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Abstract. Carcinoid heart disease (CHD) is a rare complica-
tion of neuroendocrine tumors, most commonly involving the
tricuspid and pulmonary valves. The mitral and aortic valves
can also be affected, albeit rarely, in certain circumstances
such as the presence of a patent foramen ovale. Transthoracic
echocardiogram is generally considered the key imaging
modality, but cardiac magnetic resonance can add valuable
information, particularly in the assessment of pulmonary
valve function or multivalvular disease. Previously, surgical
management of CHD carried high mortality, as a result of
less advanced surgical techniques and of late intervention,
reserved for cases of severely symptomatic heart failure.
Modern approaches are associated with significantly improved
survival rates, even in multivalvular, complex cases. Valve
replacement can provide survival benefits in patients with
CHD, but the optimal timing for the intervention is uncer-
tain, with data suggesting a trend of improved survival with
earlier intervention. A comprehensive imaging assessment
may contribute to establishing optimal surgical timing. This
approach may shift the main driver of mortality from the
cardiac involvement to the primary malignancy and lead to
improved outcomes. We present a series of imaging findings in
CHD patients who have successfully undergone simultaneous
surgical replacement with bioprosthetic valves of 1 to 4 heart
valves. The surgical decision in these patients was based on
a multimodality cardiovascular approach, including trans-
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thoracic and transesophageal echocardiography and cardiac
magnetic resonance. The patients had uncomplicated post-
operative courses, significant symptomatic relief from heart
failure symptoms, and there was no cardiovascular mortality.
Early recognition of CHD with a multimodality approach may
improve outcome, even in complex cases. Bioprosthetic valves
are generally preferred in CHD due to decreased need for
anticoagulation, despite concern for premature degeneration.
A collaboration between the Oncology and Cardiology teams
is essential for the long-term management of CHD patients.
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1. Introduction

Neuroendocrine tumors (NETs, also named carcinoids)
are rare neoplasms that most commonly originate in the
gastrointestinal tract (1), with an incidence of 2.5-5 cases
per 100,000 population (2). Approximately 20-30% of these
patients present with carcinoid syndrome, which can occur
regardless of the presence of metastatic disease (3). Carcinoid
heart disease (CHD) is frequently associated with carcinoid
syndrome and is responsible for substantial morbidity and
mortality (4,5), with a 2-year survival of ~10% following the
onset of advanced heart failure symptoms (6). CHD is char-
acterized by plaque-like, fibrous endocardial thickening of
the heart valves, mainly in the right heart; mitral and aortic
valves are very rarely involved. There is considerable variation
regarding the screening and management of CHD (7). A recent
expert consensus (2) mentions transthoracic echocardio-
gram (TTE) as the key modality in the evaluation of CHD, but
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Figure 1. CHD in a patient who underwent tricuspid valve replacement. (A) Normal nuclear perfusion stress test. (B and C) Cardiac magnetic resonance
imaging with evidence of severe RA and RV dilation, and TV thickening (¥) with severe TR. (D and E) Preoperative transthoracic echocardiography showing
severe TR. Preoperative transesophageal echocardiography revealing persistent foramen ovale (F, arrow) with contrast (G) and Doppler studies (H, arrow).
CHD, carcinoid heart disease; RA, right atrium; RV, right ventricle; TV, tricuspid valve; TR, tricuspid regurgitation; IAS, interatrial septum; LV, left ventricle.

cardiac magnetic resonance (CMR) imaging can be a valuable
adjunct (8). Cardiac valve replacement is the only interven-
tion proven to improve survival in CHD (6). We present a
series of imaging findings in CHD patients approved by the
MD Anderson Catheterization Laboratory Registry at The
University of Texas MD Anderson Cancer Center (Houston,
TX, USA) with surgical replacement of 1 to 4 heart valves.

2. Case series

Case 1. A 57-year-old male with a history of heart failure due
to severe tricuspid regurgitation caused by CHD presented
with chest pain, dyspnea, and bilateral lower extremity
edema. Nuclear perfusion stress test was negative for
ischemia (Fig. 1A). CMR imaging 6 months prior to the current
presentation revealed a severely dilated right atrium and right
ventricle (Fig. 1B), with a small and fixed medial tricuspid
valve leaflet and severe tricuspid regurgitation (Fig. 1C).
Mild mid-myocardial delayed enhancement in the proximal
inferolateral wall suggestive of non-ischemic cardiomyopathy
was also noted. Surgical tricuspid valve replacement was
considered. On preoperative TTE, the right atrium and
right ventricle were severely dilated, with severe tricuspid

regurgitation (Fig. 1D and 1E). An interatrial shunt was
observed on TEE (Fig. 1F, arrow), documented with contrast
injection (Fig. 1G) and Doppler color (Fig. 1H, arrow). The
patient received a 31-mm Epic bioprosthetic tricuspid valve
(St. Jude Medical, Inc., St. Paul, MN, USA) and had an
uneventful postoperative course, with significantly improved
heart failure symptoms. Good functional status was maintained
at the last follow-up, 8 months after the surgery.

Case 2. A 40-year-old male with a 3-year history of CHD
presented for increasing dyspnea, abdominal distention,
and lower extremity edema. CMR two years before the
current presentation showed severe right atrium and right
ventricle dilation (Fig. 2A), dilated tricuspid annulus, immo-
bile tricuspid leaflets with no coaptation, severe tricuspid
regurgitation (Fig. 2B), mild pulmonic regurgitation, and
a pulmonic stenotic jet (Fig. 2C, arrow). Surgical replace-
ment of the tricuspid and pulmonic valves was considered.
Preoperative TTE showed severely dilated right atrium and
right ventricle (Fig. 2D), with severe tricuspid regurgita-
tion (Fig. 2E) and pulmonic regurgitation (Fig. 2F). The
patient underwent surgical tricuspid and pulmonic valves
replacement with Epic bioprosthetic valves (29 and 23 mm,
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Figure 2. CHD in a patient who underwent simultaneous tricuspid and pulmonary valve replacement. (A and B, arrow) Cardiac magnetic resonance imaging
revealing severely diseased TV, and (C, arrow) mild carcinoid involvement of the PV. (D and E) Preoperative TTE with severe tricuspid and (F) pulmonary
regurgitation. (G-I) Postoperative TTE showing bioprosthetic TV and PV, with normal function. CHD, carcinoid heart disease; TV, tricuspid valve; LA, left
atrium; PV, pulmonary valve; LV, left ventricle; PA, pulmonary artery; TTE, transthoracic echocardiography; RA, right atrium; RV, right ventricle.

respectively; St. Jude Medical, Inc.), without perioperative
complications and with symptoms resolution. On postoperative
TTE, the right ventricular size normalized (Fig. 2G) and the
bioprosthetic tricuspid and pulmonic valves were functioning
normally (Fig. 2H and I). The patient was free of heart failure
symptoms at 13 months post-surgery.

Case 3. A 78-year-old man with CHD and severe tricuspid
regurgitation diagnosed 2 years prior to the current admission
presented with mild dyspnea. TTE revealed enlarged right
atrium and right ventricle (Fig. 3A), severe tricuspid regurgita-
tion (Fig. 3B), moderate pulmonic regurgitation, and moderate
aortic regurgitation. CMR showed severe right atrium and right
ventricle enlargement (Fig. 3C and D), immobile and thickened
tricuspid valve leaflets with severe tricuspid regurgitation, and
thickened aortic valve leaflets, with moderate aortic regurgita-
tion. In the presence of cardiac symptoms, the decision was
made to replace the tricuspid, pulmonic, and aortic valves
in one surgery. A 23-mm Labcor TBLP Supra bioprosthetic
aortic valve (Labcor Laboratorios, Belo Horizonte, Brazil), a
29-mm Epic pulmonary bioprosthetic valve, and a 29-mm Epic
tricuspid bioprosthetic valve (both from St. Jude Medical, Inc.)

were implanted. After a successful surgery with no periopera-
tive complications and with symptomatic relief, TTE showed
normal right atrial and right ventricular sizes (Fig. 3E), without
residual tricuspid regurgitation (Fig. 3F). CMR performed
postoperatively revealed normal right heart sizes (Fig. 3G),
with visible bioprosthetic tricuspid valve (Fig. 3G and H
arrows), aortic valve (Fig. 3I and J, thin arrows), and pulmonic
valve (Fig. 3J, thick arrow). Good functional status was
reported 11 months following the intervention.

Case 4. A 54-year-old female with a history of neuroendo-
crine tumor and subsequent concern for CHD presented
with orthopnea, paroxysmal nocturnal dyspnea, and lower
extremity edema. While CMR 9 months prior showed normal
cardiac chamber sizes (Fig. 4A) and mild-to-moderate aortic
regurgitation and mitral regurgitation (Fig. 4B), current
TTE confirmed rapid progression of her valvular heart
disease, with right ventricular volume overload, thickened
mitral and aortic valves (Fig. 4C, zoom on the mitral valve),
severe tricuspid regurgitation (Fig. 4D), severe pulmonic
regurgitation (Fig. 4E), severe eccentric mitral regurgita-
tion (Fig. 4F, arrow), severe mitral stenosis (mean gradient of
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Figure 3. CHD in a patient who underwent simultaneous tricuspid, pulmonic, and aortic valve replacement. (A and B) TTE showing severe TR.
(C and D) Preoperative CMR imaging illustrating dilated right heart chambers and severe TR. (E and F) Postoperative TTE showing the bioprosthetic
TV, without residual TR. Postoperative CMR imaging showing the bioprosthetic TV (G and H, arrows), aortic valve (I and J, thin arrows), and pulmonary
valve (J, thick arrow) in different views. CHD, carcinoid heart disease; TTE, transthoracic echocardiography; TR, tricuspid regurgitation; CMR, cardiac
magnetic resonance; TV, tricuspid valve; AO, ascending aorta; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle.

13.1 mmHg), and severe aortic regurgitation (Fig. 4G). She
successfully underwent surgical replacement of the aortic,
mitral, tricuspid, and pulmonic valves with Epic bioprosthetic
valves (aortic valve, 21 mm; pulmonary valve, 21 mm; mitral
valve, 29 mm; and tricuspid valve, 29 mm; St. Jude Medical,
Inc.) during the same procedure, with an excellent postopera-
tive course. TTE on postoperative follow-up showed normal
biventricular size and function, with normally functioning
bioprostheses (Fig. 4H and I, zoom on the mitral valve). No
heart failure symptoms were present at 1-year follow-up.

3. Diagnosing carcinoid heart disease

Despite progress in the medical and surgical management of
patients with carcinoid disease, CHD remains a major cause
of morbidity and mortality (4). It is believed that CHD most
commonly involves the right side of the heart because of the
inactivation of humoral substances by the lung (9). Left-sided
involvement can occur in <10% of patients with CHD (9),
usually because of a concomitant right-to-left shunt such as a
patent foramen ovale (7), or more rarely because of lung metas-
tasis or high disease burden with unusually increased levels of
circulating serotonin (10). The most common forms of valvular
dysfunction noted in patients with CHD include tricuspid or
pulmonic regurgitations, but concomitant pulmonic stenosis

is also often found (9). Irreversible ventricular dysfunction can
develop with valvular regurgitation before the onset of clinical
symptoms, hence the need for careful serial observations and
periodic serial cardiac imaging (11).

TTE is the main diagnostic tool used for the diagnosis
and evaluation of CHD. However, if TTE is suboptimal, TEE
can significantly enhance assessment of the mitral, aortic, and
tricuspid valves. Advances in three-dimensional echocardiog-
raphy and CMR can further delineate the pathophysiology and
severity of valvular dysfunction. Assessment of myocardial
strain is not well established in CHD, but may add value for
the evaluation of right ventricular function (12,13). CMR
and CT may be particularly helpful in assessing the right
heart, describing features of carcinoid valve disease, valve
pathology, and right ventricular function (14). CMR also
provides additional diagnostic accuracy in patients with multi-
valvular disease (11), who pose difficulties in determining
disease severity, and may influence long-term manage-
ment (15). Positron emission tomography may also add benefit
by identifying cardiac metastases of the carcinoid tumor (15).
Little information is available on the predictability of disease
progression with imaging. Current data suggest that disease
progression is mainly correlated with biochemical variables
(e.g., serum 5-HIAA), rather than imaging or clinical find-
ings (16). Post-valve replacement imaging assessment is not
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Figure 4. CHD in a patient who underwent simultaneous tricuspid, pulmonic, mitral, and aortic valve replacement. (A and B) Cardiac magnetic resonance
imaging showing a normal right heart and moderate carcinoid involvement of the MV and AV. Preoperative TTE assessment showing thickening of the AV
and MV (C, zoom on the MV), severe tricuspid (D) and pulmonary regurgitation (E), and moderate mitral (F) and aortic regurgitation (G). Postoperative TTE
revealing the implanted bioprostheses of the tricuspid valve, MV, and AV (H-I, zoom on the MV). CHD, carcinoid heart disease; MV, mitral valve; AV, aortic
valve; AO, ascending aorta; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle.

currently well documented and is generally performed based
on clinical judgment.

4. Treatment, surgical outcomes and disease progression

The main objective of medical therapy in CHD is symptomatic
improvement. In the presence of heart failure, treatment with
diuretics and angiotensin-converting enzyme inhibitors (17,18)
is useful for symptomatic relief from volume overload.
Somatostatin analogs work by reducing serum levels of sero-
tonin, but have not been shown to prevent the development of
CHD (19). Novel agents, such as everolimus (20) and telotri-
stat (21), have shown benefit for carcinoid syndrome, but their
role in the prevention of CHD has not yet been established (19).

Early diagnosis of CHD and regular follow-up is
essential in order to identify patients likely to benefit from
surgery, the only effective treatment for CHD (6). Standard
indications for valve surgery apply, but mainly for patients
whose metastatic carcinoid disease and syndrome are well
controlled. There is no standard preoperative evaluation in
these patients. The main driver of mortality in CHD patients
is not carcinomatosis, but severe tricuspid regurgitation (22).
Postoperative mortality is mainly driven by the disease,
rather than procedure-related complications (23,24). Because

cardiac surgery for CHD had such high mortality rates, it was
reserved for severely symptomatic patients with advanced
cardiac disease. Late surgical referral has been proposed as a
potential factor contributing to high postoperative rates (25).
However, recent data suggest that there have been significant
improvements in the postoperative mortality rates and median
survival (13). Nowadays, there is a trend of earlier intervention,
due to increased perioperative mortality in patients with
severe heart failure and improvements in cardiac surgery (26).
Cardiac surgery in CHD still has higher mortality rates than
the general population, but survival and symptomatic relief
are better than with medical treatment alone (4,6,27). The
feasibility of multiple valve replacement has been reported,
leading to significant functional improvement (28,29), as was
the case with our patients.

Evidence suggests similar outcomes following either
mechanical or bioprosthetic valve implantation (24). Biopro-
sthetic valves are increasingly used due to the decreased
need for anticoagulation, despite concern for premature
bioprosthetic degeneration as a consequence of the carcinoid
tumor (15,30,31). In cases of early prosthetic degeneration,
reintervention with implantation of a new bioprosthetic valve
is indicated (13). Of note, in a case series of 3 patients, stentless
bioprostheses in the pulmonic position have been associated
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with premature restenosis requiring early reintervention (32).
Transcatheter valve replacements have been described for the
pulmonary (33) and tricuspid valves (34) in both native and
bioprosthetic valves, but safety and outcome data are limited.

In conclusion, CHD has a wide spectrum of severity. A
comprehensive imaging evaluation is necessary for an accurate
preoperative assessment. Surgical treatment can be success-
fully attempted even in cases of multivalvular involvement, if
appropriately guided by a multimodality imaging assessment
and a multidisciplinary team. The management of patients with
CHD is complex and involves a multidisciplinary effort (6).
An integrative approach, involving both the Oncology and
Cardiology teams, is recommended to achieve an accurate eval-
uation of the severity of the lesions, their clinical significance,
and follow-up. Early recognition of CHD and prompt surgical
intervention, before advanced heart failure has occurred, may
improve the outcome of these patients. The accurate timing
of surgery is crucial, but there are no clear guidelines on this
matter, and published data suggest a trend of improved survival
with earlier intervention. This approach may shift the main
driver of mortality from the cardiac involvement to the primary
malignancy and lead to improved outcomes.
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