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Objective - To evaluate cardiac findingsin 31 Noo-
nan syndrome patients.

Methods— Thirty-one (18 males and 13 females)pa-
tients from 26 families affected with Noonan's syndrome
wer eeval uated fromthe car diac point of viewwith el ectro-
cardiography and echodoppl ercardiography.

Results — Twenty patients had some type of cardiac
abnormality. The most frequent was pulmonary val ve ste-
nosisfollowed by hypertrophic myocardiopathy, common-
ly associated with valve defects. Upper deviation of the
QRSaxiswas observed in 80% of these patients.

Conclusion - Inview of the high frequency and diver -
sity of cardiac abnormalities present in Noonan syndrome,
cardiac evaluation with el ectrocardiography and echo-
cardiography should be performed in all patients diag-
nostically suspected of having this disease.
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Noonan syndrome is a genetic disease of autosomal
dominantinheritance, characterized by low stature, cranio-
facial dysmorphism, webbed neck, cardiac abnormalities,
cryptorchismin malepatients, skeletal anomalies, and he-
morrhagicdiathesis.

Noonan and Ehmke recognized the disease asadis-
tinct entity in 1963 *; since then many cases have been
describedintheliterature. Itsincidence hasbeen estimated
at 1/1000to /2500 live births 2, making it one of the most
frequent syndromes associated with cardiac defects.

The most frequent cardiac abnormality in Noonan's
syndromeispulmonary vavestenosis, presentin approxima:
tely 50% of the patients?, fol lowed by hypertrophic myocar-
diopathy occurring in 25% “. Both anomalies have peculia-
ritiesin Noonan's syndrome; in pulmonary valve stenosis,
vavesareoftendysplasic, differingfromthedomeformat and
without the commissural fusion observed in nonsyndromic
forms; hypertrophic myocardiopathy is frequently asso-
ciated with cardiac defects, in particular, pulmonary valve
stenosis. Although these cardiac findingsarethemost com-
mon ones®, practically all other types of cardiac anomalies
have been encountered in Noonan syndrome.

The electrocardiograms of affected patients com-
monly show an upper deviation of theQRSaxisanddeep S
wavesin the precordial derivations; these findingsare not
associ ated with aspecific cardiac anomaly °.

The generesponsiblefor Noonan syndrome hasbeen
mapped on thelong arm of chromosome 12 ¢, but in some
families of affected patients, this connection was not ob-
served, indicating the genetic heterogeneity of thedisease.

Our objectivewasto study cardiac findingsinindivi-
dualswith Noonan'ssyndrome.

Methods

Thirty-oneNoonan syndromepatientsfrom 26 families
werestudied at theClinical GeneticsUnit of theInstitutefor
Children of theClinicsHospital of theMedical School of the
University of SéoPaulo.
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Noonan Syndrome diagnoses of these individuals;
were based on the clinical criteria established by van der
Burgt et al. 7. Twenty-six proposed patientsand their first-
degreerelatives (parentsand siblings) were eval uated; re-
currence of the diseasewasobservedinfiverelatives. One
of the chosen patients was an adopted child and another’s
father wasnot availablefor eval uation. Of the29 remaining
cases, 8(28%) werefamilia and 21 (72%) sporadic. Eighteen
patientsweremalesand 13 werefemal es, with agesranging
from 3 monthsto 41years (average 12 years) . One of the
patients had already passed away at the time of the study;
his datawere obtained from medical files; photographs
were used to analyze some of his craniofacial
characteristics. Theimpossibility of detecting some of the
craniofacial dysmorphismsinthispatientisreflectedinthe
total number of thesefindingsshown (Tablel).

The cardiac eval uation was based on aspecia physi-
cal examination, ontheelectrocardiogram, and ontheecho-
cardiogram.

Subjectsaffected with Noonan’ssyndromewereonly
includedinthestudy after signing aninformed consent, for
themselveswhen adults, or by legal guardianswhen unde-

rage.
Results

Themost commonly observed clinical findingsin pa-
tientswith Noonan's syndrome were: low stature, cranio-
facial dysmorphism, short or webbed, cardiac anomalies,
sternal deformity, and the presenceof pads at thetip of the
fingersandtoes(Tablel).

Chromosome studies showed normal resultsfor all
patients.

Twenty (65%) of the patientshad someform of echo-
cardiographicabnormality (Tablell).

Signsof right or left ventricul ar hypertrophy were pre-
sentin 13 and 5 patients, respectively (Tablelll).

Upper deviation of the QRS axiswasarather common
finding in 80% of these patients.

Discussion

Cardiac anomaliesare common in Noonan syndrome
and the major cause of morbidity and mortality in this
disease.

Inthe present study, 65% of affected individuals had
someform of cardiac abnormality. Thisfrequency ishigher
than that estimated in other works (3,8), probably because
the mgjority of our patientswere sent by the Heart I ngtitute
andwereknownto haveacardiac anomaly, and al sobecause
aGenetic Unit of atertiary hospital, inthiscasethe Children’s
Institute, tendsto receive only the more serious cases.

A cardiac murmur washeardin 12 (60%) of theneona
teswith cardiac problems, allowing for aprecocious, ade-
quatefollow-up.

Inagreement withliteraturereports, themost frequent
cardiac anomaly was pulmonary stenosis, foundin 70% of
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Table | — Clinical findings in 31 Noonan syndrome

patients

Clinical finding N° (%)
General

Low stature 22/31 (71%)

Delayed bone age 12/22 (55%)
Craniofacial characteristic

Hypertelorism 16/30 (53%)

Palpebral ptosis 15/31 (48%)

Infero-lateral slanting of the palpebral dlits 14/31 (45%)

Epicanthus 12/31 (39%)

Proptosis 4/30 (13%)

High palate 13/30 (43%)

Poor dental occlusion 11/30 (37%)

Low-implanted ears 6/31 (19%)

Upper helix thickening 8/31 (26%)
Neck

Short or webbed 27/31 (87%)

Low hair implantation in nape 14/30 (47%)
Thorax

Pectus carinatum and/or excavatus 16/31 (52%)

Cardiac anomalies 20/31 (65%)
Genitalia

Cryptorchism 7/18 2 (39%)
Members

Pads at the tip of the fingers and toes 21/30 (70%)

Broad and short nails 16/30 (53%)

Cubitus vulgus 6/30 (20%)
Hematological anomalies

Factor X1, XI1 and/or V111 deficiencies 5/30 (17%)

Platelet anomalies 3/30 (10%)

(1) Two standard deviations below average; (2) total number of male
patients.

Tablell - Cardiac anomalies observed in Noonan syndrome

patients
Cardiac anomalies Ne %
PVS and/or SVPS 10 50%
EPV/IMVP 3 15%
ASD 1 5%
HM 4 20%
VsD 1 5%
Aortic valve thickening 1 5%
Total 20 100%

PV S- pulmonary valve stenosis; SVPS- supravavar pulmonary steno-
sis, MVP- mitral valve prolapse; HM- hypertrophic myocardiopathy;
ASD- atrial septal defect; VSD- ventricular septal defect.

Table |11 — Electrocardiographic findings in Noonan syndrome

patients
Findings Ne %
RVO 12 57%
Lvo 5 24%
RAO 1 5%
RBB 2 P
Sinus bradycardia 1 5%
Total 21 100%

RSO- right ventricle overload; LV O- left ventricle overload; RAO- right
atrium overload; RBB- right branch block.
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Fig. 1- QRSaxesin patientswith cardiacanomalies.

the patients with cardiac problems. The pressure gradient
betweentheright ventricleand the pulmonary arterial trunk
varied between 23 and 121mmHg in these patients. Three
(21%) had apressor gradient above 60mmHg characterizing
important pulmonary stenosis, 4 (29%) slight stenosis
(pressor gradient between 20 and 40mmHg), and 7 (50%)
moderate pulmonary stenosis. Themost common associated
anomalieswereinterarterial communication and hypertro-
phic myocardiopathy. Char et al. °, studying 45 cases of
Noonan’ syndrome, observedinterarterial communication
to be the most frequent cardiac defect associated with
pulmonary stenosis.

Echocardiographic findings showed adysplasic pul-
monary valvein 4 (24%) of our cases of pulmonary valve
stenosis. Burchetal. 4, inan echocardiographic study of 119
Noonan syndrome patients, diagnosed dysplasic valvesin
8 (27%) of 30 of these patients who also had pulmonary
stenosis.

Despitethe presence of pulmonary valvedysplasiain
onethird of the patients, the majority of them had no evi-
dence of dysplasiaon echocardiography; this observation
should be considered in the therapy of theseindividuals.

Percutaneous dilatation with aballoon catheter, the
treatment of choi cein casesof moderate and seriouspulmo-
nary stenosis, israrely effectivewhenthevalveisdysplasic®.
Ishizawaet a. %, who performed thisprocedurein 4 Noonan
syndrome patientswith dysplasic pulmonary valves, ob-
tained good resultsin two of them. The authors postul ated
that valvul oplasty should beperformed asaninitia proce-
durein patientswith Noonan syndromeand pulmonary ste-
nosis, even when evidence of valve dysplasiaisfound. In
our study, three patients, onewith serious, two with mode-
rate pulmonary stenosis, respectively, who underwent
valvuloplasty, had a significant reduction in the pressor
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gradient of thosewith moderate stenosis. It isimportant to
point out that none of these three patients had signs of
valvedysplasiaonthe echocardiogram. Four patientswith
Noonan syndrome underwent surgical correction of pul-
monary stenosis (commissurotomy, pulmonary valvulo-
plasty, myectomy, and amplification of theright ventricle's
outlet by insertion of abovine pericardium graft), of these
two had apressor gradient above 110mmHg, onehad mode-
rate pulmonary stenosis, and in one, no reduction ef inthe
pressor gradient was observed following valvul oplasty.

The second most common cardiac anomaly of Noo-
nan’'s syndromeis hypertrophic myocardiopathy, also ob-
served in our study. Differently from the non-syndrome
form, Noonan syndrome hypertrophic myocardiopathies
arefrequently associated withavalveanomaly, mainly pul-
monary stenosis. Four of our patients with hypertrophic
myocardiopathy also had involvement of pulmonary,
aortic, or mitral valves.

Interventricular communication and aortic valvethi-
ckening were other cardiac findings diagnosed with echo-
cardiography in our study.

Theelectrocardiogram showed an upper deviation of
the QRSaxisin 16 (60%) patientswith cardiacabnormalities.
Thiswas observed in cases of pulmonary valve stenosis,
supravalvar pulmonary stenosis, hypertrophic myocardio-
pathy, andinterventricular communication. However, itwas
not found in patients affected by Noonan’'s syndrome
without cardiac anomalies. Neither wasthereadirect corre-
lation between the degree of obstruction of theright ven-
tricle’soutlet and axis deviation. The physiopathol ogy of
thissymptomisnot fully known, but appearstoinvolvenot
only counterclockwiserotation of the heart, but also adis-
turbance in the conduction system of affected patients ™.
Thiselectrocardiographicfindingmay aidinthediagnosis
of Noonan syndrome.

Cardiac involvement israther frequent in Noonan
syndrome patients, with peculiaritieswhen compared with
nonsyndromic cases. Affected individuals often have
thoracic deformities, with pectus carinatum upwards, and
excavatumdownwards; both deformitiesare capableof in-
terfering with cardiac auscultation. A detailed cardiaceva-
luation, including el ectrocardiographic and echocardiogra-
phic examinations, isrecommended for every patientwitha
diagnostic suspicion of Noonan syndrome.

Thisisarelatively frequent autosomal dominant inhe-
rited genic disease; the wide spectrum of its clinical mani-
festations or phenotype variability callsfor the services of
various specialistsincluding pediatricians, endocrinol o-
gists, ophthalmologists, cardiol ogists, and hematol ogists.
A better understanding of this heterogeneous syndrome
may lead to more adequate follow-up and treatment of
affected patients.
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