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SURGICAL ANATOMY OF THE SUPERIOR EPIGASTRIC ARTERY

Hayder H. Abdul-Ameer* FICMS, Akram A. Jaffar' Ph.D., Hassan A. Hassan? FRCS

Abstract:

Background: The superior epigastric artery and its
preservation during surgical procedures are now
gaining more importance. Anatomical studies
regarding variations in the epigastric vessels have not
been conclusively reported. More emphasis was
directed towards the inferior epigastric artery on the
expense of its superior counterpart.

Objective: To illustrate the gross anatomy of the
superior epigastric artery with special emphasis on
laparoscopic cholecystectomy entry sites in order to
map a safety zone.

Method: Fifteen embalmed cadavers were dissected.
Complications pertaining to the superior epigastric
artery were reviewed in 90 patients who underwent
laparoscopic cholecystectomy.

Results: Gross arterial communication between the
superior and inferior epigastric arteries was observed in
(33%) of the cadavers where it was located above the
umbilicus. In the epigastric region, the main stem of
the superior epigastric artery was located within a
longitude not extending laterally away from 5 cm off
the midline. The inferior epigastric artery was

commonly larger than the superior. In only one cadaver
(7%) the caliber of the superior epigastric artery was
comparable to that of the inferior. In (4.4%) of the
cholecystectomy cases, bleeding occurred when the
laparoscopic port was extended laterally beyond the
10-12mm wide incision at the point 5cm inferior to the
xiphisternum.

Conclusion: A variably large superior epigastric artery
should be kept in mind during surgical interventions;
the absence of accompanying arterial anomalies
indicated that the large size of the artery is a normal
anatomical variation. In the epigastric region, a safety
zone could be determined lateral to 5cm off the
midline. In laparoscopic cholecystectomy, the port
incision in the epigastric region should not be extended
laterally beyond 12mm off the midline. If
circumstances dictate then the port should be enlarged
using a dilator.

Key words: Superior epigastric artery, anatomical variation,
laparoscopic cholecystectomy
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Introduction

The superior epigastric artery is a
terminal branch of the internal thoracic
(mammary) artery. According to some, it
passes through a space limited medially by
the sternal part of the diaphragm, laterally by
the costal part of the diaphragm, and
anteriorly by the musculoaponeurotic plane
formed by transversus thoracis and
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transversus abdominis (Larrey"s space or
trigonum sternocostale?, therefore through a
diaphragmatic orifice!!. According to others
it passes in front of the diaphragm, anterior to
transversus  thoracis and  transversus
abdominis and thus in front of the
musculoaponeurotic plane!?.

Entering the rectus sheath, at first
behind the rectus abdominis muscle and then
perforating and supplying it. The superior
epigastric artery usually anastomoses with the
inferior epigastric branch of the external iliac
artery. Branches perforate the sheath to
supply the abdominal skin. The artery
supplies the diaphragm; on the right small
branches reach the falciform ligament to
anastomose with the hepatic artery®®l. A
xiphoid branch contributes to the supply to

3
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the lower sternal region and may be of special
importance when used as a conduit in
coronary artery by-pass grafts®. At the
intersections of the rectus abdominis muscle
there are transverse arcades arising from
either the superior or inferior epigastric
arteries, which send branches supplying
muscle or the overlying skin®®!.

The epigastric arterial “system” is of
considerable interest because of the grossly
demonstrable direct arterial communication
between the superior epigastric and the
inferior epigastric arteries in 40% of a series
of cadaver dissections. In atherosclerotic
occlusion of the common iliac artery this must
certainly be one of the important collateral
pathways for blood to reach the ischemic
extremity!®.

Anatomical studies regarding
variations in the epigastric "system™ of vessels
have not been conclusively reported. More
emphasis was directed towards the inferior
epigastric artery on the expense of its superior
counterpart”®.. This study aims at illustrating
the anatomy of the superior epigastric artery
relative to common surgical incisions and
laparoscopic entry sites on the anterior
abdominal wall in order to map a safety zone.

Methods

Fifteen embalmed adult cadavers
(originally used for teaching purposes at the
Department of Human Anatomy, College of
Medicine, Al-Nahrain University) were
dissected for the contents of the rectus sheath
with emphasis on the epigastric vessels. The
basic procedures for dissection were based on
the method outlined in Sauerland™.

The origin, course, and the distance
from the midline of the superior epigastric
artery were noted. The site and mode of
anastomosis between superior and inferior
epigastric arteries were clarified by tying a
cannula at either end of the epigastric arterial
“system”: internal thoracic or inferior
epigastric arteries. Tap water was pushed
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through this cannula till the vascular
anastomosis became clear.

Complications  pertaining to the
superior epigastric artery were reviewed in 90
patients who underwent laparoscopic
cholecystectomy by using the American
technique at Al-Kadhmiya Teaching Hospital.
The latter implies a puncture site 5¢cm inferior
to the xiphoid process. At that point, a
transverse incision about 10-12mm was made
for the insertion of the laparoscopic port.

Results

The superior epigastric artery was
seen on dorsal surface of the rectus abdominis
muscle in all the cadavers (Fig.1). Gross
arterial communication between the superior
and inferior epigastric arteries was observed
in 5 (33%) of the cadavers dissected. The
anastomosis between the inferior and superior
epigastric arteries was located at a level above
the umbilicus in all the cadavers. In the
epigastric region, the main stem of the
superior epigastric artery was located within a
longitude not extending laterally away from 5
cm off the midline. No discrepancy was
observed on both sides of the body regarding
the origin, course, anastomosis, and caliber of
the superior epigastric arteries.

The inferior epigastric artery is larger
than the superior epigastric artery in 14
cadavers (93%). In only one cadaver (7%) the
caliber of the superior epigastric artery was
equal in size to that of the inferior epigastric
artery (Fig.2). This unusually large superior
epigastric artery was observed on both sides
of the body and was not accompanied by any
arterial anomaly elsewhere in the trunk. The
accompanying inferior epigastric artery was
neither atrophied nor has an unusual course or
origin.

Out of 90 surgical cases only 4 (4.4%)
had bleeding when the laparoscopic port was
extended laterally beyond the 10-12mm wide
incision at the point 5cm inferior to the
xiphisternum. In one of the four cases, the
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bleeding was to the inside the rectus sheath. using a dilator no such bleeding occurred.
In the cases when the port was enlarged by

Superior

Inferior

Fig.1: Posterior aspect of the anterior thoraco-abdominal wall showing the terminal branches of the internal
thoracic artery at the left 6 intercostal space. 1: internal thoracic artery, 2: superior epigastric artery, 3:
musculophrenic artery, 4: back of the sternum, 5: back of the 7" costal cartilage, 6: transverses thoracis.

2

‘Inferior

Fig.2: The epigastric arterial “system” on the dorsal aspect of the rectus abdominis muscle. Note that the
superior and inferior epigastric arteries are of comparable caliber. 1: superior epigastric artery, 2: inferior
epigastric artery, 3: rectus abdominis muscle, 4: posterior wall of the rectus sheath reflected medially.
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Discussion

The superior epigastric artery and its
preservation during surgical procedures
involving anterior abdominal wall is now
gaining more importance in view of its
significance  in  planning  muscle-flap
reconstructive surgery™™ ¥ its possible insult
in laparoscopic procedures, its role in
establishing a collateral circulation following
aortico-iliac occlusions™, and the possible
sequels of its injury on wound healing after
surgery! 67,

The feasibility and the safety of
endoscopic cholecystectomy for symptomatic
cholecystitis are widely accepted. Cosmetic
advantages are evident and are important in
young woman. Endoscopic abdominal surgery
also reduces postoperative intestinal and
parietal adhesions. Overall this surgical
procedure  provides a very simple
postoperative course with reduction of pain
and rapid recovery of abdominal transit!*®.

In this study, the superior epigastric
artery was seen on dorsal surface of rectus
abdominis muscles in all the cadavers;
however it should be noted that when the
artery is not seen in its commonest location, it
may either be absent or buried in the muscle
tissue. In a very rare occasion (0.6%) did the
superior and inferior epigastric arteries
anastomose on the anterior surface of the
rectus muscle®.

The frequency of a gross arterial
communication between the superior and
inferior epigastric arteries as observed in the
cadavers dissected in this study (33%) is
closely related to the 40% occurrence
observed elsewherel’®l. The location of the
anastomosis at a level above the umbilicus
coi[glocl:ides with the observation of O’Dey et
al.' "=

The inferior epigastric artery is usually
larger in diameter than the superior epigastric
artery®!: this was mostly observed in this
study as well. Only in one case (7%) in this
study, the superior and inferior epigastric
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arteries were comparable in size. The absence
of accompanying arterial anomalies indicates
that the larger size of the artery is normal
anatomical variation and is not a
compensatory sequel of a pathological
obstruction of the normal conduits. This
variation should be born in mind as it may be
the source of considerable bleeding should the
artery be injured during surgery.

In the epigastric region, the location of
the superior epigastric artery within a
longitude not extending away from 5cm off
the midline could determine the safe zone of
entry of the anterior abdominal wall at this
region. The location of the artery within this
limit is closely related to the mapping study
of Saber et al.”? Damage to the superior
epigastric artery intraoperatively resulting in a
rectus sheath hematoma has been reported as
an early consequence of percutaneous
endoscopic  gastrostomy®®l. In  planning
laparoscopic cholecystectomy, the incision of
the laparoscopic port should not be extended
laterally beyond 12mm off the midline lest
considerable bleeding would be faced. If
circumstances dictate, as when extracting a
gall bladder with a large stone impacted
inside, then the port should be enlarged using
a dilator. Preservation of the superior
epigastric artery not only could avoid a
serious bleeding during the operation but also
decreases the inflammatory reaction and
formation of scar™®.

In the one case of bleeding inside the
rectus sheath, injury may have involved the
main stem of superior epigastric artery. In the
other three cases where bleeding was to the
outside of the rectus sheath, injury may have
involved a branch of the superior epigastric or
a collateral branch of an intercostal artery.
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CYTOCHROME OXIDASE ACTIVITY IN THE VENTRAL HORN
CELL OF THE SPINAL CORD IN THE RABBIT: ULTRA

STRUCTURAL STUDY
Ali .A. A. Al-Taii MBChB MSc PhD

Abstract

Background: Dynamic property of the neurons in
the ventral horn cells of the spinal cord in the rabbit
were partly treated utilizing the activity of
cytochrome oxidase, a mitochondrial enzyme which
is responsible for electron transport in oxidative
phosphorylation needed for vital processes.

Objective: It has been known recently that the vital
role of this enzyme was clearly evident in the
apoptosis. This study high lightens a point on a part
of the metabolic map of the anterior horn cells with
the use of cytochrome oxidase activity as a tool.

Methods: Healthy adult New Zealand rabbits in
resting condition were used. After Laminectomy
slices of cord tissue obtained from the lumbosacral
region precisely its gray mater of the anterior horn,
then they were treated with a histochemical method

based on the oxidative polymerization of diamino-
benzidine, then examined under electron microscopy.

Result: Results revealed different intensity of final
reaction products at both cellular and subcellular
levels.

Conclusion: This reflects that the oxidative
metabolism was varied in this area of the CNS, the
majority of this activity were due to effect of the
higher centers. At subcellular level the initiation of
retrograde cell reaction "apoptosis” correlates
positively with intensity of the FRP.

Key word: Cytochrome oxidase, Enzyme commission number,
Central nervous system, Final reaction product
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Introduction

In order to understand the dynamic
properties of neurons, there is a certain fact
must outlined from the study of an
important energy-deriving oxidative enzyme
in the mitochondria. Cytochrome oxidase,
(C.0.) ( Enzyme commission number
1.9.3.1) is a perfect tool for this study.
Mammalian Spinal cord precisely its gray
matter is composed of a heterogeneous
population of neurons whose physiological
characteristics often elude morphological
identification. The anterior horn cells of the

spinal cord contains alpha, gamma
motoneurons, Renshaw neurons, and
interneuron'sty.

This study high lightens a point on a
part of the metabolic map on the anterior
horn cells of the mammalian spinal cord
with the use of (C.0O.) activity as a tool.
This method is easily to be handled and not
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coasty in our laboratory, as traditional
histochemical methods are still in use for
the detection of (C.O.) activity because they
are rapid, inexpensive and more specific.

The  cytochrome  oxidase is
responsible for electron transport in the
oxidative phosphorylation needed for vital
processes such as protein synthesis, rapid
axoplasmic transport within neurons and
maintenance of the resting membrane
potential™®. It is a characteristic enzyme of
the mitochondrial membrane which is
firmly bound to it. In a highly active cell
large amounts of mitochondria can be seen.
Thus, the activity of (C.0O.) is used as an
index of the oxidative metabolism in these
cells®. However morphological,
physiological and biochemical properties of
neurons, reflects the endogenous system of
enzymes.

This system is intimately associated
with neuronal metabolic machinery, which
is closely related to the level of neuronal
activity™. This confirmed the finding of
many workers, that oxidative metabolic
capacity following the ablation of rat

8
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sensorimotor cortex on the (C.O.) activity
which shows that in the injured animals
there is a significantly reduced activity
throughout the cerebral cortex and in 5 of 11
subcortical structures. This injury-induced
depression of oxidative capacity was most
pronounced in regions of the hemisphere
ipsilateral to the ablation®®’.

However, the vital role of (C.O.)
was evident in  neurons of the injured
segments of the spinal cord of rats which
shows a substantial amount of (C.O.)
released into the cytoplasm from the
mitochondria of the injured neurons
suggesting a trigger for apoptosis through

trEe ?ctivation of proteases, such as caspase
37,

Material & Methods

Cytochrome oxidase was examined
in the ventral horn cell of 10 New Zealand
rabbits weighting 3-3.5 Kg. They were
killed by sectioning of the great vessels of
the neck without anesthesia. Laminectomy
was performed, dura and arachnoid opened
in the lumbo-sacral region. Cord segments
with roots of sciatic nerve of both right and
left sides were removed then placed in a
small Petri dish containing 30 ml of saline
solution at 37°C. Serial coronal sections
with a sharp razor were cut through the
ventral horn of the cord and then minced
into a small slices. Immediately, those
slices were transferred to a small containers
that contained a cold fixative containing 2%
paraformaldehyde, 1-2% glutaraldehyde in a
0.1 M sodium phosphate buffer at pH 7.3
for 10 min. then washed with phosphate
buffer for 10 min prior to incubation.

The histochemical method used was
that of Seligman® with modification. The
method is based on the oxidative
polymerization of diamino- benzid ne
(DAB). It gives very precise localization of
the enzyme activity, and the reaction
product is permanent and clearly evident.

Tissues slices were incubated in a
Columbia  jar containing 5 my
Diaminobenzidine (DAB) (Sigma) in 9 ml
of 0.05 M, pH 7.4. To this solution,
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Cytochrome C (BDH) 10mg as substrate
and 1 ml Catalase (20pg/ml) (BDH) were
used to eliminate the presence of any
endogenous H,0,. Sucrose (BDH) 750mg
was also added. Control sections were
treated in the same way without addition of
Cytochrome C. Time of incubation was
ranged from 30 minutes to 2 hours. The
tissue slices were removed when brown
reaction product appeared, and then washed
overnight in phosphate buffer, treated with
1% osmium tetroxide for 1.5 hours, stained
with 1% uranyl acetate, and embedded in
Epon. Semi thin sections (0.5-1 W) were
obtained, stained with 1% methylene blue.
Those sections were used for selecting the
most adequate areas to be examined for the
ventral horn neurons. Ultra thin sections
(60-90 nm) were taken and examined in
Philips  CM10 electron  microscope
operating at 60 kV; some sections were
examined without staining.

Results

Good results were visualized within
2 hours of incubation by the DAB reaction
as the color of the minced tissues slices
became dark - brown in color. Examination
of the semi thin sections (0.5-1 W) treated
with 1% methylene blue, delineated
different sizes of wventral horn neurons.
Electron microscopic examination revealed
that those neurons are richly endowed with
a variety of organelles. With a higher
magnification we overcome the failed of the
somata and mitochondria can be easily
visualized. Reactive mitochondria were
varied in their intensity of the FRP from
moderate to dark, although light ones have
also been observed (Figures 1 & 2).

In addition to that different intensity
of the FRP at cellular level was also
observed. With higher magnification single
mitochondria was clearly seen with a heavy
precipitates of a black dots of the FRP. This

activity was localized to the inner
mitochondrial membrane and  their
intracristal spaces (Figure 3).

Examination of tissue sections

treated with DAB reaction without the
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addition of the substrate shows no reactivity
i.e. any black dots in the mitochondria
(Figure 4).

Figure 1: Motoneuron (a: nucleus, b: cell
membrane) x 3000

\{1,‘ &

i

Figure 2: Arrows shows different
intensity of the FRP in the mitochondria. x 12000

Figure 3: Higher magnification of mitochondria.
Arrows show FRP of (C.0.) activity mainly
confined to the inner mitochondrial membrane
and their intracristal spaces. x 40 000
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Figure 4: Section obtained from tissue slices
without addition of substrate. Thin arrows show
boundaries of axonal terminal. Thick arrow

shows mitochondria. x 40 000.

The most active area seen in the
sections were in the neuropil (dendrites and
axon terminals) of the different size somata.
However the activity of (C.O.) were found
nearly in all sections examined within the
mitochondria of the somata regardless their
size with the exception that, the small size
somata exhibit ~more reactivity in
comparison to the large size ones.

Darkly reactive, moderately reactive,
and /or lightly reactive mitochondria were
evident in dendrites, axonal trunks and
axonal terminals of myelinated axons.
However the more intense reactivity was
observed in the mitochondria of the axonal
terminals than those of the dendrites , It is
hardly to detect lightly reactive
mitochondria in the axon terminals. (Figures
5&6).

Figure 5: Arrows reactive mitochonderia at -
dendritic terminals.Several of these synapses

show different intensities of C.O. activity. x 12000
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Figure 6: Arrows show highly reactive
mitochondria in the axonal terminal. x 12000

Discussion

The results of this study show that
the DAB method wused, specifically
demonstrated the (C.O.) activities. Among
other things this assumption is supported by
ultrahistochemistry showing FRP only in
the mitochondria and the reaction was
completely absent with omission of the
substrate  (Figure 4) .In  addition,
mitochondria show slightly swelling due to
the method of the incubation used in this
work (Figure 3) ,since this shows perfect
visualization of the FRP. With the use of a
computer image  processing  system
inhibition of enzyme activity by chemical
fixation was variable in single motoneurons
of the rat spinal cord®. However, those
workers concluded that quantification of
enzymatic activity in chemically fixed tissue
provides an imprecise estimate of enzyme
activities found in fresh-frozen tissues, this
idea was omitted in our study.

Different intensities of the FRP .in
the mitochondria in the somata of the
ventral horn neurons have been observed
(Figure 2). This indicates that the entire
neuron is often not metabolically
homogeneous. This is in agreement with
finding of Wong-Riley in 198919,

The production and requirements of
energy reflect the differences in cellular
activity in this part of the central nervous
system, as small size neurons i.e.
interneuron's and Renshaw neurons shows
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more reactivity than those of large size one
i.e. motoneurones, since the large metabolic
demands of the ventral horn neurons are
clearly evident as their known involvements
in the majority of synaptic interactions to
keep muscular tone and movementst.

The subcellular distribution of
(C.0.) activity in the motoneurons of the
ventral horn cells primarily to profiles
within the neuropil rather than somata, as
the highly reactive mitochondria were
mainly localized in the axonal terminal
rather than that of dendrite ,as the later
region contain different forms of reactivity
(Figures 5 & 6). This observation differs
from that observed by Wong-Riley and
Kageyama in 1986 that the reactive
mitochondria in the ventral horn neurons
were found in the neuropil, mainly in
dendritic profiles and some axon terminals.
However the high metabolic activity
required by dendrites is consistent with the
notion that, as the principal postsynaptic
targets in most CNS regions. Their high
energy consumption is required for
membrane repolarization, since there are
differences in the in the metabolic activity
between regions of the ventral horn cells
neuropil where in the large sizes cells the
axonal terminals gain more reactivity which
elude the higher metabolic effects of the
higher centers on those neurons.

Many tools have been used for
metabolic mapping of nervous tissue. These
are  2-deoxy-glucose  autoradiography,
cytochrome oxidase histochemistry and
positron emission tomography. However
these methods have been used to map the
brain during normal or resting conditions,
and during conditions of particular interest
such as sensory stimulation, development,
ageing and disease*".

In this study we examined (C.0.), a
mitochondrial enzyme which is a marker for
neuronal functional activity. However the
enzyme was distributed in a characteristic
patterns and amounts that differed among
various neuronal pathways in this region of
the CNS. Mapping was done quantitatively
by enzyme histochemistry on resting”

11



Ultra Structural Study of Cytochrome in Ventral Horn Cell .... A-Taii AAA

animals. However this issue needs further
study using optical densitometry of stained
sections and biochemical assays of spinal
cord tissue homogenates. The metabolic
map of cytochrome oxidase activity reveals
patterns of normal spinal cord function, and
may be used as a marker for comparison in
studies of spinal cord development and
plasticity.

Intrasomatic densities of enzyme
histochemical reaction product were
employed as indicators of relative
mitochondrial activity (C.O.)"*?.The present
results revealed different intensities of
(C.0.) in different site of the ventral horn
neurons and neuropil. This reflects different
responses to injury as it creates a depression
of oxidative metabolism capacity. However,
retrograde cell reaction in the ventral horn
cell of spinal cord regarded as apoptosis
structurally™!. Thus, the site initiation of
this phenomenon in the ventral horn neurons
was positively correlated with the (C.O.)
activity, since this point needs further
investigation.
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