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Abstact
	 The inferior epigastric artery (IEA) is a critical landmark during laparoscopic surgery. While IEA injuries 
occur in only up to 2% of procedures, they can lead to serious complications such as port-site hematomas 
or life-threatening hemorrhage. This systematic review aims to clarify the IEA’s anatomical course relative 
to key abdominal landmarks to define surgical safe zones. We synthesized data from cadaveric dissections, 
radiologic imaging (CT and ultrasound), and surgical anatomy reviews. The IEA consistently courses within a 
paramedian "danger zone," typically located 4-8 cm lateral to the midline. Variations exist based on population 
and side; for instance, some studies show the vessel as close as 2 cm or as far as 10 cm from the midline. 
Higher BMI also tends to push the IEA slightly more lateral. To minimize injury risk, trocars should be placed 
in identified "safe zones": the avascular midline (linea alba) or areas >8 cm lateral to the midline. Given the 
current lack of Thai-specific anatomical data, local cadaveric studies are essential to refine these safety 
guidelines for regional populations.
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Introduction
	 The inferior epigastric artery (IEA), a branch of the external iliac artery, runs obliquely along the inner 
abdominal wall to supply the rectus abdominis and anastomoses with the superior epigastric artery near 
the costal margin.1,2 This vessel’s course places it at risk during laparoscopic port placements, especially in 
the lower abdomen. IEA injuries during trocar insertion are uncommon but have been reported in up to 2% 
of laparoscopic procedures.3,4 Such injuries may cause complications ranging from port-site hematomas to 
life-threatening hemorrhage. Therefore, understanding the IEA’s surface anatomy in relation to key landmarks 
is crucial for surgical safety.
	 This review summarizes studies on the IEA’s anatomical relationship to key anterior abdominal wall 
landmarks, including the pubic symphysis, xiphoid process, costal margin, anterior superior iliac spine (ASIS), 
and umbilicus. We review findings from cadaveric dissections, radiologic imaging, surgical anatomy reviews, 
and clinical case reports. In particular, we highlight defined ‘safe zones’ for trocar placement and identify 
high-risk regions to avoid. Where available, data from Asian populations are emphasized. In the absence of 
Thai-specific studies, we draw on findings from other populations and highlight gaps for future research. Key 
results are presented by source type, emphasizing the IEA’s relationship to landmarks and its implications 
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for laparoscopic safety. These relationships and the recommended safe zones for trocar placement are 
summarized in Table 1 and Figure 1.

Table 1  Summary of inferior epigastric artery (IEA) location relative to anatomical landmarks and recommended 
“safe zones” for trocar insertion

Study Type Population Landmarks IEA Distance Safe Zone Reference

Cadaveric Western Midline to ASIS 3-8 cm 
(Mean ~5 cm)

Midline (linea alba) 
or >8 cm lateral

5,6

Cadaveric Indian ASIS, Umbilicus 4.10-4.49 cm >5.5 cm lateral from 
midline

7

Radiologic (US) Chinese Midline, Pubis 4-8 cm lateral 
band

~7 cm lateral and 
~5 cm above pubis

8

Radiologic (US) Uygur Pubis, ASIS 3.5-8 cm (R < L) Avoid 3.5–8 cm from 
midline

9

Radiologic (CT) USA Xiphoid to Pubis 4.4-7.5 cm <4 cm (medial) or 
>8 cm (lateral)

10

	 Figure 1 Schematic diagram illustrating the anatomical position of the inferior epigastric vessels and 
defined zones for safe trocar insertion in the lower anterior abdomen.

	 The illustration presents an anterior view centered on the midline (linea alba). The left half depicts the 
rectus abdominis muscle intact, covering the course of the inferior epigastric artery and vein. The right half 
shows the rectus abdominis muscle removed to reveal these vessels (indicated by arrows) running vertically 
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on the posterior sheath. The red shaded area labeled 
"Danger Zone" (approximately 3-8 cm lateral to 
the midline) indicates the typical location of the 
inferior epigastric vessels, representing a high risk 
for vascular injury. Green shaded areas labeled 
"Safe Zone" denote regions considered to have a 
lower risk for trocar placement, located medially  
(< 4 cm from the midline) and laterally (> 8 cm from 
the midline, with an additional specific safe spot 
noted approximately 7 cm. lateral). Key anatomical 
landmarks shown include the umbilicus, pubic 
symphysis, and anterior superior iliac spine (ASIS).

Cadaveric Anatomy Studies
	 Cadaveric dissections have provided important 
baseline information on the course of the inferior 
epigastric artery (IEA) in relation to the midline and 
bony landmarks, while also highlighting substantial 
interindividual and side-to-side variability. Across 
cadaveric studies, the IEA typically lies 4-8 cm from 
the midline, although rare cases have shown the 
artery coursing as close as ~2 cm or as far as ~10 cm 
laterally.11,12

	 A dissection study of fresh Indian cadavers 
demonstrated that the IEA generally follows a 
paramedian course from its pubic origin toward 
the umbilicus, with greater lateral dispersion at 
higher abdominal levels.11 In some specimens, the 
artery terminated below the umbilicus, emphasizing 
variability in vessel length. The left IEA tended to lie 
slightly more medially than the right in the lower 
abdomen. Based on these observations, the authors 
described a paramedian “danger zone” beneath the 
abdominal wall corresponding to the typical trajectory 
of the IEA and noted that its width increases toward 
the umbilical level.12,13 Similar findings were reported 
in cadaveric surface-mapping studies in Western 
populations, which consistently identified the IEA 
danger zone within the paramedian region.5,6 These 
studies confirmed that the linea alba is reliably 
avascular, whereas the region lateral to the rectus 
abdominis muscle lies beyond the usual course of 
the epigastric vessels. Other cadaver-based analyses 
focusing on minimally invasive surgery proposed 
practical safety margins, suggesting that trocar 
placement at approximately 5-6 cm or more from 

the midline avoids the typical path of the IEA.7,14

	 To reduce the risk of inferior epigastric vessel 
injury, laparoscopic ports should be placed either at 
the midline (linea alba) or more than ~8 cm lateral 
to the midline, thereby avoiding the paramedian IEA 
danger zone.
	 This aligns with the idea that roughly a 5-6 cm 
clearance from midline laterally is needed to be 
outside the typical trajectory of the inferior epigastric 
vessels. Notably, this distance is similar to the lateral 
edge of the rectus sheath in many individuals, rein-
forcing that ports just outside the rectus muscle are 
safer. The authors also stressed that the umbilical 
region is relatively avascular centrally, making it a 
common and safe primary entry point, whereas 
lateral ports require careful placement to avoid the 
epigastric field.3,6

	 Although these principles appear consistent 
across populations, region-specific cadaveric data 
remain limited, and further anatomic studies in Asian 
populations, including Thai cohorts, are warranted.2,15

Imaging-Based Mapping Studies
	 CT angiography and ultrasonography have 
mapped the inferior epigastric artery (IEA) in living 
subjects, largely corroborating cadaveric findings 
while providing population-specific and dynamic 
information. Collectively, CT and ultrasound studies 
confirm that the IEA most commonly courses within 
a paramedian danger zone approximately 4-8 cm 
lateral to the midline in the lower abdomen.9,10,11,18

	 A landmark CT study mapping the deep epigastric 
vessels in vivo demonstrated that, across multiple 
horizontal levels from the xiphoid to the pubic symphysis, 
the epigastric vessels consistently remained within 
this paramedian band.10,11 Based on these findings, the 
authors recommended that when internal landmarks 
are unclear, lateral trocars should be placed at least 
~8 cm lateral to the midline and ≥5 cm above the 
pubic symphysis to minimize the risk of vascular 
injury.10,16 These practical coordinates have since 
been widely adopted as surgical guidelines.
	 CT angiography studies further refined these 
safety margins by accounting for interindividual 
variability, proposing “security distances” that extend 
slightly farther laterally at higher abdominal levels, 
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particularly near the umbilicus.18 Overall, these 
data emphasize that secondary ports placed near 
the umbilical horizontal plane may require a wider 
lateral offset to reliably avoid the IEA.
	 Ultrasonographic studies have highlighted 
potential population and side-specific differences 
in IEA course. For example, a study in patients of 
Uygur ethnicity demonstrated consistent left-right 
asymmetry, with the left IEA running more laterally 
than the right at multiple levels.9 Rather than detailing 
these numeric differences in text, such population 
comparisons are best summarized in a table or 
schematic figure contrasting Western, Asian, and 
other studied cohorts.
	 Patient factors may also influence vessel position. 
Higher body mass index has been associated with 
a slight lateral displacement of the IEA, although 
the magnitude of this effect appears modest and 
does not eliminate the paramedian danger zone.10,17 
Dynamic imaging during pneumoperitoneum has 
shown that abdominal insufflation causes some 
displacement of the anterior abdominal wall; however, 
the IEAs remain identifiable lateral to the rectus 
muscles, and insufflation does not negate the risk of 
vascular injury if trocars are placed within the usual 
danger zone.19 This underscores the importance of 
selecting an initial avascular entry site and placing 
subsequent ports under direct visualization with 
awareness of epigastric vessel anatomy.3

	 Modern imaging studies consistently support the 
surgical principle that the inferior epigastric vessels 
occupy a paramedian band approximately 4-8 cm 
from the midline. Safe port placement is achieved 
by using the midline (linea alba) or positioning lateral 
trocars ≥8 cm from the midline and ≥5 cm above 
the pubic symphysis, with additional caution near 
the umbilical level.9,10,11,16,18

Surgical Anatomy Reviews and Safe Zone 
Guidelines
	 Clinical anatomy reviews and surgical guidelines 
synthesize cadaveric and imaging data into practical 
recommendations for trocar placement. Across 
multiple sources, the inferior epigastric arteries 
(IEAs) are consistently described as occupying a 
paramedian band approximately 4-8 cm lateral to 

the midline, defining a recognized “danger zone” 
for abdominal wall entry.11,20 Accordingly, reviews 
recommend that trocars be placed either at the 
midline (linea alba) or ≥8 cm lateral to the midline 
to minimize the risk of epigastric vessel injury.20,21

	 The linea alba, extending from the xiphoid to the 
pubic symphysis, is reliably avascular except for small 
perforators and is widely endorsed as a safe entry 
site for laparoscopy.5,22,23 Surgical texts and reviews 
commonly recommend midline or umbilical entry 
for the primary trocar, even in patients with prior 
lower abdominal incisions, as the deep epigastric 
vessels course lateral to this region.3,24

	 When midline entry is not feasible or for  
additional ports, guidelines emphasize sufficient 
lateral placement. A simplified and commonly cited 
principle is the “5 cm lateral to the rectus” rule, 
whereby ports placed ≥5 cm lateral to the lateral 
border of the rectus abdominis are considered safe 
and beyond the typical course of the IEAs.10,16,25 
The anterior superior iliac spine (ASIS) serves as a 
useful landmark, as ports placed near or just medial 
and superior to the ASIS are usually lateral to the 
epigastric vessels and avoid the paramedian danger 
zone.16,25 In the upper abdomen, where the superior 
epigastric vessels lie closer to the midline, ports are 
safest when placed either close to the midline or 
well lateral, rather than in an intermediate paramedian 
position.10,26

	 Whenever possible, reviews recommend direct 
visualization of the IEAs, either laparoscopically  
(as lateral umbilical folds) or by transillumination 
of the abdominal wall; however, visualization may be  
limited in obese or dark-skinned patients, reinforcing  
the importance of landmark-based safe zone 
rules.3,16,17,27 Some reviews briefly note anatomical 
variants, such as the corona mortis, which may be 
encountered near the pubic region and warrant 
caution with very low lateral ports, although this 
is primarily relevant to pelvic and groin surgery.2,28

	 In summary, surgical anatomy reviews consistently 
support a practical guideline: the IEAs occupy a 4-8 cm  
paramedian corridor, and safe trocar placement 
is achieved by using the midline (linea alba) or 
positioning ports ≥8 cm lateral to the midline, with 
the additional rule that ports ≥5 cm lateral to the 
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rectus border are generally safe.10,11,20

Gaps in the Literature and Future Directions
	 Variations highlighted in Table 1 have important 
clinical implications for surgical practice and 
emphasize the need for region-specific anatomic 
data. Despite the extensive literature on inferior 
epigastric artery (IEA) anatomy and laparoscopic 
safety, several focused gaps remain. Notably, there 
is a lack of dedicated Thai cadaveric or imaging 
studies examining the course of the IEA.29 While 
most existing guidelines are derived from Western 
populations, limited evidence suggests that vessel 
position and side asymmetry may vary across 
populations. For example, an ultrasonographic study 
in a Uygur cohort demonstrated consistent left-right 
differences in IEA location.9 Future Thai cadaveric 
or imaging studies are therefore needed to confirm 
whether the widely cited “4-8 cm from the midline” 
rule applies locally or requires modification.
	 Another gap lies in the lack of consensus 
on a single, practical safety standard. Although  
recommended distances such as ≥8 cm lateral to the 
midline10 and variable cutoffs based on vertical level 
(e.g., ~6 cm at the ASIS and ~9 cm at the umbilicus) 
are broadly consistent, they are not identical.18 This 
highlights the challenge of translating anatomic 
measurements into simple, universally applicable 
bedside rules. Accordingly, there is growing interest 
in patient-specific mapping strategies, such as 
preoperative or point-of-care Doppler ultrasound, 
to identify the IEA and mark individualized safe 
zones, particularly in patients with obesity or prior 
abdominal surgery where anatomy may be altered.30

	 Dynamic factors also remain incompletely 
studied. Limited data suggest that pneumoperitoneum 
and patient positioning may cause minor shifts in 
abdominal wall landmarks, but these changes do 
not eliminate the risk of IEA injury if trocars are 
placed within the paramedian danger zone17,19 Most 
current recommendations therefore continue to 
rely on static anatomic assumptions derived from 
supine imaging or cadaveric studies.
	 Finally, there is a paucity of studies directly 
correlating defined anatomic “danger zones” with 
actual rates of IEA injury. Prospective studies or  

registries linking trocar position to port-site bleeding 
or vascular complications would strengthen the 
evidence base and help validate specific safety 
margins for different procedures.
Research priorities emerging from the literature 
include:
	 (a) Thai cadaveric and imaging studies to establish 
population-specific anatomy.
	 (b) development and validation of imaging-based 
protocols for patient-specific IEA mapping; and
	 (c) prospective clinical studies correlating port 
placement with vascular injury outcomes.

Conclusion
	 Our literature review identified consistent 
anatomical relationships and recommended safe 
zones for trocar insertion, as illustrated clearly in 
Table 1. In conclusion, The IEA runs 4-8 cm lateral 
to the midline, creating a danger zone for trocar 
placement. Safe zones are the midline (linea alba) 
and areas >8 cm lateral. Further Thai-specific studies 
are essential to refine guidelines and enhance 
laparoscopic safety. 
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