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Venoarterial
extracorporeal
membrane
oxygenation (VA ECMO) has been considered
as the first-line treatment for acute fulminant
myocarditis (AFM) when traditional treatment
is ineffective. Peripheral vascular VA ECMO
can partially reduce right ventricular preload,
but it can increase left ventricular (LV) afterload.1 The increased afterload may cause
difficulty in LV blood ejection in patients with
severely impaired LV function. In addition, it
may result in secondary LV dilatation, pulmonary edema, intraventricular thrombosis, and
even increased LV diastolic pressure, leading
to myocardial ischemia and irreversible cardiac
function, affecting the prognosis of the disease.2
Timely LV decompression can help to improve
the prognosis.3 Here, we report a successful
case of applying a surgical minimal invasive left
atrial decompression method, and we discuss
the appropriate timing and method of LV
decompression during ECMO supporting in
pediatric AFM.
A 2-
year-
old girl with AFM was implanted
with VA ECMO because of cardiac shock refractory to conventional therapy. The pulse pressure difference was less than 10 mm Hg, the
LV ejection fraction (LVEF) was 20% and the
LV dilated diameter (LVDD) was 36 mm while
ECMO initiated. In addition, fluid intake was
limited to 60% of normal physiological requirements. Epinephrine was maintained at 0.3 µg/
kg/min. ECMO blood flow was titrated to mean
arterial blood pressure (MABP) >50 mm Hg
and venous oxygen saturation >65% to reduce
LV afterload as low as possible. Urine output
and serum lactate were monitored. On the 24th
hour of ECMO running, the MABP increased
to 80 mm Hg and pulse pressure difference
declined to less than 5 mm Hg. Echocardiography showed that the LVEF decreased to 10%,
LVDD increased to 41 mm, and only a small

amount of blood ejected to the aorta (figure 1).
Therefore, a surgical minimal invasive inserted
left atrial venting cannula method was adopted
to unload LV. The procedure was performed
by two experienced cardiology surgeons at
the bedside. The left atrial was exposed via
anterolateral thoracotomy through the fourth
intercostal space. A 14 Fr straight cardiopulmonary bypass venous cannula (Flyer, Ningbo,
China) was inserted into left atrial appendage
(figure 2) and was connected to the venous
limb of ECMO circuit with a ‘Y’ connector.
On the 36th of LV decompression, pulse pressure increased to 15 mm Hg, LVEF increased
to 25% and LVDD decreased to 33 mm. Aortic
valve motion was improved. Then the LV
decompression cannula was clamped intermittently to assess LV function for about 4 hours
until withdrawal. Major chest hemorrhage
occurred on the night of the removal of the
LV decompression cannula. Surgical debridement was performed at the bedside to hemostasis. Six hundred millilitres of hematoma was
removed, and the surgical wound was sutured
strictly. On day 7 after ECMO initiation, LVEF
increased to 47% on epinephrine 0.2 µg/kg/
min, and norepinephrine 0.1 µg/kg/min was
applied. Then, ECMO was weaned off successfully. Ventilator was weaned off although the
patient had atelectasis of the left lung 7 days
after ECMO explanted. Physical examination showed paralysis of left upper extremity
(muscle strength grade 1) when she was awake.
Cranial computer tomography (CT) scan of
the brain indicated infraction in the right basal
ganglia and lateral paraventricular area infarction. She was transferred to a rehabilitation
hospital for hyperbaric oxygen therapy after
recovery of heart function. The patient’s left
upper limb muscle strength recovered to grade
3 after 1 month of treatment.
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Figure 1 Echocardiography showed the aortic valve blood
flow velocity was 32.3 cm/s and the aortic transvalvular
gradient was 0 mm Hg, indicating decreasing blood from
native left ventricle to aorta.

The timing of LV decompression in children is still
controversial.4 The precise evidence of LV distension is
elevated LV end diastolic pressure obtained by Swan-Ganz
catheter. But it was gradually replaced by less or non-invasive
technology.5 Kim et al considered LV decompression when
patients showed progressive pulmonary congestion on chest
radiography or pink frothy expectoration, and low pulse
pressure.6 We adopted non-
invasive methods including
restricting fluids, adjusting drugs and ECMO flow to reduce
the LV afterload since the initiation of ECMO. LV function
had been assessed closely using echocardiography. The
decision to perform LV decompression was based on the
situation of LV dilatation, aortic valve opening difficulty or
even closing and echo LV ‘smoke’ sign. In addition, the
progressive decreasing arterial pulse pressure indicated no
cardiac output. Continuing flat arterial waveform can be a
warning sign that LV decompression is required. Another
consideration is the duration between LV decompression

and initiation of ECMO. The current literature indicated
that earlier LV decompression might be beneficial to minimize risks related to prolonged ECMO. According to experience with better clinical results, LV decompression was
performed 18 hours,7 11 hours,8 or even 2.61 hours3 after
ECMO initiation. Generally speaking, the cardiac function
is worst at the early stage of ECMO implantation. It is necessary to monitor hemodynamic data closely and to establish
LV decompression in time.
There is no consensus on the appropriate method for
LV decompression.6 In pediatric patients, decompression
of the left heart has been attempted through balloon atrial
septostomy, blade atrial septostomy, blade-
and-
balloon
atrial septostomy and direct surgical LV venting.2 Balloon
atrial septostomy to reduce left atrial and ventricular pressures by a left-to-right shunt has been used in neonates, children and adults. Yet, it can be technically difficult to create
an appropriately sized defect.2 The blade atrial septostomy approach, which needs surgical correction in case of
myocardial recovery, was mainly recommended for patients
with bridging transplantation or LV assistant device.2 Transvenous intubation through atrial transseptal into the left
atrium or ventricle has been successfully applied in children.9 Direct surgical venting method was mostly used in
patients requiring ECMO for failure to wean from cardiopulmonary bypass.7 This approach allows larger sized
cannula compared with percutaneous approaches, which
improves venous drainage and substantial LV unloading,
yet still carry substantial risks of bleeding.2 We employed
this method to effectively improve the patient’s LV function. Despite the use of minimally invasive small incision
technology, the patient still complicates with hemorrhage.
It can be seen that strict surgical hemostasis is an important
issue.
We advocated that heart unloading should be considered
when peripheral VA ECMO was initiated to rescue cardiac
function failure. LV decompression should be established
timely when the left heart was still difficult to output blood
after conventional treatment. Surgical methods are effective methods for children’s left heart decompression.
Therefore, strict surgical hemostasis is important to prevent
bleeding complications.
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