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DEVELOPMENT OF THE CECUM AND THE VERMIFORM 
APPENDIX 

The development of the cecum and of the vermiform appendix (Fig. 1) is 
closely related to the development of the midgut. Four structures are considered 
as intestinal derivations of the midgut: the (1) small intestine (without the upper 
duodenal part), (2) cecum and vermiform appendix, (3) ascending colon, and (4) 
right half of the transverse colon. All parts of the midgut are supplied by the 
superior mesenteric artery. 

During the early stages of development, the midgut is attached to the dorsal 
wall of the body by means of a short dorsal mesenterium. A ventral mesenterium 
is not present. A broad connection with the yolk sac exists ventrally and becomes 
strongly narrowed by the developing bending of the embryo. Consequently, the 
omphaloenteric (i.e., vitelline) duct is formed, which vanishes during the sixth 
week of gestation. If this reduction is disturbed, one of several types of Meckel's 
diverticulum may develop, depending on the type and mode of persistence of 
the duct. For a short time after the elimination of the omphaloenteric duct, a 
small bulge remains where the duct has inserted at the intestine. This remnant 
completely disappears during subsequent development. Because the midgut 
grows considerably faster than does the rest of the embryonal body, it experi- 
ences various regular movements and rotations, which can be divided into three 
phases: the (1) physiologic umbilical hernia (6th gestational week; phase l), (2) 
closure of the physiologic umbilical hernia (10th gestational week; phase 2), and 
(3) peritoneal fixation of the midgut (12th gestational week; phase 3). 
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Figure 1. Normal development and rotation of the midgut. A, The midgut forms a loop with 
a superior or prearterial (1) and an inferior or postarterial (2) segment. Where these 
segments meet the dorsal wall, the duodenojejunal flexure (3) and the left colic flexure (4) 
are formed. The loop is located in the base of the umbilical cord (physiologic herniation) 
with the superior mesenteric artery (5) as an axis. The vitelline duct (6) inserts at the apex 
of the loop. B, The loop undergoes a counterclockwise twist, first of 90" and then of 180" 
(total: 270"). The cecal pouch (7) becomes visible. C, The cecal pouch is located directly 
below the liver, and grows out caudally. Descensus of the cecum (arrow). D, At last, the 
cecum (7) with the appendix (9) is positioned in the right iliacal fossa and the right flexure 
(8) is formed. 

Phase 1 

During phase 1, the midgut experiences considerable elongation, resulting 
in a hairpin-shaped loop. Cranially and caudally, h s  loop joins the intestinal 
sections located at the dorsal wall of the body (i.e., later duodenum and later 
descending colon) in a sharp bend ("cranial" and "caudal" basepoints, according 
to Hinrichsenz6). The cranial basepoint corresponds to the later duodenojejunal 
flexure, and the caudal basepoint, to the left colic flexure. 

As in the embryonal cavity, because of the enormous size of the liver and 
the kidneys, room to accommodate the intestinal loop is unavailable, and the 
loop extends into the extraembryonal coelom of the umbilical cord. This config- 
uration, first noticed by MeckePg in 1817, is considered the physiologic umbilical 
hernia and develops during the sixth week of gestation (length of the embryo, 
10 mm). The intestinal loop is subdivided into proximal (prearterial) and distal 
(postarterial) segments. The vitelline duct inserts at the vertex of the loop and 
marks the dividing point of the two segments. 

The proximal segment grows strongly in length and forms six primary 
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intestinal loops, whereas the cecum starts from the distal loop like a bud. This 
early structure of the cecum simultaneously indicates the border between the 
later colon and the later ileum. Accordingly, the later ileum is located cranially, 
and the later colon, caudally. Within the intestinal loop, as an axis, lies the 
superior mesenteric artery, around which the intestinal loop rotates 90" counter- 
clockwise. As a result of this rotation, the proximal segment of the loop assumes 
a right-hand position, and the caudal segment, a left-hand position. 

Phase 2 

During the 10th week of gestation (length of the embryo, 4-5 cm), the 
intestinal convolute starts to relocate into the embryonal body cavity. This 
process is completed fairly quickly2', 22, 35 and is difficult to observe. The forces 
responsible for the back-positioning of the intestinal convolute are unknown. 
The decrease in size of the mesonephric bodies, the general enlargement of the 
embryonal cavity, and the relative decrease in size of the liver are probably 
contributing factors. Because the relocation is accomplished comparatively fast, 
tensional forces resulting from the rapid enlargement of the liver are assumed. 
According to Broman? the caudal border of the enlarging liver presses the 
umbilical loop caudally and produces a force that pulls the intestinal loop into 
the body cavity. The problems of the formation of the umbilical loop and of the 
repositioning of the physiologic umbilical hernia are discussed in detail by 
Estrada14 and Kie~selbach.~' 

In the course of the repositioning of the umbilical hernia, an additional 
counterclockwise rotation of the midgut by 180" occurs, resulting in a total 
rotation of 270". Following this additional rotation, the budlike complex of the 
early cecum is now located on the right-hand side of the upper abdominal 
cavity, directly below the liver and at the level of the iliac crest. The beginning 
elongation of the transverse colon pushes the cecum toward the right wall of 
the body. As the colon continues to grow, it must slide in the caudal direction 
("descensus"). In the course of this process, the right colic flexure is formed. 
Subsequent growth completes this descensus, and the cecum finally lies in the 
right iliac fossa. During this stage of development, the entire intestine still 
features a mesenterium. 

Phase 3 

After the intestine has reached its final length, the mesenterium of the 
ascending and descending colon is pushed against the dorsal body wall and 
fuses completely with the parietal peritoneum. The resulting layer of connective 
tissue between the gut and the dorsal wall lacks blood vessels and is known as 
Toldt's fascia. Toldt's fascia can be used for the detachment of the colon without 
bleeding. By the process just described, the ascending and the descending colon 
assume a secondary retroperitoneal position. 

Development of the Appendix and lleocecal Valve 

The initial structures of the cecum and vermiform appendix become visible 
as the so-called "bud of the cecum." In this stage, the conic bud is located in 
the distal segment of the umbilical loop, directly in the vicinity of the apex of 
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the loop. Stretching and elongation of the colon result in the descensus of the 
cecum and of the appendix. As the complex of the vermiform appendix is 
pushed ahead of the cecum, it might assume various positions. The retrocecal, 
retrocolic, or pelvine position of the appendix must be considered to have 
occurred by chance, not based on immutable laws of development. 

Postpartum, the cecum exhibits increased growth laterally, resulting in the 
dislocation of the vermiform appendix in the medial direction. According to 
Broman,s the increasing accumulation of meconium within the colon is the cause 
of the increase in diameter of this section of the intestine. Because of a mucosal 
fold, the distal cecum cannot be filled completely with meconium, so that growth 
is not stimulated there and the vermiform appendix borders against the cecum 
as a thin structure. 

In addition to these general details concerning the development of the 
intestine, the development of the ileocecal valve of Bauhin merits attention. 
During the third month of gestation (length of the embryo, 5-6 cm), the initial 
cecal complex bends sharply against the colon, so that the terminal part of the 
ileum is pressed together in the craniocaudal direction and acquires a flattened, 
wedge-shaped config~ration.~~ In the next step, the terminal part of the ileum 
becomes invaginated into the colon, during which, cranially and caudally, the 
walls of the colon and terminal part of the ileum are pressed together and fuse 
completely, so the two lips of the ileocecal valve are composed of two complete 
intestinal walls and are not simply mucosal folds. 

The vermiform appendix becomes visible in the eighth week of gestation 
(length of the fetus 10-12 cm), and the first accumulations of lymphatic tissue 
develop during the 14th and 15th weeks of gestation.32 The first minute accumu- 
lations of lymphatic cells are located directly below the epithelium and influence 
the later development of these epithelial cells. Some lymphocytes penetrate into 
the epithelial layer of the vermiform appendix, wluch distinctly contains fewer 
goblet cells than the other colic mucosa. The vermiform appendix, tonsils, 
and Peyer’s patches possess no lymphatic vessels draining to their lymphatic 
apparatus and are different from lymphatic nodes. 

SURGICAL ANATOMY OF THE CECUM-APPENDIX 
COMPLEX 

Cecum 

The cecum, with the vermiform appendix, forms the first section of the 
colon (Figs. 24) .  The pouchlike cecum is approximately 6 cm in length and 
approximately 8 cm in width and is variable in shape. The cecum shows all 
distinctive features of the colon, such as teniae, haustra, and fatty epiploic 
appendices. It is located below the point where the ileum joins the colon. Two 
incisures, one on the ventral side and one on the dorsal side, are called the 
ventral and dorsal cecocolic incisures. These incisures delineate the cecum against 
the ascending colon. Inside of the cecum, these structures correspond to the 
frenula of the ileocecal valve of Bauhin. 

The dome-shaped haustrum, located at the lowest position of the cecum in 
the standing position, forms the bottom of the cecum, the cecal fundus. The 
teniae join each other at the base of the appendix and form a continuous 
longitudinal muscular layer on the outside of the appendix (the free tenia leads 
to the hidden appendix and functions as an appendix pointer). In the range of 
the orifice of the vermiform appendix, lateral trains of muscle fibers branch from 
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Figure 2. Anterior view of the ileocecal complex. Pars terminalis ilealis (1). Mesenteriolurn 
(2). Plica ileocecalis inferior (bloodless fold of Treves) (3). Recessus ileocecalis inferior (4). 
Plica ileocecalis superior (5). Recessus ileocecalis superior (6). Taenia libera (7). Haustra 
coli (8). Appendix vermiforrnis (9). 

Figure 3. Internal structure of the ileocecal complex. Pars terminalis ilealis (1). Papilla 
ilealis (2). Ostiurn ileale (3). Labrum ileocecale (sive inferius) (4). Labrum ileocolicurn (sive 
superius) (5). Frenulurn ostii ilealis (6). Plica sernilunaris (7). Haustra coli (8). Ostiurn 
appendicis vermiformis with Gerlach’s valve (9). 
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Figure 4. Positions of the verrniforrn appendix. A, Retrocecal (65%). B, Descending, 
pelvine (31 Yo). C, Transverse, retrocecal (2.5%). 0, Ascending, paracecal, preileal (1 YO). €, 
Ascending, paracecal, postileal (0.5%). (Data from Wakeley CPG: Position of the vermiforrn 
appendix as ascertained by analysis of 10,000 cases. J Anat 67:277, 1933.) 

each tenia and mesh intensively with the inner annular muscle layer. Such a 
meshing of muscle fibers is also present at the apex of the appendix.6 

The cecocolic junction of various mammals presents a distinctly developed 
sphincter system. Such a sphincter is pronounced in herbivores but also present 
in carnivores. According to endoscopic, radiologic, and anatomic observations,43 
such a cecocolic sphincter system is also established in humans. 

Within the lumen of the cecum, the ileal orifice is located at the ileal papilla. 
The ileal orifice is lined by two lips, called the ileocolic (superior) and ileocecal 
(inferior) lips. From these lips, the frenulum of the ileal orifice arises and is a 
prominent ridge extending to the left border of the cecum. In the 1998 issue of 
Terminologia Anatorni~a,'~ the common expression ileocecal valve is no longer listed 
because, according to Rosenberg and DiDi0,4~ this part does not constitute a 
valve and the closing mechanism is supposed to be located in the terminal ileum. 

In the right fossa, the cecum rests on the iliac muscle, sometimes extending 
onto the psoas major muscle or hanging over the linea terminalis into the pelvis. 
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These varieties in location are caused by the variable means of attachment of 
the cecum. Different degrees and forms of the cecal attachment are responsible 
for these various positions. The main configurations of the cecal attachment can 
be classified as fixed cecum, mobile cecum with secondary fixation, and mobile 
cecum.23 Lateral to the psoas major muscle, a flat depression, termed the cecal 
fossa, can be seen by lifting up a mobile cecum. This distinct fossa is delineated 
laterally by the cecal fold and can communicate continuously with the retrocecal 
recess. The tight-filled cecum contacts the anterior wall of the body, but, if 
emptied, it collapses so that the small intestinal loops can interponate between 
the cecum and anterior body wall. 

According to general opinion, the ileal orifice projects on McBurney's point 
(denoting the right third point of the right spinoumbilical line, also called 
Monro's line), whereas the origin of the appendix projects either on McBurney's 
point, Lanz's point (right third point of the interspinal line), or Kummell's point 
(right side and somewhat below the umbilicus). The position of the cecum varies 
and depends on the cecal filling and on the filling stage of the adjacent organs. 
The position of the vermiform appendix also varies and depends on many 
other factors. McBurney's point, Lanz's point, and Kummell's point cannot be 
considered to be more than preliminary points of orientation. 

In the region of the ileocecal complex, structures move from an intraperito- 
neal to an extraperitoneal position. Sometimes, typical peritoneal dislocations 
occur, resulting in characteristic peritoneal folds and recesses. In the angle 
between the terminal part of the ileum and the cecum, the superior ileocecal 
fold extends on the ventral side of the cecum. This fold contains the anterior 
cecal artery and typically does not reach the vermiform appendix. The superior 
ileocecal recess, with its caudally directed entry, lies below this fold. The inferior 
ileocecal fold extends from the antimesenterial border of the terminal part of the 
ileum to the mesenteriolum of the vermiform appendix and spreads on its 
ventral area. This fold contains neither adipose tissue nor blood vessels, but 
some individual fibers of smooth muscles may be present. Because the vessels 
in this peritoneal fold are lacking, it is commonly called the "bloodless fold of 
Treves." Behind the inferior ileocecal fold, the minor and inconspicuous inferior 
ileocecal recess is hidden, with the entry to this recess directed caudally. 

The entire ileocecal complex is vascularized by the ileocolic artery, which 
branches from the superior mesenteric artery. The ileocolic artery reaches the 
cecum in the corner between the cecum and the terminal part of the ileum and 
divides into five branches: (1) several ileal rami, which supply the terminal part 
of the ileum; (2) the anterior cecal artery, which supplies the anterior circumfer- 
ence of the cecum; (3) the posterior cecal artery, which supplies the posterior 
circumference of the cecum; (4) the colic ramus (also called the ascending ramus), 
which ascends at the medial border of the cecum, supplying this area and the 
beginning of the ascending colon; and (5) the appendicular artery, which runs 
dorsally (rarely, ventrally) to the terminal part of the ileum into the mesenterio- 
lum of the vermiform appendix. 

According to the l i t e ra t~re ,~~ the appendicular artery originates from the 
iliac ramus in 35% of cases, from the division of the ileocolic artery in 28% of 
cases, from the anterior cecal artery in 20% of cases, from the posterior cecal 
artery in 12% of cases, from the ileocecal artery in 3% of cases, and from the 
ascending colic ramus in 2% of cases (Fig. 5) .  The veins accompany the arteries. 
Drainage of the lymph is provided by the ileocolic lymph nodes, located along 
the superior mesenteric artery, and by celiac nodes into the cisterna chyli (Pec- 
quet's reservoir). Near the ileocolic valve, some minor lymphatic nodes, called 
the prececal and retrocecal nodes, lie directly under the serous membrane of 
the cecum. 
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Figure 5. Variations of the origin of the appendicular artery. A. ileocolica (1). A. cecalis 
anterior (2). A. cecalis posterior (3). R. ilealis (4). R. colicus (5). A. appendicularis (6). 
A = artery; R = ramus. (Data from Lippert H, Papst R: Arterial variations in man. Munchen, 
Bergmann JF, 1995.) 

Malformations of the Cecum 

Malformations of the cecum are primarily malpositions resulting from a 
disturbed gut rotation. The many manifestations of this entity can be classified 
as follows. 
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Nonrotation 
Nonrotation develops if the umbilical loop does not fullfill the last step of 

the gut rotation of 1804 so that the inferior segment of the umbilical loop is 
relocated into the abdominal cavity first during the repositioning of the physio- 
logic umbilical hernia. Consequently, the entire colon remains double-foldedly 
positioned in the left part of the abdominal cavity (a so-called "left colon"), 
without any retroperitoneal fixation. The entire small intestine lies in the right 
part of the abdominal cavity. Many of these malformations are symptom free, 
but volvulus commonly accompanies nonrotation. 

Malrotation 

Malrotation occurs if the umbilical loop does not complete the last 90" of 
the rotation. As a result, the cecum remains below the pylorus, becoming 
attached by Ladd's ligaments at the dorsal body wall. These ligaments cross the 
duodenum and are able to compress this structure, with the result being duode- 
nal stenosis. They can also cause a strangulation ileus. 

Subhepatic Cecum 

In approximately 6% of cases, the elongation of the proximal colon in the 
third phase of the gut rotation does not occur, omitting the descensus of the 
cecum. In these cases, the cecum-appendix complex remains directly below the 
liver. Many transitional forms exist between the normal position in the right 
iliac fossa and the subhepatic position. 

Mobile Cecum 

Mobile cecum develops if the beginning of the ascending colon does not 
achieve retroperitoneal fixation. In an extreme variant of this embryologic abnor- 
mality, the colon lacks retroperitoneal fixation to the extent that the whole gut 
(i.e., small intestines, ascending colon, transverse colon, and descending colon) 
possesses a collective mesenterium, called the commune mesen terium. The mobile 
cecum and common mesenterium predispose to a volvulus or to malposition of 
the appendix. 

Hyper-rotation 

Hyper-rotation, a rare malformation, is a gut rotation of 450" causing the 
cecum to lie directly at the left colic flexure. Another hypothesis explains this 
anomaly with an unlimited descensus of the cecum, which pushes the cecum at 
first into .the pelvis and subsequently cranially to the dorsal abdominal wall. A 
typical case was reported by Low and Hildermam~.~~ 

Inverse Cecum 

Inverse cecum, a rare occurrence, is characterized by an early subhepatic 
fixation of the cecum below the liver directly after a normal gut rotation. During 
the elongation of the transverse colon, the cecum bends upwards (Fig. 6). 

Retroperitoneal Cecum 

The cecum-appendix complex and ascending colon become enclosed by a 
peritoneal membrane (i.e., Jackson's paracolic membrane). This membrane devel- 
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Figure 6. Incidental finding of a cecum inversum in a patient with uncharacteristic abdominal 
symptoms. Note the inverse cecum and the enlarged ascending colon. 

ops if the cecum is pushed under the laterodorsal peritoneal fixation. Jackson’s 
membrane contains parallel blood vessels that allow for the differentiation from 
bloodless peritoneal adhesions. 

Internal Hernias 

In the paracecal region, internal hernias may develop. According to a review 
by Schumpelick and Klir1ge,4~ they are the second most common group after 
paraduodenal hernias. Most paracecal hernias enter at the recesses of the left 
paracecal region and are located within the retrocecal recess (also called Rieux’s 
hernias). A special type of paracecal hernia is Short’s hernia, with an entry on 
the right side of the cecum?9 

SURGICAL ANATOMY OF THE VERMIFORM APPENDIX 

The appendices of adults are pencil-shaped structures with a length o f ,  
approximately 9 cm. Short forms (5 cm) and long forms (35 cm) Ac- 
cording to anatomy textbooks, the appendix originates at the posteromedial 
border of the cecum, on average 1.7 to 2.5 cm below the terminal part of the 
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ileum.41, s1 Beside this typical origin, several variations occur that can be classi- 
fied, according to Treves,s8 into four types: type 1, the appendix is of a fetal 
type, with a funnel-shaped origin of the appendix; type 2, the appendix origi- 
nates from the cecal fundus; type 3, the appendix originates dorsomedially out 
of the cecum (most common type); type 4, the appendix originates directly 
beside the ileal orifice. 

If the lumen of the appendix narrows abruptly after its cecal origin, this 
type is known as the cylindric type of appendix. Seldom (2-3% of adults), the 
funnel-shaped type (type 1, according to T r e v e ~ ~ ~ )  is present. This type is also 
characterized by a continuous narrowing of the cecum toward the appendix. 
The funnel-shaped type is typically found in anthropoid apes and can be ex- 
plained as persistence of a fetal condition. 

The appendix possesses a small mesenteriolum, which contains the appen- 
dicular artery within its free border. Because arterial arcades are missing in the 
mesenteriolum, the appendicular artery must be a terminal The result 
of this anatomic condition is that perfusion with blood, such as in the situation 
of an inflammation, cannot be increased, so that ischemic damage may 

53 The anatomic situation of the blood vessels is beside the architecture 
of the appendiceal wall, an important causal factor of appendicitis. 

The base of the appendix is also supplied by small blood vessels arising 
from the anterior and posterior cecal arteries. These vessels may cause severe 
bleeding into the colic lumen if the appendiceal stump is ligated insuffi~iently.~~ 
The venous blood is drained through the ileocolic veins and the right colic vein 
into the portal vein. The lymphatic vessels drain into the ileocolic lymph nodes 
located along the superior mesenteric artery. Finally, they reach the celiac nodes 
and the cisterna chyli (Pecquet's reservoir). This passage has anastomoses to the 
retroperitoneal lymph nodes. Small lymph nodes are sometimes present within 
the mesenteriolum. 

The position of the appendix varies among individuals. According to an 
investigation of 10,000 cases,59 five positions (see Fig. 4) can be identified: (1) 
ascending appendix in the retrocecal recess in 65.0% of cases (most common 
type), (2) descending appendix in the iliac fossa in 31.0% of cases, (3) transverse 
appendix in the retrocecal recess in 2.5% of cases, (4) paracecal and preilial 
ascending appendix in 1.0% of cases, and (5) paracecal and postilial ascending 
appendix in 0.5% of cases. Non-fixed (appendix libera) and fixed (appendix fixa) 
appendices must be distinguished. The position of a nonfixed appendix is 
changed permanently. The descending appendix (i.e., in the pelvine position) is, 
in most cases, a nonfixed appendix. The appendiceal orifice can be partially 
covered by an inconstant and variable mucosal fold, known as Gerlach's valve. 

Malformations of the Appendix 

Malformations of the appendix are rare. According to the exhaustive investi- 
gation of 50,000 cases by Collins," only eight malformations were detected. Four 
cases were agenesis, and four, partial or complete duplication. The agenesis of 
the vermiform appendix is a rare occurrence, and causal reports are often 
unreliable because of confusion with the hypoplasias and intramural positions. 
In a critical review,l0 57 proved cases of agenesis of the appendix were found. 
The author found three additional cases. Duplication is also rare; less than 60 
cases were reported in the literature through 1987.s According to morphology, 
duplication can be classified into five different types4% 

Type A-Distal duplication with a common basis (i.e., bifid appendix) 
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Type B1-Two appendices originate from a common cecum on both sides of 

Type B2-A normal appendix with a normal origin combined with a rudimen- 

Type B 3 4 e  normal-shaped and normal-positioned appendix is combined 

Type C-Double ceca, each with its own appendix 

the ileocecal valve 

tary form originating from one of the cecal teniae 

with another one originating from the right colic flexure4 

The classification by Waugh60 differentiates only three types: 

muscular wall 
Type 1-Appendix with two separate luminae and a common appendiceal 

Type 2-Two completely separated appendices originating from the cecum 
Type 3-A normal-shaped and normal-positioned appendix combined with a 

hypoplastic one, with possible atypical origin 

Excluding cases that can be registered according to these classifications, rare 
types may occur, including triplication,55 accessory appendix without communi- 
cation to the cecum,5 helical appendix (i.e., spiral-shaped appendix);O intramural 
appendix,' and appendix-umbilicus fistula.30 Only single cases of some of these 
rare forms have been reported. 

Appendiceal Diverticula 

Another rare occurrence is the diverticulum of the appendix.15 These diverti- 
cula can be explained as rudimentary duplications. They must be differentiated 
from false appendicular diverticula (i.e., internal and external pseudodiverti- 
cula), which are characterized by a mucosal prolapse through a hatus within 
the muscular layer of the appendiceal wall, perhaps around the entrance of blood 
vessels. These pseudodiverticula are acquired changes,12, l9 with an estimated 
prevalence of 0.3% to 2.2%." They are usually small, with a diameter of 3 to 5 
mm, and may occur multiple. 

SURGICAL APPLICATIONS 

Appendicitis 

The diagnosis of acute appendicitis as a surgical entity was first made by 
FitzI8 in 1886. He described the course of the acute inflammation of the appendix 
and the development of peritonitis. He also recommended appendectomy. A 
few years later, M~Burney~~  described the clinical manifestation of acute appen- 
dicitis and proposed the localization of skin incision in the right lower abdomen 
for surgical approach to the appendix.38 

Acute appendicitis is the most common surgical emergency disease of the 
abdomen. It occurs most commonly in young adults, with a peak in the second 
and third decades of life (Fig. 7).57 The amount of lymphoid tissue in the 
appendix seems to have a role in the development of acute inflammation of the 
appendix because the peak is in the second and thrd decades of life. Children 
younger than 2 years of age rarely have appendicitis, probably because, at this 
age, the configuration of the appendix (i.e., like an inverted pyramid) makes 
obstruction of the lumen unlikely. 

Obstruction of the lumen seems to be the most dominant factor in the 
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Figure 7. Percentage of appendectomies (open bars, n=2631) and percentage of perfora- 
tion (shaded bars, n=214) in different age decades of 2631 patients with appendicitis at 
the Surgical University Clinic of Aachen from 1986 to 1995. The frequency peak for 
appendicitis is in the second and third decades of life. There are two frequency peaks for 
perforated appendicitis, in early childhood and older age. 

development of acute appendicitis and is usually caused by fecaliths (Fig. 8), but 
vegetable or fruit seeds, intestinal worms (particularly ascarid), and inspissated 
barium are also known to cause appendiceal obstruction, as does hypertrophy 
of lymphoid tissue with compression of the appendiceal lumen. Fecaliths are 
found in approximately 40% of cases of acute appendicitis, 65% of cases of 
gangrenous appendicitis, and approximately 90% of cases of perforated appendi- 
citis. 

The appendix vermiformis is a rudimentary organ with a special myoarchi- 
te~ture.5~ The wall of the cecum is able to stretch because of a diagonal, rhom- 
boidlike mesh of collagen fibers, but the horizontal collagen fibers of the appen- 
dix wall allow for only a minimal passive expansion of the lumen. Also, the 
foldless mucosa does not have a sufficient reserve in cases of swelling. 

The appendix secretes 2 to 3 mL of mucus daily. After occlusion of the 
appendiceal lumen, normal secretion of the appendiceal mucosa persists. Pseu- 
domyxoma peritonei, caused by rupture of a mucocele of the appendix, impres- 
sively proves the ability of the appendix to secrete mucus. The appendix is able 
to continue secretion until gangrene and perforation occur, which rapidly pro- 
duce distension because the average luminal capacity of the vermiform appendix 
is only approximately 1 mL. According to the law of Laplace, this leads to a 
rapid increase of intraluminar pressure because of the restricted ability of the 
appendiceal wall to stretchI3 (Fig. 9). Secretion of as little as 0.5 mL leads to an 
increase of pressure of approximately 45 mm Hg.3 This phenomenon also ex- 
plains the possibility of perforation of the appendix within a few hours in cases 
of acute inflammation, so all patients with suspected acute appendicitis need 
hospitalization and close clinical monitoring if appendectomy is not performed 
immediately. 

Distension stimulates nerve endings of visceral afferent pain fibers and 
leads to dull, diffuse pain in the midabdomen. Distension continues from rapid 
multiplication of the bacterial flora of the appendix. Increasing pressure leads to 
occlusion of the capillaries and venules, but the arteriolar inflow continues. This 
results in vascular congestion. The increasing distension leads to reflex nausea 
and vomiting and an increase of diffuse abdominal pain. When the inflammatory 
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Figure 8. Ultrasonography of acute appendicitis caused by fecalith (arrows, longitudinal [A] 
and cross-section [B]). Note the fluid-filled appendix (arrowheads [A]) and the typical 
sound shadow caused by the fecalith comparable with the typical finding in gallstones 
(arrowheads [B]). 

process has involved the serosa of the appendix and the parietal peritoneum in 
the region, the characteristic shift in pain to the right lower abdominal quadrant 
is produced. 

The impaired blood supply caused by vascular congestion leads to a com- 
promise of the appendiceal mucosa, allowing for bacterial invasion of the deeper 
coats. Absorption of bacterial toxins and necrotic tissue products causes fever, 
tachycardia, and leukocytosis. The increasing pressure starts to exceed the arteri- 
olar pressure, and in the area with the poorest blood supply, the antimesenteric 
border, ellipsoidal infarcts develop. Finally, perforation occurs, usually through 
the infarcted areas. This sequence is usually inevitable, although pathologic 
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Figure 9. Volume of the appendix. According to the law of Laplace (T=P*r/2: T=wall 
tension; P = intraluminal pressure; r= radius), obstruction of the lumen leads to direct 
increase of intraluminal pressure because the ability of the appendiceal wall to swell is low 
(P=T*2/r). Because the daily mucus production of the appendix is approximately 2 to 3 
mL, a regular appendix with a volume of approximately 0.6 mL is filled within hours-which 
may explain the sometimes rapid clinical course in patients with acute appendicitis. (Modi- 
fied from Dreuw B, Truong S, Riesener KP, et al: The value of sonography in the diagnosis 
of appendicitis: A prospective study of 100 patients [in German]. Chirurg 61:880, 1990; 
with permission.) 

investigation often reveals scarring of the appendix, suggesting resolved acute 
appendicitis. Lumen obstruction caused by lymphoid hypertrophy may sponta- 
neously resolve. 

Although in some patients with acute inflammation of the appendix, the 
disease may spontaneously resolve, in which patients this will occur cannot be 
predicted. Untreated, obstruction of the lumen leads to gangrene and perfora- 
tion. Investigators report that 15% to 30% of patients have ruptured appendicitis 
on hospital admission, with an even higher percentage (up to 50%) in the 
pediatric age group and up to 90% in geriatric ~atients.2~. 57 

When the diagnosis of acute appendicitis has been established, immediate 
appendectomy is indicated after short preparation concerning general anesthesi- 
ologic principles. In cases of acute appendicitis without perforation or perforated 
appendicitis without peritonitis, the incision should be made in the right lower 
abdomen, below McBurney's point. The aponeurosis of the external oblique 
muscle is dissected in the course of the fibers. The internal oblique muscle, 
located below, is bluntly separated in the direction of the muscle fibers. The 
peritoneum is incised in the craniocaudal direction. Then the cecum is identified, 
captured, and rotated up and out until the base of the appendix can be seen. 
The vessels of the mesoappendix are transected, with particular attention paid 
to the appendicular artery. A crushing clamp is applied to the base of the 
appendix to form a groove for ligation and destruction of the mucosal layer. 
Finally, the stump of the appendix is inverted, and a purse-string suture is placed 
through the seromuscular layers of the cecum. One study2 has demonstrated 
that invagination of the stump significantly reduces the incidence of bacterial 
contamination of the peritoneal cavity. Perforated appendicitis with generalized 
peritonitis requires a midline incision because of the need for abdominal lavage 
and drainage in all abdominal quadrants. 
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Anomalies of the Location of the Appendix 

The appendix is typically located in the right lower abdomen. Unusual 
locations in cases of malrotation or situs inversus have been reported to be 
anywhere in the abdomen-ven in the thoracic cavity.16 But even in cases of 
location in the right lower abdomen, unusual locations may cause physicians 
difficulty in finding the appendix. Location within the cecal wall, necessitating 
an incision of the cecal wall to remove the appendix, has been reported.' This 
and other findings of bizarre locations of the appendix underline that a knowl- 
edge of the abnormalities of the appendix and a careful intraoperative search 
are necessary to find the appendix in such cases. In cases of acute abdominal 
pain without obvious cause, an abnormal location of the appendix must be 
considered, and an exploracory laparotomy must be performed. 

Appendiceal Diverticulosis 

Diverticular formation of the vermiform appendix is often missed. Clinical 
symptoms may include those of acute appendicitis in cases of inflammation or 

Figure 10. Surgical specimen of an appendiceal diverticulum (cross-sections in different 
levels). Fecalith (A). Small false diverticulum (B). Yellow lining caused by purulent peritonitis 
(C). Peridiverticulitis with small abscess (D). Lumen of the appendix (E). Mucosa in the 
lumen of the diverticulum (F). Note that the diverticulum is covered completely by inflamed 
tissue, which makes it impossible to identify it during surgety. (From Franke J, Tons C, 
Tietze L, et al: Perforated diverticulum of the vermiform appendix [in German]. Chirurg 
69574, 1998; with permission.) 
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chronic right lower abdominal pain in patients with histologically unaltered 
appendices, but the clinical course in cases of acute appendiceal diverticulitis is 
more prolonged and subacute than that of typical appendi~itis.'~ This underlines 
the need for surgical exploration in any case of acute abdominal pain of unclear 
cause. The diagnosis is usually made by a pathologist (Fig. 10). Appendectomy 
is advised when diagnosis of diverticulosis of the vermiform appendix is made 
because the perforation rate of inflamed appendices with diverticulosis is higher 
(27.0%) than is the rate of those without diverticulosis (6.6%).61 

Congenital Defects of the Appendix 

Congenital defects of the appendix are rare and of little clinical importance, 
but if they are present, they may be the cause of confusing clinical symptoms 
and may make a differential diagnosis diffi~ult.'~ Surgeons must consider the 
possibility of an appendix duplex or triplex when a patient presents with typical 
symptoms of appendicitis but a previous history of appendectomy, but one of 
the spectrum of other differential diagnoses, including other diseases of the 
appendix or cecum, is much more likely. These include: 

Surgical diseases of the appendix 
Appendicitis 
Congenital anomalies of the appendix and related diseases 

Diverticula 
Duplication 
Appendix triplex 
Agenesis 
Malrotation 
Volvulus 

Lipoma 
Pseudomyxoma 
Carcinoid 
Carcinoma 

Tumors 

Surgical diseases of the cecum 
Diverticular disease 

Cecal diverticulitis 
Diverticular disease with hemorrhage 
Diverticulum of the right colon 

Angiodysplasia 
Malrotation 

Mobile cecum 
Cecal volvulus 

Endometriosis 
N e o p 1 as m s 

Lipoma 

Carcinoma 
Carcinoid 
Leiomyosarcoma 
Lymphoma 

Polyps 
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Inflammatory bowel disease 
Ulcerative colitis 
Crohn's disease 
Ischemic colitis 
Radiation enterocolitis 
Pseudomembranous colitis 
Amebic colitis 
Campylobacter enterocolitis 
Actinomycosis 

Megacolon 
Acquired 
Congenital 

Intraoperative diagnosis of agenesis of the appendix is difficult and is 
definite only after median laparotomy and careful search for anomalies of the 
location of the appendix. Detailed postoperative diagnostics may be necessary 
to find the cause of symptoms. For example, in a patient seen by the authors, 
Crohn's disease was finally diagnosed.45 

Volvulus of the Appendix 

Isolated volvulus of the appendix is rare." The clinical symptoms are the 
same as those of acute appendicitis, and immediate appendectomy is indicated. 
The initial sonographic finding of a tumor of the ileocecal region may lead to 
unneccessary diagnostic  examination^.^^ 

Neoplasms of the Appendix 

Neoplasms of the appendix include adenocarcinoma, carcinoids, and muco- 
cele. They are usually diagnosed at operation or autopsy. Malignant diseases of 
the appendix are treated with respect to the general principles of colon surgery 
for malignancy. For curative intention, a right hemicolectomy, including the 
mesocolon, is advisable. Various benign tumors of the appendix are of no 
clinical significance except that, in rare circumstances, they may produce acute 
appendicitis because of obstruction of the lumen. 

Lipoma 

Benign lipomas are commonly present in the colon, most often localized 
near the ileocecal valve. Patients with benign lipomas may present with symp- 
toms of bleeding, incomplete obstruction, or intussusception. Small lesions may 
be removed endoscopically; large ones require segmental colon resections or 
open colotomy and removal of the tumor. 

Mucocele of the Appendix 

The appendicular mucocele, a benign tumor of the appendix filled with 
mucus, was first described by Rokitanski in 1842.28, 57 The pathogenesis of this 
entity is not generally accepted. It is probably a retention cyst caused by occlu- 
sion of the appendicular lumen resulting from inflammatory strictures or benign 
tumors, such as carcinoids or polyps. Mucus production continues and increases 
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the endoluminal pressure. Because pyogen microbes are absent, the condition 
does not lead to acute appendicitis. This theory is supported by experimental 
induction of appendicular mucocele by ligation of the appendicular base,9, 48 but 
some investigators believe that the mucocele is a true mucus-producing benign 
or malignant tumor.z0 

Myxoglobulosis of the Appendix 

The myxoglobulosis is a special form of appendicular mucocele. The preva- 
lence has been estimated to be 1 in 47,000 p ~ p u l a t i o n . ~ ~  It is characterized by 
small (i.e., 0.1-1.0 cm), pearl-like, globular formations occupying the dilated 
appendicular cavity. The combination of lumen occlusion with chronic inflam- 
mation seems to be fundamental in the development of myxoglobulosis. The 
rupture of a mucocele or myxoglobulosis leads to pseudomyxoma peritonei ex 
appendice, so surgery for the treatment of these entities must avoid injury of 
the removed specimen and contamination of the peritoneum with the mucus. 

Diverticular Disease 

Cecal Diverticulitis 

Potier" first described diverticulitis of the cecum in 1912. This so-called 
cecal diverticulitis is caused by a solitary true diverticulum that is considered to 
be congenital in origin. This lesion is uncommon and found in younger individu- 
als. It is relatively common among the native Hawaiian pop~ la t ion .~~  In contrast 
to diverticula of diverticulosis coli, these diverticula contain all layers of the 
bowel wall and are found only in the cecum and ascending colon. The pathogen- 
esis of infection occurs in the same manner as in diverticulitis coli. The ostium 
of the diverticulum is obstructed by feces. Consequently, inflammation, caused 
by continued secretion and infection by resident bacteria, develops. The symp- 
toms are the same as for acute appendicitis, so the correct diagnosis is made 
preoperatively only in approximately 5% of cases by contrast medium enema. In 
approximately 80% of cases, this condition is misdiagnosed as acute appendicitis. 

Surgical treatment depends on the intraoperative findings. In cases of a 
limited inflammatory process restricted to the diverticulum, a diverticulectomy 
and inversion of the stump, as for appendicitis, may be done. A ruptured 
diverticulum with abscess necessitates drainage of the abscess and removal of 
the diverticulum. If diverticulectomy cannot safely be performed, it must be 
carried out later. 

When inflammation involves the cecum, resection of the diverticulum and 
the adjacent cecum should be done if the resection margins are out of inflamed 
tissue and the ileocecal valve is not compromised. Otherwise, and in cases of 
inflammation of the whole cecum, an ileocecal resection with ileoascending 
anastomosis is mandatory. In cases of general peritonitis, an ileocecal resection 
with ileostomy and a transverse colon mucus fistula is performed. Other surgical 
options are Mikulicz double-barrelled enterostomy after resection of the infected 
bowel, and proximal ileostomy and closure of the distal end as a modified long 
Hartmann's pouch. Finally, a right colectomy, as is performed for the treatment 
of patients with cancer, may be necessary if a chronic diverticular disease with 
productive inflammation and fibrosis is present, which makes differentiation 
from colon cancer difficult. 
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Diverticular Disease with Hemorrhage 

Most colon diverticula are located in the sigmoid colon, where inflammation 
is the most likely cause of clinical symptoms, but massive bleeding usually 
originates from diverticula located in the right colon. Erosion of the peridiverti- 
cular arteriole by encrusted stool within the diverticulum causes massive bleed- 
ing. It is not rarely life-threatening and usually occurs in elderly patients with 
multiple accompanying disease. The diagnosis of intestinal bleeding is easy 
because of a perianal loss of a large amount of blood, but the site of origin of 
the bleeding may be difficult to determine. A standardized diagnostic procedure 
is useful in any case of perianal blood loss. 

First, upper gastrointestinal bleeding must be ruled out. Placement of a 
gastric tube gives some hints if the evacuated fluid contains bile but no blood. 
Only upper gastrointestinal endoscopy is able to exclude a gastroduodenal ulcer 
as the reason for rectal blood evacuation. Then rectoscopy, proctoscopy, and 
flexible sigmoidoscopy should exclude bleeding from hemorrhoids, inflamma- 
tory bowel disease, or cancer. A full colonoscopy is sometimes possible without 
previous bowel preparation because the large amount of blood leads to partial 
cleansing of the bowel. If a patient is stable, the next step is orthograde lavage 
with 10 L of saline solution applied through a nasogastric tube, followed by a 
full colonoscopy. In approximately 70% of cases, this allows for localization of 
the origin of the bleeding if the colon is the source, but the bleeding commonly 
has stopped spontaneously, in which case colonoscopy cannot localize the origin 
of the bleeding. If rebleeding occurs, colonoscopy must be redone. 

Scanning with technetium 99m-labeled erythrocytes is another study to 
detect the possible bleeding site. It may provide important hints for the applica- 
tion of selective arteriography. Arteriography is indicated if colonoscopy is 
impossible or did not find the origin of bleeding but bleeding continues, but a 
bleeding rate of 0.5 mL/min is necessary for a positive finding on arteriogra- 
phy?6 When the bleeding vessel has been visualized, selective infusion of vaso- 
pressin may be successful to stop bleeding in approximately 80% of cases. 
Transcatheter embolization should be reserved for selected cases because the 
development of ischemia is unpredictable. As a last resort, surgical exploration 
and performance of ileostomy and colostomy are preferable to "blind," subtotal 
colectomy because the rebleeding rate is approximately 30%. Intraoperative 
panendoscopy with intraluminal transillumination and guiding of the scope by 
the surgeon is helpful to find angiectasia of the bowel. 

Angiodysplasia 

Angiodysplasia lesions are almost always located in the cecum and as- 
cending colon. They consist of dilated submucosal vascular spaces. Mucosal 
involvement and arterioveneous shunts have also been described. Usually they 
are only a few milimeters in size. Venous congestion caused by increased 
intramural muscle tension may lead to dilatation of submucosal veins if degener- 
ation of blood vessel walls has occurred, so the disease is usually found in older 
patients, although young adults may also be affected. Investigators assume that 
the association between right-sided diverticular disease and bleeding may be 
caused by coexisting angiodysplasia. 

Most patients with angiodysplasia report a previous history of gastrointesti- 
nal bleeding. Elective colonoscopy may reveal a small area of unusual reddening 
or dilated submucosal vessels. Barium enema is normal without any hint of the 
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disease. In cases of acute bleeding, management is the same as for patients with 
acute bleeding from diverticular disease, but because these lesions are usually 
small, they are difficult to visualize if the bowel is full of blood. In this case, 
selective angiography is the examination of choice. The site of bleeding may 
present as a blush of extravasated contrast medium. For definitive treatment, 
surgical resection of the bowel segment that carries the lesion is necessary. 

Malrotation 

If the cecal rotation of the bowel is incomplete, the cecum remains high and 
the duodenum is located to the right of the superior mesenteric artery. The 
bands that fix the cecum (i.e., Ladd's bands) straddle the duodenum and may 
obstruct it. The vascular supply of the midgut suspends from a narrow pedicle 
that may twist. Midgut ischemia and high intestinal obstruction occur in cases 
of midgut volvulus. 

Clinical manifestation is minimal in the beginning, with mild upper disten- 
sion and tenderness. Later, bilious vomiting and bloody stools occur. Finally, in 
cases of gangrene, signs of sepsis and peritonitis develop. Abdominal radio- 
graphs show only unspecific signs, such as abnormal air-fluid levels. Contrast 
enema may show a displaced cecum, and an upper gastrointestinal series may 
show absent duodenal rotation, which leads to a more reliable diagnosis. 

Early surgical intervention is mandatory to prevent the intestine from devel- 
oping ischemic necrosis and to allow for recovery from the ischemic situation. 
The twisted bowel is untwisted counterclockwise. Then the bands between the 
cecum and the abdominal wall and between the duodenum and the terminal 
ileum are cut to splay out the superior mesenteric artery. This results in placing 
the duodenum to the right and the cecum to the left side of the abdomen. An 
appendectomy should be included to prevent later complications. This proce- 
dure was initially described by Ladd and is still preferred today. 

Mobile Cecum and Cecal Volvulus 

Approximately 10% to 20% of people have a freely mobile cecum and are 
possible candidates for the development of a cecal volvulus. The rotation usually 
is 360" to 720" around the mesenteric pedicle and produces a closed-loop obstruc- 
tion with impairment of the blood supply. A sigmoid volvulus is much more 
common and may occur simultaneously. The clinical symptoms of the disease 
are the same as those of small-bowel obstruction. In cases of gangrene, acute 
abdominal pain develops. Abdominal radiographs show a dilated, ovoid- 
shaped, large-bowel loop filled with gas that may be located anywhere in the 
abdomen. The small bowel is also dilated and may show a small-bowel ileus, 
but the rest of the large bowel is relatively empty. The diagnosis is confirmed 
by water-soluble contrast enema. 

When the diagnosis has been confirmed, exploratory laparotomy is indi- 
cated. Reports of colonoscopic detorsion of cecal volvulus are only sporadic. For 
definitive treatment, a right hemicolectomy is necessary, but some investigators 
also recommend simple detorsion with cecopexy or cecostomy if the bowel 
is viable. 
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Superior or Inferior Herniae Recessus lleocecalis 

Internal abdominal hernias account for approximately 1% of intestinal ob- 
struction. They occur if a viscus is protruding through an opening formed by a 
fold of peritoneum or  through a defect in a mesentery or the omentum. Hernias 
through the ileocecal fossae are the second most common type of internal hernia. 
Symptomatic patients present with acute abdominal pain and signs of intestinal 
obstruction or strangulation. 

Therapy includes a reduction of the herniated loop and closure or enlarge- 
ment of the hernial ring to prevent recurrence. Aspiration of the proximal loop 
may be helpful. Caution must be used not to injure the right ileocolic or colic 
arteries when incising the ring.50 

SUMMARY 

Surgeons should be familiar with surgery of the cecum and appendix 
because the diseases of this region, especially appendicitis, are the most common 
indications for surgical exploration. Usually, diagnosis of appendicitis and ap- 
pendectomy are not difficult, but atypical location of the appendix or other 
anatomic anomalies can make the diagnosis of appendicitis and appendectomy 
difficult. In cases of atypical anatomy or diffuse clinical picture, especially in 
young adults or elderly patients, the spectrum of embryologic and anatomic 
anomalies must be kept in mind to make the correct treatment decision for 
individual patients. If doubt persists, explorative laparotomy must be performed 
to avoid overlooking rare, acute, intra-abdominal abnormalities. 
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