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Abstract

~

Extracorporeal membrane oxygenation is a lifesaving modality of mechanical support in patients with refractoryse-
vere acute respiratory distress syndrome, among other indications. Despite the still limited experience, the practice
of “awake” extracorporeal membrane oxygenation has merged as an option for respiratory management with sever-
al advantages like de-escalation of pharmacologic sedation. A 5-year-old girl with history of asthma was admitted be-
cause of status asthmaticus secondary to Rhinovirus infection. Pulmonary auscultation revealed an overall decrease in
vesicular murmur with wheezing and patient’s chest radiograph demonstrated diffuse bilateral coalescent opacities.

Despite medical treatment, her condition deteriorated rapidly, prompting transfer to the pediatric intensive care
unit and initiation of non-invasive mechanical ventilation. In the next few hours, subcutaneous emphysema and hy-
poxic acute respiratory failure were evident and invasive mechanical ventilation was assured. Due to refractory
hipoxemia with worsening of the air leak, she was placed on venovenous extracorporeal membrane oxygenation
on day 2 post admission. There were no related complications and she started showing gradual clinical improve-
ment, making extubation to humidified high-flow nasal cannula possible on day 5. She remained in humidified high-
flow nasal cannula under minimal sedation, showing an exquisite level of collaborationfor her age. After 3 days, the
patient was successfully decannulated and complete weaning off respiratory support was achieved 2 days later.

This isthe first attempt of pediatric “awake” ECMO in our Pediatric Intensive Care Unit, and, to our knowl-
edge, this is also the first Portuguese report of a well-succeeded extracorporeal membrane oxygen-
ation procedure in a minimally sedated, non-intubated pediatric patient. Our report corroborates the actu-
al evidence that, in selected patients, extubation and appropriately decreased sedation is safe and does not
compromise extracorporeal life support effectiveness. Therefore, awake extracorporeal membrane oxygenation is
likely to become the new standard of care for selected pediatric patients with acute respiratory distress syndrome.

Keywords: Asthma; Acute Respiratory Distress Syndrome; Venovenous Extracorporeal Membrane Oxygenation; Me-
chanical Ventilation; Rhinovirus; Sedation.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a lifesav-
ing technique designed to provide mechanicalsupport to the
heart, lungs or both [1-4]. ECMO has emerged as a global stan-
dard of care in potentially reversible causes of cardiopulmo-
nary collapse or as a bridge to heart and/or lung transplan-

tation [1-4]. Due to favorable results and a steady decline in
absolute contraindications, its use is increasing worldwide,
but overall survival for pediatric ECMO has remained stable
around 50 to 60% [1,5]. The principle of ECMO consists in tak-
ing the deoxygenated blood from the right heart, entering the
ECMO circuit, passing through the membrane lung where oxy-
genation, carbon dioxide clearance and temperature control
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are provided, and finally returning to either the arterial system
(venoarterial) or the right heart (venovenous, VV-ECMO) [6].

Asthma is the most common respiratory disorder of childhood
and even though multiple triggers have already been identi-
fied, infections are still the current leading cause [7-9]. Rhino-
virus (RV) is a common pathogen, causing up to 60% of pediat-
ric asthma-associated hospitalizations [7,8]. Previous studies
have even stated that asthmatic children with RV infection
have higher rates of emergency department visits, hospital-
izations and need for escalated respiratory support [7,8]. VV-
ECMO remainsan effective and widely used rescue therapy for
pediatric respiratory failure refractory to conventional man-
agement, allowing time for recovery from the acute hypoxic
insult and treatment of the primary disease [2,5,9-14].

Historically and in current practice, patients are intubated pri-
or to cannulation and pediatric ECMO has traditionally been
performed on sedated and intubated patients, due to the risk
of life-threatening complications like dislocation of the can-
nula, bleeding or unintentional decannulation [15]. Further-
more, during the period of ECMO, pediatric patients usually
need large doses of sedation and analgesia, which has showed
a strongcorrelation with delirium, prolonged hospital stay and
poor prognosis [2].

Within the last decade, the concept of awake ECMO was intro-
duced to avoid the potential complications inherent to long-
term ventilation and general sedation [15,16]. It consists in pa-
tients either not beingintubated during cannulation or being
extubated soon after cannulation, while still on ECMO [15,16].
Despite the still limited experience in pediatric age, the prac-
tice of awake ECMO in extubated patients with respiratory
failure has merged as an option for respiratory management
with several advantages over mechanical ventilation [13,17].
Herein we present the first report ofsuccessful trial of pedi-
atric awake ECMO in our Pediatric Intensive Care Unit (PICU).

Case Report

A 5-year-old girl with history of asthma presented to the emer-
gency department complaining about three days of cough,
breathing difficulty, decreased appetite and recent onset fever
(399C). There was no background of Coronavirus Disease 2019
(COVID-19) infection and she had an updated vaccination plan
with no immunization against COVID-19. At physical examina-
tion, she showed tachypnea (55 cycles per minute) and respi-
ratory effort, with peripheral oxygen saturation of 90% (in-
spired fractional oxygen - FiO2 0.21). Pulmonary auscultation
revealed an overall decrease in vesicular murmur with scat-
tered wheezing and patient’s chest radiograph demonstrated
diffuse bilateral coalescent opacities (figure 1A).Notable labs
included hemoglobin 13.2 g/dL, leukocyte count 11590/uL
(68% neutrophils and 20% lymphocytes) and C-reactive pro-
tein 6.2 mg/L.

Rhinovirus was isolated in nasopharyngeal secretions. Corti-
costeroid, antibiotic and inhalation therapies were provided.
Despite medical treatment and oxygen therapy by high flow
mask at 15 liters per minute, her condition deteriorated rapid-

ly, and prompting transfer to the PICU. She was initially placed
on non-invasive mechanical ventilation (MV), but subcutane-
ous emphysema and pneumopericardium (Figure 1B) arose in
the following hours, associated with aggravated hypoxic acute
respiratory failure, and so invasive MV was provided. In arte-
rial blood gas (prior to intubation, FiO2: 1.0): pH 7.23, pCO2
45.3 mmHg, pO2 107 mmHg, bicarbonate 18.6 mmol/L and
lactate 1.3 mmol/L.

Over the course of the next few hours, her oxygenation index
remained increased (12.7) and she maintained refractory hy-
poxemia with worsening of the air leak. Therefore, she was
cannulated with a 13-French venous cannula (Medtronic®) in
the right internal jugular vein and a 19-French arterial can-
nula (Maquet®) in the left femoral vein (HLE 5.0 Maquet® cir-
cuit) on day 2 post admission. No complications arose during
or after the procedure and then the patient started showing
gradual clinical improvement. The patient was extubated to
humidified high-flow nasal cannula (HFNC) on ECMO day 5,
when the air leak was almost resolved (Figure 1.E), maintain-
ing respiratory support on ECMO flow of 132-137 mL/kg/min,
sweep gas flow of 0.9-2.0 L/min and FiO2of 1.0.

In HENC, she underwent only minimal sedation with morphine
at 0.02 mg/kg/hour for comfort and prevention of exces-
sive mobilization. She was extremely cooperative and there
were no cannula or circuit-related complications. After 3 days
(on ECMO day 8), the patient was successfully weaned from
ECMO and tolerated progressive enteral feeding. Two days
post decannulation she was completely weaned off respira-
tory supportwith HFNC.

D3 ECMO D5 ECMOD

Figure 1: Patient’s chest radiographs on hospital admission (1.A), under non-
invasive mechanical ventilation (1.B), on days 1, 3, 5 of extracorporeal mem-
brane oxygenation (1.C to 1.E) and after decannulation (1.F). Orange arrows
are showing subcutaneous emphysema (1.B and 1.C) and blue arrows locate
pneumopericardium (1.B).

Discussion

Over the past few years, there have been steady advance-
ments in the field of pediatric ECMO [12]. VV-ECMO provides
only support for gas exchange with blood returning to the
central venous circulation with no direct contribution to the
systemic arterial circulation [11]. ECMO itself does not heal or
treat the underlying condition(s), but it provides cardiac and/
or respiratory support to allow the pathophysiology to resolve
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without toxic ventilation and/or inotropic support [12].

In the past, pulmonary parenchymal disease states constitut-
ed the main indication for respiratory ECMO, but nowadays it
has been increasingly used to support children with severe re-
spiratory failure from other etiologies, such as upper or lower
airway obstructions, foreign body aspiration and hyperviscos-
ity syndromes [12]. In children with respiratory failure, ECMO
is generally used as a rescue therapy and there is a tendency
to provide earlier and earlier ECMO support, even in minimally
sedated, spontaneously breathing patients [6,12].

In the absence of significant hemodynamic instability, VV-
ECMO is usually sufficient to augment gas exchanges, allow-
ing ventilator settings to be progressively weaned and, thus,
potentially reducing ventilator-induced lung injury and oxygen
toxicity [12]. VV-ECMO has plausible advantages in pediatric
patients with good cardiac function, namely preservation of
more physiological hemodynamics, better neurological out-
come, easier mobilization and a lower complication rate,
once it can be established without cannulation of any artery
[12,16,18]. The use of ECMO for pediatric asthma has lim-
ited retrospective data that suggest excellent survival with
relatively shorter time spent on ECMO, but offers little insight
concerning potential morbidity or mortality benefit [7,8,11].
Although few evidence exists regarding the ideal mode of ven-
tilation while receiving ECMO, a lung rest approach seems to
avoid any further exacerbation of ventilator-induced lung in-
jury and subsequent further inflammation [11,13].

Pediatric patients on ECMO have traditionally been main-
tained deeply sedated and, sometimes, paralyzed [12]. Exces-
sive pharmacologic sedation and unnecessary paralysis have
been increasingly associated with possible circulatory com-
plications, showing also a strong correlation with delirium
[2,12]. They have also been considered important risk factors
for increased morbidity and mortality in critically ill popula-
tions, whichsupports the recent paradigm shift within the
PICU community toward less sedation and earlier mobilization
[2, 12]. Besides de-escalation of pharmacologic sedation in
the absence of noxious pharyngeal stimulation from the end
tracheal tube, extubation during ECMO presents a tantalizing
goal with several other benefits, including avoidance of ongo-
ing ventilator induced lung and airway trauma, resolution of
air leak, facilitation of airway clearance (through spontaneous
breathing and cough), mitigation of neuromuscular decon-
ditioning and improving family bond [11,13,17].

Nevertheless, and despite the growing interest, awake ECMO
can be associated with severe complications due to the poten-
tially higher risk of cannula dislocation resulting from active
movements of the conscious patient [2,6,16]. Although this
concern of dislodgement is theoretically higher in children,
there are emerging studies demonstrating that awake ECMO
can be safely performed in this population [12,16]. Thus, good
fixation of the cannula is of utmost importance to allow mo-
bilization and the practice of awake ECMO requires significant
team preparation and mindful balance of potential risks and-
benefits on an individualized basis [13,16,19]. The authors
present the first successful trial of pediatric awake ECMO in
their PICU. This report corroborates the actual evidence that,
in selected patients, extubation and appropriately decreased
sedation is safe and does not itself compromise the effective-
ness of extracorporeal life support [13].

Despite the increasing list of successful case reports, careful
patient selection remains the most important single factor to
be considered by ECMO providers [12,20]. In fact, our patient
revealed an exquisite level of collaboration for her age, what
decisively contributed not onlyto the success of the treat-
ment, but also to the absence of complications with both the
cannulas and the circuit of ECMO. Even though our patient’s
recovery was fast, the concept of awake ECMO can be applied
over longer periodsand, for now, its benefits are believed to
fairly exceed the risks [2,19,21,22]. Further reports and mul-
ticenter research are essential to refine the management of
children supported on ECMO [2,12,23]. In the near future, it
is likely that awake ECMO and early mobilization will become
the new standard of care for pediatric patients with respira-
tory failure [2,13,24]. But for now, it is in our hands not only to
accurately predict which patients can be saved by ECMO, but
also to minimize as much as possible the inherent morbidity,
allowing these children, when appropriate, to be awake, extu-
bated and even ambulatory [12,18].
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