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~:)L A.TE S X X I I - X X V I .  

Diverticula of the intestine may be divided into the true and the 

false. By a true diverticulum is understood one the walls of which 
are composed of the entire thickness of the intestine; the false diver- 
ticulum, on the other hand, is a hernia of the mucosa and submucosa 
through the muscular wall (yon Rokitansky (1), Leichtenstern (2), 
Birch-Hirschfeld (3), Orth (34), Itansemann (4), and others). There- 

fore, while a true diverticulum presents all three coats of the gut, a 
false diverticulum is formed of mucosa and serosa only, with inter- 

vening connective tissue. I t  is further desirable to differentiate be- 
tween congenital and acquired diverticula. This distinction, how.- 
ever,  does not apply to false diverticula, as, so far as .known, all o~ 
these are acquired, no case of congenital false diverticulum of the 

intestine having ever been described. 

Edel (5) and others would make synonymous the terms congenital 
diverticula and true diverticula, likewise the terms acquired diverticula 
and false diverticula, specifying that the former have all three coats of 
the intestinal wall, while the latter show only mucosa and serosa. The 
difficulty in determining definitely in many cases whether the saccula- 
tion is congenital or acquired, makes this classification objectionable. A 
definition based upon morphological rather than developmental condi- 
tions, though less desirable, is at least a safe one. Furthermore, Edel's 
definition does not hold good in all instances, as cases of acquired diver- 
ticu]a possessing all coats of the intestine have repeatedly been ~eported. 
Thus Fiedler (6) records such cases. Wallmann (7) has described nine 
true acquired diverticula of the large intestine. Norman Moore (8) has 
reported a case of multiple diverticula of the small intestine in a man 
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40 years old. The diverticula occurred at the mesenteric attachment of 
the gut, and were composed of all coats of the intestine. ~¢ioore does 
not state whether he regarded the diverticula as congenital or acquired. 

By far the greater number of true intestinal diverticula of congenital 
origin are the Meckel diverticula, which are formed by a persistence of 
the omphalomesenteric duct. Other factors may, however, give rise to 
such diverticula. Grawitz (9) has found a diverticulum of the large in- 
testine whose origin could be traced to fetal malformation. Buchwald 
with Janicke (10) has described a true diverticulum of congenital origln 
in the jejunum of a boy 6 years old. 

Hansemann (4), Nenmann (11), and INauwerck (12) have each re- 
ported a case of true intestinal diverticula with accessory pancreas at 
their apices. Hansemann's case was of a diverticulum at the upper end 
of the jejunum of a boy 14 years of age. Neumann found a true diver- 
ticulum with a pea-sized accessory pancreas at its apex, a case similar to 
that  of Zenker (13), who found, 54 cm. above the ileocmcal valve, a diver- 
ticulmn at the apex of which was a cherry-sized pancreas .  Nauwerck's 
diverticulum came from the ileum of a man 43 years old and possessed 
a separate mesentery. Except Zenker, who interprets his case as one of 
true Meckel's diverticulum, the observers all attribute the occurrence 
of the intestinal saccu]ations to traction brought about by the accessory 
pancreas. Other instances, in which traction has been believed to be 
the causative agent, have been described by Birch-Hirschfeld (14). These 
were caused by connective-tissue bands in the mesentery. In  two cases 
described by Hansemann (4), a tumor produced the traction. 

The first description of false diverticula of the intestine is usually 
attributed to SSmmering (37) in his translation into German of Matthew 
Baillie's "Morbid  A n a t o m y "  (1794), but Voigtel (38) cites previous 
cases recorded by SchrSck, Riolan, Giinz, Morgagni and ttaller, at least 
some of which undoubtedly belong to this class. The subject is consid- 
ered in the text-books on pathological anatomy of Cruveilhier, Roki- 
tansky (15), FSrster (33), Orth (34), and others. 

Fleischmann (16) described in 1815 a false diverticulum of the duo- 
denum. Roth (17) in 1872 gave a critical summary of the cases of duo- 
denal diverticula reported up to his time, and described five personal 
observations. He came to the following conclusions: Diverticula of 
the duodenum are exclusively of the false variety; usually only one or 
two, less frequently three or four are present; they do not become larger 
than a pigeon's egg, and are usually empty; they occur most commonly 
at the inner, posterior aspect of the pars descendens duodeni at the en- 
trance of the biliary and pancreatic ducts. 
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Wallmann (7) found in a part of the small intestine, 48 cm. long, 
thirty-seven diverticula, of which thirty were said to be between the folds 
of the mcsentery. The diverticula were false, the walls being composed 
only of the mucosa and serosa. Birch-Hirschfeld (3) h~s described a 
case in which the ileum through almost its entire length showed many 
false diverticula along the mesenteric border. Klebs (18) found in the 
small intestine of an old man twenty diverticula, varying in size from a 
pea to a walnut, and all situated within the mesentery. Bristowe (19) 
found just above the ileoc~ecal valve a solitary diverticulum, the walls of 
which were formed of mucosa and serosa. 

False diverticula of the large intestine have repeatedly been described. 
Gross (20) described and pictured this condition. Bristowe reported a 
esse of diverticula of the large bowel occurring in a woman 69 years old. 
The walls of the sacculations were formed of mucosa and serosa only. 
The diverticula were limited to the site of the appendices epiploic~e, and 
varied in size from a pin's head to a marble. Alibert found two hundred 
diverticula in a colon, while other instances of false diverticula of the 
large intestine have been described by Schr5der, Sydney Jones, Astley 
Cooper, and others. 

All writers, with the exception of FSrster,* agree that the false 
diverticula of the small intestine occur almost exclusively on the con- 

cave side of the gut, and that they lie between or close to the layers 
of the mesentery. Their average size varies from that of a pea to 
that of a pigeon's egg, but Virchow (21) has shown a specimen in 
which the diverticula attained the size of a hen's egg. 

The etiology of false diverticula is still somewhat obscure. Refer- 

ence has been made to the production of diverticula by  traction; this, 
however, is not generally believed to he the usual cause. I t  was for 
a long time held that they were dae to increase(t intra-intestinal 
pressure of various kinds, as from f~eces, or gas. Klebs (22) was the 
first to point out that a certain relation exists between the blood-vessels 
and the diverticula. In his case already cited, the small sacs were true, 

the larger~ false diverticula, and all were at the points of entrance of 

the mesenteric vessels. This condition led Klebs to the suggestion 

that either through growth of the mcsentery in length outstripping 

• As suggested by Hansemann,  FSrs ter ' s  apparent ly  exceptional position may be 
the result  of a typographical  error, as his description otherwise corresponds to that  
usual ly  accepted. 

84 
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that of the blood-vessels, or more probably through traction in later 
life upon the mesentery by the intestine, the funnel-like attaehment 
of the intestinal wall to the entering mesenterie vessels becomes eon- 
vetted into a diverticulmn. In support of the latter supposition is 
the greater frequeney of these multiple diverticula in elderly and 

obese persons. 

While Good (23) and tIanau (24), and IKansemann (4) confirm 
Klebs's observation concerning the relationship of false diverticula of 
the small intestine to the blood-vessels, they attribute the origin of the 

diverticula to pulsion rather than to traction, and tIansemann has de- 
fined more precisely the vascular relationship. Intestinal diverticula 
occur in those who at no time have given indications of any notable de- 

posit of fat in the mesentew. In a ease reported by tIansemann the pa- 
tient, who died of pneumonia, was 85 years old and emaeiated; having 
always been thin. About 400 diverticula, varying in size from a mil- 
let-seed to a pigeon's egg, were counted, the larger number being in 
the jejunum and upper part of the ileum. There were some, how- 
ever, in the duodenum and many in the sigmoid flexure, but none in 
the vermiform appendix or colon. Those in the small intestine were 
mostly empty, but some of those in the large intestine contained ffeces. 
l~{ost of the diverticula occurred close to the mesenterie border, but 
not actually between the layers of the mesentery. Some in the large 
bowel were on the convex side of the gut. An interesting relation 
existed between the diverticula situated at the mesenterie border and 
the blood-vessels; the vessels branehed out in the divertieular walls, 
those beneath the serous surface being arteries, while those visible 
from the mucous surface were veins. The diverticula had no mus- 
cular tunie. The fact that the mucosal hernias were not separated 
from their corresponding veins led Hansemann to conclude that the 
false divertieula were formed by the bulging of the mueosa through 
the museularis along the sheaths ~f veins passing from the intestine 

into the mesentery. 
I-Iesehl (25), in 1880, showed that the intestine rnptures under pres- 

sure at the points where the divertieula are found. Good, working 

under tfanau's direction, by filling a loop of intestine with water and 



Martin tI. Fischer 337 

subjecting it to hydraulic pressure, was able to produce trench-like fur- 
rows along its mesenteric border before perforation occurred, tIanse- 
mann was more successful, as he was able by a similar procedure to 
produce in the small intestine saceulations Which were far more typical 
than any produced by previous experimenters, and to demonstrate 
that these bore the same relation to the veins as the false diverticula 

observed in his patient. 

Senility doubtless favors the formation of intestinal diverticula, as 
this lesion is very rarely found in young persons. Hansemann's at- 
tempts to produce diverticula experimentally succeeded when senile 
intestines were employed, but failed entirely with the intestines of 

children. 

:Besides the normal loci minoris resistentim, other etiologica ! con- 
ditions are to be considered. Abnormally great intra-intestinal pres- 
sure loses some of its importance as a causative agent when it is re- 
membered how rarely post-mortem examination reveals diverticula of 
intestines in which such pressure has undoubtedly been present. 
Chronic constipation may be considered as a predisposing factor, 

esPecially in those true diverticula of the colon which represent 
scarcely more than a dilatation or exaggeration of the normal haustra 
coli, but here also there is marked discrepancy between the frequency 
of habitual constipation and the occurrence of diverticula. 

Fleischmann pointed out that the muscular fibres of the duodenum 
are normally separated by the common bile duct, thus furnishing a 
condition favorable to the formation of a diverticulum in this part of 
the duodenum. Roth mentioned fatty degeneration of the muscularis 
as a possible cause. A stenosis, leading to increased intestinal pres- 
sure, may be produced by large gall-stones retained within the in.tes- 
tine. Instances of diverticula from this cause are cited by Leichten- 
stern (2). A retention cyst of the appendix may lead to the production 
of diverticula in it (Kelynaek (26), Ribbert (27)). Finally, attention 
may be called to the influence, predisposing to diverticular formations, 
of general sluggishness of the intestinal functions, due to marasmus, 

phthisis, or carcinoma. 

The existence of intestinal diverticula is usually unattended by 
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clinical symptoms, the presence of t he  saeculations being discovered 

only upon postmortem examination. Sometimes, however, serious 
pathological processes ensue, as in Sydney Jones's (28) patient, who 
passed f~eces in the urine, in consequence of ulceration of the end of 
a diverticulum of the sigmoid flexure into the Madder. Alfred 
Loomis (29) found in the sigmoid flexure and colon descendens of a 
man 61 years old many highly inflamed diverticula filled with feeces. 

Although no perforation had occurred, the inflamed diverticula had 
originated a general peritonitis. Two other cases of peritonitis, asso- 
ciated, however, with perforation, have been described by Fied]er. 
Klebs (30) has described a case of hernia obturatoria in which a diver- 
ticulum had perforated into the hernial sac. One (~f the favorable 
terminations o~ diverticula is, according to Fano (31), obliteration 

through an increase in the connective-tissue elements. This is quite 

frequent in congenital but rare in acquired diverticula. 

Case I.--This is a museum specimen of a piece of jejunum 7½ cm. 
long, in the centre of which is a small, oval diverticulum. No other 
diverticula were found in the intestinal tract. The peritoneum is 
smooth. The diverticulum is as large as a bean, and lies beneath the 
peritoneum of the mesentery at one side of the line of mesenteric attach- 
ment. Blood-vessels run over its serous covering (Plate XXII, Fig. 1). 
On the intestinal aspect the valvul~e conniventes are arranged in the 
normal way. An opening, which admits a small-sized probe, marks the 
point of communication between the intestinal canal and the diver- 
ticulum. This opening is very much smaller in size than the diameter of 
the saccule, and is surrounded by the valvul~e conniventes, three of 
which dip down into the mouth of the diverticulum, thereby almost 
closing the opening (Plate XXII, Fig. 2). 

Microscopic examination: The diverticular walls are composed 
of mueosa, submucosa and serosa only. The muscularis stops abruptly 
at each side of the sac, where it is bunched as though the out-pouching 
mucous membrane had crowded it aside. The cells of the mucosa are 
very granular, and their nuclei stain but faintly. The lower portion 
of the mucosal hernia is highly inflamed. The submucosa is recogniz- 
able with difficulty. The muscularis shows faintly stained nuclei, but 
otherwise no change. The serosa is normal. 

Case / / . - -Emma T., aged 59, a housewife, was admitted to the hos- 
pital suffering from pulmonary phthisis and interstitial nephritis. The 
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autopsy, made by Dr. Hektoen, showed the body of a slender, emaciated 
woman. The anatomical diagnosis reads: False diverticula of the 
ileum, chronic pulmonary tuberculosis, chronic nephritis, chronic 
splenitis, atheroma of the aorta, atrophic liver, general marasmus. 

The peritoneum was empty; the omentum adhered to the anterior 
abdominal wall. The mesentery was of full length. The lower part 
of the ileum was rather small in calibre; in the first metre and a half 
were numerous large and small, variously shaped diverticula. The large 
intestine was normal. 

The diverticula are scattered along the mesenteric attachment of the 
ileum. They vary greatly in size, some being no larger than a split pea, 
while others are fully half the diameter of the intestine. The larger 
ones are often lobulated, so that a large diverticulum may present one 
or more Smaller ones upon its surface. The sacculations are covered by 
peritoneum, which has often been loosened from its intestinal attachment 
by the out-pouching diverticulum. The larger diverticula show, for the 
most part, greatly constricted bases, while the smaller ones have broad 
and expanded ones. The diverticula are not situated exactly between 
the two mesenteric layers, but usually show a greater bulging on one 
or the other side of the mesentery (Plate XXII ,  Fig. 3). 

There is an undoubted connection between the blood-vessels and the 
diverticula. The larger diverticula have the blood-vessels running over 
their surfaces; the smallest diverticula look as though blood-vessels 
pierced their apices; at other times, the blood-vessels run over their sur- 
faces (Plate XXII ,  Fig. 3). 

Microscopic examination: All of the diverticula are false, their walls 
being composed only of mucosa, submucosa, and serosa. The muscularis 
is separated, the mucosa pushing through it to unite with the serosa and 
form the saccule (Plate XXIII ,  Figs. ~: and 5, and Plate XXIV, Fig. 6). 
The mucosa of the diverticula is faintly stained, granular, and atrophic. 
In the smaller diverticula it is markedly infiltrated with leucocytes. This 
inflammation is most marked at the apices of the mucosal hernias, and 
is most intense in the deeper parts of the mucous membrane. The 
muscular coat is lacking over the greater part of the diverticulum. On 
either side of the sac the musculature presents the normal appearance. 
In some of the specimens the muscular layer shows a sort of club- 
shaped thickening at the point where the diverticulum begins; some- 
times a thin strip of muscular tissue is seen running a part of the way 
over the wall of the diverticulum at the sides (Plate XXIII ,  Figs. 4 
and 5). When the latter occurs, the muscle thins out gradually until  
it finally loses itself in the sub-serous connective tissue. The serosa 
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shows marked increase of connective tissue and often a small amount of 
round-cell infiltration. In the smaller diverticula a large blood-vessel 
is usually found at the apex of tile saccule. Sometimes more are found, 
depending in part upon the size of the diverticulum. All these vessels 
show much thickening of their walls. In no instance have I been able 
to find intestinal musculature about the blood-vessels of the diverticula. 
Observations concerning the early development of the diverticula in this 
case are considered below (p. 343). 

Case/ / / . - -This  specimen of false diverticula of the rectum, sigmoid 
flexure, and descending colon, was kindly given me by Dr. Le Count. 

William 1~., aged 64, ]aborer~ was admitted to St. Elizabeth's Hospital 
complaining of pain across the stomach and in the right iliac fossa. 
The post-mortem examination made by Dr. Le Count gave the following 
anatomical diagnosis: Diverticula of the rectum, sigmoid flexure, and 
descending colon; hypertrophy of the heart; general arterio-sclerosis; 
chronic passive hyper~emia of the liver, spleen, kidneys and lung; ~edema 
of the lower extremities; Meckel's diverticulum; right-sided obliterative 
pleuritis; slight chronic nephritis; cedema of the brain. 

There are adhesions about the splenic flexure of the colon and about 
the sigmoid flexure. The mllcosa of the large intestine is everywhere 
smooth. In the rectmn, sigmoid flexure, and descending colon are found 
about twenty-live diverticula. The greater number of these are in the 
rectum and lower portion of the sigmoid. No diverticula are found 
above the descending colon. They are situated near ~he mesenterie 
attachment Of the bowel and are from one-half to two centimetres in 
diameter externally. They differ somewhat in appearance, the smallest 
appearing as mere digital depressions in the mucosa. The diameter of 
the orifices is less than that of the saccules with which they communi- 
cate. In the larger diverticula labia of mncous membrane surround the 
openings. The walls of none have perforated, though some are ex- 
tremely thin. An nndoubted relation exists between the diverticula 
and the blood-vessels. By holding the bowel to the light the vessels 
can be seen to enter the summit of the diverticula and then, branching, 
to run over their  surfaces (Plate XXIV, Fig. 7). 

Microscopic examinatiot~: The diverticula are of the false variety. 
The walls of the larger diverticula are composed of mucosa and serosa 
only, with intervening connective tissue, but the smaller, beginning 
diverticula show a muscular wall which has undergone thinning to a 
greater or less degree. The mncosa of the intestine in general shows 
no change, but the changes in the mucous membrane of the diverticula 
are in some places well marked. These consist of a granular disintegra- 
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tion of the cells associated with loss of nuclei, and an infiltration of the 
mucosa and submucosa in places with leucocytes. This evidence of in- 
flammation is often most marked in the deeper portions of the diver- 
~icula, where, owing to the small diameter of the orifice, communica- 
tion With the interior of the intestine is difficult. This case was found 
to be particularly suitable for the study of the early stages of develop- 
merit of diverticula and the results obtained are presented below 
(pages 34~-347). 

Case IV , - -Th i s  example of diverticulum of the appendix was found 
in the dissecting room of Rush Medical College. I have to thank Dr. 
Parker for bringing the case to my notice, and Mr. F. M. Wood for de- 
tails of the pathological findings. 

The specimen came from the body of a man about 50 years old, with 
pulmonary tuberculosis and general arterio~sclerosis. No history could 
be obtained. The vermiform appendix, bound down by firm adhesions, 
sprang from the lower and posterior part of the c~ecum, running inward, 
(lownward and backward so as to lie over the pelvic brim. I t  is 7½ cm. 
long and 7 ram. in diameter in its thickest part. I t  possesses a separate 
mesentery in which are found blood-vessels and strands of connective tis- 
sue. Six centimetres above the tip of the appendix, on the side opposite 
the mesentery, is a sacculation measuring 12 x 11 ram., with a somewhat 
constricted base (Plate XXIV, Fig. 8). A few small blood-vessels are 
seen running over its surface. A little below the site of the saccule, 
toward the distal extremity, a constriction extends half around the ap- 
pendix, causing a diminution in its calibre. The appendix, with the 
diverticulum on the external aspect, is covered by shreds of torn fibrous 
adhesions. The month of the appendix is patulous. By probing, it is 
found that the lumen is patent only from the mouth to the consfxiction; 
beyond this point it is obliterated by connective tissue. The diver- 
t icuhun and the patulous lumen of the appendix are filled with soft 
f~ecal matter in which are found several hard, irregularly shaped, cal- 
careous granules, varying in size from grains of sand to fine gravel. The 
mucons linin~ of the patulous lumen is smooth; the wall of the appendix 
is thickened. The wall of the diverticulum is no thicker than tissue 
paper; its lining is slightly roughened. 

Microscopic examination: The obliterated part of the appendix shows 
the lnmen to be entirely filled up by a loose network of connective tis- 
sue; no evidences of m~eosa are visible. External to the loose c~)nnective 
tissue is a ring of dense mature connective tissue entirely encircling the 
appendix. This is evidently the much thickened submucosa. The con- 
nective tiss~e in both these places shows many newly-formed blood-yes- 
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sels. The muscularis consists of a thick internal circular and a thick 
external longitudinal coat. No degenerative changes are visible in either 
layer. The serosa is thickened and presents, at the points corresponding 
to the torn adhesions, a ragged peritoneal edge. None of the normal 
lymph follicles are present, and no evidences of an acute inflammatory 
condition can be found. At the constriction below the diverticulum 
there is entire loss of the muscular coat, the wall of the appendix here 
being made up of the connective tissue of the submucosa and the slightly 
thickened serosa (l~]ate XXV, Fig. 9). The mucosa over the constriction 
and extending above and below it, is highly atrophic, remnants only of 
the crypts being left, at the site of the constriction the mucosa is cov- 
ered by a thin layer of deeply stained, granular detritus. The sub- 
mucous connective tissue is greatly thickened and here there are many 
well-filled, newly-formed blood-vessels; many large empty spaces are 
present between the strands of connective tissue. No lymph follicles 
are seen. The muscularis stops abruptly at the lower side of the con- 
striction and more gradually at its upper; the internal layer is thick, the 
external somewhat thinned. The connective tissue of the serosa is 
slightly thickened. 

The mucosa opposite the large diverticulum is represented by the 
remains of a few crypts. The enormously thickened submucosa here 
constitutes the greater part of the wall. I t  is not inflamed, but many 
well-filled blood-vessels arc seen. Both muscular layers are much 
thinner than in the sections already described, The serosa is somewhat 
thickened, so much so at one point that a wedge-like mass of connective 
tissue has taken the place of the outer muscular coat. The fibrous tis- 
sue shows outward pouching. 

The .wall of the diverticulum is everywhere extremely thin (Plate 
XX~% Fig. 10). The mucosa of the appendix becomes gradually lest as 
it merges into the diverticular lining, which is represented by a deeply 
stained blue line of fmcal matter, no actual mucosa being visible. The 
wall is composed only of submucosa and serosa. The muscularis is 
gradually lost at the point where the diverticulum begins (Plate XXV, 
Fig. 10). Many large Mood-vessels are found in the wall  of the diver- 
ticulum. The peritoneal surface shows many torn strands of connective 
tissue, but no changes of an acute inflammatory nature are seen. 

Case I,  in being an example of a single divert iculum of the je junum,  

contrasts with the cases of je junal  diverticula reported by Virchow 

(21), :Edel (5), and :Nicholls (32), which were all of multiple dlverti- 
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eu]a, such multiplicity being the rule with this type of diverticulum. 
Roth (17) and others have recorded instances of a single diverticulum 

of the duodenum, and Bristowe (19) one of a solitary diverticulum of 

the ileum. The gross and microscopic appearances of the diverti- 
culum in Case I were those characteristic of false diverticula. The 

intimate relation to the blood-vessels is to be empl~asized. The marked 
inflammation of the mucous lining of the sac is an interesting feature. 

Case I I  is similar to those already cited from Wallmann, Birch- 

tiirschfeld, Hansemann and Klebs. Hanseinann has called attention 
to the fact that the diverticula in his case did not go directly into the 
mesentery but lay to one side of it. This same condition has pre- 
vailed in both my cases. The tunicary hernia of the jejunum, though 

covered on all sides by peritoneum, still lay entirely on one side of 

the mesentery; likewise in the diverticula of the ileum, though some 
lay just between the mesenteric leaves, the majority showed most 
prominently on one side of the line of attachment of the mesentery. 

:My case of diverticula of the ileum is interesting inasmuch as it 
shows clearly the intimate connection between the blood-vessels and 
the sacculations. A systematic study of the variously sized diverticula 
has shown the following points: 

The smallest diverticula which could be found--diverticula macro- 
scopically about the size of a split pea--show within the serosa a blood- 
vessel with much thickened walls. On either side of this vessel may 
be seen a beginning down-dropping and protrusion o~ the mucosa. 

This gives the mucosa a W-shaped appearanc% with the blood-vessel 
contained between the two middle arms (Plate X X I I I ,  Fig. 4). 

Diverticula somewhat larger show a greater protrusion of the mucosa 

and an outward movement of the blood-vessel at the apex of the sac- 

cule (Plate X X I I I ,  Fig. 5). Thus the blood-vessel is borne outward 

by the out-pouching diverticulum. At this stage of development, it 
seems that one side of the saccule may grow faster than the other, so 

that ultimately the blood-vessel is seen to lie at one side of the diver- 

ticulum (Plate XXIV,  Fig. 6). 

This manner of development indicates that the location of a large 
blood-vessel in a certain place in the muscularis of the intestine pro- 
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duces here a locus minoris resistentim; a causative agency of some 

kind produces an internal pressure which manifests itself by a hernia 

of the mucosa at the point of least resistance; as no muscular tissue of 

the intestine is ever found to surround the blood-vessel of the diverti- 

culmn, it seems reasonable to suppose that the false diverticulum is 

formed by a protrusion of the mucosa along the sheaths of the blood- 

vessels. 

Conditions favorable to divertieular formation were present in this 
case. There was a general marantie condition with chronic pulmonary 

tuberculosis and chrome nephritis; the intestine, through its entire ex- 

tent, was thin and flabby; the lower part of the ileum was of small 

calibre, a eondition which, if not due solely to agonal contraction. 

might at least favor the production of diverticula in the upper part. 

The inflammatory condition of the mucosa and serosa is also worthy 

of note. 

The detailed study of the process of mueosal hernia through the 

muscular coat is not so simple as might at first seem to be the ease. 

In the two eases of diverticula of the small intestine above described 

the thinness of the muscular coat prevented a careful study of the 

part played by each of the layers, but the thickness of the muscular 

sheath of the sigmoid and rectum permitted me to study in Case I I I  

to better advantage the participation of each in the production of the 

diverticulum. 

As the studies of }Iansemann (4) and Graser (35) have shown, the 

veins draining the intestine pierce the inner muscular laver, run 

between the two muscular layers, and finally pierce the outer longitu- 

dinal layer to make their appearance externally. Graser finds , as 

previously Itanscmann had done, that false diverticula follow the 

venous sheaths. [His view concerning their formation in the sigmoid 

flexure, to which his studies were limited, is briefly this: a eongestion 

of the veins of the sigmoid brings about dilatation of these vessels, 

causing thereby a locus minoris resistentim in the muscular tunic of 

the intestine; an intra-intestinal pressure such as the presence of gas 

or fmces furnishes the initiative force required to produce the diverti- 

cula at these points of least resistance. 
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My ease (Case I I I )  of diverticula of the rectum and sigmoid 

flexure corroborates to a great extent the views advanced by Graser. 
The blood-vessels throughout the specimens examined showed marked 
congestion, being very large and filled with blood, and there was little 
difficulty in tracing the connection between the diverticula and the 

distended blood-vessels. The smallest divertiet~lum that I was able 
to find--one that showed macroscopically as a slight digital depression 

in the mucous membrane--showed the beginning stages of the mu- 
cosal hernia. Corresponding to the slight invagination of the mucosa, 
within the inner layer of the muscular tunic was found a large con- 
gested blood-vessel; on either side of this a well-marked thinning of 
the muscular sheath had already occurred; this thinning was most 

• evident in the inner muscular layer, the outer layer being still intact 
(Plate XXVI, Fig. 11). A somewhat larger diverticulum showed on 
histological examination a greater depression of the mueosa with a 
grea ter  thinning of the inner muscular layer (Plate XXVI, Fig. 12). 
For some time at least, the outer longitudinal muscular layer may 
remain intact, being pushed more and more outward by the protruding 
mueosa (Plate XXVI, Fig. 13). As the diverticulum continues to 
grow the muscular layer surrounding it becomes very much thinned 
and finally disappears entirely, so that the wall of the diverticulum is 

ultimately composed of mueosa, submucosa, and serosa only. 
The foregoing description does not, however, apply to all the diver- 

tieula. Although the inner, circular coat usually seems to be the one 
to give way first, it sometimes happens that the outer shows the first 
break in its continuity. I t  would seem that in these eases the blood- 
vessel had occupied the outer layer of the muscular tunic, in this way 
changing the locus minoris resistentim from the inner to the outer 
layer of the museularis. Thus such conditions as I have pictured in 
Fig. 14 (Plate XXVI)  come to pass, in which the mueosa and the in- 
ner muscular layer rupture through the outer one. In this process the 
blood-vessel is evidently pushed ahead of the oncoming divertieUhm. 

Finally, it would seem that under some conditions a break oeclirs 
simultaneously in both layers of the muscular sheath. This occurs 
in those places where several large vessels are situated closely together, 
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so that the entire muscular wall is so weakened that the mucous mem- 
brane breaks through both with comparative ease (Plate XXVI,  
Fig. 15). 

It  is now the generally accepted belief that the diverticula follow the 
paths of the venous sheaths (Plate XXVI,  Figs. 16-17); still, though 
this be in the main correct, I cannot accept it in its entirety. Although 
the presence of the blood-vessel is the prime, predisposing cause leading 
to the production of the mucosal hernia, still, once started, the saccule 
follows the path of least resistance. This may or may not be the 
sheath of the blood-vessel. Instead of following the latter, the mu- 
cous membrane may spread between the layers of the muscular tunic 
(Plate XXVI,  Fig. 13), or it may spread through the connective tissue 
between the muscularis and the serosa in places where it is impossible 
to establish any connection between the diverticulum and the blood- 

vessels. 

The partially successful effort of nature to limit the enlargement of 
the diverticula is evidenced by the connective-tissue hyperplasia about 
them. The thicl~ness of the serosa covering the diverticula is usually 
almost directly proportional to their size; and there can be no doubt 
that to this protective attempt of nature is due the infrequeney of per- 
foration of diverticula into the peritoneal cavity. 

Doubtless an important factor in the causation of the diverticula 
in Case YII was the chronic passive congestion of the viscera due to 
hypertrophy and dilatation of the heart and arterio-sclerosis. While 

this factor has not the exclusive importance attached to it by Graser, 
it is certainly one of the demonstrable predisposing causes of intestinal 
diverticula. Constipation furnished another condition favorable to 
the process by increasing the intra-intestinal pressure. 

The presence in this case of firm adhesions about the rectum and 
sigmoid, corresponding to the position of the diverticula, is also of 
interest. As has been stated, some of the diverticula were highly in- 
flamed. I t  can readily be understood how easily these pockets, com- 
municating as they do through only small openings with the lumen 
of the intestine, might harbor f~ecal matter, the accumulation of which 
might lead to an inflammatory condition. How difficult the removal 
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of such material may be, is evident from Fig. 13 (Plate XXVI) ,  which 
shows a section through one of these highly inflamed diverticula. 
Graser has pointed out the relation which may exist between diver- 
ticula of the lower bowel and chronic pelvic peritonitis. I interpret 
the adhesions which were formed about the sigmoid flexure in my case 
as an evidence of such a chronic pelvic peritonitis engendered by the 
inflammatory condition of the diverticula. Further evidence of such 
a peritonitis is found in the pain in the iliac fossa of which the patient 
complained. A few diverticula were found in the region of the be- 
ginning desce.uding colon, and here, too, slight adhesions had formed. 

Case IV is an example of diverticulum of the vermiform appendix 
- - a  condition concerning which but little has been written. Finkel- 
stein (36) has suggested the possibility of the production of a diver- 
ticulum from increased intra-appendicular pressure following occlusion 
of the mouth of tile appendix and consequent collection of secretion. 

Two cases have been recorded. That of Kelynaek (26) was of an 
appendix which became cystic in consequence of obstruction to its 

opening. Two very distinct diverticula communicating with the 
lumen of the appendix were found between the folds of its mesentery. 
No muscular tissue was detected in the walls of the diverticula and 
hence the conclusion seems justifiable that they were mucosal hernias 
through' the muscularis in consequence of the pressure produced by 
the stasis of the secretions within the appendix. 

In  Ribbert's (27) case there was a group of small cysts of varying 
size, arranged in a grape-like cluster at the mesenteric border of an 

apple-sized cyst of the appendix and communicating with the latter 
through larger and smaller openings. The large cyst was the result 

of occlusion of the mouth of the appendix. The small cysts are inter- 
preted by Ribbert as dilated glandular cysts which had become partly 
occluded and separated from the mucosa. I f  this interpretation be 
correct, these cysts would not be analogous to the ordinary falso 
diverticula of the intestine. 

In  some respects, more like my case is the one reported by Edel (5), 
who found in a man 69 years of age a pea-sized false diverticulum, 
situated on the side opposite the mesentery, 2 cm. from the distal end 
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of the appendix, which was 8 cm. in length. A small blood-vessel ran 
over its surface. There were no fsecal contents in the appendix or 

diverticulum, and its ]umen was patent. The muscularis was absent 

over the diverticulum. The mucous membrane was atrophic; the 

serosa showed many new blood-vessels. By the side of the diver- 

ticulum the muscle was replaced by a wedge-shaped mass of connective 
tissue, which, though of unknown origin, was thought to represent a 

sear. For the formation of the diverticulum in this ease Edel offers 
the following explanation: the sear produced a slight traction upon 

the mucosa and, as the result of connective-tissue i~erease in the 
serosa, the latter began to bulge out. Assuming that the traction 

upon the mueosa increased, and that the muscularis finally yielded to 

the slight but continued pressure of the mucosa, he was led to believe 

that the production of a false diverticulum thereby resulted. 

I am unable to say what caused in my ease the mass of adhesions 

found about the appendix and its diverticulum. A tubercular or 

syphilitic etiology is possible. There were no acute .inflammatory 
lesions, and in the absence of a history we must leave this point unex- 
plained. I f  we believe with Ribbert that obliteration of the appendix 

represents a process of involution and not one of pathological change, 

then little is to be said concerning the obliteration of the lower part of 

the appendix in my ease. Loss of lymph follicles and replacement 

with hyperplastie connective tissueare both found, so that all the con- 

ditions described by Ribbert as characteristic of this type of oblitera- 

tion are represented. 

The constriction of the appendix on the distal side of the diver- 

ticulum is interesting in so far as it presents the typical structure of a 

false diverticulum without a bulging of the weakened part. The wall 

of the appendix at the point of the constriction is covered with a mu- 

eosa upon which lies a deeply stained granular detritus. Longitudinal 
serial sections passing from the non-constricted into the constricted 

portion of the appendicular wall show a progressive thinning of the 

muscular coat, ending finally in its total loss (Plate X X V ,  Fig. 9). 
Under ordinary conditions, we would expect the mueosa to bulge out- 

ward as the muscular coat became thinner, still in this ease, the oppo- 
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site has occurred and the serosa has  fallen in toward the mucosa. 

This seems to me to be a natural sequence when we remember that 

the connective tissue of the submueosa is fully four times as thick as, 

and hence, firmer and more unyielding than the connective tissue of 

the serosa. Thus, instead of the formation of a diverticulum, a con- 

strietion has resulted. 

The cause o f  the production of the large diverticulum can at best 

only be surmised. As in Edel's case, it occurred on the side opposite 

the mesentery, so that its formation as a mucosal hernia along a vas- 

cular sheath is extremely unlikely. I t  may be recalled that the ap- 

pendix was embedded in firm adhesions; that the diverticulum was 

filled with fsecal matter; and that the wall was composed of thickened 

serosa only. True intestinal diverticula due to traction produced by 

an accessory pancreas, or by connective-tissue bands in the mesentery 

have several times been described. I t  seems to me not impossible that 

in the beginning this diverticulum of the appendix was a true one, 
due to the traction of a connective-tissue band, and that this mural 

bulging became filled with fseeal matter, the accumulation and stag- 

nation of which caused a pressure atrophy of the mucosa and nms- 
cularis of the diverticulum. Thus the wall of the divertieulunl be- 

came weakened and composed of connective tissue only. 

As we have no means of learning whether the adhesions antedated 

the diverticulum, another explanation may also be suggested. I t  may 

lee that in consequence of the pressure and irritation of faeces accumu- 

lated in the appendix the mueosa first and then the museularis under- 

went necrosis or simply atrophy. There would thus be produced in 

the wall of the appendix that which is essential to the formation of a 

diverticulum in any part of the intestinal tract, namely, a point of 

lessened resistance, which, under the further influence of an increased 

intra-intestinal pressure, as from meteorism or constipation, might 

readily be the starting point of a diverticulum presenting the histo- 

logical features observed. 

The possibility may also be considered that the same process, 

whether pathological or referable to simple involution, which had 

caused the constriction, may have affected a limited area in the wall 
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of the appendix causing a focus of lessened resistance, which yielded 

to the normal or perhaps increased pressure within the lumen of the 

appendix~ before any considerable compensatory new-connective tissue 

had formed. 

I am indebted to Professor Hektoen for much kind assistance in 

this investigation and in the preparstion of this paper. 
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Fig.  1 . - -Case  I. 
d i v e r t i c u l u m .  

Fig. 2 . - -Case  I. 
"the d ive r t i cu lum.  

Fig.  3 . - -Case  II .  

DESCRIPTION OF PLATES XXII-XXVI. 

PLATE XXII .  

J e junum,  showing  the re la t ion  be tween the blood.vessels  and 

A r r a nge men t  of the valvulm conniventes  of the j e j u n u m  abou t  

I l eum,  showing  tile in t ima te  connect ion between the d ive r t i cu la  

a nd  the blood-vessels .  
PLATE XXII I .  

Fig. 4 . - -Case  II .  Sect ion of a d i v e r t i c u l u m  in process  of fo rmat ion .  The a t rophic  

m u c o s a  is seen d ipp ing  down on e i ther  side of the blood-vessels.  The muscu la r i s  is 

m u c h  th inned  on the l e f t  and en t i r e ly  absent  on the r igh t  side of the d iver t i cu lum.  

Fig. 5 . - -Case II.  A l a t e r  s tage  of deve lopment  of a d ive r t i cu lum.  The mnscu-  
l a r i s  is  m i s s ing  in the wal l  of the d ive r t i cu lum.  On the r igh t  i t  has been crowded 

aside by the ou t -pouch ing  mucosa.  Several  blood-vessels  wi th  much th ickened  wal l s  
are  seen in the wal l  of the d ive r t i cu lum on the r ight .  

PLATE XXIV. 

Fig. 6 . - -Case II .  Section of a m a t u r e  d i v e r t i c u l u m  wi th  g rea t ly  th ickened sub- 

aerosa. The le f t  side of the d i v e r t i c u l u m  has ev ident ly  g rown more rapid ly  than the 

r igh t ,  A large blood-vessel  is seen in the r igh t  wa l l  of the d ive r t i cu lum.  The 
mucosa  has undergone  marked  degenerat ion.  

Fig.  7 . - -Case  I I I .  False  d ive r t i cu la  of the s igmoid  flexure. The blood-vessels  
are  seen r u n n i n g  over the surfaces  of the diver t icula .  

Fig. 8 . - -Case  IV. Append ix  vermiformis ,  showi ng  d ive r t i cu lum,  cons t r i c t ion  and 
mesentery .  The adhesions are not  shown. 

25 
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PLATE XXV, 

Fig. 9 . - -Case IV. Section th rough  cons t r i c t i on  of appendix.  The muscu la r i s  i s  
w a n t i n g  in th is  por t ion  of the wal l  of the appendix.  

Fig. 10.--Case IV. Section t h rough  d ive r t i cu lum.  The subserosa  and the sub-  

mucosa  of the  appendix  are seen to merge in to  a s ingle  layer  to make  the  wal l  o f  

the d iver t i cu lum.  
PLXTE XXVI. 

Fig.  l l . - - C a s e  I I I .  F i r s t  s tage in the fo rma t ion  of a d ive r t i cu lum.  The mucosa  

is d ipp ing  downward  toward  the di la ted  blood-vessel  in the somewha t  th inned  inter-  

nal  coat  of the mnscular i s .  

Fig. 12.--Case I I I .  A la te r  s tage of the same. The m u s c u l a r i s  has become s t i l l  
t h inner  abou t  the blood-vessel.  

Fig.  13. - -Case I I I .  The mucosa  has  broken  t h rough  the i n t e r n a l  coat  of the mus- 

cu la r i s  and has  pushed the ex te rna l  coat  ahead of it. A la te ra l  pouch ing  of t h e  

mucosa has  t aken  place between the i n t e rna l  and ex te rna l  layers  of the m u s c u l a r  

tunic .  The subserosa  is much thickened,  and in i t  are several  blood-vessels.  

Fig.  14.--Case I I I .  The mucosa  in  th i s  ins tance  has pushed  the in te rna l  m u s c u l a r  

coat  ahead of it, and w i t h  i t  has b roken  t h rough  the ex te rna l  one. A large blood- 

vessel  is  seen at  the apex of the d ive r t i cu lum.  

Fig. 15.--Case I I I .  S imul t aneous  rup t u r e  of bo th  m u s c u l a r  coats  of the in tes t ine .  
A t t en t i on  is ca l led  to the grea t  number  of large blood-vessels  found in and abou t  the  

muscu la r i s  a t  the si te of rup tu re .  

Fig. 16.--Case I I I .  A d ive r t i cu lum in close re la t ion  wi th  a blood-vessel .  

Fig.  17.--Case I I I .  A d ive r t i cu lum,  associa ted wi th  rup tu re  of both  muscular" 

coats  of the in tes t ine ,  m a k i n g  i t s  way a long the sheath  of a blood-vessel.  

Addendum.--Since the completion of this paper I have examined two 
additional cases of false diverticula of the sigmoid and rectum (in one 
case with also a few diverticula in the descending colon), both being in 
tuberculous men- -40  and 60 years old--with  chronic passive congestion 
from cardiac and vascular disease. There were 25 diverticula in one, 
and 10 in the other case. The histological conditions were like those 
in Case I I I .  
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