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The article covers aspects of morphological, anatomical, embryological, histological aspects and origin, types, blood sup-
ply, innervation, lymph drainage of human vermiform appendix. The purpose of the study is to understand real function
and to summarize this information for positive impact on clinical decision in case of appendicitis. Although characteristic
features of normal and diseased appendix have been reported for many previous centuries, it still the most common chal-
lenge facing every day in operation room. The appendectomy, commonest surgical emergency procedure, may cause little
confusion in surgeons due to highly variable situations of it inside the abdominal cavity. However, the recent imaging
techniques have increased ability of surgeon for crucial diagnosis of the diseased appendix.
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Introduction

A vermiform appendix occurs only in humans and
anthropoid apes, although some other mammals may
have a similar organ. It is a narrow, hollow, and muscu-
lar structure [1]. It is the narrowest part of the digestive
tract, having failed to keep pace in growth with the rest
of the caecum, and it develops as a continuation of the
caecum and particularly the tip of the caecum, which
failed to enlarge [2, 3]. It is regarded as a vestigial struc-
ture with an unclear function [4].

The appendix typically emerges from the posterome-
dial side of the human caecum at the junction of the
three taenia coli (taenia means flat bands) about one to
two cm below the ileum. So it is a dead-end that opens
into the caecum a little below the ileocaecal orifice or
valve that lets unabsorbed food from the ileum into the
caecum from time to time [5].

The appendix has a base, which is the spot of a con-
course of the three taenia coli situated at the posterome-
dial border of the caecum, below the ileocaecal valve
[6]. On the surface of the abdomen, the base of human
appendix lies one-third of distance above an oblique line
that joins the right anterior superior iliac spine with the
umbilicus, this point is known as “McBurney’s point”
which is a significant surgical approach [7]. While the
base of appendix is simply found within the abdomen by
distinguishing the three taenia coli of caecum and fol-
lowing them to the appendix base where they gather to
establish a complete longitudinal muscular coat [8].

Embryological development of human vermiform
appendix

The vermiform appendix develops from the caecal
bud that reveals at the 6™ week of embryonic develop-
ment, in embryos of about twelve millimeters crown-
rump length, as a little conical expansion at caudal limb
of the primitive intestinal loop [9]. The appendix forms

at the apex of this expansion or dilatation and becomes
displaced into the right iliac fossa during the growth, ro-
tation, and descends of the caecum that occurs in a se-
quent manner starting at the tenth week of embryonic
development when the herniated loops of an intestine
initiate to return into the cavity of the abdomen [10].

Despite the imprecise factors that produce this re-
turn, it is supposed that mesonephric kidney regression,
liver reduced growth, and actual expansion in abdomi-
nal cavity size may play characteristic roles. The proxi-
mal jejunal part is the first portion that re-enters to ab-
dominal cavity and comes to locate at its left side. The
ultimate returning intestinal loops settle further and
further to right, and the caecal bud is regarded as the
last portion of human gut that re-enters inside its ab-
dominal cavity [11, 12].

Temporarily, this caecal bud is located inside the
right upper abdominal quadrant immediately down the
right hepatic lobe, and from this point it directs to right
iliac fossa, thereby setting the right colic flexure and the
ascending part of colon on right side in human abdomi-
nal cavity [13]. During this operation the distal extremi-
ty of the caecal bud creates a narrow diverticulum, the
primitive appendix that develops as a continuation of
the caecum at its inferior tip; therefore the appendix
represents the tip of the caecum which fails to enlarge
[14].

Classification of the origin of human vermiform ap-
pendix [15-18]

Type I: It is the fetal type; characterized by the coni-
cal-shaped caecum, the vermiform appendix emerges
from its apical part at the longitudinal axis of colon, and
the three taenia coli which converge at the vermiform
appendix base are separated with almost equal distanc-
es.

Type II: It is characterized by more quadrilateral-
shaped caecum than that of the fetal type, the three tae-
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nia coli possess their relative position, and the appendix
arises between the two bulging sacculi.

Type III: The caecal part located lateral to a struc-
ture known as taenia libera, which is the anterior band,
develops in proportion to the other part situated medial
to this band. The dorsal wall developed lesser than the
ventral; therefore, the caecal apex is turned dorso-medi-
ally and almost meets up with ileocaecal junction.

Type IV: This type is characterized by excessive cae-
cal development on the lateral side of taenia libera with
atrophied medial segment; the taenia libera directs to a
caudal angle of the ileocaecal junction, and the appen-
dix base situated dorsal to this angle and seems to spring
from that junction.

At birth, both the appendix with the caecum still
have the fetal form but after birth, the caecal portion lo-
cated lateral to the appendix shows significant growth,
on contrary, the medial portion does not undergo any
expansion or it may retrogress [19].

The evolutionary history and function of the
vermiform appendix

Berengario da Carpi was the first who described the
human appendix in 1521, while Claudins Amyand was
the first who performed appendectomy in 1735 at
S. George’s hospital in London; however, Lawson Tait
was the first surgeon who was removed the diseased ap-
pendix in 1880 with a successful procedure [20].

Nowadays appendectomy represents the most com-
mon case faced in surgical emergency wards when acute
appendicitis is recorded in 4-6% of community individ-
uals [21]. Although, the evolutionary history and exact
functions of this structure are not well-known but the
precise diagnosis and the curative treatment of the dis-
eased appendix are well assured [22].

The functions of appendix had been an issue of
much debate across history and different theories had
been cited like neuromuscular, endocrine, or exocrine
roles of this structure [23].

On contrary, other researchers suggested that the hu-
man appendix lacks any function completely [24]. The
elicited consensus reveals that the vermiform appendix
assists as a component of the immunity system, as the
recent evidence suggests that it is a principal site for the
differentiation of immunocompetent B-lymphocytes
[25]. In infancy and childhood, it has the semblance of a
well-established lymphoid structure with a remarkable
immunological function [26].

The human appendix resembles the tonsils, indeed it
has been called “tonsil of the abdomen”; and like the
tonsils, the appendix is frequently infected and then be-
comes a menace [27]. This name reflects the actuality
that it contains an excessive amount of lymphoid tissues,
besides its location close to the large intestine entrance
which sustains the appendix primary entrance of anti-
gens accessing to the caecum. The evolutionary history
of the vermiform appendix proves hard to trace [28].
Details of this history appear complicated link to its
functions; some suggesting this structure is functionless
in human beings and tend to declare it as a vestigial or-
gan. This opinion is established mainly on the existence

of significantly developed vermiform appendix in the
“lower” animals, like a rabbit, resulting in some re-
searchers considering the small human vermiform ap-
pendix as a vestigial or rudimentary structure. However,
many primate anatomists accept the fact to regard the
vermiform appendix as an evolutionarily derived struc-
ture present just in humans and apes [29].

The morphological aspect of the vermiform appendix

The vermiform appendix is a worm-shape narrow
tubal structure that emerges from the posteromedial
caecal border, two cm or less under the ileal end, and
may present in one of various following positions [30-
33]:

It can be located behind the caecum (retrocaecal)
and the lower portion of ascending colon (retrocolic).

It can descend above the lesser pelvis brim (descend-
ing or pelvic), in which the appendix situates closely re-
lated to the right ovary and uterine tube of the female.

It can situate under the caecum (subcaecal).

It can situate anterior to the terminal ileal part and
can then be very close or in contact with anterior wall of
the abdomen (pre-ileal).

It can situate posterior to the terminal ileal part
(post-ileal).

Although these classical figures were based upon a
very large variation shows much contradiction, and with
all these positions classification was found into two
groups [34]:

—anterior (which represent pelvic and ileocaecal)

and

—posterior (which represents retrocaecal and sub-

caecal).

At birth, the vermiform appendix is broad and short
at the junction to the caecum, while distinctive caecal
growth yields a representative tubular-like structure by
approximately two-year age. Furthermore, during child-
hood period caecal continued growth usually turns the
human appendix to a retrocaecal position but still intra-
peritoneal [35].

Preileal

Pelvic

Subcaecal

Shows various positions assumed by the vermiform appendix and its
relation to the caecum and the ileum [11].
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Frequency and number of the position of the adult vermiform appendix by different investigators [35]
Position %
Authors Country No. of cases Anterior Posterior
Paracaecal | Ectopic
Pelvic | Ileocaecal ‘ Preileal | Postileal ‘ Subcaecal ‘ Retrocaecal
Collins USA 4680 7.9 78.5 1.3 20.2
Peterson Finland 373 422 26.8 — 31.0
Maisel South Africa 300 58.0 1.3 3.3 5.0 26.7
Shah &Shah autopsy India 186 34.9 28.0 7.0 30.1
Liertz Germany 2092 42.1 13.9 9.0 35.0
Buschard CSSR 93 44.1 11.8 0.0 44.1
Waas Ceylon 266 24.1 28.6 13.0 35.3
Solanke Nigeria 125 31.2 19.2 11.2 384
Buschard Denmark 141 334 7.8 2.1 56.7
Shah &Shah operation India 405 8.2 26.9 3.7 61.2
Wakeley Great Britain 10.000 31.0 14 1 0.4 2.3 65.3 0.05
Katzarski Zambia 103 43.6 — 20.3
Ajmani India 100 23 — 2 10 5 58 2
Ojeifo Nigeria 548 25 — 1.8 14.8 24 45 6.4 4.7

In about one-quarter of individuals, appendicular ro-
tation does not take place leading to a paracaecal, sub-
caecal, or pelvic position; and sometimes the appendic-
ular tip becomes extraperitoneal in position locating
posterior to the ascending colon or caecum [32].

Infrequently during caecal development, it does not
emigrate toward its normal anatomical position at the
right lower abdominal quadrant, and at this situation,
the appendix may be observed close to the right ureter
or the gall bladder; therefore the ileocaecal position in-
cludes appendices in the pre-ileal, post-ileal, paracaecal
and left-sided positions [30].

However positional percentages for the vermiform
appendix is unreliable and the surface marking must be
utilized for the appendicular base which is the union of
the middle and lateral thirds of an imaginary line con-
necting the umbilicus to the right anterior superior iliac
spine (McBurney’s point); but considerable variation
may occur [36].

The appendix ranges 2-20 cm in length and the aver-
age in the adults approximately 9 cm [3, 10, 12, 14, 18,
22]; while in children longer than adults, and it can be
atrophied to become significantly smaller about the
mid-adult age [26].

The vermiform appendix is joined by a short
“mesoappendix” to the inferior or lower part of the ileal
mesentery; this fold, in the majority of cases, is less or
more triangular and extends throughout the whole
length of this tube as an observed rule [17, 37].

Therefore, the appendix has a complete peritoneal
coat that is bind to the small intestine mesentery
through a short own mesentery that suspends the ap-
pendix from the dorsal body wall making this organ an
intra-peritoneal structure [28]. This mesoappendix al-
lows considerable freedom of movement to the appen-
dix, which may be found lying over the pelvic brim or
tucked behind the caecum or ascending colon and any
other position, is often affected by the length and mes-
enteric attachment of the appendix [16].

The canal of human vermiform appendix is narrow,
and communicates to the caecum through an orifice
that is situated under (about 2.5 cm) and a little posteri-
or to the ileocaecal valve; this orifice is occasionally

guarded with a mucous membrane fold forming a semi-
lunar valve [33, 38]. So the region of the vermiform ap-
pendix adjacent to the caecum has a thickened muscular
coat and slightly narrow lumen [29].

The lumenal diameter varies with age [10, 16, 20, 22,
37]:

a. The lumen tends to be rather wide (6-8 mm) in
infants and young children.

b. It is often entirely obliterated by middle age.

¢. The lumen is dangerous narrow in adolescents and
young adults; because of that during this period it may
be occluded by a fecalith or even by edema and swollen
lymphatic tissue associated with mild inflammation and
this explains the high frequency of acute and chronic
appendicitis in teenagers and young adults.

Blood vessels of the vermiform appendix

There is no general agreement about the arterial sup-
plying for the human vermiform appendix. The inferior
and superior mesenteric arteries are supplying the large
intestine [34, 39].

The ileocolic artery is the lowest branch on the right
of superior mesenteric artery; it directs right and down-
ward at the back of the peritoneum, toward the right ili-
ac fossa where this artery undergoes division into inferi-
or and superior branches [40]. The inferior branch is
anastomosed with the termination of superior mesen-
teric artery, while the superior is anastomosed with
right colic artery. The psoas major muscle, testicular (or
ovarian) vessels, and right ureter are anteriorly crossed
by the ileocolic artery throughout its course [39]. The il-
eocolic artery which is the end branch of superior mes-
enteric artery has four sets of branches [9, 30, 34, 40]:

1. The ascending colic artery directs over the as-

cending colon to supply its basal portion.

2. Posterior and anterior caecal arteries distribute to
the back and front of the caecum and supplying
the caecum.

3. Ileal branches that run to left and upwards above
the lower ileal portion (the terminal ileum), and
supplying this part of the small intestine; then it
ends by anastomosing to the termination of supe-
rior mesenteric artery.
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4. The appendicular artery which supplies the ap-
pendix is the terminal branch of the ileocolic ar-
tery; and descends posterior to the terminal end of
the ileum and gets inside the mesoappendix at a
short interval close to the appendicular base. Fol-
lowing given off a small recurrent branch that gets
anastomosed to a branch of posterior caecal ar-
tery, it directs -at first- near to and then enters into
the meso-appendicular free border.

Occasionally an accessory appendicular artery can
exist but, in the majority of the population, the appen-
dicular artery is regarded as an “end-artery” and throm-
bosis of it leads to appendicular necrosis [41].

Therefore, the main appendicular artery is that one,
which runs in the crescentic fold of the mesoappendix
to the appendicular tip, whereas the accessory appendic-
ular artery provides other parts of the appendix except
for the tip. Branches of the appendicular artery divide
into fine ramifications on the walls of the appendix and
anastomose freely while the terminal part of the main
appendicular artery supplying the tip is usually an end-
artery with no anastomosis with other branches [34].

The venous drain system for the vermiform appen-
dix is by those veins joining the previously mentioned
arteries and their drainage into the portal vein through
the way of the superior mesenteric with its appendicular
vein [40].

The lymphatic drainage of the vermiform appendix

The appendix drains from its lymphatic follicles
throughout the muscular wall into lymph nodes at
mesoappendix, those lymph nodes drain to the paracol-
ic lymph nodes situated along the ileocolic artery by
four or more lymphatic channels which traverse the
mesoappendix, and therefore, that paracolic lymph
nodes also called ileocolic lymphatic nodes [24, 25, 42].

From these lymph nodes, lymph drains to the superi-
or mesenteric lymphatic nodes; and this superior mes-
enteric group of pre-aortic lymphatic nodes surrounds
the proximal part of superior mesenteric artery behind
the neck of the pancreas; and they lie just below the celi-
ac group, into which they send their efferent lymphatic
vessels. They receive all the efferent vessels from the in-
ferior mesenteric group [25].

The submucosa of the vermiform appendix includes
multiple follicles or lymphatic aggregations; this excess
of lymphatic tissues have promoted the significance that
the vermiform appendix is the human being analogous
to the avian bursa of Fabricius which is the site for thy-
mus-independent lymphocyte maturation, therefore
there is recent evidence suggests that the vermiform ap-
pendix is a principal site for the differentiation of the
immunocompetent B-lymphocytes [43].

A few submucosal lymph follicles exist at birth, but
their follicles with an excessive number to about 250 be-
tween the ages of twelve and twenty and reduce abruptly
after the age of thirty with only a trace remaining after
the age of sixty. Therefore lymphatic tissue is profuse in
the child but becomes less in the adult and atrophies in
old age [29, 42].

Innervation of the vermiform appendix

The autonomic and sensory fibers reach the small
and large intestine by way of continuations of the celiac,
superior mesenteric, and inferior mesenteric plexuses
that accompany the colic arteries. The sensory fibers in-
clude pain fibers and fibers concerned with reflex regu-
lation of movement and secretion. Although the intes-
tine is quite insensitive to most painful stimuli, includ-
ing cutting and burning, it is quite sensitive to disten-
sion; this distension results in a sensation of cramp [23,
28].

The pain fibers in the colon are activated by disten-
sion and enter to spinal cord through the way of the
splanchnic nerves. Initially, visceral pain of the vermi-
form appendix is created by distension of the tubal lu-
men or spasm in its muscles; and the fibers of afferent
pain enter at the 10" thoracic segment level into the spi-
nal cord, having ascended by the lesser splanchnic nerve
and the superior mesenteric nerve plexus [15].

The preganglionic parasympathetic nerve fibers pass
to the abdomen through the right (posterior) and left
(anterior) vagal trunks, and these fibers are spread into
different abdominal visceral structures and the alimen-
tary (gastrointestinal) tract parts from the stomach to
the left (splenic) colic flexure including the vermiform
appendix [44].

The fibers which enter the alimentary tract ends in
the postganglionic neurons at the Meissner’s (submu-
cosal) and Auerbach’s (myenteric) plexuses; these post-
ganglionic nerve fibers supply glands and smooth mus-
cles, while the parasympathetic fibers stimulate the peri-
stalsis process, relax the sphincter and stimulate secre-
tions. The sympathetic preganglionic fibers enter by the
sympathetic trunk (through its thoracic portion) and
pass into the lesser and greater splanchnic nerves; then
these fibers descend to the abdominal cavity where they
synapse to the postganglionic fibers in the superior mes-
enteric and celiac ganglia [28].

The postganglionic neurons are spread to the intes-
tine (including the vermiform appendix) as nerve plex-
us around most of the branches belong to the superior
mesenteric and celiac arteries. The sympathetic nerve
fibers inhibit the peristalsis process, inhibit secretions,
and cause contraction for the sphincters [45].

Histological structure of the vermiform appendix

The appendix is a diverticulum of the large intestine
and its wall has the same general structure except that
the longitudinal muscle coat is evenly distributed
around the circumference [29]. The layers of the vermi-
form appendix from outside to inside are [4, 6, 9, 13, 23,
24,29, 35]:

1. The serosa: establishes a complete covering for the
tubal structure, except throughout the narrow at-
tachment line of its mesentery; and beneath it lies
a layer of the subserous areolar tissues.

2. The muscularis externa — which consists of:

a. An outer longitudinal layer of smooth muscle
that forms a thick uniform layer that invests the
entire structure; except at specific one or two
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spots where the circular and longitudinal layers
can be absent; therefore, the submucosal and
peritoneal coats are neighboring at small areas.
At the base of the appendix, the longitudinal
muscle becomes thickened around the perime-
ter to form incipient taenia coli which becomes
continuous with these of the colon and caecum.

b. An inner circular layer of smooth muscle which
is thicker than longitudinal layer, and is isolated
by very small amounts of connective tissues.
The parasympathetic nervous ganglia of the
Auerbach’s (myenteric) plexus may be present
between the outer and the inner smooth muscle
layers.

3. The submucous layer: is a well-developed layer
that includes a high number of lymphoid tissue
masses that produce bulging of the mucous mem-
brane into the tubal lumen and cause the latter to
be irregular in shape and smaller in size.

4. The mucous (mucosa) layer — composed of the
following parts:

a. The muscularis mucosae: this layer has two
parts of smooth muscle fibers, the outer longi-
tudinal and the inner circular.

b. The lamina propria: displays numerous lym-
phoid nodules and lymphoid cells.

c. The epithelium: consists of simple columnar
and contains goblet cells.

The appendix is characterized by a great increase in
lymphoid tissue, the nodules occupying a large part of
both mucosal and submucosal coats; the muscularis
mucosae is rather deficient. The lymphatic nodules have
germinal centers and are very numerous and highly
characteristic of the appendix; these nodules because of
their large sizes may extend from the surface epithelium
to the submucosa [23].

The glands are much less carefully packed than those
of large intestine; they are multiple in early life and tend
to disappear in old age. Glands are few in numbers and
perforate deeply amongst the lymphoid tissues [9].

In the vermiform appendix, the lymphatic tissue lies
in its lamina propria and submucosa, where parafollicu-
lar and follicular zones can be distinguished; clusters of
lymphocytes or immunoblasts are also lying within or
between the surface epithelial cells where they possibly
mature or differentiate into plasma cells [29].

The lymphoid tissues of the lamina propria have nu-
merous plasma cells, together with acidophilic leuko-
cytes, lymphocytes, macrophages, and mast cells are all
implanted inside the fibrocellular reticulum. The germi-
nal centers (submucosal follicles) contain immunob-
lasts, lymphocytes, macrophages, plasma cells, and den-
dritic reticular cells; the last two cells being most abun-
dant in the central regions of the follicles; cells similar to
the dendritic reticular cells have been found in the hu-
man thymus [13, 24, 35].

The parafollicular zones are distinguished by aggre-
gations of small lymphocytes, some plasma cells, and by
the presence of post-capillary venules lined by a tall en-
dothelium through which lymphocytes may migrate.
These endothelial cells have a surface covering of immu-

Health and Society

noglobulins that can be included within the control for
lymphocyte recirculation [29].

The lymphatic masses provide a local defense against
the infection and are also suggested to be a possible ho-
molog to bursa of Fabricius of birds, which is concerned
with the acquisition of immunological competence by
certain lymphocytes [46].

In most adult individuals, the normal anatomical
structure for the vermiform appendix is significantly
lost causing the appendage is finally filled by fibrous tis-
sues. The structure of its wall differs from that of the
small intestine; however, its mucosa, on the other hand,
is similar to that of the colon [20].
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