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Elastic vascular sclerosis of mesenteric blood
vessels in argentaffin carcinoma

P. P. ANTHONY' AND R. A. B. DRURY
From the Bland-Sutton Institute ofPathology, Middlesex Hospital, London, and the Central Middlesex
Hospital, London

SYNOPSIS Argentaffin carcinoma (carcinoid tumour) of the ileum has been found to be
associated with ischaemic ileal necrosis due to elastic sclerosis of the mesenteric blood vessels.
This vascular change was present in 17 out of 25 ileal tumours, all of them invasive, but was
absent in 75 appendicular, rectal, and other carcinoids. The pathology is described and essential
points of difference are noted from the cardiovascular changes in the carcinoid syndrome.
This elastic vascular sclerosis may be due to a product of the tumour and constitute an addi-
tional component of the complex range of changes that makes up 'the carcinoid spectrum'.

Necropsy experience with 10 cases of ileal argen-
taffin carcinoma (carcinoid tumour) revealed four
in which ischaemic necrosis of the tumour-bearing
segment of intestine had resulted. The mesenteric
blood vessels were found to be narrowed by
massive proliferation of elastic tissue, mainly in
the adventitia. In three cases death was directly
attributable to peritonitis caused by this com-
plication. Similar vascular changes were present
in a further three cases, two of which showed
evidence of impaired blood supply. This obser-
vation has prompted a retrospective study of the
regional blood vessels in argentaffin carcinoma
which confirmed the relatively frequent, though
hitherto overlooked, occurrence of this vascular
lesion. It was found to be present in ileal tumours
only and the implications of this distribution on
pathogenesis are discussed.

Miterial

Histological material from 100 cases of argen-
taffin carcinoma was reviewed. Ten of these were
necropsy cases and 90 were surgical specimens.
All occurred in the 12-year period from 1956 to
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1968 and were retrieved from the files of the
Central Middlesex Hospital, London, the Bland-
Sutton Institute of Pathology, Middlesex Hos-
pital, London, and St Mark's Hospital, London.
The 10 necropsy cases were all ileal tumours and
had constituted the original series on which the
observation of elastic vascular sclerosis was first
made. One of these has already been reported as
a case of carcinoid heart disease affecting both
sides of the heart (Wolfe, Davies, Mathias, and
Schachter, 1960). Table I shows the distribution
of these 100 cases by site.

Sections were stained with haematoxylin-eosin
and, where appropriate, van Gieson's fluid com-
bined with Weigert's or Sheridan's elastic stains.
The argentaffin and diazo reactions were available
in the majority of cases. Clinical and pathological
data were obtained from the case records and the
departmental files.

Particular attention was paid to blood vessels
both in or near the tumour and away from it,

Site Number

Appendix 45
Ileum 25 (I in Meckel's diverticulum)
Rectum 25 ( in pre-sacral teratoma)
Ovary 2 (both in teratomas)
Lung 2
Stomach 1

Table I Distribution of 100 cases of argentaffin
carcinoma by site
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these being labelled 'near' and 'distant'. Near
blood vessels were present in all cases. Distant,
ie, mesenteric blood vessels, were available in
20 out of 25 ileal tumours and in two cases of
appendiceal tumours where right hemicolectomy
had been carried out. The superior haemorrhoidal
vessels were available in five rectal tumours
treated by abdomino-perineal resection. Distant
vessels were available also in the ovarian and
pulmonary tumours. In all, the state of distant
blood vessels could be reviewed in 31 cases, 20
of them ileal. Sections of ileum away from the
tumour were available in 13 cases. These were
stained with Perls' stain for the presence of free
iron (Prussian blue reaction).

Results

Meaningful observations could be made in the
appendiceal, ileal, and rectal tumours, the rest
being a small number only. The following refers
to these three main groups.

AGE WHEN FIRST SEEN
This varied from 14 years (appendix) to 83 years
(ileum), the average for the whole series being
53 years. The range in the case of tumours of the
appendix was 14 to 58 years (average 29), of
the ileum 27 to 83 years (average 62), and of the
rectum 24 to 69 years (average 46). There was thus
a tendency for tumours of the appendix to occur
in young people and those of the ileum in the
elderly, whilst those of the rectum presented most
frequently in middle age. This distribution agrees
with that reported in the world literature (Davies,
1959).

SEX

The overall ratio of males (43) to females (57)
was nearly equal: 1 to 1-3. A difference became
apparent when the three main groups by site were
compared, theratio then being 1 to2-5 for tumours
of the appendix, 1 to 1 11 for those of the ileum,
and 3 to 2 for the rectum. There was thus a ten-
dency for appendiceal tumours to be commoner
in females and rectal tumours in males, ileal
tumours occurring equally between the sexes.
Again, this agrees with data collected from the
world literature (Davies, 1959).

CLINICAL PRESENTATION

Appendix
Forty of the 45 cases presented with symptoms
variously described as typical attacks of appen-
dicitis, 'grumbling' appendix, or appendicular
colic. Definite inflammatory changes were found
in 12.

Elastic Vascular Sclerosis
Tumour Intestinal Necrosis

Present Absent

Ileum 17 8 5
Appendix - 45 -

Rectum - 25 -
Ovary - 2 -

Lung - 2 -

Stomach - I -

Table II Presence of elastic vascular sclerosis by site
of tumour and association with intestinal necrosis

Ileum
Twelve presented with small intestinal obstruction,
five with peritonitis due to gangrene of the ileum,
two with symptoms and signs of the carcinoid
syndrome, one with an inflamed Meckel's diver-
ticulum, and one with intussusception. The
tumour was an incidental finding in four.

Rectum
All cases presented with a variable combination
of bleeding, discomfort, and diarrhoea.

HISTOLOGY OF THE TUMOUR
The histological features of these tumours con-
formed to the usual patterns. The ileal and
appendiceal tumours were of the classical type
made up of solid masses and cords of epithelial
cells of uniform appearance. The appendiceal
tumours were usually both argentaffin and diazo
positive, the ileal tumours (some of which were
from necropsies and were not fixed fresh) less
frequently so. Most of the rectal tumours were of
the non-classical, 'atypical' type, forming ribbons,
lace-like patterns, and tubules as described by
Morson (1962), and with few exceptions were
argentaffin and diazo negative. The ileal tumours
were the most deeply invasive, but the appendiceal
and rectal carcinoids showed local infiltration of
the muscle coat. The true nature of all except
four had been recognized by their characteristic
structure at the time of the first histological
report; unexpectedly long survival was the reason
leading to review of these four cases and the sub-
sequent diagnosis of argentaffin carcinoma.

PATHOLOGY OF ELASTIC VASCULAR
SCLEROSIS
Small blood vessels in or near the primary
tumour ('near' vessels) were always normal,
except for a slight condensation of adventitial
elastica that was occasionally observed in some
cases.

Table II shows the incidence of elastic vas-
cular sclerosis in 'distant' vessels by site of the
primary tumour. It was found to be present in
and around the mesenteric blood vessels in 17 of
the 25 cases of ileal carcinoid tumour, or, if only
those tumours where 'distant' vessels were
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Fig. 1 A mesenteric nodule in which blood vessels
show darkly staining elastic thickening of their walls
(elastic van Gieson, x 4).

available are considered, in 17 out of 20 cases.
Segmental necrosis of the ileum was present in
five ileal tumours, in one of which the mesenteric
blood vessels were normal. No vascular changes
were seen in association with tumours arising at
any other site. Macroscopically this elastic vas-

cular sclerosis was hidden in all but one case by
mesenteric fibrosis, retraction, and kinking that
was associated with local spread of the tumour.
In the one case where no such mesenteric dis-
tortion had occurred, the tangle of sclerotic
vessels stood out in the mesentery as a nodular,
hard, partly calcified mass of cartilaginous con-
sistency (Figure 1).

Microscopically a thick mantle of adventitial
elastic tissue was found to envelop the involved
blood vessels (Figure 2). In a routine haematoxy-
hn eosin preparation this presented as an eosino-
philic, glassy, slightly refractile mass that could
easily be mistaken for hyalinized collagen (Figure
3). In most cases proliferation of similar material
was also seen in the intima and in some, a fine,
web-like network of fibres obliterated the lumen
(Figure 4). The true nature of this lesion was not
evident until special stains were applied when it
was clearly seen that this accumulation of fibrous
tissue was made up of elastica only, collagen being
no part of it (Figure 5). Both arteries and veins
(Figure 6) appeared involved with their internal
elastic laminae remaining quite distinct. Infiltra-
tion of surrounding mesenteric soft tissue by
argentaffin carcinoma was present in all but the

Elastic 'Vascular Sclerosis
Stage ofSpread Intestinal

Present Absent Necrosis

I Tumour localized to
bowel wall 0 5 1

II Tumourspread to
mesenteryand lymph
nodes 7 1 2

III Tumour with
mesenteric spread
plus distant
metastases 10 2 2

Total 17 8 5

Table III Relationship of elastic vascular sclerosis
and intestinal necrosis to stage ofspread in ileal tumours

one case already mentioned. Bundles of elastic
fibres were often seen in relation to groups of
tumour cells (Fig. 7), becoming denser around
small arteries, veins, and, apparently, lymphatics
(Figure 8). This sclerotic process resulted in
narrowing of these vessels which appeared to be
the cause of ischaemic necrosis of the related
segment of ileum in four patients, of whom three
died as a result of peritonitis. In a fifth patient
gangrene of the ileum occurred in association with
a carcinoid tumour that did not invade the mesen-
tery and no vascular changes were found.

RELATIONSHIP OF ELASTIC VASCULAR
SCLEROSIS TO STAGE OF TUMOUR SPREAD
Table III shows that the presence of this vascular
lesion was clearly related to the stage of advance-
ment of the malignant process. Only ileal tumours
have been considered, since blood vessel changes
were present in these only. In all 17 cases
associated with elastic vascular sclerosis the
tumour had spread to the mesentery and/or to
distant sites whereas in five out ofeight cases with-
out elastic vascular sclerosis the tumour was still
confined to the bowel wall. In four out of the five
cases associated with small intestinal gangrene,
tumour spread was similarly present in both the
mesentery and in distant organs. In the fifth case
of gangrene with apparently normal blood vessels
there was no tumour spread. It would seem that
local spread of the tumour into the mesentery is
almost invariably associated with elastic sclerosis
of blood vessels.

PRESENCE OF FREE IRON
Sections of the bowel wall away from tumour
were available in 13 cases of ileal argentaffin
carcinoma. Four of these showed the presence of
free iron in macrophages in and around the bowel
wall. Considerable amounts were present in two
cases. Patchy haemorrhagic necrosis of the
mucosa was seen in one, extending down to the
level of the muscularis and was associated with
fibrosis of the wall. The other showed submucous
and mesenteric fibrosis. In this latter case rupture
of the anastomosis followed resection of the
tumour-bearing segment of ileum.
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Fig. 2

I

Fig. 2 Mesenteric elastic vascular sclerosis with a
thick mantle of adventitial elastic tissue (elastic van
Gieson, x 50).

Fig. 3 A mesenteric artery surrounded by a thick
layer of refractile fibrillary material (haematoxylin
and eosin, x 120).

Fig. 4 (page 114) A thickened mesenteric artery
with a fine, fibrillary obliteration of the lumen at top
right (haematoxylin and eosin, x 120).

Fig. 5 (page 114) The adventitial accumulation
of elastic tissue is clearly shown by special staining
(elastic van Gieson, x 120).
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Fig. 4

Fig. 5
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Fig. 6 Elastic vascular sclerosis involving an artery
(left) and vein (right) (elastic van Gieson, x 60).

Fig. 7 Darkly staining elastic tissue around islands
of tamour cells in the mesentery (elastic van Gieson,
x 160).
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Fig. 8 Local deposition of elastic tissue is particularly
marked around small blood vessels and lymphatics in
close relationship to islands of tumour cells (elastic
van Gieson, x 200).

Discussion

Carcinoid tumours arise from the cells of Kult-
schitzky in practically any tissue or organ that
derives from primitive endoderm. Williams and
Sandler (1963) suggested a classification based on
anatomical distribution: tumours of lung,
stomach, and pancreas being those of foregut,
tumours of appendix and ileum of midgut, and
tumours of colon and rectum of hindgut origin.
This classification is supported by a difference in
the pattern of substances that may be secreted by
these tumours: foregut carcinoids secrete 5
hydroxytryptophan (5 HTP) and histamine as
well as 5 hydroxytryptamine (5 HT), midgut
carcinoids produce mainly 5 HT, and hindgut
carcinoids practically never have any secretory
activity.

At one time it was thought possible to explain
all the manifestations of the carcinoid syndrome
in terms of the pharmacology of these substances
alone, but this belief has been slowly eroded in
recent years. Kinins, notably bradykinin, have
come to occupy the star role (Oates, Melmon,
Sjoerdsma, Gillespie, and Mason, 1964) though
currently efforts are being made to reconcile these
differing trends, and a possible synergistic action
of 5 HT and bradykinin is being postulated
(Lancet, 1968).
The anatomical lesions of the carcinoid syn-

drome, notably those of the heart, have been
extensively studied (Roberts and Sjoerdsma,
1964). These consist of accumulations of young
fibrous tissue in the endocardium internal to the
elastic lamina that are purely collagenous in
nature. Similar changes may be seen in the great
vessels. Collagenous fibrosis of the mesentery is
frequently present in association with tumours of
the small intestine and causes obstruction by
retraction and kinking, a complication known to
surgeons for many years (Cooke, 1931; Grimes
and Bell, 1949; Moertel, Sauer, Dockerty, and
Baggenstoss, 1961). None of these changes, how-
ever, could be related with any consistency to
raised blood or tumour levels of any of the sub-
stances referred to above. Neither have attempts
been successful at reproducing the cardiac lesion
of the carcinoid syndrome in the experimental
animal even when injecting 5 HT into rats in
doses of 16 mg/kg up to as long as 353 days
(MacDonald, Robbins, and Mallory, 1958).
Fibrosis in the guinea-pig heart has been pro-
duced by feeding them a plantain diet rich in 5 HT
(McKinney and Crawford, 1965) but the lesions
produced differed from those of the carcinoid
syndrome. Kinins are known to alter vascular
permeability (Holdstock, Mathias, and Schachter,
1957) and they may play a part in inducing pro-
liferation of fibrous tissue by allowing plasma
proteins to seep into the tissues of the endo-
cardium, but this remains a theoretical possibility
only.
No attention has so far been paid to the state of

blood vessels draining or supplying ileal car-
cinoid tumours, though the occurrence of
ischaemic necrosis of the small intestine has been
noted from time to time. Moertel et al (1961) and
later Dockerty (1963), in separate reviews of the
same series of 209 cases of small intestinal car-
cinoid tumours seen at the Mayo Clinic over 50
years, recorded four patients who presented with
this complication. This, in the words of the former
authors, was due to 'involvement of the superior
mesenteric artery in a large mass of mesenteric
tumour'. No histology was offered in support of
this statement. Three of these four died of peri-
tonitis. Kowlessar, Law, and Sleisinger (1959)
reported a patient with the malabsorption syn-
drome associated with metastatic carcinoid
tumour who also happened to develop, as the
case history recorded, small intestinal gangrene
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in the course of this disease. This they ascribed
to 'numerous metastatic nodules, one of which
caused obstruction to the venous drainage of the
compromised bowel'. There was again no
histology. Finally, Mallory (1940) noted the
presence of sclerotic, calcified nodules in the
mesentery associated with metastatic carcinoid
tumours which were still present many years after
resection of the primary. In view of the known
affinity of elastic tissue for calcium, this obser-
vation may have been the earliest relating to
elastic vascular sclerosis.

This vascular lesion differs in two important
respects from those already well known to occur
in the carcinoid syndrome. First, it is made up of
elastic tissue only, as opposed to the collagenous
endocardial deposits in carcinoid heart disease.
Secondly, this elastic tissue is laid down mainly
in the adventitia of affected vessels, unlike col-
lagenous fibrous tissue that accumulates in the
endocardium and the intima of great vessels
arising from the heart. Thus both the nature and
the distribution of the tissue changes are different.

In any abnormal proliferation of 'elastic tissue'
it may be impossible to distinguish between true
elastin and elastotic degeneration of collagen.
This limitation is recognized, and although
Gillman, Penn, Bronks, and Roux (1955) suggested
that histological techniques, especially phospho-
tungstic acid haematoxylin, could help in separat-
ing the two, it is not normally possible to do so,
even with histochemistry (Mackenzie, Wilson,
and Cooke, 1968) or electron microscopy (Tighe,
Clarke, and Turvey, 1968).
The clinical significance of this vascular lesion

is shown by the occurrence, in four patients, of
ischaemic necrosis of the related length of small
intestine which resulted in the death of three of
them (Anthony, 1970). It is also of interest to
note that in a further four cases deposits of free
iron were found in the bowel wall away from the
tumour, and this was associated with patchy
mucosal necrosis and fibrosis extending through
the muscularis in at least two cases. In one of
these resection was followed by breakdown of the
anastomosis. These histological changes are
similar to those described in the colon in ischaemic
colitis (Marston, Pheils, Thomas, and Morson,
1966), and represent ischaemic ileitis due to
elastic vascular sclerosis.

It is suggested that this lesion may be directly
attributable to a substance or substances, possibly
unrecognized, produced by argentaffin carcinoma.
The list of these is constantly growing, prosta-
glandins having been added recently (Sandler,
Karim, and Williams, 1968). The present study
of 100 cases of this tumour was largely under-
taken with a view to finding circumstantial
evidence for this contention. It has been seen that
in 31 cases where adequate material was available
for the study of blood vessels, both near and away
from the tumour, elastic vascular sclerosis was
only found in association with ileal carcinoids,

which frequently show evidence of secretory
activity. Table II shows that vascular changes
were present in 17 out of 25 patients, in four of
whom ischaemic necrosis of the ileum developed,
three dying as a result. The one patient in whom
gangrene was apparently associated with normal
blood vessels is exceptional. Amongst the 25
cases of ileal carcinoid there were two cases of
carcinoid syndrome and evidence of increased
secretion of 5 HT was found in a further three,
all of which showed vascular lesions. In the re-
mainder no biochemical investigations of tumour
secretory activity were done but in five cases
symptoms had been present, such as longstanding
and apparently unexplained diarrhoea, that
might have been due to secretory activity. Further
support comes from the fact that vascular changes
were not associated with tumours at other sites,
namely appendix or rectum, neither of which are
known, with very few exceptions, to be capable
of secretory activity. It must be added, however,
that only in two appendiceal andfiverectal tumours
were distant blood vessels available for study.

Since both arteries and veins appear to be
involved a simple 'downstream' effect cannot be
postulated, but it may be noted that proliferation
of elastic tissue is present around tumour cells
infiltrating the mesentery. This was not a con-
stant feature but suggests that, if this lesion is
caused by a substance produced by the tumour,
it may well be one that is released locally and
carried upwards via the lymphatics, and analysis
of lymph might prove rewarding. There was a
clear relationship, shown in Table III, between
the occurrence of vascular changes and tumour
spread to the mesentery, except in the one case
already referred to where neither was present
though gangrene of the tumour-bearing segment
of ileum did result. This one case brings to mind
the fact that 5 HT is known to be a powerful
constrictor of large arteries and veins (Haddy,
1960).
Two further possibilities regarding patho-

genesis may be considered. One, that this elastic
tissue proliferation is only an apparent one,
being due to condensation of elastic fibres nor-
mally present in the adventitia of large vessels,
such as those of the mesentery. Retraction
associated with fibrosis of the latter would then
produce a concertina-like effect, giving the
impression of an increase in amount. In one case
no such retraction was present, yet there was a
massive increase in elastica. Also, in other con-
ditions associated with such retraction of the
mesentery, such as retractile mesenteritis (Tedes-
chi and Botta, 1962), visceral Weber-Christian
disease, and retroperitoneal fibrosis, no such
effect has been described. Second, that this lesion
is due to the effect of slowly growing tumours in
general. Endarteritis obliterans may certainly be
seen in association with such tumours but this is
entirely different from the lesion described here.

It can be concluded that, although elastic
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vascular sclerosis cannot at present be explained
in terms of the known secretory activity of car-

cinoid tumours, it is nevertheless likely to be
related to it and that it may, therefore, be added
as a new feature to the already complex range

that makes up 'the carcinoid spectrum'.

We wish to thank Professor A. C. Thackray and Dr
B. C. Morson for making material available for study,
and Dr D. G. Grahame-Smith for helpful advice.
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