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ABSTRACT
Noonan syndrome (NS) is a mostly dominantly inherited 
disorder affecting 1:1000 to 1:2500 live births. The 
phenotype varies in severity and can involve multiple 
organ systems over a patient’s lifetime. Diagnosis is 
based on a combination of features, including typical 
facial features, short stature, skeletal abnormalities, 
presence of cardiac defects, mild developmental delay, 
cryptorchidism, lymphatic dysplasia and a family history 
of NS. The phenotype varies from oligosymptomatic 
adults without significant medical issues to severely 
affected neonates with life-threatening heart disease. 
Early, accurate diagnosis is important for individualised 
management and to optimise developmental and 
long-term outcomes, but mildly affected patients often 
go undiagnosed for both healthcare provider (HCP)-
related and patient-related reasons. Lack of awareness 
of NS among HCPs means that some do not recognise 
the condition, particularly in mildly affected patients 
and families. Some families do not want to receive a 
diagnosis that medicalises a condition that may account 
for family traits (eg, distinctive facial features and 
short stature), particularly when a child’s physical and 
cognitive development may be satisfactory. As for any 
condition with lifelong effects on multiple organ systems, 
a multidisciplinary approach provides the best care. It is 
proposed that increasing awareness of NS among non-
specialist HCPs and other professionals could help direct 
a parent/carer to seek specialist advice and increase the 
number of NS diagnoses, with the potential to optimise 
lifelong patient outcomes. Non-specialists do not need 
to become experts in either diagnosis or treatment; 
however, early recognition of NS and referral to an 
appropriate specialist is important.

INTRODUCTION
Noonan syndrome (NS) is a fairly common, mostly 
autosomal-dominant inherited disorder with a 
phenotype that varies in severity and can involve 
multiple organ systems over the patient’s life-
time.1 2 It has an estimated incidence of 1 in 1000–
2500 live births.1 While many individuals have a 
de novo pathogenic variant, an affected parent 
(more commonly a female parent) is recognised in 
20%–40% of patients. Although formal epidemio-
logical studies are lacking, prevalence is assumed to 
be similar across all ethnicities.

Signs and symptoms
The syndrome is characterised by a number of 
features, as shown in figure 1.1–6 The emergence of 
these characteristics at different ages is considered 
in more detail later in this article.

Genetic causes
NS is caused primarily by gain-of-function (acti-
vating) mutations in genes encoding components 
or regulators of the RAS/mitogen-activated protein 
kinase (MAPK) signal transduction pathway, which 
is essential for cell cycle differentiation, growth 
and senescence (figure  2).1 2 4 As such, NS is one 
of a family of phenotypically overlapping genetic 
disorders caused by dysregulation of the RAS/
MAPK pathway—the ‘RASopathies’—that also 
includes cardiofaciocutaneous syndrome, Costello 
syndrome, neurofibromatosis type 1, Legius 
syndrome, NS with multiple lentigines, Noonan-
like syndrome with loose anagen hair, and capil-
lary malformation/arteriovenous malformation 
syndrome.6 7 The family of RASopathies constitutes 
one of the largest groups of multiple congenital 
anomaly diseases.

Genes implicated in NS include PTPN11 (in 
about half of patients with NS), SOS1, RAF1, 
RIT1, KRAS, NRAS, BRAF, LZTR1, SOS26 8 9 and 
others. Robust epidemiological data and mutation 
detection rates are lacking; however, it is likely that 
approximately 80% of patients with a clinical diag-
nosis of NS have a mutation in one of these genes.9 
The causative mutations remain unidentified in 
10%‒20% of patients, and de novo mutations 
account for a majority of NS cases.7 Genetic hetero-
geneity partly explains the observed phenotypical 
variability,1 2 7 10 and a number of clinically rele-
vant genotype–phenotype correlations have been 
identified. For example, PTPN11 and SOS1 muta-
tions are more often associated with pulmonary 

What is already known on this topic?

	► Noonan syndrome is a relatively common 
genetic disease; early diagnosis and referral 
may improve patient outcomes.

	► The disparate signs and symptoms of Noonan 
syndrome can make diagnosis difficult, as 
patients may present to a variety of healthcare 
professionals.

What this study adds?

	► Increased awareness among non-specialist 
and non-healthcare professionals may improve 
diagnosis, leading to improved patient 
outcomes.

	► Provides a European perspective of the disease 
and its management.
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valve stenosis, while RAF1 and RIT1 mutations are particularly 
associated with hypertrophic cardiomyopathy,11 12 and specific 
PTPN11 mutations confer increased risk of juvenile myelomono-
cytic leukaemia.13 Genetic testing, therefore, can help with risk 
assessment and patient management.14 Genetic testing is recom-
mended at the time of clinical diagnosis or suspicion. The patient 
can be referred to a clinical geneticist or genetic testing can be 
performed or may be ordered after appropriate counselling of 
the patient/family by the clinician in charge of the patient. Given 
the genetic heterogeneity of NS, multigene panel sequencing of 
known RASopathy genes should be preferred before serial single 
gene testing. More comprehensive genomic testing, including 
exome sequencing or genome sequencing, may be considered if 
multigene panel testing fails to confirm the diagnosis in an indi-
vidual with features of NS.15

Why is early, accurate diagnosis of NS important?
The NS phenotype varies from oligosymptomatic adults without 
significant medical issues to severely affected neonates with life-
threatening heart disease or lymphatic issues. While patients 

with NS with severe manifestations tend to be diagnosed early, 
more mildly affected patients may remain undiagnosed.1 4 Early, 
accurate diagnosis of NS is important because it has an impact 
on individual management and prognosis.4 7 16 More specif-
ically, earlier diagnosis would aid clinical management, and 
optimise developmental and long-term outcomes.16–18 Psycho-
logical disorders and symptoms are common, including hyper-
activity/impulsivity and anxiety/depressive symptoms that can 
add to variable cognitive deficits, and social and behavioural 
problems.18 19 Hearing/speech and vision/ocular problems may 
also contribute to learning issues.2 17 The clinical implications 
of the neuropsychological and behavioural aspects of NS mean 
that most children with NS will need support at some stage of 
development (eg, physiotherapy, speech therapy, occupational 
therapy),20 but the overall prognosis is good and many patients 
live independently as adults.2 3 16 It is assumed that the broad 
availability of genetic testing for NS (in some countries) has 
led to increasing and earlier diagnosis of NS, but no systematic 
studies have so far addressed this point.

While there appear to be no formal studies of the potential 
benefits of an early diagnosis in NS, it is possible that this would 
be beneficial in a number of areas. In cardiology, for example, a 
diagnosis of NS (with its increased risk of hypertrophic cardio-
myopathy, arrhythmia and sudden cardiac death) would imply 
lifelong cardiological follow-up even in those patients in whom 
congenital structural heart defects had not been ascertained. With 
regard to malignancies, there are a few specific mutations that 
are considered high-risk variants for malignancies (eg, PTPN11 
p.Thr73Ile for juvenile myelomonocytic leukaemia13), and 
cancer surveillance is recommended for individuals with these 
mutations, including those with NS. Some children with NS may 
have growth hormone (GH) deficiency, and in some countries, 
treatment with recombinant human GH is licensed for use in NS 
per se. While there is ample evidence that GH treatment leads 
to accelerated growth in NS, irrespective of the presence of GH 
deficiency, the long-term benefit on adult height is still unclear.21 
More generally, early diagnosis of NS should lead to evaluation 
of the coagulation system to avoid bleeding complications during 
surgery, and an early genetic diagnosis would help distinguish NS 
from other RASopathy conditions with a separate risk profile, 
and avoid unnecessary examinations (eg, imaging, metabolic 
assessments). It can be speculated that, in future, a prospective 
observational study of the natural history of the syndrome in 
patients diagnosed young would help to clarify the natural history 
of facets of the syndrome, such as heart disease, and the severity 
of the bleeding disorders. Future studies could also explore the 
effect on outcomes of earlier recognition of cardiac and bleeding 
conditions, as well as malignant disease, and evaluation of patient 
and parent views on the benefits and disadvantages of early diag-
nosis could inform future clinical practice.

When should NS be suspected?
There are a number of major, easily identifiable clinical signs at 
each age that raise suspicion of NS. Of these signs, distinctive 
facial features are often the biggest clue to the presence of NS, 
including palpebral ptosis, widely spaced, down-slanting eyes, 
low-set posteriorly rotated ears and a short neck with low poste-
rior hairline. The facial features of NS become less noticeable 
with age.4 7 The typical facial features of NS at different ages are 
shown in figure 3.

In the fetus
Prenatal features are frequent in fetuses with NS, including 
increased nuchal translucency, persistent nuchal fold, distended 
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Figure 1  Features of Noonan syndrome (NS).3 4 6
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Figure 2  The RAS–MAPK signalling pathway showing mutations 
that may lead to diseases such as Noonan syndrome (reproduced with 
permission from Zenker, 2020). Some of the pathway components 
exist in multiple isoforms (eg, RAS: KRAS, HRAS, NRAS, RRAS; RAF: 
RAF1, BRAF; SOS: SOS1, SOS2, etc). aAlso known as Noonan syndrome 
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activated protein kinase; P, proline; RTK, receptor tyrosine kinase 
enzyme; Ub, ubiquitin.
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jugular lymphatic sacs, cystic hygroma, hydrops fetalis, pleural or 
pericardial effusion, polyhydramnios, cardiac and renal anoma-
lies, and specific dysmorphic facial features.22–25 In prospec-
tive genetic studies, mutations of genes implicated in NS have 
been reported in up to 16% of fetuses with an increased nuchal 
translucency and a normal karyotype.23 Prenatal genetic testing 
is offered in some countries. However, antenatal diagnosis is 
not systematically proposed even when ultrasound features are 
found, considering the impossibility of predicting phenotyp-
ical expression precisely and the fact that most individuals with 
NS have a quite favourable prognosis. Ultrasonographers and 

obstetricians are well placed to recognise these characteristics, 
but it is currently unknown what proportion of fetuses with NS 
actually show prenatal anomalies.

In the neonatal period
The perinatal period is a particularly important time for NS diag-
nosis, but the condition is not always easy to recognise. Neona-
tologists should keep in mind the suggestive prenatal history (see 
above) and the distinctive facial features of NS (figure 3).2 Other 
features that may be present at that age include heart defects 
(especially pulmonary valve stenosis and hypertrophic cardiomy-
opathy), cryptorchidism in boys1 4 and feeding difficulties/failure 
to thrive.26 Lymphatic dysplasia may manifest with congenital 
chylothorax or hydrops.

In childhood
Monitoring of growth and developmental milestones from birth 
to mid-childhood (7 years) provides repeated opportunities for 
the identification of NS. The distinctive facial features of NS 
remain, and facial shape may become more triangular with 
age as the face lengthens (figure 3). In addition, children with 
NS may present with skeletal abnormalities (pectus carinatum/
pectus excavatum and scoliosis),17 heart diseases (eg, pulmonary 
valve stenosis and hypertrophic cardiomyopathy),1–6 abnormal 
bruising or bleeding,17 27 deafness, varying degrees of develop-
mental delay/learning issues (eg, delayed speech or motor mile-
stones)19 20 28 and short stature,29 whereas feeding difficulties/
failure to thrive often resolve after the first years of life. In 
the case of short stature, children with NS often have normal 
birth measurements but usually show a decline in their growth 
curve during the first years of life, so the typical growth curve 
of infants and children with NS may provide a clue to the diag-
nosis.2 29 With regard to hypertrophic cardiomyopathy in child-
hood, adolescence or adulthood, the finding of certain additional 
cardiac lesions (eg, mitral valve dysplasia, pulmonary stenosis) 
or particular cardiac phenotypes (eg, biventricular hypertrophy) 
should also raise suspicion of NS.

In adolescence
In addition to the characteristic skeletal, cardiac, bruising/
bleeding, neurological and developmental features of NS, the 
distinctive facial features of NS are often florid in adolescents 
(figure 3).2 In addition, puberty may be delayed, particularly in 
boys, and the pubertal growth spurt may be attenuated or absent. 
As mentioned above, the finding in adolescents of certain addi-
tional cardiac lesions or particular cardiac phenotypes should 
also raise suspicion of NS.

In adulthood
While the characteristic skeletal, cardiac, bruising/bleeding, and 
neurological features may be present in adults, the facial features 
of NS are often difficult to recognise (figure  3).2 As growth 
during childhood is often parallel but below the third centile, 
individuals with NS often have short stature, with a mean final 
adult height of 63–66 inches (160–168 cm) in men and 59–61 
inches (150–155 cm) in women.4 Fertility problems may occur 
in men, while fertility tends to be normal in women. Again, the 
finding in adults of certain additional cardiac lesions or partic-
ular cardiac phenotypes should also raise suspicion of NS.

Why is it difficult for patients with NS to get a diagnosis?
Despite the existence of diagnostic guidelines/criteria,2 3 16 diag-
nosis is difficult in less severely affected individuals for a number 
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Figure 3  The face of Noonan syndrome over time. Public domain 
images from the National Human Genome Research Institute, National 
Institutes of Health, Bethesda, Maryland, USA.
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of reasons, including both healthcare provider (HCP)-related 
and patient-related factors. As recognition of the typical facial 
gestalt is a key point in proposed diagnostic criteria, making the 
diagnosis remains difficult for someone who has little experience 
with the disease.

Primary care physicians may see patients with NS only rarely. 
Specialists treating individual manifestations of the syndrome 
in isolation may not be aware of their association with NS or 
may be unaware of the patient’s additional clinical features that 
would suggest this diagnosis. As the physician with an over-
view of all disciplines involved with a patient’s care, the general 
paediatrician is best placed to identify the pattern of features 
associated with NS and to refer on for a definitive diagnosis to 
be made. The challenge is to recall this relatively rare diagnosis, 
which may present with a diverse range of symptoms and signs 
that vary with severity and throughout life (NS has been referred 
to as the ‘changing phenotype’30).

In particular, the facial features of NS may be subtle, often 
florid during childhood and adolescence but difficult to 
recognise in adults (figure 3).2 5 10 Characteristics may also be 
attributed to family traits, as the condition is often dominantly 
inherited; short stature, for example, may be attributed to 
parental height in an undiagnosed parent, which is correct but 
misses the opportunity to make the diagnosis in both parent 
and child. In some cases, a parent with NS is only diagnosed 
after a more severely affected child is born.5 In other cases, the 
correct clinical diagnosis may be hampered or delayed by the 
presence of a more severe/complex phenotype (eg, the newborn 
with hydrops and cardiomyopathy, where a metabolic disorder 
is suspected).

A recent comprehensive analysis of biobank data suggested 
that a substantial fraction of individuals harbouring pathogenic 
variants in RASopathy genes remain undiagnosed, some with 
partial phenotypical matches to a RASopathy, and some not 
meeting diagnostic criteria.31 This means that there are many 
cases with minor, or in some cases, no significant medical prob-
lems. Diagnosis and optimal follow-up of such cases is unclear 
and there remains a need for wider prospective studies of the 
natural history of NS, and better prediction of rare complica-
tions in mild disease.

The importance of increased awareness of the subtleties of NS 
among specialists, such as endocrinopathies among endocrinolo-
gists, has been suggested.32 Our proposal, however, goes further 
and wider and suggests that efforts to increase awareness of NS 
are extended to include non-specialist HCPs/and other profes-
sionals who could help direct a parent/carer to seek specialist 
advice and a possible NS diagnosis.

Accompanying this proposal, however, is the caveat that 
diagnosis of NS can raise ethical questions. Although geno-
type–phenotype relationships are described, the severity of the 
clinical features of NS cannot be predicted from the patient’s 
genotype, and a child’s physical and cognitive development may 
be satisfactory.33 While children with NS often have learning 
issues, intellectual disability (defined as IQ <70) is only found 
in 6%–23% of patients,28 and they often outgrow this and 
have an IQ within the normal range as adults.34 Most individ-
uals with NS finish their schooling and go on to employment.7 
Some mildly affected patients/families may not be interested 
in receiving a diagnosis, considering this to be medicalisation 
of family traits, and aware of the potential stigma associated 
with a genetic diagnosis, unless there are significant benefits 
for the affected individuals. There may also be implications for 
obtaining medical and life insurance,35 varying with healthcare 
systems in different countries.

Who needs to know about NS?
A variety of HCPs and non-HCPs may encounter individuals 
with undiagnosed NS. Specialists such as paediatric endocrinol-
ogists, cardiologists and geneticists are generally familiar with 
NS, its diagnosis and management. However, other HCPs may 
only see NS very rarely, and may not recognise the features of 
NS. Monitoring of infant and child health in Europe potentially 
provides other opportunities for recognition of individuals with 
undiagnosed NS, although such programmes do vary by country. 
Short stature is one of the most consistent features of NS, and 
NS should be one of the diagnoses considered in the evalu-
ation of any child concerned about their height and short or 
slowly growing children identified through growth surveillance 
programmes.

Other HCPs may encounter undiagnosed patients with NS 
with non-specific health issues, which, when accompanied by 
other signs (eg, facial characteristics), may help these specialists 
to consider a possible diagnosis of NS. Such HCPs might include:

	► Dermatologists for abnormal pigmentation, including 
multiple pigmented naevi, café au lait spots, lentigines, and 
keratosis pilaris of the upper arms and face.1

	► Orthopaedic specialists/surgeons for upper carinatum and 
lower excavatum (the classic sternal change in NS) and 
scoliosis.17

	► Haematologists for easy bruising or bleeding, monocytosis, 
and, in rare cases, juvenile myelomonocytic leukaemia.17 27

	► Ophthalmologists for strabismus, amblyopia, refractive 
errors and nystagmus.2 17 36

	► Otolaryngologists and speech therapists for feeding prob-
lems, articulation deficiencies, otitis media and hearing 
loss.37

	► Clinical/educational psychologists for neuropsychological 
impairments, language delays, ADHD (attention deficit 
hyperactivity disorder), behavioural problems, impaired 
memory and social skills, autism spectrum disorders and 
special educational needs.18–20 28 38–40

The characteristic features of NS may also be recognised 
by primary care or general practitioners, practice nurses and 
midwives/health visitors. Primary care professionals and general 
paediatricians should also be mindful of information that might 
come from educational professionals (eg, teachers, school nurses 
and doctors, nursery and kindergarten teachers, and educational 
psychologists) who are in a position to observe NS characteris-
tics, enabling them to ‘join the dots’ relating to information from 
different stakeholders.

Non-specialists do not need to become experts in either diag-
nosis or treatment; they just need to have enough knowledge to 
raise suspicion of the possibility of NS. The diagnostic features 
of NS—and the relative importance of the different features—
are shown in table 1.3

Multidisciplinary team care for optimal NS management
As mentioned previously, there is currently no specific treatment 
for NS; each patient requires an individualised management 
approach and has a different prognosis depending on symp-
toms and severity.4 As for any condition that involves multiple 
organ systems affected over the patient’s lifetime, a multidisci-
plinary team approach provides the best care for patients with 
NS.7 41 The NS phenotype changes significantly over time, and 
the transition from adolescent to adult (and possibly to parent) 
represents a particularly vulnerable time for these individ-
uals.42 43 While not as well studied in adolescence and adulthood 
as in children, NS-related clinical issues include cardiac issues 
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(eg, hypertropic cardiomyopathy and arrhythmias/conduction 
defects), easy bruising, gastrointestinal issues, scoliosis, chronic 
joint pain, lymphoedema, anxiety and depression, Chiari malfor-
mation, and osteopenia/osteoporosis.43

Guidelines are available for NS management,1 7 16 although 
detailed discussion of these guidelines is outside the scope of this 
article. Optimised management, however, requires a diagnosis, 
and increased awareness of NS among non-specialist HCPs and 
other professionals as proposed here could help address this 
need (online supplemental information 1; Noonan syndrome 
infographic for distribution).

CONCLUSIONS
It is proposed that increased awareness of NS among non-
specialist HCPs and other professionals could help direct a 
parent/carer to seek specialist advice and possible NS diagnosis, 
increasing the potential for optimising lifelong patient outcomes. 
Guiding individuals with possible NS to a diagnosis must take 
ethical issues and patient wishes into consideration and be 
balanced against potential harm. Non-specialists do not need to 
become experts in either diagnosis or treatment; they just need 
to have enough knowledge to raise suspicion of the possibility 
of NS.
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