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Neonatal Marfan syndrome (nMFS), the most severe form of Marfan syndrome, is a rare condition that presents a clinical and treat-
ment challenge. nMFS has high infant mortality related to progressive valvular dysfunction. Valve replacement in this setting improves
long-term prognosis but carries high morbidity and mortality. Thus, sharing clinical experience in treating such patients is valuable.

A 2 year old with nMFS underwent tricuspid valve annuloplasty and prosthetic mitral valve replacement. Postoperative management
was complicated by pulmonary hypertension, cardiogenic shock, and arrythmias. Venoarterial extracorporeal membrane oxygenation
(VA-ECMO) helped overcome these challenges but posed a high risk for prosthetic valve thrombosis (PVT). Despite decompression
of the left atrium (LA) with an LA vent, the left ventricle (LV) was distended because of aortic regurgitation and no native cardiac
output. We lowered the ECMO flow under echocardiographic guidance; used inodilators and pacing to encourage transmitral
flow and reduce LV afterload. The patient completed a successful 6-day ECMO run with good end-organ perfusion. At last follow
up, she was 6 years old, enjoying school, home-ventilated through the tracheostomy, and mobilizing with walking aids/wheelchair.

Valve replacement can improve life quality and expectancy for patients with nMFS. Lowering ECMO flow under echocardiography
guidance till the aortic valve is seen to open; coupled with inodilators, pacing and adequate anticoagulation can be a safe way to
deliver VA-ECMO for cardiogenic shock after prosthetic valve replacement. Further research is needed to show if this strategy
prevents prosthetic valve thrombosis and provides sufficient haemodynamic support and myocardial rest.
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e Prosthetic valve replacement (PVR) can improve quality of life and life expectancy in children with neonatal Marfan syndrome (nMFS).

e Venoarterial extracorporeal membrane oxygenation (VA-ECMO) after PVR increases the risk of clotting the prosthetic valve if the in-
creased afterload prevents the aortic valve from opening.

e Lowering ECMO flow under echocardiography guidance till the aortic valve is seen to open; coupled with inodilators, pacing and adequate
anticoagulation can mitigate the risk of prosthetic valve thrombosis (PVT) and still deliver effective VA-ECMO for cardiogenic shock after PVR.
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Introduction

Marfan syndrome (MFS) is an autosomal dominant connective tissue dis-
order with mutations in FBN1 gene on Chromosome 15 encoding the
Fibrillin-1 protein." Neonatal MFS (nMFS), the most severe form of MFS
has de novo mutations in Exons 2332 of the gene." Clinically, nMFS differs
in its earlier presentation in infancy, with severe cardiac and pulmonary
manifestations, particularly mitral and tricuspid valve (MV and TV) regurgi-
tation and pulmonary emphysema." Medical treatment often fails to con-
trol heart failure (HF) symptoms.” The surgical treatment options include
valve repair/replacement. Survival figures remain poor even after surgery.®

improves postoperative outcomes.* Currently, VA-ECMO is used at
maximum 'full’ flow® for cardiogenic shock after paediatric cardiac surgery
to provide complete myocardial rest and effective organ perfusion.
However, multiple adult case repor‘ts&9 demonstrate lethal obstructive
prosthetic valve thrombosis (PVT) on maximum ‘full’ flow VA-ECMO after
prosthetic valve replacement (PVR) with two observational studies'®"
showing 10% incidence. The case reports®™ suggest lowering ECMO
flow to mitigate PVT risk, but this approach may lead to insufficient haemo-
dynamic support and myocardial strain.

We describe the case of an nMFS child undergoing PVR and the chal-
lenges in the immediate postoperative management including our ex-

Venoarterial extracorporeal membrane oxygenation (VA-ECMO) perience of using low-flow ECMO to mitigate risk of PVT.
Timeline

Age Events Assessment and management

Birth Facial dysmorphism noted (down-slanted palpebral fissures, high narrow

palate, low set ears, micrognathia, and wide nasal bridge) and bilateral

hindfoot deformity noted.

First 6 weeks Diagnosed on cardiology review with

« Mitral and Tricuspid valve prolapse with mild-moderate

regurgitation
* Moderate Aortic root dilatation,
* Atrial septal defect (ASD)

Karyotype normal.
Molecular genetics sent.
3/6 systolic murmur in apical area and lower left sternal
border found on clinical examination.

Not in clinical HF; continues cardiology follow up.
Reasonable weight gain following the 2.5th centile.

Diuretics and captopril started.

Type 1 fibrillinopathy [heterozygous for FBN1 mutation in Exon 26 (c.3143T >
C)] confirmed.

Computed tomography (CT) chest shows pulmonary emphysema and
kyphoscoliosis

Echocardiography shows poor contractility, dilated RV, moderate-to-severe MV
and TV regurgitation, pulmonary hypertension on Milrinone, Sildenafil,
Furosemide, Spironolactone, Atenolol, and Losartan.

3 months HF develops and progresses rapidly over the next few months. (repeated
chest infections, irritability, feed intolerance, and failure to thrive)

6 months Genetic confirmation of nMFS

8 months HF is refractory to medical treatment. Pulmonary hypertension develops—
persistent desaturations. Sildenafil and home oxygen started.

8.5 months Paediatric intensive care unit (PICU) admission after viral lower respiratory
tract infection—ventilated—inability to wean and
extubate. Multidisciplinary team (MDT) discuss risks-benefits of surgical
valve repair/replacement.

9 months MDT agree surgical valve repair will improve quality of life.
Tracheostomy done to optimise pre-operative state and prepare
for long term ventilatory support.

10 months First surgery: Tricuspid valve repair (leaflet repair with partial annuloplasty),

Up to 28 months

mitral valve repair (anterior leaflet chordae shortening and posterior partial
annuloplasty); ASD closure.

Improved quality of life: weight gain and reduced chest infections.

Tracheostomy decannulated briefly.

30 months PICU admission for worsening cardiac failure (Figure 1A).
Tracheostomy re-inserted for respiratory support.

32 months Second surgery: Tricuspid valve repair and 33 mm St Jude’s prosthetic mitral
valve replacement.

Age 6 years Last follow up

Neurology and genetic opinion: No structural abnormality in the brain.
Respiratory opinion: Pulmonary emphysema not severe enough to

contraindicate surgery.
Good postoperative recovery.

Residual TR and MR persist (see Supplementary material online, Figures ST and S2,
Videos S1 and $2)

Echocardiography shows severe MR and TR with moderate aortic root
dilatation.
Levosimendan tried unsuccessfully.

Postoperative cardiogenic shock, pulmonary hypertension, and
arrythmias develop.
"Full-flow’ (150 ml/kg/min) VA-ECMO with left atrial (LA) venting
started 12 h postoperatively. LA decompressed but Left ventricle
(LV) distended with no native cardiac output. High risk of
intracardiac thrombosis.
ECMO flow reduced under echocardiography guidance with
inodilators, pacing and anticoagulation till the aortic valve seen to
open and LV seen to empty.
Lactate clearance and organ perfusion maintained. Successfully
decannulated from ECMO after 6 days.
Chest closed on Day 9
PICU discharge on Day 20

Enjoys school, tracheostomy home ventilated, mobilises with walking aids and
wheelchair.
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Case summary

A Caucasian female born at 37 + 3 weeks gestation in good condition
after induction of labour for oligohydramnios and intrauterine growth
restriction (birth weight 2.335 kg) was noted to have facial dysmorph-
ism and bilateral hindfoot deformity. Over time, she developed hypo-
tonia, arachnodactyly, plagiocephaly, and kyphoscoliosis. She was the
first child of nonconsanguineous parents with no family history of
Marfan syndrome. At 6 months of age, molecular genetics confirmed
neonatal Marfan Syndrome (nMFS) [Type 1 fibrillinopathy, heterozy-
gous for FBN1 mutation in Exon 26 (c.3143T > C)].

She had a cardiology review for a 3/6 systolic murmur in the apical
region aged 6 weeks and was diagnosed with MV prolapse, dysplastic
TV, secundum ASD, and aortic root dilatation on echocardiography.
By 3 months, she developed manifestations of cardiac failure (feed in-
tolerance, irritability, repeated chest infections, and failure to thrive;
2.5th centile weight) which progressed rapidly despite maximal medical
treatment with diuretics and captopril. Aged 8 months, she was started
on sildenafil and home oxygen for pulmonary hypertension. CT chest
showed pulmonary emphysema not severe enough to contraindicate
surgery. Neuroimaging showed no structural abnormality of the brain.
The MDT agreed surgical valve repair would improve her quality of life.
She underwent tracheostomy aged 9 months following prolonged

ventilation after a viral respiratory illness. A TV and MV repair with
ASD closure was performed aged 10 months (see Supplementary
material online, Figures S1 and S2 and Videos S1 and S2).
Intraoperatively, her lungs were seen to be emphysematous. Despite
residual valvular regurgitation post repair, her cardiac failure symptoms
improved providing good growth and neurodevelopment for 1 year.
But, by age 2 years, she was in debilitating cardiac failure again
(Figure 1A).

The multidisciplinary team and parents agreed to undertake a second
valve repair/replacement. At age 32 months, a technically challenging
TV annuloplasty and MV replacement with a 33 mm St Jude prosthetic
valve were performed with a long cardiopulmonary bypass time
(338 min). The patient was weaned from bypass on inotropic support
(noradrenaline 0.08 pg/kg/min, adrenaline 0.06 pg/kg/min, milrinone
0.5 pg/kg/min). Immediate postoperative echocardiography showed
satisfactory repair with biventricular systolic dysfunction. The patient
returned to intensive care ventilated with an open chest.

Over the next few hours, cardiogenic shock worsened.
Postoperative chest radiography (Figure 1B) showed cardiomegaly
with a collapsed left lung and right pulmonary emphysema. Repeat
echocardiography showed pulmonary hypertension with worsening tri-
cuspid regurgitation (Figure 2A). The pulmonary artery pressure re-
duced after starting inhaled nitric oxide (Figure 2B). However, the

Figure 1 CXR before (A) and after (B) prosthetic valve replacement; after extracorporeal membrane oxygenation cannulation (C) and prior to de-

cannulation on Day 6 of extracorporeal membrane oxygenation (D).
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Postoperative echocardiographic image (apical four chamber view) showing pulmonary hypertension before starting inhaled nitric oxide (A)
and reduced pulmonary hypertension after starting inhaled nitric oxide (B). iINO, inhaled nitric oxide.

patient continued to be acidotic with a low mean arterial pressure
(40 mmHg), low cerebral near infrared spectroscopy (NIRS; 30—
40%), low superior vena cava oxygen (SVCO,) saturation (50%) and
high arterial lactate (3—6 mmol/L). The central venous pressure was
10-14 mmHg, and the left atrium (LA) was dilated on echocardiog-
raphy. During the first 12 h postoperatively, 100 mL/kg fluid and blood
product resuscitation had been given, and the vasopressor requirement
progressively increased. Steroids and calcium infusion were started.
Further deterioration occurred, with frequent atrial ectopic beats
and runs of wide complex ventricular tachycardia.

At this point, 12 h postoperatively, VA-ECMO was initiated. The pa-
tient was cannulated centrally (22 Fr drainage cannula in right atrium; 12
Fr return cannula in aortic arch), and a LA vent was inserted to decom-
press the enlarged LA, which was causing arrythmias, left bronchial
compression, and pulmonary hypertension.

Our primary goal was to achieve organ perfusion and myocardial
rest. We started with ‘full’ ECMO flow at 150 mL/kg/min and stopped

the vasopressors. On echocardiography (Supplementary material
online, Video 1), poor LV contractility and minimal MV and aortic valve
movement were visualized. The LA vent allowed very little transmitral
flow. However, constant aortic regurgitation with no native cardiac
output increased LV end-diastolic volume. The lack of MV movement
and blood stagnating in the LV risked developing a clot. Heparin dosing
was optimized, aiming for higher anticoagulation targets. Continuous
renal replacement therapy was started to manage fluid overload.
Bedside echocardiography was used to reduce ECMO flow from 150
to 120 mL/kg/min (80% of full flow). Milrinone (0.5 pg/kg/min), adren-
aline (0.05 pg/kg/min), and sodium nitroprusside (3 ng/kg/min) were
used together as inodilators. The LV ejection was confirmed with pul-
satility on the arterial trace. The heart rate was slow sinus at 60—
80 beats/min. Pacing in the AAl mode was started at 110 beats/min,
which increased transmitral flow. Aortic regurgitation reduced, with
good MV and aortic valve movement on echocardiography (see
Supplementary material online, Videos 2a and 2b, Video S3).
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We accepted a lower mean blood pressure (40-45 mmHg) but mon-
itored end-organ perfusion carefully to ensure lowering flow did not
compromise haemodynamic support. Cerebral NIRS and SVCO, im-
proved, and the lactate normalized in 6 h. The patient was successfully
decannulated from VA-ECMO after 6 days. Her chest was closed on
Day 9, and she was discharged from the ICU on Day 20. At last follow
up, the patient was 6 years old, enjoying school, home-ventilated
through the tracheostomy, and mobilizing with walking aids/wheelchair.

Discussion

Refractory cardiac failure results in morbidity and early death in nMFS. In
a large series” of 60 patients, 89% died by age 2 years. Early valve repair/
replacement improves both life expectancy and quality.”* The choice be-
tween valve repair and replacement remains controversial. The authors
of the largest published case series® of six patients with nMFS undergoing
mitral valve surgery believe the underlying degenerative process in n(MFS
makes it unlikely repair will last long-term and advocate PV replacement,
especially in younger patients. We opted for repair first because of her
young age and to avoid the anticoagulation commitment.

Prosthetic valve replacement in young children carries high mortality;
upto 42% in patients <2 years old compared with 6% in older patients
in one single-centre study.'” But ECMO can improve postoperative
survival with one study'® demonstrating 78% survival among patients
started on ECMO after mitral repair/replacement. A large single-centre
study'® of 54 patients undergoing PVR shows 10% need ECMO
postoperatively.

Venoarterial ECMO s reported to increase the risk of PYT¢™"" in
adults. There are no reports of PVT in children on ECMO."*" More
recently, an observational study’> of PVR in 29 children (median age
19 months; 2002-20) found only one patient needed ECMO. They re-
ported an overall 10.3% (3 of 29 patients) risk of early PVT but it is un-
clear if the one ECMO patient developed PVT.

Evidence in favour of the low-flow ECMO strategy is limited and weak.
We found only one single-centre retrospective observational study11
supporting lowering ECMO flow in which 9/90 adults (10%) with PVR
on VA-ECMO developed PVT with 56% mortality. Central cannulation
[odds ratio (OR) 5.53; 95% confidence interval (Cl) 1.24-38.78] and
higher ECMO flow (OR 2.18; 95% Cl 1.11—4.67) were associated with
thrombosis in univariate analysis, but only central cannulation showed
significant association on multivariable analysis. The authors explained
higher ECMO flow reduces transprosthetic intracardiac flow and recom-
mended lower flow (60-80% of total cardiac output) and inotrope use
to maintain ventricular ejection. We found one adult case report describ-
ing PVT despite using low-flow ECMO.®

Previous reports®™ also recommend LV decompression devices to
prevent blood stasis and thrombosis. A paediatric review> on ECMO
for cardiogenic shock similarly emphasizes importance of LV decom-
pression strategies if full-flow ECMO prevents aortic valve opening. It
does not specifically describe lowering the ECMO flow with inodilators
as a strategy. However, the review authors accept there is currently no
consensus on the optimal method for LV decompression in younger
paediatric patients.

The most common LV decompression technique in paediatric
ECMO is LA venting,® which reduces transmitral flow and can be coun-
terproductive in preventing PVT."" Its use in this situation is only justi-
fied if LA decompression itself is advantageous as it was in our patient.
Other surgical/transcutaneous LV decompression methods such as a
heart pump (Impella), intra-aortic balloon pump, and LV apical vent
are not often used in younger paediatric patients and carry significant
risks.> In addition, none of these devices improve transmitral flow as
needed to prevent PVT. Our strategy of lowering ECMO flow, using
inodilators, and pacing achieved both goals—increasing transmitral
flow and decompressing the LV.

Conclusion

Valve surgery can improve life quality and expectancy for patients with
nMFS. Lowering ECMO flow under echocardiography guidance till the
aortic valve is seen to open; coupled with inodilators, pacing and ad-
equate anticoagulation can be a safe way to deliver VA-ECMO for car-
diogenic shock after PVR. Further research is needed to show if this
strategy prevents PVT while providing sufficient haemodynamic sup-
port and myocardial rest.
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