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Carcinoid heart disease:
The heart is part of the whole body

AJAT PASRICHA, MD and TREVOR ROBINSON, MD

Carcinoid tumours are rare neoplasms that have unique and challenging cardiovascular
manifestations. The incidence of carcinoid tumours is about 1.5/100,000 in the general popu-
lation and it is estimated that about 30% of affected individuals go on to develop carcinoid
syndrome.' Cardiac manifestations are thought to occur in about half of these patients. The
purpose of this issue of Cardiology Rounds is to discuss the history, biology, pathology, clinical

presentation, and management of patients with the cardiac carcinoid syndrome.

History of carcinoid disease

Lubrasch first described carcinoid tumours over 100 years ago after autopsies on two
patients.? Both had tumours in the terminal ileum. It was not until 1907, however, that Oberndorf
ascribed the term “Karzinoide” to describe the tumours.? In 1952, the first case of cardiac involve-

ment associated with these characteristic tumours was described in a young man.*

Biology

Carcinoid tumour cells are thought to arise from neuroendocrine cells known as the amine
precursor uptake and decarboxylation (APUD) cells. They contain neurosecretory granules capa-
ble of releasing a variety of physiologically active hormones and biogenic amines. The best
known and studied of these substances are serotonin (5-hydroxytryptamine [5-HT]) and hista-
mine (5-hydroxytryptophan), but includes bradykinins, tachykinins, and prostaglandins as well.
The specific release of any one or a combination of these products determines the clinical picture.

Serotonin is the best characterized of these substances and has received the greatest atten-
tion. The carcinoid cells take up tryptophan that is hydroxylated and decarboxylated within the
cells by the enzymes tryptophan dehydroxygenase and dopa-carboxylase, respectively, ulti-
mately producing serotonin. Serotonin is then secreted into the circulation where it is meta-
bolized to 5-hydroxyindole acetic acid (5-HIAA), which is excreted in the urine (Figure 1).

The physiologic actions of serotonin are numerous and complex. It functions as a CNS neu-
rotransmitter, a melanin precursor, and a promoter of platelet aggregation. Its cardiovascular
effects are exerted through a variety of receptors. Activation of the receptors 5-HT1 and 5-HT4
produces vasoconstriction. Potentiation of angiotensin Il adds to its vasoconstricting properties.
The 5-HT1 receptor has many subtypes, and depending on which subtype is activated, serotonin
can cause paradoxical vasodilatation, while activation of other subtypes exert positive

chronotropic and inotropic effects on cardiac muscle.
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Figure 1: Synthesis and metabolism of serotonin
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Clinical presentation

Carcinoid tumours produce a classic constellation of
clinical features called the “carcinoid syndrome.” This syn-
drome includes cutaneous flushing, secretory diarrhea,
wheezing, cutaneous telangiectasia, and cardiac abnormal-
ities. Cardiac involvement occurs in only about half of car-
cinoid syndrome cases and is seen predominately in
patients with hepatic metastases or in those with ovarian
carcinoid. The predilection for right-sided cardiac involve-
ment is thought to be due to the release of mediators into
the venous circulation.

The cardiovascular manifestations of carcinoid tumours
can be divided into structural and hemodynamic effects.
Structural abnormalities predominately involve the valves.
Tricuspid regurgitation is the most common valvular
lesion, followed by pulmonary stenosis. Pulmonary regur-
gitation is exceedingly rare, as are left-sided valvular
lesions. The presence of the latter should raise the suspi-
cion of an intracardiac shunt or a bronchial carcinoid.

Structural valvular lesions are characterized by the
presence of the hallmark of carcinoid heart disease — the
cardiac plaque. These form a whitish-coloured layer over
the surfaces of the tricuspid and pulmonic valves.
Histologically, they are composed of smooth muscle cells,
myofibroblasts, and an overlying endothelial layer. Early

studies suggested that cardiac plaques were void of elastic

tissues, normally seen in the cardiac muscle.® This point of
view has, however, been recently challenged by Simula et
al who recently reported on 139 valves from 75 patients
with carcinoid heart disease. He found that up to 20% of
valves did indeed contain elastic fibers.®

The tricuspid valve is commonly affected in carcinoid
heart disease with resultant concomitant tricuspid regurgi-
tation and stenosis. This is a consequence of asymmetrical
deformation of the valve and the partial fusion and rigidi-
ty of the valve leaflets.>® The pulmonary valve is stiff, with
a reduction of the opening, resulting in stenosis. However,
pulmonary regurgitation is uncommon. Left-sided cardiac
involvement is also uncommon and when seen, is usually
limited to the mitral valve. Aortic valve involvement is
exceedingly rare. Plaques seen on the mitral valve are iden-
tical to those seen on the right side, but are less severe.
The plaques, irrespective of location, are confined to the
endocardium and subendocardium.¢

The pathogenesis of these plaques remains unknown.
Animal studies have suggested a link to serotonin and/or
tryptophan or niacin deficiency. Interest in this hypothesis
was fuelled by the use of anorectic drugs, fenfluramine and
dexfenfluramine, that were found to be associated with
valvular lesions identical to those seen in carcinoid
patients. These drugs are known to exert their effects via

interference in normal serotonin metabolism.”

Diagnosis

Conclusive diagnosis of carcinoid heart disease is
made by the demonstration of the classic cardiac plaque.
Biochemical evidence of the diagnosis is demonstrated by
elevated 5-HIAA urinary levels. Consideration of the
patient's consumption of foods rich in tryptophan (ie, nuts,
banana, pineapple, kiwi, or avocados) should be made
when interpreting elevated levels. Other common diag-
nostic cardiac tests include an electrocardiogram (ECG)
that can reveal right atrial and right ventricular enlarge-
ment, right axis deviation, and right bundle branch block.
A chest x-ray is less helpful, since it is normal in nearly half
of cases (Table 1).

The diagnostic test of choice, however, is the echocar-
diogram. Typical echocardiogram features include marked,
diffuse, thickening and shortening of the tricuspid valve

leaflets. The shortened leaflets are unable to coapt com-



Table 1: Frequency of ECG, chest X-ray and echo
findings in patients with carcinoid heart

disease
Abnormality % with Finding
ECG
Normal 31
ST-T wave abnormality 24
Sinus tachycardia 13
Low anterior forces 12
Low voltage 10
Right axis deviation 9
First degree AV block 9
Right atrial enlargement 7
Left axis deviation 6
RBBB 4

Chest X-ray findings

Normal 46
Cardiac enlargement 18
Pleural effusion 1
Pulmonary nodules 1
Hepatomegaly 5
Blunting of costophrenic angles 5

Echocardiogram

Tricuspid regurgitation 100
Pulmonary stenosis 49
RA/RV enlargement 91
Left-sided valvular lesion 7

pletely, resulting in tricuspid regurgitation. In severe cases,
the leaflets are stiff and move in a "board-like fashion,”
resulting in classic stenosis and regurgitation. Typically,
the pulmonary valve shows the same abnormalities,
although it is less commonly involved. Other structural
abnormalities include enlargement of the right-sided
chambers. Although infrequent, left-sided involvement of
the mitral valve should be (Table 1) sought. If, in fact, the
left side of the heart is found to be involved, the possibili-
ty of an intra-cardiac shunt or pulmonary carcinoid should

be considered.'®!!

Outcome

Only a handful of small studies have examined out-
comes in patients with cardiac carcinoid. They have con-

sistently shown a poor prognosis. Pellikka et al identified

Figure 2: Survival of patients with or without
cardiac carcinoid
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132 patients with carcinoid disease during the decade
1980-1989 and compared the outcomes of those with, and
without, cardiac involvement. The 3-year survival was sig-
nificantly lower in those with cardiac involvement (31%)
compared to those without cardiac involvement (68%;
Figure 2). Mean life expectancy was reduced from 4.6
years to 1.6 years.'’

Lundin et al examined 68 patients with histologically-
proven, mid-gut, malignant carcinoid tumours and exam-
ined the characteristics of three groups:

e patients with normal right hearts;

e patients with tricuspid regurgitation and mild

chamber abnormalities;

e patients with tricuspid regurgitation and severe

chamber abnormalities.

The latter group had significantly higher urinary
5-HIAA levels, plasma levels of neuropeptide k, and plas-
ma substance P. No such differences were found between
those without cardiac involvement and those with only
tricuspid regurgitation without chamber involvement.'”
This suggests that, based on the best evidence in the lit-
erature, the presence of cardiac involvement in patients

with carcinoid tumours carries a worse prognosis.

Medical therapy (Table 2)

Chemotherapy forms the basis of medical therapy for
carcinoid disease, regardless of the presence or absence of

cardiac involvement. Treatment with streptomycin, 5-fluo-



Table 2: Medical therapy for carcinoid disease

Chemotherapy to help control disease
e Streptomycin
e 5-fluorouracil
¢ Cyclophosphamide
e Doxorubicin

e Alpha-interferon

Combination chemotherapy +
hepatic artery ligation

(shows promise in improving survival)

Drugs for symptomatic relief
e Somatostatin
e Octreotide

Other medications for specific conditions

e Ketanserin (to manage hypertensive crisis
refractory to vasodilators)

¢ Theophylline, steroids (for
bronchoconstriction)

¢ Diphenhydramine, ranitidine,
cyproheptadine (to control histamine-related
symptoms)

rouracil, cyclophosphamide, doxorubicin, and alpha-
interferon have been successful in controlling
metastatic disease, but none have been shown, alone
or in combination, to induce a sustained remission or
a cure. The combination of chemotherapy and hepat-
ic artery ligation has shown promise of improving sur-
vival. 1314
For symptomatic relief, the best-studied drugs are
somatostatin and octreotide. Somatostatin binds to
the cell-surface receptors of the carcinoid cell and
inhibits the release of serotonin. The half-life of
somatostatin is only minutes, limiting its use; there-
fore, octreotide, a related drug with a longer half-life
has received greater clinical attention. Octreotide has
been shown to be effective in reducing flushing by
87%, diarrhea in 77%, and urinary 5-HIAA levels by
7706 1415

Other medications used in specific conditions
include ketanserin, a selective serotonin receptor

antagonist with alpha-blocking properties, that is use-

ful in the management of a hypertensive crisis refrac-

16 Clinically, ketanserin is used

tory to vasodilators.
most often intra-operatively during valve replace-
ment. Prolongation of the QT interval and precipita-
tion of torsade de pointes in the setting of
hypomagnesemia or hypokalemia have been docu-
mented. For bronchoconstriction, theophylline and
steroids have been used successfully. Various antihist-
amines such as diphenhydramine, ranitidine, and
cyproheptadine, have been used successfully to

control histamine-related symptoms of flushing and

urticaria, as well as in the preoperative setting.

Surgical therapy

Surgical considerations in the management of
patients with carcinoid disease include:

e tumour debulking in patients with metastatic

disease

® resection of nonmetastatic primary tumours that

may result in a potential cure

e cardiac valve surgery in patients with cardiac

involvement.

In the latter case, little is known about the tim-
ing and outcome of patients undergoing valve sur-
gery. Connolly et al compared significant outcomes
of cardiac surgery in patients with carcinoid heart
disease; 26 patients had valvular surgery and 40
patients were managed medically. The 30-day mor-
tality in the surgical group was 35%), predominately
from bleeding complications. At 6 months, however,
there was favourable trend for the surgical group. By
2 years, this difference was significant, with 40% sur-
vival in the surgical group, compared to 8% in the
medically-managed group. At 3 years, none of the

medically-managed patients had survived.!”

Summary

Carcinoid heart disease is a rare condition that
may become even more so with time. Interestingly, it
is so rare that experienced cardiologists and gastroen-
terologists at St.Michael's Hospital were unable,
recently, to readily identify cases of carcinoid heart
disease in their clinical practices. Possibly one reason

for the increasingly rare occurrence of this disease is
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that the more aggressive screening programs for colon
cancer are able to detect and treat carcinoid tumours
before metastases and cardiac involvement have
occurred. Despite this, carcinoid tumours and carci-
noid heart disease remain an important diagnosis to
consider in patients presenting with primarily right-
sided valvular pathology. The patient evaluation
includes documenting elevated urinary 5-HIAA levels
and an echocardiographic assessment of the extent of
valvular involvement. Patient management involves
the aggressive management of heart failure, specifical-
ly, the use of chemotherapy and octreotide for symp-
tomatic benefit. In severe cases, consideration should

be given to surgical replacement of the valves.

Ajai Pasricha, MD, is a cardiology trainee at St.
Michael's Hospital.
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Abstracts of Interest

Carcinoid tumour

KINOVA S, DURIS I. BRATISLAVA, SLOVAKIA.

Carcinoid tumours are slow growing malignancies which occur most
frequently in the gastrointestinal tract (about 74%). They can also be
found in the bronchus, ovary, lung, thymus, kidney or thyroid gland.
Carcinoid tumours are usually identified histologically by their affini-
ty to silver salts, or more specifically by immunocytochemistry using
antibodies against their specific cellular products. Survival rates
depend on the location of primary tumour, extent of locoregional
and metastatic disease, functional status of the tumor and the feasibil-
ity of complete surgical extirpation. Clinical manifestations are often
vague or absent. Nevertheless, tumours secrete bioactive mediators
which may in approximately of 10% of patients engender various ele-
ments of characteristics of carcinoid syndrome. Patients with
advanced carcinoid disease should be treated with aggressive medical
and surgical therapies.

Bratisl Lek Listy 2001,102(11):495-504

Carcinoid heart disease: a case report and
literature review

BOTERO M, FucHs R, Paurus DA, LIND DS. GAINESVILLE, FL

We report a patient who presented for elective exploratory laparoto-
my, and resection of a pelvic mass, which was thought to be ovarian
carcinoma. Intraoperative transesophageal echocardiography demon-
strated right-sided valvular heart lesions, which suggested the diag-
nosis of carcinoid syndrome before a pathologic confirmation was
obtained. This article discusses the classical presentation and anes-
thetic management of patients with carcinoid syndrome and empha-
sizes the importance of proper preoperative diagnosis and careful
planning if the incidence and severity of the symptoms that this con-
dition can provoke are to be reduced.

T Clin Anesth 2002, 14(1):57-63

Surgical pathology of carcinoid heart disease:
a study of 139 valves from 75 patients spanning
20 years

Simura DV, EbwarDs WD, TazeLaar HD, CONNOLLY HM, SCHAFF
HV. MaYo CLINIC, ROCHESTER, MINN

OBJECTIVE: To quantitate the pathologic features of carcinoid
plaques in a relatively large number of surgical specimens from a sin-
gle institution.

PATIENTS AND METHODS: Medical records, operative reports,
and surgical specimens were reviewed from all patients with carcinoid
heart disease who underwent cardiac valvular surgery at Mayo Clinic,
Rochester, Minn, between 1980 and 2000.

RESULTS: The study group included 75 patients (45 men, 30
women) who ranged in age from 26 to 78 years (mean, 59 years).
From these 75 patients, 139 valves had been excised surgically (73 tri-
cuspid, 55 pulmonary, 6 mitral, 5 aortic). Pure regurgitation was the
most common dysfunctional state of the tricuspid valve (80%
[60/75]), mitral valve (97% [32/33]), and aortic valve (96% [23/24]).

The pulmonary valve was more often both stenotic and insufficient
(52% [37/71]) than purely regurgitant (30% [21/71]). In all cases,
valve dysfunction was attributed to the presence of carcinoid plaques,
which caused both thickening and retraction. Thickening was the
result of both cellular proliferation and deposition of extracellular
matrix. Proliferation of myofibroblasts was observed in all plaques and
was mild in 49% (68/139) and moderate or severe in 51% (71/139).
Extracellular matrix included collagen (in 99% of the 139 valves),
myxoid ground substance (98% [136/139]), and elastin (20%
[28/139]). Carcinoid plaques were also involved by neovasculariza-
tion (94% [131/139]), chronic inflammation (94% [131/139]), and
mast cell infiltration (64% [89/139]). Severe thickening was attribut-
able primarily to collagen deposition in tricuspid valves and to myofi-
broblast proliferation and myxoid matrix in pulmonary valves.
CONCLUSIONS: Among patients undergoing valvular surgery for
carcinoid heart disease, tricuspid and pulmonary valves represented
92% of the excised valves (128/ 139). Although numerous cellular and
extracellular features were common to the carcinoid plaques, variabil-
ity in their relative expression produced appreciable differences in the
histologic appearance among the plaques.

Mayo Clin Proc 2002,;77(2):139-47
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