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AETIOLOGY OF APPENDICITIS 

AN EXPERIMENTAL OBSERVATION 

By R. NIGAM, md., m.s. (Hons.). (Luck.), 
f.b.c.s. (Eng.) 

Medical College, Lucknow 

[This paper is a brief summary of part of a 
thesis submitted for the degree of M.D. (Patho- 
logy), Lucknow University.] 

Introduction 

Appendicitis is one of the commonest and 
not infrequently one of the most dangerous of 
the surgical emergencies and there is a good 
deal of evidence that mild attacks of inflamma- 
tion of the appendix occur much more frequently 
than is generally supposed. Our knowledge of 
the exact pathology and setiology of the disease 
is, however, far from complete. 
Although appendicitis had been reported in 

the eighteenth century it received no proper 
recognition until 1886, when Fitz of Boston 
described a long series of cases, distinguished it 

clearly as the commonest cause of perityphlitis 
and gave it the name now universally adopted. 
Within "twenty years it had attained the 

position of being the most common of all acute 
abdominal illnesses. This rapidly increasing 
menace in the beginning of the present century 
naturally drew the attention of both the 

pathologists and clinicians, and vague and 
fantastic explanations were given. Most of the 
evidence was clinical and co-incidental. Racial 
and climatic factors were blamed. The role of 
meat diet with a reduction of cellulose appeared 
to be a very plausible explanation to the older 
pathologists for the greater prevalence of the 
disease in the West and comparative rarity in 
the more vegetarian East. In fact the earliest 

experimental work of Wilkie (1914) on cats 

gave support to this hypothesis. Constipation 
has been looked upon with suspicion. The 
abnormal deformities of the appendix such as 
kinks and twists appeared to play a significant 
part in the aetiology. Various intestinal 

parasites, particularly Oxyuris vermicularis, 
have had many advocates in the genesis of 

appendicular disease. 
Early in the twentieth century, with increas- 

ing interest in bacteriology, the infective theory 
in the causation of appendicitis was brought 
forward, there being two schools of thought? 
the hsematogenous and enterogenous. Rosenow 

(1915) the pioneer of the hsematogenous theory 
put forward the view that acute appendicitis 
was the result of the selective affinity of certain 
throat streptococci for the appendix. Poynton 
and Paine (1911) and Adrian (1901) working 
on the rabbit came to a similar conclusion. 

McMeans (1917) and more recently Williams 
and McLachlan (1930) however have shown 
that the concentration of bacterial emulsion 
necessary to produce lesions in the appendix was 
far too much to occur naturally in human beings. 
Patey and Whitby (1933) working on the 

pathology of cholecystitis found no experimental 
evidence to support Rosenow's theory of elective 
localization. 

Aschoff (1932) on the other hand, by exten- 
sive studies of normal and inflamed human 

appendices, showed that the appendix has a 

special bacterial flora, the members of which are 
responsible for the attack; he suggested that in 
acute appendicitis there is an enhanced virulence 
of this normal flora brought about probably by 
stagnation of faeces within it. 
Lansdown and Williams (1915) after a histo- 

logical survey of inflamed appendices came to 
the conclusion that it was the lymph follicles in 
the submucosa which were the primary seat of 
disease in the appendix, and not the mucous 
membrane, thus lending support to the hemato- 
genous theory. Aschoff, however, will have 
none of it. He has always held that appendi- 
citis is an enterogenous infection arising on the 
surface of the mucosa and denies the possibility 
that the disease may ever be blood-borne. 
Wangensteen (1937) and his co-workers have 

investigated the function of the human organ 
in appendicostomy cases and have stressed 
mechanical causes as responsible agents in the 
genesis of inflammations in the vermiform 
appendix. 
A more recent paper on the setiology of 

appendicitis is that of Wells (1937) from the 
Dunn School of Pathology, Oxford. From his 
work on animals Wells supports the enterogenous 
origin of the disease. 
The present paper contains the experimental 

part of a thesis on the pathogenesis of appen- 
dicitis which was conducted both on clinical 

and experimental bases. 

Experimental work 

Observations were made on fifty adult rabbits. 
The rabbit is the only easily available laboratory 
animal which has an appendix at all com- 

parable, both in microscopical structure and 
naked-eye appearance, with that of man. 

Also appendicitis occurring spontaneously in 
rabbits has been reported in the literature 
(Mori, as quoted by Wells, 1937). These were 
the main reasons for choice of the rabbit in the 
present investigation. 
Experiments were planned to observe the 

changes produced in the appendices of rabbits 
under the following conditions :? 

(a) Ligation of the root of the appendix by a 
silk thread avoiding the blood supply of the 
viscus. 

(b) Ligation of the root of the appendix 
including the appendicular artery and vein in 
the ligature. 
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(c) Ligation of the root of the appendix and 
obstruction of the venous return by ligature of 
the appendicular vein. 

(d) Production of abnormal kinks of the 

appendix. 
(e) Traumatization of the mucous membrane 

of the appendix by scarification with a sharp 
needle introduced through the tip of the intact 

viscus, the point of entry being subsequently 
sutured by catgut. 

(/) Traumatization of mucous membrane 
followed by introduction of a living emulsion of 
streptococci into the lumen by a needle passed 
through the tip. 

((j) Introduction of a foreign body in the 
form of glass beads or large fruit seeds into the 
lumen of the appendix to observe the effect of 
intraluminal obstruction. These were intro- 
duced into tfie lumen by incising the root of 
the appendix and suturing the wall subsequent 
to the introduction by catgut. 

(h) Daily intravenous injections of emulsions 
of virulent streptococci isolated from the throat 
of patients suffering from acute tonsillitis. 
These injections were given daily into the 

marginal ear vein of the rabbit over' a period 
of 3 to 4 weeks, unless the animal died earlier, 
after which the appendix was removed for 

histological examination. 
The concentration of the bacterial suspension 

was estimated by the comparative opacity tube 
method. The doses varied between 200 and 
600 millions/c.c. 

Hsemolytic streptococci and Str. viridans were 
employed. 

(i) Observations as under (h) in animals with 

appendices which had been traumatized. 
Operations exposing the appendix were done 

with aseptic precautions and under local pro- 
caine* infiltration ana3sthesia. The abdominal 

wound was closed in layers with catgut and 
sealed with collodion. The animals recovered 

* We do not like this name which, over the telephone 
sounds like ' cocaine ' while 1 novocaine ' does not. See 
this journal, vol. 82, p. 499.?Editor, I.M.G. 

Fig. 1.?Normal appendix of rabbit in situ, 
(a) Appendix (3 to 4 inches). (b) Caecum, 

(c) Terminal ileum. (d) Colon. 

Fig. 1.?Normal appendix of rabbit in situ. 
(a) Appendix (3 to 4 inches). (6) Caecum, 

(c) Terminal ileum. (d) Colon. 

Fig. 2 Fig. 3. rig' u. 

Acute appendicitis following complete obstruction by encircling ligature of root 
( S1^e ?f ligature). Adherent and inflamed appendix in each case. 

Fig. 2. Fig. 3. 
Acute appendicitis following complete obstruction by encircling ligature of root 

( X ?site of ligature). Adherent and inflamed appendix in each case. 
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after the operations surprisingly well and 

operative mortality was very low. Except for 
two animals which developed a ventral hernia 

the others fared very well. Special procedures 
adopted in some experiments have been men- 

tioned already. The rectal temperature of the 
animals was recorded and after a period of three 

weeks to a month the appendix was removed for 
histological examinations, unless the animal had 
died already of acute appendicular inflammation 

and peritonitis. A post-mortem examination was 
done on the animals which died. 

Observations 

(a) Complete obstruction of the lumen of the 
appendix plays the most significant role in the 
causation of acute appendicitis. The obstruc- 
tion may be either by a simple ligature of the 
root of the appendix or by a large foreign body 
introduced into its lumen. All the animals died 
of acute appendicitis (figures 2, 3, 4 and 5). 

(b) If the obstruction of the lumen was 

partial', in spite of a similar degree of trauma 
produced by the ligature, as in animals with 
complete obstruction of the lumen of the 
appendix, no inflammation followed (figures 6 
and 7). 

Fig. 4. Fig. 5. 
Acute appendicitis following obstruction by a large foreign body impacted 

in the lumen (?X'?impacted foreign body has been exposed). 

Fig. 4. Fig. 5. 
Acute appendicitis following obstruction by a large foreign body impacted 

in the lumen ('X'?impacted foreign body has been exposed). 

tA.) 

Bw&BjgiE_ 
Fig. 6.?Partial obstruction 

_ 
of 

the appendix, no inflammation, 
(a) Probe shows patency of 

lumen. (6) Ligature site. 

Fig. 6,?Partial obstruction 
_ 

of 

the appendix, no inflammation, 
(a) Probe shows patency of 

lumen. (6) Ligature site. 

Fig. 7.?Hoot of appendix (figure G) viewed end 
on. (a) Ligatured part. (b) Semilunar patent 

lumen. 

Fig. 7.?Root of appendix (figure C) viewed end 
on. (a) Ligatured part. (b) Semilunar patent 

lumen. 
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(c) Almost all the animals with complete 
ligature or obstruction showed a rising rectal 

temperature (104 to 105?F.). 
Another significant feature observed was that 

all these animals developed diarrhoea before 

death. 
(d) Trauma to the mucous membrane is not 

an essential factor in the genesis of acute 

appendicitis in addition to obstruction. All my 
experimental animals with ligature (complete 
obstruction without trauma to mucous mem- 

brane) developed acute appendicitis. I am not 
in agreement with the statement of Wells (1937) 
that trauma and obstruction produce appendi- 
citis while obstruction alone produces a mucocele. 

(e) A mucocele or more exactly pyocele of 
the appendix developed in those animals only in 
which there was a ligature of the lumen of the 
appendix and an associated obstruction of the 
venous return produced by ligature of the 
appendicular vein. The element of vascular 
stasis in the appendix in addition to complete 
obstruction of the lumen is necessary for the 

development of a mucocele (figures 8 and 9). 
(/) Abnormal kinks or twists of the appendix 

cause no inflammation (figure 10). 
(g) Trauma to the mucous membrane of the 

appendix by itself or with intraluminal intro- 
duction of living emulsions of Str. hcemolyticus or 
Str. viridans. (Doses 1,500 to 2,000 millions/c.c. 
from the throats of patients suffering from acute 
tonsillitis produce no inflammation in the 
rabbit's appendix.) 

(h) Intravenous injections of living emulsions 
(100 to 600 millions) daily for over 30 days of 
the same bacteria, in normal rabbits, or those 
with local trauma to the appendix produce no 
inflammation in that viscus. The rabbit appears 
to be immune to these organisms. Except for 
a rise in temperature no other abnormality was 
observed. 

(?) The rabbit's appendix possesses an active 
peristaltic movement capable of expelling small 

foreign bodies into the csecum. All animals in 
whom the foreign body was large enough to 

Fig. 8. Fig. 9. 
Mucocele of the appendix ('X'?site of ligature of root and appendicular vein). 

Fig. 8. Fig. 9. 
Mucocele of the appendix (' X'?site of ligature of root and appendicular vein). 

Fig. 10.?Kinked appendix. Fig. 10.?Kinked appendix. 
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produce complete obstruction developed acute 
appendicitis (figure 11). 

(;) Histological examination of the rabbit's 
normal appendix shows that it resembles the 
human appendix except for the following 
histological differences (figures 12 and 13, plate 
XXVIII) :? 

1. There is no well defined muscularis 
mucosae coat. 

2. The submucosa consists of a diffuse mass 
of lymphoid tissue without the formation of 
isolated lymph follicles as in the human 

appendix. 
3. The muscle coat is a very thin layer. 
(/c) Histology of diseased rabbit's appendix 

resembled that of human appendicitis in the 

following details :? 

1. Necrosis of mucous membrane, atrophy 
of lymphoid tissue in the submucosa, and 
formation of a thick inflammatory exudate 

involving the muscle and serous coats (figures 
14, 15, 16 and 17, plate XXVIII). 

2. Localized crushed trauma to the appendix 
produces a histological picture indistinguishable 
from chronic appendicitis in human beings 
(figures 18, 19, 20, 21, 22 and 23, plate XXIX). 

{I) The bacterial flora of the rabbit's appendix 
is similar to the flora in the human appendix. 
The following organisms were found on culture : 

Ps. pyocyaneus, B. coli, B. subtilis, and Claus- 
tridium group. 

(m) I have come to believe that in the 

genesis of acute appendicitis obstruction is the 
all important factor, and that the enterogenous 
organisms of the appendix are the ones that set 
up inflammation. 

(n) Although the genesis of acute appendi- 
citis is apparent the cause of chronic appendi- 
citis is etill obscure. 

Discussion ????? ? L -- 

My observations, to some extent similar to 
those of Wells in support of the enterogenous 
origin of acute appendicitis as a result of 
obstruction, are as follows:? 

1. I agree with his conclusion that, in the 
rabbit, injection of living bacteria, damage to 
the mucosa, partial cutting off of the blood 

supply, or partial obstruction of the lumen alone 
have no effect on the appendix. 

2. He mentions that obstruction of the 
lumen of the appendix by a foreign body has 
no effect on the appendix. This may be true 
for small foreign bodies about \ inch in diameter 
but all the animals in which I introduced larger 
bodies, i.e., over \ inch diameter, developed 
acute appendicitis with a mortality of 100 per 
cent. 

3. Wells refers to the fact that ligature of the 
appendicular artery and vein and mesoappendix 
produces gangrene in the rabbit's appendix but 
this was not observed by me. There is such a 

profuse anastomosis among the vessels of the 
ileum, ascending colon and the appendix that 
the mere ligature of the appendicular vessels 
and mesoappendix is not sufficient to produce 
gangrene. The element of vascular occlusion was 
experimented on to test the ingenious hypothesis 
put forward by G. Ricker who advocated that 
appendicitis is primarily due to vascular dis- 
turbances of the organ brought about by reflex 
irritation of their nerves, a process akin to the 
' chill' mechanism of respiratory disorders. In 
severe cases Ricker contended that the vascular 
disturbance is sufficiently intense to cause 

necrosis or infarction of the tissues which then 
become invaded by microbes from the lumen. 
This hypothesis as quoted by Aschoff (1932) in 
his book on appendicitis finds no support from 
my experimental results. Ligature of the 
vessels also includes the perivascular sympathetic 
nerve plexuses but in none of the animals was 
there any pathological response observed in the 
appendix. Aschoff himself, however, disagrees 
with such a hypothesis. He denies that a 

vascular disturbance is the primary lesion. He 
believes that such changes are secondary to a 

bacterial invasion of the surface of the mucosa. 
4. Wells states that simple ligature of the 

root of^ the appendix produces mucocele of the 
appendix, and acute appendicitis follows only 
when^ the mucosa is traumatized either by 
crushing or scratching with a sharp needle in 
an appendix whose lumen has been occluded. 
For acute appendicitis to develop Wells 

emphasizes two elements, obstruction and break 
in mucosal barrier. My experimental results 

however do not agree with Wells' conclusions. 
I found that simple ligature of the root of the 
appendix alone caused acute appendicitis in 

100 per cent of the animals. The factor of 

trauma to mucous membrane was unnecessary. 
I thought that a ligature may by itself damage 
the mucosa; and so in a set of animals I tied 

Fig. 11.?All four glass beads were passed 
out of the appendix lumen. 

Fig. 11.?All four glass beads were passed 
out of the appendix lumen. 
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the ligature very gently, but in these too the 
result was acute appendicitis and not mucocele. 

5. I however found that of those animals 
whose appendix root had been ligatured, and the 
appendicular vessels had also been included in 
the ligature 60 per cent developed a distended 
appendix (mucocele). The contents were 

mucoid matter and pus cells (hence strictly 
speaking pyocele of appendix, a result of acute 

inflammation). Mucocele in the strict sense 

was not produced in any of the animals observed 
by me. Perhaps the ligature had produced 
obstruction only of the venous return leaving 
an intact arterial flow with a higher blood 

pressure and this caused congestion and increased 
secretion by the mucous glands. In order to 

prove this in a set of animals I tied the root of 
the appendix and carefully ligated the appendi- 
cular vein leaving the artery untied, and I 
found that the majority of these animals 

developed a distended appendix, Hence in my 
opinion the element of venous obstruction 

plus complete occlusion of appendix lumen is 
essential for the development of distended 

appendix resembling a mucocele. In my 
experiments I failed to produce giant mucoceles 
as stated by Wells or mucoceles in the true 
sense. 

6. I agree with Wells that the hsematogenous 
hypothesis advocated by Rosenow (1915) and by 
Poynton and Paine (1911) has no support from 
the experimental results on rabbit; at least by 
using doses of bacteria which would certainly 
be dangerous to the human subject. Extremely 
concentrated bacterial emulsions were not tried. 

7. The hypothesis put forward by Wangen- 
steen (1937) and his co-workers demonstrating 
the secretory function of the appendix is 

supported from my experimental results. 
8. My experimental findings are in agree- 

ment with the enterogenous hypothesis advocated 
by Aschoff (1933) as far as the aetiology of 
acute appendicitis is concerned. The actual 
infection of the mucosa is, Aschoff holds, 
independent of any trauma; it occurs, for 

example, distal to and not in the immediate 

neighbourhood of a focus of obstruction. It 
seems to be due to an increase of virulence of 
the bacteria normally present in the lumen. 
How this increase of virulence is brought about 
is quite uncertain, but it depends largely on 

stagnation of contents. It may be pointed out 
here that Aschoff attributes stasis only as the 
all important factor and does not think that a 
break in mucosal barrier as contended by Wells 
to be necessary in the causation of acute 

appendicitis. 
The aetiology of chronic appendicitis is still 

obscure. I have been unable to produce this 

experimentally and the literature on this subject 
is also very scanty. Whether this is due to 

enterogenous infection, or of haematogenous 
origin, one cannot say with conviction. It is 
this aspect of the disease that shakes the 

foundations of both the ardent enterogenous and 
rather out of date hematogenous schools. 

Summary 
1. A brief review of the various hypotheses 

about the aetiology of appendicitis is given. 
2. Experimental observations were made on 

fifty young adult rabbits. The main experi- 
mental findings with illustrations are given. 

3. There was no evidence found to support 
the hsematogenous origin of acute appendicitis. 

4. Acute appendicitis is undoubtedly due to 
complete obstruction of the lumen of the 
appendix either by a constricting ligature or 

large foreign body. Mucosal damage is not a 

necessary factor. 
5. The organisms cultured from diseased 

appendices of rabbits were similar to those of 
normal appendices showing that infection is 
intrinsic in origin. 

6. A histological picture identical to chronic 
appendicitis in the human being was produced 
by a crushing trauma to the appendix localized 
only to the site of injury. 

7. Unusual bends or twists of the appendix, 
repeated daily intravenous or intraluminal 

injections, of living and virulent streptococci, over 
a duration of a month in some instances, pro- 
duced no gross or microscopic lesions confined to 
the appendix. The rabbit appears to be quite 
immune to haemolytic streptococci isolated from 
the throats of patients suffering from an acute 
streptococcal infection. 

8. Although the aetiology of acute appendi- 
citis is proved to be obstruction, the aetiology 
of chronic appendicitis is still uncertain. 

EXPLANATION OF PLATE XXVIII 

Figs. 12 and 13.?Normal rabbit's appendix. 
(?) Mucosa. 
(?) Submucosa. 
(c) Muscle and serosa. 

Fig. 14.?Acute appendicitis due to obstruction. 
(a) Necrosed mucosa and atrophy of sub- 

mucosa. 

(b) Serous coat infiltrated with fibrin and 
leucocytes. 

Fig. 15.?Acute appendicitis obstructive. 
Fig. 16.?Magnified area (A), figure 15, shows necrosis 

and cellular infiltration of mucous membrane. 

Fig. 17.?Magnified area (B>, figure 15, shows poly- 
morphonuclear infiltration of serous coat. 

EXPLANATION OF PLATE XXIX 

Fig. 18.?Crushed areas of appendix (X) with a htemo- 
stat. Localized areas of chronic inflammation. 

Fig. 19.?Crushed area of appendix (A) shows atrophy 
of mucosa, fibrosis in submucosa, muscle and 
serosa. 

Fig. 20.?Area (1), figure 19, magnified shows atrophy 
of mucosa, cellularity and vascularity of sub- 
mucosa, eosinophils present. (X) Submucosal 
vessel shows medial hyperplasia. 

Fig. 21.?Area (2), figure 19, shows fibrosis and cellu- 
larity of submucosa. (X) Submucosal vessel 
shows medial hyperplasia. 

Fig. 22.?Area (3), figure 19, shows fibrosis, cellularity 
of serous and muscle coats. 

Fig. 23.?Normal serous and muscle coats in 
comparison. 
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