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Noonan syndrome is rare disease with autosomal dominant genetic pattern.
Hypertrophicobstructive cardiomyopathy (HOCM) is frequently observed in patients with
Noonan syndrome and also represents the major determinant of the patient’s outcome.
The reported experience of septal myectomy for infant Noonan syndrome patient
with HOCM is very limited worldwide. In present study, we report a Chinese Noonan
syndrome patient with severe neonatal hypertrophic obstructive cardiomyopathy, who
underwent septal myectomy procedure at 8 months old. This patient received favorable
perioperative result and good clinical outcome after 2 years follow-up. This is the earliest
report of septal myectomy surgery for Noonan syndrome patient under 1 year of age,
which supports that septal myectomy surgery for infant Noonan syndrome patients with
HOCM is scalable with substantial benefit for patients.

Abbreviations: HOCM: Hypertrophic Obstructive Cardiomyopathy; MAPK: Mitogen-

Activated Protein Kinase; LVOT: Left Ventricle Outflow Tract

Introduction

Noonan syndrome is an autosomal dominant disorder
characterized by multiple symptoms including facial dysmorphism,
bleeding diathesis, proportional short stature and cardiovascular
abnormalities often associated with hypertrophic cardiomyopathy
[1,2]. This syndrome is known as RASpathies caused by mutations
in components of Ras/mitogen-activated protein kinase (MAPK)
pathway such as PTPN11, BRAF, KRAS, SOS1, MAP2K1, and RAF1
etc. [3,4] Hypertrophic obstructive cardiomyopathy (HOCM) is
frequently observed in patients with Noonan syndrome and also
represents the major determinant of the patient’s outcome [2].
It has been reported that Noonan syndrome patients with HOCM
have a worse risk profile than the isolated HCM patients [5].
Transaortic ventricular septal myectomy, also known as Morrow
procedure, provides excellent outcomes for adult patients with
severe HOCM, while its effectiveness in children is poorly reported
[6,7]. Moreover, the reported experience of septal myectomy for
infant HOCM patient is very limited worldwide. In present study,
we report on a Chinese patient with severe Noonan syndrome

shown as neonatal hypertrophic obstructive cardiomyopathy, and
this patient received good clinical outcome after undergoing septal
myectomy procedure at 8 months old. Meanwhile, we performed
next-generation sequencing to identify the causative gene defect
and confirmed the diagnosis of Noonan syndrome.

Case Presentation

Seven months-old full-term female infant weighted 5800
gr was referred to our hospital for the heart murmur. He was
estimated as NYHA I and was asymptomatic without respiratory
distress, syncope or cyanosis. Her pulse rate was 124/min and
rhythmic, blood pressure was 92 /55 mmHg, and oxygen saturation
was 100% in room air. Lab test showed that the NT-proBNP was
15498 pg/ml and Hb 113g/L. Some of the hepatic and renal
function related parameters were abnormal such as aspartate
aminotransferase (AST, 80 IU/L), alanine aminotransferase (ALT, 69
IU/L), y-glutamyl transpeptidase (GGT, 17IU/L), and total bilirubin
(8.9umol/L), creatinine (23.9umol/L). Echocardiography revealed
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left ventricular hypertrophy with severe left ventricle outflow tract
(LVOT) obstruction, moderate mitral regurgitation and systolic
anterior motion of the mitral valve (SAM sign). Atria septal defect
was also observed under Doppler. The LVOT pressure gradient
estimated by Doppler flow was 78 mmHgbefore surgery (Figure 1A).

This patient was subjected to Morrow septal myectomy procedure

under general anesthesia with low temperature extracorporeal
circulation at her eight months old. The cardiopulmonary bypass
time was 114 min, clamping time was 73 min. After surgery, this
patient took use of breath machine for 18 h, and stayed in ICU for
2 days. She successfully discharged from hospital 13 days after

surgery without severe comorbidity.

Figure 1: Echocardiography imaging of the patient before
(A)
(B) surgery

and after

Figure 1B presented the echocardiography of the patient
after surgery, which showed obstructive septum was relieved.
After surgery, the LVOT gradient immediately returned to normal
as 14 mmHg at rest. This patient was also strictly followed up
by echocardiography until last month, and the LVOT gradient
maintained 14~16mmHg in the subsequent 2 years (Figure 2).
This patient is also well growth and development during the follow-
up. Family screening shows that this patient’s parents are normal
without any Noonan syndrome or related heart disease. There is
also no Noonan syndrome or congenital heart disease case among
their cascade families within three generations. In order to identify
the potential causative mutations for this severe case, we collected
the peripheral blood from the patient and her parents (Figure 3A)

and performed next-generation panel sequencing containing 1876
cardiovascular related genes. A rare mutation PTPN11 c.1528C>G
(p-Q510E) is identified from the proband (Figure 3B), while the
parents do not carry this variant (Figure 3C & 3D). This means that
this is a de-novo variant. Base on previous literatures, we found that
PTPN11 ¢.1528C>G was firstly identified in a patient with Noonan
syndrome in 2005 by Takahashi and colleagues [8], and also
reported in two patients with LEOPARD syndrome [9]. This variant
is annotated as ‘pathogenic’ in both HGMD and Clin Var databases.
And thus, we can conclude that this progressive neonatal HOCM
patient is attribute to the PTPN11 ¢.1528C>G mutation, which also

confirms the diagnosis of Noonan syndrome.

Follow-up

60-
)
I
£
E 4o
c
2
-]
o
o 204
-
S
-
0

-1 w'reek 1 ciay 1 w'eek 1 m:)nth 1 ylear 2 yéars

Time to surgery

Figure 2: Left ventricle outflow tract (LVOT) gradient changing before and after surgery.
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Figure 3: Genetic screening of the patient
(A)
)
(C,D) her parents.

Family pedigree tree;

Sanger sequencing result for proband and

Discussion

In present study, we report on a 7-month-old girl affected with
Noonan syndrome and neonatal HOCM. The clinical presentation
included facial dysmorphism, cutaneous abnormalities and HCM
with LVOT obstruction. These clinical features were suggestive
of Noonan syndrome. We performed septal myectomy procedure
for this patient, and her LVOT obstruction was relieved with LVOT
gradient from 78mmHg down to 13mmHg after surgery. This
patient also showed good outcome after 3 years follow-up. The
treatment of septal myectomy surgery for adult HOCM patient
showed excited outcomes after mid- or long-term follow-up in
previous studies [10], but its application in pediatric patients were
only reported by several centers such as Mayo clinic [6,7,11,12].
A recent study from Germany reported the clinical outcome of
septal myectomy for 12 infant HOCM patients under 1 year of age
from 1978 to 2015 including 6 Noonan syndromes [13]. They also
confirmed this surgery can be performed safely during infancy with
favorable perioperative result and long-term clinical outcome at a
mean time period of 8.9 years after surgery [13]. The surgery team
from Mayo Clinic also reported the outcome of 7 septal myectomy
surgery in patients with Noonan syndrome from 1999 to 2015
[14], which also proved a reasonable and acceptable early outcome
for these patients. Although there were several reports on the
surgery for Noonan syndrome, the sample size is all so small that
this surgery is still under exploration. Our group is the first team
to perform septal myectomy surgery for infant patients in China,
and this is also the first case reported from Chinse hospital. And
it is worthy to be confirmed that the septal myectomy surgery for
Noonan syndrome patients with HOCM is scalable with substantial
benefit for patients.

References

1.

10.

11.

Burch M, Sharland M, Shinebourne E, Smith G, Patton M, et al. (1993)
Cardiologic abnormalities in Noonan syndrome: phenotypic diagnosis
and echocardiographic assessment of 118 patients. ] Am Coll Cardiol
22(4):1189-1192.

Calcagni G, Adorisio R, Martinelli S, Grutter G, Baban A, et al.
(2018) Clinical Presentation and Natural History of Hypertrophic
Cardiomyopathy in RASopathies. Heart Fail Clin 14(2): 225-235.

Liao ], Mehta L (2019) Molecular Genetics of Noonan Syndrome and
RASopathies. Pediatr Endocrinol Rev 16(S2): 435-446.

Li X, Yao R, Tan X, Li N2, Ding Y, et al. (2019) Molecular and phenotypic
spectrum of Noonan syndrome in Chinese patients. Clin Genet.

Prendiville TW, Gauvreau K, Tworog Dube E, Patkin L, Kucherlapati RS,
etal. (2014) Cardiovascular disease in Noonan syndrome. Arch Dis Child
99(7): 6296-34.

Borisov KV, Bockeria LA, Sinyov AF (2008) Surgical treatment of
hypertrophic obstructive cardiomyopathy in pediatric patients with
severe hypertrophy. Artif Organs 32(11): 856-863.

Altarabsheh SE, Dearani JA, Burkhart HM, Schaff HV, Deo SV, et al.
(2013) Outcome of septal myectomy for obstructive hypertrophic
cardiomyopathy in children and young adults. Ann Thorac Surg 95(2):
663-669.

Takahashi K, Kogaki S, Kurotobi S, Nasuno S, Ohta M, et al. (2005) A novel
mutation in the PTPN11 gene in a patient with Noonan syndrome and
rapidly progressive hypertrophic cardiomyopathy. Eur ] Pediatr 164(8):
497-500.

Digilio MC, Sarkozy A, Pacileo G, Limongelli G, Marino B, et al. (2006)
PTPN11 gene mutations: linking the GIn510Glu mutation to the
“LEOPARD syndrome phenotype. Eur ] Pediatr 165(11): 803-805.

Nishimura RA, Seggewiss H, Schaff HV (2017) Hypertrophic Obstructive
Cardiomyopathy: Surgical Myectomy and Septal Ablation. Circ Res
121(7): 771-783.

Dearani JA, Danielson GK (2005) Septal myectomy for obstructive
hypertrophic cardiomyopathy. Semin Thorac Cardiovasc Surg Pediatr
Card Surg Annu 2005: 86-91.

Copyright@ Jing Zhang | Biomed ] Sci & Tech Res | BJSTR. MS.ID.003544.

15563


http://dx.doi.org/10.26717/BJSTR.2019.21.003544
https://www.ncbi.nlm.nih.gov/pubmed/8409059
https://www.ncbi.nlm.nih.gov/pubmed/8409059
https://www.ncbi.nlm.nih.gov/pubmed/8409059
https://www.ncbi.nlm.nih.gov/pubmed/8409059
https://www.ncbi.nlm.nih.gov/pubmed/29525650
https://www.ncbi.nlm.nih.gov/pubmed/29525650
https://www.ncbi.nlm.nih.gov/pubmed/29525650
https://www.ncbi.nlm.nih.gov/pubmed/31115195
https://www.ncbi.nlm.nih.gov/pubmed/31115195
https://www.ncbi.nlm.nih.gov/pubmed/31219622
https://www.ncbi.nlm.nih.gov/pubmed/31219622
https://www.ncbi.nlm.nih.gov/pubmed/24534818
https://www.ncbi.nlm.nih.gov/pubmed/24534818
https://www.ncbi.nlm.nih.gov/pubmed/24534818
https://www.ncbi.nlm.nih.gov/pubmed/18959678
https://www.ncbi.nlm.nih.gov/pubmed/18959678
https://www.ncbi.nlm.nih.gov/pubmed/18959678
https://www.ncbi.nlm.nih.gov/pubmed/23040828
https://www.ncbi.nlm.nih.gov/pubmed/23040828
https://www.ncbi.nlm.nih.gov/pubmed/23040828
https://www.ncbi.nlm.nih.gov/pubmed/23040828
https://www.ncbi.nlm.nih.gov/pubmed/15889278
https://www.ncbi.nlm.nih.gov/pubmed/15889278
https://www.ncbi.nlm.nih.gov/pubmed/15889278
https://www.ncbi.nlm.nih.gov/pubmed/15889278
https://www.ncbi.nlm.nih.gov/pubmed/16733669
https://www.ncbi.nlm.nih.gov/pubmed/16733669
https://www.ncbi.nlm.nih.gov/pubmed/16733669
https://www.ncbi.nlm.nih.gov/pubmed/28912182
https://www.ncbi.nlm.nih.gov/pubmed/28912182
https://www.ncbi.nlm.nih.gov/pubmed/28912182
https://www.ncbi.nlm.nih.gov/pubmed/15818363
https://www.ncbi.nlm.nih.gov/pubmed/15818363
https://www.ncbi.nlm.nih.gov/pubmed/15818363

Volume 21- Issue 1 DOI: 10.26717/BJSTR.2019.21.003544

12. Minakata K, Dearani JA, O’Leary PW, Danielson GK (2005) Septal hypertrophic cardiomyopathy in infants. Eur ] Cardiothorac Surg 53(3):
myectomy for obstructive hypertrophic cardiomyopathy in pediatric 538-544.

patients: early and late results. Ann Thorac Surg 80(4): 1424-1429. . . .
14. Hemmati P, Dearani JA, Daly RC, King KS3, Ammash NM, et al. (2018)

13. Schleihauf ], Cleuziou ], Pabst von Ohain ], Meierhofer C1, Stern H, et al. Early Outcomes of Cardiac Surgery in Patients with Noonan Syndrome.
(2018) Clinical long-term outcome of septal myectomy for obstructive Semin Thorac Cardiovasc Surg.

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2019.21.003544 Assets of Publishing with us

BIOMEDICAL

Jing Zhang. Biomed ] Sci & Tech Res RESESEEHES ¢ Global archiving of articles

B A e Immediate, unrestricted online access

@ @ This work is licensed under Creative o L AN @ L4
Commons Attribution 4.0 License a 7 o's ﬂ
' L

e Rigorous Peer Review Process

¢ Authors Retain Copyrights

i

-
5 8 e Unique DOI for all articles

Submission Link: https://biomedres.us/submit-manuscript.php

ISSN: 2574-1241

https://biomedres.us/

Copyright@ Jing Zhang | Biomed ] Sci & Tech Res | BJSTR. MS.ID.003544. 15564


http://dx.doi.org/10.26717/BJSTR.2019.21.003544
https://www.ncbi.nlm.nih.gov/pubmed/16181882
https://www.ncbi.nlm.nih.gov/pubmed/16181882
https://www.ncbi.nlm.nih.gov/pubmed/16181882
https://www.ncbi.nlm.nih.gov/pubmed/29088344
https://www.ncbi.nlm.nih.gov/pubmed/29088344
https://www.ncbi.nlm.nih.gov/pubmed/29088344
https://www.ncbi.nlm.nih.gov/pubmed/29088344
https://www.ncbi.nlm.nih.gov/pubmed/30576779
https://www.ncbi.nlm.nih.gov/pubmed/30576779
https://www.ncbi.nlm.nih.gov/pubmed/30576779
https://biomedres.us/submit-manuscript.php
https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2019.21.003544

	Septal Myectomy for Severe Neonatal Hypertrophic Cardiomyopathy Caused by PTPN11 Gene Mutation: A Ca
	Abstract
	Introduction
	Case Presentation 
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3

