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CaRCINOID HEaRT DISEaSE aND CaRDIaC METaSTaSIS IN NEUROENDOCRINE TU-
MORS: INSIGHTS FROM PaTHOLOGy TO PERSONaLISED DIaGNOSTIC aND THERa-
PEUTIC aPPROaCH (abstract): Carcinoid heart disease is produced by the paraneoplastic issue 
of the vasoactive substances excreted by the tumor, especially serotonin and represents a major 
cause of mortality in patients with metastatic neuroendocrine tumors. It has been observed that 
approximately 50% from patients with the carcinoid syndrome occurred will develop carcinoid 
heart disease. Carcinoid heart disease and neuroendocrine tumors cardiac metastases and are two 
different items, none of ethers affect the others. Ordinarily, myocardium metastases are not often 
seen. The prognosis of neuroendocrine tumors patients with confirmed carcinoid heart disease has 
improved over the past few decades, due to the upgrading in the cardiac imaging technologies, 
antitumor therapies, perioperative management and cardiac surgery. a multidisciplinary approach 
is necessary for the complex management of patients with carcinoid heart disease, both for the 
systemic malignant disease and the cardiac involvement. Key words: CaRCINOID HEaRT DIS-
EaSE, NEUROENDOCRINE TUMORS, CaRDIaC METaSTaSIS

inTroDUCTion
Ordinarily, “the carcinoid” term refers to 

the well-differentiated neuroendocrine tumors 
(NETs) that appear from enterochromaffin cells 
found mostly in the gastrointestinal tract and 
relatively at the bronchopulmonary level, pan-
creas and genitourinary system but nevertheless 
can be applied even to poorly differentiated 
tumors. In the general population, carcinoid 
tumors incidence is approximately of 1.2-2.1 
per 100.000 people per year (1).

NETs, especially small intestinal NETs, se-
crete diverse vasoactive substances including 
serotonin, prostaglandins, kallikrein, tachykin-
ins and histamine, that are normally inactivated 
by the liver when are delivered in the portal 
circulation (2).

Foregut NETs, developed from the bron-
chus, stomach and duodenum, tend to secrete 
less serotonin comparing with the midgut NETs, 
developed from the jejunum, ileum, appendix, 
and ascending colon (organs) while the hindgut 
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NETs, from the transverse and descending co-
lon, sigmoid and rectum, hardly produce bioac-
tive hormones. Intestinal carcinoids, without 
hepatic metastases, exceptionally cause hormo-
nal symptoms, because the circulating bioactive 
hormones are inactivated by the liver. Bron-
chopulmonary NETs having the direct connec-
tion to the systemic circulation, can produce 
the carcinoid syndrome separately of metastat-
ic disease (1). Likewise, the primary ovarian 
and midgut carcinoids, with retroperitoneal dis-
seminations, can be accompanied by the carci-
noid syndrome, without liver metastases (3). 

When NETs metastasize to the liver, sero-
tonin quickly enters in the systemic circulation, 
causing the elevated plasma serotonin levels and 
leading to the cardiac adjustment associated 
with carcinoid heart disease (CHD) (4).

CHD, as well acquainted as Hedinger syn-
drome (5), is produced by the paraneoplastic issue 
of the vasoactive substances excreted by the tu-
mor, especially serotonin (2) and represents a 
major cause of mortality in patients with meta-
static NETs (6). It has been observed that ap-
proximately 50% from patients with the carci-
noid syndrome occurred will develop CHD (7).

The biggest incidence of CHD is in patients 
with NETs located in the small bowel (72%), 
followed by the lung, pancreas, large bowel, 
appendix and ovaries. In NETs patients, with 
frequent daily episodes of flushing, CHD pro-
gress is somewhat common (8). 

CHD and NETs cardiac metastases and are 
two different items, none of ethers affect the 
others (9). Ordinarily, myocardium metastases 
are not often seen (9). according to the imaging 
techniques, just 1-4.3 % of patients with ileal 
NETs have myocardium  metastases (10). In a 
large cohort of patients with NETs (n=4210), 
investigated through radionuclide imaging tech-
nique with 68Ga-DOTaTaTE, was found just 35 
(0.8%) patients with cardiac metastasis (11).

Nevertheless, in NET’s with CHD, the right-
sided heart leaflets are often affected with fi-
brosis and tricuspid insufficiency, pulmonic ste-
nosis and insufficiency can be quantified. at 
20–50% of patients with carcinoid syndrome, 
appears the cardiac involvement (12), with a 
fibrous reaction which cause the retraction and 
fixation of the right-sided valve leaflets. Con-
sequently, all these modifications will lead to 
a combination of regurgitation and stenosis, 
which finally can progress to right heart col-

lapse. CHD is defined by plaque-like accumu-
lations of fibrous tissue, engaging the endocar-
dium of the valve leaflets, cardiac compartments 
and uncommonly the intima of the pulmonary 
arteries and aorta. 

Left-sided valve is relatively protected by 
the vasoactive peptides through the lungs filter, 
inactivating them in the pulmonary circulation 
before they reach the left atrium (6). This in-
volvement occurs in less than 10% of patients 
with CHD but nevertheless, it is commonly 
observed in patients with a right-to-left shunt 
(e. g. patent foramen ovale) and elevated right 
heart-sided pressures, bronchial NETs or poor-
ly controlled severe carcinoid syndrome (2,13). 
Conversely, left-sided valvular disease can be 
present in the absence of right sided valve in-
volvement. There is no clear explanation for 
the predominant right-sided valve involvement. 

NETs patients with CHD have a signifi-
cantly decreased life expectancy compared with 
NETs patients without cardiac involvement. 
There fore, early detection, periodic cardiac 
screening (including clinical assessment, bio-
markers, echocardiographic parameters) and 
treatment are crucial in the preventing of right 
heart failure and improving prognosis for pa-
tients with NETs. 

International consensus guidelines are not 
very clear regarding to which patients with 
NETs should be screened for CHD. Ordinarily, 
European Neuroendocrine Tumor Society (EN-
ETS) (14) recommend that all patients with 
midgut NETs and carcinoid syndrome should 
be screened for cardiac involvement. Neverthe-
less, other ENETS guideline (15), recommend 
screening only for patients with carcinoid syn-
drome or for those with elevated levels of chro-
mogranin a or 5-Hydroxyindoleacetic acid. 

However, North america Neuroendocrine 
Tumor Society (16) and ENETS (14,15) guide-
lines recommend regular echocardiographic 
screening for  patients with CHD, supplement-
ed or guided by N-terminal pro-B-type natriu-
retic peptide measurements, without specifying 
the frequency of the screening. Other authors 
recommend annually surveillance ultrasonog-
raphy (US) investigations for patients diagnos-
ticated with CHD (13).  

The differential diagnosis of the tricuspid 
regurgitation from CHD involves functional 
tricuspid regurgitation after right ventricular 
dilatation, rheumatic fever, papillary muscle 
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rupture infective endocarditis, Ebstein disease 
myxomatous degeneration, Marfan syndrome, 
cardiac manifestations in systemic lupus ery-
thematosus or rheumatoid arthritis and the 
treatment with ergot derivatives and anorectic 
drug (1). 

DiAgnoSiS 
Occasionally, CHD can be diagnosed clini-

cally. It is extremely important but very hard 
to differentiate carcinoid symptoms from symp-
toms due to cardiac disease. at a patient with 
carcinoid symptoms (flushing, wheezing, bron-
chospasm, hypotension, tachycardia), the de-
velopment of right heart failure, with dyspnea, 
fatigue, edema, anorexia and ascites, might be 
ignored. Notwithstanding the fact that the treat-
ment with somatostatin analogs ameliorates the 
clinical symptoms, the serotonin levels doesn’t 
decrease and the heart failure progresses, while 
the patient’s condition appears to regress (17).

Generally, the pulmonic and tricuspid valve 
abnormalities are well tolerated and the patients 
are presenting just fatigue and dyspnea on exer-
tion (18). If in early disease, the pressure in 
the pulmonary circulation is low and the rustles 
of pulmonary and tricuspid valve disease may 
be difficult to observe, at the time of diagnosis, 
cardiac rustle are detectable in 90% of the 
patients (18). In patients with CHD and serious 
right sided valvular collapse can be found an 
elevated jugular venous pressure with promi-
nent V-wave, a palpable right-ventricular im-
pulse, right ventricular rustle, pulsatile liver. 
hepatomegaly, peripheral edema and ascites 
(10,19).

BioMArKErS for SCrEEning 
AnD DiAgnoSiS 
There are a variety of biomarkers for diag-

nosis and for assessment of the degree of the 
severity of CHD. Some biomarkers can an-

ticipate the presence and severity of CHD, al-
lowing the selective use of the ultrasonography 
screening (10).
1. The most suitable NETs biomarker is rep-

resented by the N-terminal pro-B-type na-
triuretic peptide (NT-proBNP), with diag-
nostic and prognostic value regarding the 
cardiac involvement. NT-proBNP has a high 
sensitivity and specificity in the detection of 
CHD in NET’s patients (92%, respectively 
91%). Consequently, high NT-proBNP levels 

can be corelated with the disease progres-
sion and survival. Elevated NT-proBNP lev-
els associated with high levels of chromogra-
nin-A (Cg-A) indicate a CHD with worse 
survival, predicting a greater mortality. Pa-
tients with elevated levels of both biomark-
ers had a survival rate of only 16% vs. a 
survival rate of 81% in patients with normal 
Cg-a levels (3).

 NT-proBNP is released by the heart, as reac-
tion to the increase in wall stress, conse-
quently to both volume and pressure over-
load and may act as an antifibrotic agent in 
the myocardium (20). accordingly, NT-proB-
NP is strongly recommended by some guide-
lines (14,16) as a screening tool in all pa-
tients with carcinoid syndrome, especially 
for patients with intestinal NETs.

2. Plasma activin A (PaA) levels higher than 
0.34 ng/ml may indicate CHD, both in ear-
ly and advanced stages, as an independent 
predictor, being significantly higher in NETs 
patients with CHD compared with those 
without CHD. Moreover, higher PaA levels 
were also found in CHD patients without 
right heart dilatation (20). 

3. another independent predictor factor of re-
duced right ventricular function in NETs 
patients with CHD is represented by the high 
Connective Tissue Growth Factor (CTGF) 
levels, with 88% sensitivity and 69% spec-
ificity (20).

4. Likewise, the Cg-A is a sensitive marker for 
patients with NETs and CHD (20). High 
levels of Cg-A are better suited to evaluate 
the NETs progression, with a sensitivity of 
up to 100% but cannot be used to assess the 
CHD, having a specificity of only 30% (10).

5. Urinary 5-Hydroxyindoleacetic acid (5-HIAA) 
levels are significantly higher in NETs pa-
tients with CHD than in those without CHD 
and are associated with progression of car-
diac disease (10). Patients with 5-HIAA lev-
els higher than 300 mmol/24 h urine sample 
have an increase in risk of developing of 
CHD and a 5-fold risk of having more than 
three flushing episodes per day (10). The 
use of 5-HIAA as a biomarker is conditioned 
by several factors, such as food and drug 
intake or incorrect sampling. accurate de-
termination of 5-HIAA in urine requires com-
plete 24-h sampling. Foods rich in trypto-
phan, such as tomatoes, kiwis, plantains, 
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pineapples, bananas, walnuts, plums, egg-
plants and avocados can produce modest 
elevations in urinary excretion of 5-HIAA 
leading to false-positive results. The false-
negative results can be given by drugs like 
acetaminophen, ephedrine, phenobarbital, 
levodopa, aspirin, phenothiazines diazepam, 
nicotine, caffeine (10).

6. Plasma 5-HIAA levels can be measure eas-
ier than urinary 5-HIaa levels. Every 100 
nmol/l growth in serum 5-HIAA level in-
creased the probability of CHD progression 
by 5% (10). Other studies reported that se-
rum serotonin greater than 1000 pg/ml is a 
predictor for CHD. Robiolio et al (21) re-
ported, in the 604 patients group, high plas-
ma serotonin (1130 vs 426 pmol/ml) and 
urinary 5-HIaa (219 vs 55 mg/day) levels 
in 119 patients with CHD than in 585 pa-
tients without (21).
Patients with CHD have high levels of 5- 

HIAA, because metastatic carcinoid tumors take 
up tryptophan and metabolize it to serotonin. 
Serotonin is metabolized into 5-HIAA, which 
is almost exclusively excreted in the urine (19). 
It is recommended that the patients with elevat-
ed serum serotonin and urine 5-HIaa levels to 
be monitored for signs of right-sided heart fail-
ure because the cardiac involvement is an indi-
cation of poor outcome without the treatment 
(19). 

iMAging DiAgnoSiS 

Cardiac metastases from carcinoid tumors 
are present in approximately 4% of patients 
(10). In the patients with NETs without valvu-
lar dysfunction, the cardiac metastases may be 
the only cardiac manifestation of the disease 
(10) Carcinoid cardiac metastases can be visual-
ized with nuclear functional metabolic imaging, 
like positron emission tomography computed to-
mography (PET-CT) with 18F-dihy droxy-phenyl-
alanine (18F-DOPa) or octreotide labelled with 
68Gallium (68Ga), but, nevertheless, the major 
role of nuclear imaging in CHD is to demon-
strate the extent of the NETs disease (10).

Ultrasonography 
Ultrasonography (US) screening has a piv-

otal role in the diagnosis of CHD, because the 
cardiac symptoms and signs are often subtle or 
absent early in the course of the disease (21).  

However, US detection of the myocardial 
metastases represents a challenge, being lim-
ited by the lesions size. Consequently, even the 
patients with functioning serotonin secreting 
NETs will perform US in early stage of CHD, 
the metastatic lesions, smaller than 10 mm, are 
hard to be visualized (22,23).

In a study on 11 patients, Pellikka et all 
showed that through US assessment were de-
tected 55 % of metastases (12), with a mean 
tumor size of 2.4 cm (range: 1.2 – 4 cm), while 
other 45 % lesions were diagnosed just at nec-
ropsy, having a mean size of 0.35 cm (range: 
0.2– 0.4 cm) (12).

Radiological findings
On the chest radiographic film, cardiotho-

racic ratio may be increased sometimes, but not 
being specific. 

Computer Tomography (CT)
For patients with CHD, the cardiac CT as-

sessment can estimate the degree of the struc-
tural valvular damage, the degree of the calci-
fication, the right ventricular function and size, 
pre-surgical evaluation of the coronary arteries 
and can visualize the myocardial metastases 
(10). For the assessment of CHD, dual source 
multi-slice CT has a very good spatial resolu-
tion (24), with a radiation of 1.5–5 mSv (22). 
Ordinarily, is validated for the assessment of 
the pulmonary hypertension, the right heart 
chambers and valves and is relatively contrain-
dicated in chronic kidney disease and preg-
nancy.

MRI (Magnetic resonance imaging)
Notwithstanding that using the cardiac MRI 

is limited due to the expensive cost, neverthe-
less this imaging technique is the gold standard 
for the assessment of CHD. It is the most pre-
cise imaging method, due to the very good 
spatial and temporal resolutions (25), limited 
by the internal presence of the internal metal 
devices. ENETS guidelines recommended car-
diac MRI for identification of cardiac metasta-
ses and for assessment of right ventricular func-
tion (13,14). Through cardiac MRI is performed 
an accurate assessment of the right heart, the 
right-sided heart valves particularly, and con-
sequently are provided accurate functional and 
anatomical information and is allowed the ac-
curate measurement of the regurgitant volumes 
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(26). Moreover, cardiac MRI allows identifica-
tion of the extension into extra-cardiac struc-
tures and perform an accurate quantification of 
the right ventricular ejection fraction. Further-
more, this imaging structural technique is useful 
in the detection of myocardial metastases and 
fibrous plaques because admit distinction and 
characterization of the myocardial tissue (10).

Nuclear imaging
It is very important to choose a suitable 

imaging modality in order to detect the meta-
static cardiac lesions. 

Modern radionuclide imaging techniques 
(single photon emission computed tomography 
(SPECT), SPECT/CT and PET-CT have a high-
er sensitivity compared to conventional struc-
tural imaging procedures in some cases, (22).

Functional imaging, somatostatin receptor 
scintigraphy (SRS) (planar whole body scan 
with or without SPECT/CT) and 68Ga-DOTaT-
OC/TaTE PET-CT, are used to visualize soma-
tostatin receptor density and to quantify tracer 
uptake in the myocardial metastases, in patient 
with NETs (27,28).

Nuclear imaging have an important role in 
the localization of NETs, SRS using radiola-
beled somatostatin analogues, being the most 
appropriate identifying procedure for NETs, 
with a sensitivity of up to 87% and a positive 
predictive value by 100% (29). Moreover, 131I-
methyl iodobenzylguanidine scintigraphy (MIBG) 
can identify NETs by 60% to 70% (29).

Notwithstanding that SRS is used to visual-
ize the metastatic cardiac lesions with a good 
sensitivity, the gamma camera and SPECT 
methods have limited resolutions, considering 
the expression levels and the variable affinity 
of somatostatin receptors, as well as the small 
sizes of the tumoral lesions.

The nuclear imaging using the radiotracers 
specifically targeting neuroendocrine pheno-
type is responsible in the detection of cardiac 
metastases of NETs, depending on the amount 
of radiotracer accumulated in the lesion. The 
use of 18F-FDOPa PET/CT for NETs diagnosis 
is based on the intrinsic ability of NETs to take 
up amine precursors, such as 18F-DOPa. The 
18F-DOPa PET/CT has a high resolution and a 
sensitivity up to 96% in the detection of NETs 
lesions, consequently are important for diagno-
sis and visualization of the myocardial metas-
tases in NETs patients with CHD (28). Cardiac 

metastases can be identified to the myocardium 
pericardium and atrium (30) and can appear 
secondary to ileal, bronchial, gallbladder and 
ovarian NETs (10).

Notwithstanding that SRS, one of the most 
used nuclear imaging techniques in the diagno-
sis and follow-up of NETs, can detect lesions 
> 1 cm, nevertheless to identify earlier car-
diac metastases, including small lesions, (31) 
18F-DOPa or 68Ga-DOTaTOC/-TaTE/-NOC 
PET-CT are even more sensitive, providing a 
better spatial resolution, up to 4 mm (27,30). 
Quantifying the regional SUV max can bring 
important information about physiological and 
pathological myocardial somatostatin receptor 
expression (30).

Traditional PET, using 2-(18F)-fluoro-2-de-
oxy-dglucose (18FDG) can identify tumor with 
a higher than normal rate of glycolysis. Ordi-
narily, NETs are slow-growing tumors, with a 
low metabolic rate, accordingly are not visual-
ized with 18FDG (32).

Moreover, serotonin (5-HT) synthesis ap-
pears in all carcinoid tumors and PET scan with 
11C–5-HTP prove to be a superior way to detect 
NETs (33).

TrEATMEnT
The prognosis of NETs patients with con-

firmed CHD has improved over the past few 
decades, due to the upgrading in the cardiac 
imaging technologies, antitumor therapies, peri-
operative management and cardiac surgery (3). 

a multidisciplinary approach is necessary 
for the complex management of patients with 
CHD, both for the systemic malignant disease 
and the cardia

c involvement. at the patient with CHD 
must be evaluate the nutritional and overall 
performance status, the NETs status, the liver 
and kidney function and the effect of CHD on 
the management of the basic NET.

The management of CHD involve fluid sta-
tus management, medical therapy (including 
pharmacotherapy for heart failure, aggressive 
lowering of 5-HIaa levels under 300 mmol/24 
h), non-cardiac intervention and cardiac surgi-
cal intervention (5). 

Fluid status management
For an euvolemic status, all the consequenc-

es due to the tricuspid regurgitation and right 
heart collapse (ascites, hepatic congestion and 
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peripheral edema) should be managed with diu-
retic therapy. The patients with peripheral ede-
ma, without significant concomitant peripheral 
arterial disease, can use additional supportive 
therapy (graduated compression stockings) (5). 

Medical therapy
Somatostatin analogs have an important 

symptomatic benefit in NET’s patients with 
carcinoid syndrome and in reducing the urinary 
5-HIaa values. Somatostatin analogs ensure 
good disease control, prior to procedures for 
NETs patients with carcinoid syndrome, but are 
not useful in regression or preventing the CHD 
progression or improving the patient survival.

Literature data showed that using an dual 
endothelin receptor antagonist may be value in 
the preventing the progression of CHD (valvu-
lar and mural fibrosis) (34).

additionally, bacterial endocarditis prophy-
laxis is not recommended in patients with CHD 
(35) 

Ordinarily, peptide receptor radionuclide 
therapy (PRRT) has very good results in pa-
tients with advanced metastatic nonresectable 
NETs with somatostatin receptor-positive le-
sions. Nevertheless, the patients with decom-
pensated heart failure are not appropriate can-
didates for this treatment. Before and along 
with PRRT, for nephroprotection is necessary 
concomitant amino acid and fluid infusions (3). 
Nephroprotection agents (amino acid diluted in 
normal saline solution or gelofusine) increase 
plasma volume, so consequently will may re-
quire administrations of diuretics, with a pos-
sible risk of hypotension and the precipitation 
of the carcinoid crisis (7). Nevertheless, if PRRT 
are the chosen treatment option, is mandatory 
to stop the treatment with cold somatostatin 
analogs before therapy (4 to 6 weeks for long-
acting somatostatin analogs, respectively 24 h 
for short-acting one) in order not to interfere 
with the same somatostatin receptor targets. In 
such cases, the risk of carcinoid crisis is high 
and somatostatin analogue administration may 
be necessary during PRRT, what probably will 
decrease the efficacy of therapy with radiola-
beled somatostatin analogues (7).

Non-cardiac surgical therapy
Surgical resection of the primary tumor and 

hepatic metastases can be of value in preventing 
the progression and can improve the prognosis 

of CHD. a hepatic metastatic lesion can induce 
severe tricuspid regurgitation, accordingly lea-
ding to a hepatic venous outflow obstruction, 
with an important elevation of post-sinusoidal 
pressures, visceral congestion and pulsatile liver. 
at patients with CHD, with tricuspid regurgita-
tion and elevated transhepatic and portal venous 
pressures, hepatic surgical intervention had 
an important risk of possibly life-threatening 
bleeding. The first step, for NET’s patients 
with CHD and resectable hepatic metastasis is 
represented by the cardiac valve surgery prior 
to the hepatic metastasis resection, in order to 
minimize the surgical risk (5). 

Cardiac surgical management
Surgeons and anesthesiologists managing 

such patients should have experience in treating 
NETs patients with CHD, in order to minimize 
the surgical risks. To achieve good sympto-
matic patient condition, somatostatin analogs 
should be administered with the weeks prior to 
cardiac surgery (5) and preoperatively, hemo-
dynamics should be optimized with diuretics. 
Sometimes, intraoperatively, unexpected hypo-
tension can appear due to vasodilation second-
ary to the release of vasoactive substances from 
the tumor. Consequently, hypotensive episodes 
should be treated with the administration of 
somatostatin analogs in the first instance (5).  

Indications for cardiac surgical intervention 
is represented by the symptomatic, severe val-
vular dysfunction progressive fatigue, signifi-
cantly impaired exercise capacity (18) or a 
planned surgical hepatic tumor resection. 

The most common causes of perioperative 
mortality are represented by the coagulopathy, 
infection, carcinoid crises and right heart fail-
ure and the long-term complications are associ-
ated to the tumor itself. at a month after sur-
gery, progression of CHD is the most frequent 
cause of mortality (18). 

For NET’s patient with carcinoid syndrome, 
severe cardiac involvement and well-controlled 
systemic disease, valve replacement surgery is 
an effective treatment which can improve the 
symptoms and outcomes (18). The valve repla-
cement surgery should be performed in me dical 
centers with experience in the management of 
CHD due to the particular challenges.

Ordinarily, the valve prosthesis should be 
choice related to patient’s preference, desires, 
status, and prognosis. Notwithstanding the ap-
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propriate treatment for CHD, the life expec-
tancy of patients with bioprosthetic valves is 
lower than that of the bioprosthetic valves them-
selves. Literature data described that 2 out of 
22 patients enrolled in a study developed bio-
prosthesis deterioration during a 26-month me-
dian follow-up period (18). 

For the complete management of the NET 
patients with myocardial metastases, is manda-

tory a strong relationship and collaboration be-
tween surgery, cardiology, endocrinology, radi-
ology and nuclear medicine. after diagnosis 
the metastatic cardiac involvement, is necessary 
the US assessment as follow-up examination as 
first-line imaging technique. For the metastatic 
lesions which cannot be visualized through US, 
monitoring is recommended with radionuclide 
imaging or cardio-MRI techniques (22). 
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