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INTRODUCTION
Neuroendocrine neoplasms of the small
intestine (SI-NENs) originate in the midgut
and are the third most common subtype of
neuroendocrine neoplasms (NENs) in the
gastroenteropancreatic system [1]. Carcinoid
syndrome (CS) is the most prevalent paraneoplastic disease characterized by signs and
symptoms related to the hormonal activity of
SI-NENs. The classic type of CS is characterized
by increased production of serotonin and/or
other biologically active substances such as
histamine, kallikrein, prostaglandins, and
tachykinin [1, 2].
Carcinoid heart disease (CHD) is the most
severe consequence of CS, characterized by
fibrotic valve degeneration, particularly in
the right heart chambers. Nguyen et al. described indications requiring valve surgery,
including progressive right heart failure (HF)
and echocardiographic findings of moderate
to severe right-sided valve regurgitation [3].
Valve surgery has been found to decrease
right HF, boost functional capacity, allow for
more aggressive oncological therapy, and
improve long-term prognosis in CHD patients.
It is critical to plan surgery with preoperative
dietary optimization and somatostatin analog
therapy for carcinoid hormonal activity [4].
The Mayo Clinic’s 30-year study involving
240 CHD-operated patients [3] represents the
largest such study, with several shorter case
series having also been published [5–7].

This retrospective study aimed to evaluate
the medical data of operated patients with
CHD, including tumor characteristics, indications for valve replacement, complications,
and mortality.

METHODS
The protocol for this retrospective single-center
cohort study was authorized by the institution’s
ethics committee (no. 18/2018) and had signed
informed consent from all patients. The subject
group was selected from a data set of 275 patients with SI-NEN confirmed in pathological
examination, diagnosed and treated between
2004 and 2019. In all the cases, a pathologist
specializing in NEN verified and reported the
histology results, which provided details on the
histological grade and the stage of the neuroendocrine neoplasm (TNM) according to the
American Joint Committee on Cancer (AJCC)/
/Union for International Cancer Control (UICC)
2017 classification.
Transthoracic echocardiography (TTE) was
used to screen patients with CS for CHD on
a frequent basis if their 5-hydroxyindoleacetic
acid or/and N-terminal pro-brain type natriuretic peptide levels were significantly elevated
or if they presented with signs and symptoms
of heart disease.
The analysis included a total of 28 (10%)
patients with confirmed SI-NENs and diagnosed CHD based on signs and symptoms,
typically CHD-related cardiac involvement,
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detected using TTE and interpreted by a physician familiar
with cardiac abnormalities caused by CHD. All subjects with
thickened and retracted tricuspid valve leaflets failing to
coapt and moderate or severe regurgitation confirmed by
doppler echocardiography were included.
Of these 28 patients during the follow-up, 6 were referred for cardiac valve procedures and were further evaluated. The decision of whether to replace a valve was based
on a multidisciplinary assessment of overall operability in
relation to the oncological status and cardiac function.
Patients with symptomatic right heart failure or ventricular
dysfunction and with at least a 12-month survival prediction due to their oncologic status were operated on.
Early mortality was defined as mortality (of any cause)
during hospitalization for valve surgery, or within 30 days
of admission. Complications were identified through the
application of institutional protocols and definitions.
Half of the study group comprised patients with
well-differentiated (G1) SI-NEN and half with moderately
differentiated (G2) SI-NEN. Clinical and pathological data
were analyzed and summarized in Table 1.

Statistical analysis
Categorical variables were summarized using percentages and counts. Mean and standard deviations (SD) were
used to report results. Median overall survival (OS) and
the interquartile range (IQR) were determined using the
Kaplan-Meier method in all patients and calculated from
the time of the initial diagnosis of SI-NEN to either the date
of death or the last follow-up visit. All statistical calculations
were carried out using the Dell Inc. (2016), Dell Statistica
(data analysis software system), version 13 (StatSoft Inc.,
Tulsa, OK, US)

RESULTS AND DISCUSSION
This study represents one of the largest series of patients
with SI-NEN-related CHD in Poland as they were diagnosed
and treated, with a long-term clinical follow-up.
Six patients at a mean (SD) age of 52 (11) years were
included. The median overall survival (IQR) for all patients
having undergone valve surgery (n = 6) was 40.22 (29.77–
–53.11) months. All patients had severe tricuspid valve regurgitation (TR) and typical CHD valve leaflet abnormalities
seen in TTE (Table 1). Pulmonary valve regurgitation, either
mild (50%) or severe (17%), was found in 67% of patients.
All patients were coordinated by an experienced multidisciplinary team during the peri-operative period, and
to reduce the likelihood of a carcinoid crisis, were given
a somatostatin analog infusion before and throughout the
cardiac procedure until they were hemodynamically stable
and off inotropes. Tricuspid valve replacements (TVR) were
performed in all patients. A concomitant pulmonary valve
replacement (PVR) was performed in one patient, and a mitral valve replacement (MVR) in one patient. There were
no aortic valve replacements. Bioprosthetic valves were

used in 5 (83%) patients. In one patient with metastasis
to the right ovary, tricuspid valve repair with placement
of an annular ring CE 28 mm and concomitant MVR with
a mechanical prosthesis was used. A bioprosthetic valve
was also used in one PVR. During the postoperative period,
one patient suffered from cardiac tamponade treated with
pericardiocentesis and needed implantation of a pacemaker due to a third-degree atrioventricular block. One patient
suffered from a stroke with temporary right-sided hemiparesis. One patient died during open-heart surgery due to
cardiac failure, and another died of progressive HF in the
perioperative period. As a result, early mortality following
surgery, which was observed in two patients, was estimated
to be 33% in our study. This is consistent with Mayo Clinic
findings ranging from 9 to 29% over the years [3].
In all remaining patients, we observed improvement in
symptoms such as dyspnea and peripheral edema during
the early follow-up, which supported previous findings that
valve replacement surgery alleviates CHD symptoms [5].
These findings indicate that valve surgery may be considered in patients with symptomatic severe right heart valve
disease to relieve their symptoms.
In our analysis, in which there was no loss of follow-up,
1‐year survival was noted in 4 patients (67%), and 3-year
survival in 2 subjects (33%). The cause of death in the
follow-up period was commonly associated with the
progressive tumor burden and recurrent pleural effusion
found in one patient. An analysis by Bhattacharyya et al.
reported one- and 2-year survival rates of 56% and 44%,
respectively. In other short case series, survival rates closely
matched our findings [6, 7].
The selection of the type of valve (biological or mechanical valve prosthesis) is a complex decision that should
be made based on the patient’s specific risk of bleeding,
the specific tumor-related life expectancy, and potential
future therapeutic interventions [8]. According to a prior
study, surgery of the left-sided valves is not associated with
poorer outcomes and should be done simultaneously with
right-sided valve surgery, if necessary, as in our analyzed
patient [4]. As reported in studies, earlier intervention
enhances outcomes [3]. Currently, valve replacement
surgery in CHD patients is indicated for symptomatic
individuals. However, in the case of uncontrolled CS or
a progressive carcinoid tumor, a significant number of
symptomatic patients are not referred for valve surgery
[5]. These findings suggest that all patients with SI-NENs
require frequent cyclic analysis of their clinical status and
TTE performance (every 3–6 months) to identify the initial
development of CHD.
There is a continued development of surgical techniques for patients with TR. The use of a first-generation
transcatheter tricuspid valve implantation device to treat
severe symptomatic functional TR is linked to an improvement in the functional status with tolerable in-hospital
mortality [9]. The transcatheter tricuspid edge-to-edge
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Table 1. Patients undergoing valve surgery for carcinoid heart disease

Sex
Age of initial diagnosis of SI-NEN,
years
Histopathological grade

Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Patient 6

Male

Female

Female

Male

Female

Male

36

45

50

69

50

63

NET G2

NET G1

NET G1

NET G2

NET G2

NET G1

Size of the primary tumor (pathology), mm

20

69

40

10

45

20

Ki-67, %

10

1

2

5

3

2

pT (initial)

3

×

3

2

No data

×

N base on surgery/ follow-up/
/imaging

1

1

1

1

1

1

M base on surgery/follow-up/
/imaging

1

1

1

1

1

1

Primary tumor resection

No

No

Yes

Yes

Yes

No

None

Atrial hypertension, chronic
kidney disease
stage 3

Multiple sclerosis,
after uterine
appendages
resection

Atrial hypertension, thrombocytopenia, mild
anemia

Atrial hypertension

Atrial hypertension

Carcinoid syndrome symptoms

Yes

Yes

No

Yes

Yes

Yes

LVEF, %

65

62

55

62

60

60

Mild

Mild

Severe

Mild

None

None
Severe

Comorbidities

Mitral valve regurgitation

Severe

Severe

Severe

Severe

Severe

Aortic valve regurgitation

Tricuspid valve regurgitation

Mild

None

None

Mild

Mild

None

Pulmonary valve regurgitation

None

Mild

Mild

Mild

Severe

None

Preoperative NYHA class

II

III

III

II

III

IV

TVR

TVR + PVR

TVR + MVR

TVR

TVR

TVR

Percutaneous/open heart surgery

Open heart surgery after failed
percutaneous
procedure

Open heart
surgery

Open heart
surgery

Open heart surgery after failed
percutaneous
procedure

Open heart
surgery

Open heart
surgery

Concomitant procedures: CABG or
ASD/PFO repair

None

None

None

None

None

None

Tamponade in
perioperative period, pacemaker
implantation due
to third-degree atrio-ventricular block

No

No

Died due to
progression of
cardiac failure

Stroke with
temporary
right-sided
hemiparesis

Died during
cardiac surgery
due to cardiac
failure

Type of valve surgery

Early complications

Overall survival, months
Survival after valve surgery
Cause of death

30

70

43

49

27

34

~3 years

~1 year

~3 years

<1 month

~1 year

<1 month

—

Died due to recurrent pleural effusion and tumor
progression

—

Died due to
progression of
heart failure

Progressive
cachexia. Died
due to tumor
progression

Died during
cardiac surgery
due to cardiac
failure

Abbreviations: ASD, atrial septal defect; CABG, coronary artery bypass grafting; LVEF, left ventricular ejection fraction; MVR, mitral valve replacement; NET, neuroendocrine
tumours; NYHA, New York Heart Association; PVR, pulmonary valve replacement; SI-NEN, neuroendocrine neoplasms of the small intestine; TVR, tricuspid valve replacement

repair may be a safe and possibly effective treatment for
patients with HF and significant TR, leading to the reduction of TR’s severity severity and clinical improvement [10].
In conclusion, carcinoid heart disease remains a tremendous challenge despite medical and surgical advances
in this field. The mortality rates suggest that valve surgery
for CHD is a high-risk procedure, but it might be valuable
to patients with symptomatic severe right heart valve
disease with at least a 12-month survival prediction due
to symptomatic improvement. However, short-term
mortality after valve replacement for CHD decreased in
the present era, and overall survival is mostly limited by
tumor progression. Patient selection, thorough preoperative planning, and perioperative management protocols,
all under the supervision of a multidisciplinary team, are
essential to succeed.
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