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Abstract

Introduction: Paragangliomas (PGLs) related to hereditary
syndromes are rare mediastinal tumors. Paragangliomas are
caused by mutations in genes encoding subunits of succinate
dehydrogenase enzyme (SDH).

Aim: To evaluate clinical, anatomical and functional charac-
teristics of mediastinal paragangliomas related to SDHx gene
mutations.

Material and methods: Retrospective analysis of 75 patients
with confirmed SDHx gene mutations (24 patients with SDHB,
5 SDHC, 46 with SDHD mutations) was performed. Patients
underwent evaluation using computed tomography (CT), so-
matostatin receptor scintigraphy (SRS) (°*°™Tc-[HYNIC,Tyr3]-oc-
treotide), 1231 mIBG scintigraphy and urinary excretion of total
methoxycatecholamines.

Results: Out of 75 patients, 16 (21%) patients (1 SDHB, 15 SDHD
mutations) had 17 PGLs localized in the mediastinum. Fourteen
PGLs were localized in the middle mediastinum (intrapericar-
dial) and 3 PGLs in the posterior mediastinum. The median
diameter of paragangliomas measured on the axial slice was
24.3 mm (interquartile range (IQR): 14.7-36.6), and the median
volume was 2.78 ml (IQR: 0.87-16.16). Twelve out of 16 patients
(75%) underwent SRS, and 11 of them (92.3%) had pathological
uptake of the radiotracer. Eleven (68.75%) out of 16 patients
underwent 123 | mIBG, with only 3 positive results. Symptoms
of catecholamine excretion were observed in 3 patients with
PGLs localized in the posterior mediastinum. All PGLs were
benign except in 1 patient with the SDHB mutation and PGL
detected in the posterior mediastinum, who had a metastatic
disease.

Streszczenie

Wstep: Przyzwojaki uwarunkowane genetycznie naleza do
rzadkich guzéw Srédpiersia. Moga by¢ spowodowane muta-
cjami gendw kodujacych podjednostki enzymu dehydrogenazy
bursztynianowej (SDH).

Cel: Kliniczna, anatomiczna i czynnosciowa charakterystyka przy-
zwojakoéw zlokalizowanych w Srodpiersiu u pacjentéw z mutacja
genu SDHXx.

Materiat i metody: Retrospektywnej analizie poddano 75 pa-
cjentdw z potwierdzong mutacja genu SDHx (24 pacjentow
z mutacjg SDHB, 5z SDHC, 46 z SDHD). U pacjentow wykonano
tomografie komputerowa, scyntygrafie receptoréw somatosta-
tynowych — SRS (®°™MTc-[HYNIC, Tyr3]-Octreotide) — i scyntygra-
fie 123 mIBG oraz oznaczono stezenie metoksykatecholamin
w dobowej zbi6rce moczu.

Wyniki: Sposréd 75 pacjentéw z mutacjg genu SDHx u 16 (21%)
pacjentéw (15 z mutacja SDHD, 1 z SDHB) stwierdzono 17 przy-
zwojakéw zlokalizowanych w Srédpiersiu, 14 przyzwojakéw byto
potozonych w $rodpiersiu Srodkowym, wewnatrzosierdziowo,
3 w $rédpiersiu tylnym. Mediana wymiaru guza mierzona na
przekroju poprzecznym wynosita 24,3 mm (rozstep miedzykwar-
tylowy (IQR): 14,7-36,6), a mediana objetosci guza 2,78 ml (IQR:
0,87-16,16). U 12 (75%) pacjentéw wykonano SRS, w 11 (92,3%)
przypadkach stwierdzono patologiczne gromadzenie radioznacz-
nika. U 11 (68,75%) pacjentow przeprowadzono scyntygrafie
123] mIBG, patologiczne gromadzenie radioznacznika stwierdzo-
no w 3 przypadkach. Objawy kliniczne zwigzane z wydzielaniem
hormonéw wystepowaty u 3 chorych z przyzwojakami potozo-
nymi w Srodpiersiu tylnym. Wszystkie przyzwojaki potozone
w Srodpiersiu byty zmianami tagodnymi, z wyjatkiem 1 pacjen-
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Conclusions: Most mediastinal paragangliomas were related
to SDHD gene mutations. They were asymptomatic, localized
in the medial mediastinum, intrapericardially.

Key words: mediastinal paraganglioma, paraganglioma-pheo-
chromocytoma syndromes, SDHx gene mutations.

Introduction

Mediastinal paragangliomas are rare neuroendocrine
tumors/neoplasms deriving from the autonomic nervous
system. Paragangliomas (PGLs) may occur as sporadic tu-
mors or be related to hereditary syndromes (at least one-
third of all patients with PGLs) [1].

Most cases of familial paragangliomas are caused by
mutations in the genes encoding A, B, C, D subunits of mi-
tochondrial complex Il enzyme succinate dehydrogenase
(SDH) [2]. Predominantly, PGL syndromes are associated
with SDHD and SDHB mutations. SDHC mutation is rare,
and typically patients have benign, solitary head and neck
paragangliomas [3]. SDHD mutation carriers most fre-
quently develop multifocal head and neck paragangliomas;
adrenal and extraadrenal PGLs occur less frequently [2, 4].
SDHB mutation carriers are at risk of malignant and ex-
traadrenal abdominal and thoracic paragangliomas [4, 5].

Mediastinal paragangliomas are rare, accounting for
about 2% of all paragangliomas [6].

Paragangliomas located in the medial mediastinum
arise from paraganglia in the region of the cardiac plexus
[7]. The PGLs localized in the proximity of the ductus arterio-
sus, the main pulmonary artery and its bifurcation and the
adjacent aortic arch are termed “aortic body tumors, aorti-
copulmonary or aortopulmonary paragangliomas” [8]. Aor-
topulmonary paragangliomas are usually asymptomatic [9].

Less commonly, the paragangliomas are located in the
posterior mediastinum and arise from the para-vertebral
sympathetic chain ganglia. About 50% of posterior medias-
tinal paragangliomas are functional [10].

Symptoms of paragangliomas usually are associated
with mass effect or hypersecretion of catecholamines. Clin-
ical symptoms related to catecholamine hypersecretion in-
clude hypertension, headaches, palpitations, and sweating.
The biochemical diagnosis is based on demonstration of
an increased level of catecholamine metabolites in plasma
and/or urine [1, 4, 5].

Some reports have suggested that mediastinal para-
gangliomas often have an aggressive course and patients
should be carefully followed up [6, 11].

Surgical treatment is considered to be the gold stan-
dard in the treatment of thoracic paragangliomas [12], but
it may be a challenge. Precise information about localiza-
tion and relation to other anatomical structures is required
before taking the treatment decision.

Paraganglioma diagnosis is based on anatomical and
functional examinations. Computed tomography (CT) and
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ta z mutacjg genu SDHB i przyzwojakiem w Srodpiersiu tylnym,
u ktérego stwierdzono uogélnienie procesu nowotworowego.
Whioski: Przyzwojaki Srédpiersiowe najczesciej wystepuja
u pacjentéw z mutacja genu SDHD. W wiekszosci przypadkéw
sg bezobjawowe klinicznie i potozone w srodpiersiu Srodko-
wym wewngatrzosierdziowo.

Stowa kluczowe: przyzwojaki srodpiersia, zespét paraganglio-
ma-pheochromocytoma, mutacja genu SDHx.

magnetic resonance imaging (MRI) are used as anatomi-
cal methods and 123|-metaiodobenzylguanidine scintigra-
phy (mIBG) and somatostatin receptor scintigraphy (SRS)
as functional methods in the detection of paragangliomas
[13-15].

Aim

The aim of the study was to evaluate clinical, biochemi-
cal and imaging characteristics of mediastinal paraganglio-
mas related to SDHx gene mutations.

Material and methods

We retrospectively analyzed the patients with SDHx mu-
tations confirmed by genetic testing and registered in the
Polish Pheochromocytoma-Paraganglioma Registry. Carriers
of SDHx germline mutations (both index cases and their
relatives) underwent evaluation of the head and neck, the
thorax, the abdomen and the pelvis using computed tomog-
raphy (CT) and the level of daily urinary excretion of total
methoxycatecholamines was determined.

The protocol for this study was approved by the local
ethics committee. Exclusion criteria were a refusal or inabil-
ity to understand or sign the informed consent, contraindi-
cations to administer iodate contrast material, being preg-
nant or lactating women. All patients signed the informed
consent before participating in the study.

Overall, 75 patients were enrolled in the study (24 pa-
tients with SDHB mutations, 5 with SDHC, 46 with SDHD
mutations); 16 patients had PGLs localized in the medias-
tinum. The CT examinations were performed using a dual
source scanner (Somatom Definition, Somatom Definition
Flash, Siemens Medical Solutions, Erlangen, Germany) after
contrast administration.

The slice thickness was 1 mm, tube voltage was set at
80-120 kV, tube current 165-210 mA, depending on scan-
ning regions and body size.

Highly iodinated contrast material (= 350 mg/ml) was
administered in the antecubital vein in the amount of
80-100 ml (depending on the body size) at a flow rate of
4-5 ml/s. The scans were done in the arterial phase 30 s af-
ter contrast injection. The images were reconstructed with
a standard soft-tissue-kernel algorithm.

Six out of 16 patients underwent CT examinations out-
side our department before the surgery.

A well-defined soft tissue mass with typical high en-
hancement after iv. contrast agent administration was
recognized as a paraganglioma [16]. Based on CT exami-
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nations, localization of paragangliomas, relation to other
anatomical structures, invasion of the adjacent structures,
their dimension and volume were analyzed.

Mediastinal paragangliomas were divided into tumors
localized in the anterior, middle or posterior mediastinum.
Paragangliomas associated with the heart were classified
as intrapericardial or intracardiac PGLs.

According to the World Health Organization, the crite-
rion for the diagnosis of malignant pheochromocytoma or
PGL was the presence of metastases [17].

Carriers of the SDHx gene mutations with paragangliomas
detected by CT examination were subsequently screened by
somatostatin receptor scintigraphy (SRS) and mIBG scintigra-
phy as additional functional imaging modalities.

SRS was performed using °°™Tc-[HYNIC,Tyr3]-octreo-
tide 2°MTc [TOC] (600-700 MBq) (Tektrotyd; National Cen-
ter For Nuclear Research-Polatom; Poland). The detailed
method of kit labeling with ®°™Tc was presented previously
[18]. Images were acquired between 1 and 3 hours after the
i.v. injection of a radiotracer using a double-head camera.
The acquisition of head, neck, chest, abdominal and pelvis
images was performed using the whole-body single photon
emission computed tomography (WB-SPECT) method.

A 123] mIBG (AdreView, GE Healthcare; USA) study was
performed in 11 patients. In each case after thyroid suppres-
sion using Lugol’s solution, one day before the study, the
patients received an injection of 300-370 MBq of 23| mIBG.
Images were acquired between 18 and 22 hours after the
i.v. injection of the radiotracer using a double-head camera.
The acquisition of head, neck, chest, abdominal and pelvis
images was performed using the same method as with SRS
— whole-body SPECT.

As with SRS, any focal or diffuse nonphysiological ac-
cumulation observed during the examination was reported
as pathological. Diffuse low-activity intestinal uptake (with
SRS) or liver and heart uptake (with mIBG) was rated as
nonspecific, physiologic uptake.

Statistical analysis

Due to the non-normal distribution of most data, the
results are presented as median and interquartile range
(IQR). Frequency and percentages were reported for cat-
egorical variables. Statistical analysis was performed using
IBM SPSS 20 for Linux (IBM SPSS Inc, Chicago, IL; USA).

Results

Out of 75 patients, 16 (21%) patients (15 SDHD, 1 SDHB)
had paragangliomas localized in the mediastinum. Alto-
gether 207 paragangliomas were detected in different re-
gions, 17 (8.2%) of which were localized in the mediastinum.

All patients with SDHD mutations, except 1, had a C11X
nonsense mutation, which was recognized as a found-
ing mutation [17], and 1 patient had an exon deletion. In
1 SDHB carrier, we observed a missense mutation.

The median age was 37 years (IQR: 28.25-46.75). The
male to female ratiowas 1: 1.
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One patient with SDHB mutation had a malignant dis-
ease with metastasis to the lung, bone and lymph nodes.
Table | contains patients’ characteristics and tumor local-
izations.

Localization of paragangliomas

Fourteen paragangliomas were localized in the middle
mediastinum and 3 PGLs in the posterior mediastinum.
None of the PGLs was localized in the anterior mediastinum.

All medial mediastinal paragangliomas were localized
intrapericardially; no paragangliomas had an intracardiac
localization. Five paragangliomas were localized in the
aortopulmonary window (Figs. 1 A, B), and in 4 cases para-
gangliomas were localized in the proximity of the coronary
arteries (3 close to the left descending artery, 1 close to the
right coronary artery) (Figs. 2, 3). A single paraganglioma
was localized near the aortic arch, 2 between the left atrium
and the right pulmonary artery (Figs. 4 A, B) and 2 among
the vena cava superior (VCS), the ascending aorta and the
trachea. We did not observe any signs of PGL invasion of
the adjacent structures.

The median diameter of paragangliomas measured on
the axial slice was 24.3 mm (IQR: 14.7-36.6), and the me-
dian volume was 2.78 ml (IQR: 0.87-16.16).

The arterial phase images obtained in 14/17 paragan-
gliomas showed a median tumor attenuation of 165 HU
(IQR: 141-187).

Twelve (75%) out of 16 patients underwent SRS, 11 of
whom (92.3%) had pathological uptake of the radiotracer
in the mediastinal PGLs.

Eleven (68.75%) out of 16 patients underwent 123 | mIBG,
with only 3 positive results in mediastinal PGLs.

All patients had multifocal paragangliomas, 14/16 were
localized in the head and neck region, 6/16 extraadrenal
PGLs were localized in the abdomen, and 4 patients had
a history of pheochromocytomas.

Symptoms

Symptoms of catecholamine excess were present in
only 3 patients, with paragangliomas localized in the pos-
terior mediastinum, and after surgical treatment the level
of catecholamines was normal. All patients with middle
mediastinum tumors were asymptomatic.

Treatment

Eight (50%) patients underwent surgical treatment,
5 patients with paragangliomas localized in the middle me-
diastinum (1 patient had surgical resection of 2 mediastinal
paragangliomas) and 3 patients with PGLs localized in the
posterior mediastinum. Three patients with PGLs localized
in the middle mediastinum required subsequent surgery
due to intraoperative complications of the tumor resection.
None of the patients died due to intra- or postoperative
complications.

One patient with a middle mediastinum PGL underwent
surgery with additional radiotherapy. All resected tumors

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (3)
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Tab. I. Characteristics of patients and localizations of tumors
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1 F 48 SDHD Exonl, c.33C>A, No Posterior 2x23 Yes Yes Positive  Positive  No
p. C11X mediastinum HNP, pheo,
Nonsense Th2-Th3 abdomen
extraadrenal
2 F 43 SDHD Exon 1deletion No Middle mediastinum 45%x35 Yes Yes Positive  Positive No
(between LA, right Abdomen
pulmonary artery, extraadrenal
ascending aorta)
3 M 30 SDHD Exon 1, c.33C>A, No Middle mediastinum 1.6 x13 No Yes Positive  Negative No
p. C11X (between aortic root, HNP, pheo
Nonsense pulmonary trunk
and LAD)
4 F 39 SDHD Exon 1, c.33C>A, No Middle mediastinum 1.3x12 No Yes Positive Negative No
p. C11X (between aortic root, HNP, pheo,
Nonsense pulmonary trunk abdomen
and LAD) extraadrenal
5 M 59 SDHD Exon 1, c.33C>A, No Middle mediastinum 21x18 No Yes Positive  Negative No
p. C11X (aortopulmonary HNP
Nonsense window)
6 F 40 SDHD Exonl, c.33C>A, No Middle mediastinum 3.7x20 Yes Yes Positive ND No
p. C11X (between LA and HNP, abdomen
Nonsense descending aorta) extraadrenal
7 F 34 SDHD Exonl, c.33C>A, No Middle mediastinum 1x11 Yes Yes Positive  Negative No
p. C11X (between right pulmonary HNP, abdomen
Nonsense artery and LA) extraadrenal
Middle mediastinum 2.7x35 Yes Positive  Negative
(aortopulmonary window)
8 M 33 SDHD Exonl, c.33C>A, No Middle mediastinum 25x17 No Yes Positive  Negative No
p. C11X (aortopulmonary window) HNP, pheo
Nonsense
9 M 64 SDHD Exonl, c.33C>A, No Middle mediastinum 3x2 Yes Yes ND ND No
p. C11X (between VCS, ascending HNP
Nonsense aorta, right pulmonary
artery and trachea)
10 M 28 SDHD Exonl, c.33C>A, No Middle mediastinum 1.5x1.6 No Yes Positive  Negative No
p. C11X (aortic pulmonary HNP
Nonsense window)
11 M 26 SDHD Exonl, c.33C>A, No Middle mediastinum 36x23 No Yes Positive Negative No
p. C11X (right atrioventricular HNP
Nonsense groove near RCA)
12 F 30 SDHD Exonl, c.33C>A, No Posterior mediastinum N Yes Yes ND ND No
p. C11X HNP, abdomen
Nonsense extraadrenal
13 F 33 SDHD Exonl, c.33C>A, No Middle mediastinum 0.7x0.6 No Yes Negative Negative No
p. C11X (aortopulmonary HNP
window)
14 F 52 SDHD Exonl, c.33C>A, ?? Middle mediastinum 52x47 Yes Yes ND ND No
p. C11X (between aortic arch, HNP
Nonsense right pulmonary artery,
VCS, trachea)
15 M 22 SDHB Exon 6, c.708T>C Yes Posterior mediastinum N Yes Yes Positive  Positive  Yes
(int. 574 T>Q), Th8-Th1l HNP
p. C192R
Missense
16 M 40 SDHD Exonl, c.33CA, No Middle mediastinum 35x2 No Yes ND ND No
p. C11X (between aortic bulb, HNP
Nonsense LAD and LA)

ND — not done, VCS — venae cave superior, LA — left atrium, LAD — left descending artery, RCA — right coronary artery, HNP — head and neck paraganglioma, pheo —
pheochromocytoma, N — no data are available, only histological outcome
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Fig. 1. Contrast-enhanced chest CT, multiplanar reconstruction (MPR): A — coronal view, B — sagittal view. Images show a hypervascular

tumor in the aortopulmonary window (arrows)

Spin: 0]
Tit: 0

Fig. 2. Contrast-enhanced chest CT, maximum intensity projection
(MIP) coronal view shows a hypervascular tumor located near the
left descending artery (LAD) (arrow)

were confirmed in histopathological examinations as para-
gangliomas. Remaining patients (50%) were treated con-
servatively.

Follow-up

All the patients who underwent surgery were followed
up with CT. The median follow-up was 50 months (range:

280

Spin: 0
Tilt: -90

Fig. 3. Cardiac CT angiography, multiplanar reconstruction (MPR)
axial view shows a hypervascular tumor located in the right atrio-
ventricular groove (arrow)

RA —right atrium, RV — right ventricle

24-204 months). During the follow-up, none of the surgi-
cally treated patients had a residual tumor or developed
metastatic diseases. One SDHB gene mutation carrier had
a metastatic disease at the time of the diagnosis of a pos-
terior mediastinal paraganglioma.

Eight patients treated conservatively underwent follow-
up examinations.

Kardiochirurgia i Torakochirurgia Polska 2016; 13 (3)
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The median follow-up was 61 months (range: 13-74
months). None of the conservatively treated patients de-
veloped metastatic diseases.

Discussion

Paragangliomas related to SDHx gene mutations are
mainly localized in the head and neck region, and ex-
traadrenally in the abdomen [18-20]. The mediastinum is
a rare localization of paragangliomas; only 2% of all PGLs
are found there [6]. The largest studies of mediastinal para-
gangliomas were based on the Mayo Clinic experience
(14 patients) and the report of Martucci et al. (@ multi-in-
stitutional study that included 15 patients) [21, 22]. Their
findings similar to Ghayee underline that mediastinal para-
gangliomas are closely related to SDHx mutations and are
often malignant [6].

Importantly, most patients in those reports had symp-
toms associated with catecholamine hypersecretion or
cardiac-related symptoms of chest pain and/or shortness
of breath [21, 22].

Nowadays due to extensive use of diagnostic chest im-
aging, some paragangliomas are diagnosed incidentally.

Furthermore, genetic counseling recommended to PGL
families and the subsequent screening of carriers by ana-
tomical imaging techniques have led to the detection of
small paragangliomas, which can be localized in the me-
diastinum.

Our study represents a different group of patients with
mediastinal paragangliomas than that in previous reports
[21, 22]. All patients were carriers of SDHx mutations, and
the majority of our patients underwent a CT evaluation of
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Fig. 4. Contrast-enhanced chest CT, multiplanar reconstruction
(MPR), A — axial view, B — coronal view, shows a mediastinal tumor
adjacent to the ascending aorta, left atrium (LA), vena cava supe-
rior and right pulmonary artery (RPA) (arrows)

the chest as a screening test after detecting SDHx gene
mutations.

We found that the prevalence of mediastinal PGLs may
be higher in carriers of SDHx mutations than previously re-
ported [6], especially in SDHD gene mutations. However,
the majority of patients were asymptomatic.

Among 75 patients with SDHx gene mutations, 16 (21%)
patients had paragangliomas located in the mediastinum,
but only 3 patients (with paragangliomas located in the
posterior mediastinum) had symptoms associated with
catecholamine hypersecretion, while the remaining pa-
tients were asymptomatic.

Surgical treatment remains a preferred method of treat-
ment for paragangliomas.

Complete resection of the tumors is demanding due to
their highly vascular nature and anatomical position, es-
pecially the proximity to major vessels or coronary arter-
jes [11]. Surgical resection is often complicated by exces-
sive hemorrhage and reconstruction of the surrounding
structures [23]. In cases of a paraganglioma invasion into
the heart, coronary arteries or other great vessels, a car-
diopulmonary bypass should be employed [21]. A careful
preoperative assessment of the tumor location is crucial
and determines the surgical approach. Incomplete resec-
tion and high perioperative mortality (5.3% to 9%) have
been reported [8, 24]. Using ECG gated CT in patients with
suspected PGL located intracardially or intrapericardially
significantly improves the image quality [22].

Paragangliomas located in head and neck regions are
slowly growing tumors [25], and mediastinal paraganglio-
mas seem to be slowly growing too.
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In chosen cases when a tumor is asymptomatic and
surgical treatment is not an option due to its location, con-
servative treatment and follow-up may be considered.

In our report, the prevalence of mediastinal paragan-
gliomas was higher (8.2%) than in other reports, mainly
due to SDHD gene mutations and with a benign course [6].
None of the conservatively or surgically treated patients
developed metastatic diseases. Only one SDHB carrier had
a malignant PGL.

It should be emphasized that almost all of our SDHD
patients harbor one type of mutation. It is SDHD p.C11X,
which was recognized as a Polish founder mutation [16].
The high frequency of mediastinal tumors in our group may
de facto reflect the risk profile of that particular mutation.

Conclusions

Most mediastinal paragangliomas were related to
SDHD gene mutations, were asymptomatic, and were lo-
calized intrapericardially. None of the PGLs related to SDHD
mutations were malignant, and during the follow-up no
metastases were detected.

Mediastinal PGLs were associated with other localiza-
tions, mainly in the head and neck region. Only one medi-
astinal PGL related to SDHB mutation was malignant.

The results of our study show that the prevalence of
mediastinal paragangliomas in asymptomatic SDHx muta-
tion carriers may be higher than previously believed.
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