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Abstract A m o n g  41 consecutive 
children with classic Noonan  syn- 
drome, 27 patients (66%) presented 
cardiac anomalies. Eight patients 
(19.5%) had a congenital anomaly of  
the mitral valve consisting o f  5 with 
partial atrioventricular canal defect 
and 3 with anomalous insertion of  
the mitral valve on the ventricular 
septum. Five patients (12%) pre- 
sented with a significant left ventric- 
ular outf low tract obstruction caused 
by the anterior leaflet of  the mitral 
valve: two cases with atrioventricular 
canal and three cases with isolated 
anomalous insertion o f  the mitral 
valve. Echocardiography is the best 
tool for the diagnosis. Cardiac de- 

fects of  patients with Noonan  syn- 
drome may be explained on the basis 
of  anomalies of  the extracellular ma- 
trix involving cardiac valves includ- 
ing the mitral valve. 

ConClusion In children with Noo-  
nan syn&-ome and left ventricular 
hypertr0phy a careful echocardio- 
graphic asseSsment o f  the mitral 
valve should reveal those in whom 
the left v e n ~ c u l a r  outf low tract ob- 
struction is anatomical in nature. 

Key  w o r d s  Noonan syndrome - 
Congenital  anomalies of  the mitral 
valve �9 Atrioventricular canal defect 

Introduction 

The Noonan  syndrome [1, 10] is a c o m m o n  genetic con- 
dition (incidence of  1/1000-1/2000) [4, 13] and, except 
for D o w n  syndrome [12], the syndrome most  frequently 
associated with congenital heart malformation. 

Heart defects in Noonan  syndrome consist of  pul- 
monary stenosis (about 30% of  cases) sometimes with 
dysplastic pulmonary valve, left ventricular hypertrophy 
(about 20% of  cases), sometimes with hypertrophic car- 
diomyopathy,  about 25% of cases atrial, or ventricular 
septal defect and others [4, 5, 8, 12-19, 22]. 

Until recently [7, 11, 20], the association with congen-  
ital malformation of  the mitral valve has received little at- 
tention [8, 15]. 

Here we describe our results of  the cardiological as- 
sessment of  41 patients with Noonan  syndrome with par- 
ticular reference to 8 children showing congenital anom- 

alies of  the mitral valve causing subaortic obstruction in 5 
o f  them. 

Patients and methods 

Our study consisted of 41 consecutive children with classical Noo- 
nan phenotype (25 boys and 16 girls) observed in our hospital dur- 
ing the last 6 years. Their ages ranged from 8 months to 18 years 
(mean 8.6 years, median 9.7 years). All patients were referred for 
cardiologicaI evaluation or genetic counselling. The diagnosis of 
Noonan syndrome was based on the presence of the classical phe- 
notypic and facial features according to previously published crite- 
ria [1, 4, 10, 13]. Chromosomes were normal in all patients. The 
cardiac evaluation included chest X-ray, ECG and two-dimen- 
sional colour-Doppler echocardiography in all patients, and car- 
diac catheterization and angiocardiography in 20 cases. 

The echocardiograms were performed with a Hewlett-Packard 
Sonos 1000 instrument with 5.0, 3.5 and 2.5 phased-array trans- 
ducers. In each case a complete examination was performed with 
two-dimensional Doppler and colour flow techniques in subcostal, 
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Table 1 Twenty-seven cases with congenital heart disease 

Diagnosis N ~ of cases % 

Pulmonary valve stenosis 9 22 
Pulmonary valve stenosis 3 7 

+ atrial septal defect 
Partial atrioventricular canal 5 12 
Tetralogy of Fallot 3 7 
Anomalous insertion of mitral valve 3 7 
Hypertrophic obstructive 2 5 

cardiomyopathy 
Others 2 5 

apical, parasternal and suprasternal views. Chloral hydrate was 
used for sedation when necessary. Doppler peak instantaneous gra- 
dient through the right and left ventricular outflow tracts was cal- 
culated using the simplified Bernouilli equation. 

Cardiac catheterization was performed in 6 children in order to 
dilate the pulmonary valve using a balloon and in 14 cases to con- 
finn the diagnosis before surgical procedures. Various types of 
surgical procedures were performed in 17 patients. 

Results 

Cardiac anomalies (Table 1) were diagnosed in 27 pa- 
tients (66%). Specifically, 12 children (29%) presented 
with pulmonary valve stenosis and 5 patients (12%) had a 
partial form of  atrioventricular canal defect. In the latter 
group, two patients had a partial atrioventricular canal and 
subaortic obstruction due to anomalous insertion o f  the 
mitral valve into the left ventricular outflow tract [20]. 

An  isolated congenital anomaly of  the mitral valve (ex- 
cluding cases with atrioventricular canal) was diagnosed 
in 3 children (7.5%). In all of  them, the defect consisted of  
an anomalous insertion of  the mitral valve on the ventric- 
ular septum [6, 9, 21] causing obstruction of  the left ven- 
tricular outflow tract (Fig. 1). In one of  these patients 
there was an associated coarctation of  the aorta. In all, 5 
patients showed subaortic obstruction due to an anom- 
alous insertion of  the anterior leaflet on the muscular ven- 
tricular septum. Of  these five children two had also a dys- 
plastic pulmonary valve without significant pressure gra- 
dient. Subaortic Doppler  peak instantaneous gradients and 
peak-to-peak gradients at cardiac catheterization in these 
patients are listed in Table 2. 

Four of  the five patients were submitted for surgery: 
one for aortic coartectomy, one for a left-ventricle-to- 
aorta conduit  implantation (and after 2 years to mitral 
valve replacement to relieve left ventricular outflow tract 
obstruction) and two for correction o f  partial atrioventric- 
ular canal and relief of  subaortic obstruction (Table 2). 

In all patients that underwent surgery, echocardiogra- 
phy was able to precisely demonstrate the type of  subaor- 
tic obstruction. 

All patients survived the surgical procedures except 
one who died 6 months after aortic coartaction. The last 
three patients underwent surgery are in good conditions in 
a medium follow up of  16 months. 

Fig. 1 Two-dimensional 
echocardiography in long-axis 
parastemal view (a) and sub- 
costal view (b) in a case with 
anomalous insertion of the mi- 
tral valve (casel, Table 2). 
Note the insertion of the ante- 
rior leaflet of the mitral valve 
(arrow) on the ventricular sep- 
tum crossing the left ventricu- 
lar outflow tract and causing 
subaortic stenosis. (A aorta, LA 
left atrium, LV left ventricle) 



951 

Table 2 
Diagnosis Age 

Anomalous insertion of 8 days 
mitral valve + aortic 
coarctation 

Anomalous insertion of 
mitral valve 

Anomalous insertion of 
mitral valve 

Partial atrioventricular 
canal defect + subaortic 
obstruction 

Partial atrioventricular 9 years 
canal defect + subaortic 
obstruction 

15 months 

12 months 

4 years 

Subaortic gradient 

Echo Cath 

Surgical treatment 

80 mmHg - Aortic coarctectomy 

50 mmHg - 

55 mmHg 50 mmHg 

55 mmHg 45 mmHg 

70 mmHg 55 mmHg 

Interposition 
left ventricle - aorta conduit 
Correction of partial atrioventri- 
cular canal defect + relief of 
subaortic obstruction 

Correction of partial atrioventri- 
cular canal defect + relief of 
subaortic obstruction 

Discussion 
Congeni ta l  anomal ies  of  the mitral  va lve  in pat ients  with 
Noonan  syndrome  have been  repor ted  only  in connect ion  
with par t ia l  or comple te  a t r ioventr icu!ar  canal  defects  [12, 
20] 

However ,  i so la ted  anomalous  inser t ion o f  the mitral  
valve  on ventr icular  septum, a rare cardiac  defect  causing 
subaort ic  stenosis  [6, 9, 21], has never  been descr ibed  in 
the l i terature on Noonan  syndrome  [1, 4, 5, 7, 8, 10-20,  
22]. 

A recent  paper  descr ibed  four infants with Noonan  
syndrome  and "po lyva lvu la r  d i sease"  inc luding dysp las ia  
o f  the leaflets o f  the mitral  va lve  with short  cords and 
nodular  m y x o m a t o u s  t issue [11]. One o f  the these pat ients  
had accessory  leaf le t  t issue of  the mitral  va lve  [11] but  
none presented  with  a subaort ic  obst ruct ion due to 
anomaolous  inser t ion o f  the mitral  va lve  as observed  in 
our p~ttients [7]. 

Moreover ,  h is to logica l  examina t ion  indicat ing my-  
ocardia l  ma ldeve lopmen t  [2, 3] suggests  that cardiac  de- 
fects in this syndrome  may  be due to anomal ies  of  the ex- 
t racel lular  matrix.  

Our  results  suggest  that anomalous  insert ion of  the mi-  
tral valve,  alone [7] or together  with an a t r ioventr icular  
canal  defect  [20] should be included in the spect rum of  
congeni ta l  cardiac  anomal ies  associa ted  with Noonan  
syndrome.  In pat ients  with Noonan  syndrome  and left  
ventr icular  hypertrophy,  careful  echocard iographic  as- 
sessment  of  the mitral  va lve  should reveal  those in w h o m  
the left ventr icular  outf low tract  obstruct ion is ana tomica l  
in nature.  

Moreover ,  the associa t ion of  subaor t ic  obstruct ion with 
a part ial  a t r ioventr icular  canal  defect  (in two o f  four  pa-  
tients) suggests  the need of  an accurate  phenotype  analy-  
sis and assessment  of  left  ventr icular  outf low tract in all 
cases of  a t r ioventr icular  canal  defect  wi thout  D o w n  syn- 
d rome [6, 9, 20]. 
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