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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 of 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
7.48]; 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.
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arcinoid tumors are uncommon,

 

with an incidence of 1 to 2 per 100,000
people in the United States.

 

1

 

 The tumors
arise from enterochromaffin 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.

 

3-6

 

 Although serotonin levels are higher in pa-
tients with carcinoid tumors who have heart disease
than in those without cardiac involvement,
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 it is
unclear what factors are involved in the progres-
sion of the cardiac lesions. Right ventricular 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.

 

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

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 right ventricular 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 not visualized 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.

 

7,8

 

 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. 

Right ventricular 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.

 

9

 

 On the basis
of continuous-wave Doppler recordings, tricuspid
inflow, the peak regurgitant velocity, pressure half-
time, and mean inflow gradient were measured. Re-

c
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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,
right ventricular 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.

 

10,11

 

 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 of 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.

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

results
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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
at base line, 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

 

* CHD denotes carcinoid heart disease, 5-HIAA 5-hydroxyindoleacetic acid, and NYHA New York Heart Association.
† P=0.02 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.
§ P<0.001 for the comparison with patients who did not have carcinoid heart disease at base line.
¶P<0.001 for both comparisons.

 

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

 

Table 1. Clinical Characteristics of the Patients.*

Variable Patients with Serial Echocardiograms

Patients Referred 
for Surgery 

(N=32)

 

No CHD at Base Line
(N=36)

CHD at Base Line
(N=35)

Age at diagnosis of the carcinoid syndrome — yr
Median
Interquartile range

57
48–66

56
45–67

59
43–63

Female sex — no. (%) 12 (33) 12 (34) 9 (28)

Interval between diagnosis and base-line study — yr
Median
Interquartile range

1.8
0.1–7.0

1.0
0.1–4.4

2.1
0.2–6.1

Primary site of tumor — no. (%)
Foregut
Midgut
Unknown

2 (6)
29 (81)
5 (14)

1 (3)
28 (80)

6 (17)

0 
27 (84)

5 (16)

Metastasis at base line — no. (%)
Hepatic
Pulmonary
Retroperitoneal
Other

33 (92)
3 (8)
4 (11)
8 (22)

32 (91)
4 (11)
9 (26)
5 (14)

31 (97)
3 (9)
5 (16)
4 (12)

Urinary 5-HIAA — mg/24 hr
At base line

Median
Interquartile range

At follow-up
Median
Interquartile range

Highest value
Median
Interquartile range

110
49–177

112
28–187

197
73–264

209
79–306†

101
52–231

249
149–403

206
168–305‡

—

219
159–362

NYHA class II, III, or IV
Base line
Follow-up

3 (8)
10 (28)

18 (51)§
27 (77)§

30 (94)¶
—

Treatment at base line
Somatostatin analogue — no. (%)
Duration of somatostatin treatment — mo

Median
Interquartile range

Hepatic-artery embolization — no. (%)
Heptic-artery ligation — no. (%)
Chemotherapy — no. (%)

17 (47)

1
0–9
6 (17)

12 (33)
10 (28)

22 (63)

5
0–14

15 (43)
13 (37)
13 (37)

29 (91)§¿

6
2–16

11 (34)
6 (19)

15 (47)
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