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Purpose: Carney complex (CNC), is an autosomal dominant
multiple neoplasia and lentiginosis syndrome. We aimed to
identify risk factors associated with the occurrence and recurrence
of cardiac myxomas, the predominant cause of death in CNC
patients.

Methods: Patients with CNC were monitored prospectively
between 1995 and 2020 for the development of cardiac myxomas.

Results: Of the 319 patients studied, 136 (42.6%) developed
myxomas. The mean age at diagnosis was 28.7 ± 16.6 years in
females and 25.0 ± 16.4 years in males. By age 30, 35% of females
and 45% of males had at least one myxoma. The CNC-related
lesions, lentigines, cutaneous, mucosal, or breast myxomas, thyroid
nodules, pituitary adenoma, and schwannoma were significantly
more frequent (all p < 0.05) among patients with myxomas. Forty-
four percent of patients had recurrences; nearly all within the first
8 and 16 years for males and females, respectively. Recurrences
were more common in females.

Conclusion: This is the largest study to date and provides the
first-time risk estimates by age and gender for cardiac myxomas in
CNC patients. Cardiac myxomas are common by age 30 and often
recur, especially in women, but the risk drops in 10 to 20 years.
These findings may guide patient counseling, screening intervals,
and surgical approaches.
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INTRODUCTION
Carney complex (CNC) (OMIM 160980) is a rare multiple
neoplasia and lentiginosis syndrome. It was initially described
by Dr. J. Aidan Carney in 19851 as a “complex of myxomas,
spotty skin pigmentation and endocrine overactivity,” and in
1986, it was named Carney complex.2 It is characterized by
multiple endocrine and nonendocrine tumors, abnormal skin
pigmentation and myxomas of the heart, breast, bone, skin,
and mucosae, melanotic schwannoma, and a predisposition to
various cancers, such as those developing in the thyroid,
ovaries, pancreas, and liver.3 About 70% of CNC cases are
familial, inherited in an autosomal dominant manner.
Inactivating variants of the regulatory subunit type 1A of
the cAMP–dependent protein kinase (PRKAR1A) gene at
17q22-24 (CNC 1 locus) are found in more than 70% of
patients with CNC with almost 100% penetrance.3–5 A second
locus has been mapped by genetic linkage analysis on the
short arm of chromosome 2 (2p16) (CNC 2 locus).6,7 Finally,
a copy-number gain of the short arm of chromosome 1
including the PRKACB gene was reported in a single case of
a CNC patient who presented with skin pigmentation,
acromegaly, and myxomas.8

Cardiac myxomas are rare in the general population, with
an estimated incidence of 0.5–1 per million population per
year,9,10 but common in patients with CNC. They are found
in 20–40% of CNC patients.11 CNC-associated cardiac
myxomas constitute the predominant cause of death among
these patients; they tend to be multiple and may occur as early
as at birth.4 Among patients with CNC, recurrence of
myxomas has been associated with excess of growth hormone
secretion.12

We reviewed data from the largest cohort of its kind with a
worldwide collection of records of CNC patients with and
without cardiac myxoma. Our objective was to identify risk
factors that could predispose to the occurrence and recurrence
of cardiac myxomas and provide evidence-based recommen-
dations regarding the follow-up of CNC patients.

MATERIALS AND METHODS
Ethics statement
The research protocol was approved by the Eunice Kennedy
Shriver National Institute of Child Health and Human
Development (NICHD) (1995–2011) and the National
institute of Diabetes and Digestive and Kidney Diseases
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(NIDDK) Institutional Review Boards (2012–2020). Patients
who were diagnosed with CNC and participated in the clinical
protocol 95-CH-0059 were included in the analysis. Patients
were enrolled and screened in this study from 19953,6 to 2020.
For genetic testing and for all CNC-related research, patients
and their parents gave written informed consent; younger
patients signed assent when appropriate.

Clinical studies
The study population consisted of two main groups of CNC
patients: (1) patients who have been diagnosed, treated, and
followed up at the National Institutes of Health (NIH) and (2)
patients who were referred to NIH from around the world.
Clinical information for all patients, including detailed hospital
records, echocardiograms, cardiac magnetic resonance imaging
(MRI) reports, and family history, were collected and reviewed.
All patients that met the criteria for CNC (Table 1) were
identified and reviewed. Of them, 319 patients fulfilled the
criteria and were included in the study. All patients that were
included in the study underwent echocardiography and a
subset of them (n= 35) had cardiovascular magnetic resonance
imaging (MRI) as part of the initial assessment and/or routine
follow-up.

Statistical analysis
Data were described using frequency distributions for
categorical variables and mean ± SD were calculated for
continuous variables. The presence of other stigmata of the
syndrome in patients with and without cardiac myxoma was
assessed using logistic regression models for repeated binary
outcome to account for dependence between family mem-
bers. The distribution of age at first diagnosis of myxoma, as
well as the distribution of time to recurrence of myxoma,

were assessed using Kaplan–Meier survival curves. We
calculated the Kaplan–Meier curve for age at first observed
myxoma by randomly selecting one individual from each
family cluster in the sample (to have an independent sample
of individuals): each family was represented with either the
first observed myxoma or a randomly selected myxoma free
family member. The association between gender of the
patients with their time to first occurrence of myxoma, as
well as time to recurrence of myxoma, was assessed using
Cox’s proportional hazards regression model with frailty to
account for dependence between family members. Hazard
ratios less than 1 indicate reduced risk and greater than 1
indicate increased risks for myxoma. Statistical significance
was set at p < 0.05. Data analysis was performed by SAS 9.4
and R 3.6.

RESULTS
Over the study period, 136 of the 319 CNC (42.6%) patients
developed at least one cardiac myxoma. A total of 78 patients
with cardiac myxomas (57.3%) were females. The patients
who had a PRKAR1A variant (n= 289) were not significantly
more likely to have a myxoma compared with those without a
PRKAR1A variant (n= 21) (p= 0.183). We also had nine
patients with unknown genetics, because they had not been
tested. The summary of all additional findings of CNC in
these patients are shown in Table 2.
In 42 (30.8%) of 136 patients the initial location was

uncertain. In 11 of them, the initial evaluation revealed
myxomas in multiple locations. In those cases in which the
location was known, a total of 104 tumors, 86 (82.7%) were
found in the atrium, 55 (64%) in the left atrium (LA), 14 in
the right atrium (RA), and 17 in the atrium not otherwise
specified. In the ventricle, 18 tumors were identified: 10 in the

Table 1 Diagnostic criteria for Carney complex (CNC)3,24.

Main criteria

1. Spotty skin pigmentation with a typical distribution (lips, conjunctiva and inner or outer canthi, vaginal and penile mucosa)

2. Myxoma (cutaneous and mucosal)a

3. Cardiac myxomaa

4. Breast myxomatosisa or fat-suppressed magnetic resonance imaging findings suggestive of this diagnosis

5. PPNADa or paradoxical positive response of urinary glucocorticosteroids to dexamethasone administration during 6-day modified Liddle test

6. Acromegaly due to GH-producing adenomaa

7. LCCSCTa or characteristic calcification on testicular ultrasonography

8. Thyroid carcinomaa or multiple, hypoechoic nodules on thyroid ultrasonography

9. Psammomatous melanotic schwannomaa

10. Blue nevus, epithelioid blue nevus (multiple)a

11. Breast ductal adenoma (multiple)

12. Osteochondroma of bonea

Supplemental criteria

1. Affected first-degree relative

2. Inactivating variant of the PRKAR1A gene
To make a diagnosis of CNC, a patient must either (1) exhibit two of the manifestations of the disease listed, or (2) exhibit one of these manifestations and meet one of
the supplemental criteria.
GH growth hormone, LCCSCT large cell calcifying Sertoli cell tumor, PPNAD primary pigmented nodular adrenocortical disease.
aWith histologic confirmation.

PITSAVA et al ARTICLE

12
34

56
78

9
0(
):,
;

GENETICS in MEDICINE | Volume 23 | Number 1 | January 2021 81



left ventricle (LV), 7 in the right ventricle (RV), and 1 not
otherwise specified.
The mean age at the detection of a patient’s initial cardiac

myxoma was 28.7 years (SD= ±14.65) for females and 25.0
years (SD= ±16.42) for males (Table 3). The first event
occurred at a later age in women compared with men (frailty
Cox model, p < 0.0001) (Fig. 1); as a sensitivity analysis, the
Kaplan–Meier curve for Fig. 1 was recalculated multiple times
with repeat sampling and similar curves were observed
(results not shown). However, first recurrences occurred
sooner in women compared with men (frailty Cox model,
p= 0.013) (Fig. 2). In addition, women were 65% less likely to
get a myxoma for the first time (frailty Cox model, p < 0.0001,
95% confidence interval [CI]: 0.226, 0.564), but 2.5 times
more likely to get a recurrence compared with men (frailty
Cox model, p= 0.013, 95% CI: 1.21, 5.31).
At least one recurrent event happened in 60 patients (44%)

and of them, 44 (73.3%) were females. In 35 patients, the
recurrent cardiac myxoma was in the same location as in the
initial tumor (22 of which were in LA), in 13 it was in a new
location (6 of which were in LA), and in 12 the exact location
was uncertain. The mean number of years to first recurrence
in all chambers was 4.2 years (SD= ±3.5 years). A second
recurrence took place in 21 patients, a third recurrence in 8
patients, and a fourth recurrence in 4 patients. Data from 35
cardiac MRIs revealed the most common location to be at the
interatrial septum (16/35 cases) followed by posterior/lateral
free wall in 8 cases and the intraventricular septum in 5 cases.
In addition, we looked at various other manifestations of

CNC to see if they might be useful to predict the presence of a
myxoma and we found the following lesions to be significantly
more frequent (all p values < 0.05) in those with myxomas than
in those without myxomas: skin or mucosal lentigines,
cutaneous or mucosal myxomas, breast myxomatosis, thyroid
lesions, pituitary adenomas, and psammomatous melanotic

schwannomas (Table 2). No significant differences were found
in the presence of other features of CNC. Between patients that
had only once cardiac myxoma and those with at least one
recurrence, no significant statistical differences were found in
the presence of the previous features (Table 2); however, the
numbers were small. These numbers are likely to underestimate
the true incidence of these manifestations because, for example,
not every skin lesion in every patient was biopsied and MRI of
the breast was not performed in all women.

DISCUSSION
This study is one of the largest of its kind to date. First, a
recurrence of the myxoma occurred in 44% of our patients, a
number much higher than reported before; the incidence of
a recurrence ranged between 10% and 22% in previous

Table 2 Summary of clinical findings of Carney complex (CNC) patients with and without cardiac myxoma, based on
diagnostic criteria.

CNC patients without

cardiac myxoma (n= 184,

F= 103, M= 74,

uncertain= 7)

CNC patients with

cardiac myxoma

(n= 136, F= 78,

M= 58)

P value CNC patients with

at least 1 recurrence

(n= 60, F= 44,

M= 16)

P value

Lentigines (%) 59 (32) 88 (64.7) 0.00008 36 (60) 0.3

Blue nevi (%) 14 (7.6) 14 (10.3) 0.1 3 (5) 0.06

Cutaneous myxoma (%) 28 (15.2) 41 (30.1) 0.01 19 (31.6) 0.9

Breast myxomatosis (%) 10 (9.7) 27 (34.6) 0.008 16 (36.3) 0.1

Thyroid manifestationsa (%) 15 (8.1) 35 (25.7) 0.001 20 (33.3) 0.1

LCCSCT or calcifications on testicular U/S (%) 23 (31) 29 (50) 0.3 9 (56.3) 0.09

Pituitary adenoma (%) 15 (8.1) 28 (20.6) 0.004 14 (23.3) 0.1

PMS (%) 4 (2.1) 16 (11.7) 0.009 8 (13.3) 0.5

PPNAD (%) 56 (30.4) 57 (41.9) 0.07 29 (48.3) 0.2
Significance was set at <0.05.
LCCSCT large cell calcifying sertoli cell tumor, PMS psammomatous melanotic schwannoma, PPNAD primary pigmented nodular adrenocortical disease, U/S ultrasound.
aIncludes thyroid carcinoma or multiple, hypoechoic nodules on thyroid ultrasonography.

Table 3 Age of initial myxoma by gender.

Age, years Number of males Number of females

0–5 3 1

6–10 6 8

11–15 8 9

16–20 7 6

21–25 7 6

26–30 3 13

31–35 4 13

36–40 1 8

41–45 4 5

46–50 2 3

51–55 2 3

56–60 1 1

61–65 0 1

76–80 1 1
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Fig. 1 Kaplan–Meier curve of the age to first observed myxoma grouped by gender. The first event occurred at an earlier age in men compared
with women (p < 0.0001).
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studies.13,14 In addition, our study reports the incidence of a
cardiac myxoma in CNC patients, as well as its first
recurrence based on their gender. The overall risk of
developing the tumor by the age of 30 years was shown to
be up to 35% for females and 45% for males, with an
increasing risk over time (i.e., by the age of 45, 65% of females
and 70% of males had at least one tumor [p < 0.0001]) (Fig. 1).
A striking finding of our study is that the first event

occurred significantly later in women compared with men;
however, over the observed duration of follow-up, nearly all
recurrences occurred earlier in women compared with men
(Fig. 2). In addition, a recurrent event rarely happened more
than 8 years after the initial occurrence in men and 17 years
in women. These findings have significant clinical implica-
tions for the follow-up of patients with CNC; i.e., in men,
follow-up may be needed more frequently for the first 8 years
after the initial event.
Cardiac myxomas in patients with CNC are of great

concern because they can cause intracardiac obstruction,
strokes due to the formation of emboli, and sudden death.12,15

When cardiac myxomas recur frequently, they may require
heart transplantation in a number of patients.16 They are the
leading cause of death in patients with CNC.3,17,18 In our
population, 42.6% of the patients with CNC developed a
cardiac tumor, which is a higher number than what has
previously been reported.3,4,19

In our study, in accordance with previous data,12 gender did
not seem to play a role in the initial appearance of a cardiac
myxoma in CNC patients. This is in contrast to other smaller
studies that showed a higher prevalence of myxomas in male
patients with CNC.20 On the other hand, 73.3% of the cases
that experienced a recurrence were females, pointing to a
much higher probability of recurrence for women than men.
Thyroid involvement in CNC patients has been described

before4,6,19,21,22 as a feature of the syndrome, ranging
from benign lesions (i.e., follicular/nodular hyperplasia) to
carcinoma.21,22 What is interesting in our findings is that
thyroid gland manifestations occurred in 8.1% of CNC
patients without cardiac myxoma versus 25.7% of CNC
patients with cardiac myxoma (p= 0.001). In addition,
breast myxomatosis was present in 9.7% versus 34.6% of
CNC patients, without and with cardiac myxoma respec-
tively (p= 0.008). Other interesting associations are shown
in Table 2. In other words, it is more likely that a person will
develop a cardiac myxoma if they had thyroid lesions or
breast myxomas.
In terms of age, the highest incidence of a new tumor was in

the second and third decade of life, in agreement with
previous studies.3,10 However, our study also showed tumors
presenting as early as at 4 years and as late as at 80 years of
age. Regarding the location of the myxoma, atrial involvement
was significantly higher than other sites; the atrial septum was
the most frequent point of origin for the tumor, a finding that
has been reported before.23

In conclusion, our study provides risk estimates by age and
gender for cardiac myxomas in patients with CNC. The data

are useful for clinicians, patients, and their families. Early
diagnosis is vital and currently cardiac ultrasound is
recommended annually or biannually (if prior myxoma
history is present) for early detection of primary or recurrent
tumor.15 Screening should begin in infancy with biannual
echocardiograms. This may go until young adulthood. If there
is prior history of cardiac myxoma, echocardiograms should
be performed biannually for 20 years after the initial myxoma
for both men and women at any age; after that time,
surveillance may be performed every 12 months until the end
of life. Although recurrences are rarer in older age as this
study demonstrates, an annual echocardiogram for all patients
with CNC for the rest of their lives is a small price to pay for
preventing the dire consequences of a tumor that could have
been excised.
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