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BACKGROUND: The development of carcinoid heart disease (CaHD) is still relatively unclear. It is difficult to define an optimal
follow-up for patients without any cardiac involvement at baseline. The aim of this study was to assess the prevalence and
natural history of CaHD by annual echocardiographic examinations.

METHODS AND RESULTS: We studied 137 consecutive patients (61+£12 years, 53% men) with proven digestive endocrine
tumor and carcinoid syndrome between 1997 and 2017. All patients underwent serial conventional transthoracic echo-
cardiographic studies. Right-sided and left-sided CaHD were systematically assessed. We used a previous validated
echocardiographic scoring system of severity for the assessment of CaHD. An increase of 25% of the score was con-
sidered to be significant. Mean follow-up was 54+45 months. Prevalence of CaHD was 27% at baseline and 32% at
5-year follow-up. Disease progression was reported in 28% of patients with initial CaHD followed up for >2 years (n=25).
In patients without any cardiac involvement at baseline, occurrence of disease was 21%. CaHD occurred >5 years from
the initial echocardiographic examination in 42% of our cases, especially in patients presenting with new recurrence of a
digestive endocrine tumor. An increase of urinary 5-hydroxyindoleacetic acid by 25% during follow-up was identified as
an independent predictor of CaHD occurrence during follow-up (hazard ratio [HR], 5.81; 95% CI, 1.19-28.38; P=0.03),
as well as a maximum value of urinary 5-hydroxyindoleacetic acid >205 mg/24 h during follow-up (HR, 8.41; 95% Cl,
1.64-43.07; P=0.01).

CONCLUSIONS: Our study demonstrates that in patients without initial CaHD, cardiac involvement may occur late and is
related to serotonin. Our data emphasize the need for cardiologic follow-up in patients with recurrence of the tumor
process.
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2000s, before several therapeutic advances.? Thus, the
development of CaHD is still relatively unclear. Previous
studies have reported that the development of CaHD

Patients presenting with this tumor and a carcinoid

Digestive endocrine tumor is a rare disease.'®
syndrome may develop carcinoid heart disease

(CaHD).* This complication is associated with decreased
survival, and thus being able to determine whether the
patient has cardiac involvement is essential for better
management and prognosis.>®® Echocardiography is
the leading examination to detect the presence of this
valvular heart disease.® Most studies assessing the
prevalence of CaHD were performed in the 1990s and

was related to an increased level of serotonin, previous
use of chemotherapy, and the presence of a patent fo-
ramen ovale (PFO).%"" However, it is difficult to define an
optimal follow-up for patients initially free from cardiac
involvement. The aim of this study was to assess the
prevalence and the progression of CaHD nowadays by
annual echocardiographic follow-up.
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CLINICAL PERSPECTIVE

What Is New?

e With the improvement of prognosis of patients
presenting with digestive endocrine tumors, late
onset of carcinoid heart disease is possible.

e The only independent marker of late occur-
rence of carcinoid heart disease is a significant
increase of urinary 5-hydroxyindoleacetic acid
during follow-up.

What Are the Clinical Implications?

e The need for prolonged cardiology follow-up is
recommended in patients presenting with re-
currence of the tumor process with significant
increase of urinary 5-hydroxyindoleacetic acid
levels (key role of serotonin).

Nonstandard Abbreviations and Acronyms

5-HIAA 5-hydroxyindoleacetic acid

CaHD carcinoid heart disease

PFO patent foramen ovale
METHODS

Study Population

The data that support the findings of this study may be
available from the corresponding author upon reason-
able request. Between 1997 and 2017, 137 consecutive
patients with histologically proven digestive endocrine
tumor and carcinoid syndrome were referred to our in-
stitution (reference center of cardiomyopathies). All pa-
tients had complete transthoracic echocardiographic
evaluation. Entry criteria included age>18 years, proven
digestive endocrine tumor, carcinoid syndrome, and
echocardiographic follow-up.

Clinical data regarding the patient, the charac-
teristics of the tumor (primary tumor site, presence
of metastases), biomarkers, and treatment (surgical
resection of the tumor, chemotherapy, somatostatin
analog) were retrospectively collected from patients’
medical records. During follow-up, serial imaging
evaluation (ultrasound, computed tomography scan,
magnetic resonance imaging, coloscopy) was per-
formed to assess the progression of this disease (new
appearance or significant increase of tumor size).
Treatment was administered according to guidelines.
Results of NT-proBNP (N-terminal pro-B-type natri-
uretic peptide) were available and collected in 46 pa-
tients (22 patients with CaHD and 24 patients without
CaHD).
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The metabolite of serotonin (urinary 5-hydroxyindoleacetic
acid [5-HIAA]; normal value 40 mg/24 h) was performed at
baseline and during follow-up (every 6 months). For these
dosages, foods rich in tryptophan (eg, bananas, avocados,
plums, eggplants, tomatoes, pineapples, walnuts, kiwis)
and medications that can increase 5-HIAA were avoided.®
Variation of urinary 5-HIAA levels was the difference be-
tween the maximal value of 5-HIAA before the develop-
ment of CaHD and the value of 5-HIAA at baseline. An
increase of urinary 5-HIAA by 25% during follow-up was
considered to be significant.

Echocardiographic Protocol

Transthoracic echocardiography was performed once
per year for each patient, unless otherwise indicated.
All echocardiographic examinations were recorded
and read by the same investigator (N.M.), who was
blinded to clinical data. We systematically assessed
right- and left-sided CaHD.

Right-sided CaHD was defined as tricuspid or pul-
monary valvular injury (ie, thickening, retraction, reduced
valvular mobility) associated with tricuspid regurgita-
tion or stenosis or pulmonary regurgitation or stenosis.
Right-sided CaHD was also defined by a right ventricular
enlargement with endocardial thickening or a metastatic
carcinoid tumor to the heart. Patients without abnor-
mality of valvular mobility were not considered to have
right-sided CaHD. Left-sided CaHD was defined as sig-
nificant mitral or aortic regurgitation associated with a
reduction in mitral or aortic valvular mobility.

Contrast transthoracic echocardiography searching
for a right-to-left atrial shunt through a PFO was per-
formed at the end of conventional transthoracic echo-
cardiography. The contrast protocol consisted of the
injection of agitated 5% glucose solution through an
upper-extremity vein. A PFO was affirmed when >8 mi-
crocavitations passed from the right to the left atrium
within the first 3 cardiac cycles after contrast appear-
ance in the right atrium, at rest and after a cough test or
Valsalva maneuver. Several injections were used to detect
PFO with different echocardiographic views (parasternal
short axis, apical 4-chamber, and subcostal views).

Carcinoid Heart Disease Severity Scoring
System

Both right- and left-sided CaHD were quantified using
a validated scoring system (Table $1).1%"2 This scoring
system assessed the anatomy of the valves and quan-
tified valvular heart disease. All quantifications were
performed according to the recommendations.'®™
The right ventricular size was assessed in an apical
4-chamber view. A 2-dimensional right-to-left ventric-
ular end-diastolic area ratio <0.6 was considered as
normal, between 0.6 and 1 as moderate right ventricu-
lar dilatation, and >1 as severe dilatation.'®
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The score for right-sided CaHD ranged from O (no
CaHD) to 20 (major CaHD), and the score for left-sided
CaHD ranged from 0 (ho CaHD) to 10 (major CaHD).
The overall score of CaHD was 0 to 30. An increase of
25% of the score was considered to be significant. The
study was approved by the Institutional Data Protection
Authority of Paris Saclay University Hospitals. Because
of the retrospective enroliment, written informed con-
sent from the patients was waived.

Statistical Analysis

Normally distributed continuous variables were ex-
pressed as mean+SD. Categorical variables were
summarized as frequency percentages and abso-
lute numbers. Comparisons between groups were
performed with the chi-square test, unpaired t tests,
Wilcoxon test, and Fisher’'s exact test, as appropriate.
The end points were the prevalence of CaHD at the first
echocardiographic evaluation and at the end of follow-
up. Linear regression analysis was used to investigate
the relation between laboratory markers and CaHD.

Carcinoid Heart Disease

We performed a survival analysis with a Cox model,
to identify independent predictors of CaHD occurrence
during follow-up. For multivariable analyses, an epide-
miological approach was adopted, and factors thought
to be important for the end points were entered in mul-
tivariable analyses: age, sex, PFO, an increase of uri-
nary 5-HIAA by 25% during follow-up and a maximum
value of urinary 5-HIAA >205 mg/24 h during follow-up
(third quartile). A value of P<0.05 was considered sta-
tistically significant. Data were analyzed with STATA 8.0
(STATA Corp., College Station, TX).

RESULTS

Baseline Characteristics

Baseline data among the 137 consecutive patients with
histologically proven digestive endocrine tumor and
carcinoid syndrome are presented in Table 1. Mean
age at diagnosis was 61+11 years. All the patients
presented with at least 1 metastasis and had at least
1 symptom associated with the carcinoid syndrome:

Table 1. Characteristics of All Included Patients and Characteristics of Patients Presenting With or Without Carcinoid

Heart Disease

Characteristics All patients (n=137) No CaHD (n=88) CaHD (n=49) P value
Age, y, mean+SD (range) 61+12 (24-88 60+12 (24-85) 64+10 (40-88) 0.05
Men, n (%) 73 (63) 48 (54.5) 25 (51) 0.69
Primary tumor site, n (%)

Foregut 6 (4) 5 (6) 1@ 0.42
Stomach 3(2) 22 1@ 0.99
Pancreas 3(2) 3(3) 0 (0)

Midgut 118 (86) 73 (83) 45 (92) 0.15
lleojejunum 79 (58) 48 (55) 31 (63) 0.32
Proximal colon 39 (28.5) 25 (28) 14 (29) 0.98

Hindgut (distal colon+rectum) 8 (6) 5 (6) 3 (6) 0.99

Bronchial 3(2) 3(3) 0(0)

Other 2(1.5) 2(2 0(0)

Metastases, n (%)

Hepatic 120 (87) 76 (86) 44 (90) 0.56

Peritoneal 28 (20) 18 (20) 10 (20) 0.99

Ovarian 5(4) 2(2) 3 (6) 0.35

Other 22 (16) 14 (16) 8 (16) 0.95

Patent foramen ovale, n (%) 43 (31) 16 (18) 27 (55) <0.0001
Treatment, n (%)

Somatostatin analog 112 (82) 72 (82) 40 (82) 0.98

Hepatic artery embolization 40 (29) 22 (25) 18 (37) 0.15

Chemotherapy 37 (27) 20 (23) 17 (35) 0.13

Urinary 5-HIAA, mg/24 h, mean+SD

At baseline 220+316 9197 452+423 <0.0001

Peak 324+392 109+106 709+423 <0.0001

Variation during follow-up 104248 19455 257362 <0.0001

5-HIAA indicates hydroxyindoleacetic acid; and CaHD, carcinoid heat disease.
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flushing in 118 (86%) patients, secretory diarrhea in 80
(58%) patients, and wheezing in 14 (10%) patients.

Prevalence of CaHD and Baseline
Echocardiographic Characteristics

At baseline, the prevalence of CaHD was 27% (n=37).
All patients with initial CaHD had right-sided heart

disease, and 16% (n=6) of them also had left-sided
CaHD. Tricuspid regurgitation was present in 89%
(n=33) and tricuspid stenosis in 32% (n=12). Pulmonary
regurgitation was present in 59% (n=22), and pulmo-
nary stenosis was found in 35% (n=13) (Figure 1A).
Tricuspid stenosis was always associated with tricus-
pid regurgitation. On the other hand, pulmonary steno-
sis could occur without pulmonary regurgitation (n=2;

Frequency of valvular heart disease in patients
presenting with carcinoid heart disease

A B At baseline

Tricuspid  Tricuspid  Pulmonary Pulmonary Mitral Aortic
regurgitation stenosis regurgitation stenosis regurgitationregurgitation

m At the end of follow-up

Patients (n)

Characteristics of valvular heart disease

M At baseline

M At the end of follow-up
41%

% of valvular heart disease

1VHD 2 VHD 3 VHD

Number of valvular heart disease (VHD)

Figure 1. Frequency of valvular heart disease in patients presenting with CaHD (A) and frequency
of valvular heart disease according to the number of valves involved at baseline and at the end of
follow-up in patients followed up for >1 year (B).

CaHD indicates carcinoid heart disease; and VHD, valvular heart disease.
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15%). Regurgitant valvular heart disease was twice
more frequent than stenotic valvular heart disease: 55
pulmonary or tricuspid regurgitations versus 25 pul-
monary or tricuspid stenoses.

Progression of CaHD and
Echocardiographic Characteristics During
Follow-up

The mean duration of follow-up was 54+45 months
(range, 12—192 months). Prevalence of CaHD was 32%
at 5-year follow-up and 36% (n=49) at the end of fol-
low-up (Table 1, Figure 1B, Figure 2). The number of
patients with <5 years of follow-up and without CaHD
was 30 (22%). Urinary 5-HIAA levels were significantly
higher in patients presenting with CaHD (median, 346
[interquartile range, 112—703] versus 49 [interquartile
range, 32-87] mg/24 h; P<0.0001; Figure 3). Patients
without initial CaHD but developing CaHD during fol-
low-up had normal urinary 5-HIAA levels at baseline
(median, 93 [interquartile range, 49-111] mg/24 h) and
significantly increased urinary 5-HIAA levels during
follow-up (median, 664 [interquartile range, 433-800]
mg/24 h; P<0.0001; Figure 3). Median NT-proBNP was
significantly higher in patients with CaHD (1856 ng/L
versus 107 ng/L in patients without CaHD; P<0.001).

Among patients with initial CaHD followed up for
>2 years (n=25), significant disease progression was
observed in 28% of cases (n=7), whereas 52% (n=13)
of patients presented with no variation of their score,
and 20% (n=5) had a <25% increase of the score.
Significant correlations were observed between uri-
nary 5-HIAA and the scoring system (Figure 4).

In patients without any cardiac involvement at base-
line and followed up for >2 years (n=56), CaHD occurred
during follow-up in 21% (n=12) (Tables 2 and 3). Mean
time of CaHD occurrence was 65+50 months (range,
12-168 months). The onset of CaHD occurred >5 years
from the baseline echocardiography in 42%. In patients
with late occurrence of CaHD, there was always recur-
rence of digestive endocrine tumor and carcinoid syn-
drome. Furthermore, 83% of patients developing CaHD
during follow-up presented with variations of urinary
5-HIAA levels >5N versus 22% in patients with CaHD
at baseline (P=0.0002) versus 1% in patients without
CaHD at baseline and during follow-up (P<0.0001).

On the other hand, in patients with normal echo-
cardiography for >3 years (n=41; mean follow-up,
90+32 months [range, 48-192 months]), without any
significant increase of urinary 5-HIAA levels (variation
during follow-up, 19+55 mg/24 h; P=0.42) and without
resurgence of the tumor process, no patient devel-
oped CaHD.

Figure 1B shows the prevalence of valvular heart
disease in patients with CaHD during follow-up.
Right-sided CaHD increased almost 2-fold. Tricuspid
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regurgitation remained the most common valvular
disease. Left-sided CaHD strongly increased: Aortic
regurgitation and mitral regurgitation showed a 3- to
6-fold increase at the end of follow-up compared with
baseline. Of the 12 patients developing left-sided CaHD,
75% (n=9) had a PFO, and all had hepatic metastases.
Compared with baseline, there was a 2-fold increase in
patients with bivalvular heart disease (41% versus 19%,
respectively, at the end of follow-up and at baseline).
There were 11% of patients with valvular heart disease
involving the 4 valves at the end of follow-up (versus 0%
at baseline) (Figure 1B).

On multivariate survival analysis (Table 4), a 25% in-
crease of urinary 5-HIAA during follow-up was identi-
fied as an independent predictor of CaHD occurrence
during follow-up (hazard ratio [HR], 5.81, 95% CI, 1.19-
28.38, P=0.03), as well as a maximum value of urinary
5-HIAA above 205 mg/24 h during follow-up (HR, 8.41,
95% Cl, 1.64-43.07, P=0.01). Age was not significantly
associated with CaHD occurrence (HR, 1.00; 95% Cl,
0.92-1.07; P=0.90). Being a man was significantly as-
sociated with CaHD occurrence (HR, 4.76; 95% CI,
118-19.24; P=0.03).

DISCUSSION

Our study is one of the first to investigate exhaustively
the echocardiographic characteristics during follow-up
of patients presenting with digestive endocrine tumors
and carcinoid syndrome in the modern era. The main
results are (1) CaHD is an ongoing disease involving
echocardiographic follow-up; (2) serotonin plays a key
role in the development of CaHD; (3) no patient devel-
oped CaHD in the case of >3 years of normal echo-
cardiographic examinations, no significant increase of
urinary 5-HIAA levels, and absence of resurgence of
the tumor process; (4) with the improvement of prog-
nosis of patients presenting with digestive endocrine

18
16 -

T

Score system

© N A o ©

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Years of follow-up

Figure 2. Evolution of scoring system in patients without
initial CaHD and presenting with occurrence of CaHD during
follow-up.

CaHD indicates carcinoid heart disease.
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tumors, late onset of CaHD is possible, and the only
independent marker of late occurrence of CaHD is a
significant increase of urinary 5-HIAA during follow-up.

Carcinoid heart disease is a rare disease charac-
terized by the plaque-like deposit of fibrous tissue,'®"”
mostly on the endocardium of right-sided valvular
cusps, as the lung inactivates carcinoid substances.'®
CaHD can develop in the case of digestive endocrine
tumor associated with carcinoid syndrome. As multi-
modality imaging is used increasingly in many cardiac
diseases including CaHD,'® transthoracic echocardi-
ography remains the exam of choice, and it was re-
cently confirmed as the gold standard for the diagnosis
and follow-up of CaHD.3 Prevalence of CaHD has been
assessed in several previous studies with a wide range
of results, from 20% to 60%.28'220 In our study, the
prevalence of CaHD at baseline was relatively low

Carcinoid Heart Disease

(27%), but reached 36% during follow-up. At 5-year
follow-up, this prevalence was 32% and could be un-
derestimated because 22% of patients without CaHD
did not complete the follow-up period. About 30% of
patients with a long follow-up experienced an increase
of their disease as shown in previous studies.®41221
This increased prevalence during follow-up highlights
the need for an initial echocardiographic follow-up in
patients suffering from digestive endocrine tumor and
carcinoid syndrome. Left-sided CaHD may develop in
the case of PFO, bronchial localization of the primary
tumor or poorly controlled carcinoid (with very signifi-
cant liver metastases).?? In our series, during follow-up,
9% (n=12) of patients developed left-sided CaHD: all
of them had liver metastases, 75% (9 patients) had
a PFO, and none had bronchial carcinoid tumor. The
presence of PFO then appears to be one of the most
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Figure 3. Urinary 5-HIAA levels.

A, At baseline, in patients with or without CaHD. B, During follow-up, in patients with or without CaHD. C, At baseline, in patients
without CaHD, in patients with CaHD at baseline and in patients developing CaHD. D, During follow-up, in patients without CaHD,
in patients with initial CaHD, and in patients developing CaHD. 5-HIAA indicates 5-hydroxyindoleacetic acid; CaHD, carcinoid heart

disease; and FU, follow-up.
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Figure 4. Correlations between urinary 5-HIAA levels at baseline and initial echocardiographic score for the assessment of
CaHD (A) and correlations between peak of urinary 5-HIAA and maximal echocardiographic score (B).
5-HIAA indicates 5-hydroxyindoleacetic acid; and CaHD, carcinoid heart disease.

important factors in the development of left-sided
CaHD and should be systematically assessed by con-
trast echocardiography.?®

Previous studies have clearly demonstrated the
role of serotonin using an assay of urinary 5-HIAA in
CaHD,*" and in our study, we also found a signifi-
cant increase of serotonin in patients presenting with
CaHD. However, in a previous study, we reported that

CaHD may progress in the first 3 years after the ini-
tial management of digestive endocrine tumor despite
accurate therapeutic management.'” Interestingly,
no patient with >3 years of normal echocardio-
graphic examinations and therapeutic management
of carcinoid syndrome and tumor developed CaHD.
However, there is a lack of data regarding the long-
term progression of CaHD, possibly explained by the

Table 2. Characteristics of Patients Presenting With Carcinoid Heart Disease at Baseline and Patients Developing
Carcinoid Heart Disease During Follow-up

Characteristic CaHD at baseline (n=37) CaHD during follow-up (n=12) P value
Age, y, mean+SD (range) 65+11 (40-88) 61+10 (51-86) 0.28
Men, n (%) 19 (51) 6 (50) 0.94
Valvular injury, n (%)
Tricuspid
Regurgitation 33 (89) 10 (83) 0.63
Stenosis 12 (32) 6 (50) 0.27
Pulmonary
Regurgitation 23 (62) 10 (83) 0.29
Stenosis 13 (35) 9 (75) 0.02
Mitral regurgitation 2(5) 4(33) 0.08
Aortic regurgitation 6 (16) 5 (25) (NN
Patent foramen ovale 21 (57) 6 (42) 0.68
Maximum valvular score 7.5+4.2 (2-20) 6.6+4.0 (2-16) 0.26
Treatment, n (%)
Somatostatin analog 30 (81) 10 (83) 0.99
Hepatic artery embolization 9 (24) 9 (75) 0.004
Chemotherapy 9 (24) 8 (67) 0.02
Urinary 5-HIAA, mg/24 h, mean+SD
At baseline 568+426 95+55 <0.0001
Peak 718+456 678+317 0.68
Variation during follow-up 151+£300 582+353 <0.0001

5-HIAA indicates hydroxyindoleacetic acid; and CaHD, carcinoid heart disease.
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Table 3. Characteristics of Patients Without Carcinoid Heart Disease and Patients Developing Carcinoid Heart Disease

During Follow-up

Age, y, mean+SD (range) 60+12 (24-85) 61+10 (51-86) 0.79
Men, n (%) 48 (54.5) 6 (50) 0.77
Primary tumor site, n (%)
Foregut 5 (6) 0(0)
Stomach 2(2) 0(0)
Pancreas 3(3) 0(0)
Midgut
lleojejunum 48 (55) 9 (75) 0.30
Proximal colon 25 (28) 2(17) 0.51
Hindgut (distal colon+rectum) 5 (6) 1(8) 0.55
Bronchial 313 0(0)
Other 22 0(0)
Metastases, n (%)
Hepatic 76 (86) 11(92) 0.96
Peritoneal 18 (20) 4 (33) 0.46
QOvarian 2(2) 2 (17) 0.1
Other 14 (16) 2(17) 0.99
Patent foramen ovale, n (%) 16 (18) 6 (42) 0.02
Treatment, n (%)
Somatostatin analog 72 (82) 10 (83) 0.99
Hepatic artery embolization 22 (25) 9 (75) 0.002
Chemotherapy 20 (23) 8 (67) 0.005
Urinary 5-HIAA, mg/24 h, mean+SD
At baseline 91+97 95+55 0.84
Peak 109+106 678+317 <0.0001
Variation during follow-up 19455 582+353 <0.0001

5-HIAA indicates hydroxyindoleacetic acid; and CaHD, carcinoid heart disease.

relatively high short-term mortality of the patients in
the first series. In the modern management era, the
life expectancy of patients with carcinoid syndrome
has increased.®?* In our study, we found that recur-
rence of digestive endocrine tumor and carcinoid
syndrome may occur during follow-up and this mod-
ification of clinical status should prompt echocardio-
graphic examinations again. Indeed, late occurrence
of CaHD after 5 years of follow-up appeared in 42%

of cases of CaHD during follow-up (mean follow-up:
65+50 months) and, in 2 patients, this progression
was assessed 11 and 14 years after the first echo-
cardiographic examination, with a severe progression
score. We found that the only independent marker of
late occurrence of CaHD was a significant increase of
urinary 5-HIAA during follow-up, highlighting the key
role of serotonin in CaHD. In clinical practice, and ac-
cording to our study findings, the need for prolonged

Table 4. Multivariable Analyses for Predicting the Late Occurrence of Carcinoid Heart Disease

Age 1.00 1.00 (0.92-1.07)* 0.90
Male 1.00 4.76 (1.18-19.24) 0.03
Variation of urinary 5-HIAA levels >25% 1.00 5.81(1.19-28.38) 0.03
Peak of urinary 5-HIAA >205,mg/24 h 1.00 8.41 (1.64-43.07) 0.01

*For an increase of age by one unit, since age was included as a linear variable in the model. 5-HIAA indicates hydroxyindoleacetic acid; and HR, hazard ratio.
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cardiology follow-up is recommended, particularly in
case of significant increase of urinary 5-HIAA levels
during follow-up.

The main limitation of our single-center study is its
limited number of patients. However, this disease is
particularly uncommon, explaining the few available
data concerning CaHD. Nonetheless, all echocardio-
graphic examinations were performed by the same
experienced investigator according to a standardized
protocol, allowing complete assessment of CaHD
in routine practice. A previous study has demon-
strated the usefulness of NT-proBNP in CaHD.?®
The increase of NT-proBNP may suggest the pres-
ence of CaHD, and echocardiographic examina-
tion is needed to confirm this suspicion of CaHD. In
our study, the assay of BNP was not available for
the first included patients, and we did not system-
atically perform this assay. However, in the light of
our results and in agreement with an expert state-
ment,® a significant increase of urinary 5-HIAA levels
during follow-up may lead to assay of NT-proBNP
and if necessary (N-terminal pro-BNP >260 ng/mL)
to echocardiographic examination. Finally, although
foods and medications that could affect urinary 5-
HIAA levels were discouraged, rigorous control over
these factors was not feasible.

CONCLUSIONS

The prevalence of CaHD is still substantial in the case of
carcinoid syndrome, even with modern therapies. Our
study demonstrates that in patients without initial CaHD,
cardiac involvement may occur late, despite normal initial
echocardiographic assessments. Our data suggest the
need for prolonged cardiology follow-up in patients pre-
senting with recurrence of the tumor process with signifi-
cant increase of urinary 5-HIAA levels.
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Table S1. Right- and left-sided CaHD scoring system of severity.

Right-sided CaHD scoring system

Tricuspid and pulmonary anatomies (score for each valve)

Normal

Mild immobility

Moderate to severe immobility
Thickened or fixed

Score

WN -

Tricuspid and/or pulmonary regurgitation (score for each valve)

No or trivial regurgitation
Mild regurgitation
Moderate regurgitation
Severe regurgitation

WN O

Tricuspid and/or pulmonary stenosis (score for each valve)

No significant stenosis
Mild stenosis
Moderate stenosis
Severe stenosis

WN PO

Right ventricular size
Normal
Mild or moderate dilatation
Severe dilatation

N -~ O

Right-sided CaHD score: minimal = 0; maximal = 20

Left-sided CaHD scoring system

Mitral and aortic anatomies (score for each valve)
Normal
Mild immobility
Moderate to severe immobility
Thickened or fixed

Score

WwWN -

Mitral and/or aortic regurgitation (score for each valve)
No or mild regurgitation
Moderate regurgitation
Severe regurgitation

N~ O

Left-sided CaHD score: minimal = 0; maximal = 10
Global CaHD score: minimal = 0; maximal = 30
CaHD: carcinoid heart disease
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