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Abstract

Purpose of Review The development of carcinoid heart disease (CHD) is a fibrotic complication of neuroendocrine neoplasms
(NEN) which is associated with a poor prognosis. This review aims to summarise the clinical features, investigations and

management of this condition.

Recent Findings CHD can affect up to 50% of NET patients with carcinoid syndrome. However, it is often not screened for
appropriately and recognised late when patients become symptomatic. A screening strategy with biomarkers and multimodality
imaging is necessary for early recognition. Management by an experienced multidisciplinary team with appropriate medical
therapeutic strategies and where indicated surgical intervention is needed to optimise clinical outcomes.

Summary CHD is a poor prognostic factor, but recently, outcomes have improved due to the multidisciplinary approach and

centralised care of CHD-NET patients.
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Introduction

Neuroendocrine neoplasms (NENs) are relatively rare tumours
with an annual age-adjusted incidence of 6.98 per 100,000 per-
sons [1]. They represent a heterogeneous group of neoplasms
that arise from neuroendocrine cells of the diffuse endocrine
system, and the most common sites of origin are the gastrointes-
tinal and bronchopulmonary system [1, 2]. Although they are
considered rare, their incidence is rising [1]. These neoplasms
are often associated with fibrosis which may occur at local or
distant sites [3, 4]. Even though this association has been known
for a long time, the pathophysiology of fibrogenesis in NENs
remains poorly understood [4]. Carcinoid heart disease (CHD) is
a relatively common fibrotic complication of NENs which is
characterised by the development of plaque-like, fibrous endo-
cardial thickening affecting the heart valves (mainly of the right
heart) [5, 6]. It may affect up to 40% (and in recent years around
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20%) of patients with carcinoid syndrome (typically defined as
the triad of flushing, diarrhoea and bronchospasm) that develops
due to the effects of serotonin and the release of biogenic amines
and other peptides by the tumour into the systemic circulation [5,
7]. The development of CHD is a poor prognostic feature and is
associated with substantial morbidity and mortality [8, 9]. In this
review article, we provide a comprehensive overview of the
pathophysiology, clinical and epidemiological characteristics,
relevant biomarkers and imaging modalities, as well as manage-
ment strategies for CHD.

Pathophysiology

The pathogenesis of fibrosis in NENs has not been completely
delineated, and little progress has been made in recent decades
to better understand the underlying mechanisms of
fibrogenesis. It is generally thought that NEN-associated fi-
brosis is due to the effects of serotonin, growth factors and
other peptides secreted by the neuroendocrine tumour cells,
but these factors do not act independently of each other, and
pathway crosstalk is important in the pathophysiology of the
fibrotic process (Fig. 1) [3¢].

Serotonin appears to play a central role in the development
of CHD [3¢]. This is supported by several experimental animal
studies and a combination of prospective and retrospective
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Fig. 1 Schematic representation of our current understanding of the
pathophysiology of fibrosis in NETs. Several factors within the tumour
microenvironment play a role in fibrogenesis and are known to interact

clinical studies which are summarised in another review article
by our group [3¢]. Further evidence for the role of serotoniner-
gic pathways in the development of CHD comes from the elu-
cidation of the pathophysiology of drug-induced valvular heart
disease. Antimigraine ergot alkaloid agents (ergotamine and
methysergide), appetite suppressants (fenfluramine and dexfen-
fluramine) and ergot-derived dopamine agonists used for the
treatment of Parkinson disease and restless leg syndrome
(pergolide and cabergoline) have been associated with the de-
velopment of mainly left-sided valvular abnormalities that
closely resemble carcinoid-related valvulopathies, thereby rais-
ing suspicion for a common pathophysiologic mechanism with
CHD [3, 10-16]. All the implicated drugs (or their metabolites)
have been shown to have high affinity for and to be partial or
full agonists of the 5S-HT receptor subtype 5-HT,p (5-HT5g R).
5-HT>g R agonists can mediate fibroblast mitogenesis in vitro,
suggesting that circulating serotonin may directly stimulate the
proliferation of valve interstitial cells and induce heart valve
fibroplasia [17, 18]. The 5-HT,5 R also mediates important
trophic functions in cardiovascular morphogenesis [19, 20].
There is also some evidence that serotoninergic pathways
may induce oxidative stress which can promote the develop-
ment of fibrosis in heart valves [21, 22].

TGFp is a downstream mediator of serotonin and major
driver of fibrosis [23] which has also been implicated in the
development of CHD [3¢]. Clinicopathological investigation
of human carcinoid and normal valve cusps using
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with each other. The pathway cross talk largely accounts for the
complexity of the process, and the difficulty in establishing effective
antifibrotic therapies

immunohistochemical techniques demonstrated that staining
for the latent form of TGF-31 (LAP TGF-f31) and alpha
smooth muscle actin (a marker of activated myofibroblasts)
was more prominent in carcinoid compared with control
valves. Conceivably, the greater amounts of LAP TGF-{31
found in carcinoid cusps compared with controls are likely
to reflect upregulation of TGF-f3 because of serotonin [24].
Further research is needed into the pathophysiology of
CHD in order to gain a better understanding of the underlying
processes, and this will be of critical importance for the devel-
opment of targeted antifibrotic therapies for valvular fibrosis.

Epidemiology and Prognosis

Estimates of CHD prevalence and incidence among patients
with carcinoid syndrome vary widely at 3-65% and 3-42%,
respectively, but generally tend to be lower in recent studies
[5,25, 26]. This may be due to the increased use of somatostatin
analogues and their effect on circulating serotonin levels [25].
Most cases of CHD are associated with small-bowel NENs
(72%), followed by lung (4%), large bowel (4%), pancreatic
(1%), appendiceal (1%) and ovarian neoplasms (1-3%), while
in 18% the primary site is unknown [27]. A recent study from
the Mayo clinic showed that CHD is rare in patients with
bronchopulmonary NENs (<1%). In that series of 185 patients
diagnosed with lung NENs who had also undergone
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echocardiographic evaluation, CHD was associated with the
presence of liver metastases, and left-sided valve involvement
was only seen in the presence of a patent foramen ovale (PFO)
[28]. This indicates that primary bronchopulmonary NENs do
not usually secrete sufficient fibrogenic substances to induce
left-sided valvular changes in the absence of metastatic disease
or intracardiac shunts and question the need for regular surveil-
lance in such cases [28].

The development of CHD is associated with increased
morbidity and mortality [5]. A study from the Mayo clinic
which was published in 1993 showed a 3-year survival of
31% in patients with CHD compared with 68% for patients
without valvular involvement [27]. A mean overall survival of
3.8 years has been reported in patients with CHD [5] with a
relatively wide range in different publications (11 months—6.5
years) [26], and the severity of CHD determines prognosis
[29]. The prognostic significance of 5-hydroxyindoleacetic
acid (5-HIAA) levels in the progression of CHD has been
shown in several studies [26, 29-31]. In addition, higher 5-
HIAA levels are associated with increased odds of death [26].

The prognosis of patients with CHD has improved in recent
decades which is probably due to improvements in medical
and surgical therapeutic strategies, cardiac imaging technolo-
gies and the multidisciplinary approach for the management
of CHD [8, 32]. A retrospective study from the Mayo clinic of
200 patients with CHD showed that the median survival im-
proved from 1.5 years in the 1980s to 4.4 years in the late
1990s, which the authors attributed most probably to the in-
troduction of valve replacement surgery [9]. In addition, a
recent multicentre study from 8 ENETS Centres of
Excellence which has been published in abstract form showed
that in 136 patients with midgut NENs diagnosed with CHD
between 2008 and 2018, the median survival was 2.4 years
(95% CI, 1.6-2.9 years). The univariate analysis demonstrated
that prognosis was significantly influenced by valve replace-
ment (HR 0.39, 95% CI 0.24-0.62) and high N-terminal pro
B-type natriuretic peptide (NT-proBNP) levels (>3 times the
upper limit of normal) at the time of CHD diagnosis (HR 1.89
95% CI 1.04-3.43) [33+]. At multivariate analysis, valve re-
placement remained statistically significant as a prognostic
factor (HR 0.30, 95% C1 0.16, 0.57) [33¢].

Diagnosis
Presentation and Clinical Assessment

Cardiac symptoms are often subtle until CHD becomes ad-
vanced [32¢]. This often results in a delay in the diagnosis of
CHD [5]. Typically, symptoms include those of right-sided
heart failure characterised by fatigue, peripheral oedema and
exertional dyspnoea and eventually, cardiac cachexia may de-
velop with progressive CHD. Left-sided heart failure may

occur in about 10% of cases [5]. Physical examination lacks
sensitivity in detecting valvular pathology and should not be
relied upon for the diagnosis of CHD [32¢]. Jugular vein dis-
tension and v waves due to tricuspid regurgitation may be
present. Peripheral oedema, hepatomegaly and ascites may
relate to right-sided heart failure. A systolic murmur (tricuspid
regurgitation/pulmonary stenosis) and early diastolic murmur
(pulmonary regurgitation) may be heard on auscultation [34].
Electrocardiography (ECG) is normal in 50% of cases or may
reveal non-specific changes, such as low-voltage QRS com-
plexes and right bundle branch block [5].

Biomarkers
5-HIAA

5-HIAA is a metabolite of serotonin which is usually mea-
sured in a 24-h urine sample or in plasma and provides a
measure of the functionality of the tumour [35]. Multiple stud-
ies have shown that 5-HIAA levels are higher in patients with
CHD (median urinary 5-HIAA levels 266-1,381 wmol/24h)
than without (67.5-575 wmol/24h) [26, 36-39]. In addition,
higher levels of 5-HIAA are associated with progression of
CHD [30, 31] and increased mortality (7% with every 100
nmol/L increase) [26]. Bhattacharyya et al. showed that uri-
nary 5-HIAA levels greater than 300 pmol/24h are associated
with a two- to threefold increase in the risk of development or
progression of CHD [40]. However, measurements of urinary
5-HIAA are limited by patient inconvenience and incorrect
sampling, as well as food and drug intake [8e°].

Natriuretic Peptides

NT-proBNP is a useful biomarker for screening patients with
carcinoid syndrome. Bhattacharyya et al. showed that at a cut-
offlevel of 260 pg/ml (31pmol/l) NT-proBNP has a sensitivity
0f 92% and specificity of 91% for the detection of CHD [41].
Using this approach, the number of patients screened to diag-
nose 1 case of CHD decreased from 5.1 to 1.4 [41]. Moreover,
NT-proBNP levels correlate with disease progression and sur-
vival [42]. Atrial natriuretic peptide (ANP) plasma levels are
also higher in patients with CHD than without [39] and are a
reflection of cardiac dysfunction and heart failure, but this
biomarker is not used in clinical practice.

Chromogranin A (CgA)

CgA is a glycoprotein secreted by NENs and a monoanalyte
biomarker that is generally used to monitor disease status and
recurrence, although it has several limitations [43]. It has been
shown to be associated with CHD but is not suitable for
screening purposes [44].
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Activin A

Activin A is a member of the TGF family, which has been
shown to be an independent predictor of CHD, although there
was no significant difference in activin A levels noted be-
tween patients with early versus advanced disease. Activin
A levels >0.34 ng/mL were found to have 87% sensitivity
and 57% specificity for detecting CHD [45].

Imaging
Chest x-ray

Chest radiography is unhelpful in the majority of patients with
CHD, as it is normal in about 50% of cases, and changes are
often non-specific [5].

Echocardiography

Two-dimensional transthoracic echocardiography (TTE) remains
the key investigation for the diagnosis and follow-up of CHD. A
wide spectrum of echocardiographic findings of CHD has been
described [8+¢] and often 2D TTE reveals thickening of the tri-
cuspid and pulmonary valve leaflets caused by fibrosis. This is
associated with reduced excursion of the valves which are often
seen to move in a ‘board-like’ pattern. The reduced mobility of
the valves commonly leads to mixed pathology with regurgita-
tion and stenosis [46]. The tricuspid valve is most commonly
affected in CHD, and the presence of tricuspid regurgitation is
typically associated with a characteristic ‘dagger-shaped’ spec-
trum on Doppler profile (early peak pressure rise with a subse-
quent rapid decline) [46]. The fibrous deposition in CHD can
also affect the chordae and papillae, which can further impact on
the functionality of the heart valves [46]. Although right-sided
heart valves are most commonly affected in CHD, the left-sided
heart valves can also be involved in up to 10% of cases [5]. Left-
sided involvement is usually observed in 3 scenarios: in the
presence of a PFO, high disease burden with production of large
amounts of vasoactive substances and in primary lung NENs
where hormonal substances are able to bypass lung metabolism
and enter the left-sided heart chambers [46]. In addition to the
detection of valvular abnormalities, 2D TTE may be useful for
the assessment of alterations in ventricular strain and myocardial
metastases, although masses smaller than 1 cm might be difficult
to detect [46]. Agitated saline TTE is also used to detect PFO
with early passage of contrast from the right side to the left [32¢].

Advanced techniques in echocardiography, such as three-
dimensional transthoracic echocardiography (3D TTE) and
transoesophageal echocardiography (TOE), can be useful ad-
juncts in the assessment of CHD [46]. 3D TTE is helpful for
the assessment of the tricuspid and pulmonary valves and
offers the advantage of visualization of all valve leaflets at
the same time, which may be important in cases where a single
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leaflet is involved [46]. It also allows for a detailed assessment
of the subvalvular structures, such as the cordae and papillary
muscles, as well as the identification of myocardial metastases
with a more accurate estimation of the dimensions and mass
effects compared with 2D TTE [46]. TOE may also be helpful
in the assessment of the pulmonary valve and may elucidate
subtle abnormalities of the tricuspid valve when TTE is equiv-
ocal. 3D TOE may sometimes be useful in the preoperative
planning of patients that require valve replacement [46].

Cardiac Magnetic Resonance (CMR) and Cardiac CT Scanning

CMR may be useful in cases where TTE fails to provide
adequate views of the pulmonary valve and can also provide
a more accurate assessment of chamber sizes and function
(such as evaluation of abnormal RV size and function in case
of tricuspid regurgitation) [46]. It can also allow for identifi-
cation of myocardial metastases, as well as metastatic spread
to surrounding extracardiac structures [46].

Cardiac CT is also useful for the assessment of the degree
of valvular damage, especially in cases of heavy calcification,
as well as measurement of RV dimensions and evaluation of
coronary arteries. It may have greater utility in preoperative
planning. In addition, it can detect myocardial metastases
[46]. A recent study from the Royal Free Hospital demonstrat-
ed the utility of cardiac CT in the evaluation of valvular ab-
normalities, myocardial metastases and assessment of coro-
nary arteries in a cohort of 32 patients with CHD and conclud-
ed that this is a useful tool which should be part of the multi-
modal assessment of CHD especially in cases where surgical
intervention is considered [47¢]. Cardiac CT is also preferable
to 3D TOE for the assessment of the pulmonary valve espe-
cially pre-operatively.

Positron Emission Tomography (PET)

Functional imaging with radiolabeled somatostatin analogues
(typically Gallium-68-DOTATOC/DOTATATE PET/CT)
utilises the ability of many NETs to overexpress somatostatin
receptors. Therefore, these neoplasms and their metastases are
often easily identifiable on PET scans. Carcinoid cardiac me-
tastases (myocardiac and/or pericardial) may be detected by
functional imaging studies, and this may be helpful in the
evaluation of patients with CHD [47¢].

Management

General Principles

A multidisciplinary approach is recommended for the man-
agement of patients with CHD [48]. The team should consist

of cardiologists, oncologists, cardiovascular surgeons, radiol-
ogists, gastroenterologists, anaesthesiologists, GI and
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hepatobiliary surgeons, endocrinologists, nutritionists and
clinical nurse specialists (Fig. 2). Management of these pa-
tients in an experienced, tertiary centre is necessary [48, 49].
A holistic approach is also important focusing on assessment
of the nutritional needs and overall performance status, NET
disease status, major organ function and the effects of CHD on
the management of the underlying NET [8e¢]. The manage-
ment of CHD in NET patients with carcinoid syndrome has
been associated with a substantial economic burden [50].

Pharmacotherapy for Heart Failure

Loop or thiazide diuretics and aldosterone antagonists can be
used for the symptomatic management of right heart failure
associated with CHD [8¢¢]. There is no evidence for use of
other standard therapies for heart failure, such as angiotensin-
converting enzyme inhibitors, angiotensin-receptor antago-
nists or beta-blockers [32¢]. Improvement in symptoms of
heart failure with pharmacotherapy should not be considered
as reassurance that management is effective and sufficient but
rather should be used as a window to optimise and assess the
patient for consideration of valve surgery, if appropriate [32¢].

Management of Carcinoid Syndrome

The use of somatostatin analogues (SSA) is the mainstay ther-
apy for the management of carcinoid syndrome. The long-

acting SSAs octreotide LAR and lanreotide autogel are com-
monly used and have proven efficacy as antiproliferative ther-
apies for NETs [51, 52]. Refractory symptoms can be man-
aged with above-label doses of SSA, and short-acting
octreotide subcutaneous injections can provide additional re-
lief [32¢]. If these measures are not sufficient, other options
may include:

1. Alfa-interferons, which may be effective in the control of
carcinoid syndrome, but their use is limited by their side
effect profile [32¢]

2. Telotristat ethyl, which is an inhibitor of tryptophan hy-
droxylase and thus reduces serotonin secretion. It has
known efficacy in the reduction of diarrhoea associated
with carcinoid syndrome and urinary 5-HIAA levels [53],
but there is no evidence that it can cause regression or
prevent progression of CHD

3. Peptide receptor radionuclide therapy (PRRT) is mainly
used as an effective therapy for growth control in progres-
sive NETs with high somatostatin receptor expression
[54] but has also been shown to improve quality of life
and diarrhoea in patients with midgut NETs [55]. Caution
is needed in patients with CHD and heart failure due to the
need for concomitant amino acid and fluid infusions [8e¢],
although a recent study from Kings College Hospital sug-
gested that PRRT can be safely given before or after valve
surgery in patients with CHD [56]

Fig.2 Multidisciplinary approach in the management of the CHD-NET patients. A patient-centred approach is necessary with input from many different
specialists for the optimal care of these patients
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4. Trans-arterial embolisation (TAE) can be used with caution
in patients with CHD and often may be performed in stages
with anaesthetic cover and recovery in HDU/ITU [32¢]

5. Surgical cytoreduction can be used for the management of
carcinoid syndrome. However, the risk of morbidity and
mortality in patients with CHD may preclude this treat-
ment, since high right heart pressures may increase the
risk of intra-operative bleeding in liver surgery [32¢]

Surgery for CHD

The main indications for surgical intervention in CHD include
severe symptomatic valve regurgitation/stenosis (fatigue,
symptoms of right heart failure) or progressive asymptomatic
right ventricular enlargement or dysfunction [8+¢]. Fewer pa-
tients undergo surgery prior to planned hepatic surgery as a
curative resection or palliative intervention [8e¢]. Generally,
only patients with a life expectancy of over 12 months are
considered for surgery [32¢]. A recent retrospective study
from the Erasmus MC revealed that tricuspid valve replace-
ment for CHD has evolved into the most frequent indication
for tricuspid valve surgery in the last two decades [57].

Clinical Outcomes

Earlier studies reported a significant perioperative mortality
which was usually over 10% [32¢], but more recently, the 30-
day mortality for surgical intervention has been estimated at
about 5% in expert centres [58]. This improvement is probably
multifactorial and may be a reflection of careful patient selection
with a focus on early intervention, improved overall surgical
management, centralised care and increased surgical experience
in expert centres with a high volume of cases [58]. Late survival
however appears to be limited by NET disease progression, and a
recent retrospective analysis from the Mayo clinic reported over-
all survival estimates at 1, 3 and 5 years of 69%, 48% and 34%,
respectively [32, 58].

Valve Surgery

Surgery consists of replacement of any valve with severe regur-
gitation or stenosis together with closure of PFO, if present.
Sometimes, moderately affected valves may also be replaced at
the same time given the unpredictable course of CHD and risk of
progression of fibrotic changes in moderately diseased valves if
they are left in situ [32¢]. Bioprosthetic valves are usually the
preferred option, as patients can avoid long-term anticoagulation
and are at lower risk of thrombosis [32¢]. In addition, a significant
proportion of patients with operated carcinoid heart disease will
require additional non-cardiac interventions which could be com-
plicated by perioperative management of mechanical valve pros-
theses. The durability of bioprosthetic valves is usually longer
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than the expected survival of these patients, and therefore, this is
not generally an issue [32¢]. Mechanical valves may be pre-
ferred in selected cases, such as in patients who need
anticoagulation with warfarin for other reasons or patients with
ovarian carcinoids who have a favourable prognosis after valve
surgery and oophorectomy [58]. The number of valves re-
placed has not been found to be a risk factor for mortality
[58], and in a small proportion of cases, all heart valves may
need to be replaced [32¢]. Coronary artery bypass grafting is
also performed in a minority of cases with ischaemic heart
disease, and removal of myocardial metastases may be required
in selected cases [32¢].

Peri-operative Management and Follow-up

The peri-operative management should be coordinated by an
experienced multidisciplinary team [8e¢]. Patient admission is
required for commencement of an octreotide infusion at a
dosage of 50 pug/h administered 12 h before the procedure
and continued throughout the operation and until the patient
is haemodynamically stable and off inotropes [8¢¢]. This is
initiated to reduce the risk of carcinoid crisis, and the rate
can be increased to 100-200 pg/h, if necessary [8ee].
Following surgery, patients should be admitted to an intensive
care unit and extubated as soon as clinically appropriate [32°].
Subsequently, they can be transferred to a cardiothoracic sur-
gical ward, where they can receive physiotherapy and NET
team assessment [32¢].

In patients with bioprosthetic valves in sinus rhythm,
anticoagulation with warfarin should be initiated and contin-
ued for 6 months, while patients with metallic heart valves or
patients with bioprosthetic valves in atrial fibrillation should
remain on anticoagulation indefinitely [32¢]. A formal base-
line echocardiogram is essential following surgery and should
be performed within 68 weeks [32¢]. Thereafter, clinical as-
sessment and echocardiographic surveillance should be per-
formed every 3—12 months depending on comorbidities [8ee].
This surveillance strategy will assess for the risk of recurrent
disease in the prosthetic valve, which is a rare occurrence, and
the remaining native valves and also exclude the risk of valve
thrombosis [32¢]. An important consideration to reduce the
risk of carcinoid recurrence in the prosthetic valve is the opti-
mal control of carcinoid syndrome ensuring that urinary 5-
HIAA levels remain lower than 300 pmol/l [8ee].

Non-surgical Interventions

Percutaneous catheter-based interventions may be considered in
high-risk patients with CHD who are not fit for surgery and have
been successfully performed in selected cases [8¢¢]. This mini-
mally invasive option can also be used for closure of PFO [8e].
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Conclusions

The presence of CHD is a poor prognostic factor in NET
patients. Clinical presentation is often late and control of
symptoms with careful fluid management and diuretics is nec-
essary, but eventually, valve replacement is the only treatment
that can improve outcome in patients with advanced CHD.
Management of NET-CHD patients by an experienced multi-
disciplinary team within a centre of expertise is essential.
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