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SEROTONIN AND THE CARCINOID SYNDROME 

History 

The past ten to fifteen years has brought about the 

widespread recognition of a relationship between a newly 

discovered biochemical substance, an unusual type of tumor 

which produces this substance and a group of symptoms which 

results in a peculiar syndrome - the malignant carcinoid 

syndrome. The literature dating back one and a half centuries 

is filled with reports of cases compatible with this syndrome 

but not recognized as s u ch until the 1950's. In 1808 Merling1 

recorded the first case of a tumor compatible with the carci

noid tumor and Langhans1 in 18 67 reported a case of a gastro

intestinal carcinoid tumor but failed to recognize it as such. 

Berger
1 in 1882 describe d a case of carcinoid of the appendix . 

In 1888 Lubarsch
2 

used t he te r m "little carcinoma" and gave 

the first detailed desc r iption of a case having multiple sub

mucosal carcinoids of t h e ileum with distant metastases, and 

in 1890 Ransom1 reported a similar case. Kultschitzky3 in 

1897 described chromaff i n cel l s in the intestine capable of 

reducing silver compound s. I n was in 1907 that Oberndorfer2 

coined the term "carcino id" t o differentiate between the 

malignant adenocarcinoma-like appearance but benign nature of 

this neoplasm from the more malignant behaving carcinomas of 

the bowel. Saltykow
2 

i n 1912 reported the first case of rectal 

carcinoid. Two y ear s later Gossett and Masson 2 in 1914 found 



histologic evidence wh i ch showed that carcinoid tumors arise 

from the Kultschitzky c el ls o f the intestinal epithelium. In 

1928 Masson and Martin
3 

applied the name argentaffinoma to 

this group of tumors since they had cytoplasmic granules in 

the cells which reduced silver salts . One of the first recog

nizable cases of the car cinoid syndrome, secondary to a rectal 

primary, was reported by Cassidy1 in 1930 although he did not 

recognize the syndrome as such . 

Ersparmer a nd Vialli
3 

i n 1933 began the work on a sub

stance which they called e nteramine, a nd in 1948 Rapport1 

d esignated the vasoconstrictor s ubstance, found to. be high in 

the serum of patients with carcinoid tumors, as serotonin. One 

year later the structural formula of 5-hydroxytryptamine was 

1 
proposed for this pressor substance. Ersparmer and Asero 

demonstrated that Kultschitzky cells secrete serotonin in 

1952. That same year Thorson et al4 reported a case with 

flushing, pulmonary stenosis and tricuspid insufficiency who 

at autopsy had a carcinoid tumor of the ileum with liver 

metastases. The following year, 1952, Lembeck
1 

reported the 

presence of excessive 5-hydroxytryptamine in carcinoid tumors 

and so established the probable relationship between serotonin 

1 
and the carcinoid syndrome reported by Thorson. In 1955 Page 

discovered that the urine of patients with the carcinoid syn

d~ome contained excess i ve amounts of 5-hydroxyindoleacetic 

acid. 
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Metabolism of Serotonin 

Serotonin {5-hydroxytryptamine or 5-HT) is a relatively 

newly discovered product of human protein biosynthesis, and it 

is now known that it is made f r om the parent amino acid trypto

phan. Tryptophan's primary role in intermediary metabolism is 

the production of nicotin ic acid (niacin). Under normal cir

cumstances only 1 per cent of this absorbed amino acid is con

verted to serotonin along a secondary pathway in tryptophan 

metabolism (Figure 1). 

Serotonin synthes is begins with the hydroxylation of 

tryptophan to 5-hydroxytryptophan (5HTP) by a hydroxylating 

enzyme known to be present in the liver and which is probably 

present in other tissue s as well . Up to 60 per cent of the 

dietary tryptophan versu s 1 p e r cent normally may be hydroxy

lated and shunted toward serot onin in the patient with the 

carcinoid s yndrome. 6 Ne xt 5-h ydroxytryptophan decarboxylase, 

an enzyme which is present throughout the body and especially 

in the Kultschitzky cel l s lining the crypts of Lieberkuhn of 

the intestine, decarboxy lates 5-hydroxytryptophan to 5-hydroxy

tryptamine, (serotonin) and co 2 . The serotonin produced is 

then released into the blood where most of it is absorbed by 

the platelets and transported in the platelet granules; al

though a small, often immeasu rable fraction, may remain free 

in the blood. Most of the s erotonin produced has a short 

lifespan as a large per centage, especially in patients with 
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the carcinoid syndrome , is deaminated to 5-hydroxyindoleacetic 

acid (5-HIAA) by monami ne oxi dase abundantly present in the 

liver and lungs. This final product of serotonin metabolism, 

5-HIAA, is then readily excreted in the urine. 

Location of Serotonin 

Serotonin is no r mally present in many tissues and fluids 

of the body but there a re thr ee main sites where large deposits 

are known to exist: ga stroin testinal mucosa, platelets and in 

the central nervous sys tem. Of these the largest concentra

tions are in the mucosal enterochromaffin cells of the gastro

intestinal tract, but not the muscle layers. These cells are 

found everywhere from t he esophagocardiac junction to the anus 

with the highest concentration of these argentaffin cells in 

the duodenal mucosa7 and pylorus of the stomach. 6 That the 

intestinal tract is the major site for serotonin production 

8 was shown by Haverback et al; when 5-hydroxytryptophan was 

given to patients with extensive gastrointestinal resections 

and the same dose given to a normal control group. In the 

group with resections t h e blood serotonin and urinary 5-HIAA 

levels never became elevated so that these levels could be 

measured; whereas in the controls or patients with various 

other gastrointestinal d iseases the blood serotonin and urin

ary 5-HIAA level both were significantly elevated. 

The platelets are second only to the gastrointestinal 

tract as a depot for se r otonin . The platelets carry and store 
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5-HT, but they are unabl e to synthesize it and so must instead 

pick it up already synth esized by enterochromaffin cells of 

the gut. As the platelets hav e a great affinity for 5-HT only 

negligible amounts are n ormall y present free in the plasma. 8 

The third major source of body serotonin is the brain, especi

a lly the hypothalmus and midbr ain with very little in the 

7 cerebral cortex or cereb ellum. Unlike the platelets, the 

CNS is apparently able t o synt hesize its own serotonin. It 

has been shown that only 5-hydroxytryptophan and not 5-hydroxy

tryptamine (serotonin) can cross the blood-brain barrier, and 

so the serotonin so abundantly present in the midbrain must 

be synthesized somewhere within this barrier. 6 

Lesser amounts of serot onin have been found in the 

liver, kidney, spleen, lung a n d heart where in most of these 

sites it is stored in mast cells. In man all body fluids 

contain serotonin with concentrations ranging from 0.15 to 

0.70 micrograms/ml. of p latelet protein in blood to the lowest 

serotonin concentration in cerebral spinal fluid of 0.006 

micrograms/ml. 7 

Physiopharmacologic Action of Serotonin 

Numerous physiologic and pharmacologic actions have 

been proposed for serotonin but many are still widely debated. 

The actual normal physiologic functions of serotonin in the 

human body are still largely speculative. Its effects on 

certain systems of the b ody are, however, now more than theory 
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and have been repeated over and over again in the laboratory. 

Basically serotonin ha s been found to cause contraction of 

smooth muscle at numerous sites in the body. These include 

its effects on the gas t rointestinal, cardiovascular, and 

respiratory systems whe reas i ts role in the nervous system 

and h emostasis is still ques t ionable. 

Serotonin has a stimul ating effect on intestinal motil

ity which is very sens i tive t o doses of either 5-HTP or 5-HT, 

so low that respiration , blood pressure, pulse or mental ac

tivity is not affected in any way. 8 The increase in peris

talsis seen after serot onin administration is probably illic-

5 
ited by several mechan i sms: 1) by direct stimulation of 

smooth muscle of bowel and 2) by lowering the threshold of 

stretch receptors in t h e mucosa which trigger the reflex. 

Hence serotonin probabl y does have a neuroendocrine role of 

importance in the regul ation of intestinal motility, and the 

proximity of the entero chroma ffin cells to the terminal fibers 

8 of the submucosal plexe s of Meissner is for a purpose. It 

has been shown in guine a pig experiments that serotonin does 

act on the postganglion ic cholinergic fibers of the intra-

1 f h · 1 9 . f . h mura nervous system o t e i eum. It is o interest tat 

lysergic acid diethylamide, a lthough it inhibits the proper

ties of serotonin elsewhere, potentiates the intestinal 

8 motility stimulated by 5-HT. Also bromylsergic acid diethy-

lamide, which lacks the hallucinogenic properties of LSD, 

8 
inhibits the intestinal moti l ity induced by 5-HT. The effects 
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of serotonin on gastrointestinal secretions is still contro-

versial. 
9 

Page reported in 1958 that serotonin sharply in-

creased gastric acid secretion but not water secretion, whereas 

histamine would increase both acid and water release. He showed 

that rats given large doses of 5-hydroxytryptophan developed 

hemorrhagic mucosal erosions in their stomachs but that when 

pre-treated with atropin e the number and size of these lesions 

decreased. About this time others reported that both 5-HT and 

5-HTP would seem to dec rease acid secretion, but it would 

8 
stimulate mucus secretio ns of the stomach. More recently 

10 
Bochus has stated that 5-HT has no effect on gastric acidity 

following IV administra t ion, b ut that a patient given 5-HTP 

prior to testing their s ecretory responses to insulin or 

urechole responds with l ess gastric acidity and less gastric 

secretions than would n o rmally be anticipated. 

Effects on Cardiovascula r Sys t em 

Rapidly injected IV ser otonin results in a biphasic 

blood-pressure response with t ransient initial rise in blood

pressure followed by a l onger phase with hypotension. 1 The 

initial hypertensive epi sode i s the result of direct vaso con

striction action of sero tonin on vascular smooth muscle as is 

seen when vessels are lacerate d at the time of an injury. 

This contributes to the hemos t asis of the body. The receptor 

sites along the smooth muscle of vessels are not known but as 

the action of serotonin on smooth muscle is blocked by LSD, a 
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serotonin antagonist, which has no effect on the action of 

either acetylcholine or epinephine on the same smooth muscle; 

it is assumed that each works at a specific receptor site.
11 

Likewise promethazine and cyproheptadine, other 5-HT antagon

ists, block the action of serotonin but not that of either 

1 . · h · ll h d 1 d acetylcho ine or norepinep rine. Te secon ary pro onge 

drop in blood pressure cause by IV serotonin may be due to the 

Bezold-Jarisch reflex with bradycardia, apnea and hypotension 

or it may be due to histamine being released. 
11 

Page has 

suggested that serotonin may cause a secondary release of 

endogenous histamine causing a peripheral inhibition of neuro

genic vasoconstriction. 

In addition serotonin h as been shown to have other 

affects on the cardiovascular system. It causes constriction 

of the vessels concerned with peripheral resistance while di

lating the minute vessels of the skin causing a cutaneous 

flush with blotchy cyanosis. 1 6 Peskin et al have pointed out 

four other probable e ffects o f serotonin on blood hemodynamics. 

First, the pulmonary cir culation, although not responsive to 

most of the agents which affect the systemic vasculature, does 

undergo vasoconstriction of the pulmonary vessels with pulmon

ary hypertension and so serotonin released by tissues and 

platelets at the time o f pulmonary embolism may play major role 

in the ~ascular changes noted in the lungs after ernbolic damage. 

Next it has been noted t hat 5- HT is a powerful stimulant of 
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the carotid body chemoreceptors. Likewise 5-HT has a local 

effect on the carotid sinus causing a reflex fall in arterial 

pressure with secondary baroreceptor stimulation and local 

vasoconstriction. Fourt h and finally, Peskin et all reported 

that serotonin effects idney function by decreasing both 

renal blood flow and glomerular filtration rate with a slight 

rise in mean pressure, ence t he antidiuretic effect of sero-

tonin seen in laboratory animal stories. 

Effects on Respiratory System 

Serotonin also a c ts on the smooth muscle in the lungs 

most notable as a bronc ocons t ricting agent. Serotonin has 

been suggested as a part ial e xplanation for the frequent 

asthmatic attacks seen i n otherwise normal people because it 

can precipitate a severe episode of dyspnea in the asthmatic. 

The syndrome which it c a uses when given IV resembles that 

caused by anaphylaxis a nd his t amine. Serotonin also acts on 

vagal afferent fibers i n the l ungs to cause rapid shallow 

breathing with eventual declin e in spontaneous respiration. 6 

Effects on Central Nervo us Sys tem 

The importance o f centr al nervous system serotonin is 

perhaps the least well unders t ood area in serotonin physio-

pharmacology. Its concentrat i on is highest in the hypothalmus 

and midbrain where most of it is bound to mitochondria. It 
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is believed to be involv ed in mental function as changes in 

cerebral serotonin have been noted to cause behavioral changes 

in man. Pfeiffer et a1
1 2 

sugg est "that serotonin is a vesti

gial neurohumor which benefits mental patients by its absence " . 

Elevated cerebral serotonin levels are achieved slowly even 

with high blood serotoni n leve ls since 5-HT passes through 

the blood brain barrier slowly but 5-HTP passes into CNS 

rapidly (where it is converted to 5-HT). This elevation in 

cerebral serotonin resul ts in progressive euphoria, agitation 

and finally a schizoid t ype o f psychosis. Many serotonin 

antimetabolities may res ult i n mental disturbances. Reserpine 

causes depletion of brai n serotonin from storage granules en

abling MAO to destroy i t and t his probably explains the tran

quilizing effects of res erpine . 1 Lysergic acid diethylamide, 

a serotonin antagonist with hallucinogenic properties, so 

interferes with 5-HT at the receptor sites as to cause a 

psychic reaction like i n schizophrenia.
7 

The MAO (monamine 

oxidase) inhibitors like ipron iazid are psychic energizers 

which slow serotonin degradat i on in the brain by interfering 

with the enzyme monamine oxidase; hence, cerebral serotonin 

increases causing mood e levat i on and so they are useful in 

depressive reactions where they act as indirect CNS stimulants. 7 

Effects on Hemostasis 

It is well known that platelets contain a large supply 
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of serotonin which they have derived from the intestinal 

mucosa where it was syn thesiz ed b y the enterochromaffin cells. 

The mechanism by which platel ets gain serotonin has been de-

7 scribed by one authorit y Have rback as follows: at the opti-

mum temperature of 37° c , ther e appears to be a cation exchange 

whereby potassium ions leaves the platelets permitting sero

tonin to enter the cel l s. He says this is b y activ e transport 

and so e v en when this e xchang e is inhibited by cyanides, io

doacetates or cardiac g lycos i des the platelets can still take 

up plasma serotonin j u s t by i ncreasing the concentration of 

the latter so as to inc rease the concentration gradient. Once 

the platelets take up t he serotonin it must be bound for storage 

in a biologically acti estate, and ATP probably plays a role 

in the binding. The mechanism by which platelet serotonin is 

released is unknown. 

Miscellaneous Effects 

Other physiopharmacologic actions of serotonin in the 

human body are of lesse r as well as somewhat more speculative 

importance. These inc l ude its actions on the genitourinary 

system. In the pregnan t women there appears to be a progres-

sive rise in urinary s e roton i n as term approaches and from dog 

experiments it has bee shown to cause uterine contractions of 

increasing strength, e a ch con traction followed by a period of 

inhibition of contract i on lasting up to seven minutes.
9 

In 

the kidneys serotonin a cts as a renal diuretic first b y decreas-
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ing renal plasma flow and thereby decreasing the glomerular 

filtration rate and sec ondly by the facilitation of tubular 

1 reabsorption of water. Serotonin also causes contraction of 

ureteric muscle, at least in dogs, slowing the passage of per

fusion fluid through t h e uret ers; this ureter spasm lasting 

longer than that seen t ransiently with the catecholamines. 9 

Serotonin released b y t he mast cells plays an important part 

in connective tissue ma turati on. Finally it has been shown 

that large amounts of c irculating serotonin are found follow

ing pulmonary ernboli r e leased by platelet disintegration and 

11 d . b h f h" h · h · · 13 mast ce estruction ot o w ic are ric in serotonin. 

Malignant Carcinoid Syndrome 

The malignant c a rcino i d syndrome also known by the 

eponym Thorson-Biorck s yndrome (two early recognizers of this 

s yndrome) 4 is a complex of s i gns and symptoms resulting when 

a characteristically s l ow growing serotonin producting primary 

tumor, generally arisin g somewhere in the gastrointestinal 

tract, metastasizes to the l i ver or some other area where the 

venous drainage of serotonin from the secondary tumors may 

bypass the liver. These tumors produce large amounts of sero

tonin converting the majority of the dietary intake of the 

amino acid tryptophan t o serotonin and in so doing leave little 

tryptophan for niacin and protein synthesis. Whereas normally 

one 1 per cent of the b ody's tryptophan stores give rise to 
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serotonin in this syndrome the carcinoid tumors may convert 

greater than 60 per cent of t h is amino acid to serotonin and 

14 
in so doing cause hypopr oteinemia and pellagra. 

The manifestation s of each patient with the carcinoid 

s yndrome vary somewhat, but many have the more typical signs 

and symptoms in common. The classical findings present at one 

time or another in these patients include: (1) peculiar epi-

sodic flushing especial l y of t he face and neck from vasomotor 

changes in the skin with event ual telangiectasia and cyanosis; 

(2) chronic watery diarr hea wi th borborygmus and colicky ab-

. 1 . f . t · 1 h . t 1. lS (3) 1 domina pain rom intes ina yperperis a sis; an unusua 

type of "bronchial asthma with dyspnea" tachypnea, and hyper-

a b h . db h' ' ' 16 d pnea ue to ronc iospasm an ronc ioconstriction; an 

(4) pulmonary and tricus pid murmurs secondary to cardiac 

vascular d isease with e ndocard ial lesions of the right side 

9 of the heart. 

Other less common but nonetheless important findings in 

occasional patients with carc i noid syndrome are: (1) the 

patchy hyperpigmentation of the skin from nicotinic acid de

ficiency;16 (2) increase d capi llary permeability with decreased 

glomerular f iltration r e sulting in depressed renal function 

with oliguria which toge ther with the hypoalbuminemia and 

possible portal hyperten sion c auses edema, pleural effusion, 

ascites and anasarca; 16 (3) p sychosis secondary to the poorly 

understood functions of serotonin on the central nervous 
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3 13 system, and rarely art hropat hy. 

As they develop , the c linical manifestations are initially 

mild and transitory, b u t they gradually increase in severity 

over a period of years with g rowth and metastases of the car

cinoid tumor. These p a tients often present with palpitation, 

stiffness or swelling o f the face and diarrhea consisting of up 

to twenty or thirty loose stool s per day without any evidence 

of blood, leukocytes o r other inflammatory products. With pro

gression of the disease , epis odes of weakness, tenseness and 

nausea may occur. Stil l later the patient may have flushing 

episodes of the skin e s pecial ly over the face lasting minutes 

to days; respiratory d i stress from asthma-like attacks with 

dyspnea and wheezing ; paresth esias with hot tingling sensations 

in the hands and feet; and gastrointestinal complaints of 

transitory dysphagia, abdominal cramps, borborygmi with the 

expulsion of flatus and watery stools. More terminally there 

is weight loss, shock- l ike attacks with weakness, severe ab

dominal pain, extreme cyanos i s with cold wet skin, absence of 

recordable pulse and blood pressure and prolonged apnea possi-

bly requiring artificial respiration. In the chronic patient 

with the carcinoid synd rome the superficial changes often make 

the diagnosis as in the patient with cutaneous telangiectasia, 

injected sclerae, extreme cyanosis during flushing episodes 

and finally a reddish hue with thickening of the skin. 10 
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Incidence 

The occurrence of carcinoid tumors is very uncommon; 

the general incidence being 0.08 per cent of all surgical and 

aut opsy cases studied (138 out of 175,891 cases) according to 

one study referred to b y Peskin et al. 2 Other similar combined 

studies of surgical and necropsy series by various investigators 

reviewing large numbers of cases have sited incidence ranging 

6 from 0.05 per cent to 0.20 per cent. Since a large percentage 

of these carcinoid tumo r s are incidental non-serotonin produc

i n g asymptomatic tumors found in the appendix following appen

d ectomies, perhaps 90 p e r cent of all carcinoid tumors, the 

incidence of malignant carcinoid syndrome is much smaller than 

the figures mentioned ab ove. The incidence of carcinoids is 

17 between 0 . 1 per cent to 0.5 per cent of all tumors. 

There are no sex or race influences noted in studies 

done thus far, and no a g e grou p is exempt from having a car

cinoid tumor. The liter ature is full of cases with these 

tumors ranging in age f r om ten days to eighty-nine years. 6 

Appendiceal carcinoids a re the commonest site in younger 

peopl e especially betwee n ten and thirty years of age and when 

found are usually benign appea ring, non-serotonin producing 

tumors without any evide nce o f metastases or systemic symp

toms discovered following eith er an obligatory or elective 

6 appendectomy. Extra- a ppendic eal carcinoids, however, are 
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more often malignant in appearance with metastatic lesions 

and the manifestations of the malignant carcinoid s yndrome. 

These are generally found after the age of fifty in the fifth 

and sixth decades of life. 2 Of interest also is the fact that 

multiple primary carcinoids have been reported in about one-

17 third of the cases. 

Classification Based on Locat ion 

Various classifications of carcinoid tumors have b een 

attempted , but the best and most recently accepted is that of 

Peart et ai. 18 Accordin g to thi s classification the foregut 

derivatives include: (1 ) bronchus, (2) stomach and (3) pan-

creas; the midgut derivatives include: (1) midduodenum, (2) small 

intestine with caecum a n d (3) colon as far as mid-transverse 

colon; and the hindgut d erivat ives include: (1) descending 

colon and (2) recturn. 18 

Peart's classific ation is as follows: 

The Classification of Carcinoid Tumors Derived from 
Different Embryonic Divisions of the Gut 

Histological 
Structure 

Foregut 

Tendency to 
b e trabecular, 
may differ 
widely from 
classical 
patte rn 
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Midgut 

Character
istic 
(nests of 
r egu lar 
cells sep
arated by 
connective 
tissue 
framework) 

Hindgut 

Tendency to 
be trabecular 



Argentaffin and 
Diazo Reactions 

Association with 
Carcinoid Syn
drome 

Tumor 5-HT 
(Serotonin) 
Content 

Urinary 5-Hydroxy
indoleacetic Acid 

5-HTP (Hydroxytry
ptophan) Secretion 

Metastases to 
Bone and Skin 

Foregut 

Usual l y 
negati ve 

Frequent 

Low 

High 

Frequent 

Common 

Midgut 

Positive 

Frequent 

High 

High 

Rare 

Unusual 

Hindgut 

Often negative 

None 

Not detected 

Normal 

Not detected 

Common 

The location of the various carcinoid tumors plays an 

important part in the pathology, the tendency to cause the 

carcinoid syndrome and the relative malignancy of these tumors. 

They may arise anywhere in the body where argentaffin (Kult

schitzky) cells are fou d inc luding: any part of the gastro

intestinal tract from t h e esophagogastric junction to the anus, 

and even the biliary tract and pancreatic ducts; the epithelium 

of the bronchial tree; and ext remely rarely the ovaries in 

gonadal teratamas. Mos t , however, arise between the cardia and 

the anus from the argent affin cells in the gastric glands or 

crypts of Lieberkuhn. The most common sites for carcinoids 

are: first-appendix, s e cond- t erminal ileum, and third-rectum 

with stomach, jejunum, duodenum, colon and Meckel's diverti

culum following behind ( in this approximate order). 16 
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Carcinoids of the Appendix 

Various studies h ave s h own that anywhere from 60 to 90 

per cent of all carcinoi ds or i ginate in the vermiform appendix. 16 

Someone has generalized that about 90 per cent of all carcinoids 

are in the appendix and that 90 per cent of all tumors of the 

d . . .d 1 9 appen ix are carc1no1. There is no sex difference in the 

incidence, and the average age for appendiceal carcinoids is 

twenty to thirty-five years. These tumors are nearly always 

diagnosed post-operative ly fo l lowing appendectomy or lapora-

tomy and occasionally a t autopsy. They rarely became malig-

nant and have a very low matastatic tendency possibly due in 

part to the fact that they most commonly occur in the distal 

tip of the appendix wher e earl y in their course they may cause 

obliteration of the appendix with appendicitis. Hence they 

are recognized early and at a young age while still a rela

tively benign tumor. 

Carcinoids of the Small Bowel 

The small bowel c arcinoids, although much less common 

than the appendiceal carcinoids, are the most common type of 

carcinoid to become clinically functioning tumors causing the 

malignant carcinoid s yndrome. From 5 to 25 per cent of all 

9 small bowel carcinoid t umors cause this syndrome. Of all the 

argentaffinomas, about 27 per cent occur in the ileum or je-
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junum with the distal ile um be i ng the most common side in the 

small intestine. In spit e of t he fact that the argentaffin 

cells are most numerous i n the duodenum, carcinoids there are 

rare, and when present rarely b ecome malignant. It is of in-

terest that whereas most carcinoids of the small bowel are in 

the ileum, most carcinomas of the small bowel are in the je

junum. This same study b y Diffenbaugh et al .has shown that 

23 per cent of all small bowel tumors are carcinoid. 2° Car

cinoid tumors of the ileocecal valve, caecum, and colon can 

be included with this group as they act similarly to cause 

the carcinoid syndrome, although very few have been reported. 17 

These carcinoids may ext end widely about the bowel in the sub

mucosa without causing lceration or obstruction, and so often 

are not detected until after they have metastasized. The 

presenting manifestation s then are usually due to the ulcer

ation with bleeding, obs truct i on of the intestinal lumen or 

to the characteristic f i ndings of the carcinoid syndrome. 

In the ileum carc inoid tumors grow very slowly and 

metastasize late; hence unlike appendiceal carcinoids they 

have ample time to become mal i gnant and spread before becom

ing symptomatic. These and o t her small intestinal carcinoids 

may manifest themselves as acu te intestinal obstruction: 

(1) due to intussusception of a polypoid tumor, (2) by metas

tasizing to regional lymph nodes causing conglomerate masses 

which may cause kinking, volvulus or extrinsic compression of 
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the intestinal lumen, (3) by causing proliferation of connec

tive tissue elements r e sultin g in annular constriction of the 

lumen or (4) rarely b y intrin sic growth with ulceration and 

d d . b . 21 secon ary e ema causing o str uction. In a few cases the 

presenting manifestations we r e gastrointestinal bleeding, but 

only rarely has massive intes tinal bleeding been noted. Rarely 

a case is reported whe r e asc i tes, jaundice, and hepatomegaly 

secondary to a large me tastat ic portal system inplantations 

or obstruction of the ampulla of Valer has been the first evi

dence of carcinoid tumors. Most commonly, however, small 

bowel carcinoids presen t with one or several of the character

istic findings of the c arcinoid syndrome namely cyanosis, 

flushing, asthma, diarr hea o r valvular heart disease. Up to 

25 per cent of these c a rcino i d tumors of the ileum may produce 

9 the carcinoid syndrome . Mul tiple primary carcinoid are most 

common with small intes tine carcinoids being recorded in 28 

6 per cent of the cases i n one study by Peskin et al, multiple 

sites being common with extra -appendiceal carcinoids (16 to 

34 per cent) but rare with t h e appendiceal tumors. 

Of the numerous possib le locations for carcinoid tumors 

those of the small bowe l are probably most aptly located to 

metastasize and cause t he mal ignant carcinoid syndrome. Since 

both the liver and the lungs have a rich supply of monamine 

o x idase which inactivat es the serotonin passing through them, 

the primary carcinoid t umors or their metastases must be so 
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located that the blood flow from it bypasses the lung. A 

primary carcinoid so located as to have a venous drainage pat

tern bypassing the live r is unusual, so this syndrome is 

rarely caused by the s e roton i n secreted by a primary carcinoid 

tumor in the absence o f metas tases. The blood flow from these 

p r imary tumors invariab ly pas ses through the portal s y stem and 

into the liver where t h e serotonin is inactivated. The excep

tions to this being the rare carcinoids in ovarian teratomas 

or bronchial adenomas where t heir venous drainage bypasses the 

liver and so diagnostic ally h igh serotonin blood levels may be 

f d . h 'd f 16 
oun wit out ev1 ence o metastases. The malignant carci-

noid syndrome is almost always secondary, however, to the small 

bowel carcinoid which metastasizes to the liver where the sero

tonin they synthesize is dumped into the hepatic veins and in

ferior vena cava withou t coming into contact with the liver 

parenchyma, and its s upp ly of monamine oxidase. This then ex-

p l ains why it is the int estinal carcinoid tumors, which can 

and do spread to the liv er, t h at are the most frequent cause 

of the malignant carcino id syn drome. 

Carcinoids of the Rectum 

The third most f r equent site of the carcinoid tumor is 

the rectum where they a r e uniq ue; they frequently may become 

malignant with metastas e s, but where they rarely have caused 
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a recorded case of the malignant carcinoid syndrome with its 

clinical manifestations . The rectal carcinoid tumors like 

those in the stomach h a ve ve r y few of the silver-staining 

granules present in the carc i noid tumors present in other 

gastrointestinal sites . These granules are called argentaffin 

granules because of the ir af f inity for silver salts which re

act with a substance f o rmed f rom the serotonin present in 

certain of these tumor cells. The infrequency with which 

rectal carcinoids take up silver stain indicates that they 

are unable to synthesiz e serotonin and may explain why there 

are no reported cases of functioning carcinoid syndrome due 

1 . 'd . 22 to recta carcinoi s or its metastases. Rectal carcinoids 

occur equally in males and females; the average age being 

forty years in males and sligh tly younger in females.
23 

These 

tumors are often found while still small, non-invasive and 

symptomatic on routine p roctoscopic examination. When they do 

become symptomatic, the presen ting manifestations are often 

hematochezia, melena, t e nesmus , low back pain; constipation; 

diarrhea or obstructive symptoms as from an abdominal mass; 

but about one-third of a ll rectal carcinoids remain asympto-

. 22 
matic. 

The degree of mal ignancy of a rectal carcinoid, 8 to 

40 per cent of which are said to become malignant, depends on 

the size of the tumor, evidence of local invasion, lymphatic 

22 involvement, or evidence of distal metastases. The degree 
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of malignancy cannot be d etermi ned by the cellular elements on 

histological examination since even those which appear to be 

benign microscopically may cause distal metastase. Peskin and 

Orloff
2 

after following a serie s of twenty-five cases of rectal 

carcinoid established the criteria now widely accepted as to 

the degree of malignancy and t h e choice of surgical resection 

for different rectal carcinoids. Of the twenty-five cases, ten 

had diameters measured by the pathologist of greater than 2.0 

centimeters in their greatest diameter, of which nine of these 

cases were found to have metastases and/or widespread local 

extension. Of the remaining fifteen cases measuring less than 

2.0 centimeters, only on e showed any signs of malignancy. Fur-

23 
thermore, Haugh's stud y and evaluation of the malignancy of 

rectal carcinoids, acco r ding t o the size of the lesion, revealed 

the following: 

Size Benign Malignant Total 

less than 1 cm 87-95% 4-5% 91 
1-2 cm 60-89% 8-11% 68 
more than 2 cm 8-20% 3 2-80% 40 

The size of rectal carc inoid tumors is an important 

feature as far as the ch oice of surgical procedure is concerned. 2 

First, if distal metastases are present at the time of the oper

ation, then only palliative treatment, as resection of the af-

fected rectum with colostomy, is done. Secondly, if on biopsy 

the specimen appear s to be conf ined to the submucosa of the 

bowel without evidence of local or distal extension and/or if 
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the tumor is less than 2 . 0 in greatest diameter, then only 

local excision is recommended f or removal of these tumors. 

Third and finally, if his tologi c sections from the rectal 

biopsy reveal extension of the neoplasm into the muscle layer 

of the bowel and/or the t umor i s greater than 2.0 centimeters 

in diameter, then an abdominoperineal resection should be done. 

Carcinoids of the Stomach 

Less commonly argentaffinoma s occur in the stomach where 

they may comprise 2 or 3 per cent of all carcinoids. About 50 

per cent are malignant with evidence of metastases, but because 

of their slow growth they often do not act malignant. Mult iple 

primary lesions occur in the stomach in about 20 per cent of 

. . 'd 16 gastric carc1no1 s. Like the rectal carcinoids they have 

very few artentaffin granules; but unlike the rectal carcin

oids a few cases of the malignant carcinoid syndrome have been 

reported secondary to gastric carcinoid tumors. There distri

bution among the sexes i s equal, and they generally occur after 

the age of forty years but have a good post-diagnostic survival 

time usually of eight t o sixte en years. 3 They are reported as 

occurring with nearly e qual frequency in the antrum, pyloric 

area, along either the g reate r or lesser curvatures or in the 

midgastric a r eas. The p resent ing manifestations may be epigas

tric pain, melena, hemat emesi s , weight loss, anemia, nausea or 

vomiting. On roentgenog raphic or gastroscopic examination a 
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small polyp-like filling defect is often noted. The treatment 

of choice is resection of the primary tumor plus removal of 

any metastatic lesions noted. 
3 

Carcinoids of the Bronchial Passages 

The gastrointes t inal tract is not the only site where 

arg entaffin cells are f ound, some are also dispersed throughout 

the bronchial epithelium and from these cells bronchial carci

noids have been known t o occu r. These are very uncommon as 

only about 5 to 10 per cent of all primary lung neoplasms are 

bronchial adenomas, the rest being bronchogenic cancer; but of 

h d b 8 5 b h . 1 . 'd 16 t ese a enomas a out per cent are ronc ia carc1no1 s 

(the other 15 per cent are either cylindromas or mucous ade

nomas). Bronchial carcinoids are locally invasive, slow grow

ing and only rarely met astasize. The cases reported with this 

type of lung neoplasm generally present with the same findings 

as other neoplasms in the lung: cough, hemoptysis or recur

rent bouts of pneumonit is, and so biopsy is necessary to make 

the diagnosis, and rad i cal s u rgery is the best treatment. A 

few cases of the carcinoid syndrome secondary to bronchial 

carcinoids have been reported , but the possibility always 

exis t s that these lung tumors may be secondary to a small un

recognized primary les i on occurring somewhere along the gastro

intestinal tract. His t ologically the bronchial adenomas caus

ing the carcinoid syndrome d i ffer from those carcinoid tumors 
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in the gut by having fewer argentaffin positive granules than 

intestinal carcinoids. They are similar, however, in having a 

high proportion of argy rophi l ic cells, a similar yellow color 

histologically, and bei ng slow growing with long survivals even 

with metastases. 24 

Pathology - Gross Appea rance 

The pathology o f the c arcinoid tumors vary somewhat with 

their site of o rigin, b ut bas ically all extra-appendiceal car-

cinoids are classical l y alike . The primary tumors are small 

solitary, or occasion a l ly mu l tiple, nodules which are white, 

gray, tan, or yellow i n color ; the amount of yellow depending 

1 on the amount of chol e s terol present. They are usually well 

circumscribed, but not encaps ulated, subepithelial nodules 

covered by intact mucos a with the neoplasm movable beneath the 

o v e r lying epithelium. Intes t inal carcinoids may be classified 

grossly on the basis o f thei r appearance as: nodular, poly

poid, sessile, plaquel i ke, u l cerating, annular or constricting. 

They arise from the gla nds o f the crypts of Lieberkuhn, invad

ing the submucosa but not the mucosa; and in about 25 per cent 

of the cases are found to be multiple, with all of the multiple 

primary lesions being very s mall, especially when compared to 

16 metastases in the liver or t h e regional lymph nodes. The 

rec t al carcinoid, due to the presence of solid fecal material, 

has more tendency to ulcerate than those elsewhere in the bowel. 
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Pathology - Microscopic Appearance 

Under the microscope the carcinoid tumors consist of 

nests, columns or masses of small uniform, round or polygonal 

epithelial cells lying in a fibrous stroma. Frequently the 

cells are grouped about a space in such a manner as to resemble 

a gland or cause rosette formation with a central space con

taining an amorphous acidophilic material. Masson has described 

three types of cells i n carcinoid tumors, the main difference 

between the three types being the distribution of the granules 

within them and their locations within the glands. Most of the · 

cells are round or polygonal cells with a central, finely reti

cular nucleus surrounded by cytoplasm. Surrounding these cell 

clumps are a second type of cells lined up in columns called 

"palisade cells". Finally a third type of cells line the acini. 

All three types have fine eosinophilic granules in the cyto

plasm basal to the nucleus and are capable of producing sero

tonin by reducing amrnoniacal silver salts and of giving a 

bright yellow color with bichromate solutions; hence all three 

types are argentaffin positive. A few carcinoid tumors especi

a lly tho se of the bronchial epithelium and those occurring in 

the rectum are nonargentaffin positive as they lack the gran

ules able to reduce ammoniacal silver salts. This latter group 

of argentaffin negative carcinoid tumors are rich in 5-hydroxy

tryptophan, but they are unable to synthesis 5-hydroxytryptamine 
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( . ) f . 21 serotonin rom it. 

The typical tumor cells are clumped and solidly packed 

without any evidence of degeneration, giant cells, anaplasia 

or mitoses. The nuclei are p r ominent, round and centrally 

located with a well def i ned nuclear membrane and much finely 

basophilic stippled chromatin . The cytoplasm is pale and 

acidophilic with many a c idophi lic granules and surrounded by 

a poorly visualized membrane. Yellowish-brown lipochromic 

pigmented granules may b e pre s ent in the cytoplasm. These 

carcinoid cells are foun d in a fibrous or hyaline connective 

tissue stroma which may give a variety of architectures to 

these tumors. There is no tru e capsule to the tumor, but the 

condensation of s mooth muscle fibers at the periphery of the 

9 tumor form a pseudocapsu le. Occasionally more pleomorphic 

tumors are seen with mu l tinuc l eated cells having bizarre nuclei 

and frequent mitoses, b u t even these anaplastic forms do not 

·1 . 9 necessari y metastasize . 

Pathology - Histochemis t ry 

As mentioned abo e the argentaffin-staining character

istics of carcinoids doe s not always hold true as in the rectal 

and bronchial carcinoids . The argentaffin-staining character-

istics of the carcinoid tumors is apparently due to the forma

tion of a conjugated b e t o carb oline derivative formed from the 

combination of formaldeh yde a nd the serotonin present in car-
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. 'd t 25 c1no1 umors. This probably accounts for the reason that 

only carcinoid tumors located in certain areas are capable of 

synthesizing serotonin. It is only these tumors which are 

able to cause the carcinoid syndrome after they have metas

tasized. 

The preparation of any biopsy or autopsy specimens 

suspected of being carcinoid tumors must be fixed immediately 

as autolysis destroys the tissues ability to reduce the silver 

salts. It is important that any specimen where a carcinoid 

tumor is suspected be divided in half with one half placed in 

formalin and the other h alf frozen. 21 The formalin fixed 

specimen is r emoved afte r four to six hours, and then ammoni-

acal silver salts are a dded to the specimens. If the silver 

salts are reduced by the tissues, it is suggestive of carci

noid tumors. The freez i ng is necessary as serotonin is des

troyed by formalin and s table only in the frozen state. 

Pathology - Pathogensis 

There have been numerou s theoretical explanations as to 

the pathogenesis of carc inoid tumors. In 1925, Torbus pro-

vided a list of the numerous theoretical explanations of car

cinoid histogenesis up t o that time, including origin: 1) from 

pancreatic rests, 2) from remnants of the omphalomesenteric 

duct, 3) from heterotopic embryonic material or 4) from Auer-

2 bach's plexus. Later otrers compared the carcinoid tumors to 
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basal cell carcinoma of the skin, to nevi and to endothelial 

6 sarcoma. Around the turn of the last century Lubarsch and 

Masson2 recognized that carcinoids arise from the enterochrome 

chromaffin cells of the basi-granular layer of the crypts of 

Lieberkuhn. About this same time chromaffin cells of the 

crypts of Lieberkuhn were discovered by Kultschitzky. It is 

known that carcinoid tumors are never found in any area devoid 

o f Kultschitzky cells. 2 As most Kultschitzky cells secrete 

serotonin into the blood, most, but not all, carcinoid tumors 

produce serotonin. 

Likewise the embryonic origin of these chromaffin cells 

has been and still is debated. Bockus has summarized the three 

theories as: 1) differentiated from the epithelial cells of 

entodermal origin, 2) differentiated cells of mesenchymal 

origin or 3) migrated ectoderm from the neural crest which 

10 
specializes as cells in the c h romaffin system. It is also 

unknown whether they arise from normal argentaffin cells or 

whether these normal cells pass through a neuromata stage be-

f b . . 'd 10 ore ecoming carcinoi . I n any case once the cells have 

changed to carcinoid ce l ls they gain a lot of lipoid material 

giving them a bright y ellow color when cut whether benign or 

malignant, whether primary or secondary carcinoids. It is 

this similarity as well as many other histologic similarities 

which makes it impossible to distinguish between benign or 

malignant carcinoids or between the malignant primary or its 
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metastases. 

Malignancy 

Carcinoid tumors a r e an unusual type of cancer due to 

their benign nature and yet malignant tendencies. The earliest 

followers of these tumors believed them to be benign tumors, 

and yet they were named carcinoids meaning carcinoma-like. It 

is now known that many of these tumors are malignant, the rela-

tive malignancy depending on their location. Some clinicians 

as Pearson and Fitzgerald now b elieve that all carcinoids should 

be considered malignant; they h a ve pointed out "that all carci

noids are malignant and t heir metastases are only a function of 

t
, II 23 ime . In a ny case it is now realized that these tumors have 

a higher malignant potent ial to metastasize, regardless of the 

site, than was formerly r ealized. Differbaugh and Anderson after 

studying a series of 1496 cases reported their distribution and 

h 1 . . . f 11 20 
pat o ogic activity as o ows : 

Location Total Metastases Percentage 

Stomach 29 4 13. 7 
Gallbladder 4 0 0 
Duodenum 21 4 19. 
Small Bowel 438 150 34.2 
Appendix 825 29 3.5 
Meckel's Diver-

ticulum 8 0 0 
Ileocecal Valve 13 11 84.6 
Cecum 21 1 6 76 .1 
Colon 7 3 42.8 
Rectum 130 18 13 .8 
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From this study we can see that whereas the percentage 

of ileocecal, cecal and colon carcinoids to metastasize is 

very high, it is the small bowel carcinoid tumors which occur 

so much more frequently and which actually cause the greatest 

number of cases of the malignant carcinoid synd~ome. Likewise 

the appendiceal carcinoids, which are the most frequent tumors 

of this t ype, are the most benign and least likely to cause 

metastatic disease. 

Before a carcino id tumor metastasizes, it is impossible 

to distinguish benign f rom malignant tumors even on histologi-

1 t d 1 h . d f ' . b 1 . . 14 ca s u y un ess t ere is e 1n1te su mucosa 1nvast1on. The 

only truly definitive wa y to determine malignancy is the find-

ing of metastatic disea se on laparotomy or autopsy. Even then, 

it may be difficult to determine if the multiple tumors present 

represent a primary car cinoid with its metastases or multiple 

primary carcinoid tumo r s developing in different areas of the 

gastrointestinal tract. It i s reported that 25 per cent of 

the patients with smal l bowel carcinoids have multiple primary 

lesions and that abou t 10 pe r cent of all other extra-appendi

ceal cases with carcino id wi l l have multiple primary tumors. 2 

The spread of t h ese metastatic carcinoid tumors is most 

commonly via the lympha tic s y stem especially to the regional 

and retroperitoneal lymph nod es which are the site of most 

. . 'd 14 metastatic carc1no1 s. Va s cular spread, while less common, 

is more important as i t permi ts wider and more distant metas-
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tases to the liver, lungs , bones, spleen, kidneys, brain, ad

renals, subcutaneous tis s ues, pancreas, testes, ovaries, bronchi, 

1 . d . 20 . h . nasa cavity an cervix. It is t e spread via the portal 

system that is the most i mporta nt factor in the resulting malig-

nant carcinoid syndrome. It i s here in the liver that large 

amounts of serotonin a r e produced using up to 60 per cent of 

t h e dietary tryptophan a nd so c ausing the bizarre symptom known 

16 as the malignant carcinoid syndrome. Whereas metastases of 

appendiceal carcinoids is rare, and it is clinically considered 

a benign disease, all carcinoid tumors regardless of their lo

cation in the gastrointestinal tract must be considered poten-

' 11 1· 20 tia y ma ignant. Once metastases have occurred the prognosis 

is very poor, but five- y ear s u rvivals relative to other types 

of cancer is fairly high .
1 

Pathophysiology of Flush es 

The flushes are o ne of the earlier and more striking 

manifestations of the c a rcino i d syndrome. They are generally 

associated with a rise i n urinary 5-hydroxyindoleacetic acid 

and a slight fall in blood pressure. 9 The flushing has been 

6 divided into three stages by Thorson. The first stage is 

characterized b y reddening and burning, usually beginning in 

t h e face and spreading ove r t h e trunk and extremities. The 

second stage begins with a fully developed flush and burning 

sensat ion indicating complete cutaneous vasodilation and is 
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accompanied b y tachycardia an d a rise in systolic blood pres

sure. The third stage begins as reddening and is succeeded b y 

very pronounced cyanosis; it may be followed b y a rise in dia

stolic blood pressure with t h e disappearance of the radial 

pulse. Subsequently a l l chan ges disappear including the 

cyanosis. 

The typical flu s h is u sually of short duration lasting 

five to ten minutes, b u t it ma y last as long as thirty minutes. 

There is a striking col or cha nge especially over the face where 

salmon red, bluish-wh i t e and normal colors may all be seen at 

once or in varying sequ ences . The face is the most severely 

involved and eventually may b ecome permanently h yperemic with 

telangiectasia from dil ation of t h e capillaries and venules.
1 

The repeated flushing may res ult in a chronic permanent cyanosis 

of the face causing a p letho r ic facies r esembling the patient 

with polysythemia. The fadin g which follows the flush starts 

in the center and extends pe r ipherally giving a gypose and 

26 
serpiginous pattern. As t h e flush disappears hypotension 

may occur with possible syncope or even shock. This fall in 

blood pressure is an i mportan t differentiating factor between 

the flushing seen wit h pheoch romocytoma which is accompanied 

h . 16 
by ypertension. 

The factors whic h precipitate these flushing episodes 

are not fully understood, but a few known factors wh ich migh t 

result in flushing in t he ca r cinoid patient are recognized . 
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These include the acts of eat ing and defecation, undue excite

ment or tension, inges t ion o f alcohol, certain foods such as 

bananas and cheese, ma s sage of pelvic and extrarectal masses, 

15 and sudden temperature changes. It is generally agreed that 

the serotonin release b y the carcinoid tumors is capable of 

producing the character istic flush, and this has been demon

strated by rapidly inj ecting serotonin intravenously in small 

doses (1.8 to 4.0 mgm. } into these patients. 13 • 21 • 26 Likewise 

the circulating seroton in and urinary 5-HIAA achieve their 

maximum elevation in p a tients with the malignant carcinoid 

. 26 27 
syndrome at the time o f the f lushes. Oates et al have 

recently disagreed sayi ng that intravenous serotonin does not 

cause the typical carc i noid f lush, and that the level of plasma 

serotonin does not cor r elate well with the flushing episodes. 

They have reported find ing cases where blood serotonin levels 

are normal in the presence o f continuous severe flushes, and 

have tried to demonstra te a possible relationship between 

b radykinin and the carcinoid flushes. Others have performed 

similar experiments wi t h histamine and the catecholamines: 

adrenaline and noradrenaline. 
29 

All these studies are incon

clusive and still controversial with the serotonin induced 

flushing theory the most accepted explanation. 

Pathophysiology of Heart Lesions 

About fifty per cent of the patients with the carcinoid 
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syndrome are found to h a ve heart lesions, most of which are 

confined to the endocard ium o f the right heart.
30 

These 

lesions consist of subendothe l ial accumulations of a particu

lar type of fibrous tis s ue whi ch may lead to valvular stenosis 

or incompetence. With i nvolvement of the right endocardium 

with its valve leaflets and ch orda tendineae, three classical 

heart murmurs may occur : pulmonary stenosis, tricuspid steno-

. d . . d . f f . . 31 sis an tricuspi insu iciency. The mechanism by which 

these pathologic lesions are caused is probably related to the 

serotonin, synthesized b y the carcinoid tumors, reaching the 

heart via the venous blood. As this is the accepted explana

tion for the right heart lesions why isn't the left heart also 

involved? Both the liver and lungs are abundantly supplied 

with monamine oxidase wh ich is capable of inactivating serotonin. 

Hence any serotonin synt hesized by the metastatic carcinoid 

tumors in the liver may be dumped directly into the hepatic 

veins and carried into t he right atrium without ever coming 

into contact with the liver parenchyma or the lungs; hence 

very little of it is destroyed prior to entering the lungs. 

Therefore most of the s ynthesized serotonin formed in the 

liver reaches the right heart unchanged where it causes endo

cardial thickening and the above mentioned valvular lesions. 

After leaving the right ventricle the blood r ich in serotonin 

enters the lungs. The lungs are rich in monamine oxidase and 

on passing through the lungs prior to reaching the left atrium 
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about two-thirds of the free serotonin is destroyed. 9 A few 

cases of malignant carcinoid with left-sided lesions and in

volvement of the mitral and aortic valve have been reported. 

In these cases either a right-to-left shunt, as with a patent 

foramen ovale, or else pulmonary metastases must be present 

to permit high enough blood serotonin levels to accumulate in 

the heart to cause significant involvement of the left endo

cardium.30 The extent o f left heart lesions in the carcinoid 

heart disease depends on 1) the quantity of serotonin and the 

related substances produc ed by the tumor, 2) the amount of in

activation of serotonin while p assing through the lungs, and 

3) the duration of the d i sease . 30 

Pathophysiology of Diarrh ea and Ulcers 

Aside from the flu shing episodes, the diarrhea is 

probably the most outstanding manifestation of the patient 

with a carcinoid tumor. The severity of the diarrhea is vari-

able, but it may result i n as many as thirty watery yellow to 

green foul smelling stool s per day. 6 The diarrhea is unusual 

in that it constantly ma y be p r esent lasting throughout the 

night as well as during t he day time hours. Yet only rarely 

is there melena. The possible theories regarding the effects 

of serotonin on the gastr ointestinal tract are numerous. Some 

b eliev e it may act upon the post-ganglionic cholinergic fibers 

of the intramural nervous system of the bowel. Others propose 

- 38 -



that there may be an antagonist effect on acetylcholine and 

others feel that it may d irectl y stimulate ganglion cells in 

the bowel producing spasm. 6 

It has also been noted t hat about 20 to 35 per cent of 

the patients with the car cinoid syndrome get peptic ulcers 

with an unusually high i ncidence of perforation. The physiol-

ogy of ulcer formation i n the carcinoid syndrome is probably 

related either directly or else indirectly to the high circu

lating blood levels of serotonin.
29 

Serotonin may have a 

direct intrinsic ulcerogenic action on the gastric and intes

tinal mucosa, or it may be the result of the circulating 

5-hydroxytryptophan which has a direct irritating effect on 

the gastric mucosa. The hyperserotonemia may stimulate the 

release of large amounts of histamine and so cause gastroin-

testinal ulceration b y t his mechanism. Serotonin stimulated 

gastric secretions are h igh i n acid but of low volume, whereas 

histamine stimulates the gast r ic mucosa to produce a gastric 

juice high in acid and a t the same time increases the volume 

f 
. 6 

o secretions. 

Pathophysiology of Asthma 

The physiolopharmcologic action of serotonin on the 

bronchial musulature is that of bronchoconstriction. With 

narrowing of the bronchial tree by bronchial spasm, marked 

dyspnea may occur and so it is that the malignant carcinoid 
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produ ces asthmatic attack s. As the blood serotonin is ele

v ated in the carcinoid patient, evide nce of hyperpnea and 

tachypnea occur with s ub j ective feelings of dyspnea and cough

ing. These manifestation s of r espiratory insufficiency h ave 

b een ob served during s u r gery to remove the carcinoid tumors, 

b ecause as they manipulat e the tumor large quantities of se r o

t onin may b e spilled into the b lood. 21 Hence, the action of 

serotonin on the bronchia l musculature is not unlike that 

seen with anaphylaxis, a nd a s i milar picture may be p r oduced 

by the injection of s ma l l doses of histamine. 9 

Diagnostic Studies 

The diagnosis o f t h e car cinoid s yndrome is not very 

difficult once the diseas e is suspec t ed. The initial suspi

cion, however, must depend on t he clinical findings such as 

episodes of flushing, recurrent diarrhea in the ab sence of 

a ny oth er e tiologic entity, as thmatic-like attacks, right 

h eart murmurs, or the oth er signs reported above. Once the 

presen ce of a carcinoid tumor is suspec t ed the first lab ora

tory test of i mportance is a 24-hour urine for 5-hydroxyin

doleacetic acid (5-HIAA). This metabolite of serotonin de

generation is a normal constituent of urine, but the normal 

values are v e ry low, ranging b etween 2 a nd 10 mg pe r twenty

four hour urine collection. 6 Thi s sub s t a nc e may b e measured 

qualitatively using the l -nitroso-2-naphthal r eagent. Mo r e 
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accurate measurements may be ob tained using paper chromatog

raphy or spectrophotofluormetry . 6 A rise in urinary 5-HIAA 

is apparently an invariable feature of the malignant carci-

noid syndrome, and so is very diagnostic in this disorder. It 

is most likely increased in a ny patient with a functioning car

cinoid tumor, but no one is certain of the size a carcinoid 

tumor must be in order to cause a detectable rise in urinary 

5-HIAA. Likewise the urinary 5-HIAA may be elevated in patients 

h aving no known liver metastases at death. 

The advantages o f determining urinary 5-HIAA are: 

1) it is more reliable as a diagnostic procedure than blood 

. d . . 1 · b. . 32 2) h h serotonin eterm1nat1ons or iver 1ops1es; even went e 

tumors are so sma l l as t o be a symptomatic and r esectable, this 

test may be positive gi ing t h e first index of suspicion; 32 

and 3) no other clinica l condi tions cause a marked elevation 

of 5-HIAA excretion alth ough mi ld rises have been noted in 

patients with schizophrenia, nontropical sprue and Whipple's 

intestinal lipodystrophy ; 1 e l evations are also seen in cancer 

16 of the liver, pancreas, bladder or larynx. With a range of 

normal twenty-four hour urina r y 5-HIAA between 2 and 10 milli

grams any values between 15 an d 30 mgms are s uggestive of the 

carcinoid syndrome and v alues greater than 30 mgms (or black 

with l-nitroso-2-n aphtho l reag ent) are very diagnostic of the 

carcinoid syndrome if t h e pati ent has not eaten any c h eese, 

bananas, or pineapples f or fo r ty-eight hours prior to the 
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21 test. Also the medicat ions the patient is on must be thor-

oughly investigated because the monamine oxidase inhibitors, 

lf . lk 1 'd l h . ·1·d16 11 rauwo ia a a 01 s, mep enesin or acetani i a may 

yield falsely high values; whe r eas the phenothiazines can 

k dl d d . 5 t· 21 cause a mare y ecrease urinary -HIAA excre ion. 

Less valuable diagnostic determinations are the measure

ment of plasma and urinary serotonin levels both of which are 

elevated in the carcinoid synd rome. Blood serotonin levels 

are especially important when elevations from the normals of 

0.2 to 0.4 micrograms t o the carcinoid levels of 2 to 4 micro-

10 grams occurs. All cir culat i ng serotonin present in the 

blood, even in the patie nt wit h hyperserotoninemia, appears 

to be carried by platele ts as only negligible amounts are 

32 ever found in the plasma free of platelets. These measure-

ments can also best be made spectrophotofluormetrically with 

values as small as 0.05 microg rams being measurable. 6 

The biopsy diagnosis remains the most frequently used, 

and the most valuable on e especially in cases of asymptomatic 

carcinoid tumors. The resence of cytoplasmic granules which 

stain deeply with ammoniacal silver nitrate helps make the 

diagnosis of carcinoid tumors; but the absence of silver 

stained granules especially in rectal tumors does not rule out 

the carcinoid tumor, because they all do not readily pick up 

the silver stains. Failure of the granules to be stained 

black by the Masson or Gomori method does not mean that the 

- 42 -



tumor is not carcinoid, nor i s a positive result unequivocal 

evidence that a tumor i s carc i noid, for other types of granules 

may yield a positive rea ction . 2 Also it should be remembered 

that there are no histol ogic f eatures of a carcinoid tumor 

which enable one to dis t inguish the benign from the malignant, 

or the primary lesion f r om its metastases. 

Prognosis 

The prognosis of the carcinoid tumors is good with or 

without regional metastases wh en compared with other types of 

cancer of the bowe1.
10 

Metas t atic extension may be so slow as 

to permit twenty-five year sur vivals even if untreated. Clini

cally whether associated with the carcinoid syndrome or not, 

the carcinoid tumors do not behave like the typical malignancy, 

regardless of their location. The prognosis usually depends 

more on the pathologic and met abolic changes of hyperseroton

inemia than on the locat ion of the primary or metastatic 

sites.
3 

Death usually comes from cardiac valvular damage, 

severe diarrhea or malnu trition, not from its metastatic na

ture; and so research aimed a t the discovery of agents which 

would block serotonin metabolism would markedly improve sur

vival rates and the prognosis. Of some interest is the fact 

that in small bowel carcinoids with metastases, resection of 

the primary tumor may greatly improve the prognosis and in

crease the length of life of the patient and even decrease the 
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malignancy of the s yndr ome, even though the metastases, not 

the primary , a r e the maj or s erotonin producing tissues. 10 

Treatment - Surgical 

The treatment o f choic e with carcinoid tumors whether 

they produce the malign ant c arcinoid syndrome or not is sur-

gical therapy. The sur gical removal of a carcinoid tumor 

a nd/or its metas t ases i s more palliative and b eneficial than 

. . . h 1 · . 16 it is in ot er ma igna ncies. Drama tic palliation with marked 

improvement may result from the surgical removal of the car

cinoid tumors and its metastases. Occasionally, surgical ex

cision of liver metastases may produce complete relief of the 

s ympt_oms in the patient with the carcinoid syndrome. The sur

gical procedure recommended for small intestinal carcinoids 

is enterectomy of the i volved b owel and its mesentery. With 

apical appendiceal carc i noids , appendectomy and resection of 

the mesoappendix is recommended; but with carcinoids in the 

b ase of the appendix, recurrence is muc h more common and right 

h emicolectomy sh~uld b e consid ered. 1 7 As mentioned earlier 

there is a direct corre l ation b etween the size and the malig

nancy of rectal carcino ids, a nd so two criteria a r e used wh en 

they occur. I f the tumor is less than t wo centimeter s, local 

excis i o n is the treatme nt of . c h oice if there is no evidence 

of local invasion or extension to regional nodes. If the 

tumor is greater than two cent i met ers in diameter radical 
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23 abdominoperineal resection is recommended. In any surgical 

procedure directed toward the removal of a carcinoid tumor, 

but especially those a s sociat ed with the malignant carcinoid 

syndrome, caution must be taken during surgery to guard against 

the sudden release of s erotonin into the blood due to induc-

tion of anesthesia or manipu l ation of the tumor. This could 

cause severe hypotension to occur. If thi s s h ould occur, 

angiotensin is the recommended vasopressor. Aminophylline 

given intravenously wou ld b e the treatment of choice for 

bronchial spasm, not c atech olamines which might increase the 

1 f t . b h . 'd t· 1 6 t h re ease o sero onin y t e carcinoi issu es. A t e p r e-

sent time in all cases of carcinoid tumors, surgical excision 

is the treatment of choice. Resection should include as much 

of the metastases as possible because e v en partial r emoval 

may result in a p r olonge d, comfortable life fo r many y ears. 

Treatment - Medical 

Medical treatment has a lway s been ineffective, partially 

b ecau se therapy ha s always b e en based on the assumption that 

the presenting clinical syndrome results from the release of 

5-HT (serotonin) into t h e blood. This is an oversimplifica-

tion since other subs t a nces in the tryptophan to serotonin to 

5-hydroxyindoleacetic acid cycle besides 5-HT are probably 

formed in excess from t h e carcinoid tissue such as 5-HTP 

(5-hydroxytryptophan). These substances may b e r esponsib le 
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for causing some of the signs and symptoms present in the 

malignant carcinoid syn drome . This may explain why many of 

the proposed serotonin antagonists result in the improvement 

of some but not all of the manifestations present, such as 

the two most common and distu rbing symptoms - the flushing 

d h d . h 33 an t e iarr ea. As of yet there are no specific tumori-

cidal carcinoid drugs and so therapy is directed at ameli

oration of the malignan t carcinoid syndrome by the use of 

antagonistic agents. 

The most successful b u t far from ideal serotonin an

tagonist known to date is chlorpromazine. 21 Although its 

mechanism is uncertain it apparently interferes with the 

action of serotonin on the tissues rather than to interfere 

with its synthesis. It provides its best antagonistic action 

by interfering with the cardiovascular actions of serotonin, 

and it also reduces the degree of serotonin induced peristal

sis.13 Chlorpromazine also offers some symptomatic value 

through its tranquilizin g effects. Numerous other serotonin 

antagonists have been t r ied a n d found to offer only limited 

13 success. Reserpine blocks t he central action of serotonin 

causing the brain cells to release their serotonin stores, 

and thus exposes seroton in to the destruction by monamine 

oxidase. Lysergic acid blocks both the central and the peri

pheral actions of serotonin causing schizophrenic-like mental 

disturbances. Benadry l increases the presser but not the 

- 4 6 -



depressor response caused by serotonin, but at the same time 

it increases the intesti nal affinity for serotonin causing 

increasing peristalsis. Regitine blocks only the slight 

pressor response. Yohimb in a n d ergotamine have some benefi

cial effects on the gas t rointestinal tract and vascular com

ponents. Antiserotonin compou nd 45-50 causes marked changes 

such as a drop in blood pressu re and an increase in pulse 

rate, but its antagonis t effects rapidly subsides with continu

ous usage. Recently nic otinamide has been shown to be a sero

tonin antagonist, but t h e mech anism of its action and its 

effects in the carcinoid syndr ome are unknown. 21 Deseril, 

which is 1-methyl-D-ly s e rgic a cid butanolamide tartrate, has 

been reported to be effective in markedly reducing the number 

of stools in the patient with the carcinoid syndrome. Along 

with a product called Ro 5-102 5 , Deseril is effective in re

lieving flushing, but n e ither has been made available nor has 

been widely accepted fo r use i n the malignant carcinoid syn-

33 drome. It is thus cle ar tha t medical therapy is only palli-

ative at best. There a r e no p roven antagonists of serotonin. 

Supportive and p a lliati ve medical therapy is often the 

best treatment the clini cian c ·an offer. 29 Paregoric or kao

pectate, with or without hydrochloric acid, given before meals 

may decrease the amount of dia rrhea. Fluid and electrolyte 

balance must be careful l y watched with prolonged diarrhea. 

Adrenalin and intravenou s aminophylline may be helpful in 
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attacks of acute bronchos pasm. Niacin supplement will result 

in improvement of the pe l lagra- like skin lesions. Low trypto

phan diets do not result in prolonged palliation, but it is 

possible that intravenous radioactivated iodotryptophan, which 

will be picked up by carcinoid cells, may offer some excellent 

results in the future treatment of the carcinoid syndrome. 16 

Corticosteroid therapy may also offer some palliative relief 

1 of symptoms. 

Treatment - Chemotherapy and Radiotherapy 

The use of chemoth erapy and radiotherapy has offered 

very little measurable improvement in the treatment of either 

primary or metastatic carcinoid tumors or the syndrome they 

produce. The best tumoricidal doses for patients with the 

malignant carcinoid s yndrome and known liver metastases is via 

hepatic-artery catheteri zation via the left brachial artery. 

This therapy may also b e used for disseminated carcinoid tumors. 

Once the catheter is in place it can be left there as long as 

it is flushed once a week with heparin and the patient can 

lead a normal life, reporting to the hospital for weekly ther

apy with perfusion of 5- FU or alkylating agents. 34 Present 

results indicate that t h e bes t responses are with 5-FU although 

a few good short term responses have occurred following the 

use of nitrogen mustard, thio-tepa and cyclophosphamide. 
34 

Radiotherapy and radioisotopes used to destroy metas

tatic tissue and decrease circulating serotonin have resulted 
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in only temporary palliation. Radioactive gold has given 

such inconclusive results that it does not appear to be the 

6 answer. The best answe r seems to be the approaching studies 

using intravenous radioactivated iodotryptophan which when 

picked up by the carcino i d tissues may result in their self 

d 
. 16 

estruction. It also a ppear s unlikely that carcinoids are 

radiosensitive neoplasms and no good results have been re-

2 corded using radiation t h erapy . 

CONCLUSION 

The malignant carcinoid syndrome is a _group of pharmi

cophysiologic manifestations produced by the hyperserotoninemia 

resulting from the?e hypersecretory tumors rich in argentaffin 

tissue -- the carcinoid tumors. These tumors although malig-

nant are not cancerous in the fashion that other tumors are 

malignant. They are not rapidly proliferative with an early 

history of widespread metastases, but rather they are slow 

growing tumors and late to metastasize. Their malignant na-

ture is due to the sev e r ity o f the symptoms produced by the 

excess of plasma seroton in syn thesized from tryptophan by the 

carcinoid tumors. Norma lly o n ly 1 per cent of the dietary 

tryptophan is utilized i n the synthesis of serotonin, but this 

may increase up to 60 per cent in the more severe cases of the 

malignant carcinoid syndrome. Hence this is a disease of 

niacin deficiency as well as serotonin excess. 
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The symptom complex present in the carcinoid syndrome 

is basically the result of the action of serotonin on four 

target systems: 1) the vasculature with vasodilation causing 

flushing; 2) the gastrointestinal tract where hyperperistalsis 

results in diarrhea; 3) the respiratory system where broncho

constriction produces asthmatic attacks; and 4) the heart 

where accelerated fibroblastic activity leads to valvular 

heart disease and right heart failure. This classical tetrad, 

although not always present in the patient with the carcinoid 

syndrome, should make the clinical diagnosis of a carcinoid 

tumor with metastatic disease an early suspect. Once it is 

considered it is an easy matter to confirm the suspicion as 

urinary studies will invariabily reveal a marked elevation in 

the twenty-four hours 5-HIAA, the end product of serotonin 

metabolism. It is important to remember that the site of the 

primary carcinoid tumor may be anywhere the reminants of the 

embryologic gut are fou nd, b u t only those tumors or their 

hepatic metastases which are so located that they are able 

to deposit their serotonin load directly into the systemic 

venous channels and so bypass the liver and lungs, rich in 

monamine oxidase, are able to produce the malignant carcinoid 

syndrome. 

A review of the pharmacology of serotonin, the pathol

ogy of these tumors, valuable diagnostic procedures, and the 

prognostic implications of t h is disease have been covered. 
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The therapeutic conside r ations to be investigated when con

fronted with the carcinoid tumor, with or without the associ

ated malignant carcinoid syndrome are also discussed. Here 

it is important to remember t h at just as with all tumors, 

early surgical intervent ion is the best treatment and surest 

cure. As the disease progresses beyond the point where sur

gery can be considered, the clinician must face the problem 

of which of the, at best, poor palliative measures might offer 

some benefit: medical management with serotonin antagonists, 

chemotherapeutic agents or radiotherapy; or is the patient 

just destined to supportive of symptomatic therapy to make 

his life as comfortable as possible. 

- 51 -



BIBLIOGRAPHY 

1. Shiffman, M.; and Rappoport, I.: Carcinoid Tumors 
and Serotonin Physiology , The American Surgeon 31: 615-620 
(October) 1965. 

2. Peskin, G.; a nd Orloff, M.: A Clinical Study of 
25 Patients with Carcino id Tumors of the Rectum, Surgery, 
Gynecology and Obstetrics 109 : 673-682 (December) +959. 

3. McCracken, J.D.; a nd Davenport, O.L.: Carcinoid 
of the Stomach with Gian t Duod enal Ulcer, American Journal of 
Surgery 110: 776-779 (Novembe r ) 1965. 

4. Thorson, A.; Biorck, G.; Bjorkman, G.; and Walden
strom, J.: Malignant Ca rcino i d of the Small Intestine with 
Metastases to the Liver , Valvu lar Disease of the Right Side 
of the Heart (Pulmonar y Stenos is and Tricuspid Regurgitation 
without Septal Defects) , Peripheral Vasomotor Symptoms, Broncho
constriction, and an Un sual Type of Cyanosis; American Heart 
Journal 47:795-817 (June ) 1954 . 

5. Cantarow, A. ; and Schepartz, B.: "Metabolism of 
Proteins", in Biochemis t ry, e d 3, Philadelphia: W. B. Saun
ders Company, 1962, ch ap 19, pp 529-593. 

6. Peskin, G.; a nd Or l off, M.J.: Carcinoids, The 
Malignant Carcinoid Synd rome a nd 5-Hydroxytryptamine (Sero
tonin); The American Journal of the Medical Sciences 237: 
224-23 7 (February) 1959 . 

7 . Haverback, B. J.; Stubrin, M. I.; and Majcher, 
S. J.: Serotonin and Re lated Substances, in Disease-a-Month, 
Chicago: Year Book Med i cal Publish ers Inc., April 1966. 

8. Haverback, B. J. ;and Davidson, J.: Serotonin and 
the Gastrointestinal Tract, Ga stroenterology 35: 570-578 
(December} 1958. 

9. Page, I. H.: Serot onin (5-Hydroxytryptamine) 
Th e Last Four Years, Phy siolog ical Review 38: 277-335 
(April) 1958. 

10. Machella, T. E.: " Tumors of the Small Intestine", 
in Bockus, H. L.: Gastr oenter ology, ed 2, Philadelphia: 
w. B. Saunders Company , 1965, vol 2, chap 48, pp 194-197. 

- 5 2 -



11. Goth, A.: "Amine Metabolism and the Nervous 
System", in Medical Pharmacol ogy-Principles and Concepts, ed 
2, Saint Louis: The c . V. Mosby Company, 1964, chap 14, 
pp 175-179. 

12. Pfeiffer, C. C.; and Murphree, H. B.: "Introduc
tion to Psychotropic Dr ugs and Hallucinagenic Drugs" in Drill, 
V. A.: Drill's Pharmacology in Medicine, ed 3, New York: 
McGraw-Hill Book Company, 196 5, chap 22, pp 325-326. 

13. Gailitis, R.; and Scheiber, W.: Malignant Car
cinoid Syndrome and Lat est Concepts in Serotonin Metabolism, 
American Journal of Sur gery 99: 84-89 (January) 1960. 

14. Spiers, R. E.; and Williams, E. R.: Carcinoids 
of the Small Bowel, Ame rican Journal of Surgery 110: 780-785 
(November) 1965. 

15. Sauer, W. G.: Functioning Carcinoid Tumors, 
Gastroenterology 34: 216-231 (February) 1958. 

16. Kazmer, N. : Carcinoid Tumors, International 
Surgery 45: 314-324 (March) 1966. 

17. Kantor, S.; Crane, R.; and Gillesby, W. J.: 
Carcinoid Tumors of the Gastrointestinal Tract, American 
Surgeon 27: 448-435 (June) 1961. 

18. Peart, W. S.; Porter, K. A.; Robertson, J. I. s.; 
Sandler, M.; and Baldock, E.: The Classification of Carcin
oid Tumors, The Lancet 1: 238-239 (February 2) 1963. 

19. Raffensperger, E. C. : "The Appendix", in Boch us, 
H. L.: Gastroenterology, ed 2, Philadelphia: W. B. Saunders 
Company, 1965, vol 3, ch ap 80, p 1115. 

20. Diffenbaugh, W. G.; and Anderson, R. E.: Carcinoid 
(Argentaffin) Tumors of the Gastrointestinal Tract, A.M.A. 
Archives of Surgery 73: 21-37 (July) 1956. 

21. Smith, F. H.; and Murphy, R.: Carcinoid Tumors, 
The Medical Clinics of North America 44: 465-474 (March) 1960. 

22. Warner, R. P . P.; and Warner, G. M.: The Rectal 
Carcinoid, The Surgical Clinics of North America 42: 1243-44 
(October) 1962. 

23. Hough, J. D. : Car cinoids of the Rectum, American 
Surgeon 31: 450-452 (Jul y} 1965. 

- 53 -



24. Williams, E . D.; and Azzopardi, J. G.: Tumors 
of the Lung and the Car cinoid Syndrome, Thorax 15: 30-36 (March) 
1960. 

25. MacDonald, R. A.; and Robbins, S. L.: Pathology 
of the Heart in the Carcinoid Syndrome, A.M.A. Archives of 
Pathology 63: 103-112 (February) 1957. 

26. Samitz, M. H.: "Dermatologic Gastrointestinal 
Relationships", in Bockus, H. L.: Gastroenterology, ed 2, 
Philadelphia: W. B. Saunders Company, 1965, vol 3, chap 141, 
pp 1265-1266. 

27. Oates, J.; Melmank K.; Sjoerdsma, A.; Gillespie, 
L .; and Mason, D.: Release of a Kinin Peptide in the Carcin
oid Syndrome, The Lancet 1: 514-517 (March 7) 1964. 

28. Peart, W. S.; Robertson, J. I. S.; and Andrews, 
T. M.: Facial Flushing Produced in Patients with Carcinoid 
Syndrome by Intravenous Adrenaline and Noradrenaline, The 
Lancet 2: 715-716 (October 31) 1959. 

29. Schneckloth , R. E.; Mcisaac, W. M.; and Page, 
I. H.: Serotonin Metabolism i n Carcinoid Syndrome with 
Metastatic Bronchial Adenoma, J.A.M.A. 170: 1143-1147 (July 4) 
1959. 

30. Schweizer, W.; Gloor, F.; Bertrab, R.; and Dubach, 
u. S.: Carcinoid Heart Disease with Left-Sided Lesions, 
Circulation 29: 253 (February) 1964. 

31. Sjoerdsma, A. : "Malignant Carcinoid", in Beeson, 
P. B. : and McDermott, W.: Cecil-Loeb Textbook of Medicine, 
ed 11, Philadelphia: W. B. Saunders Company, 1963, vol 2, 
pp 1447-1448. 

32. Sjoerdsma, A.; Weissbach, H.; and Udenfriend, S.: 
A Clinical, Physiologic and Biochemical Study of Patients 
With Malignant Carcinoid (Argentaffinoma); The American 
Journal of Medicine 20: 520-532 (April) 1956. 

33. Ulrick, D.; and Gsell, O.R.: Carcinoid Syndrome: 
Alleviation of Diarrhea and Flushing with "Deseril" and Ro5-
1025, British Medical Journal 1: 1390-1391 (May 12) 1962. 

34. Reed, M. L.; Juipers, F .M.; Vortkevicius, V. K. 
and others: Treatment of Disseminated Carcinoid Tumors In
cluding Hepatic-Artery Catheterization, The New England 
Journal of Medicine 269: 1005-1010 (Nov. 7) 1963. 

- 54 -


	Serotonin and the carcinoid syndrome
	Recommended Citation

	tmp.1687538882.pdf.7WhlX

