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Amyloid may cause widespread damage to the
gastrointestinal tract. Affection of blood vessels may
lead to infarction and perforation of the bowel
(Brody, Wertlake, and Laster, 1964; Akbarian and
Fenton, 1964) as well as to bleeding or loss of
protein into the lumen of the gut (Jarnum, 1965);
damage to the musculature or nervous elements may
cause marked alterations in motility (Gilat and
Spiro, to be published); and mucosal destruction
may lead to impaired absorption (Beddow and
Tilden, 1960). The presence of amyloid in a tissue
does not evoke an inflammatory response and damage is apparently caused by local replacement of
tissue. Knowledge of the anatomo-histological site
of amyloid deposition may, therefore, help in understanding and anticipating the clinical manifestations.
Perusal of reported cases of amyloidosis with gastrointestinal manifestations failed to reveal any pattern
or trend: the deposition of amyloid appeared to be
quite haphazard and unpredictable. The present
study was, therefore, initiated to study systematically
the site of amyloid deposition in the digestive tract
in a large number of cases.
Amyloid is an extracellular scleroprotein with a
characteristic fibrillar structure as seen by electron
microscopy (Cohen and Calkins, 1959; Gafni,
Merker, Shibolet, Sohar, and Heller, 1966). The
weight of recent evidence favours the thesis of local
production (Cchen, Gross, and Shirahama, 1965;
Gafni et al, 1966) apparently by reticuloendothelial
cells (Cohen, 1967). The detection and localization
of amyloid in histological sections has been much
facilitated by the use of polarized light. When Congo
red-stained sections are viewed with the polarizing
microscope amyloid exhibits a typical green birefringence which allows of the detection of even
minute amounts of amyloid as well as its exact
localization in various histological structures (Ravid,
Gafni, Sohar, and Missmahl, 1967).

tract was found to be affected form the material of this
study (Table I). Two cases (one multiple myeloma, one

TABLE I
CASE MATERIAL

Disease

No. of
Cases

Familial Mediterranean fever
Acquired (secondary) amyloidosis
(Hodgkin's disease 4, tuberculosis 4, bronchiectasis 3,
leprosy 3, rheumatoid arthritis 3, chronic pyelonephritis 1,
hypernephroma 1, regional enteritis 1, ulcerative colitis 1)
Primary amyloidosis
Multiple myeloma
Total

31
21

14
2

68

regional enteritis) form part of a previous study (Gilat
and Spiro, 1968). The rest of the case material was
collected from various medical centres in Israel, with
most of it coming from the Tel-Hashomer Hospital where
the genetic type of familial Mediterranean fever amyloidosis has been extensively studied (Sohar, Garni, Pras,
and Heller, 1967). Formalin-fixed, paraffin-embedded,
Congo-red-stained sections 7j, thick were examined by
light microscopy using ordinary and polarized light.
On examination attention was directed to the presence,
amount, and distribution of amyloid in mucosa,
muscularis mucosae, blood vessels, submucosa, muscularis, serosa, and myenteric plexus. The submucosal
plexus could not be reliably identified on Congo-redstained sections. Amyloid deposition was graded as
obvious or minimal, with the former including moderate
to massive deposits. In some sections changes due to
autolysis were present to a varying degree. This, however,
did not interfere with the localization of amyloid,
especially when polarized light was used.
RESULTS

Amyloid was found in submucosa and serosa only in
and around the walls of blood vessels. These two
structures have, therefore, been omitted from the
tables and graph. In all cases of this series amyloid
was found in blood vessels. Amyloid was detected in
blood vessels in all layers of the bowel wall but was
most apparent in the submucosa, probably because

MATERIALS AND METHODS

Postmortem material from 70 cases of amyloidosis was
examined, and the 68 cases in which the gastrointestinal
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of the large number of blood vessels in this layer.
In each case amyloid was deposited in blood vessels
exclusively in one of two ways: in the 'inner layer',
including intima and media, or in the 'outer layer',
including adventitia and media. This was most
obvious in arterioles due to the relative thickness of
media and least apparent in venules due to thinness
of media. Slightly larger arterioles and venules were
usually involved in the 'outer layer' type of deposition. Amyloid was found in capillaries only in the
'inner layer' type of deposition. The two types of
vascular involvement are illustrated in Figures 1
and 2.
In the cases where portions of all or most organs of
the gastrointestinal tract were available, it was
apparent that with some variations amyloid deposition in each case was qualitatively similar in all
organs. For example, if amyloid was found in the
mucosa and blood vessels of the stomach, it was
usually found in the same structures of the oesophagus and small and large bowel, although in some
of them it might be present in blood vessels only. If
it was in the inner layer of blood vessels in one organ,
it was found in the same layer in all other organs.
If muscularis and blood vessels were involved in one FIG. la. Arteriole in pericollagen amyloidosis. Amyloid
is seen in the adventitia and media; the intima is unaffected.
part of the digestive tract, blood vessels with or The
appears to be encased in a mass of amyloid.
without muscularis were involved in all other parts. Congovessel
red x 460.
In no case did we find only mucosal involvement in
one part of the gastrointestinal tract with only
muscular involvement in another part.
In the group of cases of familial Mediterranean
fever, amyloid was deposited in the inner layer of
blood vessels in all cases and in the mucosa in the
majority of these. There was no amyloid deposited
in the muscularis but the muscularis mucosae was
involved in some cases (Tables II and III). Amyloid
was deposited in the mucosa more frequently in the
small bowel than in the stomach and colon. When
TABLE II
AMYLOID DEPOSITION IN THE DIGESTIVE TRACT IN 68 CASES1
Disease
No. of Blood Vessels Mucosa Muscularis Muscularis
Cases
Mucosae
Inner Outer
Layer Layer

Familial
Mediterranean
fever
31
Secondary
21
amyloidosis
Primary
14
amyloidosis
Multiple
2
myeloma

16(4)'

31
21

13(1)
2

8(6)

-

14(3)

7(3)

2(3)

3(2)

9(4)

7(1)

1

2

(2)

'If amyloid was found in a layer in any part of the digestive tract the
layer is considered affected in this table.
'Numbers in parentheses represent cases with minimal deposition of
amyloid. Numbers without parentheses represent cases with obvious
deposition of amyloid.

FIG. lB. Same as Fig. Ja viewed with polarized light.
Light spots represent birefringent amyloid. The centralpart
of the vessel is free of amyloid.
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TABLE III
FIG. 2b. Same section as in Fig. 2a viewed with polarized

light.

the mucosa was involved in all three organs, deposits
of amyloid were usually more massive in the small
bowel. Amyloid deposited in the mucosa was mostly
in the region of the epithelial and glandular basement
membrane, within the connective tissue framework
of the lamina propria, and in association with
capillaries (Figs. 3 and 4). Mucosal architecture was
usually unaffected even in some cases with massive
deposits. In 'secondary' amyloidosis amyloid
deposition was very similar to that described in the
familial Mediterranean fever group. The only
difference was a moderate amount of amyloid
deposited in the muscularis in two out of 21 cases
and minimally in three (Tables II and III). In all
these cases amyloid was present in much larger
amounts in the mucosa.
In the group with 'primary' amyloidosis amyloid

AMYLOID DEPOSITION IN GASTROINTESTINAL ORGANS
Disease
No. of Blood Vessels Mucosa Muscularis Muscularis
Cases
Mucosae
Inner Outer

Stomach
Familial

Mediterranean
15
fever

Secondary
6
amyloidosis
Primary
amyloidosis and
multiple
6
myeloma

14(1)

2(3)'

3(3)

-

3(1)

1(2)

1(1)

2(1)

4(1)

4

12(5)
9(2)
12(2) 1 (1)

5(4)
5(1)
6(5)

8(1)

_

3(2)
6(3)

1(1)
2(4)

(1)

1 (1)

-

6

-

6

23
15

_

Small Bowel
23
15
14

1(1)

Colon
21
11
7

21
II

-

6(1)

(3)
6

'Numbers in parentheses represent cases with minimal deposition of
amyloid. Numbers without parentheses represent cases with obvious
deposition of amyloid.
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was present in blood vessels in all cases always in
the outer layer of the vessels. Parenchymal deposition
of amyloid was mainly in the muscular layers. The
muscularis mucosae was almost always involved and
the muscularis was involved in more than half the
cases, often quite massively. In some cases amyloid
was found in the mucosa, but in all of these cases it
was present to a much more marked degree in the
muscularis. In cases with minimal and moderate
involvement of muscular layers amyloid was seen
between and in close apposition to muscle fibres. In
massive deposits there were degenerative changes
in muscle fibres, muscle tissue being replaced by
amyloid. In some cases with heavy involvement
FIG. 2a. Arterioles in perireticulin amyloidosis. These most of the muscle layer was replaced by amyloid in
small arterioles consist mostly of intima and media and numerous places (Fig. 5).
the whole wall appears waxy and involved with amyloid.
In the two cases with multiple myeloma the disDue to lack of amyloid in and around adventitia the walls
of amyloid in the blood vessels and the
tribution
appear much less thickened and they are not surrounded by
a mass of amyloid as is seen in Figure 1. Congo red x 80. various layers of the bowel wall was almost identical
to that described for primary amyloidosis. Therefore,
these two groups are listed together in Table III.
Material from the oesophagus was available in only
nine cases and is not presented in tabular form. In
general, in each case the distribution of amyloid in
the various layers of the oesophageal wall followed
the pattern found in the other gastrointestinal organs.
Amyloid was found in the myenteric plexus in one
case of primary amyloidosis. In two cases of secondary amyloidosis with muscular involvement small
amounts of amyloid were found in the vicinity of the
myenteric plexus. It could not be determined
whether the plexus was actually involved.
100

FIG. 3.
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FIG. 4.

FIG. 3. Gastric mucosa (gastric gland
area) in perireticulin (familial

Mediterranean fever) amyloidosis. Note
normal mucosal architecture. The
presence of amyloid is not readily
apparent. Congo red x 120.
FIG. 4. Same mucosa viewed with
polarized light. Moderate amounts of
amyloid are apparent.
FIG. 5. Muscularis in pericollagen
(primary) amyloidosis. Amyloid replacing
portions of muscle in upper part of
figure. Note waxy appearance with
paucity of nuclei. Congo red x 100.

FIG. 5.
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DISCUSSION

Our data show two distinct modes of amyloid
deposition in the gut wall. In amyloidosis associated
with familial Mediterranean fever and in secondary
amyloidosis (group 1) amyloid always deposited
in the inner coat of small blood vessels. In primary
amyloidosis and amyloidosis associated with multiple
myeloma (group 2) amyloid is deposited in the
outer coat of small and medium sized blood vessels.
There was no case of overlap in the type of vascular
involvement between the two groups (Fig. 6).
Parenchymal deposition of amyloid in group was
mainly in the mucosa, while in group 2 it was mainly
in the muscularis. In no case of group 1 was amyloid
present only in the muscularis and in no case of
group 2 was it present only in the mucosa. In a few
cases with massive amyloid deposits in the mucosa
in group 1 there was some amyloid in the muscularis
and in a few cases with massive involvement of the
muscularis in group 2 there was some amyloid in
the mucosa. In both groups the muscularis mucosae
was involved, much more so in group 2.
Previous classifications of amyloidosis based on
is
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FIG. 6.

Amnyloid deposited in the gut wall.

organ involvement and staining characteristics of
amyloid were unsatisfactory and with marked
overlap between the groups. Heller, Missmahl,
Sohar, and Gafni (1964) divided all cases of amyloidosis into two groups, pericollagen and perireticulin, based mainly upon the mode of small
vessel involvement on histological examination.
Essentially, in perireticulin amyloidosis initial amyloid deposits are subintimal while in pericollagen
amyloidosis they are adventitial (Sohar, Merker,
Missmahl, Gafni, and Heller, 1967). These are the
respective sites of the maximal concentration of
reticulin and collagen fibres in the vessel. In each
type the distribution of amyloid outside blood
vessels is also along reticulin or collagen fibres. It
soon became apparent that with very few exceptions
all cases of amyloidosis of the same disease entity
belong to the same histological type. Perireticulin
amyloidosis was found mainly in the hereditary
form associated with familial Mediterranean fever
and in the acquired form of the secondary amyloidoses. Pericollagen amyloidosis was found mainly
in the hereditary and idiopathic forms of classical
primary amyloidosis (neuropathic or cardiopathic)
and in the acquired form associated with multiple
myeloma.
It is evident that our group 1 corresponds to
perireticulin amyloidosis and group 2 to pericollagen amyloidosis according to blood vessel
involvement. The diagnoses in our cases also fit this
classification. Involvement of muscuilar structures in
one group and basement membrane structures in the
mucosa in the other group is also in agreement with
the described parenchymal deposition of amyloid
in this classification. Our material does not include
some of the rarer types of amyloidosis.
Most large series of cases of amyloidosis reported
in the literature fail to give precise figures for
incidence and quantitative data on layer and organ
involvement in the digestive tract (Bero, 1957; Hallen
and Rudin, 1966). Some authors who give more
precise data describe findings which are in agreement
with our own. Symmers (1956), reviewing primary
amyloidosis, states that amyloid in the stomach and
intestines is laid down in and around blood vessels
and between muscle fibres. Dahlin (1949), in 15
cases of secondary amyloidosis involving the gastrointestinal tract, found only blood vessels affected in
six, whereas blood vessels and mucosa were involved
in the other nine cases. In 'some' there were small
deposits in the muscularis mucosae and muscularis.
The case reports of patients with amyloidosis
presenting with gastrointestinal symptoms are not
very numerous and give the impression that amyloid
deposition is very variable and haphazard. This
reflects lack of adequate criteria for classification.

Gut: first published as 10.1136/gut.10.2.98 on 1 February 1969. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

T. Gilat, M. Revach, and E. Sohar

102

Review of the literature in English yielded 37 cases
of amyloidosis involving the gastrointestinal tract
in which an adequate microscopic description of
amyloid deposited in the various layers was given.
Only cases with a postmortem examination and one
case with surgical material were included. Cases with
suction biopsies were not included as these do not
contain all layers of the bowel wall. The mode of
vascular involvement could not be determined from
these reports. We have, therefore, arranged the
cases according to the clinical diagnoses into pericollagen and perireticulin types. Twelve cases were
thus presumed to be of the perireticulin type
(Adlesberg and Schein, 1947; Jensen, Bargen, and
Baggenstoss, 1950; Bassett, Adams, Goldman, and
Fishkin, 1952; Golden, 1954; Mandelbaum and Bryk,
1955; Beddow and Tilden, 1960; Gelderman,
Levine, and Arndt, 1962; Targgart, Trump,
Lagunoff, and Eschbach, 1963; Shibolet and Gafni,
1964; Benedek and Zawadzki, 1966). In all of these
12 cases amyloid was found in blood vessels and in
10 in the mucosa also. In only one of them (Targgart
et al, 1963) was amyloid found in the muscularis of
the stomach, although not in that of the oesophagus
or small bowel. Blood vessels and mucosa were
involved in all three organs.
Twenty-five cases were presumed to be of the
pericollagen type (Randall, 1933; Pearson, Rice, and
Dickens, 1941; Golden, 1945; Findley and Adams,
1948; Andrade, 1952; Clausen, cited by Cooley,
1953; Cooley, 1953; Lubarsch, cited by Cooley, 1953;
Steinhaus, cited by Cooley, 1953; Golden, 1954;
Perloff, 1954; Shnider and Burka, 1955; Intriere and
Brown, 1956; Korelitz and Spindell, 1956; Heitzman,
Heitzman, and Elliott, 1962; Liske, Chou, and
Thompson, 1963; Akbarian and Fenton, 1964;
Brody et al, 1964; Massachusetts General Hospital
Case Records, 1964; Casad and Bocian, 1965;
French, Hall, Parish, and Smith, 1965; Long,
Mahony, and Jewell, 1965). Blood vessels were
involved in all these 25 cases and the muscularis in
22. There were only small deposits of amyloid in the
mucosa in four cases, in all of which the muscularis
was involved. In two cases the myenteric plexus was
involved.
These facts are in surprisingly good agreement
with our own and show that grouping cases of
amyloidosis according to the histological site of
deposition permits a meaningful classification.
In our study gastrointestinal tract involvement
was found in 68 of 70 cases of systemic amyloidosis.
This is a much higher proportion than usually
reported in the literature and is due probably to a
systematic search and better detection with the use
of polarized light. It follows that in almost all cases
of systemic amyloidosis the diagnosis can be made
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by biopsy of the digestive tract, provided that the
biopsy is deep enough to include the submucosa
(Green, Higgins, Brown, Hoffman, and Sommerville,
1961; Blum and Sohar, 1962; Cohen and Loery,
1963; Kyle, Spencer, and Dahlin, 1966).
Based upon the results of our own study and
supported by the reported review of the literature,
we may anticipate the histological type of digestive
tract involvement in the various entities of amyloidosis. The type of amyloidosis can be anticipated
according to the disease and ascertained by histological study of vascular involvement. Knowledge
of the anatomical and histological sites of amyloid
deposition may help in anticipating and understanding the clinical manifestations. Thus, impaired
motility may be more frequent in pericollagen
amyloidosis due to muscular damage, and malabsorption might be expected in some cases of perireticulin
amyloidosis with massive involvement of the mucosa.
SUMMARY

The histological distribution of amyloid in the
various organs of the gastrointestinal tract was
studied in 68 cases of systemic amyloidosis involving
the bowel. Two patterns of amyloid deposition were
found. In all cases amyloid was present in blood
vessels, mainly in the submucosa. In the secondary
amyloidoses and amyloidosis associated with familial
Mediterranean fever, amyloid was deposited in the
inner coat of small blood vessels, while parenchymal
deposition of amyloid was predominantly in the
mucosa. In primary amyloidosis and amyloidosis
associated with multiple myeloma, amyloid was
found in the outer coat of small and medium sized
blood vessels while parenchymal deposition was
predominantly in the muscle layers. These two
patterns correspond to the recent classification of
amyloidosis into perireticulin and pericollagen
types respectively. The literature was reviewed and
most reported cases were found to conform to these
same patterns.
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