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Abstract
The carcinoid syndrome is rare but it is associated with carcinoid heart disease (CHD) in more than a half of the cases. CHD is typically characterised by morphological and functional modifications of right-sided valves. Its aetiology is probable multifactorial but serotonin appears to play a key role in the development of this valvular disease. Unlike gastrointestinal neuroendocrine tumours, ovarian neuroendocrine tumours (ONET) can present with the CS and CHD in the absence of liver metastases, such that ONET is a unique clinical entity. The additional burden of cardiac impairment in these patients represents a significant reduction in survival. Early recognition and surgical valve replacement before advanced heart failure is established may improve the clinical outcome. 
We report the case of a woman with ONET and highly symptomatic CHD who was submitted to tumour resection followed by valvuloplasty. She demonstrated an outstanding clinical improvement and has remained free of tumour and symptomatology. 



A síndrome carcinoide (SC) é rara mas encontra-se associada, em cerca de metade dos casos, a doença carcinoide cardíaca (DCC). Esta patologia cardíaca caracteriza-se tipicamente por alterações morfo-funcionais das válvulas direitas. A sua etiologia é provavelmente multifatorial mas, aparentemente, a serotonina parece exercer um papel preponderante no desenvolvimento desta doença valvular. Ao contrário dos tumores neuroendócrinos gastrointestinais, os tumores neuroendócrinos do ovário (TNEO) podem apresentar SC e DCC na ausência de metastização hepática, tornando os TNEO uma entidade clínica única.  Estas alterações cardíacas acarretam uma diminuição adicional da sobrevivência destes doentes. Portanto, o reconhecimento precoce desta entidade e a substituição valvular prévia ao estabelecimento da insuficiência cardíaca avançada podem melhorar a evolução clínica destes doentes. 
Os autores apresentam o caso de uma mulher com TNEO e DCC muito sintomática que foi submetida a resseção tumoral seguida de valvuloplastia. A doente demonstrou uma marcada melhoria clínica e tem permanecido livre de doença e assintomática.
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Introduction
Neuroendocrine tumours (NETs) of the mid-gut, often referred to as ’carcinoid tumours’, are associated in up to 30-40% of cases with a constellation of symptoms – flushing, diarrhoea, bronchoconstriction and hypotension –, generally called the carcinoid syndrome (CS).1 Carcinoid heart disease (CHD) may be the initial manifestation of the disease and more than 50% of all patients with CS will evidence right-sided valve involvement.2 The 3-year mortality rate for patients with carcinoid heart disease is 31%, whereas carcinoid patients without CHD have approximately twice the survival rate.3 Many of the manifestations of the CS are due to the secretion of 5HT (serotonin), which is usually inactivated after transfer by the portal vein to the liver. Thus, the CS is almost always associated with the presence of multiple liver metastases or, rarely, with extensive peritoneal seeding by-passing hepatic inactivation. However, we present a case of an ovarian carcinoid which presented symptomatic cardiac valvular disease in the absence of hepatic metastases due to the direct venous drainage into the ovarian vein and systemic circulation. 













Case report
A 54 year-old woman, submitted to bariatric surgery (Roux-en-Y bypass) and cholecystectomy, more than five years ago, in another institution, was referred due to bilateral leg oedema, unresponsive to furosemide, and a 10 cm pelvic mass found on an abdominal ultrasound.  She also complained of lower abdominal pain, diarrhoea and flushing, mainly after eating, and mild shortness of breath. The gastrointestinal symptoms and flushing were initially attributed to her previous bariatric surgery. Physical examination didn’t evidence any cutaneous lesions or cyanosis; chest murmur was normal and cardiac auscultation evidenced a systolic murmur in the tricuspid area. Abdominal examination revealed an enlarged liver with an edge, and a palpable mass in the suprapubic area. Bilateral pitting oedema was present in both legs.
She was submitted to blood and urine tests, cervico-abdominal-pelvic MRI scan and echocardiogram (Table 1).
The results were compatible with a CS in association with elevated 24-hour urinary 5-hydroxyindoleacetic-acid (5-HIAA) secretion, and severe CHD. She was classified as stage 2-3 according to the New York Heart Association. The somatostatin analogue octreotide was initiated (50 g TDS with progressive titration to 100 g TDS). A marked decrease in diarrhoea and flushing was observed, but the symptoms related to CHD remained. She was then submitted to tumour resection. The histology confirmed NET tumour, grade 1, in association with a teratoma (fig. 1). Post-operative serum chromogranins A and B, urinary 5HIAA (Table 1) and octreoscan were negative. The definitive resolution of CHD was achieved with bioprosthetic valve replacement of both tricuspid and pulmonary valves. She remains free of any cardiac disease, tumour recurrence or symptoms of the CS 3 years post-operatively. 






Discussion
Ovarian neuroendocrine tumours (ONET) are rare, accounting for 0.3-1.0% of all NETs4 and 1-2% of ovarian neoplasms.5, Primary ONET may be subdivided into four categories: insular, trabecular, mucinous, and strumal.6 The reported incidence of ONET-related CS depends on the histological type, ranging from 7.8 to 39%, being the insular type the most frequently associated to this syndrome.7

NETs secrete vasoactive hormones, including 5-HT, tachykinins, kallikrein and prostaglandins.  Generally, these are inactivated in the hepatic parenchyma by monoamine oxidases. However, when liver’s capacity is overwhelmed due to metastases, these hormones enter the systemic circulation, leading to the CS. Nevertheless, there are some cases in which the precondition of hepatic metastasis is not required for the development of this disorder. In patients with ONET those hormones drain directly into the systemic circulation via the internal vena cava (right ovary) or renal vein (left ovary), by-passing the portal system, as well as in cases of extensive retroperitoneal lymph node metastases in whom the drainage by-passes the liver via thoracic duct and retroperitoneal venous collaterals.8,9 Patients with ONET can present symptoms and signs of right heart failure, including hepatomegaly, which is associated with decreased cardiac output, in the absence of metastases.
Carcinoid heart disease has been reported in up to 60% of patients with carcinoid syndrome.3 CHD is typically right-sided, as the left side is usually spared due to inactivation of vasoactive hormones in the lungs, unless the tumour is situated in the lungs or there is a patent foramen ovale.10 
Recently, Grozinsky-Glasberg et al10 reported an extensive review on CHD highlighting its pathophysiology. This clinical entity is probably multifactorial and mediated by the different vasoactive hormones. Serotonin appears to play a key role in the development of CHD through receptors in the cardiac heart valves.11 Persistent overstimulation of these receptors increases the synthesis and up-regulation of transforming growth factor-β1 (TGF-β1). This cytokine leads to the deposition of plaques in valve apparatus. CHD is strongly suggested on echocardiograms by the concomitant dysfunction of pulmonary and tricuspid valves. The deposition of plaques on the leaflets of pulmonary valve causes adhesion of pulmonic leaflets to the pulmonary arterial endocardium resulting in a mixture of valvular stenosis and regurgitation, whereas in the tricuspid valve the plaques involve mainly the subvalvular apparatus leading to regurgitation. 
Treatment with somatostatin analogues and/or tumour debulking/resection may improve the CS as well as the negative haemodynamic impact of tumour hormones on CHD.10 However, somatostatin analogues cannot reverse established valvular dysfunction.12 Loop diuretics combined with fluid and salt restriction and compression stockings may initially relieve the symptoms if the CHD is mild, but may decrease the cardiac output in advanced cases. The definitive therapy of CHD can only be provided by valvular replacement3. The choice between a mechanical or bioprosthetic valve should be an individualised decision. In selected cases, balloon valvoplasty of the right-sided valves was associated with symptomatic improvement in patients with stenotic tricuspid or pulmonary valves, although recurrent symptoms have been observed. Metastatic disease per se is not an absolute contraindication to surgery3. The perioperative management should involve the use of intravenous infusion of octreotide to reduce the risk of intraoperative hypotension and carcinoid crisis. Antihistamines and corticosteroids may also be useful in the perioperative setting to control flushing and bronchospasm.10
This patient presented a past history of Roux-en-Y bypass due to obesity. Interestingly, some authors have been reporting the relationship between obesity or bariatric surgery and the development of certain neuroendocrine tumours. To our knowledge, the association between obesity or bariatric surgery and ONET has not been described. Keshishian et al14 observed a higher incidence of small intestine NETs in obese patients (1.5%) compared to general population. Other authors have reported the presence of gastric15 and duodenal16 NET in the pre-operative setting. In fact, upper gastrointestinal endoscopy is recommended in the pre-bariatric surgery evaluation,17 turning possible the NET diagnosis before the surgical procedure. Al-Harbi et al18 believe that gastric NETs are probably related to abnormal feeding behavior of the obese patients.  On the other hand, pancreatic NETs have been reported following bariatric surgery,19,20 usually diagnosed during hypoglycemic episodes’ investigation. These authors described insulin producing tumours20 and co-secretion of GLP-1 and glucagon.19 This association may be coincidental, but the metabolic alterations, induced by weight loss and anatomical rearrangement of the gastrointestinal tract, may result in neuroendocrine alterations, like islet cell hyperplasia and expansion of the b-cell mass.19 Nevertheless, this association cannot be suspected in the particular case of our patient who developed an ovarian NET.

In summary, we present a case of an ovarian carcinoid presenting with a CS and severe right-sided cardiac valvular dysfunction in whom there was no evidence of metastatic disease, and who has been cured of her symptoms by operative removal of the tumour and bivalvular replacement. It is essential that an experienced multidisciplinary team including endocrinologists, oncologists, cardiologists, pathologists and cardiothoracic surgeons should manage these patients.
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Tables
Table 1 – Diagnostic exams performed for the assessment of carcinoid syndrome.  5-hydroxyindoleacetic-acid (5-HIAA). NR; normal range; NA, not available. *(only abnormal results are shown)




Figures

Figure 1 – Right ovary (540g, 11 x 9 x 7cm) with mature cystic monodermal teratoma component [10x].
Figure 2 – The tumour is lined by a florid giant cell reaction to keratin material. 
Figure 3 – Carcinoid component [12.5x] of the tumour.
Figure 4 – Carcinoid component exhibiting positive expression with synaptophysin (inset, 200x) immunohistochemistry.
[bookmark: _GoBack]Figure 5 – Carcinoid component exhibiting positive expression with chromogranin (inset, 200x) immunohistochemistry.
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