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Intracardiac tumor as a rare manifestation of genetic
syndromes—presentation of a family with Gorlin syndrome
and a literature review
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Abstract
Intracardiac tumors in children are relatively rare, but their clinical consequences may include severe outflow tract obstruction,
embolism, cardiac insufficiency, or rhythm disturbances. In some cases, the tumor may constitute part of a genetic condition and
prompt additional investigations, as well as a modification of therapeutic management. Herein, we present a molecularly
confirmed familial case of Gorlin syndrome with an early cardiac tumor as a presenting sign. We provide detailed clinical
characteristics of the affected individuals and a useful review of syndromic causes of pediatric cardiac tumors in clinical practice.
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Introduction

Cardiac tumors are benign or malignant neoplasms that may
originate in all the three layers of heart tissue (Uzun et al.
2007). Their frequency in fetal life is estimated at 0.14%,
while postnatal population prevalence reaches 0.5% in cases
of children evaluated for cardiac symptoms (Uzun et al. 2007;
Beghetti et al. 1997; Linnemeier et al. 2015). About 90% of
the primary cardiac neoplasms have benign characteristics.
The most common type is rhabdomyoma (up to 60%) follow-
ed by teratoma, fibroma, and myxoma (Holley et al. 1995,
Uzun et al. 2007; Tzani et al. 2017). In the majority of patients,
intracardiac tumors are isolated findings on fetal or infantile

echocardiogram, while in the rest, they are part of a genetic
syndrome diagnosis (Vidaillet 1988).

Robert Gorlin estimated that in his series, close to 4% of all
cardiac fibromas were part of nevoid basal cell carcinoma syn-
drome (NBCCS, Gorlin syndrome) (OMIM:109400) (Gorlin
1987). NBCCS is characterized by lamellar or early calcification
of the falx, jaw keratocysts, palmar and/or plantar pits, and mul-
tiple and/or early-onset basal cell carcinomas (Gorlin 2004; Bree
et al. 2011). Early diagnosis of the syndrome enables optimal
personalized care.Majority of Gorlin syndrome cases are caused
by mutations in PTCH1 (Patched1) gene, which is part of the
Hedgehog (Hh) molecular pathway (Johnson et al. 1996).

Herein, we show a molecularly confirmed familial case of
Gorlin syndrome consisting of an infant proband presenting
with intracardiac tumor, polydactyly, and macrocephaly and
the father with features of macrocephaly, mitten-type syndac-
tyly of fingers, polydactyly, and maxillary cysts. We describe
current and future targeted treatment options in our familial
case and provide a review of syndromic causes of pediatric
intracardiac tumors.

Family report

We present a case of an infant girl with multiple dysmorphic
features and a cardiac tumor of unknown origin diagnosed
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postnatally. The girl was born preterm at 36 weeks’ gestation-
al age with the birth weight of 4000 g by caesarean section due
to maternal hypertension. The Apgar score was 3 and 5 at 1
and 5 min after birth, respectively. After initial resuscitation,
the transthoracic echocardiography was performed revealing a
tumor in the left ventricle. The neonate was referred to the
department of pediatric cardiology for subsequent diagnostics.

On admission, the child was in a serious but stable condi-
tion with normal resting heart rate of 150 beats per minute
(bpm) and arterial blood pressure of 81/68 mmHg. Blood
oxygen saturation was 92–94%, and capillary refill time was
normal. Macrocephaly with head circumference of 38.5 cm
(> 97th centile), bilateral polydactyly of fingers with unilateral
polydactyly of toes, and a natal tooth on lower gingiva were
observed (Fig. 1a). Dyspnea signs were present with retrac-
tions of lower intercostal spaces and tachypnea (70/min).
Heart auscultation revealed systolic murmur graded 2/6 on
Levine scale heard over the whole heart. The liver edge was
palpable 1.5 cm below the costal margin. The remaining phys-
ical examination was unremarkable.

Laboratory testing revealed anaemias (hemoglobin con-
centration of 10.8 g/dL) and significantly increased NT-
proBNP level (26,500 pg/ml) (the upper norm for NT-
proBNP at 598 pg/ml was established by Lin et al. 2013).
Tumor lysis laboratory markers (uric acid, potassium, lac-
tate dehydrogenase) were within the normal limits. The 12-
lead electrocardiogram (ECG) showed sinus rhythm with
delayed intraventricular conduction and generalized repo-
larization abnormalities—inverted T waves in leads II, III,
aVF, V4-V6, and low-amplitude T waves in leads I and aVL
(Fig. 1b). The anteroposterior chest radiograph was sugges-
tive of cardiomegaly with cardiothoracic ratio of around 0.7
(Fig. 1c).

Two-dimensional transthoracic echocardiography revealed
a large bean-shaped tumor (size, 50 × 30 mm) attached to the
posterolateral wall of left ventricle with the areas of hyper- and
hypodensity (Fig. 1d). Moderate pericardial effusion with late
diastolic compression of the right atrium was found. Patent
ductus arteriosus (PDA) with diameter of 3.5 mmwith left-to-
right shunt coexisted with dilation of the pulmonary trunk and
pulmonary arteries.

Cardiac magnetic resonance confirmed echocardiographi-
cal findings and revealed possible diaphragm and parietal
pericardium invasion. Contractility of left ventricle wall was
impaired by presence of the tumor mass. Peripheral contrast
enhancement suggested the presence of tumor capsule, and
the lack of central enhancement suggested necrosis.
Additionally, oval mass (size, 16 × 10 mm) localized between
the anterior and lateral wall of left ventricle with peripheral
contrast enhancement similar to the main tumor was de-
scribed; however, the connection between them could not be
excluded. Imaging studies suggested rhabdomyoma, fibroma,
or sarcoma.

Subsequent treatment included administration of
spironolactone, furosemide, and captopril. Hemodynamically sig-
nificant PDA was closed with PDA occluder. Signs of dyspnea
decreased. Because of the high risk of thromboembolic events,
cardiac tamponade, arrhythmia, and possible presence of metas-
tases, the biopsy during the procedure was not performed.

Magnetic resonance imaging of central nervous system
showed no tumors. Rhabdomyoma associated with tuberous
sclerosis could still not be excluded; thus, therapy with
sirolimus was started. After 4 weeks, no significant changes
in tumor size were observed, and sirolimus therapy was
discontinued. Pericardial drainage due to fluid accumulation
was performed. Subsequent specimen cytology was negative
for tumor cells.

Additionally, wide QRS extra beats were observed during
hospitalization in the standard ECGmonitoring. Twenty-four-
hour Holter monitoring revealed a few episodes of ventricular
tachycardia up to 200 bpm. Metoprolol was administered, and
during subsequent tests, only single premature ventricular
beats were observed. Pending genetic test results the infant
was discharged in a good general condition.

The 29-year-old father of the proband girl presented with
macrocephaly (head circumference 61 cm, > 97th centile) and
frontal bossing, mitten-hand–type bilateral syndactyly, and
unilateral postaxial hand polydactyly (Fig. 1e). He had a his-
tory of maxillary cyst surgery at age 22 (Fig. 1f). He had no
other medical issues and otherwise was normal physically and
intellectually.

Genomic testing

In the proband, exome sequencing (ES) was performed using
Nextera Flex for Enrichment sample preparation kit combined
with TruSeq DNA Exome (45 Mb) probes (Illumina, San
Diego, CA, USA) according to the manufacturer’s instruction.
Library was pair-end sequenced (2× 100 bp) on HiSeq 1500
(Illumina) to the mean depth 83×, 98.7% of target was covered
≥ 10×, and 94.4%was covered ≥ 20×. Bioinformatics analysis
of raw ES data and variant prioritization were performed as
previously described (Rydzanicz et al. 2019). Selected vari-
ants were further validated in the proband, her parents, and
grandparents (father’s parents) by amplicon deep sequencing
(ADS) performed using Nextera XT Kit (Illumina) and se-
quenced on HiSeq 1500 (Illumina).

Considering the patient’s phenotype and the characteristics
of the variants, we prioritized four ultrarare variants inASH1L,
CDKN2A, SIX4, and PTCH1 genes for verification and family
study. Variants in ASH1L, CDKN2A, and SIX4were inherited
from the healthy mother, while the variant in the PTCH1 gene
(hg38; g.chr9:095459719-A>G, NM_000264.5:c.2768T>C,
p.(Leu923Pro)) was inherited from the affected father. The
p.(Leu923Pro) variant in PTCH1 was absent from the
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proband’s grandparents’ blood. Therefore, we concluded that
this variant occurred de novo in the proband’s father and was
transmitted to the proband in an autosomal dominant manner
of inheritance (Fig. 2). The p.(Leu923Pro) was absent in all
queried databases, including in-house database of > 3000 ES
of Polish individuals, and was predicted to be damaging by in
silico predictors using by Varsome (Kopanos et al. 2019).

Discussion

Neonatal cardiac tumors are predominantly rhabdomyomas.
Multiple tumors suggest the diagnosis of tuberous sclerosis

while in case of single lesions, fibromas, myxomas, pericardi-
al teratomas, and hemangiomas should be taken into account.
Isolated cases constitute the majority of pediatric presentations
of intracardiac tumors. In such individuals, both physical and
intellectual developments remain unaffected. The manage-
ment is restricted either to surgery in cases of ventricular out-
flow tract obstruction, embolism, and pulmonary/cardiac in-
sufficiency or, most commonly, to monitoring cardiac func-
tion for a likely regression of the usually benign tumor. As the
tumor shrinks in size, the foci of rest cells may create a back-
ground for rhythm disturbances (Mankad and Herrmann
2016). In the usually benign and slow-growing intracardiac
tumors, sometimes, the parents have to be screened for

Fig. 1 a An additional phalanx of fifth finger in the proband. b The 12-
lead electrocardiogram of the proband demonstrating sinus rhythm with
delayed intraventricular conduction and generalized repolarization
abnormalities. c The anteroposterior projection chest radiograph

demonstrating cardiomegaly. d The transthoracic echocardiography,
apical four-chamber view demonstrating a large bean-shaped tumor of
the left ventricle. e Macrocephaly and frontal bossing in the father. f
Pantomogram of the father showing maxillary cysts

561J Appl Genetics (2020) 61:559–565



familial occurrences, e.g., familial myxoma syndrome. While
rare, the genetic syndromes featuring intracardiac tumors pres-
ent bigger challenges, both in terms of diagnosis and treat-
ment. Our literature search on genetic conditions with intra-
cardiac tumors revealed 10 fetal and pediatric entities that are
shown in detail in Table 1. Apparently, there are distinct clin-
ical features that prove helpful in establishing an early diag-
nosis of a certain genetic condition. Multiple tumors suggest
an underlying tuberous sclerosis, especially in the setting of
skin, kidney, and CNS typical findings. Cardiac tumors are
also present as single occurrences in two other phakomatoses:
Gorlin (NBCCS) syndrome and neurofibromatosis type 1
(NF1). In some conditions, establishing the pathological type
of tumor may facilitate diagnosis. Myxoma at an early age,
often multicentric and affecting any cardiac chamber, may
imply the diagnosis of Carney complex in up to 23–32% of
affected individuals (Vidaillet 1988; Bertherat et al. 2009).
Cardiac lipoma suggests Cowden syndrome, while neurofi-
broma and paraganglioma point to NF1 and possible heredi-
tary paraganglioma/pheochromocytoma syndromes, respec-
tively. A critical implication of a syndromic intracardiac tu-
mor diagnosis is a necessity for early-onset screening for

extracardiac neoplasms in affected individuals. In 9 out of
10 conditions listed in Table 1, malignancies may arise as part
of their clinical picture. Especially stringent guidelines for
tumor screening have been established in Beckwith-
Wiedemann syndrome characterized by bodily and internal
organ overgrowth as well as embryonal tumors of liver and
kidneys.

In our familial case, the final diagnosis was established by
ES but combined clinical exam of the proband, and the father
enabled inclusion of Gorlin syndrome in the differential diag-
nosis. The key symptoms present in the father were history of
jaw cysts, macrocephaly, syndactyly, and polydactyly. Thus,
this case best resembles Doede et al.’s description of an infant
boy with macrocephaly and finger syndactyly and his mother
with macrocephaly and facial fibromas (Doede et al. 2004).
According to the authors, combined syndactyly of fingers and
toes coupled with a cardiac tumor strongly suggests
syndromic diagnoses. Indeed, the father of our proband had
a complete syndactyly of the hands as well as unilateral poly-
dactyly, and cardiac tumor with polydactyly was observed in
the proband. Familial occurrence of Gorlin syndrome and the
value of examining the probands’ parents were underlined by

wt/wt wt/wt

wt/p.(Leu923Pro)

wt/p.(Leu923Pro)

wt/wt

p.(Leu923Pro)

proband

mother

father

grandmother

grandfather

Fig. 2 Results of ES analysis in
the family

562 J Appl Genetics (2020) 61:559–565



Ta
bl
e
1

D
if
fe
re
nt
ia
ld

ia
gn
os
is
of

sy
nd
ro
m
ic
pr
es
en
ta
tio

ns
of

fe
ta
la
nd

pe
di
at
ri
c
pr
im

ar
y
in
tr
ac
ar
di
ac

tu
m
or
s

G
en
et
ic
sy
nd
ro
m
e

C
lin

ic
al
ch
ar
ac
te
ri
st
ic
s

C
ar
di
ac

fe
at
ur
es

In
he
ri
ta
nc
e

G
en
e/
lo
cu
s

O
M
IM

L
ite
ra
tu
re

T
ub
er
ou
s
sc
le
ro
si
s
(T
S)

A
bn
or
m
al
iti
es

of
th
e
sk
in

(h
yp
om

el
an
ot
ic
m
ac
ul
es
,

co
nf
et
ti
sk
in

le
si
on
s,
fa
ci
al
an
gi
of
ib
ro
m
as
,s
ha
gr
ee
n

pa
tc
he
s,
fi
br
ou
s
ce
ph
al
ic
pl
aq
ue
s,
un
gu
al
fi
br
om

as
);

br
ai
n
(s
ub
ep
en
dy
m
al
no
du
le
s,
co
rt
ic
al
dy
sp
la
si
as
,a
nd

su
be
pe
nd
ym

al
gi
an
tc
el
la
st
ro
cy
to
m
as
,s
ei
zu
re
s,

in
te
lle
ct
ua
ld

is
ab
ili
ty
/d
ev
el
op
m
en
ta
ld

el
ay
,p
sy
ch
ia
tr
ic

ill
ne
ss
);
ki
dn
ey

(a
ng
io
m
yo
lip
om

as
,c
ys
ts
,r
en
al
ce
ll

ca
rc
in
om

as
);
he
ar
t(
rh
ab
do
m
yo
m
as
,a
rr
hy
th
m
ia
s)
;a
nd

lu
ng
s
(l
ym

ph
an
gi
ol
ei
om

yo
m
at
os
is
,m

ul
tif
oc
al

m
ic
ro
no
du
la
r
pn
eu
m
on
oc
yt
e
hy
pe
rp
la
si
a)

R
ha
bd
om

yo
m
as
,

(e
sp
ec
ia
lly

if
m
or
e

th
an

on
e)

in
up

to
50
%

of
co
nf
ir
m
ed

ca
se
s

A
ut
os
om

al
do
m
in
an
t

TS
C
1/
TS

C
2

19
11
00
/6
13
25
4
Sa
nc
ak

et
al
.(
20
05
)

G
or
lin

sy
nd
ro
m
e

(n
ev
oi
d
ba
sa
lc
el
lc
ar
ci
no
m
a

sy
nd
ro
m
e)

(N
B
C
C
S)

M
ul
tip

le
ne
vo
id
,c
ys
tic
,p
ig
m
en
te
d
or

ke
ra
to
tic

ba
sa
lo
m
as
;M

ul
tip

le
ja
w
cy
st
s;
cy
st
ic
al
te
ra
tio

ns
of

lo
ng

bo
ne
s;
co
st
al
an
om

al
ie
s,
ky
ph
os
co
lio

si
s,
oc
cu
lt

sp
in
a
bi
fi
da
,f
un
ne
lc
he
st
;a
ge
ne
si
s
of

co
rp
us

ca
llo
su
m
,

ca
lc
if
ic
at
io
n
of

fa
lx
ce
re
br
i;
ed
ge
d
sk
ul
l,
w
id
en
ed

na
sa
l

br
id
ge
,h
yp
er
te
lo
ri
sm

;p
al
m
ar

an
d
pl
an
ta
r
ke
ra
to
si
s;

ov
ar
ia
n
fi
br
om

as
,m

al
e
hy
po
go
na
di
sm

,c
ry
pt
or
ch
id
is
m

Fi
br
om

a
A
ut
os
om

al
do
m
in
an
t

P
TC

H
1,
P
TC

H
2,
SU

F
U

10
94
00

B
os
se
rt
et
al
.(
20
06
)

R
itt
er

et
al
.(
20
18
)

W
at
so
n
et
al
.(
20
04
)

D
oe
de

et
al
.(
20
04
)

Fo
ul
ke
s
et
al
.(
20
17
)

C
ar
ne
y
co
m
pl
ex

ty
pe

1
(C
N
C
1)

C
ar
di
ac
,e
nd
oc
ri
ne
,c
ut
an
eo
us
,a
nd

ne
ur
al
m
yx
om

at
ou
s

tu
m
or
s;
va
ri
et
y
of

pi
gm

en
te
d
le
si
on
s
of

th
e
sk
in

an
d

m
uc
os
ae

M
yx
om

a
at
a
yo
un
g

ag
e
(m

ay
be

m
ul
tic
en
tr
ic
an
d

af
fe
ct
an
y
he
ar
t

ch
am

be
r)

A
ut
os
om

al
do
m
in
an
t

P
R
K
A
R
1A

16
09
80

St
ra
ta
ki
s
an
d
R
ay
ga
da

(2
00
3)

B
er
th
er
at
et
al
.(
20
09
)

C
ar
ne
y
co
m
pl
ex

va
ri
an
t?

T
ri
sm

us
,p
se
ud
oc
am

pt
od
ac
ty
ly

an
d
fr
ec
kl
in
g

M
yx
om

a
(f
am

ili
al
?)

A
ut
os
om

al
do
m
in
an
t?

M
YH

8?
60
88
37

V
eu
ge
le
rs
et
al
.(
20
04
)

St
ra
ta
ki
s
et
al
.(
20
04
)

B
ec
kw

ith
-W

ie
de
m
an
n
(B
W
S)

O
ve
rg
ro
w
th
,m

ac
ro
gl
os
si
a,
om

ph
al
oc
el
e,

he
m
ih
yp
er
tr
op
hy

R
ha
bd
om

yo
m
a
or

an
gi
of
ib
ro
m
a
or

ha
m
ar
to
m
a
in

th
e

se
tti
ng

of
m
ac
ro
so
m
ia

Im
pr
in
tin

g
di
so
rd
er

11
p1
5
re
gi
on

(l
oc
iI
C
1

an
d
IC
2;

C
D
K
N
1C

,
K
C
N
Q
10
T1

,K
C
N
Q
1,

IG
F
2,
H
19

ge
ne
s)

13
06
50

L
on
ga
rd
te
t
al
.(
20
14
)

R
ed
dy

et
al
.(
19
72
)

Sa
tg
é
et
al
.(
20
05
)

N
eu
ro
fi
br
om

at
os
is
ty
pe

1
C
ha
ra
ct
er
is
tic

sk
in

ch
an
ge
s,
ne
ur
of
ib
ro
m
as
,

op
tic

gl
io
m
as

N
eu
ro
fi
br
om

a
A
ut
os
om

al
do
m
in
an
t

17
q1
1.
2m

ic
ro
-/
de
le
tio

ns
in
vo
lv
in
g
N
F
1

61
36
75

N
gu
ye
n
et
al
.(
20
13
)

B
ir
t-
H
og
g-
D
ub
e
(B
H
D
)

L
un
g
cy
st
s,
co
lo
ni
c
po
ly
ps
,r
en
al
tu
m
or
s

R
ha
bd
om

yo
m
a

A
ut
os
om

al
do
m
in
an
t

F
LC

N
13
51
50

T
or
o
et
al
.(
20
08
)

H
er
ed
ita
ry

pa
ra
ga
ng
lio

m
a/
-

ph
eo
ch
ro
m
oc
yt
om

a
sy
nd
ro
m
es

(i
nc
lu
di
ng

C
ar
ne
y-
St
ra
ta
ki
s

sy
nd
ro
m
e
an
d
C
ar
ne
y
tr
ia
d)

Pa
ra
ga
ng
lio

m
as
,g
as
tr
ic
st
ro
m
al
sa
rc
om

as
or

le
io
m
yo
sa
rc
om

as
,p
ul
m
on
ar
y
ch
on
dr
om

as
Pa
ra
ga
ng
lio

m
a

A
ut
os
om

al
do
m
in
an
t?

SD
H
B
,S
D
H
C
,S
D
H
D

60
68
64
,

60
42
87

M
ir
al
di

et
al
.(
20
07
)

C
ow

de
n
sy
nd
ro
m
e
(C
S)

M
ac
ro
ce
ph
al
y,
ha
m
ar
to
m
as
,o
va
ri
an

cy
st
s,
ca
nc
er

L
ip
om

a
A
ut
os
om

al
do
m
in
an
t

P
TE

N
15
83
50

C
er
es
a
et
al
.(
20
10
)

Fa
m
ili
al
m
yx
om

a
A
tr
ia
lm

yx
om

as
M
yx
om

a
A
ut
os
om

al
do
m
in
an
t

P
R
K
A
R
1A

25
59
60

Si
ng
h
an
d
L
an
si
ng

(1
99
6)

563J Appl Genetics (2020) 61:559–565



other authors. Ritter et al. reported jaw cysts in the father of an
affected girl, and in Bossert et al.’s case, the mother of the
proband had already been diagnosed with NBCCS (Ritter
et al. 2018; Bossert et al. 2006).

In the presented infant girl, a therapeutic trial of sirolimus
was initiated. This is based on an assumption that tuberous
sclerosis (TS) is the most frequent syndromic presentation of
cardiac tumors, and mTOR inhibitors are effective in treating
CNS and kidney neoplasms of TS (Curatolo and Moavero
2012). Moreover, it may be difficult to exclude this condition
in an early infantile period. However, the treatment was
discontinued due to lack of effect. Unsurprisingly, the major-
ity of tumor pathologies seen in NBCCS are fibromas, and
there is no evidence of disrupted mTOR signaling in these
tumors. Instead, loss of PTCH1 locus has been shown in car-
diac fibroma tissue (Scanlan et al. 2008). Recently, in a mixed
fibrous/myxoid type of gastric neoplasm called plexiform
fibromyxoma, a link was established between Hedgehog sig-
naling (Hh) and loss of PTCH1 (Banerjee et al. 2019).
Treatment of the primary tumor cells with the Hh pathway
inhibitor, sonidegib (LDE225, Novartis), resulted in dose-
dependent cell killing (Banerjee et al. 2019). This provides
rationale for the future therapeutic trials of other tumors in
the setting of PTCH1 loss, and it would be interesting to see
how various types of tumors in Gorlin syndrome respond to
the similar treatment.

In the described proband and her affected father, we
have ident i f ied through ES a missense var iant
NM_000264.4:c.2768T>C in the PTCH1 gene creating a
substitution p.(Leu923Pro). According to Varsome, most
missense changes in PTCH1 are of uncertain significance.
However, this particular variant is absent from GnomAD
or our in-house databases of variants, and in silico analy-
ses are predictive of its pathogenicity. Moreover, the var-
iant was excluded in healthy paternal grandparents of our
proband. Thus far, somatic mutation p.Leu923Pro has on-
ly been found in childhood medulloblastomas as the Sonic
Hedgehog (SHH) pathway is likely involved in progres-
sion of these tumors (Parsons et al. 2011; Iorgulescu et al.
2018). Medulloblastomas are part of the Gorlin syndrome
where they may appear at ages 1–2 years, which is much
earlier than expected in sporadic cases (Cowan et al.
1997). Thus, it may be reasonable to provide MRI brain
imaging in such instances.

In summary, we present a familial case of Gorlin syn-
drome characterized by the presence of a rare intracardiac
tumor in the proband. Clearly, the syndromic diagnosis
enabled optimization of therapeutic management, and it
may support introduction of specific prophylactic mea-
sures. Similar personalized management should be intro-
duced once the diagnosis of any of the genetic syndromes
presenting with primary intracardiac tumors and discussed
here is reached.
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