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Recurrent left atrial myxoma in Carney complex

A case report of a familial pedigree
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Abstract \\
Rationale: Carney complex (CNC) accounts for up to two-thirds of familial cardiac myxoma, which is a rare autosomal dominant |
syndrome characterized by multiple mucocutaneous lesions and endocrine tumors. Mutation in the CAMP-dependent protein kinase
A (PKA) regulatory (R) subunit 1 (PRKAR1A) gene has been identified as a cause of CNC. In this article, we report 3 first-degree
relatives with cardiac myxoma who were diagnosed with CNC and underwent surgical resection.

Presenting concerns: The recurrence of cardiac myxoma was detected in a 45-year-old male by echocardiography 5 years
after the resection was carried out, without any additional symptoms. Family screening indicated that his brother and his brother’s
son also had a history of cardiac myxoma.

Diagnosis: The echocardiography of the patient showed a 43mm x 28 mm echo mass at the bottom of the atrial septum near
anterior mitral leaflet. Sequencing of the patient’s genomic DNA obtained from peripheral blood identified a p.E17X (c.491-492delTG)
mutation in PRKAR1A, which encodes the type la regulatory subunit of protein kinase A.

Interventions: The patient received redo cardiac myxoma resection and mitral valve repair under cardiopulmonary bypass.
Echocardiographic surveillance was conducted after the surgery.

Outcomes: The patient recovered quickly after the surgery and was discharged without any abnormality detected by
echocardiography. Follow-up after 1 year showed no recurrence of the cardiac myxoma.

Main lesson: We recommend echocardiographic surveillance of the affected individuals and their first-degree relatives at regular
intervals, given the high risk of recurrence and the morbidity and mortality associated with cardiac tumors in any location.

Abbreviations: CNC = Carney complex, PKA = cAMP-dependent protein kinase A, TTE = transthoracic echocardiography.
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1. Introduction

Carney complex (CNC) is a rare syndrome characterized by
pigmented skin lesions, multiple endocrine, cardiac myxoma, and
other tumors.”! Mostly examined as a results of an incidental
finding, patients with cardiac myxoma may still present with
obstructive and/or embolic phenomena associated with nonspe-
cific constitutional symptoms, including fatigue, fever, and
arthralgia.””! The treatment is surgical excision, and upon
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detection, should be performed expeditiously given the risk of
sudden death or serious embolic complications.!

However, there is little knowledge about CNC in Asian
populations, especially a familial report. In this article, we
report a patient (proband) who presented with left atrial
myxoma. He underwent surgical resections in our cardiac
surgical unit, twice across a 5-year period. Up on investigation,
2 members of his family were found to have the same disease.
Hence, this article serves to illustrate the pertinent features of
the diagnosis and management of familial atrial myxoma
associated with CNC, and to highlight the importance of
interval surveillance.

2. Case report

2.1. Institutional review board statement

The study was reviewed and approved by the ethics committee of
the Changzheng Hospital, Second Military Medical University.
Informed consent was obtained from the patient and his family.

2.2. Patient features

A 45-year-old male was diagnosed with recurrent cardiac
myxoma in a local hospital and was sent to our center for
further treatment. Five years ago, the patient was admitted into
the Changhai Hospital with the main complaint of exertional
palpitation and was diagnosed with left atrial cardiac myxoma.
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Figure 1. Pigmentation on the right hand of the patient.

He then received the routine myxoma resection under cardiopul-
monary bypass.

On physical examination, extensive pigmentation was ob-
served on his upper lip and right hand (Fig. 1). Upon palpation,
no nodules were observed in the thyroid. No pathological
murmurs of the heart were observed through auscultation.

A thyroid ultrasonography detected multiple small hypoechoic
thyroid nodules, and the patient was euthyroid. Transthoracic
echocardiography (TTE) showed a 43 mm x 28 mm echo mass in
the left atrium, with the pedicle attached to the bottom of the
atrial septum near the anterior leaflet, which moved with the
cardiac cycle (Fig. 2A).

2.3. Treatment and outcomes

Routine examinations were conducted before the surgery to screen
other complications. After intubation and anesthesia, convention-
al median sternotomy was chosen as the incision, and cardiopul-
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Figure 3. Pedigree of the family with Carney complex. Arrow indicates the
proband.

monary bypass was established. The right atrium was entered and
the tumor was removed, with mitral valve annuloplasty. After the
surgery, the patient was transferred to the CICU. He recovered
well and was discharged soon. Postoperative TTE showed that the
tumor was removed and the mitral valve functioned well (Fig. 2B).
Six-month and 1-year follow-up of the patient showed no
recurrence of the cardiac myxoma by TTE.

2.4. Other patients in this family

A family pedigree across 3 generations was constructed based on
personal communication with the patient (Fig. 3). The brother of
the proband and the brother’s son (the nephew of the proband) were
both confirmed with the diagnosis of atrial myxoma and underwent
surgical resection. The nephew underwent surgical resections twice,
just like the proband. The father of the proband encountered
sudden death at the age of 43 without any diagnosed disease.

2.5. Whole exome sequencing

In order to find the mutation and confirm the diagnosis, whole
exome sequencing was performed for the proband, his brother,
and his 2 children by GENEWIZ corporation (Suzhou, China) to
make the diagnosis. Due to the inaccessibility of the blood
sample, the nephew’s genetic test could not be completed. An
analysis of the patient’s genomic DNA obtained from peripheral
blood identified a p.E17X (c.491-492delTG) mutation in
PRKAR1A, which encodes the type Ia regulatory subunit of

Figure 2. Left ventricular long axis view of TTE before and after the surgery. (A) A 43mm x 28 mm echo mass attached on the anterior mitral leaflet; (B) the tumor

was resected. TTE=transthoracic echocardiography.
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Figure 4. Whole exome sequencing results of the patients and his family. Both CNC cases in the family (the proband and the brother) carried the same PRKARTA
exon 5 mutation (c.491-492delTG), and the healthy son and daughter (of the proband) did not carry the mutation. CNC =Carney complex, PRKAR1A =protein

kinase type I-alpha regulatory subunit.

protein kinase A (Fig. 4). The same point mutation in PRKARTA
was also found in the brother, but not in the children of the
proband, who had no atrial myxoma. According to the
diagnostic criteria of CNC (Table 1), since 3 major criteria
and one supplemental criterion were met, the CNC diagnosis of
the family was effectively established.

3. Discussion

CNC is a rare autosomal dominant disease, first reported by
Carney, in 1985. It is characterized by cardiac and cutaneous

myxoma, spotty skin pigmentation, and endocrine over-
reactivity. The syndrome was found to be responsible for
many endocrine tumors in addition to myxoma. To confirm
the diagnosis of CNC, patients must meet 2 major criteria or 1
major and 1 supplemental criterion (Table 1).[*! Thus, a
patient with a histologically proven cardiac myxoma can be
diagnosed with CNC when he/she meets an additional major
criterion, including a recognized gene activation/inactivation
or existence of an affected first-degree relative. In this
Chinese CNC-affected family, the proband had cardiac
myxoma, skin pigmentation on his upper lip as well as right
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Carney complex: diagnostic criteria’.

Major criteria Spotty skin pigmentation in typical distribution
Cutaneous/mucosal or cardiac myxoma
Breast myxomatosis

PPNAD or paradoxically positive Liddle’s test
Acromegaly secondary to GH adenoma
LCCSCT

Thyroid carcinoma

PMS (psammomatous melanotic schwannomas)
Multiple epithelioid blue naevi

Breast ductal adenoma
Osteochondromyxoma

Affected first-degree relative

Activating mutations of PRKACA and PRKACB
Inactivating mutation of PRKARTA gene

Supplemental criteria

GH=growth hormone, LCCSCT = large cell-calcifying sertoli cell tumors, PPNAD = primary pigmented
nodular adrenocortical disease, PRKACA=protein kinase cAMP-activated catalytic subunit alpha,
PRKACB =protein kinase cAMP-activated catalytic subunit beta, PRKAR1A=protein kinase type I-
alpha regulatory subunit.

“Two major criteria (confirmed on histology, imaging, or biochemistry) or one major and one
supplemental criterion make the diagnosis of Carney complex. Adapted from Correa et al.

hand, and multiple hypoechoic thyroid nodules. Similarly, the
nephew and uncle exhibited cardiac myxoma and skin
pigmentation.

The mutation in the cAAMP-dependent protein kinase A (PKA)
regulatory (R) subunit 1 (PRKAR1A) gene on loci 24.1-24.3 of
the long arm of chromosome 17 has been identified as a cause of
CNC.P! More than 1000 CNC patients have been reported, of
whom approximately 70% are familial cases. The PRKAR1A
mutation is found in more than 70% of CNC patients, and >100
different mutations have been reported throughout the coding
region of PRKARI1A.!® Horvath reviewed all the known
PRKAR1TA mutations and has established an online database
of the same (http://PRKAR1A.nichd.nih.gov)."”! However, little
is known about the role of this mutation in the development of
CNC in Asian populations. Using target exome capture
sequencing, we identified the mutation in this CNC kindred in
PRKAR1A exon 5 that included a deletion of TG at chrl7
66520201-66520211.

PRKART1A encodes the type 1A R subunit of PKA or cAMP-
dependent protein kinase. The inactive PKA enzyme consists of
a tetramer of 2 homo- or heterodimers of R subunits
(PRKAR1A, PRKAR1B, PRKAR2A, and PRKAR2B) and a
homodimer of 2 catalytic subunits (from a choice of 4
molecules: PRKACA, PRKACB, PRKACG, and PRKX).
Activation of PKA occurs upon the binding of 2 molecules
of cAMP to each R subunit,® followed by the dissociation of
the holoenzyme and the release of the active catalytic subunit.
This in turn phosphorylates a series of downstream cellular
target genes.”) PRKARIA haploinsufficiency leads to an
increase in total (and not only PKA-specific) cAMP-stimulated
kinase activity.!*!

Previous studies have explained the increment of cAMP
signaling with 2 major pathways. One mechanism is that an
increased intracellular C to R subunit ratio and a higher amount
of free catalytic subunits which phosphorylate downstream
targets were caused by R-lIa haploinsufficiency. The other
mechanism is that R-Ia haploinsufficiency can result in an
upregulation of subunits of PKA tetramer, such as type I
(PRKAR1B) and type II (PRKAR2A or PRKAR2B).[10:11!

Medicine

Patients with cardiac myxoma were associated with CNC
experience recurrence in up to 30% of cases, whereas in the total
population of cardiac myxoma, reported rates of recurrence vary
between 3% and 6%.5! Cases of up to 4 and 7 recurrences in
single patients have been reported.!*! Two out of the 3 patients in
our series had tumor recurrence, and in both cases at the same
location as the first tumor. Thorough and complete physical
examinations, especially the skin evaluation and thyroid
examination, are compulsory in the diagnosis and interval
follow-up for CNC patients.!'?! Considering the highly risk of
recurrence of cardiac myxoma, every patient diagnosed with
CNC shall be given clinical surveillance by biannual TTE
examination.">! For male CNC patients, large cell-calcifying
Sertoli cell tumors (LCCSCT) detection by testicular ultrasound is
strongly recommended because approximately 75% proportion
of male CNC patients are accompanied by this disease.
Laboratory test such as serum growth hormone (GH), plasma
prolactin (PRL), insulin-like growth factor 1 (IGF1), and urinary
free cortisol are often tested as the screening biochemical
indicators.!'¥

4. Conclusions

A familial case of 3 first-degree relatives with cardiac myxoma
was reported, who showed the classic symptoms of CNC
including cardiac myxoma, skin pigmentation, and multiple
hypoechoic thyroid nodules, which was confirmed by whole
exome sequencing. Recurrence of cardiac myxoma was found in
2 patients of this family, with one patient had late recurrence at §
years after the operation, another patient presented with his third
recurrence. For patients with familial cardiac myxoma, the
diagnosis of CNC should be considered, which can be established
when the patient is accompanied by other major criteria. Once
the patient is diagnosed with CNC, periodical follow-up,
especially the surveillance by echocardiography is strongly
recommended for himself, as well as his first-degree relatives,
in case of recurrence.
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