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Abstract

Tracheal intubation in pediatric patients is a clinical scenario that can quickly become an emergency.

Complication rates can potentially reach up to 60% in rapid sequence intubation. An alternate to this is
delayed sequence intubation, which may reduce potential complications—mostly hypoxemia—and can be
especially useful in non-cooperative children. This technique consists of the prior airway and oxygenation
optimization. This is done through sedation using agents that preserve ventilatory function and protective
reflexes and continuous oxygen therapy—prior and after the anesthetic induction—using nasal prongs. The
objective of this narrative review is to provide a broader perspective on delayed sequence intubation by
defining the concept and indications; reviewing its safety, effectiveness, and complications; and describing
the anesthetic agents and oxygen therapy techniques used in this procedure.
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INTRODUCTION

Tracheal intubation in pediatrics is a common procedure
indicated in patients requiring mechanical ventilation
and/or airway protection.!'! It is a clinical scenario
that can quickly become an emergency and a risk
factor for morbidity and mortality, especially in young
children (neonates and infants).[" This procedure has very
limited apnea times given the high oxygen consumption,
reduced functional residual capacity and closure capacity,
and high risk of airway collapse.l! The experience of
the operator (anesthesiologist, intensivist, or emergency
doctor) is a protective factor of complications, reducing its
incidence by 1%—2% for each year of clinical practice.* The
incidence of difficult tracheal intubation—two failed
attempts at direct laryngoscopy—can be up to 6% and
the rate of first-attempt success can be up to 3% (first
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intubation attempts made by primary anesthesiologists
can fall to 21%).! Moreover, two of three cases are
unexpected and mostly related to unidentified dysmorphic
facial features.!'”)

The main complication associated with the tracheal
intubation procedure is hypoxemia (incidence up to
40%), a risk factor for morbidity and mortality."** It is
mainly related to the patient characteristics (age <2 years,
prematurity, and ASA physical status =3), the number
of laryngoscopy visualization (=3), intubation trial
attempts (=2), and apnea time (>30 seconds).!">
Likewise, hypoxemia is the main cause of laryngoscopy
or intubation interruption—for ventilation—increasing
the number of attempts and, therefore, the risk of other
complications.”!
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Rapid sequence intubation consists of urgent
management (<10 minutes) and control of an airway
unable to maintain patency and/or protective reflexes and
a potentially full stomach. Given the clinical condition and
the lack of preparation of the patient, there is an increased
risk of hypoxemia and bronchopulmonary aspiration, with
complication rates of up to 60%.I

Delayed sequence intubation (DSI) may be an alternative
to tracheal intubation. This procedure focuses on the
prior optimization of oxygenation status and airway in
potentially non-cooperative patients in whom standard
preoxygenation with face mask can be challenging, and
sometimes impossible. Its main target is to enhance
safety by increasing the apnea time and by reducing the
incidence of hypoxemia, the requirement for positive
pressure ventilation, and, consequently, the risk of gastric
insufflation and/or bronchopulmonary aspiration.!'"

The main objective of this narrative review is to provide
a broader perspective on DSI by defining the concept
and indications; reviewing its safety, effectiveness, and
complications; and describing the anesthetic agents and
oxygen therapy techniques used in this procedure.

A literature search was carried out in the following search
engines and databases: Google, PubMed, Embase, and
Cochrane Library. The search terms were as follows: airway
management, child, rapid sequence intubation, DSI, procedural
sedation, apneic oxygenation, complications, pediatric critical
care, and pediatric anesthesia. All types of research articles
published between January 2012 and March 2023 were
included, with the only restriction of non-English publications.

DEFINITION

DSI was proposed by Weingart ¢f a/. as an alternative to rapid
sequence intubation, which was defined as the optimization
of oxygenation and airway status before intubation and
consisting of two fundamental elements:!"""!7

e Sedation—prior to anesthetic induction and muscle
relaxation—that facilitates the administration
of oxygen and/or nebulization, suctioning of
oropharyngeal secretions, and/or placement of
nasogastric tube, using anesthetic agents that preserve
spontaneous breathing and patency and reflexes of the
airway.

e Oxygen therapy to prevent or delay the onset of
hypoxemia and lessen its severity, especially in the
moments before (preoxygenation) and after (apneic
oxygenation) the anesthetic induction and muscle
relaxation.

INDICATIONS

Indications of DSI include the following:!'>!*!%!

*  Healthy non-cooperative children.

e Children with special educational needs, such as
cerebral palsy, autism spectrum disorder, attention
deficit disorder, or certain genetic diseases.

e Children with altered mental status (confusion,
agitation, or obtundation) associated with clinical
condition, such as respiratory failure, encephalopathy,
or shock.

PHYSIOLOGICAL RATIONALE

DSI can increase (1) oxygen saturation prior to anesthetic
induction and muscle relaxation by up to 10%; (2) safe
apnea time by up to 100%; and (3) the success rate at first
intubation attempt by up to 100%.1"124

DSI can also reduce (1) the incidence of hypoxemia by
up to 30% (even studies that have shown no significant
difference have reported a reduction in hypoxemia
incidence by >15%); (2) intubation attempts by up to
50%; (3) intubation time by up to 75%; and (4) rates of
intubation-related complications. Likewise, no adverse
effects associated with DSI have been found to the best
of our knowledge."**+*

SEDATION

Sedation is one of the pillars of DSI. Its main objective
is to facilitate the oxygen therapy initiation and its
tolerance prior to the anesthetic induction and muscle
relaxation (preoxygenation), as well as the administration
of nebulized drugs, suctioning of oropharyngeal secretions,
and/or insertion of nasogastric tube. DSI may not be
possible without sedation in non-cooperative children
or children with altered mental status. To effectively
optimize the oxygenation status, anesthetic agents
preserving spontaneous ventilation and airway patency
and reflexes—without the need for positive pressure
ventilation—throughout the sedation and preoxygenation
procedure are indicated. The following subsections detail
the anesthetics with a better safety and effectiveness profile
for DSI; of note, only the most limiting and potentially
dangerous adverse effects at the moment of DSI are
discussed, and not other known and more common effects
after emergence from anesthesia.!"' '

Ketamine

Ketamine is the agent of choice in pediatric airway
management—especially in urgent or emergent
procedures—and is the most commonly used drug with
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DSLI'"P Tt is an antagonist of the N-methyl-D-Aspartate
receptor with anxiolytic, amnestic, hypnotic, anticonvulsant,
analgesic, sympathomimetic, sialogogue, anti-inflammatory,
and immunomodulatory effects, allowing multiple routes
of administration. Furthermore, it has a dissociative
effect (thalamo-cortical inhibition and limbic system
activation, without any effect on the brainstem) with
disconnection from external stimuli but maintaining brain
activity. It also preserves spontaneous ventilation and
airway tone/reflexes and increases hemodynamic tone, and
thus is an agent of choice in heart diseases and shocks.**"

Pharmacokinetics of ketamine show high lipid solubility and
low plasma protein binding; an onset of action of <1 min,
distribution half-life of 5—15 min, and elimination
half-life of 1-2 h; and with hepatic biotransformation
and renal excretion.”” The recommended doses for
sedation in DSI are 1-2 mg/kg in slow bolus (1 min)
to avoid potential transient respiratory depression.
Maintenance, if required, can be performed with boluses
of 0.2-0.5 mg/kg repeated every 10 min or continuous
infusion at 5-20 pg/kg/min [Table 1].2%

Significant adverse effects (tachycardia, hypertension, or
desaturation) are usually uncommon, transient, and without
major clinical impact or need for therapeutic measures and
have been associated with high doses and/or the patient’s age
being <3 months; however, this association is controversial.
Finally, it is worth mentioning sialorrhea/bronchorrhea,
which can compromise airway patency (via obstruction or
spasm), although it is not a setious adverse effect.!'****!

Dexmedetomidine

The use of dexmedetomidine in pediatric airway
management is currently booming, although the US Food
and Drug Administration has not yet approved its use in

Table 1: Sedation and oxygen therapy in delayed sequence
intubation

Sedation
Anesthetic Initial dose  Maintenance Continuous
dose infusion
Ketamine 1-2mg/kg 0.2-0.5 mg/kg 5-20 pg/kg/min

Dexmedetomidine 0.5-1pg/kg 0.2-0.5pg/kg 0.2-1pg/kg/h
Ketodex! 0.5-1mL/kg 0.2-0.5mL/kg 0.2-0.5 mL/kg/h

Sevoflurane 2%-5%
Oxygen therapy?
Interface Flows Positive 0, concentration
(L/kg/min) pressure (%)
Low High (cmH,0)
Nasal cannula 0.2-1 - - 100
HHFNC? - >2 >4 100

Dilution with ketamine 1 mg + dexmedetomidine 1 mg per ml. 2Includes
preoxygenation and apneic oxygenation. *Humidified high-flow nasal
cannula

children or its administration via any other route except
the intravenous route.’'!

Itis an alpha-2 adrenergic agonist with anxiolytic, amnestic,
hypnotic, anticonvulsant, analgesic, sympatholytic,
antisialogogue, anti-inflammatory, and immunomodulatory
effects, allowing multiple routes of administration. It
mimics the non-rapid eye movement phase of physiological
sleep, preserving spontaneous ventilation and airway
tone/reflexes, and causing minimal hemodynamic
depression.P?34

Pharmacokinetics of dexmedetomidine show high lipid
solubility and plasma protein binding; an onset of action
of <5 min, distribution half-life of 5~10 min, and elimination
half-life of 1-3 h; and with hepatic biotransformation
and renal excretion.’*! The recommended doses for
sedation in DSI are 0.5-1 pg/kg in slow bolus (2-5 min)
to avoid potential transient arterial hypertension (biphasic
hemodynamic response). Maintenance, if required, can
be performed with boluses of 0.2-0.5 pg/kg repeated
every 10 min or continuous infusion at 0.2-1 ug/kg/h
[Table 1].P>34

Significant adverse effects (bradycardia, hypotension, or
desaturation) are usually uncommon, transient, self-limited
and without clinical repercussion, mostly associated with
a previous cardiorespiratory pathology and/or prolonged
infusions in pediatric intensive cate unit.?*>*

Ketodex (ketamine + dexmedetomidine)

Ketodex is a synergistic combination of ketamine and
dexmedetomidine that improves the sedative action and
airway/ventilation protective effects with a lower effective
dose and reduces side effects.” Likewise, both agents have
antagonistic pharmacological properties, highlighting the
rapid versus slow onset of action, sympathomimetic versus
sympatholytic effect, and sialogogue versus antisialogogue
effects.l’”

The recommended doses (dilution with ketamine
1 mg + dexmedetomidine 1 p/ml) for sedation in DSI
are 0.5-1 ml/kg in slow bolus (1-2 min). Maintenance,
generally less required, is performed with boluses of
0.2-0.5 ml/kg repeated every 15-20 min or continuous
infusion of 0.2-0.5 ml/kg/h [Table 1].7*" Adverse effects,
especially cardiorespiratory, are minimized, making this
combination a very safe option for DSLF*37

Sevoflurane
Sevoflurane is the reference inhalational anesthetic in
pediatric anesthesia. Its use through nasal goggles for
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sedation in airway management can be very useful and
effective. It is a halogenated agent—the exact mechanism
of action is not yet well known—with amnesic, hypnotic,
analgesic (minor), bronchodilator, and immunomodulatory
effect, preserving spontaneous ventilation and airway tone/
reflexes, and causing little hemodynamic depression.P

Pharmacokinetics of sevoflurane show low lipid solubility
and plasma protein binding; an onset of action of <2 min,
distribution half-life of 5—10 min, and elimination half-life
of <1 h; and with pulmonary elimination (hepatic
biotransformation is minimal).’® The recommended doses
for sedation in DSI (0.5-1 CAM) vary, depending on the
flows, from 2% (high flows) to 4% (low flows). It may be
necessary to initiate sedation with a Mapleson circuit to
quickly reach these concentrations, as this can be more
difficult due to nasal prong leaks through the nose and
mouth [Table 1].7%4

Significant adverse effects (bradycardia, hypotension, or
desaturation) are rare and well-tolerated without treatment,
related to the use of high concentrations (induction), and/
or cardiorespiratory pathology or dysautonomia. However,
the use of sevoflurane is absolutely contraindicated in
children with a history of or susceptibility to malignant
hyperthermia.?*!

Finally, it should be noted that leaks can favor environmental
contamination despite the short duration of the procedure
and that the use of the anesthesia machine (sevoflurane
vaporizer) is incompatible with the use of a high-flow
generator system with humidifier.

OXYGEN THERAPY

Oxygen therapy is another pillar of DSI. Its main objectives
are to increase the safe apnea time, to prevent or delay the
onset of hypoxemia, and to lessen its severity, if it occurs.
This can be more challenging in children aged <2 years
with systemic inflammatory response syndrome and
cardiac or respiratory disorders; the latter is the main
indication for urgent intubation in pediatrics. Oxygen
therapy should be started well in advance and maintained
uninterrupted throughout the procedure, especially in
the moments immediately before and after the anesthetic
induction and muscle relaxation (apnea).”*"! Coinciding
with these moments, there are two types of oxygen
therapy techniques applied to DSI, which are detailed in
the following subsections.

Preoxygenation
It consists of the continuous administration of 100% oxygen
prior to the cessation of spontaneous breathing to increase

the intrapulmonary oxygen reserve (denitrogenation). The
lower the airway permeability, the lower the functional
residual capacity, and the higher the oxygen consumption,
the higher the intrapulmonary shunt.

Preoxygenation with 20° head-up tilt can be performed
in two ways: breathing at tidal volume and low flows
(<1 L/kg/min) for 2 minutes ot breathing at vital capacity
and high flows (=2 L/kg/min) for 30—60 seconds. High
flows can provide variable positive pressure (Z4 cmH,O) to
counteract potential airway collapse and atelectasis during
sedation [Table 1].14**

Apneic oxygenation

It consists of the continuous administration of 100%
oxygen after the cessation of spontaneous breathing to
delay the onset of hypoxemia. The effectiveness of this
technique lies on: (1) a preoxygenation that increases the
alveolar oxygen partial pressure and the alveolar—arterial
oxygen gradient (maintained later by continuous oxygen
therapy); (2) a permeable airway that allows continuous
oxygen flow to the alveolus; and (3) a minimal alveolar
derecruitment to reduce intrapulmonary shunt.>*!

The apnea time can reach >180 seconds in children
aged 0—24 months and >300 seconds in children aged
2—10 years. This means prolonging the safe apnea
time (without continuous oxygen delivery) by >100%0.1""*!

The apneic oxygenation technique can be performed using
low-flow (<1 L/kg/min) or high-flow (=2 L/kg/min)
therapies. High flows can generate a variable positive
pressure in the airway (=4 cmH,O) that can enhance
oxygenation and apnea time (although there seems to be no
major difference between both types of therapy, provided
that 100% oxygen is used). However, high flows appear to
have no effect on CO, clearance or THRIVE (Transnasal
Humidified Rapid Insufflation Ventilatory Exchange)
in children aged <10 years (not even at 4 L/kg/min
fows). 18202844
In patients for whom 100% oxygen may be
contraindicated (such as premature children or those with a
congenital heart disease), high-flow oxygen therapy with the
highest acceptable FiO, is recommended, to be maintained
during preoxygenation and apneic oxygenation (assuming
shorter apnea times compared with the use of 100%
oxygen).1$202544

The recommended oxygen delivery devices in DSI are
nasal cannulas. These do not interfere with laryngoscopy
and intubation (as can occur with the use of face masks
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and pharyngeal tubes) and can be maintained throughout
the whole procedure without interrupting the oxygen
administration. They also allow gas leaks through the
nose and mouth that can protect the airway and stomach
against overpressure. There are two types of nasal cannula
interfaces, as detailed in the following subsections.!"* 2254

Conventional nasal cannulas

They are more accessible, cheaper, and have a low profile,
but do not humidify/heat the gas and high flows can
worsen airway conditions (although rare) due to the short
duration of the procedure. They can be connected to
the auxiliary common gas outlet port of the anesthesia
machine (with vaporizer) for sevoflurane sedation.

High-flow nasal cannulas or humidified high-flow
nasal cannulas

High-flow nasal cannulas or humidified high-flow nasal
cannulas allow greater flows, humidify/heat the gas, and
protect the airway, but are less accessible, more expensive,
have a higher profile that can hinder the intubation
maneuver, and pose a greater risk of gastric insufflation
(a nasogastric tube placement can be considered in
case of full stomach confirmed by imaging test) or
barotrauma (although this is very rare). The high-flow
generator system with humidifier is not compatible with the
anesthesia machine (and vaporizers), and thus sevoflurane
cannot be used as the sedation agent.

Adverse effects associated with oxygen therapy in DSI
are uncommon, as they are usually short procedures with
short exposure to high oxygen concentrations and high
flows (provided that both can be reduced after intubation).
The most significant effects are detailed in the following
subsections.[***!

Gastric insufflation/barotrauma
They may be related to high flows and positive airway
pressure and can be counteracted by nasal prongs leaks.*>*!

Airway injury

High flows of 100% oxygen can cause airway dryness,
inflammation, and bronchoconstriction, favoring the
increase of airflow resistance. This can be counteracted by
flow and oxygen concentration reduction and/or inhaled
gas humidification and heating after intubation.l***!
Absorption atelectasis

They can be associated with the use of 100% oxygen and
may lead to hypoxemia. However, they can be counteracted
with the positive pressure generated by high flows and
also by recruitment maneuvers and oxygen concentration
reduction after intubation.***!

Bradycardia

It may appear as a vasovagal response (by chemoreceptor
activation) triggered by hyperoxia and usually has no clinical
significance or need for treatment.[*>*

In practice, it is recommended to always start a low-flow
(0.2-1 L/kg/min) oxygen therapy. If oxygen saturation
reaches optimal levels (95-100%), such flow regime will
be maintained until the end of the procedure. If oxygen
saturation does not increase or decreases (<92%), flows
will be increased progtessively (up to 2 L/kg/min) testing
the patient’s tolerance and response to oxygen therapy
and may result in potential complications.?"**%* Figure 1
provides a flow chart of the DSI algorithm.

COMPLICATIONS

Airway management in healthy children, especially
those aged <2 years, presents some particularities for
anatomical and physiological reasons. Furthermore,
critically ill children requiring urgent intubation
and/or with difficult airways also have unfavorable
conditions (cardiopulmonary disorders, full stomach,
and/or excessive manipulation) that might potentially
lead to adverse effects in up to 60% of patients. The
major serious complications of DSI are detailed in the
following subsections.!" !

Hypoxemia

Defined as a PaO, <60 mmHg or SpO, <90%, it is the
main complication in urgent intubations (up to 40%)
and also the main trigger for other complications. It is
mainly associated with the laryngoscopy and intubation
maneuver (time and number of attempts) but can also
occur with laryngospasm/bronchospasm (1.2%) and
bronchopulmonary aspiration (0.1%0).1"I

Bronchopulmonary aspiration is described in more detail,
as it is very specific to the moment of urgent intubation
and—although extremely rare—life threatening. It consists
of the passage of gastric contents to the airway and lungs.
Hydrochloric acid damage can cause bronchospasm, airway
and pulmonary edema, surfactant destruction, atelectasis,
intrapulmonary shunt, and pulmonary hypertension;
large particle aspiration can also obstruct the airway,
further aggravating hypoxemia. The main risk factors are
emergency intubation (without fasting), altered level of
consciousness, pain, paralytic ileus, and bowel obstruction.
Given that the only treatment is supportive, prevention
through risk factor identification, ultrasound assessment
of gastric contents, and nasogastric tube placement, if
necessary, is essential.!"!
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Airway
inflammation?

Oropharyngeal suctioning +
Nebulizations

SpO, <95%

0, 2 Vkg/min
(nasal prongs)

Non-collaborative
children

Sedation bolus

0, 1 Vkg/min
(nasal prongs)

Full
stomach?

Gastric ultrasound +
Nasogastric tube

SpO, 295%

Figure 1: Flow chart of delayed sequence intubation algorithm

Bradycardia

Bradycardia is defined as a heart rate <60 bpm in children,
<80 bpm in infants, and <100 bpm in neonates. Its
incidence can reach up to 8% and is mainly associated
with severe and sustained hypoxemia, and also with
laryngocardiac reflex or the use of sedatives and analgesics.
Bradycardia may lead to other serious complications such as
hypotension, cardiac arrest, and/or neurological injury.!"!

Hypotension

Hypotension is defined as mean arterial pressure <60 mmHg
in children, <45-50 mmHg in infants, and mean arterial
pressure below postmenstrual age (in weeks) in neonates.
The incidence rate of hemodynamic instability can reach
up to 2% and the immediate evolution can be poor in 5.5%
of the patients.

Cardiac arrest

Cardiac arrest is defined as the need to apply chest
compressions >1 minute during intubation or within
20 minutes thereafter. The incidence rate is estimated
at about 0.03%. Cardiac arrest is mostly related to
cardiorespiratory instability as well as to a history of
heart disease or polymalformative syndrome with airway
difficulty.!

CONCLUSION

DSI is an easy and affordable procedure that might be a
useful and effective alternative to rapid sequence intubation
in non-cooperative children. Apneic oxygenation
enhances the conditions, safety, and success of DSI (and
any other intubation). This enhancement may be achieved
to a greater or lesser extent with the simple placement
of conventional nasal cannula. Therefore, its use should

be considered as a safety standard for any intubation
that carries a certain risk of hypoxemia, such as urgent
intubations or those in neonates/infants or children
with cardiorespiratory disorders. However, future studies
providing new evidence in certain aspects and applications
are required.
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