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Abstract
Carcinoid heart disease (CHD) is a rare cardiac complication that oc-
curs most commonly in patients with advanced neuroendocrine tu-
mors and is a known sequela of carcinoid syndrome. Neuroendocrine 
tumors most widely associated with CHD include tumors in the small 
bowel, followed by lung, large bowel, pancreatic, appendiceal, and 
ovarian neoplasms. Carcinoid syndrome is a paraneoplastic syndrome 
caused by the release of serotonin and other substances from neu-
roendocrine tumors. It results in a spectrum of symptoms, includ-
ing diarrhea, flushing, bronchospasm, and symptoms of congestive 
heart failure. Without treatment and for patients with advanced heart 
failure, the prognosis of CHD can be less than a year. Management 
of CHD is often challenging as patients typically present late, and 
the disease can progress rapidly. Therefore, optimal management of 
these patients requires close collaboration among various specialties 
to quantify disease burden, delay the progression of valvular disease, 
and determine the most effective surgical and medical management 
strategies depending on the cardiac manifestations to improve qual-
ity of life and reduce mortality. This involves a collaborative team, 
including cardiology and oncology, and often involves many other 
disciplines, including hepatobiliary and cardiovascular surgeons, en-
docrinologists, anesthesiologists, and gastroenterologists.

N euroendocrine tumors 
are rare solid tumors 
with an estimated inci-
dence of 6 per 100,000 

persons. They can occur in any part 
of the body and have a broad spec-
trum of diseases ranging from slow 
growing to highly aggressive malig-
nancies (Jin et al., 2021). Carcinoid 
syndrome is a paraneoplastic syn-
drome caused by the release of se-
rotonin and other substances from 

neuroendocrine tumors and results 
in a spectrum of symptoms, includ-
ing diarrhea, flushing, broncho-
spasm, and symptoms of congestive 
heart failure (Hassan et al., 2019; Jin 
et al., 2021). Approximately 20% to 
30% of patients with neuroendocrine 
tumors develop carcinoid syndrome 
(Uema et al., 2019). While carcinoid 
syndrome most commonly occurs in 
patients with liver metastases, it can 
occur in more localized disease (Jin J Adv Pract Oncol 2024;15(6):378–386

Th
is 

ar
tic

le 
is 

dis
tri

bu
te

d u
nd

er
 th

e t
er

m
s o

f t
he

 Cr
ea

tiv
e C

om
m

on
s A

ttr
ibu

tio
n N

on
-C

om
m

er
cia

l N
on

-D
er

iva
tiv

e L
ice

ns
e, 

wh
ich

 pe
rm

its
 un

re
str

ict
ed

 
no

n-
co

m
m

er
cia

l a
nd

 no
n-

de
riv

at
ive

 us
e, 

dis
tri

bu
tio

n, 
an

d r
ep

ro
du

cti
on

 in
 an

y m
ed

ium
, p

rov
ide

d t
he

 or
igi

na
l w

or
k i

s p
ro

pe
rly

 ci
te

d.

http://JADPRO.com
mailto:jessica.s.coviello@uth.tmc.edu
https://doi.org/10.6004/jadpro.2024.15.6.3


379JADPRO.com Vol 15  No 6  Sep/Oct 2024

CARCINOID HEART DISEASE PRACTICE MATTERS

et al., 2021). Carcinoid heart disease (CHD) is a 
rare cardiac complication that occurs most com-
monly in patients with advanced neuroendocrine 
tumors and is a known sequela of carcinoid syn-
drome (Grozinsky-Glasburg et al., 2022; Hassan et 
al., 2019; Laskaratos et al., 2021; Uema et al., 2019). 
Neuroendocrine tumors most associated with 
CHD include tumors in the small bowel (4%), fol-
lowed by lung (4%), large bowel (4%), pancreatic 
(1%), appendiceal (1%) and ovarian neoplasms 
(1%–3%; Laskaratos et al., 2021). 

Carcinoid heart disease is characterized by 
plaque-like deposits on fibrous tissues, primar-
ily occurring on heart valves, but can also involve 
other cardiac structures, including the cardiac 
chambers, pulmonary arteries, and coronary sinus 
(Hassan et al., 2019; Rubin de Celis Ferrari et al., 
2018). This is related to the secretion of vasoac-
tive substances released into systemic circula-
tion by neuroendocrine tumors that results in tis-
sue fibrosis, most commonly on right-sided heart 
valves, causing regurgitation and/or stenosis and 
subsequent right ventricular dilatation and dys-
function (Grozinsky-Glasburg et al., 2022; Las-
karatos et al., 2021; Steeds et al., 2019; Uema et al.; 
2019). While CHD most commonly includes right 
heart involvement, approximately 5% to 10% of 
cases result in left heart involvement, with these 
cases most often associated with lung neuroen-
docrine tumors, patent foramen ovale, or diffuse 
liver metastases (Uema et al., 2019). 

The development of CHD occurs in about 19% 
to 50% of patients with carcinoid syndrome (Gro-
zinsky-Glasburg et al., 2022; Rubin de Celis Fer-
rari et al., 2018). This wide range in incidence is 
likely related to variance in patient population, ac-
cess to somatostatin analogs, how CHD is defined, 
and methods used for diagnosis (Rubin de Celis 
Ferrari et al., 2018). Risk factors for the develop-
ment of CHD include elevated levels of serotonin 
and urinary 5-hydroxyindoleacetic acid (5-HIAA), 
in addition to high liver tumor burden and prior 
cardiovascular disease (Alves et al., 2018).

The development of CHD is a poor prognos-
tic factor in patients with neuroendocrine tumors, 
with reduced overall survival at 3 years of 31% in 
patients with CHD, in comparison to 69% in pa-
tients without CHD (Grozinsky-Glasburg et al., 
2022). Without treatment and for patients with 

advanced heart failure, the prognosis of CHD has a 
median survival of 11 months (Hassan et al., 2019). 

The management of CHD is often challenging, 
as patients typically present late, and the disease 
can progress rapidly (Hassan et al., 2019; Steeds 
et al., 2019). Therefore, optimal management of 
these patients requires close collaboration among 
various specialties to quantify disease burden, de-
lay the progression of valvular disease, and deter-
mine the most effective surgical and/or medical 
management strategies depending on the cardiac 
manifestations in order to improve quality of life 
and reduce mortality (Hassan et al., 2019). 

SIGNS AND SYMPTOMS
The presentation of patients with CHD varies, 
although most patients are initially asymptom-
atic. Isolated tricuspid valve regurgitation is seen, 
and most patients exhibit pulmonic valve regur-
gitation or stenosis. These valvular dysfunctions 
lead to right-sided heart failure, which generally 
presents with lower extremity edema (Ram et al., 
2019). In patients with nonocclusive coronary ar-
tery disease, coronary artery vasospasm can be as-
sociated with CHD. The presence of vasospasm is 
associated with serotonin-inducing vasoconstric-
tion in diseased endothelium (such as in patients 
with atherosclerotic disease). Less commonly, pa-
tients may experience arrhythmias, in which sero-
tonin incites paroxysmal ventricular tachycardias 
and atrial arrhythmias (Ram et al., 2019). Patients 
diagnosed with CHD often experience dyspnea, 
fatigue, a systolic murmur heard best along the 
sternal border and increased with inspiration, 
jugular venous pressure elevation with prominent 
V wave, ascites, peripheral edema, and pleural ef-
fusions (Davar et al., 2017).

PATHOPHYSIOLOGY
The pathophysiologic patterns of CHD are com-
plex and not entirely understood. Ultimately, they 
create a cascade of physiologic events that lead to 
fibrosis of cardiac structures, mostly of the right 
heart. Fibrosis is the primary driver influenced by 
the interaction of serotonin, growth factors, ki-
nins, and peptides (Bober et al., 2020).

The principal contributor of carcinoid syn-
drome is serotonin (5-hydroxytryptamine; 5-HT), 
but there are over 40 other vasoactive substances 
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that are also responsible (Table 1). Predominant 
are the tachykinins (neurokinin A, neuropeptide 
K, and substance P), prostaglandins, histamine, 
transforming growth factor β, and bradykinin. 
These peptides are secreted by neuroendocrine 
tumor cells and do not act independently of each 
other but by way of pathway crosstalk that ulti-
mately leads to fibrosis of cardiac tissue (Baron et 
al., 2021; Subash et al., 2022; Figure 1). 

The serotonin receptor is most abundant in 
the heart. The stimulation of these receptors in-
creases the mitogenic cell activity of cardiomyo-
cytes and fibroblasts, resulting in the release of 
proinflammatory cytokines and transforming 
growth factor β. Fibrosis occurs on the endocar-
dial surfaces of valve leaflets and can cause fused 
and shortened chordae tendineae and thickened 
papillary muscle. These are both characteristics 
of CHD. These deposits are comprised of fibrosed 
tissue. The left heart is involved only when a high 
burden of vasoactive agents exceeds the degrada-
tion of this substance, primarily in the liver or lung, 
where these bioactively secreted substances are 
metabolized and inactivated. Carcinoid syndrome 
only occurs if the active metabolite 5-HT makes 
it to the systemic circulation, bypassing these two 
pathways usually because of organ metastasis or 
exceedingly high levels of these vasoactive agents. 
Examples include retroperitoneal metastasis and 
bronchial carcinoids that are associated with car-
cinoid syndrome because vasoactive agents have 
been released into the systemic circulation via the 
inferior vena cava to the right heart or, in the case 
of retroperitoneal metastasis, into the renal vein 
leading to the inferior vena cava bypassing inac-
tivation in the liver. In the case of lung metastasis 
or the rare instance of primary pulmonary tumor 
location, the left heart is exposed to the pathologic 
changes associated with CHD (Bober et al., 2020; 
Laskaratos et al., 2021; Subash et al., 2022).

RIGHT-SIDED HEART FAILURE
Carcinoid heart disease may remain clinically un-
detectable until advanced pathology has occurred. 
A first presentation with symptoms of advanced 
right-sided heart failure may account for the asso-
ciation between CHD and poor long-term progno-
sis (Alizadehasl et al., 2021; Ram et al., 2019). Sev-
eral presenting right-sided heart failure symptoms 

are directly related to right ventricular dilation in 
response to the increasing volume load imposed 
by valvular dysfunction. Volume pressure trans-
ferred back to the venous system manifests in pe-
ripheral edema, jugular vein distention, pleural ef-
fusions, and weight gain. Congestive hepatopathy 
produces pulsatile hepatomegaly, elevated liver 
enzymes, coagulopathy, bleeding risk, and ascites 
(Francis, 2022). Stomach and intestinal conges-
tion exacerbate abdominal distension, discomfort, 
early satiety, malnutrition, and cardiac cachexia. 
Pleural effusions, ascites, and peripheral edema 
without right-sided heart failure may be related to 
liver insufficiency, malnutrition, or tumorous ve-
nous obstruction (Bober et al., 2020). 

Mechanisms contributing to decreased right 
ventricular output and left ventricular filling cul-
minate in dyspnea on exertion and fatigue. 3D 
echocardiogram confirms early right ventricular 
contractile impairment independent of, yet later 
worsened by, valvular dysfunction (Khay et al., 
2018; Lyon et al., 2022). Contractility may also be 
negatively impacted by right ventricular ischemia 
in the setting of underlying coronary artery disease, 
as CHD produces vulnerability of diseased endo-
thelium to vasoconstriction and coronary stents 
to stenosis (Alizadehasl et al., 2021; Jin et al., 2021; 
Ram et al., 2019). Right ventricular contractility is 
initially preserved at rest while the contractile re-
serve for increased activity progressively declines. 

Typically, pericardial restraint assures a limit 
to the cross-sectional expansion of the right and 
left ventricles, creating diastolic ventricular in-
terdependence. As CHD progresses, this interde-
pendence becomes exaggerated during exercise, 
compromising left ventricular filling (Bigler et 
al., 2020). Diastolic left ventricular filling is ini-
tially maintained as the dilating right ventricu-
lar is matched with a gradual stretching of the  
pericardium. As volume overload progresses to a 

Table 1. �Vasoactive Peptides Associated With 
Fibrogenesis in Neuroendocrine Tumors

	• Serotonin receptor type 5-HT2b    
	• Bradykinin A
	• Neuropeptide K
	• Prostaglandins
	• Substance P
	• Transforming growth factor β
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critical point, pericardial restraint will dramatical-
ly increase with the acute increase in venous return 
accompanying exercise (Reddy, 2021). This, along 
with septal bowing into the left ventricular, signifi-
cantly compromises left ventricular filling, stroke 

volume, and cardiac output when needed. Fatigue 
with decreasing activity levels becomes evident.

Additionally, metaboreceptor stimulation of 
the respiratory center in inadequate tissue oxygen 
delivery produces dyspnea on exertion. Dyspnea 

NiacinConversion of tryptophan Serotonin in normal and carcinoid cells

Dietary tryptophan 

Normal cells 1% 
converted in the liver 
via niacin to serotonin

Carcinoid cells

Depletes niacin synthesis

70% increase 
in serotonin

Increase in serum 
serotonin level

Signs and 
symptoms
Flushing

Diarrhea

Bronchospasm

Hyperglycemia

Figure 1. Pathophysiologic pathways leading to symptoms.

http://JADPRO.com


382J Adv Pract Oncol JADPRO.com

KUHNLY et al.PRACTICE MATTERS

on exertion is further exacerbated by lung conges-
tion resulting from the reflection of increased left 
heart pressure exerted by a growing pericardial 
restraint during exercise into the pulmonary cap-
illaries (Reddy, 2021). 

Although valve replacement does not con-
sistently improve right ventricular function, de-
creased right ventricular size has been observed 
following both tricuspid valve and pulmonary 
valve replacement (Connolly et al., 2002). This 
size reduction alleviates most symptoms of right-
sided heart failure despite unchanged function. In 
the past, medical treatment to palliate right-sided 
heart failure symptoms was recommended. Surgi-
cal valve replacement was reserved for severely 
symptomatic patients. With the knowledge that 
perioperative mortality increases with the severity 
of preoperative right-sided heart failure and the 
safety of improved valve replacement techniques, 
early intervention has become preferable, although 
guidelines for the timing of surgery have not been 
established (Alizadehasl et al., 2021; Balanescu et 
al., 2018; Bober et al., 2020; Luthra et al., 2020; 
Lyon et al., 2022; Sanchez-Nadales et al., 2020).

SCREENING AND DIAGNOSTICS
Most often, patients undergo workup for CHD af-
ter presenting to the hospital with signs of right-
sided heart failure. In addition, patients with the 
noncardiac symptoms of carcinoid syndrome, in-
cluding flushing, wheezing, diarrhea, and abdomi-
nal pain, undergo workups. The workup includes 
plasma level and/or urinary excretion of 5-HIAA, 
serum level of glycoprotein chromogranin A 
(CgA), and natriuretic peptides. Echocardiogra-
phy remains the mainstay for diagnosis of CHD. 
Evaluation of the tricuspid and pulmonary valve 
involvement, right ventricular size and function 
of left-sided valves, presence of patent foramen 
ovale, and any cardiac metastases is imperative 
to evaluate the extent of CHD (Baron et al., 2021; 
Lyon et al., 2022). Of note, the electrocardiogram 
is often performed in patients, although it yields 
little diagnostic support as it often demonstrates 
sinus tachycardia and nonspecific ST-T abnormal-
ities (Ram et al., 2019).

Completing a urine analysis and serum anal-
ysis for 5-HIAA levels is necessary for diagnosis 
and follow-up of carcinoid syndrome. Carcinoid 

tumors release 5-HT and metabolize in the liver, 
lungs, and brain to 5-HIAA. In patients with carci-
noid syndrome, levels of 5-HT are elevated and of-
ten accompanied by diarrhea. In patients who have 
no symptoms of carcinoid syndrome, rarely are the 
urinary 5-HIAA levels markedly high, but instead 
may have slightly increased levels. Plasma and 
urinary levels are significantly higher in patients 
with CHD compared with those without cardiac 
involvement. While studies show that 5-HIAA is 
a significant predictor of CHD, sampling can be 
technically challenging. Urinary 5-HIAA levels 
require complete 24-hour sampling. Certain foods 
rich in tryptophan can skew the results by causing 
an elevation in urinary excretion of 5-HIAA and 
lead to a false negative. Drugs may also increase 
these levels, including acetaminophen, ephedrine, 
and diazepam, among others.

Conversely, particular drugs may lead to false 
negative results, including aspirin and levodopa. 
More recently, plasma analysis for 5-HIAA has 
been utilized, as it is more convenient for the pa-
tients and simpler to collect. Studies have shown 
similar associations between CHD progression 
and elevated 5-HIAA levels (Davar et al., 2017).

A valuable biomarker of CHD is N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) us-
ing a cutoff level of 250 pg/mL. Bhattacharyya and 
colleagues (2007) showed that levels were signifi-
cantly higher in patients with CHD (median 1,149 
pg/mL) than in carcinoid patients without heart 
disease (median 101 pg/mL). NT-proBNP carries a 
sensitivity rate of 92% and a specificity rate of 91%. 
There was also an association between high levels 
of NT-proBNP and patients experiencing worse 
symptoms (Davar et al., 2017; Lyon et al., 2022). 
Chromogranin A is an established biomarker for 
neuroendocrine tumors. It is a glycoprotein re-
leased by neuroendocrine tumor cells and is ele-
vated in more than 80% of patients with advanced 
carcinoid tumors. Chromogranin A carries a high 
sensitivity value (up to 100%) but specificity of 
only 30% to predict severe CHD. Therefore, it is in-
dicated to assess for neuroendocrine tumor recur-
rence or tumor progression and not recommended 
as a screening test for CHD. It can, however, be 
helpful in prognostication as it can be useful in as-
sessing mortality. Elevated levels of both NT-proB-
NP and CgA are associated with higher mortality.
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Patients with CHD with elevated CgA levels 
and normal NT-proBNP had a survival probability 
of 44% after 5 years. In contrast, patients with el-
evated levels of both had only a 16% survival prob-
ability (Davar et al., 2017). Research surrounding 
other biomarkers, including activin A, is ongoing 
and may lead to updates in the clinical practice 
guidelines for patients with CHD.

Abnormalities seen on echocardiography in a 
patient with CHD vary depending on the level of 
cardiac involvement. On evaluating the tricuspid 
valve in a patient with CHD, it is typical to see a 
dilated annulus and diffusely thickened, retract-
ed leaflets with a loss of pliability. Chordae may 
also be thickened and shortened, which may have 
some effect on papillary muscles at times. It may 
also reveal severe tricuspid regurgitation and, very 
rarely, tricuspid stenosis (Baron et al., 2021). Eval-
uation of the pulmonary valve may reveal leaflet 
thickening, retraction, and restricted mobility in 
CHD with combined pulmonic regurgitation and 
stenosis. The right ventricle may appear dilated, 
with diastolic septal flattening, right ventricular 
remodeling, and initially increased systolic func-
tion, followed by a decline due to right ventricular 
failure over time. Evaluation for a patent foramen 
ovale is critical, as right-to-left shunting may oc-
cur in this setting, enabling the active substances 
to affect the left-sided valves by bypassing the pul-
monary passage deactivation process. Aortic and/
or mitral regurgitation is seen chiefly in cases in-
volving the left-sided valves, but it is mostly not 
severe (Baron et al., 2021). Transthoracic echo-
cardiography is an efficacious imaging modality, 
although some patients may require transesopha-
geal imaging. This poses a potential problem, as 
a carcinoid crisis may be triggered during trans-
esophageal echocardiography.

The use of cardiac MRI is increasing in the di-
agnostic workup of patients with CHD. Typically, 
it is utilized in patients with insufficient or incon-
clusive echocardiography results. It allows for ac-
curate quantification of valvular regurgitation and 
provides better data than echocardiography in 
this respect. Cardiac MRI also provides the abil-
ity to characterize the cardiac muscle tissue and 
identify cardiac metastases (Baron et al., 2021).

Davar and colleagues (2017) proposed a 
screening algorithm for patients with metastatic 

neuroendocrine tumors to investigate the pres-
ence of CHD. It involves a clinical assessment and 
measurement of NT-proBNP every 6 months. In 
cases in which clinical features suggest CHD and/
or NT-proBNP levels are greater than 250 ng/mL, 
it is recommended to perform transthoracic echo-
cardiography (preferably with contrast bubble 
study to evaluate for patent foramen ovale). If the 
transthoracic echocardiogram is normal, the pa-
tient will return to every-6-month screenings. If it 
is diagnostic of CHD, the patient should be referred 
to a cardiologist with a background in treating it. If 
the echocardiogram reveals abnormal pathology 
but does not suggest CHD, the patient should be 
referred to a cardiologist. Following a screening al-
gorithm is essential in early diagnosis and prompt 
treatment (Davar et al., 2017; Lyon et al., 2022). 

MANAGEMENT
The treatment of advanced metastatic carcinoid 
includes agents that block the biologically active 
mediators, cytotoxic treatment in highly prolifera-
tive tumors, somatostatin receptor–based peptide 
radionuclide therapy, and transcatheter emboliza-
tion and/or surgical removal of the tumors (Baron 
et al., 2021). Typically, there is a multifaceted ap-
proach to managing CHD. This management in-
volves a collaborative team, including cardiology 
and oncology, and often involves many other disci-
plines, including hepatobiliary and cardiovascular 
surgeons, endocrinologists, anesthesiologists, and 
gastroenterologists. The treatment of carcinoid 
syndrome involves somatostatin analogs, such as 
long-acting octreotide and lanreotide autogel (Las-
karato et al., 2021). If further treatment is required, 
there are other options. These include interferon 
alfa, telotristat ethyl to reduce serotonin secre-
tion, peptide receptor radionuclide therapy, tran-
sarterial embolization, and surgical cytoreduction. 
These treatments remain the mainstay and adjunct 
options for carcinoid syndrome. This review will 
focus on the treatments specific to CHD, involving 
surgery and perioperative management. 

In valvular disease and heart failure from 
CHD, treatment typically follows American Col-
lege of Cardiology/American Heart Associa-
tion guidelines for heart failure, which include 
guideline-directed medical therapy involving 
blood pressure management with angiotensin-
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converting enzyme (ACE) inhibitors, angioten-
sin II receptor blockers (ARB), diabetes control, 
healthy lifestyle habits, beta-blockers, and statin 
therapy (Heidenreich et al., 2022). In patients 
with carcinoid-induced ventricular tachycardia, 
beta-blockers may be helpful. Diuretics must be 
used cautiously to minimize the reduction in car-
diac output in patients with right-sided dysfunc-
tion. Blood pressure management involving ACE 
inhibitors, ARB, renin inhibitors, and spironolac-
tone is typically discontinued prior to surgical in-
tervention to mitigate hemodynamic instability in 
the perioperative setting (Jin et al., 2021). 

SURGICAL INDICATIONS AND 
ANESTHESIA MANAGEMENT
The recommendation to undergo cardiac surgery 
should be based on the goals of prolonging surviv-
al and improving a patient’s quality of life (Davar 
et al., 2017). Surgery is indicated for severe val-
vular dysfunction, symptomatic right ventricular 
failure, and to reduce systemic venous pressure 
elevation in preparation for hepatic resection of 
carcinoid tumor. The recommended procedures 
may include tricuspid or pulmonic valve replace-
ment, and less commonly, aortic or mitral valve re-
placement, patent foramen ovale closure, or meta-
static tumor excision (Davar et al., 2017). These 
open-heart surgeries are traditionally performed 
through a full median sternotomy, requiring car-
diopulmonary bypass.

Tricuspid valve replacement with or without 
pulmonic valve replacement is the most com-
monly indicated surgery. Albåge and Montibello 
(2020) note that pulmonic valve regurgitation and 
stenosis may be underestimated in the presence 
of severe tricuspid regurgitation, and severe pul-
monic valve disease may be unmasked following 
isolated tricuspid valve replacement. Therefore, 
pulmonic valve intervention should be considered 
during tricuspid valve replacement. For 10% to 
15% of patients, left heart involvement may neces-
sitate the replacement of the mitral and/or aortic 
valves (Albåge & Montibello, 2020).

Once the decision is made to perform surgi-
cal valve replacement, the choice of mechanical 
vs. bioprosthetic valve must be considered. Me-
chanical valves resist degeneration but necessitate 
life-long systemic anticoagulation to prevent valve 

thrombosis. The risk of valve thrombosis is great-
er in the right heart than in the left heart, possibly 
because of lower pressures. Due to the high preva-
lence of liver dysfunction in this patient popula-
tion, anticoagulation medications may introduce 
an unacceptable bleeding risk. These patients also 
frequently require invasive procedures, which 
may be complicated by the need to maintain an-
ticoagulation (Sabet et al., 2020). Bioprosthetic 
valves do not require lifelong anticoagulation but 
are susceptible to the degenerative fibrotic depos-
its associated with progressive carcinoid disease 
(Jin et al., 2020). 

A newer alternative, percutaneous transcath-
eter valve replacement, has successfully been used 
to treat tricuspid bioprosthetic and pulmonic valve 
disease in patients with CHD (Luthra et al., 2020). 
These transcatheter techniques may be offered 
to patients who might not otherwise have been 
surgical candidates. In patients who have previ-
ously undergone sternotomy surgery and present 
with bioprosthetic valve degeneration or pulmon-
ic valve disease, this technique can be offered to 
avoid the increased risk of a redo sternotomy. 

Preoperative preparation must include recog-
nition and management of right heart dysfunction, 
often with the administration of inotropic and di-
uretic medications. Cardiology should optimize the 
treatment of patients with right heart disease. Pre-
operative optimization also includes limiting va-
soactive mediator release. Clinical manifestations 
of neuroendocrine release include facial flushing, 
fluctuating blood pressure, tachycardia, broncho-
spasm, and diarrhea. These symptoms should be 
managed with the administration of octreotide, 
which blocks the release of serotonin and other va-
soactive mediators. An octreotide infusion of 50 to 
100 μg/hr should be initiated 12 hours before sur-
gery (Castillo et al., 2018). Dehydration, electrolyte 
derangements associated with diarrhea, and poor 
nutrition are common and will likely require guid-
ed fluid and electrolyte replacement, nutritional 
support, and blood glucose control. 

A goal of anesthesia management is the pre-
vention, early diagnosis, and treatment of life-
threatening carcinoid crises. Such a crisis is a 
result of an uncontrolled release of vasoactive 
mediators that can potentially end in cardiovas-
cular collapse. Fluctuations in blood pressure 
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and tumor manipulation can trigger the release 
of vasoactive substances (Iglesias-Gonzalez et al., 
2022). Common triggers include anxiety, hypo-
thermia, and hypercapnia (Castillo et al., 2018). 
Intraoperative carcinoid crisis can be mitigated 
by hemodynamic optimization and the limitation 
of neuroendocrine production of vasoactive me-
diators throughout the preoperative, intraopera-
tive, and postoperative phases of care.

During cardiac surgery, the priority is to avoid 
triggers of carcinoid crisis, including hemody-
namic fluctuations. Therefore, anesthetic induc-
tion, endotracheal intubation, and initiation of 
cardiopulmonary bypass require careful manage-
ment. Medications that enhance histamine re-
lease, such as atracurium, meperidine, morphine, 
and hydromorphone, should be avoided. Fentanyl, 
remifentanil, desflurane, isoflurane, and sevoflu-
rane can be used (Wiederholt et al., 2022). The 
octreotide infusion, if continued intraoperatively, 
can be increased to 300 μg/hr. Bolus administra-
tion (50–100 μg) is used to prevent or treat symp-
toms suggestive of carcinoid crisis. The infusion 
can be continued postoperatively. Perioperative 
hypotension should be managed with phenyleph-
rine and vasopressin as opposed to sympathomi-
metics epinephrine, norepinephrine, dopamine, 
and ketamine (Wiederholt et al., 2022). Histamine 
receptor antagonists (H1 and H2 or H1 alone) are 
also recommended (Castillo et al., 2018; Wieder-
holt et al., 2022).

CONCLUSIONS
Carcinoid syndrome is a rare cause of acquired 
valve disease occurring mainly with the right 
heart valves, although left-sided involvement can 
also be seen. Survival has improved in patients 
with carcinoid tumors with the use of somatosta-
tin analogues and surgical and transcatheter in-
terventions. The management of CHD is often 
challenging as patients can present late with rap-
idly progressing disease. Poor access to medical 
care has also been reported as an added reason 
for delay (Sharma et al., 2023). Considering so-
cial determinants of health is an important part 
of the initial assessment for the advanced prac-
tice provider. An awareness of the disease is es-
sential in the early diagnosis as is the need for 
close collaboration among various specialties to 

quantify disease burden, delay the progression of 
valvular disease, and determine the most effec-
tive surgical and/or medical management strate-
gies to improve quality of life and reduce mortal-
ity. Future research is needed to better define the 
best therapeutic options. l
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