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Abstract t 

Background::  Serotonin excretion is presumed to play a role in the development of 
carcinoidd heart disease (CHD), but the exact pathogenesis has not yet been elucidated. We 
thereforee evaluated 24-hours urinary 5-hydroxyindoleacetic acid (5-HIAA) excretion, 
plasmaa levels of transforming growth factor-p (TGF-f5), fibroblast growth factor (FGF) 
andd atrial natriuretic peptide (ANP) in patients with and without CHD determined by 
ultrasoundd examination. 

Methods::  In 37 patients urine and plasma samples were obtained and cardiac ultrasound 
wass performed during follow-up in 1999 and 2000. Median 5-HIAA excretion was 
calculatedd for the period between diagnosis and ultrasound examination. CHD was defined 
ass thickening of the tricuspid valve with additional III-IV/I V tricuspid valve regurgitation. 

Results::  CHD was found in 9/37 patients (24%). No significant differences were found 
forr age, gender, presence and duration of liver metastases. All CHD patients had 
symptomss of the carcinoid syndrome compared with 71% of the non-CHD patients 
(p=0.159).. Median 5-HIAA excretion was significantly higher in the CHD group 
comparedd with the non-CHD group: 576 u\mol/24h versus 233 (imol/24h (p=0.02). No 
differencee in TGF-p and FGF plasma levels was observed between both groups (p=0.139 
andd p=0.985, respectively), nor was there a correlation with morphology of the tricuspid 
valvee or degree of dilatation of the right atrium/ventricle. However, the CHD group had 
higherr median ANP levels than the non-CHD group: 48 and 25 ng/L respectively, 
p=0.026. . 

Conclusion::  High levels of 5-HIAA excretion and plasma ANP are associated with CHD. 
Noo significant relation with TGF-(3 or FGF has been found. 
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Introductio n n 

Carcinoidd tumours are neuroendocrine tumours (NET) that derive mostly from the midgut. 
Patientss often present with liver metastases, which lead to the characteristic carcinoid 
syndromee with diarrhoea and flushes caused by overproduction of serotonin. Carcinoid 
heartt disease (CHD) occurs in 20-70% of the patients with metastatic carcinoid 
tumours.1'44 In many patients, the cause of death is attributed directly to the cardiac 
disease.55 Serotonin plays a key role in the development of CHD, but to our knowledge the 
exactt pathogenesis has not yet been elucidated. In several studies, urinary 5-
hydroxyindoleaceticc acid (5-HIAA) excretion, which is indicative for the amount of 
serotoninn production, was significantly higher in patients with CHD than in patients 
withoutt the disease.2"4 Although the sensitivity of elevated serotonin levels for heart valve 
lesionss is almost 100%, the specificity is much lower.6 Therefore, it is likely that other 
factorss are associated with CHD. In experimental studies, the development of fibrosis is 
relatedd to transforming growth factor-p" (TGF-p).7;8 In addition, fibroblast growth factor 
(FGF)) has been reported to be related to pulmonary and renal fibrosis.9 For patients with 
carcinoidd disease with fibrosis of the heart valves, there currently are no reports regarding 
thee association between CHD and the presence of TGF-P and FGF. Atrial natriuretic 
peptidee (ANP) has been shown to be a diagnostic and prognostic marker in heart failure 
patientss of any origin.10;11 In carcinoid patients ANP may also be a marker for CHD12 as 
CHDD eventually leads to heart failure. 

Inn the current study, we compared the urinary 5-HIAA excretion and the blood levels of 
ANP,, TGF-P and FGF in patients with and without carcinoid heart disease to investigate 
thee relation between hormonal activity and markers of fibrosis. We compared these values 
inn patients with severe cardial abnormalities as an expression of late valvular damage with 
patientss with moderate valvular changes. We regarded this latter group as having earlier 
damage. damage. 

Patientss and methods 

CardiacCardiac ultrasound studies were performed for 37 consecutive carcinoid patients (19 
womenn and 18 men) who visited the outpatient department of The Netherlands Cancer 
Institute/Antonii  van Leeuwenhoek Hospital in 1999 and 2000 for follow-up. An NET 
diagnosiss was confirmed by histology for 34 patients. Fine needle aspiration biopsy led to 
thee diagnosis in 2 patients. One patient refused a biopsy and the diagnosis was based on 
stronglyy elevated 5-HIAA excretion. The mean age was 61 years (range 34-77 years). The 
mediann interval between the diagnosis of metastatic carcinoid disease and the cardiac 
investigationn plus laboratory testing was 28 months (range 2-121 months). 
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CardiacCardiac ultrasound imaging 

Two-dimensionall  echocardiography with continuous wave Doppler and colour flow 
Dopplerr studies were performed using standard techniques (Hewlett Packard Sonos 5500 
orr Sonos 2000 with 2.0/2.5 MHz probes). The echocardiographic parameters analysed 
were:: valve morphology (normal or thickened), valve mobility (normal, mildly, 
moderately,, severely diminished, fixed), valve regurgitation (none, I-IV/IV) , valvular 
stenosiss and atrial/ventricular dimensions. The criteria for CHD were: a thickened 
tricuspidd valve with additional III/I V or IV/IV tricuspid valve regurgitation. We also 
appliedd a modified scoring system introduced by Westberg et al.4 and expressed CHD as 
ann index. This index is calculated as a summation of structural tricuspid valve 
abnormalitiess (0: no abnormalities; 1: mild thickening; 2: moderate thickening; 3: severe 
thickening;; 4: severe thickening and retraction) and tricuspid valve regurgitation (0: no 
regurgitation;; 1: mild regurgitation; 2: moderate; 3: severe; 4: extreme). A high cut-off 
pointt (index >4) is indicative for morphological fibrosis of the valve as well as functional 
disturbancee comparable to the strict definition we used and was considered as severe (and 
mostt likely late) valvular damage. A lower cut-off point (index 2-4) is applied to detect 
minorr heart disease and is comprised of either a moderate morphological defect or a 
moderatee functional abnormality as an early expression of CHD. 

LaboratoryLaboratory techniques 

Urinaryy 5-HIAA excretion and blood levels of ANP, TGF-p*  and FGF were determined at 
thee same time as the cardiac investigation. Twenty-four-hour urine samples were collected 
routinelyy and evaluated qualitatively for 5-HIAA using a high-performance liquid 
chromatographyy assay (normal < 40 (imol/24h). Median urinary 5-HIAA excretion and 
areass under the curve (AUC) were calculated for the period between diagnosis and cardiac 
ultrasoundd examination. Serum levels of TGF-p and FGF were determined by 
immunoassayss provided by R&D systems (Minneapolis, USA; TGF-pJ normal < 3.2 |ig/L 
andd FGF normal < 6.9 ng/L). ANP was measured in plasma samples using an 
immunoradiometricc assay (IRMA) manufactured by CIS Bio International (Gif-sur-
Yvette,, France; normal value < 43 ng/L). 

Histology Histology 

Histologyy was classified as low-grade (<10 mitoses/2mm2 without necrosis) and high-
gradee NET (>10 mitoses/2mm2 and/or necrosis) according to the revised classification of 
Capellaa et al.13 

52 2 



EtiologyEtiology of carcinoid heart disease 

Statistics Statistics 
Comparisonss between the CHD and the non-CHD group were made by the Mann-Whitney 
testt or the Kxuskal-Wallis test in case of a continuous variable. Dichotomous variables 
weree evaluated by the Fisher exact test. 

Results s 

Inn this study, 9 out of 37 patients (24%) met our criteria for CHD (i.e. they had tricuspid 
valvee lesions combined with regurgitation) (Table 1). 
Additionall  pulmonary valve pathology was detected in 5 of these CHD patients, but the 
inspectionn was difficult and insufficient in 23 patients. Seventeen patients had mild 
regurgitationn without tricuspid valve thickening and were included in the non-CHD group. 
Severee dilatation of the right atrium was present in seven of nine patients with CHD, and 
inn one patient without valvular lesions. Severe dilatation of the right ventricle was found 
lesss frequently (three patients) (Table 1). Valvular lesions of the left ventricle (aortic or 
mitrall  valve regurgitation grade III/I V or IV/IV ) were only present in two CHD patients, 
bothh with severe dilatation of the right atrium and ventricle. Liver metastases were 
manifestt in all but three patients. The three patients without liver metastases all had a 
normall  ultrasound of the heart. No significant differences between the CHD and non-CHD 
groupp were noted with respect to age, gender, and the presence and duration of liver 
metastasess (Table 2). 

Althoughh the median time between initial diagnosis and ultrasound examination as a 
measuree of carcinoid disease duration was longer in the CHD group (40 months) 
comparedd with the non-CHD group (22 months), this finding was not statistically 
significantt (p=0.178). All CHD patients were found to have the carcinoid syndrome 
(flushes,, diarrhoea, or wheezing) compared with 71% of the non-CHD patients (p=0.159). 
CHDD was not present in 4 patients (11%) with a foregut localisation. There were no 
significantt differences in the distribution of the primary between the CHD and the non-
CHDD group (Table 2). Histology was scored as low-grade in 28 and high-grade in 6 
patients.. None of the 6 patients with high-grade tumours met the criteria for CHD, in 
contrastcontrast to 8 of the 28 (29%) in the low-grade group. However, these differences failed to 
reachh statistical significance (p=0.297) (Table 2). A total of 33 of 37 patients were treated 
withh somatostatin analogues, 22 at the time of laboratory tests. Pharmacological doses of 
meta-iodobenzylguanidinee (MIBG) was administered to 20 patients, 2 of them during 
samplee collection. Ten patients received a combination with radioactive-labelled MIBG14, 
alll  but one at least 3 months before blood collection. Fourteen patients were treated with 
interferon,, 4 during the collecting time. There were no significant differences with regard 
too these treatment modalities between the CHD and non-CHD group. 
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Tablee 1. Echocardiography findings in carcinoid patients (n=37) according to the 
presencee of heart disease 

Tricuspi dd valve 
Thickened d 
Normal l 

Pulmonaryy valve 
Thickened d 
Normal l 
Nott visible* 

Tricuspi d d 
regurgitatio n n 
None e 
I/IV V 
II/I V V 
III/I V V 
IV/I V V 

Rightt  atriu m 
Normal l 
Mildl yy dilated 
Moderatelyy dilated 
Severelyy dilated 

Rightt  ventricle 
Normal l 
Mildl yy dilated 
Moderatelyy dilated 
Severelyy dilated 

Withoutt carcinoid heart 
disease e 

(n=28)) (%) 

1(4) ) 
277 (96) 

0(0) ) 
9(32) ) 
19(68) ) 

111 (39) 
9(32) ) 
8(29) ) 
0(0) ) 
0(0) ) 

23(81) ) 
3(11) ) 
1(4) ) 
1(4) ) 

26(93) ) 
2(7) ) 
0(0) ) 
0(0) ) 

Carcinoidd heart 
disease e 

(n=9)) (%)* 

9(100) ) 
0(0) ) 

5(56) ) 
0(0) ) 

4(44) ) 

0(0) ) 
0(0) ) 
0(0) ) 
2(22) ) 
7(78) ) 

0(0) ) 
1(11) ) 
1(11) ) 
7(78) ) 

1(11) ) 
2(23) ) 
3(33) ) 
3(33) ) 

**  Defined as: thickening of the tricuspid valve with additional III/I V or IV/I V tricuspid valve regurgitation 
## The pulmonary valve could not be visualized properly 

Mediann urinary 5-HIAA excretion between diagnosis and cardiac ultrasound examination 
wass significantly (p=0.02) higher in the CHD group (576 (imol/24h) compared with the 
non-CHDD group (233 umol/24h) (Figure 1). 
Thee calculated area under the curve (AUC) of the 5-HIAA excretion during the complete 
diseasee period underscored the difference between both groups (p<0.001). Serum TGF-p 
wass elevated (>3.2 ug/L) in all 37 patients and ranged from 3.4 to 24.0 ug/L. The median 
levell  in the CHD group was 13.2 ug/L compared with 15.6 u.g/L in the non-CHD group 
(p=0.139).. The level of FGF was elevated (>6.9 ng/L) in only 4 of 37 patients. Three of 
thesee four cases did not meet our criteria for CHD. No significant differences for the level 
off  FGF in the CHD group compared with the non-CHD group were found (median 3.6 vs. 
3.55 ng/L; p=0.985) (Table 3). 
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Tablee 2. Clinical characteristics in carcinoid patients according to the presence of heart 

disease e 

Agee at cardiac ultrasound (years) 
meann (range) 
Sex x 
Male e 
Female e 
Durationn of carcinoid disease at 
echocardiogram m 
(months) ) 
Mediann (range) 
Liverr  metastases 
Durationn of liver  metastases 
(months) ) 
Mediann (range) 
Symptomss of carcinoid syndrome 
Yes s 
No o 
Primar yy tumour 
Foregut t 
Midgut t 
Hindgut t 
Unknown n 
Pathology y 
Low-gradee NET* 
High-gradee NET 
Cytologicall  punction 
Noo histology 

Totall  group 

(n=37) ) 

611 (34-77) 

18(49%) ) 
19(51%) ) 

28(2-121) ) 
344 (92%) 

266 (2-96) 

299 (78%) 
88 (22%) 

4(11%) ) 
16(43%) ) 
11 (3%) 

16(43%) ) 

288 (76%) 
6(16%) ) 
22 (5%) 
11 (3%) 

Withoutt carcinoid heart 
disease e 
(n=28) ) 

611 (34-76) 

144 (50%) 
144 (50%) 

22(2-121) ) 
255 (74%) 

211 (2-96) 

20(71%) ) 
88 (29%) 

4(14%) ) 
133 (47%) 
00 (0%) 

111 (39%) 

20(71%) ) 
66 (22%) 
22 (7%) 
00 (0%) 

Carcinoidd heart disease* 

(n=9) ) 

600 (44-77) 

44 (45%) 
55 (55%) 

400 (9-85) 
9(100%) ) 

400 (9-85) 

9(100%) ) 
00 (0%) 

00 (0%) 
33 (33%) 
11 (10%) 
55 (57%) 

88 (89%) 
00 (0%) 
00 (0%) 
11 (11%) 

P-value e 

0.589 9 

1.000 0 

0.178 8 
0.562 2 

0.111 1 

0.159 9 

0.166 6 

0.297 7 

**  Defined as: thickening of the tricuspid valve with additional III/I V or IV/IV tricuspid valve regurgitation 
## NET= neuroendocrine tumour 

Betweenn low-grade and high-grade tumours no significant difference was found for the 
plasmaa levels of TGF-p and FGF (p=0.85 and p=0.76, respectively). The level of ANP 
wass significantly higher in the CHD group (48 ng/L) compared with the non-CHD group 
(255 ng/L; p=0.026) (Figure 2). 
Thee degree of right atrium dilatation was associated with high levels of ANP, although 
thiss was not statistically significant (p=0.15). 
Survivall  (Figure 3) was significantly (p=0.026) longer for the patients in the non-CHD 
groupp (median 23 months) compared with the CHD patients (13 months), who died within 
22 years. In the non-CHD group, 68% of the patients were long-term survivors. 
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Tablee 3. Urinary 5-HIAA excretion and markers of fibrosis in carcinoid heart disease 
usingg various definitions 

Criteriaa CHD Index score * Index score * 
Thickenedd TV Moderate (2-4) >4 

andd additional TV regurgitation Severe (>4) 
III/I VV or IV/I V NoCHD(<2) 

Ultrasoundd findings 
No.. of patients (%) 
CHDD 9(24%) 10(27%) 
ModerateModerate 8 (22%) 
SevereSevere 9 (24%) 
Noo CHD 28(76%) 20(54%) 27(73%) 
Mediann 5-HIA A 
(n<40umol/24h) ) 
Mediann (range) 
CHDD 576(87-1028) 576(87-1028) 
ModerateModerate 239(17-502) 
SevereSevere 576(87-1028) 
Noo CHD 233(17-1616) 233(21-1616) 233(17-1616) 
P-valuee (p=0.O2) (p=0.032) (p=0.031) 
TGF-p p 
(n<3.2ug/L) ) 
Mediann (range) 
CHDD 13.2(8.7*17.0) 13.2(8.7-17.0) 
ModerateModerate 14.5(6.5-17.9) 
SevereSevere 13.2(8.7-17.0) 
Noo CHD 15.6(3.4-24.0) 17.8(3.4-24.0) 15.6(3.4-24.0) 
P-valuee (p=0.139) (p=0.141) (p=0.139) 
FGF F 
(n<6.9ng/L) ) 
Mediann (range) 
CHDD 3.6(1.0-9.8) 3.6(1.0-9.8) 
ModerateModerate 4.1 (1.0-12.0) 
SevereSevere 3.6(1.0-9.8) 
Noo CHD 3.5(1.0-12.0) 3.6(1.0-8.0) 3.5(1.0-12.0) 
P-valuee (p=0.985) (p=0.985) (p=0.900) 
ANP P 
(n<43ng/L) ) 
Mediann (range) 
CHDD 48(16-89) 48(16-89) 
ModerateModerate 26(12-37) 
SevereSevere 48(16-89) 
Noo CHD 25(10-57) 22(10-57) 25(10-57) 
P-valuee (p=0.026) (p=0.085) (p=0,026) 

**  The score index is a summation of structural tricuspid valve abnormalities (0, no abnormalities; 1, mild 

thickening;; 2, moderate thickening; 3, severe thickening; 4, severe thickening and retraction) and tricuspid valve 

regurgitationn (0, no regurgitation; 1, mild regurgitation; 2, moderate; 3, severe; 4, extreme). 
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Wee also employed a scoring system that included the severity of the morphologic and 
functionall  abnormalities of the tricuspid valve.4 Using a cut-off value of >4 to detect 
severee heart disease resulted in 10 out of 37 patients with CHD (Table 3). Only one 
additionall  CHD patient was defined. Subsequently, we divided our patients in three 
groups:: severe, moderate, or no CHD. A cut-off value of 2-4 to detect early (moderate) 
valvularr damage found 8 of 37 patients. Nine of 37 patients had an index >4 and were 
consideredd to have late (severe) valvular damage. 

Itt did not appear to make a difference whether our patients were divided into two or three 
subgroupss according to a scoring system or whether they were divided on our strict 
definition.. The 5-HIAA excretion remained significantly associated with heart disease, 
whereass the markers of fibrosis still were not significant. 

Figuree 1. Median urinary 5-HIAA excretion between diagnosis of carcinoid disease and 
cardiacc ultrasound examination 

noo CHD CHD D 
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Figuree 2. Median ANP levels in patients with and without CHD 

noo CHD CHD D 

Figuree 3. Survival of patients with and without CHD 
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CHD D 
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58 8 



EtiologyEtiology of carcinoid heart disease 

Discussion n 

ThickeningThickening of the right heart valves caused by formation of fibrotic plaques eventually 
followedd by regurgitation is a characteristic feature of CHD. In the current series of 37 
patients,, the incidence of CHD is 24%, which is rather low compared with the reported 
20-70%% incidence in patients with metastatic carcinoid tumours.1*4 This most likely is 
becausee of the strict criteria we used for CHD in our patient population. Another 
explanationn may be the extensive treatment focused on reducing the excretion of serotonin 
givenn to our patient group. 

Too our knowledge the pathogenesis of carcinoid heart lesions has not yet been elucidated 
fully,, but serotonin plays an important role. This is supported by the finding of similar 
valvee lesions in patients using appetite suppressants, such as fenfluramine or 
dexfenfluramine,, and anti-migraine drugs such as ergotamin and methysergide, which all 
actt via the serotonin pathway.15"17 We found a significant correlation between CHD and 
elevatedd urinary 5-HIAA excretion, which is indicative of serotonin production. This is 
comparablee to findings reported in the literature.2"4 No significant difference was found 
forr 5-HIAA excretion between non-CHD patients and patients with moderate valvular 
lesions.. However, non-CHD patients reported in literature have significantly lower 
serotoninn release, but these levels still are elevated.3;4;l8 Apart from using median values 
off  the urinary 5-HIAA excretion, we also estimated the serotonin load over the years by 
calculationn the AUC for the period between diagnosis and ultrasound examination. The 
effectt of 5-HIAA excretion was even more significant using the AUC calculation. This 
supportss the theory that not only a high serotonin level, but also the duration of exposure 
too serotonin is important in the development of CHD. 

TGF-PP affects the growth and differentiation of cells and stimulates fibroblasts to produce 
extracellularr matrix components. Expression of TGF-p was found in a pancreatic 
carcinoidd tumour cell line, as well as in freshly excised midgut tumours from six carcinoid 
patients.88 An interesting finding in this respect is an increased expression of TGF-P in 
fibroticc plaques on the heart valves reported in tissue specimens obtained from nine CHD 
patientss undergoing valve replacement surgery.7 It suggests a role for TGF-p in the 
developmentt of CHD. 

FGFF belongs to a family of polypeptide growth factors. They stimulate angiogenesis and 
formationn of granulation tissue, thus facilitating wound healing. In non-malignant 
conditions,, such as pulmonary and renal fibrosis, a relationship between TGF-P and FGF 
wass reported and suggested that there might be a role for FGF as well.9;19;20 Analysis of 
tissuee samples of normal gastrointestinal mucosa of 7 subjects and of 41 endocrine 
tumourss of the gut revealed a positive relation between expression of FGF and the amount 
off  fibrous stroma in the tumours, suggesting an involvement of FGF in the proliferation 
andd activation of fibroblasts.21 
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AA literature survey did not reveal prior reports about plasma levels of FGF and TGF-p 
relatedd to CHD. Therefore, we tested for the first time whether increased plasma levels 
playedd a role in the development of changes of the tricuspid valve in CHD patients. In our 
study,, plasma TGF-0 was elevated in all patients, but no relationship was found between 
thickeningg and regurgitation of the tricuspid valve. The plasma levels of FGF were 
elevatedd in only 4 patients (11%). In contrast to what might be expected, a cardiac 
ultrasonographyy was normal in 3 of them. We hypothesized FGF and TGF-p help to 
initiatee the process of fibrosis before clinical symptoms or valvular lesions are detected or 
thatt they are only of importance in the early phase of valvular damage. In addition to our 
strictt criteria for CHD, we also applied a score system to detect moderate (early) and late 
(severe)) valvular damage. This subdivision also failed to detect a significant association of 
elevatedd levels of FGF and TGF-p with heart valve fibrosis, but the numbers are too small 
forr a definite conclusion. Another explanation might be that the level of TGF-P and FGF 
inn the systemic circulation is not an adequate reflection of the local level and effect of 
thesee markers of fibrosis. TGF-p is secreted by different cells in a latent form. This pro-
TGF-pp does not appear to bind to its receptor until it is activated by proteolytic cleavage. 
IncreasedIncreased production of TGF-p is only biologically significant if activation also occurs.22 

Inn our samples, we determined the active form of TGF-P which was elevated in all 
patients.. Although a relation between increased levels of TGF-P and different fibrotic 
diseasess is described22, we could not demonstrate this for our CHD patients. 
Cardiacc natriuretic peptide hormones (e.g. ANP) are synthesized and secreted by the heart 
intoo the right atrium. They play a key role in volume homeostasis and are highly activated 
duringg heart failure. Two recent reports10;11 showed that ANP and fragments of ANP can 
bee used as powerful diagnostic and prognostic markers in patients with heart failure due to 
myocardiall  infarction or cardiomyopathy. In 50 carcinoid patients, ANP levels were 
reportedd to be significantly higher in patients with the most severe right ventricular 
failure,, whereas the levels remained in the normal range among patients without cardiac 
failure.122 Plasma ANP levels, as a reflection of heart failure, were significantly higher in 
ourr CHD group. There was also a tendency towards an association between the degree of 
rightt atrium dilatation and ANP. 

Ass might be expected, survival was significantly shorter in CHD patients, who died within 
22 years, compared with the non-CHD patients, who had a 3-year survival rate of 68%.5;18 

Thee median survival period was 13 months in the CHD group and 23 months in the non-
CHDD group. 

Inn the current study, CHD was found in 24% of the carcinoid patients in our series. ANP 
wass a useful marker of heart failure. A clear role for markers of fibrosis, such as TGF-p 
andd FGF, in the development of heart disease was not demonstrated. Urinary 5-HIAA 
excretionn as a marker of serotonin production appears to be related to the development of 
CHD.. Because survival is poor in patients with CHD, treatment should be focused on 
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reducingg elevated levels of hormonal excretion. This can be realized by a combination of 
differentt treatment modalities such as octreotide analogues, unlabelled or radioactive 
MIBG,, and interferon. Even in the absence of severe symptoms of the carcinoid 
syndrome,, it is highly recommended that serotonin levels be reduced. 
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