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Abstract The management of patients with midgut neuroen-
docrine tumors (MNET) is rapidly evolving. Current preoper-
ative detection rates of primary tumor sites are higher than
ever and progression-free survival in patients with already
advanced disease is expanding due to the implementation of
novel efficacious treatment strategies. This survival benefit
may potentially translate into a need for a multidisciplinary
approach to an even more heterogenous variety of clinical
conditions, among these, carcinoid syndrome (CS) and carci-
noid heart disease (CHD). The latter often triggers substantial
morbidity and mortality, hence a systematic screening, an ac-
curate diagnosis, as well as effective interventions are critical-
ly important. The rarity of the disease has result in a relative
lack of statistically powerful evidence, which in turnmay have
rendered significant variability between practices. In this re-
gard, despite recent guidelines, the optimal follow-up of pa-
tients with CHD remain debatable to some authors, perhaps
due to the preponderance of certain schools throughout the
manuscript. Herein, we present a concise and practical guid-
ance document on clinical screening and echocardiographic
surveillance of patients with CHD based on a comprehensive
review of the literature, and complemented by our experience

at the Center for Carcinoid and Neuroendocrine Tumors at
The Mount Sinai Hospital.
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Without doubt, diagnosis and management of midgut neuro-
endocrine tumors is currently, if not the most, one of the most
dynamic areas of gastroenterology. The field has evolved from
one characterized by limited treatment options to one identi-
fied by an exponentially increasing number of clinical trials
and available novel therapeutic agents [1] These major ad-
vances include a) the effective combination of multiple imag-
ing techniques such as PET/CT [2], SRS, and endoscopy to
achieve higher identification rates of primary tumor sites [3]
b) a more precise tumor classification or taxonomy [4] c) a
shift towards a more aggressive interventional and surgical
approach d) completion of major trials that will surely assign
to Telotristat Ethyl [5], Everolimus [6] and 177Lu-Dotate [7]
pivotal roles in an immediate future treatment protocols.
Consequently, the current preoperative detection rate of pri-
mary tumor sites has been demonstrated to be as high as 80%,
the incidence of MNETs has increased almost seven-fold, and
progression-free survival in patients with already advanced
disease is expected to importantly expand.

Among patients with MNETs, survival benefit will certain-
ly translate into a need for a stepwise multidisciplinary ap-
proach with a broader collection of treatment strategies to face
an unusual variety of clinical conditions, among these, CS and
CHD. The latter often triggers substantial morbidity and mor-
tality, hence a systematic screening, an accurate diagnosis, as
well as effective interventions are critically important.
However, the rarity of the disease has led to a relative lack

* Javier G. Castillo
javier.castillo@mountsinai.org

1 Department of Cardiovascular Surgery, Mount Sinai Health System,
The Mount Sinai Hospital, 1190 Fifth Avenue, GP2 West, New
York, NY 10029-6574, USA

2 Center for Carcinoid and Neuroendocrine Tumors, Mount Sinai
Health System, The Mount Sinai Hospital, New York, NY, USA

3 Department of Clinical Cardiology, Mount Sinai Health System, The
Mount Sinai Hospital, New York, NY, USA

Rev Endocr Metab Disord (2017) 18:411–421
https://doi.org/10.1007/s11154-017-9434-z

mailto:javier.castillo@mountsinai.org
http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-017-9434-z&domain=pdf


of statistically powerful evidence, which in turn may have
rendered significant variability in opinions regarding the opti-
mal management of these patients [8] In addition, the latest
expert statement, although promoted by an integrative leader-
ship, presents a geographical and institutional bias and ignores
part of the contemporary carcinoid literature [9] The following
is a concise and practical guidance document on clinical
screening and echocardiographic surveillance of CHD based
on a comprehensive review of the literature, and
complemented by the authors’ experience at the Center for
Carcinoid and Neuroendocrine Tumors at The Mount Sinai
Hospital.

1 From carcinoid syndrome to carcinoid heart
disease

Midgut neuroendocrine tumors are generally slow-growing,
silent and relatively indolent [10] Symptoms often result from
mechanical complications (incidental finding due to gastroin-
testinal bleeding or obstruction) or from their inherent capac-
ity of synthesizing, storing, and releasing large amounts of
bioactive substances (prominently serotonin) into the systemic
bloodstream [11] Normally, serotonin is mostly recaptured,
inactivated, and metabolized to 5-hydroxyindolacetic acid
(5-HIAA) by hepatic enzymes for subsequent renal clearance
[12] In the presence of hepatic metastases, ectopic functional
foci secrete copious amounts of serotonin that will exceed and
bypass the degradation capacity of the liver [13] and then
reach the systemic circulation, the inferior vena cava and ulti-
mately the right heart. Exceptions to this pathophysiologic
pathway are very rare cases of extensive retroperitoneal lymph
node metastases (<1%) with drainage to the thoracic duct [14]
(Fig. 1).

The overproduction and dissemination of serotonin into the
systemic circulation triggers a wide constellation of signs and
symptoms known as CS [15–17], mainly characterized by
vasovagal lability (cutaneous flushing and hypotension), gas-
trointestinal hypermotility, cardiac involvement and broncho-
spasm. Cardiac manifestations, known as CHD, are secondary
to a plaque-like endocardial deposition of fibrous tissue
(myofibroblasts, smooth muscle cells, and extracellular ma-
trix) that often extends to the endocardial surface of the valve
leaflets or cusps (and subvalvular apparatus) leading to differ-
ent patterns of valve dysfunction and later ventricular failure
[18].

Although the action mechanisms of serotonin have been
extensively studied by the pharmaceutical industry for the past
decade [19], the etiology for myocardial and valve injury re-
mains poorly understood [20]. Contemporary publications
have unanimously suggested a more concrete and selective
link between serotonin 5-HT2B receptors [21] and heart valve
disease secondary to a mitogenic and secretory response in

ventricular and valvular fibroblasts [22] The activation of 5-
HT2B receptors [23] has been observed to directly promote the
proliferation and fibrosis of the leaflets by accumulation of
extracellular matrix secreted by the valvular interstitial cells
[24] Additionally, this signal transduction has been shown to
upregulate the cytokine transforming growth factor β1
(TGF-β1) which then acts as a key mediator in the appearance
of leaflet changes due to myofibroblasts deposition and in-
creased production of collagen and glycosaminoglycans [25]
Carcinoid heart disease involves primarily the right-side of the
heart in over 90% of the patients [26] In the absence of a
primary endobronchial carcinoid tumor (additional satellite
production of serotonin), classic publications have demon-
strated that pulmonary endothelial cells might be able to me-
tabolize large amounts of circulating serotonin. Therefore, the
development of left-sided CHD mandates the presence of a
persistent cardiac shunt (commonly a patent foramen ovale or
atrial septal defect) or a very severe or poorly controlled tumor
activity [27] that may overcome the pulmonary potential to
deactivate serotonin [28] (Table 1).

2 Screening for carcinoid heart disease

After tumor grading, the identification of hepatic metastases
and CS, the existence of extrahepatic disease (e.g. lymph
nodes, peritoneum, lung, bone, brain, or ovaries), and cardiac
involvement are considered the most unfavorable prognostic
factors in patients with MNETs [29] Regarding CHD, the
accelerated adoption of novel systemic medical therapies has
correlated with a significant improved control of hormonal
syndromes and consequently, with an important prevalence
decrease [30] Furthermore, CHD is a very unpredictable con-
dition, and even patients with advanced degrees of valve pa-
thology might remain asymptomatic until clinical decompen-
sation rapidly triggers signs and symptoms of right ventricular
failure (peripheral edema > ascites > pleural effusions > he-
patic congestion) [31] Taking into consideration its ominous
impact on survival, screening for early detection of valve dis-
ease or ventricular dysfunction is beyond imperative to mon-
itor those asymptomatic patients at risk [32] (Fig. 2).

2.1 The role of cognitive cardiology - physical examination
and symptoms

Direct and indirect actions of abnormally elevated levels of
serotonin correlate with a number of adverse cardiovascular
effects including vasovagal lability (vasodilatation and fre-
quent variations in blood pressure), arrhythmias, pulmonary
hypertension, myocardial fibrosis, and valve disease [33]
Accordingly, every patient with a MNET should be seen and
followed by a clinical cardiologist with expertise in structural
valve disease (additional expertise in CHD when feasible) in
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order to have a baseline transthoracic echocardiography
(TTE). This is more and more relevant since CHD might be
the first manifestation of CS in up to 20% of patients [34].

Although clinical diagnosis of early CHD mandates a high
index of suspicion, experienced clinicians may detect subtle
abnormalities during cardiac auscultation. Careful examination
of the jugular venous pressure is essential as an early prominent
V-wave of tricuspid regurgitation may be observed. A coinci-
dent V-wave with carotid pulse is also characteristic of at least
moderate tricuspid regurgitation. Tricuspid regurgitation usual-
ly yields a pansystolic murmur which increases in intensity
during inspiration. Similarly, an early diastolic murmur or a
systolic murmur can be heard in pulmonic position in the pres-
ence of pulmonic regurgitation or stenosis, respectively.

2.2 Appropriateness of biochemical markers
and transthoracic echocardiography

During the last decade, the utility and applicability of bio-
chemical markers in clinical practice has been strongly en-
dorsed by some groups, not only to detect cardiac

involvement, but also to assess disease progression and to
evaluate prognosis in patients with CHD [35] For example,
plasma 5-HIAA and NT-proBNP have been found to have a
pivotal prognostic and diagnostic significance, respectively,
Chromogranins have been associatedwith disease progression
and recurrence, and Activin A has been linked to disease se-
verity, especially in patients with MNETs [36] Moreover, to
some authors’ surprise, some of these biomarkers have been
suggested to direct a more Brational or responsible^ use of
echocardiographic screening. This has been further accentuat-
ed by administrators who assume a brisk increment of the
cost-effectiveness ratio with frequent or regular scanning. As
cardiovascular specialists, we are obliged to admit that the
consistent incorporation of more manageable imaging devices
to the routine cardiovascular practice might have resulted in a
trend towards favoring the use of tests or procedures (such as
echocardiography) for the diagnosis and interrogation of cer-
tain cardiac conditions [37] However, we do not believe this is
or should be subject of debate in patients with or with potential
to experience CHD. As we have previously pointed out in
editorials and academic events, patients with MNETs, CS

Fig. 1 Development of carcinoid
heart disease secondary to the
presence of foregut
(bronchopulmonary, thymus,
stomach, pancreas, proximal
duodenum, ovaries), midgut
(distal duodenum, jejunum,
ileum, appendix, ascending colon,
2/3 transverse colon), and hindgut
(1/3 of transverse colon,
descending colon, rectum,
cecum) neuroendocrine tumors.
5-HIAA: 5-Hydroxyindoleacetic
acid
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and CHD still represent a management challenge, and several
assumptions deserve attention and perhaps further discussion
regarding the use of biomarkers and their implication in cur-
rent and future consensus statements.

A screening test (whether a quantitative measurement or a
qualitative interrogation of an imaging study by a trained ob-
server) aims to reduce morbimortality by early detection of
disease (and early intervention). The target population must
be very well defined to have a significant prevalence and
therefore a meaningful predictive value. Scenarios where a
screening test may not be appropriate include the study of a
rare disease (consequently with an unknown or low preva-
lence), an unclear benefit of early treatment, or data extracted
from a small sample size which might be difficult to extrapo-
late to a larger number of screening centers. Despite publica-
tion of ambitious and thorough research manuscripts, we
should not forget that MNETs are rare and represent a very
heterogenous cohort with multitude of disparities (primary
location, tumor grading, duration of the disease, metastatic
disease, functional status, therapeutic approach including or
not primary tumor resection) [38] If we further scrutinize
those patients who develop CS and subsequent CHD, the
comparison among subjects is even more demanding (varia-
tion of serotonin levels based on individual tumor activity
represent a major bias) and achieving significant statistical
power may become utopic.

Many reports have consistently emphasized the discordance
among official guidelines for the management of MNETs re-
garding the optimal modality and timing for cardiac screening
[39–41] As expected, the alluded documents are mostly led
and developed by neuroendocrine specialists. Interestingly, al-
though the first expert statement on diagnosis andmanagement
of CHD certainly involves a more extensive panel of cardio-
vascular specialists [9], some recommendations seem to re-
main driven and supported by neuroendocrine literature and
expertise. According to some of the referenced articles of the
manuscript, clinical examination may be an unreliable screen-
ing method for identifying patients with cardiac involvement
[42] and echocardiography is a laborious and costly screening
tool that is currently overused and entails a visit to the cardi-
ologist [36] This particular position is not surprising since data
from the United Kingdom have shown that 50% of centers do
not include a cardiologist in their multidisciplinary team [43]
Our institutional protocol reinforces the presence of a cardio-
vascular specialist (with expertise in structural and carcinoid
heart disease) early on at diagnosis of a MNET to proceedwith
a baseline physical examination and TTE (experienced clinical
cardiologists are able to detect faint murmurs and subtle chang-
es in volume status). This seems critical given the erratic clin-
ical variability among patients with CHD, ranging from well
compensated asymptomatic valve disease to rapidly deteriorat-
ing right ventricular failure [44] With regard to the suitability

Table 1 Epidemiology of midgut
neuroendocrine tumors, carcinoid
syndrome, and carcinoid heart
disease

MIDGUT NEUROENDOCRINE TUMORS

Overall incidence of neuroendocrine tumors (cases per 100,000) 2.5–5

Small bowel as the primary site in patients with MNETs (%) 70

Unknown primary site (%) 20

Metastatic potential of MNETs at presentation (%) 60–80

Presence of hepatic metastases at diagnosis (%) 15

CARCINOID SYNDROME

Carcinoid syndrome (%) 30–50

Carcinoid syndrome without liver metastases (%) 5

Progression to carcinoid heart disease (years) 1.5

Cardiac involvement at diagnosis of carcinoid syndrome 20

Survival of patients at 3 years (%) 70

CARCINOID HEART DISEASE

Overall Incidence (%) / Current Incidence (%) in patients with CS 40–50 / 20

Male to female (ratio) 1:2

Mean age at diagnosis (years) 60

First manifestation of CS (%) 20

Left-sided involvement (%) 10

Myocardial metastases (%) 4

Survival of patients at 3 years (%) 30

Current survival of patients who have received cardiac surgery (years) 4

Some of the numbers have been appropriately rounded for easier recollection

Data based on our own institutional experience and a review of the literature (references in manuscript)

CHD carcinoid heart disease, CS carcinoid syndrome, MNETs midgut neuroendocrine tumors
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of TTE, several points can be made: 1) Portable ultrasonogra-
phy is becoming a routine low-cost tool to complement and
improve the diagnostic yield of clinical examination across
medical specialties [45] 2) Technical improvement and minia-
turization of ultrasound devices permits cardiovascular screen-
ing by non-experts [46] 3) A focused cardiac ultrasound
should be differentiated from a limited TTE interrogation or
a formal TTE study [47] 4) Having a cardiologist as part of a
multidisciplinary team allows easy access to comprehensive
point-of-care echocardiography, particularly in the setting of
atrial fibrillation [48, 49] 5) Midgut neuroendocrine tumors
have been associated with 5-year survival rates below 50%
in the setting of metastatic disease [50]; this evidence together

with the unpredictable clinical behavior of these patients may
preclude cost-effective strategies 6) The idiosyncrasy of CHD
has led to an unsuccessful standardization of disease severity
(mild, moderate, or severe remain undefined) and echocardio-
graphic scores.

Exposure to high plasma levels of serotonin has been well
established as the main precursor of cardiac involvement and
subsequent valve disease [51] In turn, worsening degrees of
valve dysfunction (mostly tricuspid regurgitation and stenosis
in this setting) may result in atrial dilatation, ventricular dila-
tation, and further (functional or secondary) tricuspid regurgi-
tation. Successive volume overload of the cardiac chambers
triggers the release of neurohormones like N-terminal pro-B-

FUNCTIONAL MIDGUT NEUROENDOCRINE TUMOR
(Distal Duodenum to Proximal 2/3 of Transverse Colon)

± 

CARCINOID SYNDROME

EKG / BP Changes
Cardiac Murmur

Progressive Dyspnea
Edema / Ascites / Effusion

Jugular Distension

EXAM - SYMPTOMS

± 
Diarrhea 

Abdominal Cramping
Flushing - Telangiectasias

Bronchospasm
Pellagra

NT- proBNP
Plasma 5-HIAA
Urinary 5-HIAA

Chromogranin A
Activin A

Transthoracic   Echocardiogram   (TTE) ± 3D Image Acquisition and Display ±  R/L Ventricular Strain Techniques 

Before resection or debulking of  the primary tumor and/or metastases
Before any major surgical intervention that requires general antesthesia

Clinical and /or Laboratory Screening for Carcinoid Heart Disease Q6M

BIOMARKERS 

Screening method chosen based on physician’s experience, initial 
test results,  availability of techniques,  and ultimately overall costs

Normal Limits Valve Dysfunction Abnormal  RVLS Abnormal RV±LV ± ± ± Myocardial Mass

SCREENING, F/U Referral to a cardiologist with expertise in CHD and  a multidisciplinary team    Review of TTE

Cardiac PET-CTCMR with Delayed Enhancement

OR

TTE Q6M

MILD MOD SEV

TEETTE Q3M

Referral to a cardiothoracic surgeon with expertise in CHD based on disease severity, 
symptoms, feasibility, survival, and life expectancy. Consider that RV dysfunction and 
hepatic congestion significantly increase  surgical risk    

Maximize medical therapy,
progression of symptoms
should dictate F/U intervals 

BASELINEFig. 2 5-HIAA: 5-
Hydroxyindoleacetic acid,
APhos: alkaline phosphatase, Bb:
bilirubin, BP: blood pressure,
CHD: carcinoid heart disease,
CMR: cardiac magnetic
resonance, CTS: cardiothoracic
surgeon, EKG:
electrocardiogram, GGT: gamma-
glutamyl transferase, LFT: liver
function test, LV: left ventricle,
M: months, MNET: midgut
neuroendocrine tumor, MOD:
moderate, NT-proBNP: N-
terminal pro b-type natriuretic
peptide, PET-CT: Positron
emission tomography-computed
tomography, Q: every, RV: right
ventricle, RVLS: right ventricular
longitudinal strain by speckle
tracking echocardiography TEE:
transesophageal echocardiogram,
TTE: transthoracic echocardio-
gram, Y: year
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type natriuretic peptide (NT-proBNP) in response to wall di-
latation and stretching. Based on these tenets, the latest
consensus statement has deemed measurement of plasma
(preferred) or urinary 5-HIAA levels as mandatory for
diagnosis (and follow up) of CS as well as for identifica-
tion of those patients at risk of developing CHD.
Alternatively, NT-proBNP has been proposed as the best
screening tool for CHD in patients with CS. However,
several points can be raised regarding the use of NT-
proBNP for screening: 1) Serotonin may induce pulmo-
nary hypertension in about 25% of patients with CS,
which in turn may result in a baseline degree of right
ventricular overload or dysfunction [52] 2) Ongoing insti-
tutional research has demonstrated ventricular abnormali-
ties in patients without echocardiographic evidence of
CHD 3) Similarly to aortic insufficiency, isolated pulmo-
nary regurgitation can be very well tolerated without caus-
ing ventricular overload 4) There is a coherent discrepan-
cy among authors regarding the most accurate cutoff level
(235 pg/ml vs. 260 pg/ml vs. 280 pg/ml) and sensitivity
(92% vs. 69% for a cutoff level of 260 pg/ml) [35, 53] 5)
Up to a third of patients with no progression to CHD may
present a > 50% increase in NT-proBNP from baseline
value [54] 6) Overlapping pathologies [55] do exist and
need to be ruled out 7) Interindividual variation and

reference change value need to be considered in such a
unique population [56].

The optimal timing of intervention and current trends for
the use of cardiac surgery have been recently questioned [57],
mainly based on an ambiguous interpretation of the absence of
independent association of certain markers of heart failure and
postoperative outcomes [30] In this context, current ACC/
AHA guidelines for the management of patients with valvular
heart disease [58] recommend tricuspid valve surgery in the
following scenarios: 1) Isolated symptomatic severe tricuspid
stenosis - Class I 2) Presence of symptoms due to severe
primary tricuspid regurgitation that are unresponsive to med-
ical therapy - Class IIA 3) Asymptomatic or minimally symp-
tomatic patients with severe primary tricuspid regurgitation
and progressive degrees of moderate or greater right ventric-
ular dilatation and/or systolic dysfunction - Class IIB. The
European guidelines [59], slightly more aggressive, endorse
tricuspid valve surgery in the following scenarios: 1)
Symptomatic patients with severe tricuspid stenosis - Class I
2) Symptomatic patients with severe isolated primary tricus-
pid regurgitationwithout severe right ventricular dysfunction -
Class I 3) Asymptomatic or mildly symptomatic severe iso-
lated primary tricuspid regurgitation and progressive right
ventricular dilatation or deterioration of right ventricular func-
tion - Class IIA. Most of all, both manuscripts recognize that

Fig. 3 AV: aortic valve, AR: aortic regurgitation, AS: aortic stenosis,
CMR: cardiac magnetic resonance, LV: left ventricle, MR: mitral
regurgitation, MS: mitral stenosis, MV: mitral valve, PR: pulmonic

regurgitation, PV: pulmonic valve, RV: right ventricle, RVLS by STE:
r ight ventr icular longi tudinal s t ra in by speckle tracking
echocardiography, TR: tricuspid regurgitation, TV: tricuspid valve
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outcomes of tricuspid valve surgery are dependent on right
ventricular function, and that surgery needs to be considered
before patients become ineligible due to advanced right ven-
tricular failure [60] With this factors in mind, it seems prudent
to establish an even closer cardiologic and echocardiographic
surveillance in patients who can experience a rapid progres-
sion of valve disease and/or deterioration of right ventricular
function [61].

2.3 Echocardiographic characterization of carcinoid heart
disease

Transthoracic echocardiography is the gold standard imaging
modality for the assessment of presence, extent, and severity
of CHD [62]. Interrogation should include a morphological
appraisal of the valves (with an emphasis on the right-sided
ones), atrial septum and ventricular septum (patency should be
ruled out at baseline), as well as a functional evaluation of all

cardiac chambers (Fig. 3). The morphologic criteria to estab-
lish a diagnosis is based on the study of (1) leaflet thickening
(echocardiographic enhancement); (2) leaflet mobility (abnor-
mal motion due to restriction); and (3) subvalvular apparatus
(thickening, fusion and shortening of chordal structures lead-
ing to leaflet retraction). Functional assessment of the cardiac
cavities should include dimensions, volumes, and longitudinal
speckle tracking strain when available (Appendix).

The right-sided valves (tricuspid and pulmonic) are typi-
cally thickened, shortened, and retracted. In the early stages,
there is mild thickening with changes of the normal concave
leaflet curvature [34]. Disease progression results in further
thickening, which results in additional restriction. Chordae
are commonly fused and various patterns of Bplaque^ deposi-
tion can be found. In advanced stages, the manifest deteriora-
tion of valvular architecture leads to progressive retraction and
non-coaptation [63] (Fig. 4). Chronic degrees of tricuspid and
additional pulmonary regurgitation result in continuous right

Fig. 4 Intraoperative image of
the tricuspid valve,
transesophageal
echocardiography of the tricuspid
valve, and right ventricular free-
wall longitudinal speckle tracking
strain analysis in a healthy patient
(left column) and in a matched
patient with carcinoid heart dis-
ease (right column)
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atrial and ventricular enlargement secondary to volume over-
load. This in turn leads to worsening right ventricular dysfunc-
tion in patients with a potentially abnormal baseline ventricu-
lar function [64].

Although left-sided pathology is not as frequent and have
not been as well characterized as right-sided lesions, several
reports have described a less aggressive and more diffuse pat-
tern of disease [65]. Characteristic echocardiographic features
in the aortic position include decreased cusp mobility due to
thickening and restriction as well as various degrees of leaflet
doming (loss of normal concavity during diastole) with rolling
of the free edge mainly leading to aortic regurgitation [66].
The mitral leaflets might be thickened and the subvalvular
apparatus is most frequently affected resulting in chordal
thickening and fusion, leading to retraction and restricted leaf-
let motion (chordal fusion has been only described in isolated
cases of severe untreated disease). Most patients present with
regurgitation combined with minimal (rare cases) degrees of
stenosis.

The right ventricle has a complex semilunar shape, hence
the assessment with two-dimensional methods based on geo-
metrical models for volume estimation potentially results in
random variable accuracy [67] To date, echocardiographic
techniques to evaluate right ventricular function have included
fractional area change (FAC), tricuspid annular plane systolic
excursion (TAPSE), myocardial performance index (MPI),
and rate of pressure rise. Although all these methods have
been considered to have Bgood^ correlation with radionuclide
angiography ejection fraction and cardiac magnetic resonance
[68], limitations have been ever present and they all require
advanced echocardiographic skills. However, the inclusion of
speckle tracking echocardiography has transformed the acqui-
sition of right ventricular dimensions and volumes, as well as
the calculation of right ventricular ejection fraction.
Transthoracic echocardiography might be performed using a
commercially available echocardiography system, and speck-
le tracking analysis is performed offline using a dedicated
software. Several publications have reported on the increasing
feasibility and applicability of STE as a predictor of right
ventricular failure, clinical deterioration, and mortality in pa-
tients with CHD and pulmonary hypertension. Excluding pa-
tients with overt CHD, right ventricular strain was reduced in
patients with 5-HIAA levels above the normal range com-
pared to those with normal range levels [69].

3 Conclusion

Remarkable progress in the management of MNETs has gen-
erated multiple questions regarding optimal timing, sequenc-
ing, and selection of interventions [70] Surgery is at present
indicated regardless of metastatic status, and tumor debulking
(± adjuvant procedures) is considered to address mechanical

complications, local disease, and particular hepatic lesions.
This favoritism towards more contentious surgical strategies
will in turn expand the use of baseline TTE and the require-
ment of cardiology clearance in newly diagnosed patients.

The increasing availability of efficacious treatment options
to control the neuroendocrine tumor burden will surely intro-
duce therapeutic dilemmas. Disease management may be-
come longer and more complex, cardiac surgery may have a
different role, and the incidence of CS and subsequent CHD
may significantly decrease. If supplementary data further cor-
roborate the efficacy of tryptophan hydroxylase inhibitors, the
clinical profile of patients with CHD may drastically change.
In consequence, physicians will potentially face more chal-
lenging patient profiles (non-responders) with refractory car-
cinoid syndrome, and perhaps more aggressive forms of car-
diac involvement. Regardless, but more so if we observe this
transition, patients at significant risk should be centralized to
reference centers and followed by a multidisciplinary team
that includes a cardiologist with expertise in structural and
carcinoid heart disease. Furthermore, this change is also ex-
pected to complicate standardization of cardiac screening and
surveillance.

As we reflect on our algorithm, the screening method for
CHD should be chosen based on physician’s experience, ini-
tial test results, availability of techniques, and ultimately over-
all costs. Early involvement of an experienced cardiologist is
essential in establishing an accurate baseline cardiovascular
examination (often enriched by point-of-care echocardiogra-
phy). Subsequently, initial test results should dictate follow up
intervals and future appointments (i.e. symptomatic disease,
poorly controlled tumor burden, the presence of valve disease
or ventricular abnormalities, 5-HIAA levels, NT-proBNP
levels). The availability of techniques (cardiac imaging) and
workforce (multidisciplinary team or tumor board) certainly
imposes the next management step; in the absence of a trained
cardiovascular specialist (and other technical resources), the
use of NT-proBNP for cardiac screening or monitoring of
CHD seems fairly judicious. Overall costs should not repre-
sent a major concern at present (portable devices provide a
very low-cost screening method). However, in a near future,
survival improvement may certainly result in longer therapeu-
tic and follow up periods.
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