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ABSTRACT

Introduction: Injuries to the inferior epigastric artery (IEA) have been reported following surgical incisions in the lower abdominal
wall, abdominal paracentesis, and placement of trocars in laparoscopic access sites, resulting in the formation of hematomas in the
abdominal wall. This study aimed to determine its course in relation to anatomical landmarks and suggest safe areas for performing
invasive procedures.

Methods: The abdominal and pelvic computed tomography images of 50 patients were analyzed. The distance between the
superior and inferior epigastric vessels and the midline was determined at two levels and then correlated with each other and with the

patient’s age and sex.
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Results: Computed tomography successfully mapped the epigastric vessels, demonstrating that they are usually located between

4 and 8 cm from the midline.

Conclusion: Staying away from this area will establish the safe entry zone of the anterior abdominal wall.
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RESUMO

Introdugdo: Lesdes da artéria epigastrica inferior (AEl) sdo complicagdes conhecidas de incisdes cirGrgicas na parede abdominal

inferior, paracentes e colocagdo de trocateres em laparoscopia, frequentemente resultando em hematomas da parede abdominal.

O nosso objetivo foi mapear o trajeto da AEl em relagdo a marcos anatdmicos e identificar zonas seguras para procedimentos

invasivos.

Métodos: Foram analisadas tomografias computorizadas (TC) de abdomen e pelvis de 50 pacientes. A distdncia entre os vasos

epigéstricos superior e inferior e a linha média foi medida em dois niveis e correlacionada com idade e sexo.

Resultados: A TC identificou de forma consistente os vasos epigéstricos, localizados entre 4 e 8 cm lateralmente a linha média.

Conclusdo: Esses pontos anatdmicos devem ser considerados sempre que houver necessidade de fazer uma inciséo na parede

abdominal para evitar danos acidentais, ndo apenas durante laparoscopia ou procedimentos cirirgicos abertos, mas também

durante procedimentos guiados por imagem, como bidpsia e paracentese.

Palavras-chave: Artérias Epigéstricas/anatomia e histologia; Artérias Epigastricas/cirurgis; Parede Abdominal

INTRODUCTION

The inferior epigastric artery (IEA) is an important blood
vessel that supplies the anterior abdominal wall. It originates
from the external iliac artery above the inguinal ligament and
runs superficially through the transverse fascia, penetrating
the rectus abdominis muscle in its lower third.™

IEA injuries have been reported after surgical incisions in the
abdominal wall in procedures such as paracentesis, placement
of trocars for laparoscopic access, and enterostomies. This
results in the formation of hematomas on the abdominal wall
that can expand considerably due to the lack of resistance of

the adjacent tissue.>'°

During laparoscopy, the bleeding can manifest as internal
dripping, seen through the cannula inside the abdominal
cavity, and as external blood exudation. This type of injury
may initially go unnoticed due to temporary tamponade, both
by the cannula and the pneumoperitoneum, and later present

as a hematoma or pseudoaneurysm. "

Recent studies have shown that the injury rate of these blood
vessels during laparoscopic procedures is approximately
0.2%-2%. These injuries result in significant morbidity and
mortality, requiring immediate surgical repair.”® A systematic
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review of laparoscopic major vascular injuries in gynecologic
surgery for benign indications demonstrates inferior epigastric
vessels were the most commonly injured vessel, comprising
48% of all injuries. The majority of injuries occurred during
abdominal entry, and the remainder occurred during surgical
dissection. Most injuries were recognized intraoperatively,

and approximately half required laparotomy for repair.®

Furthermore, there are reports of injuries to the inferior
epigastric artery that progressed to hemorrhagic shock in
robotic surgeries, demonstrating the importance of knowing

the anatomical variations of these vessels.™

Several authors have reported that imaging exams can
provide more details on the vascularization of the abdominal
wall than basic anatomy books, therefore avoiding possible
complications during surgery.">*"" Preservation and anatomical
knowledge of arteries during invasive procedures are critical

to reduce complications during and after the operation.

This study aims to locate the course of IEA concerning
anatomical landmarks and suggest safe areas to perform
invasive procedures on the abdominal wall, such as
the placement of trocars in laparoscopy, laparotomies,
enterostomies, and paracentesis.
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METHOD

The study was developed after being approved by the
Research Ethics Committee of the Federal University of
Uberlandia. It consists of a retrospective analysis involving
the evaluation of fifty computed tomography angiograms
of the abdominal aorta and iliac arteries from the last five
years, performed as part of the propaedeutic of abdominal
disorders. The exams were acquired from the Clinical Hospital
of the Federal University of Uberlandia in the state of Minas
Gerais, Brazil.

The patients were distributed into two groups: 25 females and
25 males, with a mean age of 60.6 +13.98 years for men and
59.96 + 11.48 years for women. Their ages ranged between
29 and 78 years, with a difference of p=0.87 between sexes,
showing a higher age among male patients.

Among the associated abdominal conditions, abdominal
aortic aneurysm (25%) and descending aortic dissection
(10%) were the most common. Approximately 18% of the
exams did not show any pathological correlation.

For this study, patients were randomly selected. Those who
had some degree of deformation in the abdominal wall or
disorders that could interfere with the assessment of the

inferior epigastric artery were excluded.

The arterial phase of computed tomography (CT) angiograms
that included the chest, abdomen, and pelvis was studied.
The epigastric vessels’ location was determined at two
reference points: the umbilical scar and the mid-inguinal point
(halfway between the anterior superior iliac spine and the
symphysis pubis). These anatomical references were based
on studies with cadavers that aimed to define surface relations
to propose guidelines for safer trocar placement.-*1012

The distances between the IEA and the midline were
bilaterally measured on the same multiplanar reconstruction
(MPR) section. In each case, maximum intensity projection
(MIP) generated and reformatted thin axial images.

The analyzed data, such as age, were expressed as mean +
standard deviation, and the average distance of the epigastric
vessels from the midline was summarized as mean + standard
deviation in 95% confidence intervals. Furthermore, Pearson’s
correlation coefficient was used to determine the correlation
between general patient information and measured data. All
tests were two-tailed, and a p<0.05 value was considered
statistically significant. Statistical calculations were performed
using SPSS 26.0 software (IBM SPSS Statistics 26.0).

RESULTS

The inferior epigastric artery (IEA) was absent in 4% of
patients. In such cases, the IEA was exclusively observed
unilaterally in both men and women without any significant
predominance on either side.

Table 1shows the inferior epigastric vessels' location in relation
to the midline. The data reveals that at the level of the mid-
inguinal point, the mean distance of the [EA was 5.37 ¢m to
the right and 5.17 cm to the left. At the level of the umbilical
scar, the mean distance from the IEA to the right was 4.73 cm
and 4.87 c¢m to the left.

In only 2% of cases, the left inferior epigastric artery ended
below the umbilical scar.

The arteries demonstrated an average external caliber of 2.87
mm on the right and 2.81 mm on the left, with a difference
between sides (p = 0.54) and a greater variation in caliber on
the left.

The blue line represents the location of the inferior epigastric
arteries in Fig. 1. The dashed line indicates the distance of
the vessels from the midline based on the upper and lower
95% confidence intervals at each level. The starting point of
the figure is defined as the average distance between the
epigastric arteries and the midline at the level of the pubic
symphysis, being 7.32 cm on the right and 7.23 cm on the left.
Invasive operations through the abdominal wall should avoid
these areas.

Table 1. Distance of the inferior epigastric vessels from the midline.

Right Left

Location n Mean +SD
Mid-inguinal point 49 5.37+0.95
Umbilical scar 49 4.73+1.60

Cl of 95% n Mean + SD Clof 95%
5.10-5.64 49 5.17£0.95 4.89-5.44
4.27-5.19 48 4.87+1.54 4.42 -5.31
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Figure 1. Distance of the inferior epigastric vessels from the midline.

The correlation between patient characteristics and the Furthermore, measurements indicate a statistically significant
distance of the Inferior Epigastric Arteries from the midline association with the patient’s sex, with the correlation being
was analyzed using Pearson’s correlation coefficient. The more substantial at the level of the umbilical scar on the left.
results show that age is not related to the path of the vessels The samples, divided into two groups according to sex are
with a low correlation between the results, Pearson index of presented in Tables 2 and 3, which show the location of the
0.07t0 0.28. IEA based on the average value for both groups.

Table 2. Location of the inferior epigastric arteries in females.

Right Left

Location n Mean +SD Cl of 95% n Mean +SD Clof 95%
Mid-inguinal point 24 5.63+0.95 4.60-5.40 25 5.22+0.90 4.63-5.37
Umbilical scar 24 4.61+1.61 3.32-4.68 25 4.50+1.52 3.37-4.63

Table 3. Location of the inferior epigastric arteries in males.

Right Left

Location n Mean +SD Cl of 95% n Mean + SD Clof 95%
Mid-inguinal point 25 5.12+0.89 4.63-5.37 24 5.11+1.01 4.57-5.43
Umbilical scar 25 4.85+1.60 3.34-4.66 23 5.27+1.48 4.36-5.64
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Finally, the branching patterns of the inferior epigastric
artery (IEA) were evaluated in our population. These
were categorized according to the 1988 Moon and Taylor
classification,® modified to include type O, in which the artery
is absent, and type 4, in which there are four main trunks
originating from the IEA according to Rozen."

In 2% of cases, the IEA was absent and was classified as
type O. In the majority (83%) of CT angiography exams,
the IEA did not have branches, and therefore, it was a single
branch - this was called type 1. In 13%, the IEA bifurcated
at the arcuate line, and this pattern was called type 2. And
finally, a trifurcated pattern or type 3 was observed, found
in only 2% of cases. These patterns are relevant in surgeries
that use the inferior epigastric artery pedicle and in invasive
procedures of the abdominal wall, as they can damage these
branches.

2%2%

TYPE 0
TYPE 1
TYPE 2
TYPE 3

Figure 2. Type of IEA branch according to the Moon and
Taylor classification.

Therefore, the use of such CT angiographic images proved
to be highly accurate in delimiting the anatomical pattern
of the inferior epigastric artery, with a resolution that clearly
evaluated vessels as small as 3 mm in diameter and that
allowed a functional view of this anatomy in vivo.

DISCUSSION

Few studies show the course and position of the IEA focused
oninvasive procedures of the anterior abdominal wall. A similar
survey of the course of the IEA in 30 cadavers demonstrated
that the mean distance of the inferior epigastric artery from
the midline was 4.45 + 1.42 cm at the level of the midpoint of
the inguinal ligament and 4.49 +1.15 cm at the navel level.® In
the present study, the values were 5.27 +1.55 at the level of
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the midpoint of the inguinal ligament and 4.79 + 0.94 at the
level of the umbilical scar.

When describing the anatomy of IEA, the literature is based
mainly on cadaveric studies, in which many functional vascular
changes can alter the anatomy. When comparing studies, we
can observe a slightly lower distance value in cadavers, which
can be justified by the tissue retraction performed in the
fixation technique.

In other studies, using imaging methods, such as angiotomo-
graphy of in vivo patients, mean distances of 5.17 £ 0.93 at the
level of the middle of the inguinal ligament and 5.27 + 1.17 cm
at the level of the umbilical scar were observed in the Indian
population’. Saber'? describes the distance from the IEA to
the midline at the level of the umbilical scar as 5.88 + 0.14 on
the right and 5.55 + 0.13 on the left in the North American
population. These facts may indicate a significant anatomical

difference between populations with distinct lifestyle
habits.

Regarding the branching of IEA, there is a predominance
of type 1, contrasting with the previous distribution found
by Moon and Taylor® in 1988 in Australia, where type 2,
bifurcated, was the most predominant. Although population
aspects can explain the difference, new studies on IEA
branching patterns have shown a greater prevalence of the
single branch type in the Australian population as well.”
Studies have found a higher proportion of type 1 patterns
and a lower proportion of type 2 and 3 patterns than
expected in comparison to Moon and Taylor’s 1988 cadaveric
study.

All this data is relevant as the complexity of advanced
laparoscopic procedures progressively requires the placement
of many large-caliber trocars through the anterior abdominal
wall. This can result in accidental injury to the abdominal
wall vessels in 0.2% to 2.0% of the cases.® Without a
doubt, the most commonly injured vessels in laparoscopic
procedures are the epigastric vessels, which, given the rise in
procedures outside the midline, are increasingly exposed to
injuries.

Avoiding the IEA region will dramatically reduce the risk of
vascular injury during invasive procedures such as trocar
placement during laparoscopic surgery, enterostomy, and
paracentesis. According to our data, it is clear that regardless
of the abdominal level, the epigastric vessels are generally
located in the area between 4 and 8 cm from the midline.

Staying away from this area, whether medially or laterally,
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will determine the safe entry zone into the abdominal
wall without risk of injury to the epigastric vessels. These
anatomical points must be considered whenever there is a
need to make an incision through the abdominal wall to avoid
accidental damage, not only during laparoscopy or open
surgical procedures but also during image-guided procedures

such as biopsy and paracentesis.

CONCLUSION

In summary, the vascular anatomy of the IEA can be a valuable
alternative in managing lower abdominal wall bleeding in
invasive procedures. This study provides the anatomical
characteristics of IEA in the population of Minas Gerais, Brazil,
as a reference and may contribute to reducing the damage

caused by invasive abdominal operations.
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