 [16] %Egggfg‘;ﬁ‘; Y Y Y N Y Y Y Y N Y Y Y Y Y N N N Y N Y N N N NA U
Ramakrishnan et al., 2020 [17] Case study Y Y Y Y N Y N Y Y Y Y Y Y Y N Y N N Y Y N Y N NA U
Srinivas et al., 1998 [18] Case study Y Y Y Y Y N N N Y N Y Y Y Y Y N N N Y Y U N U NA U
Tacob et al., 2018 [19] Case study Y Y U Y Y Y Y U Y N N Y N N N Y Y Y Y Y Y Y NA Y Y
Al Zahrani, 2016 [20] Case study Y Y 18] Y Y Y Y Y Y N Y N Y Y N N Y Y Y Y NA Y NA NA Y
Caruso, 2016 [21] Case study Y Y 18] Y Y Y Y Y Y Y Y 18] 18] Y N Y Y Y Y Y Y Y NA NA Y
Facy, 2006 [22] Case study y Y U Y Y Y Y Y Y N N N Y Y N N Y Y Y Y NA Y NA NA Y
Felli, 2019 [23] Case study Y Y 18] Y Y Y Y Y Y Y U Y Y Y N Y Y Y Y Y NA Y NA NA Y
Fiorello, 2015 [24] Case study Y Y 18] Y Y Y Y Y Y Y U 18] N Y Y N Y Y Y Y NA Y NA NA Y
Kanoun, 2018 [25] Case study Y Y N Y Y Y Y Y Y N U N Y Y Y Y U Y Y N NA Y NA Y Y
Kervancioglu, 2013 [26] Case study U Y Y Y Y Y Y Y Y Y Y N Y Y Y Y U Y Y N NA Y NA Y Y
Kumar, 2014 [27] Case study Y U Y Y Y Y Y Y Y Y N Y N N Y Y N Y Y Y Y N NA N Y
Li and Ren. 2011 [5] Case study Y N Y Y Y N N Y Y Y Y Y N N Y Y Y Y N Y N Y NA N U
Pandey, 2004 [6] Descriptive study Y Y Y Y Y N Y Y Y Y Y Y N Y Y Y Y Y N Y N N NA NA U
Patel, 2017 [28] Case study Y Y Y N Y Y Y Y Y N Y N Y N Y Y Y Y Y Y N Y N NA N
Selaru, 2020 [29] Case study Y N Y Y Y N N Y Y Y Y Y N Y Y N N N Y Y Y N N NA N
Slaba, 2005 [30] Case study Y Y Y N Y Y N N Y Y N Y Y Y Y Y Y N Y Y Y U 18] NA U
Slaba, 2018 [31] Case study Y Y Y N N Y N Y N Y Y Y N N Y N N Y Y Y N N U N U
Sylvester, 1995 [32] Descriptive study Y Y Y Y Y N Y Y Y Y Y Y N Y Y Y Y Y N Y N N NA NA U
Del sol et al., 2018 [33] Case study Y Y Y N Y Y Y Y Y N Y N Y N Y Y Y Y Y Y N Y N NA N
Ekingen et al., 2019 [34] Retrospective study Y Y Y H Y Y Y Y H Y N Y N Y H Y Y Y NA L Y Y Y NA L
Juszczak et al., 2021 [35] Case series Y N Y U Y Y Y Y L Y N N N Y L N Y Y Y L Y Y Y NA L
Zheng et al., 2015 [36] Retrospective study Y Y Y L Y Y Y Y L Y N Y Y Y L Y N Y Y L Y Y Y Y L
Wada et al., 2020 [37] Retrospective study Y Y Y L Y Y Y Y L Y N Y N Y L Y Y Y Y L Y Y Y Y L
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Table 2. Cont.

References Study Design Domain 1 Domain 2 Domain 3 Domain 4 Domain 5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Vandamme et al., 1986 [38] Case series N Y N H N Y N Y H N N N N Y H Y Y Y Y L N N Y Y H
Daisy et al., 2003 [39] Case series N Y Y L Y Y Y Y L N N N N Y H N Y Y N U N Y Y Y L
Chaware et al., 2012 [40] Case series Yy Yy Yy L Y Y Y Y L Y Y N N Y L Y Y Y Y L N Y Y Y L
Garcia-Porrero and Lemes, 1988 [41] Case series Y Y Y L Y Y Y Y L Y N N Y Y L Y Y Y Y L Y Y Y Y L
Ignjatovic et al., 2004 [42] Case series Yy Yy Y L Y Y Y Y L Y N N N Y H Y Y Y Y L Y Y Y Y L
Liu et al., 2009 [43] Case series N Y Yy L Y Y Y Y L Y N Y Y Y L Y Y Y Y L Y Y Y Y L
Redmond et al., 1989 [44] Case series Yy Yy Y L Y Y Y Y L Y N Y Y Y L Y Y Y Y L Y Y Y Y L

Domains and questions: Domain 1: objective(s) and subject characteristics. (1) Was (Were) the objective(s) of the study clearly defined? (2) Was (Were) the chosen subject sample(s)
and size appropriate for the objective(s) of the study? (3) Are the baseline and demographic characteristics of the subjects (age, sex, ethnicity, healthy, or diseased, etc.) appropriate
and clearly defined? (4) Could the method of subject selection have in any way introduced bias into the study? Domain 2: study design. (5) Does the study design appropriately
address the research question(s)? (6) Were the materials used in the study appropriate for the given objective(s) of the study? (7) Were the methods used in the study appropriate
for the given objective(s) of the study? (8) Was the study design, including methods/techniques applied in the study, widely accepted or standard in the literature? If “no”, are the
novel features of the study design clearly described? (9) Could the study design have in any way introduced bias into the study? Domain 3: methodology characterization. (10) Are
the methods/techniques applied in the study described in enough detail for them to be reproduced? (11) Was the specialty and the experience of the individual(s) performing each
part of the study (such as cadaveric dissection or image assessment) clearly stated? (12) Are all the materials and methods used in the study clearly described, including details of
manufacturers, suppliers, etc.? (13) Were appropriate measures taken to reduce inter- and intra-observer variability? (14) Do the images presented in the study indicate an accurate
reflection of the methods/techniques (imaging, cadaveric, intraoperative, etc.) applied in the study? (15) Could the characterization of methods have in any way introduced bias into the
study? Domain 4: descriptive anatomy. (16) Were the anatomical definition(s) (normal anatomy, variations, classifications, etc.) clearly and accurately described? (17) Were the outcomes
and parameters assessed in the study (variation, length, diameter, etc.) appropriate and clearly defined? (18) Were the figures (images, illustrations, diagrams, etc.) presented in the study
clear and understandable? (19) Were any ambiguous anatomical observations (i.e., those likely to be classified as “others”) clearly described/depicted? (20) Could the description of
anatomy have in any way introduced bias into the study? Domain 5: reporting of results. (21) Was the statistical analysis appropriate? (22) Are the reported results as presented in the
study clear and comprehensible and are the reported values consistent throughout the manuscript? (23) Do the reported numbers or results always correspond to the number of subjects
in the study? If not, do the authors clearly explain the reason(s) for subject exclusion? (24) Are all potential confounders reported in the study, and subsequently measured and evaluated,
if appropriate? (25) Could the reporting of results have in any way introduced bias into the study?
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The data extracted in the meta-analysis were interpreted to calculate the prevalence
of splenic artery variants using the JAMOVI statistical tool. The DerSimonian-Laird
model with a Freeman-Tukey double arcsine transformation was used to combine the
summary data. In addition, a random effects model was used because of the highly
heterogeneous splenic artery prevalence data. The heterogeneity degree between the
included studies was assessed using the chi? test and the heterogeneity (I?) statistic. For
the chi? test, the result was considered significant if the value of Q p proposed by the
Cochrane collaboration was <0.10. Values of the I? statistic were interpreted as follows
with a 95% confidence interval (CI): 0-40% might not be important, 30-60% might indicate
moderate heterogeneity, 50-90% might represent substantial heterogeneity, and 75-100%
could represent a significant amount of heterogeneity [45].

Data were extracted by four investigators (MO, DP, AB, JJV). For each study, the
following information was extracted: last name of the first author, year of publication,
type of study, sample size, prevalence and morphological characteristics of the splenic
artery variants, statistical data presented by the studies, geographic region, and finally
the sex of the patients in the sample. Any disagreement was resolved by consensus with
a fifth investigator (PV). All articles analyzed in full-text form were evaluated through
quality assessment and risk of bias analysis using the methodological quality assurance
tool for anatomical studies (AQUA) proposed by the international evidence-based anatomy
working group (IEBA) [12].

3. Results

A systematized search of the literature was carried out, where a total of 390 studies
were found in the databases reviewed; no studies were found in the gray literature. After
applying the exclusion criteria to the searches (articles that did not relate to the anatomical
variations of the splenic artery with clinical complications, neither in the title nor in the
abstract), a total of 95 studies were analyzed in full-text form and exclusion criteria corre-
sponding to the type of study were applied (systematic reviews, literature reviews, letters
to the editor). Another exclusion criterion was articles in respect of animals, which left us
with 35 studies included in this review (Figure 1).

The articles were analyzed through an interpretation guide, which was used to assess
their individual quality, based on studies by Greenhalgh et al. (1997) [46] and adapted by
MacDermid et al. (2009) [47].

The anatomical variations of the splenic artery found in the literature review are
detailed below. These variations are explained in the following order: (1) variations in the
origin of the splenic artery, (2) variations in the course of the splenic artery, (3) variations
in its entry into the splenic hilum, (4) other anatomical variations, and (5) associated
clinical considerations.

3.1. Variations at The Splenic Artery’s Origin

The hepatosplenic trunk is an anatomical variation defined as the fusion of the splenic
artery with the common hepatic artery (Figure 2). This variation can present as a single
branch of the celiac trunk; in these cases, the left gastric artery originates from the abdominal
aorta artery [48-51]. Alternatively, it may originate directly from the abdominal aorta and
the left gastric artery arises from the abdominal aorta, the common hepatic artery, or the
splenic artery (Figure 3) [52]. In this review, four studies were found that reported the
presence of the hepatosplenic trunk [3,34,51,53]. The first two articles are case studies, which
are reports of accidental findings [51,53]. The third study aimed to look for anatomical
variations in the splenic artery and the presence of three hepatosplenic (HTS) trunks
was reported in a total of 26 cadavers studied, which translates into an incidence of
11.5% [3]. The study by Ekingen et al. (2019) found 35 cases of an HTS trunk in 750 patients
(4.67%) [54].

The hepato-spleno-mesenteric trunk is an anatomical variation in which the hep-
atosplenic trunk and the superior mesenteric artery arise from a common vessel, while
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the left gastric artery originates directly from the abdominal aorta slightly superior to
the hepato-spleno-mesenteric trunk. Its prevalence is estimated at 0.40% [55]. In this re-
view, seven studies were found that reported the presence of the hepato-spleno-mesenteric
trunk [4,33,51,56,57]. These studies are case studies, reporting a similar origin to that de-
scribed in the study by Liu et al. (2009). That study had a N of 6 patients; the authors found
an SA arising directly from the superior mesenteric artery (SMA) and the common hepatic
artery arose from the abdominal aorta [43]. Moreover, the study by Redmond et al. (1989)
found that in 126 patients (99.2%) out of 127, the SA arose as a single trunk from the coeliac
axis in all but one case, where a second splenic artery was found arising directly from
the aorta and supplying the upper pole [44]. Additionally, Bacallao et al. (2017) reported
on 15 anatomical preparations: 5 in adult humans, 3 of the male sex and 2 of the female
sex, with ages ranging between 48 and 63 years, and 10 human fetuses, between 20 and
29 weeks of age, 6 female and 4 male. They found that three adult human spleens had an
SA origin at the celiac trunk and the remaining 40% of adult spleens had a direct tripod
origin from the anterior aspect of the abdominal aorta. Regarding the sample of fetuses, it
was found that in fetuses between 20 and 24 weeks, the AS originated in the celiac trunk in
three (75%), while the remaining fetus showed an AS originating in the form of a direct
tripod from the anterior wall of the abdominal aorta (25%). In fetuses from 25 to 29 weeks,
five (83.3%) had an SA originating from the celiac trunk and one (16.7%) from the tripod
shape, in which the SA was the longest [16].

Records identified through
. database searching
Medline n 160
c WOS n 35
2 SCOPUS 22 Additional records identified
E CINAHLn O through other sources
= Scielo 10 (n=0)
g Google scholar 12
Total= 239
Duplicates removed
(n=72)
("]
f =4
F
g h 4
e Records screened Records excluded
(n=167) v (n=111)
Z Full-text articles assessed Full-text articles excluded,
£ for eligibility > with reasons
o (n 56) (n27)
|
Y
E Studies included in
= qualitative synthesis
& (n=29)

Figure 1. The search flowchart is shown in the image.
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Figure 2. The image shows the hepatosplenic trunk. Abbreviations: celiac trunk (CT), splenic artery
(SA), common hepatic artery (CHA), left gastric artery (LGA).

Figure 3. The image shows the splenic artery arising from the abdominal aorta. Abbreviations:
abdominal aortic (AA), splenic artery (SA), common hepatic artery (CHA), left gastric artery (LGA).
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The celiac-mesenteric trunk is an extremely rare anatomical variant in which the
celiac trunk and the superior mesenteric artery originate from the abdominal aorta through
a common trunk. According to the study carried out by Poynter, the celiac-mesenteric
trunk represents less than 1.4% of all anomalies in the origin of the splenic artery [58].
Ekingen et al. (2019) found eight (1.07%) (two females, six males) instances of SA originat-
ing from the celiacomesenteric trunk (CMT), which they described as type 5 CMTs [34].

The gastrosplenic trunk is an anatomical variant described as a common trunk of
origin for the left gastric artery and the splenic artery. This trunk is a branch of the
abdominal aorta, while the common hepatic artery may originate from the abdominal
aorta or the superior mesenteric artery [59]. Oliveros reported this variation in 5.5% of
cases [60]. Nakamura reported it in one of three cases studied, showing 33.3% incidence [14].
Tacob et al. (2018) reported one case [19] and Selaru et al. (2020) reported one case [29].
In the study by Ekingen et al. (2019), they found 26 (3.47%) (12 females, 14 males) cases
of an SA originating from the GST and they classified these as a type 4 SA variation [34].
Additionally, Garcia-Porrero and Lemes (1988) found a GST in 37.04% of a total of 188 cases
that originated in the SA [41].

The origin of the splenic artery has also been described as a branch of the abdominal
aorta, arising between the celiac trunk and the superior mesenteric artery, as reported by
six studies included in this review [5,6,16,47,61]. Of these studies, four were case reports
(5,15, 35, 39) [5,19,47,62]. A fifth study analyzed 320 cadaveric splenic arteries, of which
26 originated from the abdominal aorta, with an incidence of 8.1% [41]. A sixth study
analyzed five cadaveric splenic arteries and reported that two arteries had their origin in
the abdominal aorta, with an incidence of 40% [16].

However, the study by Vandame et al. (1986) identified 156 abdominal preparations,
of which it was found that 66% had a common splenico-gastro-omentalis trunk from
which the SA originated. It was also found that 26% of the preparations had a left gastro-
omental artery (LGOA) emerging from them and, in the remaining 8%, the SA divided
simultaneously into two splenic rami and the LGOA [38]. In the study by Daisy et al. (2003),
in 90% of instances, the SPLA was the largest of the three branches. In the remaining
specimens, the CHA was the largest and, in 68% of specimens, the LGA arose as the first
branch of the CT, which then bifurcated into the CHA and SPLA; in 30% of dissections the
CT divided into three branches at the same point; lastly, in the remaining 2% of instances,
the SA and the LGA arose via a common trunk from the CT [39].

3.2. Variations in the Splenic Artery’s Trajectory

The splenic artery is described as the most extensive artery originating in the celiac
trunk and its tortuosity is due to its large irrigation territory [5]; therefore, if its path is
straight, it represents an anatomical variant. Bacallao et al. (2017) reported two cases of five
specimens studied with an incidence of this variation of 40% [16]. Casado et al. reported
four cases out of a total of 26 specimens studied with an incidence of this variation of
15.3% [9]. Moreover, Zheng et al. (2015) found a tortuous trajectory in 22 cases (6.9%) [36].
The splenic artery courses anterior to the splenic vein towards the spleen [5]; the study
by Casado et al. (2018) described a splenic artery that runs towards the spleen posterior
to the splenic vein in 11 of 26 cadavers studied, with an incidence of 42.3% [3]. There
are described cases in which the splenic artery follows an antero-pancreatic course. In
this anatomical variation, the proximal portion of the splenic artery can be divided into
two branches: an upper branch that follows the course usually described by the upper
edge of the pancreas and a lower branch that runs along the anterior face of the pancreas.
Pandey et al. (2004) studied 320 cadavers, of which 59 presented this variation, with
an incidence of 18.4% [6]. There were also cases described in which the splenic artery
followed an intrapancreatic course. In this anatomical variation, the proximal end of
the splenic artery divides into multiple branches that run within the parenchyma of the
body and tail of the pancreas [6,15,18,37,38]. In this review, three studies were found
that describe this anatomical variation. One study analyzed 320 specimens, of which
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15 presented this variation, with an incidence of 4.6% [6], while the remaining 2 were
case report studies [15,18,37]. The splenic artery can also follow a retro-pancreatic course
towards the spleen, passing over the posterior surface of the pancreas (6) (Figure 4). One
study analyzed 320 specimens, of which 15 presented this variation, with an incidence
of 4.6% [6]. Wada et al. (2020) found 25 (83%) type-S cases, where the SA curves and
runs suprapancreatically, and 5 (17%) type-D SA cases, where the SA runs straight and
dorsal to the pancreas [37]. Another rare anatomical variation of the splenic artery course
found in the literature was that the proximal portion of the splenic artery loops on the
neck of the pancreas and then embeds itself in the pancreatic parenchyma and the distal
end of the loop divides into four branches. Pandey et al. (2004) reported the presence of
this loop in two cases of 320 specimens studied, with an incidence of 0.6% [6]. Regarding
the branches of the splenic artery, the gastroduodenal artery usually has its origin in the
common hepatic artery. In this review, one report of an anatomical variation was found
where the gastroduodenal artery was a branch of the splenic artery [31]. The accessory
right hepatic artery is an anatomic variation of the right hepatic artery. This variant may
originate from the superior mesenteric artery [63] or from the splenic artery [20,21,26].
Kervacionglu et al. (2013) and Al Zahrani et al. (2016) presented case reports [20,21,26]. In
the study of Caruso at al. (2016), one case was reported out of a total of 74 specimens
studied, which shows an incidence of 1.4% [8]. Ekingen et al. (2019) found 1 male (0.13%)
type-13 SA that ran to the spleen as two branches; 25 (3.33%) (10 females, 15 males)
type-14 SAs that divided into the replaced left gastric artery (RLGA) and replaced the
gastroduodenal artery (RGDA); 15 (2%) (9 females, 6 males) type-15 SAs that divided into
the RLGA and replaced the left hepatic artery (RLHA); 5 (0.67%) (1 female, 4 males) type-16
SAs that divided into the RLGA and replaced the common hepatic artery (RCHA); 1 male
(0.13%) type-17 SA that divided into the RLGA and a common root of the RLHA and RGDA;
4 (0.53%) (3 females, 1 male) type-18 SAs that divided into the RLGA, the replaced right
hepatic artery (RRHA), and a common root of the RLHA and RGDA; 6 (0.80%) (3 females,
1 male) type-19 SAs that divided into the RLGA and a common root of the RRHA and
RGDA; 3 males (0.40%) [36].

Figure 4. The image shows the retro-pancreatic splenic artery. Abbreviations: abdominal aortic (AA),
splenic artery (SA), common hepatic artery (CHA), celiac trunk pancreas (P), splenic organ (SO).
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3.3. Splenic Artery’s Variations at the Entrance to the Splenic Hilum

There are 22 cases (6.9%) of the single-branch SA type (SA passes tortuously through
the splenic hilar without dividing into terminal branches), 250 cases (78.9%) of the two-
branched type (the SA divides into the superior and inferior lobar arteries), 43 cases (13.6%)
of the three-branched type (the SA divides into the superior, middle, and inferior lobar
arteries of the spleen), and 2 cases (0.6%) of a multiple-branched SA type (the SA branches
into four—seven branches). In 78.43% of cases, the splenic artery divides into two terminal
branches (upper and lower) and in 21.57% of cases it divides into three branches (upper,
middle, and lower), with the presence of a superior polar collateral branch in 33.33% of
cases [1]. We found two studies that reported this anatomical variation [35].

3.4. Other Anatomical Variations of the Splenic Artery

The accessory splenic artery is a rare anatomical variation described in the literature
consisting of an accessory splenic branch with three origins. It might be a branch of the left
gastroepiploic artery [64], a left gastric artery branch [26], or a branch of the right gastric
artery [28]. In this review we found four studies that reported the presence of an accessory
splenic artery [4,52,56,60]. All the studies that reported this variation were case report
studies. Additionally, an intrahilar and intraparenchymatous anastomosis were shown in a
single specimen in the study by Vandamme et al. (1986) [38].

3.5. Clinical Considerations

Anatomical variations of the splenic artery are commonly inspected as an incidental
finding during routine cadaveric dissection. Therefore, a clinical implication is often not
established as there is no history of any pathology or previous surgical intervention related
to death. In our review, we found fourteen studies that reported a clinical correlation with
some type of variation in the splenic artery [2,4,8,17,29,35,40,42,43,46,54,58,59].

Next, we will detail the clinical correlations found in the reviewed literature, dividing
them into two groups: surgical clinical correlation and clinical correlation with diagnostic
and therapeutic study.

3.6. Quantitative Results

Of the 35 included studies (Table 3), 4 were from North America [3,16,24,28], 1 was
from South America [46], 13 were from Asia [5,6,13,14,17,18,20,23,27,36,37,39,40,43], 16 were
from Europe [3,15,19,23,24,26,29-32,35,38,39,41,42,44], and 1 was from Africa [45]. In rela-
tion to the type of study, nineteen reviewed works corresponded to case studies [5,10,13,
15,17-26,28-31,33], four were descriptive studies [3,6,32,61], and one was a retrospective
study [18]. The last five studies had n > 1 [3,6,14,32,33]. The total number of specimens
in the 24 studies analyzed was 684. In relation to gender, five studies did not report the
gender of the individuals analyzed [3,14,25,27,33], eleven studies analyzed individuals of
the male gender [13,15,17,18,20,22-24,26,28,33] and five of the female gender [19,23,29-31],
and three [3,6,9,32] studies included individuals of both genders. The percentage of men
in studies with n > 1 fluctuated between 55.2% and 82.5%, with a mean of 67.7%. The
percentage of women in studies with n > 1 fluctuated between 17.5% and 44.8%, with a
mean of 32.3%. For the calculation of the incidence of anatomical variations, only studies
with n greater than 1 [6,14,16,32] were included. The variation in the origin of the splenic
artery was between 1.1% and 40% (origin in the abdominal aorta, hepatomesenteric trunk,
and gastrosplenic trunk). Path variations fluctuated between 2.6% and 40% (anterior, retro,
or intrapancreatic) (Figure 5). Of the studies included in this review, only one reported the
incidence of anatomical variation in the entry of the splenic artery to the spleen (42.3%) [3].
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Table 3. Summary of articles included in the review.

Author, Year

Type of Study and Sample (n)

Incidence and Type of Variation

Country/Geographic Region

Gender

Total 31% variations in origin;
15.4% with a straight path;

Total of 17 (65.4%) men and

Casado, 2018 [3] Descriptive (26 specimens) 42.3% relationship with the splenic vein in the arrival to the Cuba/North America 9 (34.6%) women
spleen (posterior).
Aljahani, 2019 [13] Case study Mesenteric celiac trunk Saudi Arabia/Asia One male
Nakamura et al., 2002 [14] Retrospective study (275 cadavers) Total 1.1% hepatomestric and gastrosplenic trunk Japan/Asia Not specified
Ozan and Onderoglu, 1997 [15] Case study Intrapancreatic course of the splenic artery Turkey/Europe One male
Descriptive observational study A total of 40% of ait:ilt ca_daxllers ?r.iginating from the
Bacallao et al., 2017 [16] (15 anatomical preparations, 5 adults 40% of spezciimgr?suxrllv?t}? (;rsifaight path; Cuba/North America Not specified
and 10 fetuses) 10% of fetuses originating from the abdominal aorta.
Ramakrishnan et al., 2020 [26] Case study Abnormal course of accessory splenic arteries India/Asia One male
Srinivas et al., 1998 [18] Case study Intrapancreatic splenic artery India/Asia One male
Tacob et al., 2018 [19] Case study Gastrosplenic trunk Romania/Europe One female
Al Zahrani, 2016 [20] Case study Accessory right hepatic ar;ii}ér(;,riginating from the splenic Saudi Arabia/Asia One male
Caruso, 2016 [21] Case study Right hepatic artery originating from splenic artery Italy /Europe Not specified
Facy, 2006 [22] Case study Splenic artery originating from superior mesenteric artery France/Europe One male
Felli, 2019 [23] Case study Splenic artery originating from superior mesenteric artery France/Europe One female
Fiorello, 2015 [24] Case study Splenic artery originating from superior mesenteric artery USA/North America One male
Kanoun, 2018 [25] Case study Splenic artery originating from superior mesenteric artery Algeria/Africa Not specified
Kervancioglu, 2013 [26] Case study Accessory splenic artery Turkey/Europe One male
Kumar, 2014 [27] Case study Accessory splenic artery India/Asia Not specified
Li and Ren. 2011 [5] Case study Origin in the splenic gastroduodenal trunk China/Asia One male
Total 8.1% origin in the abdominal aorta;
Pandey, 2004 [6] Descriptive study (320 specimens) 1%%2/2) ig:féggﬁ?g;ggccgggesf; India/Asia Tota51 60(f1276.§0§32f'g;/;’;12a1e5’
4.8% intrapancreatic course.
Patel, 2017 [28] Case study Accessory splenic artery USA /North America One male
Selaru, 2020 [29] Case study Gastrosplenic trunk Romania/Europe One female
Slaba, 2005 [30] Case study Splenic artery duplication France/Europe One female
Slaba, 2018 [31] Case study Origin in abdominal aorta France/Europe One female
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Author, Year Type of Study and Sample (n) Incidence and Type of Variation Country/Geographic Region Gender
Descriptive study A total of 13 (44.8%) females;
Sylvester, 1995 [32] (29 specimens) Crookedly England/Europe 16 (55.2%) males
Del sol et al., 2018 [33] Case study Hepatosplenomesenteric trunk Chile/South America One male
The SA as a branch of the CT bifurcation in 510 (68.00%) cases,
of the CT trifurcation in 82 (10.94%) cases, of the CT
. . quadrifurcation in 3 (0.40%) cases, of the CT pentafurcation in o
Ekingen et al., 2019 [34] Descr1pt1v7e58bser'vatlonal study 1(0.13%) case; Turkey/Europe Total ;;027564(115‘;/87 %) {emale,
( patients) 30 (4%) hepatosplenic trunk (HST); (54.13%) male
5(0.67%) HST and divided into replaced left gastric artery
(RLGA).
Celiac trunk divided into CHA, LGA, and SA in 82% of the
Descriptive observational study cadavers (41/50), Adachi type 1. Fifty formalin-fixed abdomen
Juszezak etal,, 2021 [35] (50 cadavers) In the classical type, CHA, SA, and LGA were found to arise Poland/Europe specimens
from the CT. This was found in 20% of dissections (8/41).
The anatomical data showed that 64.7% of the patients had
the concentrated type (205 cases) and 35.3% had the Total of 317 patients with upper-
Descriptive observational study distributed type (112 cases); 22 cases (6.9%) single branch SA . . or middle-third gastric cancer
Zheng et al., 2015 [36] (317 patients) type; 250 cases (78.9%) 2-branched type; 43 cases (13.6%) China/Asia underwent splenic hilar
3-branched type; 2 cases (0.6%) of a multiple-branched SA lymphadenectomy (LTGSPL)
type.
Total of 25 males in the type S
Total of 25 (83%) cases with type S (curves and group with an average age of
Wada et al., 2020 [37] Descriptive study runs suprapancreatic) and 5 (17%) with type D (runs straight Japan/Asia 67.4 (19-86) years old an@ 5 males
and in the type D group with an
dorsal to the pancreas) SA anatomy average age of 58.8 (47-81) years
old
Total of 26% had a left gastroomental artery (LGOA)
emerging from it and in 8% the SA divided simultaneously .
into two splenic rami and the LGOA; 66% of the splenic l;zta;gtilgr?satﬁé) ;mgilr
Vandamme et al., 1986 [38] Descriptive study inferior and left gastroomental artery arose from a common Belgium/Europe prep . 8¢
4 . . y gender-related information was
splenicocogastroomentalis trunk; 2 cases showed a described
voluminous anastomosis between the arteria extremitatis
lienalis posterioris and a splenic branch.
In 68% of specimens, the LGA arose as the first branch of the
CT that then bifurcated into the CHA and SPLA. In 30% of
Daisy et al., 2003 [39] Descriptive study dissections the CT divided into three branches at the same India/Asia Total of 156 male and 44 female

point. In the remaining 2% the SA and the LGA arose by a
common trunk from the CT and the SA coursed
retroperitoneally.

adults (18-80 years of age)
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Table 3. Cont.

Author, Year

Type of Study and Sample (n)

Incidence and Type of Variation

Country/Geographic Region Gender

Total of 95 (85.58%) had two primary branches and 16

Total of 15 female spleens and
96 male spleens; however, they

Chaware et al., 2012 [40] Descriptive study (14.42%) showed three primary branches. Polar branches India/Asia X N
were seen in 92 specimens. s vrirock v
In 92% the SA divided into 2 primary branches: superior and
inferior. In the remaining 7.18% it divided into 3 branches: Total of 133 male and 48 female
Garcia-Porrero and Lemes, 1988 [41] Descriptive study superior, middle, and inferior. The presence of 3 primary Spain/Europe cadaveric specimens
branches was found in 3.76% of males and in 16% of females P
(p <0.001).
The superior terminal splenic branch divided extracapsularly 49 ;ﬁiﬁ:ﬁgﬁgi‘; sx?glal‘gefg,ean
Ignjatovic et al., 2004 [42] Descriptive study into 2.8 + 0.9 (range 2-5) and the inferior terminal splenic Serbia/Europe age of 54 years
branch into 2.3 & 0.75 (range 2-5) branches per sample. (range 26-83 years).
Six patients with an SA arising anomalously from the
superior mesenteric artery (SMA).
. ) . The SA arose anomalously from the root of the superior . . Total of 4 females and 2 male
Liu et al., 2009 [43] Case series - . . . - China/Asia patients ranging in age from 37 to
mesenteric artery; the celiac trunk did not arise from any 71 vears with a mean of 49.7 vears
branches supplying the spleen and the hepatic artery arose y LY
from the abdominal aorta alone.
The SA arose as a single trunk from the celiac axis in 99.22%, Total of 127 human spleens were
and 0.78% was found arising directly from the aorta and studied, of which 50 were fresh
Redmond et al., 1989 [44] Descriptive study supplying the upper pole; 97.63% had a suprapancreatic Ireland /Europe post-mortem specimens; the

course, but in 2 (1.57%) cases it was retropancreatic and in
1 (0.78%) case it was intrapancreatic.

remaining 77 were from dissection
room cadavers.
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Hepatogastrosplenic trunk Hepatomesenteric trunk

Celiacomesenteric trunk Hepatosplenic trunk

Figure 5. Celiac trunk trifurcation types according to Adachi. Abbreviations: common hepatic artery
(CHA), left gastric artery (LGA), splenic artery (SA), superior mesenteric artery (SMA).

Of the nineteen studies included with n =1 [3,10,13,15,17-20,22-27,29,30,33,58], six-
teen reported variations in the origin of the splenic artery [2,3,6,13,14,16,19,19-24,29-31]
and described the presence of a hepatosplenic trunk [9], a mesenteric hepatosplenic
trunk [4,33,54,56,57,63], a gastrosplenic trunk [14,19,29], and an origin of the splenic artery
from the abdominal aorta artery [6,16,31]. Only one study showed statistical significance in
its results, finding no statistically significant difference in splenic artery tortuosity between
the genders (p:0,1) [57]. The results found in this review are summarized in Tables 3-6.
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Table 4. Summary of the described variations and their clinical correlations of the included articles.

Author, Year Type of Anatomical Variation Clinical Considerations

Sample Characteristics

Anatomical variations in the origin of the
splenic artery:

- celiac tripod (4 of 26; 15.38%)

- hepatosplenic trunk (3 of 26; 11.54%)

- celiac trunk with right inferior phrenic
artery (1 of 26; 3.85%)

The anatomical knowledge of the varieties of the celiac trunk
and the splenic artery is of paramount importance for the
surgical approach of the supramesocolonic region.

Casado et al., 2018 [3]

Total of 26 blocks from cadavers without
abdominal surgeries or hematological
diseases.

The variation of the three branches of the celiac trunk is
important for the arterial supply of the digestive organs of
the upper abdomen. Three cases of gastrosplenic and
hepatomesenteric trunks in Japanese cadavers were
presented in this study. Especially, in case 1, the left inferior
phrenic artery arose from the gastrosplenic trunk and the left
hepatic artery arose from the left gastric artery.

Gastrosplenic trunk arising from the celiac

Nakamura et al., 2002 [14] trunk

Three specimens

The origin of the vessel from the celiac trunk with a tortuous
trajectory and direction to the upper edge of the pancreas,
where it is related to the homonymous vein, the anterior face
of the kidney, and the left adrenal gland. Collateral branches:
dorsal pancreatic, pancreatic, and left gastroepiploic, with
variation in number and origin in fetuses.

Bacallao et al., 2017 [16] Splenic artery origin and pathway

Total of 15 anatomical preparations, 5 of
adult humans (3 of the male sex and 2 of
the female sex), aged e between 48 and
63 years; 10 human fetuses, between
20 and 29 weeks of age, 6 female and
4 males.

Of 320 cadavers, the splenic artery originated from the celiac
trunk in most of cadavers (90.6%), followed by the
Pandey, 2004 [6] Variations in the origin, course, and pattern of abdominal aorta (8.1%), and other views (1.3%). A
! terminal branching of the splenic artery suprapancreatic course of the artery was commonly
observed (74.1%), followed by enteropancreatic (18.5%),
intrapancreatic (4.6%), and retropancreatic (2.8%) courses.

Unspecified sex and age.

The splenic artery tortuosity index was evaluated in 29
cadaver samples and 44 celiac angiograms. This index is
achieved by measuring the straight distance from the origin
of the splenic artery, from the celiac trunk to the beginning of
the hilar branches as well as the total length of the artery
between these two points.

Sylvester, 1995 [32] Tortuous splenic artery

Patients: 29
Age and sex: not specified.
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Author, Year

Type of Anatomical Variation

Clinical Considerations

Sample Characteristics

Ekingen et al., 2019 [34]

Total of 596 (79.47%; 276 females and 320
males) normal anatomy of the SA

No clinical correlation was made, but a classification of the
SA variations was given.

Patients: 750 patients
Gender: 276 (45.87%) female, 320 (54.13%)
male.
Age: 16-93 years (50.6 £ 16.2).

Juszczak et al., 2021 [35]

Celiac trunk divided into CHA, LGA, and SA
in 82% of the cadavers (41/50), Adachi type L.
A classical or “true” tripod called “tripus
Halleri” and a non-classical type. In the
classical type, CHA, SA, and LGA were found
to arise from the CT. This was found in 20% of
dissections (8/41).

No clinical correlation was made but comment that this
study may have implications for surgical interventions and
imaging studies related to the abdominal region.

Fifty formalin-fixed abdomen specimens;
the sex and age were not taken into
account.

Zheng et al., 2015 [36]

The anatomical data showed that 64.7% of the
patients had the concentrated type (205 cases)
and 35.3% had the distributed type (112 cases);
22 cases (6.9%) single branch SA type (SA
passes tortuously through the splenic hilar
without dividing into terminal branches),
250 cases (78.9%) of the 2-branched type (the
SA divides into the superior and inferior lobar
arteries); 43 cases (13.6%) of the 3-branched
type (the SA divides into the superior, middle,
and inferior lobar arteries of the spleen), and
2 cases (0.6%) of a multiple-branched SA type
(the SA branches into 4-7 branches that enter
the splenic hilum).

Patient intraoperative characteristics:

For all 317 patients, the mean surgical time was
175.41 & 31.97 min (range, 120-420 min). The mean total
blood loss was 53.94 + 31.77 mL (range, 5-300 mL). The
mean number of harvested No. 10 LNs was 2.69 £ 2.16

(range, 0-9). The mean splenic hilar lymphadenectomy time
(23.15 £ 8.02 vs. 26.21 £ 8.84 min; p = 0.002), mean blood
loss resulting from splenic hilar lymphadenectomy
(14.78 £ 11.09 vs. 17.37 £ 10.62 mL; p = 0.044), number of
vascular clamps used at the splenic hilum (9.64 £ 2.88 vs.
10.40 + 3.57; p = 0.040), and mean total number of retrieved
LNs (40.36 + 14.08 vs. 44.46 + 14.80; p = 0.015).

Total of 317 patients with upper- or
middle-third gastric cancer underwent
splenic hilar lymphadenectomy (LTGSPL);
neither sex nor age were described.

Wada et al., 2020 [37]

There were 25 (83%) cases with type S and 5
(17%) with type D splenic artery anatomy.

The mean total operative time was 189 (range, 85-270) min
and intraoperative blood loss was 156 (range, 5-810) mL.
None of the patients suffered from grade C postoperative
pancreatic fistula. The mean postoperative hospital stay was
16.1 (8-48) days, and there was no perioperative mortality. In
25 (83%) patients, the splenic artery was successfully
dissected using the planned surgical procedure, whereas the
surgical plan had to be altered in 5 cases (17%).

Total of 25 males in the type S group, with
an average age of 67.4 (19-86) years old,
and 5 males in the type D group, with an
average age of 58.8 (47-81) years old.
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Author, Year

Type of Anatomical Variation

Clinical Considerations

Sample Characteristics

Vandamme et al., 1986 [38]

Total of 156 abdominal preparations were
explored by angiography, corrosion, and
dissection;

26% of the preparations had a left
gastroomental artery (LGOA) emerging from
them and in 8% the SA divides simultaneously
into two splenic rami and the LGOA;
in the remaining 66% the splenic inferior and
left gastroomental artery arose from a
common splenicocogastroomentalis trunk.

No clinical correlation was made.

Total of 156 abdominal preparations.
Neither age nor gender-related
information was described.

Daisy et al., 2003 [39]

Total of 200 cadavers.

In 90% of instances, the SPLA was the largest
of the three branches; in the remaining
specimens, the CHA was the largest. In 68%
of specimens, the LGA arose as the first
branch of the CT that then bifurcated into the
CHA and SPLA. In 30% of dissections the CT

divided into three branches at the same point.

Total of 5 of 44 (79.4%) female specimens. It
arose from the lower lobar artery (LLA). In
one instance, it was a branch of the SPB.
Tortuosity was present only in 10% of adults.

No concrete clinical correlation was made.

Total of 156 male and 44 female adults
(18-80 years of age).

Chaware et al., 2012 [40]

Total of 111 cadaveric specimens were used:
95 (85.58%) had two primary branches and
16 (14.42%) showed three primary branches.
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.

Discusses that detailed knowledge of the segmental branches
of the SA is crucial due to the tendency of surgeons to
conserve as much splenic tissue as possible during
splenectomy, but it does not establish a statistical correlation
between the anatomic variants of the SA and the
splenectomy’s possible outcomes/complications.

Total of 15 female spleens and 96 male
spleens; however, gender is not
considered for the statistical analysis.
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Author, Year

Type of Anatomical Variation

Clinical Considerations

Sample Characteristics

Garcia-Porrero and Lemes, 1988
[41]

Total of 181 cadaveric specimens were
dissected.

For 92% of the dissected cases studied, the SA
divided into 2 primary branches, superior and
inferior. In the remaining 7.18% the SA
divided into 3 branches: superior, middle, and
inferior.

No clinical correlation was made.

Total of 133 male and 48 female cadaveric
specimens.

Ignjatovic et al., 2004 [42]

Total of 102 consecutive fresh autopsy
specimens.

A superior terminal splenic branch (STSB)
divided extracapsularly into 2.8 - 0.9
branches per sample. The distribution of
branches was as follows: two (44 cases), three
(36 cases), four (17 cases), and five (5 cases).

This implies that the operative technique for splenic
lobe/segment dearterialization, previously described for the
inferior polar segment and the inferior splenic lobe, could
find further use in new circumstances and provide more
secure spleen preservation through the
ligation/dearterialization of individual segmental arteries.
The technique seems to encompass both the benefits and
drawbacks of splenic vascular organization.

Total of 53 male cadavers and 49 female
cadavers with a mean age of 54 years
(range 26-83 years).

Liu et al., 2009 [43]

Six patients with aneurysms involving the
splenic artery arising anomalously from the
superior mesenteric artery were detected with
3D CE-MRA.

The SA arose anomalously from the root of the
superior mesenteric artery, the celiac trunk
did not arise from any branches supplying the
spleen, and the hepatic artery arose from the
abdominal aorta alone.

Two patients underwent open vascular surgery, an
endovascular procedure was performed on three (1 coil
embolization with gelform and glue and 2 stent graft
placements), and one patient refused treatment and was lost
to follow-up.

Four female and two male patients
ranging in age from 37 to 71 years with a
mean of 49.7 years.

Redmond et al., 1989 [44]

Total of 127 human spleens were studied.
The SA arose as a single trunk from the celiac
axis in all but one case, where a second splenic

artery was found arising directly from the

aorta and supplying the upper pole.

No clinical correlation was made.

Total of 127 human spleens were studied,
of which 50 were fresh post-mortem
specimens; the remaining 77 were from
dissection room cadavers.
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Table 5. Splenic artery prevalence data of the included studies.

Random-Effects Model (k = 15)

CI Lower CI Upper
Bound Bound

Intercept 0.288 0.0598 4.82 <0.01 0.171 0.405

Note. Tau? estimator: DerSimonian—Laird.

Estimate se V4

Table 6. Splenic artery prevalence data heterogeneity of the included studies.

Heterogeneity Statistics

Tau

2 ? H? R2 df Q p

0.225 0.0508 (SE = 0.0377) 99.48% 192.813 14.000 2699.384 <0.01

3.7. Surgical Clinical Correlation

Eight studies reported clinical correlations of anatomical variations in the splenic
artery with surgical procedures in the abdominal region (Table 4), which were mostly
associated with surgeries of the pancreas, liver, stomach, and bile ducts. The main surgical
complications presented in the literature are those that occur during surgeries for tumors
of the tail and body of the pancreas. This is mainly because, for the resection of the tumor
mass, in the presence of SA variants, there could be intrasurgical complications, which
are argued in cases of a carcinogenic-type tumor due to its rich vascularization and the
different SA route patterns that it can present for this type of pathology. Although there are
changes in the position superior to the pancreas, these route variants will always present in
an intrapancreatic, inferopancreatic, anteropancreatic, or intrapancreatic route, the latter
being the one with the worst prognosis if it is not investigated early. For pyloroduodenal
junction and bile duct surgeries, greater caution should be taken for variants associated
with the origin of the splenic artery, since, as detailed in the results of this study, the
number of possible origins of the artery are varied and before a surgical procedure in
this area it is important to determine the patterns and different origins to avoid adverse
or iatrogenic phenomena during the intervention. Finally, for variants in the entrance to
the hepatic hilum, caution has been detailed in complete splenectomy surgeries or in left
colic flexure surgeries, which could also have some type of proximity to the area of the
variant [3,6,13,16,17,33,51,56].

3.8. Clinical Correlation with Diagnostic and Therapeutic Study

Eight studies reported clinical correlations of the anatomical variations in the splenic
artery with the diagnostic and therapeutic study through images of the abdominal region.
This is because, depending on the type of SA variant, different SA origin dispositions could
be observed, such as an aberrant trajectory or an arrival in disposition that is different from
the splenic hilum; any of these variants could cause confusion in the diagnosis of both
vascular pathologies, as well as those of the spleen. This could include greater curvature of
the stomach, the upper portion of the duodenum, or pathologies of the pancreas, mainly in
respect of the body and tail, since in imaging the diagnosis could otherwise depend on the
diagnostic criteria and the patient’s symptoms, which could lead to erroneous diagnoses
and/or overestimation or underestimation of different pathologies of the aforementioned
regions. Regarding the intervention of therapeutic studies, the same patterns mentioned
for diagnosis should be considered [5,13,17,22,27,29-31].

4. Discussion

Regarding the study of the variations in the splenic artery, there can be a wide range
of possibilities. In relation to what was reported by the reviewed investigations, the
splenic artery may present variation in its origin [3,5,6,14,16,19,20,22-25,29,31,33,62], in its
course [3,6,15-18,32], or in its entrance to the splenic hilum [3,6], and could also present
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one or more variations [3,6,21,26,37]. This suggests that there could be multiple factors
that can influence the development of anatomical variation, including geographic region,
gender, and age. As the geographical distribution was relatively homogeneous, with a
slight inclination towards the European continent (Table 3), we do not believe it is possible
to determine that this criterion has an influence on the higher incidence of anatomical
variations in the splenic artery. However, we believe that it may be associated with article
search bias or a higher number of studies of the splenic artery that have been carried out in
this continent. Regarding gender, the studies included in this review showed that 68.8% of
patients were men, while 31.2% were women. These percentages were taken from sixteen
case studies [5,6,13,15,17,19,22-24,28-31,33] in which gender was reported. We believe that
it is not representative to attribute the variation to this aspect. Only three [6,28,32] studies
included men and women, where the results presented means of 67% men and 32.3%
women. If we consider these data, we can say that two-thirds were men and one-third were
women, which could be an indication that these variations have a greater incidence in male
subjects; however, we believe, that to better support this theory, more studies should be
carried out that measure this relationship. Regarding age, most of the studies did not report
age since they were mostly cadaveric studies and these tend not to mention age. In relation
to the above, we believe that age is not a factor that influences directly the variation of the
splenic artery, considering that its variation comes from embryonic development [65], but
this could be analyzed in relation to the appearance of some associated comorbidities in
different age cycles.

In relation to the variation in the splenic artery’s origin, we found that it has an
incidence between 1.1 and 40%. Within these variations, its origin in the abdominal aorta
artery [5,19,31] was most frequently mentioned, specifically under the celiac trunk and with
an inclination to the left. Another reported origin was the hepatomesenteric trunk [19,63],
from which the superior mesenteric artery, the common hepatic artery, and the splenic artery
arose directly. Finally, this artery can also originate in the gastrosplenic trunk [14,19,29],
which has been described as inferior to the celiac trunk, and the splenic artery will have
its origin in the left part of the gastrosplenic trunk. However, variation in the course can
present many patterns of variation, with the pancreas being the main relation to consider,
for which the main variation was the intrapancreatic trajectory [6,15,18] (Figure 6). Later,
we will comment on its clinical correlation, which could be very important. Finally, the
variation in the entrance to the splenic hilum [3,6] is mainly associated with the multiple
branches of the splenic arteries in the hilum of the spleen or with their entrance in the
superior or inferior poles of the spleen.

Notably, 42% of the studies reviewed showed that variations in the splenic artery
should be considered for surgical approaches to surrounding organs [3,13,17,20-24,31].
Ignoring these variations could cause a hemorrhage in the area, which, if it is not handled
quickly, could present a serious risk to the patient’s life. Additionally, 36% of the studies
reviewed highlighted the importance of knowing these variants for the diagnosis of certain
abdominal pathologies [13,20,23-25,30,33], mainly pancreatitis or other conditions of the
pancreas, in which the position of the splenic artery could have some type of diagnostic
and therapeutic consideration; to a lesser extent, the studies also suggested considering the
variants in the approach to stomach or large intestine pathologies.

These results support the importance of a thorough understanding of the normal
anatomy and its variations in the practice of clinical and therapeutic medicine to avoid
possible complications. We believe that this study will contribute to the current knowledge
to enable better performance in surgical intervention in the abdominal region and in
angiographic practice generally.
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Figure 6. The image shows the intrapancreatic splenic artery. Abbreviations: abdominal aortic (AA),
splenic artery (SA), common hepatic artery (CHA), celiac trunk pancreas (P), splenic organ (SO).

Of the studies included in this review, to analyze their methodological quality, they
were subjected to the quality assessment of anatomical studies bias analysis [12]; the
results reported the five domains covered by this tool and the criteria of the objectives
and the characteristics of the studies. Studies and anatomical descriptions of the risk
of bias were uncommon. For all domains, more than a 30% risk of bias was found.
Particularly for the domain “objective(s) and characteristics of the studies”, 18 studies
(51%) [5,6,10,13,18-20,23-27,29,32,34,35,38,40] are at high risk of bias, while in the domain
“ study design”, 24 studies (69%) [3-5,8,13-15,17-19,24,28-30,33,34,36,38,39,52,53,59,60,64]
have a high risk of bias. In the domain “characterization of the methodology”, 18 studies
(51%) [5,6,15,18,22,25-27,29,30,32-34,38,39,42,54,55] have a high risk of bias. With respect to
the “descriptive anatomy” domain, 21 (60%) [3-6,13,14,16-21,24,27-33,37,42,59,60] studies
presented a high risk of bias. Lastly, for the domain “outcome report”, the risk of bias was
high in 11 (31%) studies [13,20-27,38,56]. The foregoing suggests that the results reported
by several of the studies should be taken with caution, but we should also highlight that
in some domains the level of risk of bias is increased by case studies that may not have
a rigorous methodological quality [5,6,15,18,24-34,38,39,42]. Regarding the prevalence of
the SA variant, we excluded 19 studies that had N equal to 1 and all studies in which its
prevalence was 100% [5,13,15,18-21,23,24,26-31,33,41,57], since, in this case, the sample
was chosen intentionally or for convenience and therefore gave this result. With respect
to the 15 studies [3,14,16,16,34—44] that met the criteria to be meta-analyzed based on the
prevalence variable, these presented high heterogeneity, which indicates that they were
very disparate in their sample; however, in the same way, they met the criteria defined
by the research group for meta-analysis based on their prevalence (Table 5). The results
obtained in the meta-analysis show that the prevalence of the SA variant was 0.29, with a CI
of 0.17 to 0.41, which, from the theoretical point of view of the definition of the anatomical
variant, would exclude it and represent it as a variability of AS. We believe that this is due
to the fact that six [3,6,16,36,42,44] of the meta-analyzed studies presented a prevalence
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above 20%, which is represented as our standard error (0.00598); this suggests that the
reported prevalence data should be analyzed individually and with caution, since some
other factor may have intentionally or accidentally influenced the prevalence in each of
the included studies. However, the meta-analysis shows us that the prevalence results
were statistically significant in relation to the comparison between the different samples
p < 0.001. Finally, for the meta-analysis, the weight of the included studies fluctuated
between 4.83% and 7.03%, which correlates with the high heterogeneity of the studies
included for the meta-analysis, supported by the differences in the total N included. For
the forest plot, where the prevalence of SA and the prevalence of SA variations are com-
pared, the data are reported as the prevalence or number of variants reported by each of
the studies in relation to the total N of the SA (Figure 7). The foregoing was applied to
all the studies that met the condition of declaring the AS variant in their sample jointly.
Although the heterogeneity reported in the forest plot is high, the aforementioned results
show us that, in studies that showed the SA variants, there was high statistically significant
heterogeneity (I12) (p < 0.001) (Table 6). The clinical considerations reported by the included
studies mention both surgery and diagnostic and interventional radiology, such as, for
example, the development of transarterial treatment of liver tumors [13,20], and allow
the surgeon to select a proper surgery approach and prevent potential iatrogenic blood
loss [17,23,24,42,43]. However, there were two studies that showed the correlation of an
SA originating from the superior mesenteric artery and distal aneurysms [22,25] of the
supramesocolic region. For this reason, we emphasize the importance of determining how
the variants of SA could structurally or functionally influence the correct functioning of the
spleen and whether this variant and association present some type of characteristic clinical
picture or a type of symptomatology that indicates this anatomo-clinical relationship. Our
review comprehensively addressed AS variants, taking as samples studies that included
cadavers, imaging studies, and studies with individual intra-operative findings for patients
with these variants, and we believe that our review is different from that carried out by
Manatakis et al. (2020). Although they carried out an exhaustive systematic review of
SA variations (including the following aspects: year of publication; country of origin;
type of investigation (cadaver dissection, corrosion cast and/or arteriogram); sample size;
demographic characteristics (gender, age, and ethnicity); number of SA terminal branches;
SA origin and course; distance of SA terminal division point from the splenic hilum; type
of SA branching pattern at the hilum; polar artery (PA) [66], prevalence; origin, and length;
number of splenic lobes and segments; prevalence of intrasplenic anastomoses), we also
considered, in addition to these aspects, the clinical correlation of each of the SA variants,
if any. It should be noted that this systematic review and meta-analysis, unlike other
previously published studies, shows the prevalence of different studies in addition to
including various study types and also includes cadaveric and imaging samples, increasing
the sample spectrum and methodological and statistical scope of our results. However, the
study by Manatakis et al. (2020) only considered studies in English conducted on cadavers
whether they involved dissection, corrosion casts, and/or arteriograms up to the year 2018,
while we considered studies in English and Spanish and also considered articles up to the
year 2022, considering seven papers after 2018 [17,23,29,34,35,37] that were not considered
in the previously described article [67]. Finally, we performed a prevalence meta-analysis to
account for the prevalence of each of the anatomical variants of AS, which methodologically
demonstrates greater rigor. Taking into consideration the differences expressed above, we
hope our review and meta-analysis provides a contribution and a broader analysis of the SA
variants and may provide assistance for medical or rehabilitation professionals in respect
of the supramesocolic region through an anatomical translational study.
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Figure 7. Forest plot of prevalence of the variations of the SA of the included studies [3,6,10,14,16,34,
36-44].

5. Limitations

The limitations that we report for this review comprise the publication bias of the
included studies (since studies with different results that were found in the non-indexed
literature in the selected databases may have been excluded and our results could have
changed), the probability of not having carried out the most sensitive and specific search
on the topic to be studied, and, finally, the personal selection criteria of the authors for the
article filter.

6. Conclusions

Determining the normal anatomy and the anatomical variants of the splenic artery is
crucial both for the knowledge of professionals with respect to the morphological area and
for clinical professionals who deal with the abdominal region and its vascular components.
In this review, we discovered that the variation in the splenic artery can be at its origin,
along its path, or at its entrance to the splenic hilum, which leads us to understand that
any abdominal intervention in the territory adjacent to the normal path of this artery could
cause complications if the possible variations of this artery are not taken into consideration.
For this reason, it is suggested that new clinical anatomy studies should be carried out that
consider these variations in both diagnostic and surgical processes. Finally, we propose
that in future primary studies, the AQUA questionnaire should be applied before writing
the research paper so that the results of the study are replicable and more reliable, thus
reducing the risk of bias.
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