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ABSTRACT

Carcinoid Heart Disease (CHD) is one of the rare causes of acquired valvular heart disease. 
CHD develops as a systemic manifestation of metastatic neuroendocrine tumors (NETs). When 
these tumors metastasize to the liver, they can release vasoactive amines into the systemic cir-
culation, which can result in carcinoid syndrome and CHD. The key for diagnosing CHD is a 
thorough history and physical examination supplemented with characteristic echocardiograph-
ic findings. We report a case with classic echocardiographic features of CHD, which unfolded 
the diagnosis of metastatic carcinoid tumor.

KEYWORDS: Carcinoid heart disease (CHD); Neuroendocrine tumors (NETs); Valvular heart 
disease; Carcinoid syndrome.

INTRODUCTION

Carcinoid tumors are rare neuroendocrine tumors with an incidence of 1.2-2.1% per 100,000 
population per year.1 The term “Carcinoid” generally implies well-differentiated NETs that 
arise from enterochromaffin cells within the gastrointestinal tract and, less commonly, in the 
bronchopulmonary system. The tumors often metastasize to the liver resulting in the release 
of vasoactive amines (serotonin, bradykinin and histamine) into the systemic circulation. The 
triad of cutaneous flushing, gastrointestinal hypermotility, and bronchospasm characterizes car-
cinoid syndrome. At diagnosis, 20-30% of cases may present with carcinoid syndrome.2 Up to 
50% of patients with carcinoid syndrome can develop CHD, which is a major cause of morbid-
ity and mortality.3 About 20% of cases may present as CHD at the time of diagnosis.4 Herein, 
we report classic findings of carcinoid heart disease.

CASE REPORT

A 65-year-old caucasian male was referred to cardiology department for the evaluation of fa-
tigue and dyspnea on exertion for the past four months. Additional history included spontane-
ous episodes of diarrhea, palpitations and non-pitting pedal edema, which were self limited. On 
examination, vital signs were unremarkable, but he appeared markedly flushed. Cardiovascular 
examination revealed a grade 2/6-holosystolic murmur heard at the left midsternal area, which 
intensified with inspiration. Basic laboratory investigations were unremarkable. An echocar-
diogram performed two weeks ago showed moderate to severe right ventricular dilation with 
severe right ventricular systolic dysfunction. The tricuspid valve appeared severely thickened, 
with its leaflets fixed in open position, giving rise to wide open tricuspid regurgitation (Figures 
1 and 2).

 The constellation of these signs and symptoms with classic echocardiographic find-
ings led to a suspicion of carcinoid heart disease, which was substantiated when serum levels 
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of 5-hydroxyindoleactetic acid (5-HIAA) and chromogranin-A 
were found to be significantly elevated.

 Given severe right ventricular systolic dysfunction a 
computed tomography (CT) angiogram of the chest was per-
formed to rule out pulmonary embolism (PE). The test was nega-
tive for PE, but interestingly revealed multiple heterogeneous 
enhancing hepatic lesions concerning for metastatic disease. 
The patient was then referred to Gastroenterology and subse-
quently underwent CT Abdomen/pelvis (Figure 4), followed by 
ultrasound-guided biopsy of the liver lesion.

 Histopathological examination revealed a well-differ-
entiated NETs (Figures 5, 6 and 7). An octreotide scan confirmed 
uptake in the multiple heterogeneous liver and abdominal mass-
es. The patient was referred to oncology and was treated with 
sandostatin infusions with modest response.

 The echocardiographic findings in this case are char-
acteristic of CHD with consequent right heart failure, which 
explain the presenting symptoms.

DISCUSSION

Carcinoid tumors are characteristically slow growing neoplasms, 
commonly causing no symptoms at all until they become large 
or have metastasized. They have a strong propensity to metas-
tasize, most frequently to the liver, with other sites including 
bones, the adrenal glands and the brain.5 Over the past few de-
cades the incidence of carcinoid tumors has significantly risen 
due to increased imaging and endoscopic evaluation.

 CHD develops in the context of carcinoid syndrome 
due to the exposure of high levels of vasoactive substances, 
which induces structural changes in the cardiac valves. Although 
the exact pathogenesis is poorly understood, Serotonin (5-HT) 
has been implicated in playing a key role in valvulopathy.6,7 

 Accumulation of tissue growth factor-B latency associ-
ated peptide and a latent binding protein has been demonstrated 
in carcinoid heart valves.6 5-HT has been implicated in upregu-
lating tissue growth factor-B, as well as stimulating collagen 
synthesis by heart valve interstitial cells.7 5-HT is metabolized 

Figure 1: Apical 4 chamber view in end diastole showing severe Right 
atrial and ventricular enlargement. The Tricuspid leaflets are thickened 
and immobile (yellow arrow).

Figure 2: Immobile tricuspid leaflets with severe tricuspid regurgita-
tion on color comparison view. Severe right atrial enlargement is noted 
again. 

LA: Left Atrium; LV: Left Ventricle; RA: Right Atrium; RV: Right Ventricle; 
TV: Tricuspid Valve.

LA: Left Atrium; LV: Left Ventricle; RA: Right Atrium; RV: Right Ventricle; 
TV: Tricuspid Valve; TR: Tricuspid Regurgitation.

Figure 3: Computed tomography (CT) scan showing multiple carcinoid 
hepatic metastasis (yellow arrows).

Figure 4: H&E X40: Metastatic low-grade neuroendocrine tumor  
arranged in nests.
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to urinary 5-hydroxyindoleacetic acid (5-HIAA) by monoamine 
oxidases in the liver. Peak 5-HIAA is a significant predictor of 
progression of CHD.8

 Typically, liver, lungs and the brain filter the vasoactive 
substances released from the carcinoid tumors. In the setting of 
liver metastases, the filtration process is bypassed resulting in 
release of the vasoactive substances into the systemic circula-
tion via hepatic vein, affecting the right side of the heart in more 
than 90% of the cases.3,4 The involvement of the tricuspid valve 
typically results in valvular regurgitation (Figures 2 and 3), and 
less frequently, valvular stenosis. The pulmonary valve is also 
effected resulting in more frequent stenosis than regurgitation, 
as the orifice of the pulmonic valve is much smaller, and as a 
consequence, plaque deposition on the pulmonary valve and 
within the annulus and sinuses results in narrowing of the pul-
monic root. The carcinoid plaque is composed of smooth muscle 
cells, myofibroblasts, and elastic tissue, forming a white fibrous 
layer lining the endocardial surface of cardiac valves superficial 
to normal valve tissue.9

 Involvement of the left side of the heart is rare account-
ing <10% cases, with the usual lesions being mitral or aortic 
regurgitation.3,10 It can occur in the presence of patent foramen 
ovale with a right to left shunt, bronchial carcinoid or a very high 

level of circulating vasoactive substance.

 The echocardiographic features of CHD have been 
well described in the literature.3,11 Classically, the pulmonic and 
tricuspid valve leaflets and the subvalvular apparatus are thick-
ened. The valve leaflets eventually becomes retracted, fixed, and 
non coapting, leading to the valve remaining in a semi-open po-
sition (Figures 1 and 2) and (Video 1).

 A triangular shaped continuous wave doppler profile 
is seen due to severe tricuspid regurgitation, representing rapid 
equalization of pressures between right atrium and right ven-
tricle due to torrential TR. (Figure 3) and (Video 2). 

 In most cases of CHD, the tricuspid valve with or with-
out pulmonary valve is affected. It is the combination of right 
ventricular volume overload and increased diastolic filling pres-
sures lead to hemodynamic instability.

 Over the years, several novel therapies for carcinoid tu-
mors have emerged to reduce the tumor burden and cause tumor 
regression. Such as, somatostatin analogues, which inhibit the 
vasoactive amines resulting in marked improvement in symp-
toms.12

Figure 5: H&E 400: Low-grade neuroendocrine tumor showing tumor cells 
composed of ovoid uniform cells with inconspicuous nucleoli and stippled 
chromatin in moderate purplish to amphophilic cytoplasm. There is paucity 
of mitotic activity <2 high power focus. 

Figure 7: Continuous wave Doppler through the tricuspid valve showing se-
vere tricuspid regurgitation with a characteristic triangular envelope due to rapid 
equalization of pressure between right atrium and right ventricle.

Figure 6: Chromogranin A stain of neuroendocrine tumor.
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 While medical therapy has succeeded in targeting the 
systemic manifestations of carcinoid syndrome, surgical thera-
pies have targeted hepatic metastasis with embolization, resec-
tion, debulking, and liver transplant. Several studies have shown 
promising results in improved symptoms and longevity in pa-
tients with carcinoid syndrome.12-16

 However, for patients with cardiac involvement, wors-
ening right-sided heart failure remains a major cause of morbid-
ity and mortality. 

 Several studies, including Moller et al, Connolly et al 
have shown that valve surgery is the only effective treatment and 
improves survival.17,18 Without surgery, only 10% of the patients 
will survive after 2 years of onset of New York heart association 
(NYHA) functional class III and IV symptoms.18 The optimal 
timing of surgery in relation to the signs and symptoms of severe 
valvular dysfunction has not been clearly defined. Further more, 
perioperative mortality for those undergoing valve replacement 
remains high. However, most recently Connolly et al from Mayo 
clinic published a large study, which looked at the early and late 
outcomes of surgical management in CHD.19 The study conclud-
ed that valve operation before the onset of advanced right-sided 
heart failure symptoms carries a survival benefit when compared 
to late surgery for more advanced disease. Interestingly, the peri-
operative risk was also lower when treated at an experienced 
center by a multidisciplinary team.19 Mechanical valve prosthe-
sis is recommended as carcinoid involvement has been reported 
in porcine bioprosthesis. Therefore, symptomatic patients with 
CHD before the onset of advanced heart failure symptoms may 
benefit from early referral to valve surgery, which in turn de-
creases the morbidity and mortality associated with carcinoid 
heart disease.

CONCLUSION

In patients with carcinoid syndrome, Echocardiography is the 
gold standard for diagnosing CHD, given the pathognomonic 
appearance of the valve lesions.

 Valve surgery is the only effective treatment option for 

patients with symptomatic CHD and has been shown to improve 
survival.17 CHD warrants aggressive treatment as the disease 
carries high morbidity and mortality.

ACKNOWLEDGEMENT

The authors would like to acknowledge Lisa Lynn, RDCS for 
her expertise in obtaining echocardiogram images.

CONFLICTS OF INTEREST

The authors declare that there is no conflicts of interest regarding 
the publication of this paper.

CONSENT

The patient has provided written permission for the publication 
of this case detail.

REFERENCES

1. Modlin IM, Sandor A. An Analysis of 8305 cases of carcinoid 
tumors. Cancer. 1997; 79: 813-829. doi: 10.1002/(SICI)1097-
0142(19970215)79:4<813::AID-CNCR19>3.0.CO;2-2 

2. Kulke MH, Mayer RJ. Carcinoid tumors. N Eng J Med. 1999; 
340: 858-868. doi: 10.1056/NEJM199903183401107 

3. Pellika PA, Tajik AJ, Khandheria BK, et al. Carcinoid heart 
disease: Clinical and echocardiographic spectrum in 74 pa-
tients. Circulation. 1993; 87: 1188-1196. doi: 10.1161/01.CIR. 
87.4.1188 

4. Fox DJ, Khattar RS. Carcinoid heart disease: Presentation, 
diagnosis, and management. Heart. 2004; 90(10): 1224-1228. 
doi: 10.1136/hrt.2004.040329 

5. Jonathan S, Gardner N, Kvols L. Survival and prognostic 
factor analysis of 146 metastatic neuroendocrine tumors of 
the mid-gut. Neuroendocrinology. 2009; 89(4): 471-476. doi: 
10.1159/000197899 

Note: To best view

1. Kindly open the pdf file in Adobe Reader XI version.
2. Please save the pdf file on your local computer.
3. To watch the video kindly install the latest adobe flash player. Click here to download: http://get.adobe.com/flashplayer/otherversions/

Video 1 Video 2

http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0142%2819970215%2979:4%253C813::AID-CNCR19%253E3.0.CO%3B2-2/full
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0142%2819970215%2979:4%253C813::AID-CNCR19%253E3.0.CO%3B2-2/full
http://www.nejm.org/doi/full/10.1056/NEJM199903183401107
http://circ.ahajournals.org/content/87/4/1188.long
http://circ.ahajournals.org/content/87/4/1188.long
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1768473/
http://www.ncbi.nlm.nih.gov/pubmed/19174605


HEART RESEARCH
Open Journal

http://dx.doi.org/10.17140/HROJ-4-132ISSN 2377-164X

Heart Res Open J Page 5

6. Waltenberger J, Lundin L, Oberg K, et al. Involvement of 
transforming growth factor-beta in the formation of fibrotic le-
sions in carcinoid heart disease. Am J Pathol. 1993; 142(1): 71.

7. Jian B, Xu J, Connolly J, et al. Serotonin-induced up-regu-
lation of transforming growth factor-β1 via G-protein signal 
transduction in aortic valve interstitial cells. Am J Pathol. 2002; 
161(6): 2111-2121. doi: 10.1016/S0002-9440(10)64489-6 

8. Møller JE, Connolly HM, Rubin J, Seward JB, Modesto K, 
Pellikka PA. Factors associated with progression of carcinoid 
heart disease. N Engl J Med. 2003; 348(11): 1005-1015. doi: 
10.1056/NEJMoa021451 

9. Simula DV, Edwards WD, Tazelaar HD, Connolly HM, Schaff 
HV. Surgical pathology of carcinoid heart disease: A study of 
139 valves from 75 patients spanning 20 years. Mayo Clin Proc. 
2002; 77(2): 139-147. 

10. Connolly HM, Schaff HV, Mullany CJ, Rubin J, Abel MD, 
Pellikka PA. Surgical management of left-sided carcinoid heart 
disease. Circulation.  2001; 104(12 Suppl 1): I36-I40. doi: 
10.1161/hc37t1.094898

11. Howard RJ, Drobac M, Rider WD, et al. Carcinoid heart dis-
ease: diagnosis by two-dimensional echocardiography. Circula-
tion. 1982; 66(5): 1059-1065. Web site. http://circ.ahajournals.
org/content/circulationaha/66/5/1059.full.pdf. Accessed Sep-
tember 5, 2016

12. Kvols LK, Moertel CG, O’Connell MJ, et al. Treatment of 
the malignant carcinoid syndrome. N Engl J Med. 1986; 315(11): 
663-666. doi: 10.1056/NEJM198609113151102 

13. Kvols LK. Metastatic carcinoid tumors and the carcinoid 
syndrome: A selective review of chemotherapy and hormonal 
therapy. Am J Med. 1986;  81(6): 49-55. doi: 10.1016/0002-
9343(86)90584-X 

14. Lamberts SWJ. A guide to the clinical use of the soma-
tostatin analogue SMS 201-995 (Sandostatin). Acta Endocri-
nol (Copenh). 1987; 116(Suppl 4): S54-S66. doi: 10.1530/
acta.0.115S054

15. Martin JK, Moertel CG, Adson MA, Schutt AJ. Surgical treat-
ment of functioning metastatic carcinoid tumors. Arch Surg. 1983; 
118(5): 537-542. doi: 10.1001/archsurg.1983.01390050021004 

16. Bernheim AM, Connolly HM, Rubin J, et al. Role of hepatic 
resection for patients with carcinoid heart disease. Mayo Clin 
Proc. 2008; 83(2): 143-150. doi: 10.4065/83.2.143 

17. Møller JE, Pellikka PA, Bernheim AM, et al. Prognosis 
of Carcinoid heart disease analysis of 200 cases over two de-
cades. Circulation. 2005; 112(21): 3320-3327. doi: 10.1161/
CIRCULATIONAHA.105.553750 

18. Connolly HM, Nishimura RA, Smith HC, et al. Outcome of 
cardiac surgery for carcinoid heart disease. J Am Coll Cardiol. 
1995; 25(2): 410-416. doi: 10.1016/0735-1097(94)00374-Y 

19. Connolly HM, Schaff HV, Abel MD, et al. Early and late 
outcomes of surgical treatment in carcinoid heart disease. J 
Am Coll Cardiol. 2015; 66(20): 2189-2196. doi: 10.1016/j.
jacc.2015.09.014 

http://ajp.amjpathol.org/article/S0002-9440%2810%2964489-6/abstract
http://www.nejm.org/doi/full/10.1056/NEJMoa021451%23t%3Darticle
http://circ.ahajournals.org/content/104/suppl_1/I-36
http://circ.ahajournals.org/content/circulationaha/66/5/1059.full.pdf
http://circ.ahajournals.org/content/circulationaha/66/5/1059.full.pdf
http://www.nejm.org/doi/full/10.1056/NEJM198609113151102
http://www.sciencedirect.com/science/article/pii/000293438690584X
http://www.sciencedirect.com/science/article/pii/000293438690584X
http://www.eje-online.org/content/116/4_Suppla/S54.short%20
http://www.eje-online.org/content/116/4_Suppla/S54.short%20
http://archsurg.jamanetwork.com/article.aspx%3Farticleid%3D589423%20
http://www.ncbi.nlm.nih.gov/pubmed/18241623
http://circ.ahajournals.org/content/112/21/3320.long
http://circ.ahajournals.org/content/112/21/3320.long
http://www.sciencedirect.com/science/article/pii/073510979400374Y
http://www.ncbi.nlm.nih.gov/pubmed/26564596
http://www.ncbi.nlm.nih.gov/pubmed/26564596

