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Background Refractory chylous effusions due to lymphatic dysplasia related to Noonan syndrome cause significant morbidity and mortality due 
to protein and immunoglobulin losses. Very few cases have been published reporting successful treatment of patients with trame
tinib where all conventional treatments had failed.

Case summary We present a girl with Noonan syndrome and hypertrophic cardiomyopathy who presented with life-threatening refractory chy
lothorax where all conventional treatment options failed. She was successfully treated with mitogen-activated extracellular signal- 
regulated kinase inhibitor trametinib.

Discussion MEK inhibition with trametinib is emerging as a possible salvage treatment option for a subset of patients with Noonan syndrome 
and severe pulmonary lymphangiectasia. More experience is required to establish optimal treatment regimen and long-term 
outcomes.
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Learning points
• To understand the molecular genetic basis of MEK inhibition as a treatment option for lymphatic dysplasia in Noonan syndrome

• To recognise possible fatality of intractable chylothorax in Noonan syndrome and escalate management accordingly

* Corresponding author. Tel: +447833409745, Email: jamie.bentham@nhs.net
Handling Editor: Filippo Puricelli
Peer-reviewers: Luis antonio Moreno-Ruiz; Arif Anis Khan
Compliance Editor: Megha Agarwal
Supplementary Material Editor: Gonçalo Costa
© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Introduction
Noonan syndrome is an autosomal dominant multisystem disorder 
with an estimated prevalence of 1 in 1000–2500.1 It can be accompan
ied by congenital heart disease, hypertrophic cardiomyopathy (HCM), 
and lymphatic malformations. Although the pathogenetic mechanisms 
are poorly understood, variable gene mutations result in activation of 
the Ras-mitogen activated protein kinase (RAS-MAPK) pathway.2

Trametinib is a reversible and highly selective allosteric inhibitor of the 
activation and kinase activity of the mitogen-activated extracellular signal- 
regulated kinases 1 (MEK1) and 2 (MEK2).3 MEK proteins are critical 
components of the extracellular signal-regulated kinase pathway, which 
is commonly hyperactivated in tumour cells. MEK are part of the protein 
cascade in the RAS-MAPK pathway that is up-regulated in Noonan syn
drome.2 MEK inhibition has been recognised as a therapeutic target to 
treat HCM in Noonan syndrome with severe neonatal presentation.4
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Timeline

Refractory chylous effusions due to lymphatic dysplasia related to 
Noonan syndrome cause significant morbidity and mortality due to 
protein and immunoglobulin losses. Very few cases have been published 
reporting successful treatment of patients with trametinib where all 
conventional treatments had failed.5,6 We present a girl with 
Noonan’s syndrome, HCM, and refractory chylothorax who devel
oped life-threatening chyle loss related complications. Lymphatic re
modelling with complete resolution of chylothorax was achieved by 
MEK inhibition with trametinib.

Case presentation
A 3-year-old Caucasian girl with Noonan syndrome (heterozygous 
RIT1 mutation) initially presented at the age of 18 months with a heart 
murmur and was diagnosed with HCM causing mid cavity left ventricu
lar outflow tract (LVOT) obstruction, severe right ventricular outflow 
tract (RVOT) obstruction, and a dysplastic stenotic pulmonary valve 
(Figure 1A and B). She underwent surgical relief of LVOT obstruction 
with myectomy and relief of RVOT obstruction with muscular resec
tion and a transannular patch at 22 months. An epicardial pacemaker 
was required for post-operative complete heart block. She recovered 
well following the procedure with no progression of HCM.

She was admitted to intensive care unit at 2 years and 8 months due 
to respiratory failure caused by parainfluenza 3 infection, 10 months 
following her cardiac surgery. She developed significant bilateral pleural 
effusions requiring drainage. The fluid analysis confirmed chylothorax: 
fluid triglycerides 1.9 mmol/L (reference value >1.24 mmol/L diagnos
tic of chylothorax) and fluid protein 30 g/L (gram stain negative, mono
nuclear white blood cells). She was treated with a low fat and high 
medium chain triglycerides (MCT) diet, as well as an octreotide infu
sion. Despite this, she was losing a significant amount of chyle, which 
resulted in low immunoglobulin levels. She acutely deteriorated with 
spontaneous bowel perforation, requiring 10 cm of terminal ileum to 
be resected, and a stoma formed. Her acquired immunocompromised 
state led to bacterial and candida sepsis. She was treated with multiple 
courses of antibiotics and antifungals, as well as immunoglobulin 
replacements.

Parenteral nutrition was started in view of ongoing refractory pleural 
effusions and high stoma losses. She was gradually transitioned back to 

MCT and was discharged home after 3 months of hospital stay. 
However, she repeatedly represented with reaccumulation of pleural 
effusions despite MCT diet and underwent multiple chest drains for re
spiratory compromise (Figure 2A and B).

Pulmonary lymphangiectasia secondary to the underlying syndrome 
or to residual cardiac anomalies were considered as differential diagno
ses. Surgical damage to the thoracic duct was felt to be unlikely due to a 
long-time period (ten months) between the surgical repair and first 
presentation with chylothorax. Transoesophageal echocardiogram 
confirmed no residual left or right ventricular outflow tract obstruction 
(Figure 3A and B); there was a small atrial septal defect with a bidirec
tional shunt and consistent with restrictive right ventricular (RV) physi
ology. Invasive haemodynamic measurements showed elevated bi-atrial 
pressures at 14 mmHg (reference value 3–6 for right atrium and 6–9 
for left atrium in children)7, mean pulmonary artery pressure of 
20 mmHg (reference value 15 mmHg)7, mildly increased pulmonary 
vascular resistance at 2.1 indexed Wood units (reference value <2 in
dexed Wood units)7, and calculated cardiac index of 3.8 L/min/m2. 
Innominate vein (IV) wedge angiogram did not demonstrate the thor
acic duct entry point, and the IV was unobstructed (see 
Supplementary material online, Video S1). We concluded that the 
main underlying pathology was likely lymphatic dysplasia driven by 
her primary syndrome with some contribution from her elevated right- 
sided filling pressures.

In view of restrictive RV physiology, we initially tried to manage her 
with parenteral nutrition and intense diuresis, with no improvement. 
We exhausted all conventional treatment options and considered the 
condition incompatible with long-term survival, especially as she had al
ready suffered from life-threatening complications. The family was of
fered a trial of trametinib treatment as the last resort with the 
potential for lymphatic remodelling. Side effects were discussed in detail 
and written information given to the family. Hospital Trust board ap
proval was obtained and managed access for unlicensed use was ar
ranged with Novartis (Novartis International AG, Basel, Switzerland). 
She was started on trametinib 0.032 mg/kg/dose once a day following 
a prescribing guideline for trametinib use for oncological indications. 
Monitoring plans were put in place with clear instructions for side- 
effect management. Baseline bloods were monitored weekly (full blood 
count, urea and electrolytes, creatine kinase, liver function tests, and 
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HbA1c), and ophthalmology review was performed monthly. Weekly 
echocardiograms were performed to monitor ventricular function 
and pleural spaces. Both pleural spaces were drained prior to commen
cing treatment.

She developed severe eczema affecting the arms, legs, and trunk, 
which responded to emollients and topical steroids. Her stoma output 
increased, but was manageable with parenteral nutrition (small 
amounts of fat-free oral feeds were allowed) and stayed below an 
agreed cut-off for discontinuation of treatment (30 mL/kg/day). No 
other significant side effects were seen. Reduction in left ventricular 
mass was noticed on serial echocardiograms.

We set a goal of completing a 3-month course of trametinib at the 
outset. Following completion, she was gradually transitioned to enteral 
feeds (initially with MCT diet, followed by a diet with normal fat con
tent) and discharged home. She has since been followed in the 

outpatient clinic and remains free of chylothorax recurrence (moni
tored by chest X-ray, Figure 3C, and ultrasound) for the last eight 
months since completing her treatment and eleven months since com
mencing treatment and her last pleural drainage.

Discussion
Pulmonary lymphangiectasia in Noonan syndrome is a debilitating con
dition and can be fatal.8 An aggressive approach to treatment in these 
patients is necessary but even then, complications from excessive chyl
ous loss are frequent and difficult to manage.

The time lag between surgery and first occurrence of chylothorax 
suggested that lymphatic leak due to surgical damage to the thoracic 
duct was unlikely. Even though most cases of lymphatic dysplasia in 

Figure 1 (A and B) Transoesophageal echocardiogram before surgery. (A) Short axis view showing right ventricular outflow with subpulmonary 
muscular hypertrophy (asterisk) and concentrically hypertrophied left ventricle. (B) Severe right ventricular outflow tract obstruction (asterisk).

Figure 2 (A and B) Transoesophageal echocardiogram before starting trametinib treatment. (A) No residual right ventricular outflow tract obstruc
tion. (B) Short axis view showing no significant left ventricular hypertrophy and widely open right ventricular outflow tract.
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Noonan syndrome present at or early after birth, onset in later child
hood or adulthood is described.9 We were not able to demonstrate 
the thoracic duct angiographically by innominate vein wedge angiogram, 
at its usual entrance point. Intranodal lymphangiography and dynamic 
contrast-enhanced magnetic resonance lymphangiography are becom
ing the gold standard for diagnosing lymphatic pathologies,10,11 but are 
not available in most institutions.

MEK inhibition with trametinib as a possible treatment has been de
scribed in few case reports of patients with Noonan syndrome and ei
ther hypertrophic cardiomyopathy or refractory life-threatening 
chylothorax.4,5,6,12,13 The literature is sparse however and lacks guide
lines regarding best treatment course. Doses between 0.01 to 
0.027 mg/kg4,5,12 have been reported, and all cases seem to continue 
on trametinib for a prolonged time and without a predetermined dur
ation (Nakano et al.12 report successful treatment in two cases that re
mained on therapy for 12 and 24 months). We followed paediatric 
oncology dosing guidelines which state a fixed dose of 0.025 mg/kg/ 
day (patients ≥6 years) or 0.032 mg/kg/day (patients <6 years)14. The 
higher dose for small children has not been used in previously reported 
cases. The dose is administered once daily. The most frequent trame
tinib side effects are skin rashes and require meticulous skin care re
gimes.12 Other toxicities include paronychia, diarrhoea, fatigue, 
stomatitis/mucositis, chorioretinopathy and retinal vein occlusion, 
oedema, reduction in left ventricular ejection fraction, hyponatraemia, 
hypernatraemia, and/or abnormalities of liver enzymes.

We elected to stop medication after a set period of 3 months, which 
is the shortest duration of treatment reported so far. The decision was 
made before starting the treatment and followed the rationale that 
complete resolution of symptoms has been described to occur in 3 
months in a previously reported case.5 The patient was not free of a 
chest drain for more than 6 weeks over the preceding 6 months, and 
we felt that we would be confident of a treatment effect over a 
3-month time period if no further reaccumulation occurred (twice 
the previous period). Prolonging the duration of trametinib administra
tion was felt to lack benefit for the patient and expose her to significant 
risk in view of side effects and dependency on parenteral nutrition for 
the length of treatment due to her high-stoma output. Her stoma has 
subsequently been reversed.

Conclusion
MEK inhibition with trametinib is emerging as a possible salvage treat
ment option for a subset of patients with Noonan syndrome and severe 
pulmonary lymphangiectasia. We are hoping for more centres to 

report their experience to establish the best treatment approach, long- 
term outcomes and patient safety.
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