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Background Neuroendocrine tumours (NETs) can affect the cardiopulmonary system causing carcinoid heart disease (CHD) and
valve destruction. Persistent foramen ovale (PFO) occlusion is indicated in patients with CHD and shunt-related left
heart valve involvement.

Case summary  We report the case of a 54-year-old female patient with metastatic NET originating from the small bowel. The patient was
on medication with octreotide and telotristat. One year after diagnosis, cardiac involvement of carcinoid developed with
regurgitation of right-sided and, due to PFO, left-sided heart valves. Closure of PFO was performed (Occlutech 16/18 mm).
One year later, she presented with recurrent severe dyspnoea. The PFO occluder was in situ without residual shunt.
Valvular heart disease, including left-sided disease, and metastatic spread of NET were stable. Blood gas analysis revealed
arterial hypoxaemia (pO, =44 mmHg/5.87 kPa), which was related to extensive intrapulmonary shunting (31% shunt frac-
tion) confirmed using contrast-enhanced echocardiography. The patient was prescribed long-term oxygen supplementation
as symptomatic therapy and anti-tumoural therapy was intensified with selective internal radiotherapy (SIRT) of the liver
metastases to improve biochemical control of the carcinoid syndrome. At a follow-up visit 4 months after SIRT, the
patient-reported stable dyspnoea; however, magnetic resonance imaging revealed progression of osseous metastases.

Discussion An echocardiographic assessment of the presence of a PFO is recommended in patients with NET as PFO closure minimizes
the risk of left-sided carcinoid valve disease. Deterioration of symptomatic status in metastasized NET might also be due to a
hepatopulmonary-like physiology with intrapulmonary shunting and arterial desaturation thought to be caused by vasoactive
substances secreted by the tumour. This is a rare case describing the development of this syndrome after PFO closure.
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Learning points

destruction and dysfunction.

® Functionally active neuroendocrine tumours (NETs) with carcinoid syndrome can cause carcinoid heart disease with cardiac valve

® |nvolvement of left-sided valves is often related to patent foramen ovale (PFO) allowing shunting of vasoactive substances due to elevated
right atrial pressure which can be minimized by transcatheter closure of PFO.

® NETs are bioactive tumours secreting vasoactive substances which on rare occasions can disrupt vascular tone in the pulmonary
circulation causing a hepatopulmonary-like physiology without necessarily liver dysfunction.

® This is one of the few case reports describing the development of severe intrapulmonary shunting in carcinoid disease, and one of the very
few cases of hepatopulmonary-like syndrome without significant liver dysfunction.

Introduction

Neuroendocrine tumours (NETs) are rare neoplastic disorders. The
overall prognosis depends on the originating site, as well as the stage
and grade of the disease at the time of diagnosis." Neuroendocrine
tumours may secrete vasoactive substances, biogenic amines, and pep-
tide hormones, most importantly serotonin.® This is considered one of
the main pathophysiological steps for the development of carcinoid
heart disease (CHD, Hedinger syndrome) which occurs, with or with-
out metastatic liver involvement,® in 20-40% of all functionally active
NETSs with carcinoid syndrome (CS).* Carcinoid heart disease leads to
fibrotic thickening of valves with subsequent destruction, stenosis, and/
or regurgitation of right-sided valves.” The presence of a patent foramen
ovale (PFO) can lead to an expansion of the disease to left-sided valves,
as atrial right-to-left shunting may be relevant due to high right atrial
pressures subsequent to right-sided valve disease. Transcatheter closure
of PFO has been demonstrated to improve symptoms and progression
of left-sided valve destruction.® Severe liver dysfunction can cause hepa-
topulmonary syndrome (HPS) with intrapulmonary vasodilation, which
leads to abnormal low blood oxygenation due to shunting® However,
this is mostly seen at a cirrhotic stage.” Here, we report the case of a pa-
tient with NET, who developed a hepatopulmonary-like physiology
without noticeable liver dysfunction in the context of CHD and PFO.

Timeline

Baseline month 0: Diagnosis of metastatic neuroendocrine tumour
(liver biopsy, G2, Ki-67 3%), initiation of therapy with octreotide.

® Follow-up months 1-8: Four cycles of "/ Lutetium-DOTA-TATE therapy,
a peptide receptor radionuclide therapy targeting somatostatin receptors.
Follow-up month 8: Diagnosis of carcinoid heart disease with severe tri-
cuspid valve insufficiency; detection of persistent foramen ovale (PFO).
Follow-up month 12: Development of both mitral and aortic valve
regurgitation. Transcatheter closure of PFO (Occlutech 16/18 mm).
Follow-up month 21: Initiation of therapy with telotristat, an inhibitor of
tryptophan hydroxylase in response to persisting high serotonin levels.
Follow-up month 22: Recurrence of severe dyspnoea by detection
of severe intrapulmonary shunting. Initiation of long-term oxygen
therapy and selective internal radiotherapy of liver metastases.

® Follow-up month 28: Stable dyspnoea but progression of osseous metastases.

Case presentation

A 54-year-old Caucasian female patient without prior medical his-
tory was initially admitted to our hospital with severe fatigue, inter-
mittent diarrhoea, and flushing. The patient showed no signs of
heart failure, especially no peripheral oedema or jugular vein disten-
tion. Heart auscultation was normal without murmurs. Eventually, a
NET originating from the small bowel was diagnosed with metasta-
ses in liver, lungs, bones, as well as cardio-phrenic and para-aortic
lymph nodes. The tumour marker chromogranin A was elevated
with 1700 ng/mL (18 x upper limit of normal (ULN)). The NET
was functionally active with CS [serotonin in serum 3072 ng/mL
(16 x ULN), serotonin metabolite 5-hydroxy-indol-acetic-acid (5-
HIAA) in 24 h-urine 192 mg/24 h (24 x ULN)]. Assessment of liver
function showed normal transaminases, 7y-glutamyltransferase,
international normalized ratio (INR), and lactate dehydrogenase
and an elevated total bilirubin level (1.9 mg/dL). At this time, the pa-
tient was on no cardiac medication. The patient received a biother-
apy with the somatostatin receptor analogue octreotide and
underwent four cycles of somatostatin receptor-mediated peptide
receptor radionuclide therapy with '”’Lutetium-DOTA-TATE in
order to improve biochemical and symptom control of the CS and
to achieve tumour control.*

One year later, the patient reported increasing dyspnoea on exer-
tion. A peripheral oxygen saturation of 90-92% on room air was
measured at that time. The diagnosis of a progressive carcinoid valve
disease was established by echocardiography. While initially affecting
only the right-sided valves, progressive regurgitation of the aortic and
mitral valves suggested involvement of the left-sided valves possibly
due to right to left shunt through the patent open foramen ovale. As
rising pressure in the right atrium due to deterioration of right sides
valvular and ventricular function leads to progressive atrial right-to-
left shunt, closure of a PFO should be helpful to minimize shunting
and deterioration of left-sided valve function. Consequently, the PFO
was occluded by a percutaneous closure device (Occlutech PFO
occluder 16/18 mm) following current guidelines. After device im-
plantation, no residual shunt was detectable by transoesophageal
echocardiography. There was no additional atrial septal defect. A per-
ipheral oxygen saturation of 90-93% on room air was documented
after PFO occlusion. 5-hydroxy-indol-acetic-acid levels were stable
during that time. The patient was discharged and reported an im-
provement of symptoms and quality of life throughout the following
months.
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However, her symptoms of dyspnoea began to severely aggravate
about 10 months later, which subsequently led to the next hospital
admission. At this time, the patient was on cardiac medication
with acetyl salicylic acid (Aspirin) 100 mg (after PFO occlusion)
and with 5 mg Ramipril due to hypertension once daily. A periph-
eral oxygen saturation of 82% on room air was measured. Signs
of right- and left heart failures such as ascites and pleural effusions
were not seen. Initial assessment of liver function demonstrated
normal alkaline phosphatase (84 U/L), aspartate transaminase
(29 U/L), alanine transaminase (27 U/L), and slightly elevated lev-
els of lactate dehydrogenase (283 U/L). A normal albumin level
(3.5g/dL) and normal INR (1.0) indicated a preserved hepatic
functional capacity. Values of y-glutamyltransferase (118 U/L)
and total bilirubin (2.1 mg/dL) were slightly elevated vyet
decreased compared to previous measurements. A computed
tomography (CT) depicted an unchanged distribution and exten-
sion of the metastatic loci in lungs, bones, liver, and lymph nodes
compared to 3months ago. Acute pulmonary embolism was
excluded by CT pulmonary angiography. A pulmonary ventilation
perfusion scintigraphy yielded no evidence for chronic thrombo-
embolic pulmonary hypertension (PH). Right heart catheteriza-
tion revealed normal pulmonary arterial pressure and pulmonary
capillary wedge pressure (Table 1) with no step in oxygen satur-
ation between right atrium, right ventricle and pulmonary artery
(55% each). Pulmonary function testing showed no signs of ob-
structive or restrictive lung disease [forced vital capacity (FVC)
3.33 L, forced expiratory volume in 1s (FEV4) 2.65L, FEV,/FVC
81% and diffusing capacity for carbon monoxide 5.83 mmol
CO x min™" xkPa™' x m™, corresponding to a 79% of the pre-
dicted value]. Arterial blood gas analysis revealed a pH of 7.51, a
pCO, of 23 mmHg/3.07 kPa, a HCO3" concentration of 22 mmol/
L, and a pO; of 44 mmHg/5.87 kPa. Breathing with 100% supple-
mental oxygen did not change arterial blood oxygen content (pH
7.47, pCO, 26 mmHg/3.47 kPa, and pO, 50 mmHg/6.67 kPa). By
applying the Berggren shunt equation,®? a shunt fraction of 31%
was calculated. Moreover, transthoracic echocardiography with
the injection of a non-transpulmonary contrast agent revealed a
delayed and massive microbubble opacification of the left atrium
and ventricle, compatible with pronounced intrapulmonary

shunting (Figure 1, Video 1). The PFO closure device was

Table I Right heart catheterization with pressure val-
ues for pulmonary capillary wedge pressure (PCWP),
pulmonary artery (PA), right ventricle (RV), right
atrium (RA), pulmonary vascular resistance (PVR), and
Wood Units (WU)

Values

PCWP a-x-v-y (mean) 10-9-11-19 (9) mmHg
PA sys/diast (mean) 22/10 (14) mmHg
RV syst/early diast. (mean) 30/7 (11) mmHg

RA @-x-v-y (mean) 18-9-20-8 (15) mmHg

PVR 1.8WU
Cardiac output 2.8 L/min
Cardiac index 2.0 L/min/m?

demonstrated in situ with no sign of residual leaks, excluding an
interatrial cardiac shunt.

Of note, serotonin and 5-HIAA in 24h urine were substantially
improved compared to baseline but still elevated with 1124 ng/mL
(58 x ULN) and 42.3mg/24h (5.3 x ULN), respectively. Therefore,
the tryptophan hydroxylase inhibitor telotristat was added to further
improve biochemical and symptom control which subsequently caused
a decrease of serotonin and 5-HIAA to 860ng/mL (4.5 x ULN) and
18.3mg/24 h (2.3 x ULN). A biochemical progress of metastatic carcin-
oid disease with increases of tumour-released vasoactive humoral fac-
tors towards the pulmonary vasculature were considered as probable
cause for the development of this severe intrapulmonary shunting.
Therefore, the patient was advised to use long-term oxygen supple-
mentation as symptomatic therapy”'® and to selective internal radiation
therapy of the hepatic metastases with additional octreotide therapy.
At a follow-up visit 4 months after selective internal radiotherapy, the
patient-reported stable dyspnoea; however, magnetic resonance imag-
ing revealed progression of osseous metastases.

Discussion

In this case, a patient with known metastatic NET, CHD, and
closed PFO, presented with pronounced aggravation of dyspnoeic
symptoms combined with a marked reduction of arterial oxygen
content, which could not be reverted by supplemental oxygen.
Both liver dysfunction as well as macroscopic progression of liver
metastases could be excluded. We believe that the relapse of the
symptoms can be attributed to a newly developed severe intrapul-
monary shunting.

Severe intrapulmonary shunting, considered to be a manifestation
of a hepato-pulmonary-like syndrome, has been described in some
rare cases of patients with NET."" Originally, HPS consists of the triad
of pronounced liver dysfunction, intrapulmonary vascular dilation, and
abnormal blood oxygenation.® The pathophysiology of the HPS lies on
the impaired catabolism of regulators of the vascular tone, which in
turn cause vasodilation of pulmonary veins leading to intrapulmonary
shunting.é“12 However, liver function was preserved in our patient
while she presented with a hepatopulmonary-like physiology. Most
probably this condition resulted from the massive production of vaso-
active substances exceeding the catabolic capacity of the liver. This is
described to occur at very rare occasions in patients with NETs." Itis
suggested that substances secreted from the metastatic carcinoid,
which are known to act as vasoactive mediators, result in the observed
intrapulmonary shunting and in pronounced arterial hypoxaemia re-
fractory to oxygen supply. Our hypothesis of a hepatopulmonary-like
physiology could be confirmed using contrast-enhanced echocardiog-
raphy, which demonstrated delayed and massive microbubble opacifi-
cation of the left atrium and ventricle, compatible with a pronounced
intrapulmonary shunt in the setting of a CHD.

The pulmonary vasodilation can be attributed to vascular medi-
ators such circulating serotonin and chromogranin. Even though
25% of carcinoid patients suffer from PH,"* our patient had no evi-
dence of PH. And although serotonin is primarily linked to vaso-
constriction, this case and further evidence shows that serotonin
can also lead to vasodilative effects in patients with carcinoid."*"*
Besides serotonin, various bioactive substances are known to
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Figure | Transthoracic echocardiography with peripheral injection of non-transpulmonary contrast agent. Persistent foramen ovale closure device
in situ without residual (early) interatrial shunt (A). Delayed appearance of microbubbles in the left atrium and ventricle after three to four heart beats

(B) indicating massive intrapulmonary shunting.
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Video | Tranthoracic echocardiography demonstrates pro-
nounced interapumonary shunting after the peripheral injection of a
non-transpulmonary contrast agent.

evolve from NETs such as vasointestinal peptide, bradykinin,
tachykinins, NO, and substance P and these are connected to
vasodilatory properties.’® Thus, a prolonged exposure to sero-
tonin and these bioactive substances might have led to a cumula-
tive damage of the pulmonary vascular tone and triggered a
hepatopulmonary-like physiology in our patient. As serotonin lev-
els decreased while the pulmonary shunting developed, a change
in the concentration profile of those vasoactive substances not
routinely quantified is likely to largely have contributed.®'’
Progressive dyspnoea in carcinoid disease seen in the setting of a
PFO is much more often related to the development of left-sided
valve disease which is caused by right-to-left shunting due to a rise in
right trial pressure in right-sided heart failure. Here, an interventional

closure of PFO is associated with clinical improvement.”'®° As our
patient also demonstrated right-sided and subsequently, also left-
sided valve disease, an occluder device was used to prevent further
right-to-left shunting through the PFO. Noteworthy, a massive in-
crease in the release of vasoactive substances also can lead to an in-
volvement of left-sided valves even without the presence of a PFO.'
In our case, 5-HIAA
Nevertheless, it cannot be ruled out that the blood levels of other

levels remained stable at that time.

bioactive substances which are not measured in clinical routine may
already have risen at the time of PFO closure. Occlusion led to an ini-
tial clinical remission. As the shunt fraction via PFO was low in our pa-
tient, we do not assume that closure of the PFO significantly
accelerated the development of the hepato-pulmonary-like syn-
drome as seen months later. Nevertheless, we would like to point
out that this could well be the case in patients with larger shunt frac-
tions such as with atrial septal defects.

The development of severe pulmonary shunting in patients with
CHD is extremely rare. Only few reports are mentioned in the litera-
ture describing a similar pathophysiology. Robert et al.*? and Hussain

etal?

described cases of carcinoid with hepatopulmonary-like physi-
ology yet in the presence of severe liver dysfunction. Lee and
Lepler'" described a case similar to ours, suggesting that a long-
lasting carcinoid disease could gradually lead to the development of
HPS-like manifestations, without necessarily signs of established liver
cirrhosis. This is a very rare case of severe intrapulmonary shunting in
a patient suffering from CHD, in our patient some months after
transcatheter closure of the PFO, and one of the very rare cases of
HPS-like syndrome in the absence of significant liver dysfunction.

In summary, based on this report, in patients with CHD, assess-
ment of the presence of a PFO is recommended as PFO closure
would be expected to minimize the risk of left-sided carcinoid valve
disease. Deterioration of symptomatic status in metastasized NET
might also be due to an HPS-like physiology with intrapulmonary
shunting and arterial desaturation.



Pulmonary shunting in carcinoid heart disease

Lead author biography

Dominik Schittler is working at the
Department of Cardiology at the
University Hospital of Munich (LMU).
His research focuses on the patho-
physiological mechanisms of atrial fib-
rillation in large animal models.

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 authors confirm that written consent for submission
and publication of this case report including images and associated
text has been obtained from the patient in line with COPE guidance.

Conflict of interest: CJ.A. has received research contracts (Ipsen,
Novartis), lecture honorarium (AAA, Ipse, Novartis) and advisory
board honorarium (Novartis). There is no potential conflict of inter-
est regarding any part of this manuscript.

Funding: D.S. is funded by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) - 413635475 - and the Munich
Clinician Scientist Program (MCSP) of the LMU Munich. The funder
had no influence regarding any part of this manuscript.

References

1. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y et al. Trends in the inci-
dence, prevalence, and survival outcomes in patients with neuroendocrine
tumors in the United States. JAMA Oncol 2017;3:1335-1342.

N

w

(%}

o

~N

o)

e

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. El Gabry M, Shehada SE, Mourad F, Ruhparwar A, Lahner H, Dirkmann D et al.

Hedinger syndrome: first experience and two-year follow-up in patients with
carcinoid heart disease. | Thorac Dis 2019;11:3234-3240.

. Bhattacharyya S, Davar |, Dreyfus G, Caplin ME. Carcinoid heart disease.

Circulation 2007;116:2860-2865.

. Clement D, Ramage J, Srirajaskanthan R. Update on pathophysiology, treatment,

and complications of carcinoid syndrome. | Oncol 2020;2020:8341426.

. Mottram PM, McGaw DJ, Meredith IT, Peverill RE, Harper RW. Profound hypox-

aemia corrected by PFO closure device in carcinoid heart disease. Eur |
Echocardiogr 2008;9:47—49.

. Rodriguez-Roisin R, Krowka MJ. Hepatopulmonary syndrome—a liver-induced

lung vascular disorder. N Engl | Med 2008;358:2378-2387.

. Grilo-Bensusan |, Pascasio-Acevedo JM. Hepatopulmonary syndrome: what we

know and what we would like to know. World | Gastroenterol 2016;22:
5728-5741.

. Peyton PJ, Robinson GJ, McCall PR, Thompson B. Noninvasive measurement of

intrapulmonary shunting. | Cardiothorac Vasc Anesth 2004;18:47-52.

. Berggren SM. The Oxygen Deficit of Arterial Blood Caused by Non-Ventilating Parts of

the Lung. Acta physiol. scand. (Stockh.) 19424, Suppl. 9.

Fukushima KY, Yatsuhashi H, Kinoshita A, Ueki T, Matsumoto T, Osumi M et al.
Two cases of hepatopulmonary syndrome with improved liver function following
long-term oxygen therapy. | Gastroenterol 2007;42:176—180.

Lee DF, Lepler LS. Severe intrapulmonary shunting associated with metastatic
carcinoid. Chest 1999;115:1203-1207.

Fuhrmann V, Krowka M. Hepatopulmonary syndrome. | Hepatol 2018;69:
744-745.

Tornebrandt K, Eskilsson J, Nobin A. Heart involvement in metastatic carcinoid
disease. Clin Cardiol 1986;9:13—19.

Condron ME, Jameson NE, Limbach KE, Bingham AE, Sera VA, Anderson RB et
al. A prospective study of the pathophysiology of carcinoid crisis. Surgery 2019;
165:158-165.

Vanhoutte PM. Serotonin and the vascular wall. Int | Cardiol 1987;14:189-203.
Ardill JE. Circulating markers for endocrine tumours of the gastroenteropancre-
atic tract. Ann Clin Biochem 2008;45:539-559.

Soulaidopoulos S, Cholongitas E, Giannakoulas G, Vlachou M, Goulis I. Review
article: Update on current and emergent data on hepatopulmonary syndrome.
World | Gastroenterol 2018;24:1285-1298.

Hammersley D, Shamsi A, Zaman MM, Berry P, Sturridge L. An unusual cause of
hypoxia: getting to the heart of the matter. Echo Res Pract 2018;5:K7-K11.
Hayashi Y, McGaw D), Goldstein J. Urgent transcatheter closure of patent for-
amen ovale followed by elective right-sided valve surgery for decompensated
carcinoid heart disease. Heart Lung Circ 2008;17:259-261.

Wrona K, Grabka M, Lelek M, Mizia-Stec K. Patent foramen ovale with an enor-
mous right-to-left shunt: unusual reversible cause of hypoxia in carcinoid syn-
drome. Eur Heart | 2018;40:2096.

Shinn BJ, Tafe L, Vanichakarn P. A case of carcinoid syndrome due to malignant
metastatic carcinoid tumor with carcinoid heart disease involving four cardiac
valves. Am | Case Rep 2018;19:284-288.

Robert R, Matuchansky C, Picker F, Guitton P, Patte D. Severe hypoxemia in a
case of midgut carcinoid tumor. Intensive Care Med 1989;15:536-537.

Hussain A, Young ET, Greaves JD, Hammond PJ, Hughes JM, Wallis SC et al.
Intrapulmonary shunting causing hypoxaemia in a case of carcinoid syndrome.
Clin Endocrinol (Oxf) 1994;41:535-537.


https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytab494#supplementary-data
https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytab494#supplementary-data



