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Abstract

Preserving adequate respiratory function is essential in the perioperative period. Mechanical 

ventilation with endotracheal intubation is widely used for this purpose. In select patients, non-

invasive ventilation (NIV) may be an alternative to invasive ventilation or may complement 

respiratory management. NIV is used to provide ventilatory support and increase gas exchange at 

the alveolar level without the use of an invasive artificial airway such as an endotracheal tube or 

tracheostomy. NIV includes both continuous positive airway pressure (CPAP) and non-invasive 

positive pressure ventilation. Indications for NIV range from acute hypoxic respiratory failure in the 

intensive care unit or the emergency department, to chronic respiratory failure in patients with 

neuromuscular disease with nocturnal hypoventilation. In the perioperative setting, NIV is 

commonly applied as CPAP, and bilevel positive airway pressure (BPAP). There are limited data on 

the role of NIV in children in the perioperative setting, and there are no clear guidelines regarding 

optimal timing of use and pressure settings of perioperative NIV. Contraindications to the use of NIV 

include reduced level of consciousness, apnea, severe respiratory distress, and inability to maintain 

upper airway patency or airway protective reflexes. Common problems encountered during NIV 

involve airway leaks and asynchrony with auto-triggering. High-flow nasal oxygen (HFNO) has 

emerged as an alternative to NIV when trying to decrease the work of breathing and improve 

oxygenation in children. HFNO delivers humidified and heated oxygen at rates between 2-70 L/min 

using specific nasal cannulas, and flows are determined by the patient's weight and clinical needs. 

HFNO can be useful as a method for preoxygenation in infants and children by prolonging apnea 

time before desaturation, yet in children with decreased minute ventilation or apnea HFNO does not 

improve alveolar gas exchange. Clinicians experienced with these devices, such as pediatric 

intensivists and pulmonary medicine specialists, can be useful resources for the pediatric 

anesthesiologist caring for complex patients on NIV.

Key words: noninvasive ventilation, pediatric ventilation, high flow nasal oxygen, pediatric airway

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Key points: 

 NIV aims to decrease work of breathing and support alveolar gas exchange. 

 CPAP and BPAP are the most common forms of NIV used in the perioperative settings.

 Pediatric anesthesiologists may encounter complex patients on home NIV and should be comfortable 

managing these patients and devices. 

 HFNO is an alternative to provide respiratory support in patients spontaneously breathing.

 HFNO prolongs apnea time before desaturation but does not improve alveolar gas exchange in children. 
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1. Introduction 

Non-invasive ventilation (NIV) is a ventilatory strategy that aims to increase gas exchange at the 

alveolar level using different interfaces, without requiring an artificial airway such as an 

endotracheal tube or tracheostomy. The modern concept of NIV was initially developed in the 

1980s, and since, different indications and delivery systems for the NIV have been studied. NIV has 

applications for children with deteriorating oxygenation and ventilation in the intensive care unit 

and could be considered in the perioperative setting to temporize children with impending 

respiratory failure before mechanical intubation is required. Additionally, children with chronic 

hypercapnic respiratory failure and neuromuscular disease may be prescribed NIV for use at home. 

Pediatric anesthesiologists often care for complex patients who might be on NIV at baseline and 

present to the operating room for both airway related and non-airway related procedures. Given 

their dependance on NIV, many of these patients have physiology involving high oxygen 

consumption, limited oxygen reserves, and very little apnea tolerance; therefore, interruptions from 

their baseline NIV interface may be poorly tolerated. It is crucial for pediatric anesthesiologists to 

become familiar with the range of NIV devices, their capabilities, and settings, how to choose an 

initial interface to start therapy, as well as limitations of these devices. High-flow nasal oxygen 

(HFNO) supplementation has also emerged in the past few years as a way to avoid invasive 

mechanical ventilation and the risks associated with endotracheal intubation in specific patient 

populations. In this review, we describe the general principle of non-invasive ventilation followed by 

specific devices and interfaces and their mode of delivery. The perioperative use of NIV will follow. 

Indications and patient selection, acute versus chronic implementation, contraindications and 

complications, as well as pitfalls and solutions will be reviewed.

Case: A 6-year-old girl with history of spinal muscular atrophy type 1 and severe sleep apnea 

presents to the operating room for elective tonsillectomy and adenoidectomy. She is currently on 

non-invasive ventilation using BPAP (IPAP 14 cm H2O/EPAP 5 cm H2O) for 8 hours every night. She 
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uses a facemask interface. Her parents state that she is compliant with the device that was 

prescribed for nocturnal hypoventilation a year ago. 

What are perioperative implications of her nocturnal non-invasive ventilatory support requirement? 

Can her home device be used during induction of anesthesia? Can this patient safely have same day 

surgery and be discharged home? 

NIV delivers mechanical ventilatory support without the use of an invasive airway in patients with 

spontaneous breathing. To improve alveolar ventilation and oxygenation, positive pressure is 

delivered via an interface such as tight-fitting masks (full facemask, nasal mask) or CPAP hoods or 

helmets, among others1. The benefits of NIV include decreased work of breathing by reducing 

inspiratory effort2,3, improving gas exchange while avoiding endotracheal intubation4 and its 

associated risks, and decreasing the incidence of respiratory infections. NIV is usually well tolerated 

and requires minimal to no sedation. In the perioperative setting, NIV includes continuous positive 

pressure (CPAP), and bilevel positive airway pressure (BPAP). CPAP delivers a set amount of 

continuous positive airway pressure throughout the respiratory cycle. BPAP delivers a set positive 

airway pressure during inspiration and maintains a lower positive pressure during the expiratory 

phase of the respiratory cycle. NIV is intended to be a non-hermetic form of ventilatory support, and 

it incorporates the upper airway into the breathing pathway. BPAP delivers a set pressure when the 

machine detects the patient is triggering an inspiratory effort (inspiratory positive airway pressure or 

IPAP), and then a lower pressure is maintained during the expiratory phase (expiratory positive 

airway pressure or EPAP). The inspiratory time can be time-cycled or flow-cycled; This modality can 

also be referred to as BiPAP and non-invasive positive pressure ventilation (NIPPV). Some authors 

include HFNO as a form of NIV5, as it has been increasingly used in the perioperative period to avoid 

invasive mechanical ventilation. However, it is important to note that the physiologic mechanisms to 

improve oxygenation and delivery methods for HFNO are fundamentally different from NIV. HFNO 

will be further discussed below. Table 1 summarizes common devices and interfaces with their 

advantages and limitations.A
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Medical devices and ventilators to deliver NIV:

There are a variety of devices available that are used for children on home NIV. Most of these 

devices fall in two general categories: sleep apnea equipment or more sophisticated ventilators or 

ventilatory devices with NIV capabilities. The later tend to be more expensive but provide additional 

alarms and regulators to prevent injuries and airway trauma. Brown and colleagues summarize 

device specific features in detail for home devices frequently prescribed in children6. 

In hospital settings, there are generally three systems to deliver NIV including: high-flow systems, 

fluidic logic systems, and ventilator CPAP systems; nonetheless, there is no evidence of superiority 

among any one of these systems.7 Additionally, ventilators (neonatal, pediatric and portable models) 

can provide CPAP and BPAP, with a variety of settings to adapt to  the patient’s respiratory 

physiology.

Perioperative use of NIV:

No clear guidance is available regarding perioperative use of NIV, its timing in the course of a 

patient’s surgical journey, and specific pressure settings that should be used. NIV might be an option 

for procedural sedation (e.g., CT scan, lumbar puncture, colonoscopy) in the spontaneous breathing 

patient, but is more commonly used post-operatively either due to patient comorbidity, or surgery 

that increases the risk for post-operative pulmonary complications. NIV and HFNO with their 

possible indications, possibilities and contraindications are summarized in Table 2. Much of the 

evidence describing the perioperative use of NIV comes from cardiac surgery patients. A 

retrospective study comparing HFNO and NIV in patients less than 6 months of age showed no 

superiority between the two strategies for rescue after failed extubation following cardiac surgery 

with cardiopulmonary bypass8. Some authors recommend that hospitalized patients eligible for NIV 
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should tolerate periods of time without ventilatory support and maintain SpO2 with modest oxygen 

requirements and the ability to call for help if needed.1 

The use of sedatives and opioids in the perioperative period may impair a patient’s inherent airway 

tone and ability to protect their airway. Furthermore, central neuronal breathing control can also be 

suppressed. Patients should be monitored until these protective mechanisms are restored, 

particularly after ambulatory surgery or procedure. Patients with continuous NIV therapy at home 

should be admitted to a high acuity unit or intensive care unit (ICU) postoperatively as they may be 

at increased risk for complications.9 The use of home NIV immediately following surgery is 

recommended in patients with obstructive sleep apnea (OSA) with careful postoperative monitoring.

Following open cardiac surgery, patients are at high risk of postoperative pulmonary complications. 

To prevent postoperative re-intubation after cardiac surgery NIV has been an area of focus, although 

with limited evidence. Observational data in children with post-extubation acute respiratory failure 

in the cardiac ICU setting reported that BPAP prevented re-intubation in approximately two thirds of 

the cases and was considered a safe alternative during escalation of care.10,11 

Case series reporting the postoperative use of NIV after non-idiopathic spine surgery in addition to 

mechanical insufflator-exsufflator found the potential for its safe use after surgery in children with 

neuromuscular disease.12 A clinical trial evaluating different strategies of intraoperative recruitment 

maneuvers during abdominal surgery found that children who receive 5 minutes of CPAP 

immediately post extubation as part of their alveolar recruitment strategy had improved 

oxygenation (measured by arterial blood gas and oxygenation indexes) for up to 12 hours after 

extubation.13 

Indications and patient selection: 
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NIV indications in children include moderate to severe dyspnea or tachypnea, hypoxic respiratory 

failure, and or respiratory acidosis. NIV in the ICU is indicated for patients with hypercapnic or 

hypoxic respiratory failure who are hemodynamically stable, spontaneously breathing, and do not 

require immediate intubation14. Specific conditions that may fall within this category include 

pulmonary edema, dynamic upper airway obstruction (e.g. Pierre Robin sequence, tracheomalacia, 

laryngomalacia, etc.), pneumonia, cystic fibrosis, status asthmaticus, and acute chest syndrome. As 

mentioned above the evidence for perioperative NIV use is limited, however, NIV may be useful in 

high-risk patients with impending acute respiratory failure postoperatively, and patients on chronic 

ventilatory support (neuromuscular disease). When considering NIV use in the postoperative period 

reversible causes of hypoventilation, such as residual neuromuscular blockade, should be ruled out.

Implementation of NIV in the intensive care vs. home NIV 

NIV has been used extensively in the ICU for acute hypoxic respiratory failure and/or hypercapnic 

respiratory failure. Benefits of NIV include avoidance of mechanical ventilation and its related-

nosocomial infections. A multicenter retrospective study in pediatric ICU patients found supportive 

evidence in the use of NIV as an alternative to immediate tracheal intubation in patients in whom 

efforts to avoid tracheal intubation were being made15. Another multicenter prospective study 

found a reduction in mortality, length of ventilation and length of PICU stay when NIV was used as a 

first line of treatment in patients with unanticipated PICU admission compared to tracheal 

intubation.16 Furthermore, another retrospective multicenter study in Italian intensive care units 

showed that the use of NIV has increased in the past few years to avoid invasive ventilation in 

children with less severe health status admitted to intensive care with bronchiolitis, pneumonia, 

prevention of postoperative failure and acute on chronic respiratory failure17. The same study 

reported that the rate of failure with NIV in postoperative patients was close to 20% and that 

subgroup represented approximately 8.2% of all the patients receiving NIV during the years included 

in the study.  
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Home NIV has been prescribed for various chronic diseases affecting respiratory function in children, 

especially in patients with decreased respiratory muscle strength and decrease respiratory drive due 

to neuronal disease9. A common indication for home CPAP in children is obstructive sleep apnea 

refractory to adenotonsillectomy18, where CPAP functions as a "splint" to maintain patency of the 

pharynx and upper airway, to improve airway obstruction, decrease respiratory muscle load, and 

reduce the work of breathing. Home NIV may also be prescribed for patients with chronic 

hypercapnic respiratory failure, specifically in patients with neuromuscular and chest wall disease 

such as children with Duchenne's muscular dystrophy 19. 

Clinicians caring for children on home NIV devices in the perioperative period should be comfortable 

using these devices, with special attention to the specific capabilities for maximum inspired fraction 

of oxygen (usually limited). Most devices need to be connected to a power source, although in some 

countries portable battery-powered devices may be available. Of note, battery life may be difficult 

to predict, and the device might not have the necessary delivery and monitoring capabilities needed 

for the perioperative setting6. Some families with children in advanced stage of neuromuscular 

disease may choose NIV as temporizing measure or alternative to avoid tracheostomy, which 

emphasizes the importance of a thorough preoperative assessment and discussion between the 

patient’s family and the pediatric anesthesiologist.  

In our experience, patients with chronic dependence on NIV are transferred to the ICU for 

postoperative recovery. NIV at typical baseline settings is reinitiated as soon as possible in the 

postoperative period, although some surgical procedures such as craniofacial surgery or 

adenotonsillectomy may preclude its application.

Contraindications: 

General contraindications to NIV include reduced level of consciousness, apnea (poor respiratory 

drive), severe respiratory distress, inability to maintain upper airway patency, or airway protective A
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reflexes. Additional contraindications in children include severe respiratory distress with paradoxical 

abdominal muscles or thoracic muscle use, increased or inability to clear secretions, severe 

hypoxemia requiring endotracheal intubation, upper airway obstruction by a mass or tumor, inability 

to protect the airway (patient is unable to cough or gag), nausea or vomiting, hemodynamic 

instability, or significantly altered mental status. Relative contraindications include surgery, facial 

trauma, or facial deformity14. 

The use of NIV in patients with recent upper airway surgery, such as tonsillectomy, has been an area 

of controversy. A major risk of tonsillectomy is postoperative hemorrhage from the exposed surgical 

bed. Concern exists with the use of NIV and positive pressure following tonsillectomy due to 

potential expansion of the dissection plane resulting in subcutaneous emphysema and 

pneumothorax. Buzzi and colleagues studied 69 patients with extracapsular tonsillectomy performed 

over the course of 6.5 years who required NIV. A bleeding rate of 10.29% was found in these 

patients, with 5.9% requiring a second operation to control the bleeding. In this cohort, NIV was not 

associated with an increase in the risk of bleeding or other complications. The authors conclude that 

NIV may be a reasonable option to provide post-operative respiratory support to these patients 

although caution must be exercised due to their small sample size20. 

Complications:

NIV is considered safe and is widely used in the pediatric ICU16 as well as for home therapy in 

patients with neuromuscular and chest wall disease6. Complications can be related to the interface, 

the degree of positive pressure support needed, as well as the device. These include: facial skin 

irritation, nasal discomfort, conjunctivitis, pneumothorax, air-leak, and auto-triggering with 

asynchrony14. Retrospective data has associated the use of NIV with an increased incidence of 

anastomotic leak and mediastinitis in neonates during the postoperative period following 

tracheoesophageal surgery.21
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Feeding and nutrition may be affected with the use of NIV. The application of nasal CPAP in 

neonates can limit the use and advancement of tube feeds in the neonatal ICU. This is important to 

consider given that NIV is commonly prescribed in neonates due to the benefits seen with acute 

respiratory distress syndrome22. 

Initial settings: 

Although there is no consensus on initial settings for NIV in the perioperative period, based on 

experience from pediatric ICUs, it is generally considered safe to start with initial IPAP between 6-8 

cm H2O and EPAP between 3-5cm H2O for BPAP; and with an initial pressure of 5-8 cm H2O for 

CPAP14. Another approach may be to start with a IPAP of 5 cm H2O and EPAP of 5 cm H2O in the 

cooperative and conscious patient while assessing the level of comfort as well as the degree of 

respiratory relief provided with these settings. Table 3 summarizes possible initial settings for NIV 

and HFNO. Then changes in the IPAP, EPAP and trigger can be titrated to maximize patient's comfort 

and clinical benefit. Brown and colleagues recommend starting with IPAP levels of 10-16 cm H2O as 

initial support with an upper limit at 20 cm H2O for pre-adolescents and 30 cm H2O for adolescents. 

However, a physiological tidal volume should be targeted, not exceeding 10 ml/kg ideal 

bodyweight.23 FiO2 can be started at 0.4-0.6. The goals include to increase to a maximal IPAP 

between 8-15 cm H2O and to keep and SpO2 >95%. Other important settings when using BPAP 

include inspiratory trigger, pressure rise time, and expiratory trigger.

In our institutions, patients on home NIV undergoing thoracic, abdominal or ENT procedures other 

than myringotomies are routinely admitted to the ICU postoperatively where appropriate 

monitoring and adequate staff are available and familiar with the management of their NIV devices. 

This level of care is recommended until the patient has returned to their baseline mental status and 

analgesic drugs that can impair their respiratory function are no longer required. Clinicians 

experienced with these devices in the pediatric ICU and pulmonary medicine specialists can be 

useful resources for the pediatric anesthesiologist caring for complex patients on NIV.A
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Pitfalls and solutions:

The most common problem after starting NIV is an excessive airway leak between the interface and 

the patient, which emphasizes the importance of choosing the appropriate interface for the child 

and ongoing reassessment. Auto-triggering is also one of the most common issues encountered in 

children. Asynchrony can also be a challenge, and some authors suggest setting low inspiratory 

triggers while avoiding auto-triggering, presetting limited inspiratory time to avoid prolonged 

inspiratory time; and adjusting the flow threshold for the expiratory trigger.14 For small children, 

apparatus dead space needs to be considered and minimized as much as possible particularly if 

additional equipment is included with the breathing circuit (e.g. heat and moisture exchanger). Of 

note, some home devices commonly used to deliver positive pressure ventilation using CPAP or 

BPAP are programmed with high flows to account for the airway leaks anticipated with the various 

interfaces used. These preset high flows can be dangerous when ventilating via an endotracheal 

tube due to the risk of barotrauma, volutrauma, and lung tissue injury. Another consideration is 

nasal congestion or bleeding, which can interfere with the delivery of NIV in the postoperative 

period. 

End tidal carbon dioxide is commonly used to monitor patients on NIV. The use of this monitor may 

be limited by the respiratory apparatus dead space, leaks, fresh gas flow rates and tidal volumes. 

Transcutaneous carbon dioxide monitors can be useful in the hospital setting, especially when 

arterial blood gases may be impractical or difficult to obtain.24 Frequent calibration is recommended 

for these devices. 

HFNO: 

The use of HFNO was first introduced in 1986 for children with severe upper airway obstruction25. It 

was then described in neonatal intensive care units (NICU) as an alternative to CPAP for apnea of A
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prematurity 26. More recently, HFNO has emerged as an alternative to provide oxygenation in 

patients in the perioperative period. HFNO delivers completely humidified and heated oxygen at 

rates between 2-70 L/min using specific nasal cannulas, and the flows are determined by the 

patient's weight and clinical needs; usually, at a rate of 2 L/kg per minute. In pediatric anesthesia, 

the use of HFNO began after its first description in a case series of 25 patients in 201527. Since then, 

the application of HFNO in adults and children during anesthesia is referred to as transnasal 

humidified rapid-insufflation ventilatory exchange (THRIVE). The alleged ventilatory effect of THRIVE 

is absent in both apneic adults28 and children29,30. The use of the acronym THRIVE should be 

abandoned in favour of HFNO. In the United States HFNO devices available are only approved for 

use in spontaneously breathing patients.

High-flow nasal cannula system:

Oxygen is delivered using a system composed of a humidifier base, a heater wire, a temperature 

probe and a circuit which includes a humidifier chamber, tubing system and a pressure relief valve 

for the pediatric circuit. A blender added to the tubing system allows FiO2 variation between 0.21 

and 1.0 (Figure 1). It is imperative to ensure patency of nostrils during the use of HFNO. Greater than 

50% occlusion of the nostrils by the cannula can risk barotrauma. Specific low resistance cannulas 

must be used to allow accurate flow titration according to the patient's weight, and thus avoid a 

dangerous increase in airway and circuit pressure. Should this occur in the pediatric breathing 

system, a pop-off safety valve is incorporated to prevent a pressure rise in the circuit of more than 

40 cm H2O.

Physiology during spontaneous breathing: 

The administration of heated and humidified gas protects the airway mucosa, preventing acute 

trauma and inflammation caused by normal oxygen, which is usually cold and dry. This airway 

inflammation usually results in a disruption of mucociliary flow and retention of secretions. In A
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addition, the bronchial tree reacts with a bronchoconstrictor reflex to protect the lungs. Heated and 

humidified oxygen decreases the negative effect of high flow oxygen on the airway and the ciliary 

apparatus and decreases the patient's metabolic demands related to gas adjustment in the lower 

airways. Observational studies found a flow-dependent increase in pressure and a clear absence 

of clinically relevant pressure while the mouth remained open31. The mechanism for the positive 

airway pressure generation in spontaneously breathing patients is a result of the resistance to 

expiration caused by high velocity incoming gases which pressurize the upper airway above 

atmospheric pressure. In patients breathing with their mouth closed, this effect generates higher 

airway pressures. 32 This increase in mean pharyngeal pressure delivers some degree of positive 

pressure into the airway by "splinting" (4-6 cm H20), maintains a higher functional residual capacity, 

and improves oxygenation. Furthermore, HFNO reduces air dilution of the delivered oxygen 33, 

increases the clearance of the dead space 34 with an increased clearance of carbon dioxide.

During the inspiratory phase the important physiological effect of high flow is based on matching of 

the inspiratory demand of the patient with the delivered flow rate. This contributes to decrease the 

work of breathing. If the correct flow rate is applied, patients experience facilitated inspiration. If the 

inspiratory demand increases such as during respiratory distress, the flow rate applied needs to be 

adjusted. Although HFNO is considered useful as an alternative to deliver oxygen supplementation in 

children with dyspnea, asthma, tracheomalacia and hypoxemic respiratory failure, there is limited 

evidence showing benefits over other non-invasive ventilation modalities. 

Physiology of apneic oxygenation:

As oxygen passes through the unobstructed upper airways in the direction of the alveoli, apneic 

oxygenation occurs. The difference between alveolar oxygen extraction and carbon dioxide 

replacement generates a diffusion gradient resulting in subatmospheric alveolar pressures which 

initiate a subsequent aventilatory mass flow towards the alveoli 35. A turbulent supraglottic gas flow 

which loops around the soft palate and exits the open mouth (keeping the mouth open is an A
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essential condition for safety) 36, is responsible for continuous flushing of the oral and pharyngeal 

cavity with gas from the cannula. 

This gas movement is supported by cardiac oscillations which trigger a bi-directional air movement 

of around 10 to 30 ml per heartbeat in adults 37. The mechanism of positive airway pressure 

generation as an important physiological mechanism of airway splinting supporting the oxygenation 

and ventilation in spontaneously breathing patients is absent in apneic patients38. The airway 

pressure during apnea with an open airway remains at atmospheric levels. HFNO allows extension of 

the safe apnoea period, and it is used clinically with increasing popularity29. 

Clinical applications of HFNO

HFNO can be used in spontaneously breathing and apneic patients in different age groups and in 

different clinical settings. HFNO might be used during procedural sedation (e.g., for gastroscopy) in 

the spontaneously breathing. In preterm infants, it is used for respiratory support after extubation 39 

and for treatment of respiratory distress of different etiologies40.  In infants, it has been described 

for use in the treatment of bronchiolitis and other respiratory illnesses. HFNO in patients with 

bronchiolitis decreases the rate of endotracheal intubation and the need for escalation of care, 

although its benefit over other non-invasive ventilation techniques has not been established in 

randomized clinical trials41. 

In pediatric anesthesia, HFNO has been used during induction of anesthesia for healthy children 29 

and during pediatric pharyngo-tracheal surgery 42. HFNO can be useful as a method for 

preoxygenation in infants and children43. During apneic oxygenation use, consideration should be 

given to maintaining airway patency, which could be achieved by means of suspension laryngoscopy 

or continuous application of jaw-thrust. An additional consideration when using these methods 

intraoperatively, is the rapid washout of the upper airway, and therefore maintenance of anesthesia 

should be provided with total intravenous agents.
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HFNO prolongs apnea time before desaturation, however, in children with decreased minute 

ventilation or apnea HFNO does not improve alveolar gas exchange and can lead to increased 

hypercarbia.44 Therefore, we suggest combined monitoring of standard vital signs such as pulse 

oximetry, ECG, non-invasive blood pressure, and end-tidal CO2 with transcutaneous CO2 monitoring. 

This can provide useful information about the increase in carbon dioxide during the apnea phase or 

about possible hypoventilation if used during spontaneous breathing.

While in spontaneous breathing usual initiation of therapy starts with 0.5 to 1 L/kg per minute of 

oxygen flow and can be raised stepwise to 2 L/kg per minute, in apnea flows of 2 L/kg per minute 

can be used for children up to 35 kg. Above 35 kg flows do not exceed 70 L/min. Flows of up to 4 

L/kg per minute, although potentially safe, showed no clinical benefit compared to flows of 2 L/kg 

per minute30. Like CPAP or BPAP, the effect of HFNO can be evaluated by changes in heart rate, 

respiratory effort, and work of breathing 1 or 2 hours after therapy initiation. During preoxygenation 

on induction of anesthesia HFNO might maintain normal SpO2 in the presence of apnea but end tidal 

carbon dioxide may continue to rise45. Reasons to consider HFNO for support after extubation, 

especially in the postanesthesia care unit, include reducing respiratory rate and work of breathing, 

preventing excessive CO2 accumulation, ease of use, and convenience. Additionally, HFNO is 

generally well tolerated in young patients who can partially feed themselves and communicate 

despite the ongoing therapy. Furthermore, HFNO ensures adequate clearance of secretions and 

limits hypothermia and insensible water loss, keeps mucus more fluid and assists airway recovery 

(after surgery).

Contraindications for HFNO include hypercapnic respiratory failure, emergent need for invasive 

mechanical ventilation if not used for apneic oxygenation during intubation, facial injuries or 

anomalies preventing placement of nasal prongs, increased nasal or oral secretions, and agitation or 

inability to tolerate the interface. Complications are rare when proper setup and careful monitoring 

is applied, but there are case reports of pneumocephalus, pneumothorax and abdominal 

distension.46A
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NIV and HFNO in patients with aerosol-borne diseases 

The ongoing advent of the Coronavirus Disease 2019 (COVID-19) pandemic caused by severe acute 

respiratory syndrome coronavirus type 2 (SARS-CoV-2) has directed much attention to the use of 

respiratory devices. Possible routes of SARS-CoV-2 transmission are contact, droplets and aerosols. 

NIV and HFNO have been used in patients with COVID-19 in the effort to avoid tracheal intubation, 

but both therapies were initially limited in patients with COVID-19 due to concern of further 

airborne spread of aerosolizing virus. However, more recent data suggest that NIV and HFNO do not 

increase the risk of aerosol generation (Figure 2)47. Westafer and collaborators48, in a retrospective 

evaluation, found no evidence of increased COVID-19 infections in healthcare workers after the 

introduction of a respiratory protocol using HFNO in patients with COVID-19. Another prospective 

observational study comparing the use of supplemental oxygen, CPAP, and HFNO to treat moderate 

or severe COVID-19 did not find an association with higher levels of viral contamination in the 

immediate care environment.50 Furthermore, using an experimental chamber aimed to count total 

aerosol emissions, Wilson and colleagues49 measured particle count of exhaled particles with an 

optical particle counter during six respiratory activities and compared them to the emissions during 

the same activities with a facemask, while using noninvasive positive pressure ventilation, and 

during HFNO. The study revealed that compared to quiet breathing, coughing increased the emission 

of particles 370-fold. The increase in particle emission with NIV and HFNO was modest compared to 

coughing or forced expiration. Also, HFNO reduced particle emission during coughing by half, and 

the use of facemask significantly decreased the number of particles generated during these 

activities. In summary, NIV and HFNO as a therapeutic option to provide respiratory support, should 

not be banned by clinicians in patients with aerosol-borne disease. The major aerosol-generating risk 

appears to be the coughing patient.51 To avoid further confusion, we might reconsider the definition 

of aerosol-generating procedures and rather speak about aerosol-generating patients. Nevertheless, 

appropriate personal protective equipment for healthcare workers involved in care of COVID-19 

patients remains crucial." A
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Conclusion

In summary, NIV is a means of providing mechanical ventilation without an artificial airway. General 

indications for NIV use include moderate to severe dyspnea or tachypnea, hypoxic respiratory 

failure, and or respiratory acidosis. Contraindications include severe hypoxemia requiring 

endotracheal intubation, reduced level of consciousness, apnea (poor respiratory drive), upper 

airway obstruction by a mass or tumor, absence of airway protective reflexes, nausea or vomiting, 

and hemodynamic instability. Relative contraindications include facial surgery, trauma, or facial 

deformity, failure to maintain upper airway patency, and inability to clear secretions, cough or gag. 

No clear guidance exists regarding optimal timing of NIV and pressure settings that should be used in 

the perioperative period. HFNO is being more frequently used in the perioperative setting as a well-

tolerated supportive device for patients with hypoxemic respiratory failure.  Its use has also 

increased for procedures in which spontaneous breathing can be maintained, as well as for apneic 

oxygenation. Some limitations with its use include patients with facial injuries or increased nasal 

secretions. It is important to recall that HFNO does not improve alveolar gas exchange in children 

with decreased minute ventilation or apnea and careful monitoring is required when used in these 

patients. Clinicians prescribing NIV or HFNO should be familiar with the different devices and 

interfaces; preparation to establish a definitive airway if NIV fails is fundamental.

Case development

The patient is clearly not eligible for ambulatory tonsillectomy surgery. Postoperative recovery in 

PICU was planned in anticipation to the procedure. On the day of surgery, inhalational induction 

using sevoflurane during spontaneous ventilation was chosen. After establishing intravenous access 

in the anesthetized child, intubation was performed with apneic oxygenation during laryngoscopy 

without the use of neuromuscular blockade. Surgery was accomplished without complications. 

Extubation and initiation of NIV occurred in the operating room. The patient's home NIV settings 

were initially modified by increasing IPAP and FiO2. The patient was admitted to PICU for further 
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surveillance. Assistance managing secretions was provided using careful suction of the airway 

without any further bleeding. NIV was titrated back to home settings before discharge from PICU. 

Reflective questions

1. What are the goals of applying non-invasive ventilation in children?

2. What are the main contraindications for NIV in pediatric patients?

3. How can the therapeutic benefit of the treatment with NIV be assessed after initiation of 

therapy?
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Figures: 

Figure 1. High-flow nasal oxygenation (HFNO) device. Nasal interface can be exchanged to adapt for 

use in adult and pediatric patients.  (Permission obtained from manufacturer). 

Figure 2. Graphic showing the particle number concentration with various modes of oxygen 

delivery47. Particle number concentration with various modes of oxygen delivery. Box-and-whisker 

plots demonstrate the median and interquartile ranges. Note the change in scale of the y-axis in 

coughing. The horizontal dashed line represents the average baseline particle number concentration 

of the room (0.060 particles/cm3). FM= face mask; HFNC= heated and humidified high-flow nasal 

cannula; NC= nasal cannula; NIPPV = noninvasive positive pressure ventilation. (Reprinted with 

permission of the American Thoracic Society. Copyright © 2021 American Thoracic Society. All rights 

reserved) 
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Table 1. Advantages and limitations of non-invasive ventilation interfaces and high-flow nasal 

oxygen (HFNO). 

Device/Interface Advantages Limitations

Nasal cannula/ 

prongs

- Easy to use and well tolerated in 

neonates, infants, and children

-  Available in most clinical settings

- Efficacy can be limited by 

significant airway leaks through 

the mouth

Nasal mask

- Located only around the contour of the 

nose

- Good acceptance in infants, toddlers, 

and older children

-  Helps to minimize apparatus dead space 

and the triggering function of the 

devices

- Air leaks either through the mouth 

or due to a poor interface seal can 

limit its benefit 

Face mask

- Located around the mouth and nose, 

provides more reliable delivery of positive 

pressure

- Good tolerance in older children

- Requires more compliance; 

younger children and infants may 

become agitated when the mask is 

applied

Total/Scuba 

mask

- The whole face becomes part of the 

interface

- Better acceptance in older children

- May increase dead space

- Needs a higher flow rate to 

mitigate rebreathing 

Helmet
- More commonly used in neonates in the 

ICU with good tolerance

- Regional availability may vary 

depending on the country.   

High-flow nasal 

cannula 

- Well tolerated by neonates, infants and 

children. 

- Allows to provide oral intake during 

therapy

- Increased oxygen consumption 

depending on the oxygen fraction 

and flow rate

ICU=intensive care unit.A
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Table 2. Indications, possible applications, and contraindications for non-invasive ventilation (NIV) 

and high-flow nasal oxygen (HFNO).

NIV HFNO

Indications

- Moderate to severe dyspnea or 

tachypnea

- Hypoxemic or hypercapnic 

respiratory failure

- Moderate to severe dyspnea or 

tachypnea

- Hypoxemic respiratory failure

Possible 

applications

- Procedural sedation in 

spontaneously breathing patients

- Pre-oxygenation for intubation 

(only BPAP and time-cycled)

- Procedural sedation in spontaneously 

breathing patients

- Apneic oxygenation during 

laryngoscopy for intubation

- Apneic oxygenation during 

procedures (ensure CO2 monitoring, 

ventilation needed for CO2 elimination

Absolute 

contraindications

- Need for endotracheal intubation

- Reduced level of consciousness

- Severe respiratory distress with 

paradoxical abdominal muscles or 

thoracic muscle use

- Absence of protective airway 

reflexes

- Upper airway obstruction by a 

mass or tumor

- Nausea or vomiting, hemodynamic 

instability

- Severe hypoxemia requiring 

endotracheal intubation

- Hypercapnic respiratory failure

- Reduce level of consciousness with 

inability to maintain ventilation

Relative 

Contraindications

- Facial surgery or trauma, or facial 

deformity

- Inability to maintain upper airway 

patency

- Inability to cough or gag, increased 

or inability to clear secretions

- Nasal surgery, facial trauma, or facial 

deformity

- Increased nasal secretions
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Table 3. Initial settings and goals suggested for non-invasive ventilation (NIV) and high-flow nasal 

oxygen (HFNO).

NIV

BPAP CPAP
HFNO

Initial settings IPAP: 5-8 cm H2O

EPAP: 3-5 cm H20
5-8 cm H20 0.5 – 1 L/kg per minute

Suggested 

maximal 

pressures

IPAP:  8-15 cm H2O

EPAP: 4-8 cm H2O

8-15 cm H2O 2-4 L/kg per minute*

Total max. 70 L/min

FiO2 0.4-0.6. Titrate with the aim of SpO2 >95%

Aim 4-7ml/kg tidal volume 2 L/kg per minute

Comments 

- Reevaluate therapy after 1-2 hours

- Leakage can increase with high 

pressure settings

- Do not titrate too fast, to improve 

patient's cooperation

- Reevaluate therapy after 1-2 hours 

- Do not titrate flow too fast in 

conscious patients

- Does not provide CO2 elimination in 

apneic patients

BPAP= bilevel positive airway pressure; CPAP= continuous positive pressure; IPAP=inspiratory 

positive airway pressure; EPAP=expiratory positive airway pressure. 

* 4 L/kg per minute is considered safe but has no clinical benefit. 

A
cc

ep
te

d 
A

rt
ic

le



pan_14364_f1.tiff

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



pan_14364_f2.tiff

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le




