
Frequency of and Consequences of Aortic Dilation in Noonan
Syndrome

James W. Cornwall, BAa, Robert S. Green, MDb, James C. Nielsen, MDb,d, and Bruce D.
Gelb, M.D.a,b,c

aMindich Child Health and Development Institute, Icahn School of Medicine at Mount Sinai, New
York, New York 10029
bDepartment of Pediatrics, Icahn School of Medicine at Mount Sinai, New York, New York 10029
cDepartment of Genetics and Genomic Sciences, Icahn School of Medicine at Mount Sinai, New
York, New York 10029
dDepartment of Pediatrics, State University of New York, Stony Brook, New York

Abstract
Noonan syndrome (NS) is a genetic disorder caused by mutations altering proteins relevant to
RAS/mitogen-activated protein kinase (MAPK) signal transduction. Cardiac involvement is
common, most prevalently pulmonary valve stenosis and hypertrophic cardiomyopathy. Since
abnormal MAPK signaling contributes to the aortopathy in Marfan syndrome and with rare reports
of aortic aneurysm in NS, we undertook a retrospective study of ascending aortic anatomy in 37
individuals with NS and without confounding medical conditions. Age ranged from 0.6 to 32
years. Based on the most recent echocardiogram, the aortic annulus and root were dilated in the
cohort (mean Z-scores of 1.14 and 0.98, respectively; p<0.005) but the sinotubular junction and
ascending aorta were not (mean Z-scores of 0.05 and 0.19, respectively). The aortic root was
aneurysmal (>2 Z-scores) in 8 subjects (21.6%). PTPN11 mutations were present in 14 subjects,
whose aortic status was similar to the cohort overall. Comparison of age and Z-scores revealed a
modest tendency for the aortic annulus and root to dilate over time. Among 13 subjects with
multiple imaging studies over an average of 6.8 years, the average Z-score increased 0.78 and 0.39
for the aortic annulus and root, respectively. Multivariate analysis revealed that age accounted for
7.0% and 11.0% of the variance in the aortic annular and root diameters, respectively. In
conclusion, we found that aortic annular dilation and aortic root aneurysm are prevalent in NS,
often presenting during childhood and progressing over time. Further study is needed to identify
potential risks associated with these abnormalities.
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Noonan syndrome (NS) is a genetically heterogeneous, pleiomorphic autosomal dominant
disorder.1 NS with multiple lentigines (formerly LEOPARD syndrome), Costello syndrome
and cardiofaciocutaneous syndrome, are closely related phenotypically.2 Gene mutations
underlying NS and the related disorders, termed the RASopathies, alter several proteins
involved in the RAS/mitogen-activated protein kinase (MAPK) signal transduction pathway.
In NS, 80–90% of affected individuals exhibit cardiovascular involvement, comprising
morphologic defects, particularly pulmonary valve stenosis,3 and early-onset hypertrophic
cardiomyopathy.4,5 Marfan syndrome, an unrelated genetic disorder caused by FBN1
mutations, is associated with aortic aneurysm, a result of excess transforming growth factor
β (TGFβ) signaling.6 In a mouse model of Marfan syndrome, the MAPK, Erk1/2, is
hyperactivated in aortic aneurysm and inhibition of RAS pathway is therapeutic.7,8 Since the
RASopathies are characterized by excessive signaling through ERK1/2, we questioned
whether aortic aneurysm is an unrecognized part of the phenotype. A literature review
revealed a few case reports of aortic aneurysm at the aortic root or ascending aorta in NS
(Table 1).9–17 For the other, rarer RASopathies, one case of aortic root aneurysm in an
adolescent with Costello syndrome was identified.18 The combination of clinically relevant
aortic issues in several NS patients and evidence suggesting the involvement of MAPK
pathways in the development of aortic aneurysms led us to investigate the prevalence of
aortic dilation in NS patients using a retrospective study design.

Methods
With IRB approval, medical records and echocardiographic data were reviewed
retrospectively for all patients with NS at the Icahn School of Medicine at Mount Sinai.
Cases were identified through searches of an echocardiographic database covering 1993-
present and a clinical database for the Cardiovascular Genetics Program in which affected
individuals are frequently assessed and followed. The inclusion criterion was any individual
diagnosed with NS clinically, generally using established criteria,19 or through genetic
testing. The exclusionary criteria were aortic valve disease, subaortic stenosis and prior
surgery with aortic cannulation.

Echocardiographic data were extracted from reports, which routinely included Z-scores
normalized for body surface area for the diameters of the aortic annulus, aortic root,
sinotubular junction, and ascending aorta. The sites for those measurements were as
previously described.20 Z-scores for those echocardiographic parameters from each subject’s
most recent study were compared statistically using T-testing to the population norm. For
subjects with 2 or more echocardiograms performed over time, multivariable regression
models were constructed with aortic root or annulus diameter Z-score as the dependent
variable and ln(age) and dummy variables for individuals as the independent variables using
IBM SPSS Statistics 20 (Armonk, NY).

Results
We identified 37 individuals with NS who fit our inclusion and exclusion criteria. Among
those, the underlying mutation was known in 16 cases, 14 altering PTPN11. The remaining
2 were mutations in SOS1 and SHOC2. The ages of the subjects ranged from 0.6 to 32 years
(mean 10.7, median 7.0) and 57% were male.

The mean Z-scores from the subjects’ most recent echocardiogram for the aortic annulus and
root were 1.14 and 0.98, respectively, which were significantly greater than the population
norm (p <0.005). The distribution of Z-scores for the aortic annulus and root (Fig. 1a and b)
were similar to the expected normal distribution but shifted towards larger values. Of the 37
NS subjects, 10 (27.0%) had aortic annulus Z-scores >2, the threshold for declaring annular
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dilation. Similarly, 8 (21.6%) had aortic root Z-scores >2, qualifying as aortic root
aneurysm. The numbers of subjects with Z-scores >2 was significantly more than expected
(p <0.01 and <0.05, respectively).

The mean Z-scores for the sinotubular junction and ascending aortic diameters were 0.05
and 0.19, respectively, which were not different from the general population. The
distribution of Z-scores for these aortic anatomic sites was similar to the expected normal
distribution (Fig. 1c and d). No individual had dilation of the sinotubular junction and two
subjects (5.4%) had ascending aortic Z-scores >2, not significantly more than the expected
2.5%.

The 14 subjects with a PTPN11 mutation had average aortic annulus and aortic root
diameter z-scores of 1.103 and 0.86, respectively, which were significantly greater than the
population (p<0.05), but not different from the NS cohort overall. The mean Z-scores for the
sinotubular junction and ascending aortic diameters were −0.07 and 0.20, respectively,
which were not different from the general population or the NS cohort as a whole.

Next, we sought to determine if the aortic dilation was progressive in NS. To do that, we
first looked at the effect of age on aortic annular and root sizes. As shown in Fig. 2a and b,
there was a modest tendency for Z-scores to increase with age. Similar effects were seen for
the sinotubular junction and ascending aortic Z-scores. More strikingly, we studied subjects
who had undergone two or more echocardiograms (Fig. 3). Among 13 such individuals in
our cohort, 5 (38.5%) had progressive aortic annular dilation and 7 (53.8%) had
progressively dilating aortic roots over an average follow-up interval of 6.8 years. The
average increase in Z-score for the aortic annulus and root were 0.78 and 0.39, respectively.
Multivariable models of Z-scores in subjects who had undergone 2 or more
echocardiograms revealed that ln(age) accounted for 11.0% of the variation in the aortic root
Z-score (p=0.002) and for 7.0% of the variation in the aortic annulus Z-score (p=0.001).

Discussion
Aortic aneurysm has been considered a rare complication of NS in adults,21 although it has
been observed as early as at age 8.14 Our retrospective review of aortic imaging in
individuals with NS suggests that dilated aortic annulus and root are prevalent in this
condition, often presenting in childhood. The distribution of Z-scores for these 2 anatomic
sites was notably different from the expected population norm, and more than one-quarter of
the patients studied had frankly abnormal annular size, aortic root aneurysm or both. The
observation that the diameters of the sinotubular junction and ascending aorta were normal
in this cohort was important in two respects. First, this showed anatomic specificity to the
dilation, as is generally observed in other conditions with aortopathy. Second, it provided an
internal control, eliminating concern that abnormal growth associated with NS might
somehow distort the calculation of body surface area needed to assess the aortic diameters.
Our data, both cross-sectional and serial, suggest that the dilation of the aortic annulus and
root can be progressive.

Given the size of our cohort and the length of follow up, we cannot adequately address the
natural history of or risks associated with this aortic disease in NS. While we believe it
would be prudent to continue surveillance for affected individuals with aortic root aneurysm,
we cannot advocate medical therapy or know when to intervene surgically, beyond
common-sense recommendations like doing so if significant aortic insufficiency develops.

A subset of our NS cohort harbored PTPN11 mutations, which is the most common gene
altered for this trait.1 Based on that small group, the aortopathy associated with NS-causing
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PTPN11 mutations seemed typical. Knowing that important genotype-phenotype
associations exist for NS, including ones relevant to the cardiac involvement,1 future work is
needed to determine whether individuals with NS due to mutations in other prevalent genes
like SOS1, RAF1 and RIT1 are at similar risk for aortic disease.

This study focused only on proximal aortic involvement in NS. A review of the literature,
however, revealed case reports of patients with NS who presented with aneurysms of
coronary arteries,22 intracranial arteries (including one presenting with hemorrhagic
stroke),23–25 the main pulmonary artery26 and the descending aorta.27 These findings
suggest that the vascular involvement in NS can be broad. More information is needed to
determine if screening for aneurysm such as with magnetic resonance angiography is
appropriate for individuals with NS in general, those with particular mutations, or those with
aortic root aneurysm.

Finally, the shared biology among the RASopathies raises the question of whether
individuals with the NS-related disorders are also at risk for vascular involvement. A review
of the literature identified one report of aortic root aneurysm in an individual with Costello
syndrome18 but none with cardiofaciocutaneous syndrome. Coronary aneurysms and
polyaneurysms have been reported in individuals with Noonan syndrome with multiple
lentigines.28 Of note, these three disorders are much rarer than NS so the paucity of prior
reports of thoracic aortic aneurysm cannot be viewed as definitive. On the other hand, the
types and extent of organ involvement vary among the RASopathies, believed to result from
the specific effects on RAS-MAPK signaling or signaling through other pathways
engendered by the molecular lesions underlying them. Thus, we cannot assume that the
aortic disease in NS will inevitably be found in patients with other RASopathies.
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Figure 1.
Comparisons of the distribution of aortic annulus (a), aortic root (b), sinotubular junction
(c), and ascending aorta diameter (d) Z-scores to normally distributed values. For all graphs,
Z-scores are indicated on the X-axis and the number of subjects on the Y-axis.
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Figure 2.
Plots of the aortic annulus (a), aortic root (b), sinotubular junction (c), and ascending aorta
(d) diameter Z-scores (Y-axis) versus the subject’s age at the most recent echocardiogram
(X-axis).
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Figure 3.
Lines of best fit for Z-scores for the aortic annulus (a) and aortic root (b) vs. age to
demonstrate the trajectory of aortic annular and root growth for subjects observed serially.

Cornwall et al. Page 9

Am J Cardiol. Author manuscript; available in PMC 2015 January 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cornwall et al. Page 10

Ta
bl

e 
1

R
ep

or
te

d 
ca

se
s 

of
 a

or
tic

 a
ne

ur
ys

m
 in

 N
oo

na
n 

sy
nd

ro
m

e

A
ge

Se
x

A
or

ti
c 

P
at

ho
lo

gy
T

re
at

m
en

t
G

en
ot

yp
e

R
ef

er
en

ce

8
F

R
oo

t, 
an

nu
lu

s
A

te
no

lo
l

P
T

P
N

11
 R

50
1K

Je
ff

ri
es

, 9

A
du

lt
M

A
sc

en
di

ng
, d

is
se

ct
io

n
-

-
K

re
ts

ch
m

ar
, 1

0

42
M

R
oo

t
-

-
L

in
, 1

1

18
F

A
sc

en
di

ng
 (

ao
rt

iti
s)

Su
rg

ic
al

 r
ep

la
ce

m
en

t
N

on
e 

fo
r 

P
T

P
N

11
, K

R
A

S,
 B

R
A

F
M

en
on

, 1
2

42
M

R
oo

t
-

-
M

or
ga

n,
 1

3

8
M

R
oo

t
-

P
T

P
N

11
 E

76
D

Po
w

er
, 1

4

49
M

R
oo

t
Su

rg
ic

al
 r

ep
la

ce
m

en
t

-
Pu

rn
el

l, 
15

A
du

lt
M

A
sc

en
di

ng
, d

is
se

ct
io

n
Su

rg
ic

al
 r

ep
la

ce
m

en
t

-
Sh

ac
ht

er
, 1

6

41
M

A
sc

en
di

ng
; a

bd
om

in
al

, d
is

se
ct

io
n

Su
rg

ic
al

 r
ep

la
ce

m
en

t
-

T
ou

si
m

is
, 1

7

-,
 n

o 
in

fo
rm

at
io

n 
av

ai
la

bl
e

Am J Cardiol. Author manuscript; available in PMC 2015 January 15.


