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ABSTRACT

BACKGROUND

By releasing vasoactive substances into the circulation, carcinoid tumors can cause
right-sided valvular heart disease. Factors associated with the progression of carcinoid
heart disease are poorly understood. We conducted a retrospective study to identify such
factors.

METHODS

Our sample included 71 patients with the carcinoid syndrome who underwent serial
echocardiographic studies performed more than one year apart and 32 patients referred
directly for surgical intervention after an initial echocardiographic evaluation. A score
for carcinoid heart disease was determined on the basis of an assessment of valvular
anatomy and function and the function of the right ventricle. An increase of more than
25 percent in the score between studies was considered suggestive of disease progres-
sion. Tumor progression was assessed on the basis of abdominal computed tomograph-
ic scans and changes in the level of urinary 5-hydroxyindoleacetic acid (5-HIAA), a me-
tabolite of serotonin.

RESULTS

Of the patients with serial echocardiographic studies, 25 (35 percent) had an increase
of more than 25 percent in the cardiac score. As compared with patients whose score
changed by 25 percent or less, these patients had higher urinary peak 5-HIAA levels
(median, 265 mg per 24 hours [interquartile range, 209 to 593] vs. 189 mg per 24 hours
[interquartile range, 75 to 286]; P=0.004) and were more likely to have biochemical
progression (10 of 25 patients vs. 9 of 46, P=0.05) and to have received chemothera-
py (13 of 25 vs. 10 0f 46, P=0.009). Logistic-regression analysis showed that a higher
peak urinary 5-HIAA level and previous chemotherapy were predictors of an increase
in the cardiac score that exceeded 25 percent (odds ratio for each increase in 5-HIAA
of 25 mg per 24 hours, 1.08 [95 percent confidence interval, 1.03 to 1.13]; P=0.009);
odds ratio associated with chemotherapy, 3.65 [95 percent confidence interval, 1.74 to
7.481; P=0.001).

CONCLUSIONS
Serotonin is related to the progression of carcinoid heart disease, and the risk of pro-
gressive heart disease is higher in patients who receive chemotherapy than in those
who do not.

N ENGL J MED 348;11 WWW.NEJM.ORG MARCH 13, 2003

From the Divisions of Cardiovascular Dis-
eases (J.E.M.,, H.M.C,, J.B.S., K.M,, P.AP)
and Medical Oncology (J.R.), Mayo Clinic,
Rochester, Minn. Address reprint requests
to Dr. Pellikka at the Echocardiography Lab-
oratory, Gonda 6-138 NW, Mayo Clinic, 200
First St. SW, Rochester, MN 55905, or at
pellikka.patricia@mayo.edu.

N Engl ) Med 2003;348:1005-15.
Copyright © 2003 Massachusetts Medical Society.

1005

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.

Copyright © 2003 Massachusetts Medical Society. All rights reserved.



1006

The NEW ENGLAND JOURNAL of MEDICINE

ARCINOID TUMORS ARE UNCOMMON,

with an incidence of 1 to 2 per 100,000

people in the United States.! The tumors
arise from enterochromaftin cells typically located
in the gastrointestinal tract or lungs. At the time of
diagnosis, 20 to 30 percent of patients have dissem-
inated disease and the carcinoid syndrome, charac-
terized by cutaneous vasomotor flushing, secretory
diarrhea, and bronchospasm.1:2

The carcinoid syndrome is caused by the tu-
mor’s release of serotonin and other vasoactive sub-
stances. Once released, serotonin is metabolized
by monoamine oxidases in the liver, lungs, and brain
to 5-hydroxyindoleacetic acid (5-HIAA). When vas-
oactive substances are released from hepatic me-
tastases, the right heart is exposed to high levels
of these substances. The exposure is believed to
result in endocardial damage, leading to thicken-
ing, retraction, and fixation of the right heart valves,
valvular dysfunction, and eventually, right heart fail-
ure.3-¢ Although serotonin levels are higher in pa-
tients with carcinoid tumors who have heart disease
than in those without cardiac involvement,3-¢ it is
unclear what factors are involved in the progres-
sion of the cardiac lesions. Rightventricular failure
remains a major cause of morbidity and death in
patients with carcinoid heart disease. Knowledge
of the mechanisms involved in the progression of
the cardiac lesions might lead to the development
of treatments that attenuate the process.

We conducted a retrospective study to identify
factors associated with the progression of valvular
dysfunction in patients with the carcinoid syn-
drome. We evaluated patients with metastatic car-
cinoid disease who had undergone serial echocar-
diographic studies and patients referred directly for
surgical intervention after an initial echocardio-
graphic evaluation.

METHODS

SELECTION OF PATIENTS

Between 1980 and 2001, 273 patients with histolog-
ically verified carcinoid tumors and the carcinoid
syndrome were referred for echocardiographic eval-
uation at the Mayo Clinic, in Rochester, Minnesota.
Echocardiography was clinically indicated because
of symptoms or physical findings indicative of val-
vular heart disease or as part of the preoperative
assessment before partial hepatectomy was per-
formed. A total of 170 patients were excluded from
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the study because only one echocardiographic
study had been performed at our institution (123
patients) or because the interval between serial
echocardiographic studies was less than one year
(47 patients). Seventy-one patients with at least two
echocardiograms obtained more than 12 months
apart, without intervening valve surgery, and 32 pa-
tients referred for valve replacement after the ini-
tial echocardiogram were included in this retro-
spective study. If multiple echocardiographic studies
were performed, the first study performed more
than one year after the base-line study was used for
the analysis. One patient in the surgical group had
taken a selective serotonin-reuptake inhibitor; none
of the patients had taken fenfluramine, phenter-
mine, ergotamine, or pergolide. The first echocar-
diographic evaluation performed at our institution
served as the base line. The study was approved by
the institutional review board, and all patients pro-
vided written informed consent.

ECHOCARDIOGRAPHIC STUDIES
We assessed rightventricular size, systolic function,
and the valvular anatomy of the right heart semi-
quantitatively. For the anatomy of the tricuspid and
pulmonary valves, we used a four-point scale based
on leaflet motion, thickness, and retraction of the
valve (with 0 denoting normal, 1 thickened with re-
duced mobility, 2 thickened with severe immobili-
ty, and 3 thickened and fixed). In cases in which the
pulmonary valve was notvisualized despite satis-
factory visualization of the right ventricular outflow
tract, a score of 3 was assigned. We assessed tricus-
pid-valve regurgitation semiquantitatively on a scale
from 0 (minimal or no regurgitation) to 3 (marked
regurgitation) on the basis of visual interpretation
and the ratio of the maximal jet area to the right
atrial area.”-8 Pulmonary-valve regurgitation was
graded semiquantitatively on a scale from 0 (mini-
mal or no regurgitation) to 3 (marked regurgitation)
according to the width and size of the regurgitant
jet, as determined by color Doppler studies.
Rightventricular size and systolic function were
scored on a scale from 0 (normal) to 3 (severely en-
larged or impaired). We used Doppler recordings to
assign scores for the presence (1) or absence (0) of
diastolic forward flow in the pulmonary artery and
systolic flow reversal in hepatic veins.® On the basis
of continuous-wave Doppler recordings, tricuspid
inflow, the peak regurgitant velocity, pressure half-
time, and mean inflow gradient were measured. Re-
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cordings of right ventricular outflow were used to
measure the peak velocity and mean gradient across
the pulmonary valve.

Echocardiograms were analyzed off-line by one
of us, who was unaware of the clinical data. In ad-
dition, 20 of the electrocardiograms were random-
ly selected for analysis by a second observer. In 12
studies, the two sets of assigned scores were con-
cordant; in 6, there was a discrepancy of 1 point,
and in 2 a discrepancy of 2 points. In six of eight
cases in which there was disagreement, it involved
the grading of pulmonary-valve regurgitation.

SEVERITY OF CARCINOID HEART DISEASE

The severity of carcinoid heart disease was esti-
mated at both echocardiographic evaluations as the
sum of the scores for tricuspid-valve anatomy and
regurgitation, systolic flow reversal in hepatic veins,
rightventricular size and function, pulmonary-valve
anatomy and regurgitation, and diastolic forward
flow in the pulmonary artery. The score was report-
ed as the percentage of points possible (maximum,
20 points). Patients with an increase of more than
25 percent in the score (equivalent to an increase of
more than five points) from base line to follow-up
were considered to have clinically important pro-
gression of carcinoid heart disease. This cutoff point
corresponded to twice the highest level of interob-
server disagreement.

ABDOMINAL IMAGING AND BIOCHEMICAL TESTS
We assessed changes in the tumor burden with
the use of serial contrast-enhanced computed to-
mographic studies of the abdomen. All follow-up
studies were compared with previous studies by ex-
perienced radiologists to determine whether the
disease had progressed (as evidenced by new or
enlarged metastases, or both) or regressed (as evi-
denced by the disappearance or shrinking of me-
tastases, or both).

Multiple 24-hour urine samples from all patients
were quantitatively analyzed for 5-HIAA. For the
patients with serial echocardiograms, the urinary
5-HIAA level at the time of the first echocardio-
graphic study, the level at the time of the follow-up
echocardiographic study, and the highest level dur-
ing this interval were recorded. Biochemical pro-
gression was recorded if the 5-HIAA level had in-
creased by more than 25 percent, and biochemical
regression was recorded if the level had decreased
by more than 50 percent.1%:11 In the group of pa-

tients referred for surgery, the 5-HIAA level at the
time of echocardiographic study and the highest
value before surgery were recorded.

STATISTICAL ANALYSIS

Continuous data are reported as medians with in-
terquartile ranges, unless otherwise specified. Rank-
sum tests were used for comparisons of continu-
ous variables; for paired comparisons, the Wilcoxon
test was used. Categorical variables were compared
with use of the chi-square test or Fisher’s exact test,
as appropriate. We performed multivariate logistic-
regression analysis, with a significance level 0f 0.05
as the criterion for including and retaining vari-
ables in the model, to identify independent predic-
tors of an increase in the cardiac score that exceeded
25 percent.

RESULTS

Clinical characteristics of the patients, 5-HIAA lev-
els, and details of management of the carcinoid syn-
drome at base line are shown in Table 1. Among the
71 patients with serial echocardiograms, biochem-
ical regression was noted in 18 patients and pro-
gression in 19 at follow-up; there was no marked
change during follow-up in the other 34 patients.
On the basis of abdominal imaging, progression of
the tumor mass was reported in 21 patients, regres-
sion in 6, and no marked change in 44.

VALVULAR LESIONS
Figure 1, an echocardiogram from one of the pa-
tients in the study, shows the typical echocardio-
graphic appearance of advanced carcinoid heart
disease. Of the 32 patients referred for surgical in-
tervention, 31 (97 percent) had right-sided valvular
involvement, including severe tricuspid-valve regur-
gitation in all 31 and severe pulmonary-valve regur-
gitation in 23 (72 percent). One patient with ovar-
ian carcinoid had isolated left-sided involvement.
Among the 71 patients with serial echocardio-
graphic studies, both studies were normal in 21 pa-
tients. In the other 50 patients, carcinoid heart dis-
ease was present at base line or developed during
follow-up; the echocardiographic characteristics
of these patients are shown in Table 2. Carcinoid
heart disease developed in 15 patients with normal
base-line studies. Among these 15 patients, the me-
dian increase in the cardiac score was 32 percent
(range, 15 to 75 percent). All 15 of these patients
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Table 1. Clinical Characteristics of the Patients.*
Patients Referred
for Surgery
Variable Patients with Serial Echocardiograms (N=32)
No CHD at Base Line CHD at Base Line
(N=36) (N=35)
Age at diagnosis of the carcinoid syndrome — yr
Median 57 56 59
Interquartile range 48-66 45-67 43-63
Female sex — no. (%) 12 (33) 12 (34) 9 (28)
Interval between diagnosis and base-line study — yr
Median 1.8 1.0 2.1
Interquartile range 0.1-7.0 0.1-4.4 0.2-6.1
Primary site of tumor — no. (%)
Foregut 2 (6) 1(3) 0
Midgut 29 (81) 28 (80) 27 (84)
Unknown 5 (14) 6 (17) 5 (16)
Metastasis at base line — no. (%)
Hepatic 33 (92) 32 (91) 31 (97)
Pulmonary 3(8) 4 (11) 3(9)
Retroperitoneal 4 (11) 9 (26) 5 (16)
Other 8 (22) 5 (14) 4(12)
Urinary 5-HIAA — mg/24 hr
At base line
Median 110 209 206
Interquartile range 49-177 79-3067 168-3053
At follow-up
Median 112 101 —
Interquartile range 28-187 52-231
Highest value
Median 197 249 219
Interquartile range 73-264 149-403 159-362
NYHA class II, I1l, or IV
Base line 3 (8) 18 (51)§ 30 (94)9
Follow-up 10 (28) 27 (77)§ —
Treatment at base line
Somatostatin analogue — no. (%) 17 (47) 22 (63) 29 (91)§]
Duration of somatostatin treatment — mo
Median 1 5 6
Interquartile range 0-9 0-14 2-16
Hepatic-artery embolization — no. (%) 6 (17) 15 (43) 11 (34)
Heptic-artery ligation — no. (%) 12 (33) 13 (37) 6 (19)
Chemotherapy — no. (%) 10 (28) 13 (37) 15 (47)

* CHD denotes carcinoid heart disease, 5-HIAA 5-hydroxyindoleacetic acid, and NYHA New York Heart Association.
7 P=0.02 for the comparison with patients who did not have carcinoid heart disease at base line.

1 P=0.001 for the comparison with patients who did not have carcinoid heart disease at base line.

§ P<0.001 for the comparison with patients who did not have carcinoid heart disease at base line.

9§ P<0.001 for both comparisons.

| P=0.008 for the comparison with patients who had carcinoid heart disease at base line.

had thickening and reduced mobility of the tricus-
pid leaflet, resulting in tricuspid regurgitation at
follow-up; 8 also had pulmonary-valve involvement.

Of the 35 patients with carcinoid heart disease
atbaseline, 17 had an increase of at least 1 point in

the scores for both tricuspid-valve anatomy and re-
gurgitation; in 18 patients, the score remained un-
changed. None of the patients had an improvement
in either score. Fourteen patients had a worsening
of pulmonary-valve anatomy and regurgitation. In
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Figure 1. Typical Echocardiographic Appearance of Advanced Carcinoid Heart Disease.

A two-dimensional color-flow echocardiogram (parasternal short axis) shows thickened and retracted tricuspid-valve leaflets with poor coap-
tation, leading to severe regurgitation (Panel A). A continuous-wave Doppler study of the tricuspid valve shows a dagger-shaped regurgitant
flow profile and increased inflow velocity due to severe regurgitation (Panel B). A pulsed-wave Doppler study of the hepatic vein shows
marked systolic flow reversal (arrow), indicating severe tricuspid-valve regurgitation (Panel C). A two-dimensional color-flow echocardiogram
(parasternal short axis) shows carcinoid involvement of the pulmonary valve, which is poorly visualized because of retraction of cusps leading
to severe regurgitation (Panel D). A continuous-wave Doppler study of the right ventricular outflow tract shows rapid deceleration of the re-
gurgitant signal resulting from rapid equalization of right ventricular and pulmonary arterial pressures (Panel E). Diastolic forward flow in the
pulmonary artery (arrow) is due to a rapid rise in right ventricular diastolic pressure.

three patients, pulmonary-valve anatomy was grad-
ed 1 point lower on follow-up, and in two, this was
accompanied by improvement in the score for pul-
monary regurgitation. Right ventricular enlarge-
mentand deterioration of systolic function occurred
in 18 patients, right ventricular enlargement alone
in 6, and a decrease in systolic function in 1. In two
patients, right- as well as left-sided valvular involve-
ment was present at base line and follow-up; both
patients had a patent foramen ovale. In these 35 pa-
tients, the median change in the cardiac score was
20 percent (range, -9 to 65 percent).

The cardiac score increased by more than 25
percent in 25 patients; 9 of these patients had no
carcinoid heart disease at base line, and 16 had pre-
existing carcinoid heart disease. Representative
echocardiograms from a patient with preexisting
disease are shown in Figure 2.

RELATION BETWEEN CLINICAL VARIABLES
AND THE CARDIAC SCORE

Figure 3 shows the highest level of urinary 5-HIAA
excretion in the group of patients with base-line
and follow-up echocardiographic studies, according
to the change in the cardiac score, and in the group

of patients referred directly for cardiac surgery. Ta-
ble 3 shows the relation between clinical variables
and the change in the cardiac score. Among the pa-
tients with an increase of 25 percent or less in the
cardiac score, the follow-up study was performed
after a median of 1.9 years (interquartile range, 1.3
to 3.1) and among those with an increase of more
than 25 percent, the follow-up study was performed
after a median of 2.3 years (interquartile range, 1.2
to 3.2; P=0.95). Seventeen patients (68 percent) had
an increase of more than 25 percent in the score de-
spite base-line treatment with somatostatin ana-
logues. Among nine patients with no evidence of
carcinoid heart disease at base line and an increase
in the cardiac score of more than 25 percent, six re-
ceived base-line treatment with somatostatin.

The median change in the cardiac score did not
differ significantly between patients who were treat-
ed with somatostatin analogues (15 percent [inter-
quartile range, 0 to 40]) and those who were not
(8 percent [interquartile range, 0 to 29], P=0.18),
or between patients who underwent dearterializa-
tion (12 percent [interquartile range, 0 to 40]) and
those who did not (2 percent [interquartile range,
0 to 38], P=0.88). However, the change in the cardi-
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Development of Heart Disease
during Follow-up (N=15)

Follow-up

5 (33)

6 (40)

27
25-34

9 (60)

0.4
0.2-0.5

2.9
2.8-3.1

93
82-123

3.1
24-5.4

47
40-52

8 (53)

8 (53)
4(27)

1.2
1.0-1.9

4.1
24-7.2

6 (40)

35
30-63

Table 2. Echocardiographic Findings in Patients with Carcinoid Heart Disease.
Variable
Base Line
Moderate or severe right ventricular systolic dysfunction 0
—no. (%)
Moderate or severe increase in right ventricular size 0
—no. (%)
Right atrial area — cm?
Median 18
Interquartile range 15-22
Tricuspid valve
Thickened, with severe immobility or fixed leaflets — 0
no. (%)
Moderate or severe regurgitation — no. (%) 0
Ratio of regurgitant jet to right atrial area
Median 0.1
Interquartile range 0.05-0.2
Regurgitation velocity — m/sec
Median 2.5
Interquartile range 2.1-2.8
Pressure half-time — msec
Median 68
Interquartile range 63-73
Mean gradient— mm Hg
Median 0.8
Interquartile range 0.5-1.8
Right ventricular pressure — mm Hg
Median 26
Interquartile range 22-35
Pulmonary valve
Thickened, with severe immobility or fixed cusps — 0
no. (%)
Moderate or severe regurgitation — no. (%) 0
Diastolic forward flow — no. (%) 0
Peak velocity — m/sec
Median 0.9
Interquartile range 0.8-1.2
Mean gradient — mm Hg
Median 2.0
Interquartile range 1.1-4.0
Hepatic-vein systolic flow reversal — no. (%) 0
Cardiac score
Median 0
Interquartile range 0-10

P Value

0.05

0.03

0.01

0.01

0.004
0.01

0.07

0.71

0.009

0.001

0.009

0.009
0.15
0.03

0.09

0.03
<0.001

Heart Disease Present

at Base Line (N=35)

Base Line

4(11)

16 (46)

29
23-33

14 (40)
20 (57)

0.5
0.3-0.6

2.6
2.3-2.8

106
90-131

3.4
1.9-4.2

41
37-48

18 (51)

17 (49)
11 (31)

1.6
1.4-1.9

5.1
3.5-6.5

9 (26)

40
25-65

Follow-up

20 (57)

28 (80)

28
23-36

26 (74)
33 (94)

0.6
0.5-0.7

2.8
2.3-3.1

116
89-136

3.6
2.6-5.5

47
38-53

24 (69)

25 (71)
17 (49)

1.8
14-2.1

7.3
4.3-10.0

20 (57)

75
60-85

P Value

<0.001

<0.001

0.06

0.002

0.002
0.09

0.03

0.18

0.04

0.02

0.04

0.02
0.25
0.82

0.32

0.001
<0.001
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Figure 2. Example of Serial Echocardiographic Studies Showing an Increase in the Cardiac Score of More Than 25 Percent.
The base-line echocardiogram shows mild carcinoid involvement of the tricuspid valve (Panel A), leading to mild tricuspid regurgitation (Pan-
el B). At base line, the 5-hydroxyindoleacetic acid (5-HIAA) level was 265 mg per 24 hours and the patient was undergoing treatment with cy-
totoxic chemotherapy. The following year, somatostatin treatment was initiated. With these interventions, the 5-HIAA level decreased and

stabilized at values under 100 mg per 24 hours. After three years of follow-up, echocardiography revealed severe thickening and fixation of tri-
cuspid leaflets (Panel C), leading to severe tricuspid regurgitation (Panel D). Right ventricular and atrial enlargement was also noted. The car-
diac score was 15 at base line and 70 at follow-up. RA denotes right atrium, and RV right ventricle.

ac score was significantly higher in patients treated
with cytotoxic chemotherapy than in patients who
did not receive chemotherapy (Fig. 4). Thirteen of
the patients whose cardiac score increased by more
than 25 percent were treated with chemotherapy;
in five of these patients (38 percent), biochemical
regression occurred. Among the 23 patients who
received chemotherapy, biochemical regression oc-
curred in 8 patients (35 percent).

Clinical and radiographic features were similar
in patients with serial echocardiographic studies
and those referred for valve surgery (Table 3). Pa-
tients referred for surgery were more likely to have
been treated with somatostatin than were patients
with serial studies. In addition, patients referred for
surgery had higher urinary 5-HIAA levels and were

more likely to have received chemotherapy than pa-
tients without progressive cardiac disease.

PREDICTORS OF PROGRESSIVE
CARCINOID HEART DISEASE

A logistic-regression analysis of data from the pa-
tients with serial studies was performed to identify
predictors of a change in the cardiac score that ex-
ceeded 25 percent. Age, the highest 5-HIAA level,
the base-line 5-HIAA level, the interval between
studies, the base-line cardiac score, and the pres-
ence or absence of tumor progression, biochemi-
cal progression, hepatic dearterialization, somato-
statin treatment, and chemotherapy were entered
in a stepwise logistic-regression model. Signifi-
cant predictors were the highest recorded urinary
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Figure 3. Highest 5-Hydroxyindoleacetic Acid (5-HIAA) Level in Patients with
Serial Echocardiographic Studies, According to the Change in the Cardiac Score,
and in Patients Referred for Surgery after the Initial Echocardiographic Study.
Patients with a cardiac score that changed by 25 percent or less were consid-
ered to have stable carcinoid heart disease, and those with a score that changed
by more than 25 percent were considered to have progressive disease. Horizon-
tal lines represent medians, and vertical lines interquartile ranges.
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5-HIAA level (odds ratio, 1.08 for each increase of
25 mg per 24 hours [95 percent confidence inter-
val, 1.03 to 1.13]; P=0.009) and chemotherapy (odds
ratio, 3.65 [95 percent confidence interval, 1.74 to
7.48]; P=0.001). Biochemical progression was of
borderline significance as a predictor (P=0.06).

DISCUSSION

Our findings suggest that although serotonin is
related to the development of carcinoid heart dis-
ease, neither somatostatin therapy nor hepatic de-
arterialization prevents the progression of cardiac
lesions. Moreover, the patients in our study who
received cytotoxic chemotherapy had the highest
risk of progressive heart disease.

Several studies have demonstrated that among
patients with carcinoid tumors, those with cardiac
involvement have higher levels of 5-HIAA, the by-
product of serotonin degradation, than do patients
without cardiac involvement.3-6 In addition, Den-
ney etal. found that patients with the carcinoid syn-
drome in whom heart disease developed had high-
er 5-HIAA levels both before and after treatment
with somatostatin analogues than did patients

N ENGL J MED 348,11 www

without cardiac lesions.5 Our study confirms these
findings and extends them to patients with preex-
isting heart disease. We found that the peak level
of 5-HIAA was a significant predictor of progres-
sive carcinoid heart disease and was also increased
in patients with severe symptomatic heart disease
who were referred directly for cardiac surgery. The
formation of serotonin-induced carcinoid plaque
appears to be mediated by serotonin receptor sub-
type 1B. This receptor induces fibroblast prolifera-
tion on in vitro stimulation2 and has been detected
in subendocardial cells,13 where stimulation leads
to cell proliferation.14

However, there was a wide range of 5-HIAA lev-
els among the patients in our study. Furthermore,
42 percent of patients with biochemical progres-
sion had no cardiac involvement or no worsening
of cardiac lesions, and almost one fourth of the pa-
tients with biochemical regression had progressive
cardiac disease. These findings suggest that the ab-
solute increase in serotonin is an important factor
in the development of cardiac lesions but that other
factors, which may be environmental, inflamma-
tory, or genetic, must be present before the lesions
develop.

Somatostatin is a potent inhibitor of many proc-
esses, including the release of serotonin.'s In pa-
tients with the carcinoid syndrome, somatostatin
analogues act by binding to somatostatin recep-
tors,16 inhibiting the secretion of tumor by-prod-
ucts and relieving symptoms in more than 70 per-
cent of patients.11,17,:18 Hepatic dearterialization
decreases the supply of blood to metastases, reliev-
ing symptoms and decreasing 5-HIAA levels.10,19
However, treatment with somatostatin analogues
in the majority of our patients did not prevent the
progression of cardiac lesions. Given the data sug-
gesting that serotonin is involved in the develop-
ment of cardiac lesions, a reasonable hypothesis is
that early treatment with somatostatin might pre-
vent the development of cardiac disease. Although
the number of patients in our study was small, the
results do not support this hypothesis, since carci-
noid heart disease developed despite somatostatin
treatment in six of nine patients. Thus, at least in
some patients, somatostatin was ineffective in pre-
venting the development of carcinoid heart disease.
However, there was no control group in our study,
and it is possible that somatostatin slowed the pro-
gression of cardiac disease.

Treatment with various combinations of cyto-
toxic agents has been minimally effective in patients
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Table 3. Characteristics of the Patients with Serial Echocardiograms, According to the Change in the Cardiac Score,
and Patients Referred for Surgery.
Patients
Referred
Patients with P for Surgery P
Variable Serial Echocardiograms Valuey (N=32) Valuey
<25% Change >25% Change
(N=46) (N=25)
Age at diagnosis — yr
Median 58 52 59
Interquartile range 50-67 43-60 43-65
Female sex — no. (%) 16 (35) 8 (32) 9 (28)
Interval from diagnosis to base-line study — yr
Median 1.4 23 22
Interquartile range 0.1-5.5 0.1-4.7 0.2-6.1
Interval from base line to follow-up — yr
Median 1.9 23 —
Interquartile range 1.3-3.1 1.2-3.2
Metastasis at base line — no. (%)
Hepatic 42 (91) 23 (92) 31 (97)
Nonhepatic 26 (57) 13 (52) 10 (31)
Regression of tumor — no. (%) 5(11) 2(8) —
Progression of tumor — no. (%) 11 (24) 9 (36) —
Urinary 5-HIAA — mg/24 hr*
At base-line study
Median 115 166 0.005 195 0.01
Interquartile range 49-212 86-303 143-259
Highest value
Median 189 265 0.004 248 0.03
Interquartile range 75-286 209-593 193-362
Biochemical regression — no. (%) 12 (26) 6 (24) —
Biochemical progression — no. (%) 9 (20) 10 (40) —
Treatment at base line — no. (%)
Somatostatin analogue 22 (48) 17 (68) 29 (91) <0.001
Hepatic dearterialization 20 (44) 10 (40) 17 (53)
Chemotherapy 10 (22) 13 (52) 0.009 15 (47) 0.02

3

5-HIAA denotes 5-hydroxyindoleacetic acid.

P values are for the comparison with patients with a change of 25 percent or less in the cardiac score.
: P=0.03 for the comparison with patients with a change of more than 25 percent in the cardiac score.

with metastatic midgut carcinoid tumors.20-22 In
our study, logistic-regression analysis showed that
patients treated with cytotoxic chemotherapy had
an increased risk of progressive cardiac lesions. Al-
so, chemotherapy was used more often in patients
referred directly to cardiac surgery than in patients
with no progression. Since chemotherapy is typical-
ly reserved for patients who do not have a response
to other treatments,22:23 the apparently increased
risk of progressive heart disease among these pa-
tients may reflect more aggressive disease. How-

ever, the fact that biochemical regression occurred
in more than 30 percent of patients treated with
chemotherapy, including patients with progressive
carcinoid heart disease, suggests that the aggres-
siveness of the disease did not account for the in-
creased risk. Several studies have shown that acute
chemotherapy-induced emesis is caused by an in-
creased release of serotonin from intestinal entero-
chromaftin cells.2425 This increase, which is unaf-
fected by somatostatin treatment, may be mediated
by enterochromaffin-cell damage.25 One might
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Figure 4. Percentage Change in the Cardiac Score
among Patients Who Received Cytotoxic Chemotherapy
and Those Who Did Not.

Horizontal lines represent medians, and vertical lines in-
terquartile ranges.

speculate that cytotoxic chemotherapy induces
transient bursts of serotonin released from hepatic
metastases in patients with the carcinoid syndrome.
In predisposed patients, chemotherapy may theo-
retically accelerate the progression of cardiac le-
sions. However, a prospective, randomized study
would be required to establish this relationship.

A limitation of our study is the lack of well-
accepted criteria for a worsening of carcinoid heart
disease. We chose a 25 percent increase in an
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