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Abstract 

Background: Noonan Syndrome is caused by variants in a variety of genes found in the RAS/MAPK pathway. As 
more causative genes for Noonan Syndrome have been identified, more phenotype variability has been found, par-
ticularly congenital heart defects. Here, we report a case of dilated coronary arteries in a pediatric patient with a RIT1 
variant to add to the body of literature around this rare presentation of Noonan Syndrome. 

Case presentation: A 2-month-old female was admitted due to increasing coronary artery dilation and elevated 
inflammatory markers. Rapid whole genome sequencing was performed and a likely pathogenic RIT1 variant was 
detected. This gene has been associated with a rare form of Noonan Syndrome and associated heart defects. Diagno-
sis of the RIT1 variant also gave reassurance about the patient’s cardiac findings and allowed for more timely discharge 
as she was discharged to home the following day. 

Conclusions: This case highlights the importance of the association between dilated coronary arteries and Noo-
nan syndrome and that careful cardiac screening should be advised in patients diagnosed with Noonan syndrome. 
In addition, this case emphasizes the importance of involvement of other subspecialities to determine a diagnosis. 
Through multidisciplinary medicine, the patient was able to return home in a timely manner with a diagnosis and the 
reassurance that despite her dilated coronary arteries and elevated inflammatory markers there was no immediate 
concern to her health.
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Background
Noonan syndrome (NS) is an autosomal dominant 
genetic condition and has a frequency of about 1 in 1000–
2500 live births [1]. Most patients have dysmorphic facial 
features, short stature, developmental and intellectual 
delay, heart defects, and skeletal abnormalities [2]. Spe-
cific genes have been found to be associated with Noonan 

syndrome, with PTPN11 being the gene associated with 
about half of the cases, which has also previously been 
associated with bilateral coronary artery dilation in Noo-
nan syndrome [3, 4]. Other genes include SOS1, KRAS, 
RAF1, BRAF, MEK1, SHOC2, and NRAS [3]. Rarely, vari-
ants in RIT1 gene have also been found to cause Noonan 
syndrome and RIT1 specifically has been associated with 
an increased incidence of hypertrophic cardiomyopathy 
and perinatal abnormalities including polyhydramnios 
[5]. All of these genes code for proteins that are part of 
the RAS/MAPK pathway which is a signaling pathway 
involved in cell differentiation and proliferation [4–6]. 
Thirty percent of cases of NS still have an unexplained 
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etiology [2]. Few cases to date have described coronary 
artery abnormalities in children with Noonan syndrome 
[7]. The most common cardiac abnormalities in Noonan 
syndrome are pulmonic stenosis, hypertrophic cardiomy-
opathy, and atrial septal defects [1]. This example helps 
expand the cardiac phenotypic spectrum of Noonan 
syndrome.

Case presentation
This patient is a 2-month-old female at the time of 
reporting, who was born at 36 weeks gestation via spon-
taneous vaginal delivery following a pregnancy compli-
cated by polyhydramnios of unknown etiology requiring 
multiple amnioreductions. Genetic testing was per-
formed on amniotic fluid and no abnormalities were 
found on karyotype and FISH testing. Mother was also 
tested and subsequently negative for infections associ-
ated with polyhydramnios. A prenatal echocardiogram 
showed a small muscular ventricular septal defect (VSD). 
Delivery and postnatal course were relatively unremark-
able, however, at 1  day old, an echocardiogram was 
significant for a mildly dilated proximal left anterior 
descending artery (LAD) with a z-score of 3.3 and bor-
derline dilation of the left main coronary artery (LMCA), 
with a z-score of 2.0. According to American Heart Asso-
ciation (AHA) guidelines, a z score ≥ 2.5 for the internal 
lumen diameter denotes a coronary artery abnormal-
ity [5–8]. Initially, the coronary artery dilatation was 
thought be related to brief runs of fetal supraventricular 
tachycardia, which would typically improve postnatally. 
The patient had frequent follow up appointments with 
cardiology to monitor her cardiac abnormalities. Around 
2 weeks of age, she was found to have an increased gra-
dient across her pulmonary valve (52  mmHg) and val-
vular dysplasia. An echocardiogram at 2  months of age 

showed a significant increase in coronary dilation com-
pared to her previous echocardiograms with z-scores of 
proximal LAD 7.2, LMCA 3.8 and right coronary artery 
(RCA) 3.7 (Fig.  1). Inflammatory markers were drawn 
due to the concern of MIS-C or Kawasaki disease despite 
her appearing clinically well and were significant for a 
pro-BNP of 622 ng/L (5-450 ng/L), ferritin of 409 ng/mL 
(50-200 ng/mL), WBC of 14.23 ×  106/µL (6–18 ×  103/uL), 
platelets of 936 ×  103µL (150–450 ×  103/uL), erythrocyte 
sedimentation rate (ESR) of 8 mm/hr (0-20 mm/hr) and 
C-reactive protein (CRP) of 2.4  mg/L (< 5  mg/L). Given 
the increased z-scores and elevated pro-BNP, ferritin and 
platelets, she was admitted directly from the outpatient 
cardiology clinic for further evaluation.

On admission, the patient’s vital signs were within nor-
mal limits. Physical exam was remarkable for a female 
infant in no acute distress with III/VI systolic ejection 
murmur, with some coarse facial features, low set ears, 
upslanting palpebral fissures, flattened midface, slop-
ing forehead and anteverted nares. Several more labs 
were obtained including IgA, IgM, IgE, C3, C4, cytokine 
panel and ANA; all resulted as normal. Though her 
mother denied recent fever, rash, conjunctival redness, 
and any other signs or symptoms of illness, the patient 
was treated for Kawasaki disease as a potential explana-
tion for her sudden increase in coronary artery dilation. 
She was given one dose of IVIG 2 g/kg and was started 
on daily aspirin 81  mg. Roughly 13  h after her IVIG 
infusion completed, she became febrile to 39.5  °C. Uri-
nalysis was collected and positive for 10 WBC/hpf, few 
bacteria, nitrites, and blood. Urine and blood cultures 
were collected. A repeat CRP was elevated at 13.8 mg/L. 
She was started on ceftriaxone which was discontinued 
when her cultures showed no growth at 48  h. Genetics 
was also consulted given her echocardiogram findings 

Fig. 1 A Echocardiogram images at 2 months of age showing dilated coronary arteries—left main coronary artery and proximal left anterior 
descending and B right anterior descending
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and dysmorphic facial features, and rapid whole genome 
sequencing (rWGS) was sent on day 2 of her admis-
sion. rWGS is an emerging tool that is being utilized to 
improve diagnostic timelines in the most at-risk popula-
tions, often diagnosing genetic conditions early enough 
to impact medical management. This testing was initi-
ated due to her non-specific and complex phenotype as 
well as the uncertainty surrounding her hospital course. 
The patient underwent a coronary angiogram on day 5 of 
admission to better assess her coronary arteries looking 
for fistulas or sinusoids as well as to perform a balloon 
valvuloplasty of her pulmonary valve. No other cardiac 
abnormalities were found. Also, on day 5 of admission, 
rWGS preliminary results returned identifying a likely 
pathogenic variant in RIT1, a rare cause of Noonan syn-
drome. This diagnosis was made only 69 h after blood was 
drawn to initiate rWGS testing. The patient’s clinical phe-
notype was consistent with this diagnosis. The patient’s 
inflammatory markers continued to remain elevated dur-
ing her inpatient stay and rWGS data was reanalyzed to 
ensure the patient did not have a second genetic variant 
causing an additional condition or syndrome. This was 
done using data analysis filters looking at autoimmune 
and inflammatory genes. The absence of additional find-
ings on the genome provided reassurance that there was 
not a secondary diagnosis. Diagnosis of the RIT1 variant 
also gave reassurance about the patient’s cardiac find-
ings and allowed for more timely discharge as she was 
discharged to home the following day. The parents were 
advised to repeat labs in 1 month and follow up with Car-
diology, Genetics, and Rheumatology. Subsequent testing 
confirmed the RIT1 variant to be de novo, which allowed 
for appropriate genetic counseling for the patient’s family 
regarding the risk of their other children or future chil-
dren also having this variant and condition. The patient 
is now starting to show echocardiographic evidence of 
evolving asymmetric hypertrophic cardiomyopathy.

Discussion and conclusions
While RIT1 is among the multiple genes that have been 
found to be associated with Noonan syndrome, variants 
in RIT1 are less commonly occurring in Noonan syn-
drome than other identified genes. Among patients with 
RIT1 gene mutation-related Noonan syndrome, cardiac 
deformities have been frequently reported [9], however, 
few cases of coronary artery abnormalities in children 
with Noonan syndrome have been reported, so adding 
another case to the body of literature is important for the 
medical management of these patients [7].

This case demonstrates that RIT1can also be associ-
ated with coronary artery dilation, however the mecha-
nism for this finding is still undetermined. As Noonan 
syndrome is not a common cause of dilated coronary 

arteries, this case illustrates that it should be consid-
ered in the differential along with more common causes 
like Kawasaki disease and arteriovenous (AV) fistulas [6, 
7]. This is particularly the case when there are other clini-
cal features that may support a diagnosis of NS such as 
this patient’s pulmonic stenosis, polyhydramnios, and 
facial dysmorphisms. This patient’s inflammatory mark-
ers were also a complicating factor for diagnosis, as well 
as the timing of this work-up during COVID-19 pan-
demic where the pediatric cardiac phenotype was emerg-
ing and not well understood. From the patient’s history, 
she did not meet the diagnostic criteria for Kawasaki dis-
ease with no recent fever, rash, or conjunctival injection 
though she was still treated empirically. An AV fistula 
was excluded based upon cardiac catherization. Before 
genetic diagnosis was obtained, empiric treatment was 
still employed as the patient’s diagnosis was uncertain 
and clinically concerning.

The utilization of rWGS is also notable in this case due 
to the speed of diagnosis and impact on medical manage-
ment. Rapid sequencing is a useful diagnostic tool that 
not only has been shown to improve overall care, but 
also to decrease the cost of that care [10–12]. It has been 
well studied in critical illness, but the speed of diagnosis 
which it offers is also amenable to inpatient care that is of 
lower acuity. This case demonstrates the utility of achiev-
ing a diagnosis in conjunction with the planned inpatient 
procedure of cardiac catheterization. Combined results 
explained the patient’s phenotype and provided reassur-
ance that the patient could be safely discharged. Without 
rWGS results, the patient would have required longer 
inpatient observation before the clinical team and family 
would be comfortable with discharge without an explana-
tory diagnosis.

This case highlights the importance of the association 
between dilated coronary arteries and Noonan syndrome 
and that careful cardiac screening should be advised in 
patients diagnosed with Noonan syndrome. In addition, 
this case emphasizes the importance of involvement of 
other subspecialities to determine a diagnosis. Through 
multidisciplinary medicine and rWGS, the patient was 
able to achieve a clinical diagnosis in real time and return 
home in a timely manner with a diagnosis and the reas-
surance that despite her dilated coronary arteries and 
elevated inflammatory markers there was no immediate 
concern to her health.
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