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Abstract

Introduction: Understanding superficial epigastric vessel anatomy is crucial for abdominal
surgeries like laparoscopy, especially in neonates, to prevent injury. While standard courses
are described, variations occur. This case report highlights a unique anatomical variation in
the superficial epigastric artery found during the dissection of a stillborn neonatal cadaver.
Case Report: In contrast to the usual origin from the femoral artery, this variation features
the inferior epigastric artery penetrating the anterior abdominal wall near the umbilicus
and branching superiorly to supply the superficial abdominal wall. Conclusions: This
distinctive vascular configuration, which to the best of our knowledge has not been previ-
ously described in neonatal anatomical literature, diverges from the typical symmetrical
arrangement and previously reported variations. The study stresses the clinical importance
of this finding, especially for laparoscopic procedures in neonates. During trocar placement,
surgeons should be cognizant of such variations to reduce the risk of iatrogenic injuries,
including rectus sheath hematoma. The report highlights the need for further investigation
to establish the prevalence of this variation and its potential effects on surgical safety and
outcomes in a broader neonatal population, which may also reflect the dynamic vascular
remodeling that occurs during early developmental stages.

Keywords: arteriovenous anastomosis; anatomic variation; inferior epigastric artery; venae
comitantes; neonate

1. Introduction
Anatomical knowledge and understanding of the position of abdominal vessels are

fundamental considerations in surgical approaches to the abdominal wall, including laparo-
scopic procedures in neonates. The vascular supply is divided into superficial and deep
parts. The superficial epigastric artery (TA2: arteria epigastrica superficialis) originates from
the femoral artery, approximately 1 cm below the inguinal ligament in adults. It ascends
within Camper’s fascia to supply the skin beneath the umbilicus and nearby lymph nodes.
The superficial epigastric vein (TA2: vena epigastrica superficialis) is a significant tributary
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of the great saphenous vein [1,2]. The inferior epigastric artery (TA2: arteria epigastrica
inferior) arises from the external iliac artery, runs medially past the deep inguinal ring,
contributing to the formation of the lateral border of the inguinal (Hesselbach’s) triangle,
and enters the rectus sheath to provide blood to the rectus abdominis muscle [2,3]. The
superficial and deep vasculature communicate via perforating branches that pierce the
anterior rectus sheath to anastomose in the subcutaneous tissue [4,5].

Most anatomical and surgical texts describe and illustrate the typical vascular con-
figuration of the anterior abdominal wall. Knowing the general course of these vascular
structures in the anterior abdominal wall, especially in reference to abdominal laparoscopic
procedures, is essential to prevent or reduce inadvertent injury [6,7], but it is also crucial to
be aware of potential variations. Several variations in the course of the superficial epigastric
artery have been previously documented [8,9]. Thoma et al. [9] reported that the artery
is missing or underdeveloped in 35% of their adult sample [9]. The authors would like
to highlight, as noted by Rozen et al. [10] and Franchi et al. [11], that the nomenclature of
the “deep” inferior epigastric artery has been accepted into plastic surgery literature, to
distinguish itself from the “superficial” epigastric artery. However, it has yet to be adopted
into other medical literature [10] and does not form part of the accepted terminology as per
TA2. As such, the authors of this case report will make reference to the “inferior epigastric
artery” and the “superficial epigastric artery” as per the accepted anatomical terminology.

This case report presents a vascular configuration that, to the best of our knowledge,
has not previously been described in neonatal anatomical literature regarding the origin
and course of the superficial epigastric artery. As anatomical variations are increasingly
recognized and reported in the literature, it is essential to be cognizant of these variations
to prevent, or at least reduce the risk of, iatrogenic injury during laparoscopic procedures,
therefore providing safe and effective surgical outcomes during laparoscopic procedures
for all patients [8,12].

2. Case Report
The variation was discovered during a research-based prosection of the anterior

abdominal wall in one (n = 1) formalin-fixed (submersion) stillborn neonatal sample. The
prosection was conducted within the dissection halls at the University of Pretoria, Faculty of
Health Sciences, Pretoria, South Africa, during the autumn term of 2023. This neonate, part
of the body donation program of the National Tissue Bank, Pretoria, Gauteng, South Africa,
exhibited no evidence of prior abdominal surgeries or pathologies. The demographic
profile of the neonate included the following information: sex: male, population group:
black South African, age: 0 days (stillborn), height: 480 mm, weight: 2.3 kg. Unfortunately,
the gestational age information for the neonatal donor was not available in the donor
records and could not be included. The specimen had been preserved using formalin-
based submersion fixation according to the standard protocol used in the Department of
Anatomy for neonatal anatomical donors. No additional vascular injection, angiography,
or histological analysis was performed on the neonatal donor, which represents a limitation
of the present observation.

While dissecting the anterior abdominal wall to expose the superficial vascular struc-
tures through careful microdissection under direct visualization, there was a notable varia-
tion in the vascular course of these blood vessels. On further exploration, these superficial
vessels appeared to radiate superiorly from the level of the umbilicus. As such, despite
taking the greatest of care to preserve all the superficial vascular structures through precise
micro-dissection, neither the left nor the right superficial epigastric artery was observed at
its expected origin from the femoral artery. The femoral triangle was carefully explored dur-
ing the dissection to identify the vessel; however, no artery consistent with the superficial
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epigastric artery could be identified arising from the femoral artery. Instead, the superficial
vascular supply appeared to originate predominantly from perforating branches of the
inferior epigastric artery emerging near the level of the umbilicus. A branch of the inferior
epigastric artery could be seen penetrating through the anterior abdominal wall muscles,
ultimately spreading over the entire superficial anterior abdominal wall (Figure 1A,B).
These superficial abdominal arteries were tagged with a pin, and the abdomen was re-
sected to identify the origin of the penetrating vessel. The inferior portions of the rectus
abdominis were removed to see the inferior epigastric artery coursing superiorly, providing
a significant contributing branch to the indicated (“red” arrow) tagged pins (Figure 1C).
These branches from the inferior epigastric arteries were observed to pass through the
anterior abdominal wall muscles, from internal to external (Figure 1D), to give rise to most
of the superficial epigastric arteries to supply the superficial anterior abdominal wall. The
vascular configuration observed in this specimen most closely corresponds to the schematic
pattern illustrated in Figure 1B, in which branches originating from the inferior epigastric
artery contribute directly to the superficial vascular supply of the anterior abdominal
wall. However, in the present case, this arrangement appeared more pronounced, with the
superficial arterial supply predominantly derived from perforating branches of the inferior
epigastric artery emerging near the level of the umbilicus and radiating superiorly across
the superficial abdominal wall.

Figure 1. The major vascular supply of the superficial anterior abdominal wall from the infe-
rior epigastric arteries. (A) Photograph and superimposed illustration of the cutaneous vascular
branches of the superficial epigastric arteries and thoraco-epigastric veins. (B) Line diagram depicting
the cutaneous vascular branches of the superficial epigastric arteries and thoraco-epigastric veins.
(C) Photograph and superimposed illustration of the internal vascular branches of the inferior and
superior epigastric arteries. The red arrows indicate the perforating branches of the inferior epigastric
artery. (D) Photograph of the internal vascular branch of the inferior epigastric artery. (B,E–G) Line
diagrams depicting the general vascular configuration of the superficial anterior abdominal wall.
(D) Typical, symmetric pattern. (B) Superficial epigastric arteries that originate from the inferior
epigastric artery. (E) Asymmetric pattern. (F) Inverted V-shaped midline crossover arborized below
the inguinal ligament.
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3. Discussion
This study demonstrated a vascular pattern of the inferior epigastric arteries in one

neonate cadaver that, to the authors’ knowledge, has not been previously reported in
the literature. This vascular pattern shows the inferior epigastric arteries penetrating the
anterior abdominal wall muscles (deep to superficial) just below the umbilicus to supply the
upper abdominal quadrants, in the absence of well-defined superficial epigastric vessels.

Vascular structures are important during laparoscopic surgery, especially in the neona-
tal population [6–8,13,14]. However, there is limited information on the superficial epi-
gastric vessels in neonatal samples, particularly regarding their anatomical variations.
Several authors have focused on the anatomy of the superficial epigastric vessels and the
various patterns observed in adults [1,5,9,15,16]. However, according to these authors,
none of the previous studies has described the variations observed in this case report. Park
et al. [5] found, in adults, a typical, symmetrical pattern in 87.3% of the cases they observed
(Figure 1E). In their angiogram analysis, they observed that 12.7% had an asymmetric
pattern (Figure 1F), and in only 5.5%, a large, inverted V-shaped midline crossover with
arborization below the inguinal ligament (Figure 1G) [5].

Mall in 1898 described the embryological development of the rectus abdominis muscle,
which originates from the ventral longitudinal column of the ventral hypomere, derived
from the lateral plate of the paraxial mesoderm [10,17]. This ventral longitudinal column
separates into the two hemi-abdominal origins, attaching to the pubic symphysis and pubic
crest. These two origins would run parallel and attach superiorly to the seventh costal
cartilage [10]. The myotomes that have migrated into the embryo’s ventral wall, which
are accompanied by nerve and vasculature cells, laterally contribute to the formation of
intercostal nerves and their related blood vessels [17]. Rozen et al. [10] further elaborates
that in the ventral midline, segmental arteries create deep epigastric arteries, supplying the
muscles that emerge from the ventral longitudinal muscle column [10], likely providing
each rectus abdominis muscle its own blood supply from its corresponding inferior epi-
gastric artery, with one perforator row for each head, irrespective of the branching pattern
of the inferior epigastric artery and the branches thereof, as described by Pfiztner in 1889
in the Anatomischer Anzeiger [4]. Schaverien et al. [16] evaluated the medial and lateral
perforators from the inferior epigastric artery and vena comitans, establishing that there
is a significant anastomosis between these vessels and the superficial epigastric vein [16],
found in Scarpa’s fascia within the subcutaneous tissue [15]. These medial perforators
often have a larger caliber [18–20]. This may provide a possible developmental explanation
for the vascular configuration observed in the present case, in which both the inferior
epigastric arteries penetrated the anterior abdominal wall to supply the cutaneous regions
in the apparent absence of well-developed superficial epigastric arteries. As described by
Taylor and Daniel [21], the vascular territories are dynamic; when one source is missing or
underdeveloped, neighboring areas compensate for the reduced blood supply [21].

It should be noted that microscopic or histological confirmation of a hypoplastic or
vestigial superficial epigastric artery was not performed. Therefore, the findings should
be interpreted as an apparent absence of the typical vessel with functional predominance
of perforating branches arising from the inferior epigastric artery. It should also be ac-
knowledged that the specimen was preserved using formalin-based submersion fixation.
Embalming methods may influence tissue elasticity, vascular lumen integrity, and the
visibility of small superficial vessels, particularly in neonatal tissues, where vessels are
delicate. Previous studies have demonstrated that embalmed tissues may show alterations
in vascular lumen patency and microvascular visibility, which can influence the interpre-
tation of fine vascular structures during dissection [22,23]. Therefore, although careful
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dissection was performed, the possibility that very small superficial vessels were collapsed
or obscured cannot be completely excluded.

This anatomical variation highlights the importance of understanding the vascular
anatomy of the anterior abdominal wall in neonates. While previous research has focused
on adult vascular patterns [5,15,16], this case emphasizes the unique considerations in
neonatal populations, where angiogenesis is ongoing. A thorough understanding of these
variations is crucial for surgeons performing laparoscopic procedures in neonates, as the
well-defined superficial vessels from the inferior epigastric arteries, as observed in this
case, are at risk of iatrogenic injury during trocar placement [7], which, if injured, could
lead to a rectus sheath hematoma. Authors such as Iwanaka et al. [14] found that using
an open technique around the umbilicus for the first trocar placement for surgeries such
as fundoplication, pyloromyotomy, and endorectal pull-through yielded no trocar-related
complications [14]. This observed variation presented here contributes to the existing
knowledge of the anatomy of the superficial epigastric arteries in neonates.

4. Conclusions
To the best of our knowledge, this vascular configuration has not been previously de-

scribed in the neonatal anatomical literature, and it may contribute to a broader anatomical
awareness relevant to laparoscopic procedures in neonates. The findings presented here
contribute to the existing knowledge on the anatomy of the superficial epigastric artery
and may have surgical implications in neonates. Further research is needed to determine
the prevalence of these variations and their clinical significance.
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