in New York Heart Association class I, 30–40% are in class II, 13–31%
are in class III, and 3–12% are in class IV. At present, carcinoid heart
disease is reported to be decreasing in frequency and severity, with
mean occurrence in 20% of patients and occurrence in as few as 3–4%
in some reports. Whether this decrease is due to the widespread use of
somatostatin analogues, which control the release of bioactive agents
thought involved in mediating the heart disease, is unclear.
Other clinical manifestations include wheezing or asthma-like
symptoms (8–18%), pellagra-like skin lesions (2–25%), and impaired
cognitive function. A variety of noncardiac problems due to increased
fibrous tissue have been reported, including retroperitoneal fibrosis
causing urethral obstruction, Peyronie’s disease of the penis, intraabdominal fibrosis, and occlusion of the mesenteric arteries or veins.
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Pathobiology Carcinoid syndrome occurred in 8% of 8876 patients
with GI-NETs (carcinoids), with a rate of 1.7–18.4% in different studies. It occurs only when sufficient concentrations of products secreted
by the tumor reach the systemic circulation. In 91–100% of cases, this
occurs after distant metastases to the liver. Rarely, primary GI-NETs
(carcinoids) with nodal metastases with extensive retroperitoneal invasion, pNETs (carcinoids) with retroperitoneal lymph nodes, or NETs
(carcinoids) of the lung or ovary with direct access to the systemic circulation can cause the carcinoid syndrome without hepatic metastases.
All GI-NETs (carcinoids) do not have the same propensity to metastasize and cause the carcinoid syndrome (Table 113-3). Midgut NETs
(carcinoids) account for 57–67% of cases of carcinoid syndrome, foregut NETs (carcinoids) for 0–33%, hindgut for 0–8%, and an unknown
primary location for 2–26% (Tables 113-3 and 113-7).
One of the main secretory products of GI-NETs (carcinoids)
involved in the carcinoid syndrome is serotonin (5-HT) (Fig. 113-1),
which is synthesized from tryptophan. Up to 50% of dietary tryptophan can be used in this synthetic pathway by tumor cells, and this
can result in inadequate supplies for conversion to niacin; hence, some
patients (2.5%) develop pellagra-like lesions. Serotonin has numerous
biologic effects, including stimulating intestinal secretion with inhibition of absorption, stimulating increases in intestinal motility, and
stimulating fibrogenesis. In various studies, 56–88% of all GI-NETs
(carcinoids) were associated with serotonin overproduction; however,
12–26% of the patients did not have the carcinoid syndrome. In one
study, platelet serotonin was elevated in 96% of patients with midgut
NETs (carcinoids), 43% with foregut tumors, and 0% with hindgut
tumors. In 90–100% of patients with the carcinoid syndrome, there is
evidence of serotonin overproduction. Serotonin is thought to be predominantly responsible for the diarrhea. Patients with the carcinoid
syndrome have increased colonic motility with a shortened transit
time and possibly a secretory/absorptive alteration that is compatible
with the known actions of serotonin in the gut mediated primarily
through 5-HT3 and, to a lesser degree, 5-HT4 receptors. Serotonin
receptor antagonists (especially 5-HT3 antagonists) relieve the diarrhea
in many, but not all, patients. A tryptophan 5-hydroxylase inhibitor,
LX-1031, which inhibits serotonin synthesis in peripheral tissues, is
reported to cause a 44% decrease in bowel movement frequency and
a 20% improvement in stool form in patients with the carcinoid syndrome. Additional studies suggest that tachykinins may be important
mediators of diarrhea in some patients. In one study, plasma tachykinin levels correlated with symptoms of diarrhea. Serotonin does
not appear to be involved in the flushing because serotonin receptor
antagonists do not relieve flushing. In patients with gastric carcinoids,
the characteristic red, patchy pruritic flush is thought due to histamine release because H1 and H2 receptor antagonists can prevent it.
Numerous studies have shown that tachykinins (substance P, neuropeptide K) are stored in GI-NETs (carcinoids) and released during
flushing. However, some studies have demonstrated that octreotide
can relieve the flushing induced by pentagastrin in these patients without altering the stimulated increase in plasma substance P, suggesting
that other mediators must be involved in the flushing. A correlation
between plasma tachykinin levels (but not substance P levels) and
flushing has been reported. Prostaglandin release could be involved
in mediating either the diarrhea or flush, but conflicting data exist.
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well as the fibrotic reactions involving the heart, causing Peyronie’s
disease and intraabdominal fibrosis.
The exact mechanism of the heart disease remains unclear, although
increasing evidence supports a central role for serotonin. Patients with
heart disease have higher plasma levels of neurokinin A, substance P,
plasma atrial natriuretic peptide (ANP), pro-brain natriuretic peptide,
chromogranin A, and activin A as well as higher urinary 5-HIAA excretion.
The valvular heart disease caused by the appetite-suppressant drug
dexfenfluramine is histologically indistinguishable from that observed
in carcinoid disease. Furthermore, ergot-containing dopamine receptor agonists used for Parkinson’s disease (pergolide, cabergoline) cause
valvular heart disease that closely resembles that seen in the carcinoid
syndrome. Furthermore, in animal studies, the formation of valvular
plaques/fibrosis occurs after prolonged treatment with serotonin as
well as in animals with a deficiency of the 5-HIAA transporter gene,
which results in an inability to inactivate serotonin. Metabolites of fenfluramine, as well as the dopamine receptor agonists, have high affinity
for serotonin receptor subtype 5-HT2B receptors, whose activation is
known to cause fibroblast mitogenesis. Serotonin receptor subtypes
5-HT1B,1D,2A,2B normally are expressed in human heart valve interstitial cells. High levels of 5-HT2B receptors are known to occur in heart
valves and occur in cardiac fibroblasts and cardiomyocytes. Studies of
cultured interstitial cells from human cardiac valves have demonstrated
that these valvulopathic drugs induce mitogenesis by activating 5-HT2B
receptors and stimulating upregulation of transforming growth factor
β and collagen biosynthesis. These observations support the conclusion that serotonin overproduction by GI-NETs (carcinoids) is important in mediating the valvular changes, possibly by activating 5-HT2B
receptors in the endocardium. Both the magnitude of serotonin
overproduction and prior chemotherapy are important predictors of
progression of the heart disease, whereas patients with high plasma
levels of ANP have a worse prognosis. Plasma connective tissue growth
factor levels are elevated in many fibrotic conditions; elevated levels
occur in patients with carcinoid heart disease and correlate with the
presence of right ventricular dysfunction and the extent of valvular
regurgitation in patients with GI-NETs (carcinoids).
Patients may develop either a typical or, rarely, an atypical carcinoid syndrome (Fig. 113-1). In patients with the typical form, which
characteristically is caused by midgut NETs (carcinoids), the conversion of tryptophan to 5-HTP is the rate-limiting step (Fig. 113-1).
Once 5-HTP is formed, it is rapidly converted to 5-HT and stored
in secretory granules of the tumor or in platelets. A small amount
remains in plasma and is converted to 5-HIAA, which appears in large
amounts in the urine. These patients have an expanded serotonin pool
size, increased blood and platelet serotonin, and increased urinary
5-HIAA. Some GI-NETs (carcinoids) cause an atypical carcinoid
syndrome that is thought to be due to a deficiency in the enzyme dopa
decarboxylase; thus, 5-HTP cannot be converted to 5-HT (serotonin),
and 5-HTP is secreted into the bloodstream (Fig. 113-1). In these
patients, plasma serotonin levels are normal but urinary levels may
be increased because some 5-HTP is converted to 5-HT in the kidney.
Characteristically, urinary 5-HTP and 5-HT are increased, but urinary
5-HIAA levels are only slightly elevated. Foregut carcinoids are the
most likely to cause an atypical carcinoid syndrome; however, they also
can cause a typical carcinoid syndrome.
One of the most immediate life-threatening complications of the
carcinoid syndrome is the development of a carcinoid crisis. This is
more common in patients who have intense symptoms or have greatly
increased urinary 5-HIAA levels (i.e., >200 mg/d). The crisis may
occur spontaneously; however, it is usually provoked by procedures
such as anesthesia, chemotherapy, surgery, biopsy, endoscopy, or
radiologic examinations such as during biopsies, hepatic artery embolization, and vessel catheterization. It can be provoked by stress or
procedures as mild as repeated palpation of the tumor during physical
examination. Patients develop intense flushing, diarrhea, abdominal
pain, cardiac abnormalities including tachycardia, hypertension, or
hypotension, and confusion or stupor. If not adequately treated, this
can be a terminal event.

2/9/15 6:05 PM

