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Background Carcinoid heart disease is present in approximately 20% of the patients with carcinoid syndrome and is associated with poor
prognosis. It usually manifests with right-sided valvular involvement including tricuspid insufficiency and pulmonary stenosis.
Patent foramen ovale (PFO) is present in approximately 50% of the patients with carcinoid heart disease which is twice higher
than the general population. Right-to-left shunting through a PFO can occur either due to higher right atrial pressure than left
(pressure-driven) or when the venous flow is directed towards the PFO (flow-driven) in the setting of normal intracardiac
pressures. We report a rare case of flow-driven right-to-left atrial shunting via PFO in a patient with carcinoid heart disease.

...................................................................................................................................................................................................
Case summary A 54-year-old male with a metastatic neuroendocrine tumour to liver presented with progressive shortness of breath

for 5 months. Patient was found to be hypoxic with oxygen saturation of 78% and examination revealed a holosystolic
murmur. Arterial blood gas showed oxygen tension of 43 mmHg. A transthoracic and transoesophageal echocardio-
gram showed aneurysmal inter-atrial septum with a PFO, severe tricuspid regurgitation directed anteriorly towards
the inter-atrial septum leading to a marked right-to-left shunt. Right heart catheterization showed right atrial pressure
of 8 mmHg, mean pulmonary artery pressure of 12 mmHg, and normal oxygen saturations in the right atrium, right
ventricle, and pulmonary arteries. The patient then underwent closure of the PFO along with tricuspid valve and pul-
monary valve replacement at an experienced cardiovascular surgical centre and has been asymptomatic since.

...................................................................................................................................................................................................
Conclusion Right-to-left shunting through a PFO in patients with normal right atrial pressure can be successfully treated with

closure of the PFO. Thus, understanding the mechanism of intracardiac shunts is important to accurately diagnose
and treat this rare and fatal condition.
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Learning points
• Patients with carcinoid heart disease presenting with hypoxia should have a high suspicion of patent foramen ovale (PFO) and right to left

intracardiac shunt.
• Patients with carcinoid heart disease have a higher prevalence of PFO of 59% compared to the general population in which it is 20–25%.
• In presence of right to left intracardiac shunting through a PFO in patients with normal right atrial pressure, one should have a high suspicion

of flow-driven shunting mechanism.
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Introduction

Carcinoid heart disease is present in approximately half of the
patients with carcinoid syndrome and is associated with poor prog-
nosis. It usually manifests with right-sided valvular involvement includ-
ing tricuspid insufficiency and pulmonary stenosis.1 Patent foramen
ovale (PFO) is present in approximately 50% of the patients with car-
cinoid heart disease which is twice higher than the general
population.2Right-to-left (R-L) atrial shunting through a PFO occurs
because of higher right atrial pressure than left atrial pressure (pres-
sure-driven shunting)3 or when venous flow is directed towards the
PFO (flow-driven shunting) in normal intracardiac pressures.4 We re-
port a rare case of flow-driven R-L atrial shunt via PFO as a result of
tricuspid regurgitation and normal right atrial pressure in a patient
with carcinoid heart disease.

Timeline

Case presentation

A 54-year-old Caucasian male presented to our institution with pro-
gressive shortness of breath, fatigue, and refractory hypoxia on home
oxygen. His medical history was significant for hypertension, hyperlip-
idaemia, and coronary artery disease requiring percutaneous coron-
ary intervention to the left circumflex coronary artery. Fifteen
months prior to admission, he was diagnosed with a jejunal low-
grade neuroendocrine tumour with metastases to the liver. At that
time, the patient received monthly treatment of octreotide and che-
moembolization for the liver lesions. Five months prior to admission
due to persistence of symptoms and liver lesions, he was treated
with 5-fluorouracil and temozolomide via a right internal jugular cath-
eter. The patient reported dyspnoea since that time.

On admission, the patient’s oxygen saturation was 78% on room
air in an upright position, which did not improve in a supine pos-
ition. Oxygen saturation slightly improved to 86% with an inspired
oxygen concentration of 100%. A physical exam revealed a Grade
3/6 holosystolic murmur best heard at the left lower sternal bor-
der. An arterial blood gas analysis was significant for marked hyp-
oxaemia with oxygen tension of 43 mmHg. Chest radiography was
within normal limits. Electrocardiogram showed normal sinus
rhythm without any ischaemia changes. A chest computed tomog-
raphy angiography was negative for pulmonary embolism or any

15 months

prior

• Diagnosed with neuroendocrine tumour with me-

tastasis to liver and was started on monthly

octreotide as well as chemoembolization for liver

lesions.

5 months

prior

• Right internal jugular catheter was inserted to ini-

tiate treatment with 5-fluorouracil and temozolo-

mide after which patient started experiencing

shortness of breath.

Day 1 • Presented with progressive shortness of breath

and refractory hypoxia.
• Arterial blood gas analysis showed marked hypox-

aemia (oxygen tension of 43 mmHg). Other tests

including chest radiography, electrocardiogram,

and chest computed tomography angiography

were normal.

Day 3 • 2D transthoracic echocardiogram showed mod-

erate to severe dilation of the right ventricle,

moderate tricuspid regurgitation, and a right-to-

left (R-L) shunt with the injection of agitated

saline.

Day 5 • A transoesophageal echocardiogram showed an

aneurysmal inter-atrial septum (Figure 1A) with a

patent foramen ovale (PFO) and a deformed tri-

cuspid valve with severe tricuspid regurgitation

anteriorly directed across the PFO causing an R-L

shunt (Figure 1B and C) and (Video 1). Mild–mod-

erate pulmonic stenosis on the Doppler analysis

was also noted.

Day 8 • Left and right heart catheterization was per-

formed which showed non-obstructive coronary

Continued

artery disease, normal intracardiac pressures, and

an R-L shunt with a Qp:Qs (ratio of pulmonary

blood flow to systemic blood flow) of less than 1.

(Table 1).

Day 13 • Transferred to an experienced cardiovascular sur-

gical centre for PFO closure and tricuspid valve

replacement.

Day 24 • Underwent bioprosthetic tricuspid valve and pul-

monic valve replacement with patch augmentation

of the right ventricular outflow tract. The PFO

was surgically closed with several interrupted

sutures.

Post-operative

hospital

course

• Prolonged hospitalization in an intensive care unit

and developed a post-operative Klebsiella infec-

tion from the central line, which was appropriate-

ly treated.

Post-operative

day 36

• Patient was discharged with an oxygen saturation

of 95% on room air.

post-operative

2 months

• Echocardiogram showed normal functioning tri-

cuspid (Figure 2A) and pulmonic bioprosthesis.

Agitated saline study was negative for intracardiac

shunt (Figure 2B).
• Patient remained asymptomatic and no hypoxic

events noted.

Post-operative

22 months

• Follow-up in oncology clinic. Patient remains

asymptomatic.

2 P. Dherange et al.
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..evidence of intrathoracic disease. A 2D transthoracic echocardio-
gram (TTE) had severe dilation of the right chambers, severe tri-
cuspid valve regurgitation with an estimated right ventricular
pressure of 35 mmHg. Right-to-left shunt was seen with injection
of agitated saline. A transoesophageal echocardiogram was then
performed that showed an aneurysmal inter-atrial septum
(Figure 1A) with a PFO and marked R-L shunt evident by colour
and with the injection of agitated saline (Figure 1B). In addition, the
tricuspid valve was thickened and tethered with restricted motion
of the anterior leaflet. There was colour Doppler evidence of se-
vere tricuspid regurgitation with an anteriorly directed jet across
the PFO leading to a marked R-L shunt (Figure 1C, Video 1). The mi-
tral valve structure was normal with mild regurgitation. The pul-
monic valve was not well visualized; however, there was mild–
moderate pulmonic stenosis with Doppler analysis.

Right and left heart catheterization were performed on Day 8 of
the presentation (in December 2016), to measure shunt fraction and
left atrial oxygen saturation (Table 1). An R-L cardiac shunt was con-
firmed by a Qp:Qs (ratio of pulmonary blood flow to systemic blood
flow) of <1 and absence of improvement in oxygenation despite
increasing oxygen supplementation. Coronary angiography showed
non-obstructive coronary artery disease and patent stent in the left
circumflex coronary artery. Given these findings, the patient was
referred for PFO closure and tricuspid valve replacement.
Subsequently, he underwent tricuspid valve replacement with a

31 mm St Jude Epic VR bioprosthesis and pulmonic valve replacement
with a 27 mm St Jude EpicVR bioprosthesis (intra-operative assessment
of the pulmonic valve showed a thickened and retracted valve) with
patch augmentation of the right ventricular outflow tract.
Bioprosthetic valves were placed for the ease of surgical planning and
anticoagulation management for future treatment of the patient’s
underlying disease. The PFO was surgically closed with several inter-
rupted sutures. The patient had a prolonged hospitalization in an in-
tensive care unit and developed a post-operative Klebsiella infection
from the central line. Staphylococcus aureus was also found in his spu-
tum and this was appropriately treated. At the time of discharge, the
patient had an oxygen saturation of 95% on room air.

A TTE performed at 2 months and 12 months post-operative
showed normal functioning tricuspid (Figure 2A) and pulmonic valve
bioprostheses. An agitated saline study was negative for intracardiac
shunt (Figure 2B). The patient had no further hypoxic events and was
asymptomatic 22 months after surgery.

Discussion

The incidence of carcinoid tumours is approximately 1 in 75 0005

with a 29-year prevalence of 35 in 100 000 (estimated between 1973
and 2004)6 and about 50% of patients develop carcinoid syndrome.1

Carcinoid heart disease, also known as Hedinger syndrome is present
in approximately 20% of patients with carcinoid syndrome.7 Patients

Figure 1 Transoesophageal echocardiogram bicaval view showing: (A) aneurysmal inter-atrial septum (yellow arrow), (B) positive bubble study
through the patent foramen ovale, and (C) tricuspid regurgitation jet (white arrow) directed towards atrial septum causing an R-L shunt.

Flow-driven right-to-left cardiac shunting in carcinoid heart disease 3
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..with carcinoid heart disease present with early symptoms of right-
sided valvular heart disease, including fatigue and dyspnoea on exer-
tion, secondary to tricuspid regurgitation and pulmonic valve sten-
osis. As the disease progresses, right-sided heart failure occurs in a
majority of patients causing worsening dyspnoea, oedema, and ascites
owing to severe dysfunction of the tricuspid and pulmonary valves.1

Carcinoid heart disease causing severe valvular heart disease has be-
come a major cause of morbidity and morbidity in patients with ma-
lignant carcinoid disease and has a 3-year survival rate of only 31%.8

In patients with severe cardiac involvement, valvular surgery is the
best modality of treatment in terms of relieving symptoms and
improving outcomes.9

PFO is a remnant of foetal circulation through which unidirectional
blood flows from right to left atrium. It has a prevalence of 59% in
patients with carcinoid heart disease, which is higher than the overall
prevalence of 20–25% in the adult population.2 In normal circumstan-
ces, the left atrial pressure is higher than the right atrial pressure;
thus, there is no blood flow from the right atrium to the left atrium

through a PFO. However, haemodynamic or anatomic changes can
cause shunting of blood from R-L via a pressure-driven shunting
mechanism10 or a flow-driven shunting mechanism,4 respectively.

Traditionally, in a patient with carcinoid heart disease, haemo-
dynamic changes occur due to right-sided valve involvement causing
either tricuspid regurgitation or due to pulmonic stenosis. This causes
right-sided volume or pressure overload, leading to right atrial and
ventricular enlargement and eventually causes right ventricular sys-
tolic dysfunction. When the right atrial pressure exceeds the left
atrial pressure, R-L shunting through PFO can be seen through a
pressure-driven shunting mechanism.3 This causes dyspnoea from
symptomatic hypoxaemia. Many patients can present with platyp-
noea–orthodeoxia syndrome where deoxygenation and dyspnoea
occurs in upright position (orthodeoxia) and is relieved in a supine
position (platypnoea).11

In our case report of carcinoid heart disease, a flow-driven R-L car-
diac shunting was seen through a PFO in the setting of normal intracar-
diac pressures. Such a shunting mechanism in a patient with carcinoid
heart disease is a rare finding. To our knowledge, there have been
three such cases reported in the literature (Table 2). Chaudhari et al.12

reported a case of a patient with carcinoid heart disease causing R-L
shunt via flow-driven mechanism due to external compression of the
vena cava by tumour mass directing caval blood towards the PFO. The
other two cases were reported by Yang et al.13 and Wrona et al.14

(Table 2), and like our patient showed flow-driven R-L shunting due to
the tricuspid regurgitation jet directing deoxygenated blood towards
the PFO, resulting in hypoxaemia and dyspnoea.

Conclusion

Right-to-left shunting through a PFO in patients with normal right
atrial pressure due to flow-driven shunting mechanism can be suc-
cessfully treated with closure of the patent foramen ovale. Thus,
understanding the mechanism of intracardiac shunts in carcinoid
heart disease is important to accurately diagnose and treat this rare
and fatal cause of acquired cyanotic heart disease.

.................................................................................................

Table 1 Right heart catheterization data

Pressure

(mmHg)

Oxygen satur-

ation (%)

Right heart catheterization data

Inferior vena cava — 54

Superior vena cava — 48

Right atrium 6 51

Right ventricle 25/3 51

Pulmonary artery (mean) 15/2 (12) 51

Pulmonary artery wedge (mean)/

pulmonary vein

7 83

Arterial oxygen saturation — 78.5

Calculated measurements

Cardiac output 5.8 L/min

Cardiac index 2.4 L/min/m2

Qp:Qs (ratio of pulmonary to

systemic blood flow)

0.91

Figure 2 Postoperative transthoracic echocardiogram apical 4 chamber view showing: (A) bioprosthetic tricuspid valve (yellow arrow), (B) nega-
tive bubble study post-surgical closure of patent foramen ovale.

4 P. Dherange et al.
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Supplementary material

Supplementary material is available at European Heart Journal - Case

Reports online.

Slide sets: A fully edited slide set detailing this case and suitable for

local presentation is available online as Supplementary data.

Consent: The author/s confirm that written consent for submission

and publication of this case report including image(s) and associated

text has been obtained from the patient in line with COPE guidance.
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Table 2 Reported cases of carcinoid heart disease with right to left intracardiac shunting due to flow-driven
mechanism

Study (year) Mechanism of hypoxaemia

causing R-L shunt

Treatment Outcome

Chaudhari et al. (2007)11 External compression of the vena

cava by tumour mass directing

caval blood towards the PFO

Surgical closure of PFO Died post-operative 3 months

Yang et al. (2018)12 Tricuspid jet streaming directly

across the PFO

Percutaneous closure of the PFO Alive post-operative 4 months

Wrona et al. (2018)13 Tricuspid regurgitation jet directed

towards the PFO

Percutaneous closure of PFO Unknown

PFO, patent foramen ovale.
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