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1. Introduction 

The inferior epigastric artery is a major blood vessel that supplies 

the anterior abdominal wall. It commonly arises from the external 

iliac artery, proximal to the attachment of inguinal ligament. The 

inferior epigastric artery (IEA) raises a fold of parietal peritoneum 

called as the lateral umbilical ligament. Injury to the artery by 

surgical incisions, example  for   laparoscopic  ports,  is common  

and  the  resulting  hematoma  may  expand  considerably due  to  

lack  of  tissue  against  which  the  bleeding  can be  effectively  

compressed. The artery then ascends on the anterior abdominal 

wall, and after piercing the transversalis fascia it lies between the 

rectus abdominis and the fascia. The inferior epigastric artery lies 

medial to the deep inguinal ring. Here the vas deferens or the round 

ligament winds around it laterally in the male or female 

respectively. The IEA divides  into  numerous  branches  which  

anastomose  with  branches of  the  superior  epigastric  artery. The  

inferior  epigastric  artery  is  usually  larger  than  the   superior  

epigastric  artery  and  provides  the  main  supply  to the  rectus  
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muscle.  The artery has the following branches: the cremasteric 

artery, pubic branch, muscular branches and cutaneous branches. 

The  superior  epigastric  artery  and   the  inferior  epigastric  

artery  are  important  sources  for  the  collateral  circulation  

between the  internal  mammary and  external iliac  artery in 

situations where flow in the thoracic or abdominal aorta is 

compromised (1). 

Laparoscopic surgery is a well known form of treatment 

procedure. The technique is effective and safe compared to the 

traditional open method.  But as with any surgical procedure, it has 

its own technique related complications. Trocar insertion has been 

reported to cause injury to major vessels like Inferior Vena Cava, 

Aorta and iliac vessels. Recent studies have shown that the rate of 

injury to the above mentioned major vessels was 0.02-0.04% (2) 

and 0.01-0.07% (3). These injuries result in considerable morbidity 

and mortality and require surgical repair for correction. The vessels 

which lie in the anterior abdominal wall are often at danger of 

laceration during trocar insertion. Trauma to inferior epigastric 

artery was found in 0.2-2% of all procedures done through 
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laparoscopy (4). Many of the superficial vessels of the abdominal 

wall lie in sites of trocar insertion. Injury to these vessels results in 

significant hematoma (4). 

Though transillumination  helps to localize the superficial  

abdominal  vessels, the inferior epigastric artery is not visualized  

using this method (5).  Hence, they are prone for injury. 

The deep circumflex iliac artery and the IEA lie in the region 

where trocars are inserted. Understanding the course of these 

vessels in relation to certain anatomic landmarks which are easily 

recognizable at laparoscopy will help in minimizing the likelihood of 

injury to these vessels (6). 

Vessel  localization  in relation  to  certain  anatomical  

landmarks  was done in London by Epstein et al.(7). Similar studies 

have not been done in the Indian population. There can be some 

differences in the findings in Indians because of their different body 

build.   This study may be useful for  the  surgeon  to perform  safe  

trocar  placement  and  in  reducing  vessel  injury. 
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2. Aim 

To delineate the course of the inferior epigastric artery in the 

anterior abdominal wall, and suggest suitable landmarks for safe 

trocar placement in laparoscopic surgery. 
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3. Objectives 

- To trace the position and course of the IEA in the anterior 

abdominal wall above the level of the inguinal ligament in cadavers. 

- To find out the distance of the lateral border of rectus abdominis 

muscle from the midline at the level of the mid-inguinal point, ASIS 

and umbilicus in cadavers. 

- To find out the position and distance of the inferior epigastric 

artery from the midline at the level of the mid- inguinal point, ASIS 

and umbilicus in cadavers. 

- To trace the position and course of the inferior epigastric artery in 

the anterior abdominal wall above the level of the inguinal ligament 

using CT angiograms. 

- To find out the distance of the lateral border of rectus abdominis 

muscle from the midline at the level of the mid-inguinal point, ASIS 

and umbilicus in CT angiograms. 

- To find out the position and distance of the inferior epigastric 

artery from the midline at the level of the mid-inguinal point, ASIS 

and umbilicus in CT angiograms. 
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- To find out to see if there is a predictive pattern of the course of 

inferior epigastric artery in the anterior abdominal wall. 

- To compare the course of the inferior epigastric artery between the 

sexes and check for gender variation if present. 

- To compare the course of the inferior epigastric artery bilaterally 

and check for symmetry of pattern if present. 

- To identify the branching pattern of the trunk of the inferior 

epigastric artery in cadavers. 

- To identify branches of the inferior epigastric artery larger than 1 

mm in size in cadavers. 
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4. Review of Literature 

4.1 Laparoscopic surgery and its complications 

Laparoscopic surgery is a surgical procedure done in the 

abdomen through small incisions. Through these incisions the 

ports are inserted, and via the ports a camera and other 

instruments are placed. So a magnified view of the operative field is 

projected onto the monitor. Laparoscopy was first introduced by 

Greg Dresden in 1902 in dogs. First laparoscopic surgery on human 

was performed by Hans Christian Jacobeus in 1910. In 

laparoscopy, trocars need to be inserted into the abdominal cavity. 

The initial trocar that is inserted is called the primary trocar 

and all others are secondary trocars. There are two methods for 

insertion of the primary trocar -the closed and open methods. In the 

closed method, a pneumoperitoneum has to be created with a 

Veress needle prior to insertion of the primary trocar. 

Pneumoperitoneum is created with carbon dioxide gas. The 

pneumoperitoneum improves visualization by moving the 

abdominal wall away from the viscera. The Veress needle is 

commonly inserted in the region of the umbilicus because the skin 
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here is attached to the superficial fascia and anterior peritoneum 

with minimal intervening muscle or fat. This midline insertion is 

also avascular. The angle of insertion should be perpendicular to 

the skin in obese and average patients and angled 45 degrees 

toward the pelvis in thin patients. This comes from a study by Hurd 

et al., that found that the mean distance between the umbilicus and 

bifurcation of aorta was 0.4 cm in normal weight patients (BMI <25 

kg/m 2), 2.4 cm in overweight patients (BMI 25-30 kg/m2) and 2.9 

cm in obese patients (BMI >30 kg/m2) (8). 

The open method is also known as the Hasson technique. This 

was originally described by Hasson in 1971. In this method, a small 

incision is made on the periumbilical skin. The fascia is then 

incised. Two stay sutures are placed in the fascia around the 

opening. These sutures are used to secure the Hasson cannula that 

is placed into the peritoneal cavity to try to avoid leakage of the CO2 

gas used for insufflation. Serious vascular injuries have decreased 

with the Hasson cannula technique (9). 

Once the primary trocar is in place, secondary trocars are 

inserted under direct visualization. The number, size and position 
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of these trocars are dictated by the procedure being done. Through 

these sites the various instruments for the specific procedure can 

be inserted. 

The advantages of laparoscopy include reduced hemorrhage, 

smaller incision, less pain and shorter hospital stay. There is also 

reduced exposure of internal organs to diseased organs thereby 

reducing the risk of acquiring infection. 

The most significant complications of laparoscopy are trocar 

related injury. The related complications are wound infection, 

abdominal wall hematoma, umbilical hernia and hypothermia. The 

other rare but potentially fatal complication include gas embolus.  It 

often occurs by accidental puncture of a vessel by the Veress needle 

and subsequent insufflations. Some patients have sustained 

electrical burns from the electrodes used. . The complications 

associated with trocars vary in severity and in the time of 

presentation.  More than 50% of trocar associated injuries to 

vasculature and bowel is reported to occur during the initial entry. 

Reports also indicate that 15-50% of trocar related vascular injury, 

and 30-50% of trocar related bowel injury are not identified or 
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diagnosed at the time of injury. Vascular injury during trocar 

placement has accounted for 3-30% of mortality (10). 

4.2 Trocar induced injuries to the inferior epigastric artery 

Bhoyrul et al., in their study of trocar injuries sustained 

during laparoscopic surgery reported three types of injuries – 408 

causing laceration of major abdominal vessels, 182 injuries to 

abdominal viscera and 30 resulting in hematomas within the 

anterior abdominal wall hematomas. They report 32 deaths of 

which 6 (19%) were due to injury of bowel, 26 (81%) were due to 

vascular injury. The vessels involved in the fatal vascular injuries 

were aorta (23%) and inferior vena cava (15%) (11). 

In a mail survey done in 1990, Yuzpe reported that one-

quarter of the Canadian obstetrician-gynecologist respondents had 

experienced at least one case of  trocar  injury(12). 

Hurd et al., reported three cases of laparoscopy related injury 

to the blood vessels in the anterior abdominal wall. In the first case 

there was injury to the IEA as it coursed superior to the pubic crest. 

In the second case there was hematoma formation following 
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unrecognized laceration of inferior epigastric artery on one side. The 

hematoma improved with conservative treatment. In the third case, 

a hematoma was formed at the site of incision, which progressed to 

form an abscess requiring treatment with antibiotics, drainage and 

irrigation (13). 

Nordestgaard et al., investigated the injuries which occurred 

following laparoscopic surgeries during a 3 year period. In their 

study, they found 4 cases who had experienced 5 major vascular 

injuries. The injuries were the iliac artery injury in 3 cases, the iliac 

vein injury in 1 case and the IEA in 1 case. In 2 persons the injury 

was due to trocar placement. The arterial repair was done by 

primary anatomosis and  was no sequelae in three patients but one 

patient developed stroke (14). 

Hanney et al., reported a case of vessel penetration as CO2 

embolism during insufflations where delayed recognition of the 

vascular implications led to death from exsanguinations (3). 

Bergqvist et al., did a study over a period of 5 years on the 

frequency of iatrogenic vascular injuries following gynecologic 

surgery. The following were his results reported as frequencies per 
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10000 surgeries: 0.93 after laparoscopy; 0.76 following laparotomy 

and 0.33 following major vaginal surgery (15). Schäfer et al., did a 

study in Switzerland to illustrate the significance of major vascular 

injuries and bleeding related complications during laparoscopy.  

Out of 14243 patients , 331 cases (2.3%) had intra-operative 

complications due to bleeding; 44 cases had  external bleeding from 

the anterior abdominal wall and 287 cases had an internal bleed 

(16). In a 5 year retrospective study done in Japan to assess the 

safety of laparoscopy, the reported number of laparoscopy related 

complications was 415 (2.7%); of these 156 (37.6%) were due to 

insertion of trocar. These  complications are avoidable by placing 

the trocar under direct vision and also verifying the position of the 

trocar intraperitoneally (17). 

4.3 Methods to localize the inferior epigastric vessels 

The emergence of CT and ultrasonography has greatly helped 

clinicians in locating the inferior epigastric artery. In 2006, 

Sriprasad et al., analyzed the relationship of aortoiliac bifurcation 

to the landmarks in the anterior abdominal wall and the variations 

and course of the IEA. The inferior epigastric arteries were 
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evaluated using color Doppler and they appeared as echo free 

tubes. The study also discussed the sites for primary and secondary 

trocar placement. The distance of the Inferior Epigastric artery from 

the midline did not exceed 6 cm. So the ideal site for primary port 

was found to be in the midline of anterior abdominal wall and the 

ideal site for secondary port is in the same transverse plane more 

than  6 cm from the midline (18). 

Pun et al., attempted localizing the vessels of the anterior 

abdominal wall ultrasonographically in Chinese population. 

Ultrasonography was done prior to laparoscopic surgery and it was 

100% accurate in localizing the IEA. A secure region for insertion of 

lateral ports in this population was 7 cm from midline and 5 cm 

superior to the pubic symphysis (19). 

Whiteley et al., used a hand held Doppler to study vasculature 

of the anterior abdominal wall. The vessels were marked on the skin 

of the anterior abdominal wall and color flow duplex was used to 

confirm the presence of vessels found by this method. The 

epigastric arteries were accurately marked in this study (20). 
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Saber et al., conducted a study to map the superior epigastric 

artery and inferior epigastric artery in relation to certain anatomical 

landmarks in 50 abdominal CT images. He measured the location of 

vessels from the midline at 5 different places in the anterior 

abdominal wall and also associated it with age and body mass index 

of the patient. The inferior epigastric arteries lie farthest at the level 

of pubic symphysis on both the sides. In people with a higher BMI, 

the inferior epigastric arteries lie far away from the midline. The 

inferior epigastric arteries lie 4 to 8 cm from the midline. Avoiding 

this region will prevent injury to the inferior epigastric arteries (21). 

Hurd et al., did a study to evaluate the location of anterior 

abdominal wall vessels in relation to structures apparent at 

laparoscopic surgery. They retrospectively reviewed abdominal 

computed tomographic images of 21 reproductive-aged women to 

determine the location of the superficial circumflex iliac and the 

inferior epigastric arteries and the lateral rectus muscle margins in 

relation to the pubic symphysis, position of umbilicus, and midline 

of abdomen.  These locations were correlated with each other and 

with body mass index. The IEA was 5.5 cm distant from the midline 



 

25 
 

above the plane of pubic symphysis and 4.6 cm distant from the 

midline at the plane of umbilicus. The lateral margin of the rectus 

abdominis was 7.6 cm from the midline at the level of the umbilicus 

and it correlated with body mass index. They concluded that when 

laparoscopic landmarks were not visible to assist trocar insertion,  

secondary  trocars could be placed about 8 cm from the midline 

and  5 cm superior to the pubic symphysis to avert vascular 

injuries (8). 

Quint et al., found that superficial abdominal vessels could be 

easily located by transillumination in majority of women with 

normal weight, whereas the inferior epigastric vessels need 

alternative means to locate them(5). 

 

4.4 Studies in cadavers to locate the inferior epigastric artery in 

relation to certain anatomical landmarks 

Awareness of the course of anterior abdominal wall vessels is 

crucial to prevent intra-operative bleeding. Balzer et al., dissected 

the course of the inferior epigastric artery in 21 cadavers and 
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studied its relation to landmarks on the abdominal wall like 

umbilicus and pubic symphysis.  Out of the 36 prescribed sites of 

trocar insertion, half of them are at danger of causing intra-

operative bleeding (6). 

Four points of reference were suggested on the median line, 

from the pubic symphysis to the umbilicus by Andrade et al. The 

distance of the right and left IEA from these reference points was 

determined. It was found that if the primary port insertion is done 

in the midline, closer to the pubic symphysis, the chances of 

injuring the inferior epigastric artery will be lower. Secondary and 

tertiary ports for pelvic video laparoscopy must be placed 5 cm from 

the median line for the region that runs from the umbilicus to the 

pubic symphysis. Peritoneal insufflations during laparoscopy can 

alter the position of the IEA. They suggested that sonographic 

localization of the IEA be done prior to laparoscopy (23) . 

Rahn et al., investigated the relationship of vessels and nerves 

in the anterior wall of abdomen. They found that inferior epigastric 

artery was always lateral to the rectus abdominis at a level 2 cm 

above the pubic symphysis and 3.7 cm from the midline at the level 
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of the ASIS. From the study, it was concluded that the IEA was free 

of injury if the secondary trocars were placed 6 cm from the midline 

superior to the pubic symphysis (22). 
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5. Materials and Methods 

The study was done after obtaining permission from the Ethics 

Committee at Christian Medical College, Vellore. Thirty adult 

cadavers from the Department of Anatomy, Christian Medical 

College, Vellore were used for this study. All the cadavers were 

embalmed using 10% formalin and stored in 5% formalin tank 

solution.  Nineteen were male cadavers and eleven were female. The 

average age at death of the bodies was 60 years. Cadavers with 

intraabdominal tumors, ascites and scars were excluded from the 

study. 

The anterior abdominal wall was dissected from the midline 

near the xiphoid process to the anterior axillary line along the costal 

margin on both sides. The incisions were continued downwards 

medial to the anterior superior iliac spine (Figures 1a & 1b). The 

anterior abdominal wall was raised as a flap and the median, 

medial and lateral umbilical ligaments were clearly seen (Figure 2). 

The parietal peritoneum and posterior wall of the rectus sheath was 

removed to view the inferior epigastric arteries on the rectus 

abdominis. The course of the IEA and its branches were noted. 
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Pins  were  inserted  along  the  course  of  the  inferior  

epigastric  artery and  the  lateral  border  of  rectus abdominis 

from the posterior surface of the anterior abdominal wall through 

and through to the skin. 

 

Figure 1a. Incision made to reflect the anterior abdominal wall 

Pins were inserted perpendicular to the cadaver with the 

raised abdominal flap. The abdominal wall was brought back to its  
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original position. A measuring tape (0-150 cm) was used to take the 

measurements. Two observers took the measurements bilaterally at 

three different levels namely at the umbilicus, at the anterior 

superior iliac spine (ASIS), and at the mid- inguinal point (Figure 3). 

The position and course of the inferior epigastric artery on the 

abdomen is shown in Figure 4. 

 

Figure 3 showing the levels where the measurements were taken i.e. 

at umbilicus, at ASIS and at Mid-inguinal point. The sagittal plane 

through ASIS is also marked. 
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Figure 4. The position and course of the inferior epigastric 

artery on the abdomen 

 

The measurements taken were 

i) The distance to  the  lateral  border  of  the rectus abdominis 

from  the  midline  at namely 

Mid-inguinal point - A (Figure 5) 

Anterior superior iliac spine - B (Figure 6) 

Umbilicus – C (Figure 7) 

ii) The  distance to  the inferior  epigastric  artery from  the  

midline at namely 

Mid-inguinal point – D (Figure 8) 
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Anterior superior iliac spine - E (Figure 9) 

Umbilicus-F (Figure 10) 

iii)  The distance from midline to a sagittal plane through anterior 

superior iliac spine - G (Figure 11). 

 

Figure 11. The distance from the midline to a sagittal plane through 
anterior superior iliac spine 

An inaccuracy in the measurements could occur if the tissues 

pull away in the region of the ASIS after dissection. To avoid this, 

the abdominal wall was carefully brought to its original position 

before measurements were taken. 
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The distances from the midline to inferior epigastric artery and 

to the lateral border of rectus abdominis at the three levels was 

divided by the measurement from the midline to anterior superior 

iliac spine to get a ratio. This ratio was obtained to correct for 

variable body build. 

The part of the abdomen between the umbilicus and the top of 

the pubic symphysis was divided into 3 regions by two horizontal 

lines drawn at one and two – thirds of the distance between top of 

pubic symphysis and the umbilicus. The number of branches from 

the medial (Figure 12) and lateral sides (Figure 13) of the artery in 

each of these three regions was noted. Branches which had a 

diameter more than 1 mm were dissected and their surface 

markings noted. 

CT Angiogram 

CT angiograms done for 50 patients (47 male and 3 female) in 

the age range 30 to 70 years with suspected peripheral arterial 

disease were randomly chosen between the time period January 

2012 to June 2012. The CT angiograms were taken in the 
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Department of Radiodiagnosis, Christian Medical College, Vellore. 

They were performed on 16 slice multidetector CT scanner. 

The acquisition parameters of the CT scans performed are as 

follows: 

Parameter Description 

CT scanner 16 slice Multidetector, Siemens 

Emotion CT scanner 

Contrast material 120 ml of iopamidol or  iohexol  

given using pressure injector at 

the rate of 3.5ml / sec 

Acquisition volume 16x0.6mm (Number of sections 

acquired x section thickness) 

Beam pitch 1.5 

Tube voltage 110Kv 

Tube current Manufacturer provided AEC 

(Automatic exposure control) 

selected according to the 
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The axial images are reconstructed at 3mm slice thickness 

and coronal reconstruction at 2mm slice thickness. 

The course of the inferior epigastric artery was traced. Cases where 

the course of the inferior epigastric artery was clearly demonstrated 

on CT were chosen and the following measurements were performed 

using the measurement tool on PACS (Picture archival and 

communication system) monitor. 

The distance from the mid line to the vessel in the anterior 

abdominal wall at the level of mid -inguinal point, ASIS and 

umbilicus. 

The midinguinal point was marked by drawing a line from the 

ASIS to the pubic tubercle and taking the midpoint of this line on 

coronal reconstructed images. This point was identified on the axial 

images by using the cross reference tool and the distance of the  

  

thickness of the patient 

Rotation time 0.6sec 
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vessel on the anterior abdominal wall was measured from the 

midline. 

The distance from midline to the lateral border of rectus 

sheath was also measured at the above three levels (Figures 14 – 

16). 

Analysis 

All the data was entered into Excel workbook sheets (Microsoft 

Office Excel; version 2007, Microsoft ® Corporation, US.) and 

analyzed using SPSS (version 16.0; SPSS Inc., Chicago, IL). 

The data was analyzed as follows: 

The measurements were summarized as the mean and standard 

deviation. Mann Whitney test was used to compare the mean values 

and ratios in males and females. The Independent Sample t test 

was used to compare the mean values of right and left sides. The 

mean values and ratios of cadavers and CT were compared using 

the Independent Sample t test. All tests were two-tailed. 

Correlation 
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Bivariate correlation was done between various sets of 

variables and the Pearson‟s correlation coefficient obtained was 

interpreted to identify positive linear, low positive, negative or no 

correlation. A Pearson‟s correlation coefficient close to +1 is said to 

have high positive correlation between the variables. A Pearson‟s 

correlation coefficient close to -1 is said to have strong negative 

correlation between the variables. Other values of the coefficient 

can be interpreted as a gradient between +1 to 0 to -1. All values of 

the Pearson‟s coefficient should be accompanied with a statistically 

significant p value. 

Scatter plots with best-fit lines were calculated with the use of 

least-squares to graphically visualize the correlation between two 

variables; where the slope of the graph is (R)2, where “R” is the 

Linear correlation coefficient. 

In a scenario if variables are said to have a high positive 

correlation, then linear regression between them can be calculated 

to arrive at a regression equation which helps to determine the 

dependent variable from the independent variable as below: 

Dependent variable = „B constant‟ + factor x independent variable 
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Linear regression was done for variables which were 

independent of each other (i.e.: not derived from each other) and 

were not belonging to a mixed sample. 
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6. Results 

6.1 Results for the measurements in cadavers 

The mean distances from the midline to lateral border of 

rectus abdominis in 30 cadavers (19 male and 11 female) are shown 

in Table 1. The measurements were taken at three levels - at the 

level of mid-inguinal point, ASIS, and umbilicus. 

6.1.1Distance between the midline to the lateral border of rectus 

abdominis 

The mean distance from the midline to lateral border of rectus 

abdominis at the level of ASIS in males was 6.02 cm and that of 

females was 5.83cm, the difference in distance was 0.19 cm (males 

more than females, p value 0.68).      The mean distance from the 

midline to lateral border of rectus abdominis at the level of 

umbilicus in males was 6.82 cm and that of females was 6.44 cm, 

the difference in distance was 0.38 cm (males more than females, p 

value 0.29), although there was no statistical difference between 

males and females. 
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Table 1. Comparison of mean distance between the midline to the 

lateral border of rectus abdominis in male and female 

cadavers 

Distance between midline to lateral border of rectus abdominis 

  Mean 

(cm) 

SD Range(cm) p value 

A Male 

Female 

5.31 

5.35 

1.22 

1.07 

2.60-7.45 

3.95-7.25 

0.93 

B Male 

Female 

6.02 

5.83 

1.31 

1.02 

3.65-9.00 

4.45-7.45 

0.68 

C Male 

Female 

6.82 

6.44 

1.41 

1.15 

3.85-10.05 

5.10-9.10 

0.29 

 

A – Distance between the midline to the lateral border of rectus 

abdominis at the level of mid-inguinal point 

B – Distance between the midline to the lateral border of rectus 

abdominis at the level of ASIS 

C – Distance between the midline to the lateral border of rectus 

abdominis at the level of umbilicus 
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6.1.2. Distance between the midline and inferior epigastric artery 

The mean distances from the midline to inferior epigastric 

artery in 30 cadavers (19 male and 11 female) are shown in Table 2. 

The measurements were taken at three levels - at the level of mid-

inguinal point, ASIS, and umbilicus. 

Table 2. Comparison of the mean distance between the midline and 

inferior epigastric artery in male and female cadavers 

                      Distance between midline to IEA 

  Mean 

(cm) 

SD Range(cm) p value 

D Male 

Female 

4.37 

4.70 

0.94 

1.28 

2.30-6.65 

2.70-6.25 

0.50 

E Male 

Female 

4.00 

4.25 

0.81 

0.87 

2.60-5.80 

3.00-6.00 

0.36 

F Male 

Female 

4.62 

4.40 

1.11 

0.95 

2.25-6.40 

3.00-6.00 

0.72 

D - Distance between the midline to IEA at the level of mid-inguinal 

point 

E - Distance between the midline to IEA at the level of ASIS 

F - Distance between the midline to IEA at the level of umbilicus 

The mean distance from the midline to IEA at the level of mid-

inguinal point was 4.70 cm in females and that of males was 4.37 
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cm, the difference in distance was 0.33 cm (females more than 

males, p value 0.50). The mean distance from the midline to IEA at 

the level of ASIS was 4.25 cm in females and that of males was 4.00 

cm, the difference in distance was 0.25 cm (females more than 

males, p value 0.36). The mean distance from the midline to IEA at 

the level of umbilicus was 4.62 cm in males and that of females was 

4.40 cm, the difference in distance was 0.22 cm (males more than 

females, p value 0.72), although there was no statistical difference 

between males and females. 

In order to correct for variable body build, certain ratios (Table 

3) were calculated. 

The ratios calculated were: 

i) The distance from the midline to the lateral border of the rectus 

abdominis at the level of mid-inguinal point to the distance from 

the midline to a sagittal plane through the ASIS. 

ii) The distance from the midline to the lateral border of the rectus 

abdominis at the level of ASIS to the distance from the midline 

to a sagittal plane through the ASIS. 



 

52 
 

iii) The distance from the midline to the lateral border of the rectus 

abdominis at the level of umbilicus to the distance from the 

midline to a sagittal plane through the ASIS. 

iv) The distance from the midline to the inferior epigastric artery at 

the level of mid-inguinal point to the distance from the midline 

to a sagittal plane through the ASIS. 

v) The distance from the midline to the inferior epigastric artery at 

the level of ASIS to the distance from the midline to a sagittal 

plane through the ASIS. 

vi) The distance from the midline to the inferior epigastric artery at 

the level of umbilicus to the distance from the midline to a 

sagittal plane through the ASIS. 

Table 3. Comparison of ratios between male and female cadavers 

Ratios  Mean 

 

SD Range p Value 

      

      

A:G Male 

Female 

0.37 

0.33 

0.08 

0.06 

0.19-0.53 

0.25-0.45 

0.09 
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B:G Male 

Female 

0.42 

0.36 

0.09 

0.06 

0.26-0.64 

0.28-0.46 

0.05 

C:G Male 

Female 

0.48 

0.40 

0.10 

0.07 

0.27-0.72 

0.32-0.57 

0.01 

D:G Male 

Female 

0.30 

0.29 

0.06 

0.07 

0.16-0.47 

0.17-0.39 

0.65 

E:G Male 

Female 

0.28 

0.26 

0.05 

0.05 

0.19-0.41 

0.19-0.37 

0.25 

F:G Male 

Female 

0.32 

0.27 

0.07 

0.05 

0.16-0.46 

0.19-0.37 

0.08 

A- Distance between the midline to the lateral border of rectus 

abdominis at the level of mid-inguinal point. 

B - Distance between the midline to the lateral border of rectus 

abdominis at the level of ASIS 

C - Distance between the midline to the lateral border of rectus 

abdominis at the level of umbilicus 

D - Distance between the midline to the inferior epigastric artery at 

the level   of mid-inguinal point 

E - Distance between the midline to the inferior epigastric artery at 

the level of ASIS 
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F - Distance between the midline to the inferior epigastric artery at 

the level of umbilicus 

G - Distance between the midline to sagittal plane through ASIS 

The ratios were compared between males and females. There 

was significant statistical difference in B: G (p < 0.05) and C: G (p < 

0.01). 
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Figure17. Frequency distribution of ratio between the midline to 

IEA at the level of mid-inguinal point to the distance 
between the midline to the ASIS (D: G) in cadavers 

 

The histogram shows a graphical representation of the 

frequency of ratios of distance of artery from the midline at the level 

of mid-inguinal point. The   ratios 0.25 -3 have the maximum 

frequency. 
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Figure 18.Frequency distribution of ratio between the midline to 

IEA at the level of ASIS to the distance between the 
midline to the ASIS (E: G) in cadavers 

 

The histogram shows a graphical representation of the 

frequency of ratios of distance of artery from the midline at the level 

of ASIS. The   ratios 0.3 to 0.35 have the maximum frequency. 
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Figure 19.Frequency distribution of ratio between the midline to 
IEA at the level of umbilicus to the distance between the 

midline to the ASIS (F: G) in cadavers 

 
The histogram shows a graphical representation of the 

frequency of ratios of distance of artery from the midline at the level 

of umbilicus. The   ratios 0.3 to 0.35 have the maximum frequency. 

  



 

58 
 

6.1.3. Correlation between the ratios and the midline to IEA in 

cadavers 

Correlation scatter plots between the ratio D: G and D, E: G 

and E and F: G and F in cadavers were computed (Figures.20-22). 

 

Figure 20. Correlation between ratio D: G and D in cadavers 

(n=30) showing a linear positive correlation. Pearson‟s r 

value = 0.81 
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Figure 21. Correlation between E: G and E in cadavers (n=30) 
showing a   linear positive correlation. Pearson‟s r 

value = 0.63 
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Figure 22.  Correlation between F: G and F in cadavers (n=30) 

showing a linear positive correlation. Pearson‟s r value = 
0.93 

 

Correlation analysis was done between the ratios D: G, E: G 

and F: G and D, E and F. There was significant positive correlation 

between them as shown in table 4. This shows that as the ratios D: 

G, E: G and F: G increased; there was a linear proportionate 

increase in D, E and F. 
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Table 4. Correlation of ratios and distance between midline to IEA 

in cadavers 

X-Axis Y-Axis Pearson‟s 

correlation 

coefficient 

p value 

D:G D 0.81 0.00 

E:G E 0.63 0.00 

F:G F 0.93 0.00 

 

6.1.4. Regression analysis in cadavers 

As there is a good correlation between D: G and D, E: G and E 

and F: G and F, linear regression analysis (Table 5) was done. The 

variables are independent and no obvious outliers are visible. There 

is no evidence of a mixed sample. 

 

 

 

 



 

62 
 

Table 5.. Linear regression equations in cadavers 

Independent 

variable 

Dependent variable Regression equation 

D:G D D=1.049+10.912×(D/G) 

E:G E E=1.737+9.0318×(E/G) 

F:G F F=0.225+13.404×(F/G) 

 

 

6.2 Results for the measurements in CT angiograms:              

The mean distances from the midline to lateral border of 

rectus abdominis in 50 CT angiograms (47 male and 3 female) are 

shown in Table 6. The measurements were taken at three levels - 

at the level of mid-inguinal point, ASIS, and umbilicus. 
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6.2.1. Distance between the midline to the lateral border of rectus 

abdominis 

Table 6. Comparison of the distance between the midline to lateral 

border of rectus abdominis in CT angiograms of males and 

females 

 

Distance from the midline to lateral border of rectus abdominis 

 

A 

 

 

Male 

Female 

Mean(cm) 

5.55 

5.66 

S.D. 

1.19 

0.14 

Range(cm) 

3.45-9.80 

5.50-5.75 

p value 

0.79 

B Male 

Female 

6.80 

7.00 

1.19 

0.52 

4.90-

10.60 

6.45-7.50 

0.66 

C Male 

Female 

8.41 

8.35 

1.38 

1.29 

5.85-

11.45 

6.85-9.10 

0.91 

A – Distance between midline to the lateral border of rectus 

abdominis at the level of mid-inguinal point. 

B – Distance between the midline to the lateral border of rectus 

abdominis at the level of ASIS 

C – Distance between the midline to the lateral border of rectus 

abdominis at the level of umbilicus 
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The mean distance from the midline to lateral border of rectus 

abdominis at the level of mid-inguinal point was 5.66 cm in females 

and that of males was 5.55 cm, the difference in distance was 0.11 

cm (females more than males, p value 0.79). The mean distance 

from the midline to lateral border of rectus abdominis at the level of 

ASIS in females was 7.00 cm and that of males was 6.80 cm, the 

difference in distance was 0.2 cm (females more than males, p value 

0.66).There was no statistical difference between males and females. 

6.2.2. Distance between the midline and inferior epigastric artery 

The mean distances from the midline to inferior epigastric 

artery in 50 CT angiograms (47 male and 3 female) are shown in 

Table 7. The measurements were taken at three levels - at the level 

of mid-inguinal point, ASIS, and umbilicus. 

  



 

65 
 

Table 7.Comparison of distance between midline to inferior 

epigastric artery in CT angiograms of males and females 

Distance from midline to inferior epigastric artery 

  Mean(cm) SD Range(cm) p value 

D Male 

Female 

5.14 

5.68 

0.92 

1.15 

3.45-8.50 

4.50-6.80 

0.34 

 

E Male 

Female 

4.51 

5.43 

1.04 

1.01 

2.80-8.80 

4.30-6.25 

0.11 

F Male 

Female 

5.25 

5.51 

1.19 

0.88 

3.00-8.10 

4.50-6.15 

0.63 

 

D - Distance between the midline to the inferior epigastric artery at 

the level of mid-inguinal point 

E - Distance between the midline to the inferior epigastric artery at 

the level of ASIS 

F - Distance between the midline to the inferior epigastric artery at 

the level of umbilicus 

The mean distance from the midline to IEA at the level of mid-

inguinal point was 5.68 cm in females and that of males was 5.14 

cm, the difference in distance was 0.54 cm (females more than 



 

66 
 

males, p value 0.34). The mean distance from the midline to IEA at 

the level of ASIS was 5.43 cm in females and that of males was 4.51 

cm, the difference in distance was 0.92cm (females more than 

males, p value 0.11). The mean distance from the midline to IEA at 

the level of umbilicus was 5.51 cm in females and that of males was 

5.25 cm, the difference in distance was 0.26 cm (females more than 

males, p value 0.63), although there was no statistical difference 

between males and females. 

In order to correct for variable body build, certain ratios (Table 

8) were calculated. 
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Table 8. Comparison of ratios in CT angiograms of males and 

females 

Ratios  Mean SD Range p value 

      

A:G Male 

Female 

0.44 

0.45 

0.88 

0.05 

0.26-0.67 

0.40-0.50 

0.72 

B:G Male 

Female 

0.54 

0.55 

0.08 

0.05 

0.36-0.73 

0.52-0.61 

0.75 

C:G Male 

Female 

0.67 

0.66 

0.10 

0.11 

0.50-0.89 

0.51-0.79 

0.88 

D:G Male 

Female 

0.41 

0.45 

0.06 

0.12 

0.28-0.58 

0.37-0.59 

0.75 

E:G Male 

Female 

0.36 

0.42 

0.07 

0.07 

0.24-0.60 

0.36-0.50 

0.14 

F:G Male 

Female 

0.42 

0.43 

0.09 

0.07 

0.24-0.61 

0.37-0.51 

0.88 

 

A – Distance between the midline to the lateral border of rectus 

abdominis at the level of mid-inguinal point. 

B – Distance between the midline to the lateral border of rectus 

abdominis at the level of ASIS 
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C – Distance between the midline to the lateral border of rectus 

abdominis at the level of umbilicus 

D – Distance between the midline to the inferior epigastric          

artery at the level of mid-inguinal point 

E – Distance between the midline to the inferior epigastric artery at 

the level of ASIS 

F – Distance between the midline to the inferior epigastric artery at 

the level of umbilicus 

G – Distance between the midline to sagittal plane through ASIS. 

The ratios were compared between males and females. There 

was no significant statistical difference between males and 

females. 
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Figure 23.  Frequency distribution of the ratio between the midline 

to IEA at the level of mid-inguinal point to the distance 
between the midline to ASIS (D: G) in CT angiograms. 

 

The histogram shows a graphical representation of the 

frequency of ratios of distance of artery from the midline at the level 

of mid-inguinal point. The   ratios 0.4 to 0.45 have the maximum 

frequency. 
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Figure 24.  Frequency distribution of ratio of distance between the 

midline to   IEA at the level of ASIS to the distance from 
midline to ASIS (E: G) in CT angiograms. 

 

 
The histogram shows a graphical representation of the 

frequency of ratios of distance of artery from the midline at the level 

of ASIS. The   ratios 0.35 to 0.4 have the maximum frequency. 
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Figure 25. Frequency of ratio of distance from the midline to IEA at 

the   level of umbilicus to distance between midline to 
ASIS (F: G) in CT angiograms. 

 

The histogram shows a graphical representation of the 

frequency of ratios of distance of artery from the midline at the level 

of umbilicus. The ratios 0.45 to 0.5.have the maximum frequency.  

Correlation between the ratios and the midline to IEA in CT 

angiograms 
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The correlation scatter plots between the ratio D: G and D, E: 

G and E and F: G and F in CT angiograms were computed 

(Figures.26-28). 

 

 

Figure 26.  Correlation between D: G and D in CT angiograms 
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Figure 27. Correlation between E: G and E in CT angiograms 

 

Figure 28. Correlation between F: G and F in CT angiograms 
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6.2.3. Correlation between the ratios and the midline to IEA in CT 

angiograms 

Correlation analysis was done between the ratios D: G, E: G 

and F: G and D, E and F. There was significant positive correlation 

between them as shown in table 9. This shows that as the ratios D: 

G, E: G and F: G increased; there was a linear proportionate 

increase in the measurements of D, E and F. 

 

 

Table 9.Correlation of ratios and distance between midline to IEA in 

CT angiograms 

X-axis Y-axis Pearson‟s 

correlation 

coefficient 

 

p value 

D:G D 0.85 0.00 

E:G E 0.91 0.00 

F:G F 0.91 0.00 
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6.2.4. Regression analysis in CT angiograms 

As there is a good correlation between D: G and D, E: G and E 

and F: G and F, linear regression analysis was done (Table 10). The 

variables are independent and no obvious outliers are visible. There 

is no evidence of a mixed sample. 

 

Table 10. Linear regression equation in CT angiograms 

Independent 

variable 

Dependent 

variable 

Regression equation 

D:G D D=0.551+11.120×(D\G) 

E:G E E=0.125+12.130×(E\G) 

F:G F F=0.424+11.444×(F\G) 

 

For example, if the distance between the midline to ASIS i.e G=12.3 

cm, 
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E=0.125+12.130× (E/G) 

E=0.125+12.130×(E/12.3) 

E-12.130E/12.3=0.125 

E (1-12.13/12.3) =0.125 

E (0.170/12.3)=0.125 

E=0.125×12.3/0.170 

E=5.69 cm 

So the distance of IEA from the midline at the level of ASIS is 

5.69cm when G is 12.3cm. 
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6.3 The right and left side inferior epigastric artery 

Table 11.Comparison between the right and left side IEA in 

cadavers 

 

 Mean (cm) SD p value 

D Right 

Left 

4.60 

4.31 

1.37 

1.48 

0.43 

E Right 

Left 

4.34 

3.86 

1.07 

1.18 

0.10 

 

F Right 

Left 

4.57 

4.42 

0.96 

1.35 

0.69 

 

The mean distance from the midline of the right IEA at the 

level of mid-inguinal point was 4.60 cm and that of left IEA was 

4.31 cm, the difference  was 0.29 cm (right was more laterally 

placed from the midline than the left, p value 0.43). The mean 

distance from the midline of the right IEA at the level of ASIS was 

4.34 cm and that of left IEA was 3.86 cm, the difference  was 0.48 

cm (right was more laterally placed from the midline than the left, p 

value 0.10). The mean distance from the midline of the right IEA at 
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the level of umbilicus was 4.57 cm and that of left IEA was 4.42 cm, 

the difference  was 0.15 cm (right was more laterally placed from 

the midline than the left, p value 0.69), however there is no 

statistical significance between the right and left sides. 

Table 12.Comparison of right and left side IEA in CT angiograms 

 

 Mean (cm) SD p value 

D Right 

Left 

5.31 

5.03 

1.05 

0.93 

0.16 

E Right 

Left 

4.63 

4.51 

1.11 

1.17 

0.60 

F Right 

Left 

5.19 

5.35 

1.34 

1.20 

0.52 

 

The mean distance from the midline of the right IEA at the 

level of mid-inguinal point was 5.31 cm and that of left IEA was 

5.03 cm, the difference  was 0.28 cm (right was more laterally 

placed from the midline than the left, p value 0.16).  

The mean distance from the midline of the right IEA at the 

level of ASIS was 4.63 cm and that of left IEA was 4.51 cm, the 
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difference  was 0.12 cm (right was more laterally placed from the 

midline than the left, p value 0.60). The mean distance from the 

midline of the right IEA at the level of umbilicus was 5.19 cm and 

that of left IEA was 5.35 cm, the difference  was 0.16 cm (left was 

more laterally placed from the midline than the right, p value 0.52), 

however there is no statistical significance between the right and 

left sides. 
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6.4. Comparison of cadavers and CT angiograms 

Table 13. Comparison of measurements taken in cadavers and CT 

Mean Cadaver 

(Mean ±SD) 

CT 

angiograms 

(Mean ±SD) 

p value 

Mean A 5.32±1.15 5.55±1.15 0.39 

Mean B 5.95±1.20 6.81±1.16 0.00 

Mean C 6.68±1.31 8.40±1.37 0.00 

Mean D 4.45±1.08 5.17±0.93 0.00 

Mean E 4.10±0.82 4.57±1.05 0.04 

Mean F 4.54±1.04 5.27±1.17 0.01 

 

The comparison between mean distances in cadavers and CT 

angiograms showed a statistically significant difference in B (p value 

0.00), C (p value 0.01), D (p value 0.01), E (p value 0.01) and F (p < 

0.01) 
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Table 14. Comparison of ratios between cadavers and CT 

angiograms 

Ratios Cadaver 

(mean ±SD) 

CT 

angiograms 

(mean±SD) 

p value 

A:G 0.37±0.09 0.44±0.08 0.00 

B:G 0.41±0.09 0.54±0.07 0.00 

C:G 0.46±0.10 0.67±0.10 0.00 

D:G 0.31±0.09 0.41±0.07 0.00 

E:G 0.28±0.06 0.36±0.07 0.00 

F:G 0.31±0.07 0.42±0.09 0.00 

 

The comparison of ratios between cadavers and CT 

angiograms showed statistically significant difference at the levels 

studied (p value 0.00). 
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6.5. Inferior epigastric artery and its branching pattern 

The inferior epigastric artery was found in all the dissections. 

The artery crossed the lateral border of linea semilunaris as it 

entered the anterior abdominal wall in all cadavers. Then, it entered 

the rectus sheath and was found to lie on the posterior surface of 

the rectus abdominis muscle. 70% of inferior epigastric arteries had 

a single trunk and 30% had two trunks. Absent trunk and 4 trunks 

of the artery were not present in this study. There was no 

significant anastomosis between the superior and inferior epigastric 

arteries in the cadavers studied. 

6.6. Branches of the inferior epigastric artery 

In cadavers, the lower abdomen was divided into upper two-

thirds and lower one-third by an imaginary line drawn midway 

between the umbilicus and pubic symphysis. Branches of the 

inferior epigastric artery of size more than 1mm were studied. The 

numbers of branches above the umbilicus were also noted. One 

hundred and ninety-nine branches were over 1mm. 

In the lower one-third, 37 branches were found on the lateral 

side of the artery and 44 branches medial to it. In the upper two-
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thirds, 79 branches were found on the lateral side of the artery and 

25 branches medial to it (Figure 29). 

Above the umbilicus, 14 branches were found lateral to the 

artery and no branches were found on the medial side of the artery. 

The arteries which had a medial branch running parallel to 

IEA were found to be 12 i.e 20%. 

The branches which crossed the midline were 3 in number. No 

branches crossed the lateral border of rectus abdominis but the 

trunk of the inferior epigastric artery in all cases crossed the lateral 

border of rectus abdominis below the ASIS and above the pubic 

symphysis. 

In CT Angiograms, the branches were not studied. 
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7. Discussion 

With the advent of laparoscopic surgery for many surgical 

procedures, inferior epigastric artery injury is a noted complication. 

The frequency of vascular complications has been reported to occur 

in 5 to 20/10,000 cases (14). Vascular injury in laparoscopy is 

classified as „Major‟ and „Minor‟. Major vessel injury causes 

significant morbidity and mortality due to injury to major vessels 

like Aorta, Inferior Vena Cava (24). Minor vessel injury is injury to 

minor vessels like inferior epigastric artery. The incidence of injury 

to the inferior epigastric artery was found in 0.2-2% of laparoscopic 

surgeries. These vascular injuries invariably occur during 

placement of secondary or auxiliary ports. Inferior epigastric vessels 

cannot be visualized  by transillumination of the abdominal wall  as 

they are deeply placed within the rectus sheath (5, 26). In the 

majority of women they can however, be directly identified 

transperitoneally lateral to medial umbilical ligament. 

Setting ports in relation to bony landmarks on the anterior 

abdominal wall like the ASIS would avert injuries to IEA. The 

present study analyzed the course and position of the inferior 
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epigastric artery in relation to various anatomical landmarks with 

special relevance to laparoscopy in the Indian population. 

7.1 Course of the inferior epigastric artery 

The inferior epigastric artery has been described in several 

notable textbooks and journals but, the course of the inferior 

epigastric artery in the anterior abdominal wall in relation to 

laparoscopic surgery has been described only by few authors. 

Epstein et al., studied 30 cadavers (18 female and 12 male) and 

found that the inferior epigastric artery ran vertically throughout its 

course in the anterior abdominal wall(7).In the present study, we 

found that in 60% of cases the IEA coursed upwards and medially, 

and in 40% of cases it coursed vertically upwards. 
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7.2 Anastomosis between Superior and Inferior epigastric arteries 

There was no obvious anastomosis between the superior and 

inferior epigastric arteries. This is in keeping with the finding by 

Milloy et al., where only one anastomosis between the superior and 

inferior epigastric arteries was found (27). 

7.3 Measurements to determine the position of the IEA 

In Cadavers 

Epstein et al., studied the inferior epigastric artery at three 

levels in cadavers namely at the level of mid-inguinal point, ASIS 

and umbilicus. They found the mean distance from the midline to 

the inferior epigastric artery was 5.29 ± 2.12 cm at the level of mid-

inguinal point, 5.19 ± 2.45 cm at the level of ASIS, 5.73 ± 3.59 cm 

at the level of umbilicus in males and 5.18 ± 2.17 cm at the level of 

mid-inguinal point, 4.71± 2.30 cm at the level of ASIS, and 

4.79±2.59 cm at the level of umbilicus in females (7) as seen from 

table 15. 
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Table 15. Comparison between present study and Epstein et al‟s 

study 

  Epstein et al. Present study 

D Male 

Female 

5.29±2.12 

5.18±2.17 

4.37±0.94 

4.70±1.28 

E Male 
Female 

5.19±2.45 
4.71±2.30 

4.00±0.81 
4.25±0.87 

F Male 

Female 

5.73±3.59 

4.79±2.59 

4.62±1.11 

4.40±0.95 

 

Rahn et al., in their study of 11 unembalmed cadavers found 

the IEA 3.7 cm (2.6-5.5) cm from the midline at the level of ASIS 

(22). In the present study, the mean distance between midline and 

the inferior epigastric artery was 4.37±0.94cm at the level of mid-

inguinal point, 4.00 ± 0.81cm at the level of ASIS, and 4.62 ±1.11 

cm at the level of umbilicus in males and 4.70 ± 1.28 cm at the level 

of mid-inguinal point, 4.25±0.87cm at the level of ASIS and 

4.40±0.95 cm at the level of umbilicus in females. The slight 

difference in findings in the present study may be due to the racial 

differences in body build. There was no significant difference 

between the males and females in the present study. 
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In CT angiograms 

Hurd et al., analyzed 21 CT angiograms of female patients and 

found that the IEA was 4.6 cm at the umbilicus from the midline. In 

the present study it was found to be 5.51 cm. 

The IEAs have a constant relationship with the ASIS and this 

bony landmark is easily palpable (18, 23). The cadaveric data and 

the data from CT angiograms suggest that secondary trocars can be 

safely placed at a distance of > 6 cm from the midline slightly 

superior to the ASIS. 

 

 

7.4 Measurements for the lateral border of rectus abdominis 

In Cadavers 

The mean distance of the lateral border of rectus abdominis 

from the midline was 5.67±2.70 cm at the level of mid-inguinal 

point, 7.23±3.15 cm at the level of ASIS and 8.83±3.53 cm at the 

level of umbilicus in males and 5.13±2.16 cm at the level of mid-

inguinal point, 6.04±2.09 cm at the level of ASIS and 7.14±2.77 cm 

at the level of umbilicus in females (7). In the present study, the 
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mean distance of the lateral border of rectus abdominis from the 

midline was 5.31± 1.22 cm at the level of mid-inguinal point, 

6.02±1.31 cm at the level of ASIS and 6.82±1.41 cm at the level of 

umbilicus in males and 5.35±1.07cm at the level of mid-inguinal 

point, 5.83±1.02 cm at the level of ASIS and 6.44±1.15cm at the 

level of umbilicus in females. The slight difference in findings in the 

present study may be due to the racial differences in body build. 

None of the lateral branches were found to cross the linea 

semilunaris. There was no significant difference between the males 

and females in the present study. 

In CT angiograms 

Hurd et al., found the lateral border of rectus abdominis was 

7.6±1.5 cm from the midline at the level of umbilicus in their study 

of CT angiograms of female patients (8). In the present study the 

mean distance of the lateral border of rectus abdominis from the 

midline was 8.35±1.29 cm at the level of umbilicus in females in CT 

angiograms. The variation may be due to the racial differences in 

body build. 
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Since none of the branches crossed the linea semilunaris, this 

is a safe zone for trocar insertion. 

Lateral trocars should be placed > 9 cm from the midline on 

the lateral border of rectus abdominis in the plane of umbilicus and 

> 6 cm from the midline in the plane of ASIS. 

7.5 Comparing gender differences 

Epstein et al., in their comparison between males and females 

in cadavers, found there was a significant difference in the 

measurement of lateral border of rectus abdominis at the plane of 

ASIS; males was 7.23, females was 6.04 cm (males more than 

females, p < 0.05) and at the level of umbilicus males was 8.83 cm, 

females was 7.14 cm (males more than females, p < 0.02) (7). In the 

present study, there was no significant difference between males 

and females. 

Epstein et al., found no significant difference between males 

and females when the ratios were compared. In the present study, 

there was a significant difference between males and females in B: 

G (p < 0.05) and C: G (p < 0.01) in cadavers. The rectus abdominis 
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becomes broader as it runs superiorly. The significant statistical 

difference suggests that on an average, men are more muscular 

than women and have a broader rectus abdominis than women. 

There was no statistical difference in the comparison of the other 

ratios between males and females in cadavers. 

Comparison of the measurements in CT angiograms of males 

and females did not show any significant statistical difference. This 

suggests that there need not be much of a difference in the site for 

trocar insertion recommended for males and females. The trocars 

need to be inserted slightly lateral to the suggested site in 

overweight individuals, as vessels are more laterally placed in obese 

individuals due to the deposition of fat (8). 
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7.6 Comparing the right and left inferior epigastric arteries 

Saber et al., found in their study of CT angiograms that at the 

level of umbilicus, the mean distance of the epigastric vessels from 

the midline on the right was 5.88±0.14 cm and on the left was 

5.55±0.13 cm. The right side IEA was more laterally placed from the 

midline than the left IEA. It was found that the IEA was farthest 

from the midline at the level of the pubic symphysis, the artery 

being 7.47±0.10 cm and 7.49±0.09 cm on the right side and left 

side respectively(21). In the present study in the CT angiograms the 

right side IEA was 5.31± 1.05 cm and the left side 5.03± 0.93 cm 

from the midline at the level of the mid-inguinal point.  At the level 

of ASIS, right side IEA was 4.63±1.11 cm and the left side 

4.51±1.17 cm from the midline. At the level of umbilicus, right side 

IEA was 5.19±1.34 cm and the left side 5.35± 1.20 cm from the 

midline. 

The IEA was not studied at the level of the pubic symphysis in 

the present study. Comparison of the right and left inferior 

epigastric arteries showed no significant statistical difference 

between the right and left sides. 
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CT angiographic studies are more reliable than cadaveric 

studies in determining the location of IEA, due to the shrinkage of 

tissues in cadavers. 

7.7 Correlation analysis 

In the present study, correlation analysis was done between 

the ratios D: G, E: G and F: G and the distance of IEA from the 

midline at the three levels in cadavers and CT angiograms. There 

was significant positive correlation between them. This shows that 

as the ratios D: G, E: G and F: G increased; there was a linear 

proportionate increase in the distance from the midline to the 

inferior epigastric artery at the three levels. 

 

7.8 Branching of the trunk of inferior epigastric artery 

In their study on the vasculature of the anterior abdominal 

wall on 115 cadavers, Milloy et al., found 86% of the  cases had a 

single trunk and 14% had two trunks (28). In the present study, 

70% of inferior epigastric arteries had a single trunk and 30% had 
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two trunks.  This finding was similar to the study done by Milloy et 

al. 

Rozen et al., in their study on the branching pattern of the 

trunk of the inferior epigastric artery on 500 hemi-abdominal walls 

in 250 CT angiograms, found that there was absent deep inferior 

epigastric artery in <1% , single IEA trunk in 43%, two IEA trunks 

in 48%, three IEA trunks in 9% and four  trunks in <1% (28). In the 

present study, the branching pattern of the trunk of IEA in the CT 

angiograms was not studied. 

7.9 Branches of the inferior epigastric artery 

The present study explored the branches of the IEA on the 

lateral and medial sides of the artery which were over 1mm in 

diameter. It was found that the average number of branches per 

artery was 3.3 in the dissected cadavers. Hoeing et al., described 3 

to 6 branches per artery but the author studied branches of size < 

1mm (29). 
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Heitmann et al., analyzed the branches of IEA which were 

more than 1mm and found that there were atleast 1-2 branches in 

each artery which were over 1mm. 

In the present study, it was found that there were 20% of 

cases which showed a large medial branch that ran parallel to the 

main trunk of IEA. 

Studies done by Epstein et al., and Milloy et al., showed a 

similar large medial branch in 29% and 14 % of cases respectively 

(7,28). Three medial branches were seen crossing the midline in the 

present study. No similar reports have been documented earlier in 

the literature. 

Milloy et al., found that lateral branches of the inferior 

epigastric artery crossed the linea semilunaris in 63% of cases (27). 

Epstein et al., found 80% of the inferior epigastric arteries had 

lateral branches which crossed the lateral border of rectus 

abdominis muscle (7).  In the present study, none of the lateral 

branches crossed the linea semilunaris. All lateral branches were 

contained within the rectus sheath. 
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The anterior abdominal wall below the level of umbilicus was 

divided into a lower 1/3rd and upper 2/3rd. It was observed that 116 

of the130 lateral branches of IEA were in the infra-umbilical part of 

the abdomen and 79 (60%) of these were in the upper two-thirds 

and 37 (28%) were in the lower third of that region. 

Epstein et al., in a similar description found 94% of lateral 

branches in the upper third and 6% of the lateral branches in the 

lower third of the abdomen (7). 
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7.10 Safe sites for primary trocar insertion for laparoscopic 

procedures 

Various studies have been done to delineate areas for safe 

insertion of trocars for laparoscopic procedures. The midline is 

relatively avascular. 

So trocar insertion into the midline will not injure the anterior 

abdominal wall vessels (6, 7). 

The umbilicus is variable in position and the vessels also have 

a variable course in relation to the umbilicus. So the umbilicus is 

not appropriate for trocar insertion in thin and obese patients (16).If 

used, Hasson technique is advisable. If Veress method is to be 

used, the needle is inserted at an angle of 45 degree to the 

horizontal in the midline so as to prevent injury to the aorta (18). 

In the present study, 3 branches of the artery crossed the 

midline. Sriprasad et al., and Andrade et al., have recommended 

the umbilicus at the level of ASIS as the site for primary trocar 

insertion (18, 23). From the findings in the current study, the 

umbilicus is the recommended site for primary port entry. 
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7.11 Safe sites for secondary trocar insertion for laparoscopic 

procedures 

The vessels of the anterior abdominal wall lie close to the sites 

for secondary trocar placement (31). Rahn et al., found that the 

landmarks changed with insufflation. They found that the IEA was 

3.7 cm from the midline at the plane of ASIS. They suggested that 

placement of trocars should be > 6cm from the midline at a level 

slightly superior to the ASIS (22). In overweight individuals, the 

IEAs may be situated further laterally from the midline and hence 

trocars should be placed more laterally than in a normal weight 

individual (8). 

Sriprasad et al., in their new access criteria based on a study 

of sonograms suggested that the ideal lateral port entry is at the 

level of ASIS at a distance  > 6cm from the midline (18). In the 

present study, the CT angiographic findings show that the IEA lies 

at a distance of 5 to 6 cm from the midline at the level of ASIS. 

Hence from the findings in the present study, the recommended 

port site for secondary trocar insertion is at a distance > 6cm from 

the midline superior to the ASIS in normal weight patients and at a 
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distance > 9cm from the midline at the plane of umbilicus for 

laparoscopic surgeries. 

The use of smaller trocars (13) and trocars with conical tips 

(32)for lateral placement can also minimize the risk of vessel injury. 

Tinelli et al., suggested that trocars should be placed in the 

„yellow island‟ which is an accumulation of adipose subperitoneal 

tissue found at the lateral third of a line between the anterior 

superior iliac spine and the umbilicus. Yellow Island is clearly seen 

in obese patients and in these patients it is much more difficult to 

make out the IEA. The IEA and other major blood vessels are never 

present in the yellow island and hence  it is an advisable area for 

secondary trocar insertion, especially for obese patients (32). 

It is imperative to avoid injury to the IEA during laparoscopy 

not only to prevent hemorrhage and its complications, but also for 

the sequelae resulting from IEA injury. Sequelae can range from 

necrosis of the rectus abdominis to the leg ischemia as IEA is an 

important collateral supply to the leg in Aortoiliac disease (33, 34, 

and 35). Injury of the IEA also means that it is impossible to 

harvest the rectus abdominis muscle flap (36). 



 

100 
 

Diagnostic laparoscopy rarely results in injury to abdominal 

wall vessels since trocars are placed in the avascular midline (12). 

Blood vessel injuries are more common in operative laparoscopy, 

because trocars are often placed lateral to the midline, where 

abdominal vessels are commonly situated (13). Placement of trocars 

at specific sites may minimize the risk of abdominal vessel injuries. 

This study has ventured to present the ideal sites for primary and 

secondary trocar insertion. These findings may be useful to 

surgeons not only for laparoscopic procedures but also for image-

guided biopsy, paracentesis and for setting a drain without 

damaging the IEA. 
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7.12 Limitations 

Limitation in the use of cadavers 

The discrepancy between the cadaver and CT measurements 

were assumed to be due to the shrinkage of tissues after 

embalming. Another limitation was that the pubic symphysis used 

as a landmark in laparoscopy was not taken into account in the 

study. 

Limitation in creating an intra-operative condition 

In the present study direct measurements between the inferior 

epigastric artery and surface landmarks could not be made with an 

insufflated abdomen, which would have reflected intra-operative 

conditions more accurately. It is possible that the distance and 

relative location of neurovascular structures to the surface 

landmarks chosen for this study would have changed with intra-

abdominal insufflation. 
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8. Conclusions 

1. The mean distance of the lateral border of rectus 

abdominis from the midline was 5.32 ±1.15cm at the level 

of mid-inguinal point, 5.95 ± 1.20cm at the level of ASIS 

and 6.68 ±1.13cm at the level of umbilicus in cadavers. 

2. The mean distance of the inferior epigastric artery from the 

midline was 4.45 ±1.08cm at the level of mid-inguinal 

point, 4.10 ± 0.82cm at the level of ASIS and 4.54 ±1.04cm 

at the level of umbilicus in cadavers. 

3. The mean distance of the lateral border of rectus 

abdominis from the midline was 5.55 ± 1.15cm at the level 

of mid-inguinal point, 6.81 ± 1.16cm at the level of ASIS, 

and 8.40 ± 1.37cm at the level of umbilicus in CT 

angiograms. 

4. The mean distance of the inferior epigastric artery from the 

midline was 5.17 ±0.93cm at the level of mid-inguinal 

point, 4.57 ±1.05cm at the level of ASIS, and 5.27 ±1.17cm 

at the level of umbilicus in CT angiograms. 
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5. There was a definite predictive pattern in the course of the 

inferior epigastric artery as seen in correlation and 

regression analysis. 

6. On comparing the measurements between male and 

female cadavers, it was found that the measurements of 

rectus abdominis (ratios) were more in males than in 

females at the ASIS ( p < 0.05) and umbilicus (p < 0.01). 

7. There was no gender difference on comparing the 

measurements in the CT angiograms of males and 

females. 

8. The right side inferior epigastric artery was seen to be 

more laterally placed than the left side artery in cadavers. 

9. In CT angiograms, right side inferior epigastric artery was 

seen to be more laterally placed than the left side artery at 

the level of mid-inguinal point and umbilicus. 

10. In 70% of cadavers, the IEA had a single trunk and in 30% 

had two trunks. 

11. The branches of IEA in the lower third of the 

infraumbilical part of the anterior abdominal wall were 37 

branches on the lateral side and 44 branches on the 
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medial side of the artery. In the upper two-thirds, 79 

branches were found on the lateral side of the artery and 

25 branches medial to it. 

12. Ports for primary trocar insertion could be at the 

umbilicus if using the Hasson technique.  A Veress needle 

can also be inserted safely in the midline at the level of 

ASIS. 

 

13. Ports for secondary trocar insertion should be along the 

lateral border of rectus abdominis. The trocars should be 

placed more than 6 cm from the midline slightly superior 

to ASIS and more than 9 cm at the level of umbilicus from 

the midline for laparoscopic surgeries. 
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10. ANNEXURES 

1. Proforma Data Sheet-1: Cadaver 

2. Proforma Data Sheet-2: CT 

3. Abbreviations 

4. IRB clearance letter from the institution 
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PROFORMA DATA SHEET 1 

MEASUREMENTS IN CADAVERS: 

No. of the body: 

Sex: 

Distance from midline to lateral border of rectus sheath(cm) 

                                                                         Right             Left 

1.Mid-inguinal point 

2.ASIS 

3.Umbilicus 

 

Distance from midline to inferior epigastric artery (cm) 

                                                                         Right              Left 

1.Mid-inguinal point 

2.ASIS 

3.Umbilicus 

 

Distance from midline to ASIS 

 

 

Branches of inferior epigastric artery 

Lower1/3  

Right 

 
Medial- 

 

Lateral- 
 

 

Left 

Upper 2/3  

 

Medial- 
 

Lateral 
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1.No. of  branches that crossed the midline- 

 

2.No. of  large medial branches that ran parallel to IEA- 

 

3.No. of branches that crossed the linea semilunaris- 

 

4.No. of branches above umbilicus 

                    Right                           Left 

 

Medial - 

 

Lateral- 
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Proforma data sheet 2 

MEASUREMENTS IN CT ANGIOGRAMS: 

No. of the CT: 

Name: 

Age: 

Sex: 

Hospital No.: 

Date when the CT was taken: 

Distance between midline to lateral border of rectus abdominis(cm) 

                                                                                     Right                       
Left 

1.Mid-inguinal point 

2.ASIS 

3.Umbilicus 

 

Distance between midline to inferior epigastric artery (cm) 

                                                                                      Right                       

Left 

1.Mid-inguinal point 

2.ASIS 

3.Umbilicus 

 

Distance between midline to ASIS (cm) 
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Abbreviations 

A- Distance between the midline to the lateral border of rectus 

abdominis at the level of Mid-inguinal point 

B- Distance between the midline to lateral border of rectus 

abdominis at the level of Anterior Superior Iliac Spine 

C- Distance between the midline to lateral border of rectus 

abdominis at the level of Umbilicus 

D- Distance between the midline to the inferior epigastric artery 

at the level of Mid-inguinal point 

E- Distance between the midline to the inferior epigastric artery 

at the level of Anterior Superior Iliac Spine 

F- Distance between the midline to the inferior epigastric artery  

at the level of Umbilicus 

G- Distance between the midline to ASIS  

     ASIS- Anterior Superior Iliac Spine 

      IEA-  Inferior Epigastric Artery 
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