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ARTICLE INFO ABSTRACT

Keywords: Background: Foreign body aspiration (FBA) is a life-threatening emergency and a common cause
Venovenous extracorporeal life support (VV- of morbidity and morbidity in children. FBA can lead to rapidly progressive respiratory failure.
ECMO) Stabilizing patients after FBA for bronchoscopic removal of the aspirated object can be complex
Foreign body aspiration (FBA) and may necessitate advanced support such as high-frequency oscillatory ventilation (HFOV) or
Pneumothorax

extracorporeal membrane oxygenation (ECMO). This case report presents the feasibility of using
ultrasound (US) in percutaneous catheterization in infants and the benefit of using venovenous
ECMO (VV-ECMO) as rescue therapy in FBA.

Case summary: A 10-month-old girl accidently aspirated a metallic piece that was dislodged
further to the right main bronchus after failed trials to remove it. She was intubated and me-
chanically ventilated, complicated by milk aspiration and bilateral pneumothoraces secondary to
high-pressure lung ventilation. She had refractory mixed respiratory failure despite high settings
of HFOV and inhaled nitric oxide. Venovenous ECMO (VV-ECMO) was initiated for stabilization
and a bridge for bronchoscopic foreign body removal and awaiting lung recovery. She was
weaned off ECMO after 166 hours. The patient was extubated after a few days and discharged
home 28 days after admission without clinical evidence of neurological or respiratory compli-
cations. ECMO has been described in the literature as rescue therapy for FBA resulting in respi-
ratory failure. However, ECMO cannulation in children under these circumstances is challenging
because of vessel size restrictions. Two-vessel cannulation or dual-lumen cannulation are avail-
able options via open cut-down or percutaneous cannulation techniques, depending on the
general expertise. The use of vascular ultrasound to assess vessel size is a helpful tool for can-
nulating infants.

Conclusion: VV-ECMO support is expanding for respiratory failure in pediatric patients. Percu-
taneous cannulation in infants and children for VV-ECMO is safe and feasible.

Infant
Ultrasonography
Respiratory insufficiency

Abbreviations: FBA, Foreign body aspiration; HFOV, high-frequency oscillatory ventilation; ECMO, extracorporeal membrane oxygenation; PEEP, positive end-
expiratory pressure; FiO2, fraction inspiratory oxygen; ICU, intensive care unit; US, ultrasound; OR, operation room; VV-ECMO, venovenous ECMO; ECHO,
echocardiography.
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1. Introduction

In children, foreign body aspiration (FBA) is a preventable, life-threatening emergency that leads to high morbidity and mortality
[1]. Early diagnosis and immediate management are crucial to prevent complications and detrimental outcomes [2]. FBA can be
complicated by subcutaneous emphysema, pneumothorax, lung atelectasis, or consolidation, which may lead to respiratory failure and
the need for mechanical ventilatory support [2,3].

Stabilizing patients before the bronchoscopic removal of aspirated objects can be complex because of refractory respiratory failure.
To maintain proper gas exchange, children may need high pressure on conventional mechanical ventilation or high-frequency
oscillatory ventilation (HFOV), or extracorporeal membrane oxygenation (ECMO) [4].

Multiple studies have demonstrated the benefits of using ECMO in patients with refractory respiratory failure secondary to FBA [4].
ECMO is used as a bridge to stabilize patients for bronchoscopic foreign body removal and may continue for a longer duration, awaiting
lung recovery [4]. Here we describe the successful use of venovenous ECMO (VV-ECMO) in an infant who suffered from refractory
mixed respiratory failure secondary to FBA, complicated by aspiration pneumonia and pressure-induced lung injury.

2. Case report

A 10-month-old healthy girl accidently aspirated a metallic piece from her toy while playing. Attempts by her family members to
remove it from her mouth had failed, and unfortunately, led to further lodgment of the item. The infant became blue and was unable to
breathe. Thus, the family took her to the nearest hospital while conducting mouth-to-mouth rescue breathing. On arrival, she
developed cardiopulmonary arrest that required resuscitation for approximately 20 min, and likely hypoxia-related bradycardia;
however, the documentation was deficient in the referring hospital. She was intubated with a cuffed endotracheal tube (size 4) and
mechanically ventilated. After intubation, a large amount of milk was suctioned from the endotracheal tube. She had refractory
hypoxia and required high mechanical ventilation, with positive end-expiratory pressure (PEEP) of 17 cmH20. She developed bilateral
pneumothoraxes requiring three chest tube insertions: one on the right side and two on the left side. She also developed hypotension,
which required dopamine infusion.

The next day, she was referred to our hospital for foreign body removal via a medevac. During transfer, it was challenging to
maintain stable oxygenation. At presentation to our hospital, she was sedated, intubated, and ventilated using pressure control mode
with the following settings: set respiratory rate, 50 breath per minute; pressure control, 20 cmH20; PEEP, 10 cmH20; and fraction
inspiratory oxygen (FiO2) of 100%. Lung auscultation revealed bilateral weak breath sounds, poor lung compliance while bagging, and
difficulty maintaining an O saturation of 60-70%. The patient’s hemodynamics were supported by vasoactive medications. Her heart
rate was 196 beats per minute, and her blood pressure was 85/45 mmHg, with a lactate level of 1.7 mmol/L. The pupils were equal and
reactive in response to light, moving all limbs in between; no head imaging was performed. The initial investigations are summarized
in Table 1. The initial chest radiograph showed a foreign body lodged at the right main bronchus with bilateral pneumothorax and
atelectasis (Fig. 1).

The initial management in our hospital included optimizing sedation, starting a muscle paralysis agent, and initiating hemody-
namic support using epinephrine infusion instead of dopamine. HFOV was also introduced to improve oxygenation and ventilation
with the following settings: a frequency of 5 Hz, amplitude of 53 CmH20, and mean airway pressure of 25 CmH20, in addition to 20
parts per million inhaled nitric oxide. The patient’s O, saturation improved to 80%, but the CO, accumulated further, and respiratory
acidosis worsened.

The otorhinolaryngology team was consulted for rigid bronchoscopy and foreign body removal; however, the patient’s clinical
situation was unstable with refractory mixed respiratory failure. Therefore, the ECMO team was called for rescue support to perform
emergency bronchoscopy during ECMO; we anticipated awaiting lung recovery after foreign body aspiration was complicated by milk
aspiration and an air leak.

To transport the patient from the emergency department to the children’s hospital operation room (OR), she was transferred to a
conventional mechanical ventilator with a high peak inspiratory pressure of 45 cmH20. In the OR, induction of general anesthesia was
initiated, and the patient was connected to an anesthesia ventilator machine. The patient’s O saturation at the start of cannulation was
80%. The right internal jugular and right femoral veins were screened using an ultrasound (US) vascular probe to estimate vessel
diameter. Subsequently, percutaneous cannulation was attempted by pediatric intensivists with a standby surgeon. A right internal
jugular vein cannula (size 12 French) was used for drainage, while the right femoral vein cannula (size 10 French) was used for the
return. During cannulation, the patient’s O saturation declined with an acute drop to 40% without improvement after troubleshooting
measures, including chest tubes and increased ventilatory settings. By the time VV-ECMO cannulas were inserted, the ECMO circuit
was unclamped, and O, saturation rapidly improved to 93%. Subsequently, the patient was extubated, and video-assisted

Table 1

Initial investigations.
WBC 12.7 10*3/ul. Hemoglobin 9.8 g/dL Platelets 518 10*3/ul.
ALT 69 U/L AST 83 U/L Albumin 25.6 g/L
Urea 9.6 mmol/L Creatinine 26 pmol/1 Sodium 132 mmol/L
Potassium 4.48 mmol/L aPTT 30.6 Seconds Protime 24.3 seconds
INR 2.08 D-DIMER 22.3 pg/ml Fibrinogen 3.58 G/L

WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; aPTT, activated partial thromboplastin clotting time; PT, prothrombin time;
INR, international normalized ratio.
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Fig. 1. Chest X-ray at presentation.

bronchoscopy was performed. The airway scope revealed a large amount of secretion, and a foreign body was visualized, located in the
right main bronchus. It was extracted successfully and was found to be a small LED bulb measuring approximately 5 mm x 5 mm x 21
mm (Fig. 2a and b). Tracheal reintubation was performed, and the patient was admitted to the pediatric ICU on VV-ECMO. The initial
ECMO settings included a flow of 100 mL/kg/min, speed of 5250 revolutions per minute, FiO2 of 100%, venous pressure of 12-18
mmHg, pre-oxygenator pressure of 81-82 mmHg, and post-oxygenator pressure of 53-56 mmHg.

The patient required ECMO for 166 h. She was sedated and maintained on resting mechanical ventilation settings while awaiting
lung recovery, which was evaluated daily at the bedside and by serial chest X-rays. ECMO anticoagulation using unfractionated
heparin infusion was guided by activated clotting time and anti-factor Xa. On day 3 of ECMO, the echocardiographic (ECHO)
assessment revealed mildly depressed left ventricular function and pericardial effusion (Fig. 3); therefore, the patient was started on
milrinone. The drainage cannula at the right internal jugular was touching the septal leaflet of the tricuspid valve, for which read-
justment and fixation of the cannula were performed at the bedside. By the third day, ventilatory support gradually escalated for
recruitment. The patient showed gradual clinical and radiological improvement (Figs. 4 and 5). Two chest tubes were removed while
the patient was on ECMO, and the third chest tube was removed before extubation on day 9 of admission.

After decannulation, ECHO was repeated, which revealed a resolving pericardial effusion. Right femoral vein Doppler showed
external iliac and common femoral thrombosis, and the patient was started on enoxaparin. The patient was transferred from the

LS

Fig. 2. Small LED bulb measuring approximately 5 mm x 5 mm X 21 mm.
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Fig. 4. Day 4 chest X-ray after cannulation.

pediatric ICU to the general pediatric ward on the 13th day of admission and discharged on the 28th day of hospitalization without
clinical evidence of neurological or respiratory complications. Brain MRI was recommended as a routine follow-up.
Written informed consent for publication of this case report was obtained from the patient’s guardian.

3. Discussion

We present the case of an infant who developed refractory mixed respiratory failure secondary to foreign body aspiration,
mandating VV-ECMO support for stabilization and foreign body removal through bronchoscopy. The patient’s course was complicated
by aspiration pneumonia and pressure-induced lung injury evident by pneumothoraces.

FBA is common in children [1]. Most of the reported aspirations are related to food, but aspiration of other materials has also been
documented [1,5]. Aspirated objects are most likely to lodge into the right main bronchus because of the airway anatomy and
alignment [2]. Early diagnosis and treatment may reduce the associated complications and mortality. Rigid bronchoscopy is the best
management approach in such circumstances and is usually performed in operation theaters under general anesthesia [2]. The
management of these patients is challenging and may necessitate advanced support, such as HFOV or ECMO [4].

Anton-Martin et al. reported that four patients (14-24 months old) survived ECMO support post-FBA, one of whom suffered from
post-arrest neurological injury [4]. When the Extracorporeal Life Support Organization registry queried for cases with FBA, a total of



A.S. AlKhalifah and N.A. Aljassim Respiratory Medicine Case Reports 37 (2022) 101636

Fig. 5. Day 9 chest X-ray before extubation.

42 patients with a median age of 1.54 years (range 0.04-16.7 years) and a median weight of 12 kg (range 7.5-98 kg) were found [4].

ECMO initiation in children with FBA requires immediate multidisciplinary decisions and timely intervention to rescue the patient.
Cannulation in smaller children can be challenging, especially in children weighing less than 10 kg, as cannulation techniques and
experience are needed due to the small vessel size [6]. Percutaneous dual-lumen cannulation is becoming increasingly popular because
of its advantages: fewer recirculation and cannula kinking events [6-8]. Thus, jugular veins are commonly accessed for VV-ECMO in
these children due to smaller femoral veins [6,9,10]. Two-vessel cannulation for VV-ECMO is still used through the femoral and jugular
veins, especially if proper size dual-lumen cannulas are lacking, as in our patient [11]. It can be achieved by open cut-down or
percutaneous cannulation techniques in children, depending on the expertise and facilities available.

Percutaneous ECMO cannulation use is increasing in children, as several studies have reported its safety. It can be performed by
intensivists, has fewer complications, is less invasive, and has better wound healing than conventional cannulation methods [6,11-15].
The weight cutoff for the cannulation technique is variable (3 kg-40 kg) based on the health care facility and cannulating physicians
[16]. US use is beneficial in ECMO cannulation to assess vessel size and directly visualize the entire wire, avoiding arterial perforation
and malposition [6,12,13,16]. Additionally, ECHO, US, and fluoroscopy to guide the cannulation procedure and positioning are
helpful in pediatric patients for safer cannulation and better positioning [12,13,16]. Smaller cannulas may be used in percutaneous
cannulation if there is no significant impact on the targeted ECMO flow. Exchanging the function of cannulas by drainage from the
internal jugular vein and returning to the femoral vein can be one way of overcoming the cannula size limitation, as in our patient.
However, venoarterial cannulation of the neck vessels may be the best approach to provide sufficient ECMO support if expertise is
available [17].

While the use of percutaneous cannulation is increasing, there are many limitations, including patient size, lack of experienced
physicians, and availability of ECMO cannulas. Cannulation complications can include vessel laceration, bleeding, and perforation.
Alerting surgical specialties for standby support is recommended [10,12,13].

Our pediatric intensivist performed percutaneous cannulation using the US vascular probe as guidance in addition to transthoracic
echocardiography. Two-vessel cannulation was attempted after assessing the jugular and femoral vein size by checking the transverse
diameter via US. No complications were encountered during or immediately after cannulation, but femoral vein thrombosis and
pericardial effusion developed during subsequent days and were managed without long-term complications.

4. Conclusion

VV-ECMO is expanding support for respiratory failure in pediatric patients despite cannulation challenges. However, percutaneous
cannulation for dual-lumen VV-ECMO is safe and becoming increasingly common. Two-vessel VV-ECMO can still be performed by the
pediatric intensivist to provide adequate ECMO support in infants and children using ultrasound guidance and echocardiography.
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