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Nasotracheal intubation in pediatrics: a narrative 
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Nasotracheal intubation (NTI) plays an important role in pediatric airway management, offering advantages in 
specific situations, such as oral and maxillofacial surgery and situations requiring stable tube positioning. However, 
compared to adults, NTI in children presents unique challenges owing to anatomical differences and limited 
space. This limited space, in combination with a large tongue and short mandible, along with large tonsils and 
adenoids, can complicate intubation. Owing to the short tracheal length in pediatric patients, it is crucial to 
place the tube at the correct depth to prevent it from being displaced due to neck movements, and causing 
injury to the glottis. 
The equipment used for NTI includes different tube types, direct laryngoscopy vs. video laryngoscopy, and 
fiberoptic bronchoscopy. Considering pediatric anatomy, the advantages of video laryngoscopy have been 
questioned. Studies comparing different techniques have provided insights into their efficacy.
Determining the appropriate size and depth of nasotracheal tubes for pediatric patients remains a challenge. 
Various formulas based on age, weight, and height have been explored, including the recommendation of 
depth-mark-based NTI. This review provides a comprehensive overview of NTI in pediatric patients, including 
the relevant anatomy, equipment, clinical judgment, and possible complications.
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INTRODUCTION

 Nasotracheal intubation (NTI) is a common airway 
management approach in oral, facial, and dental surgery 
since its introduction by Kuhn in 1902 [1]. NTI allows 
better surgical visibility and easier access to the surgical 
field during oral or maxillofacial surgery than oral 
intubation [2,3]. Additionally, NTI significantly reduces 
the frequency of unplanned extubations in pediatric 
intensive care units (PICUs) [4]. NTI is also more 
comfortable for patients and causes less damage to the 
lips, tongue, and larynx than oral intubation [5]. However, 

NTI is technically more difficult and time-consuming than 
oral intubation, and there is a risk of injury to the nose 
and nasopharynx, bleeding, and sinusitis [5-7]. NTI is 
further complicated by a lack of specific guidelines for 
determining the appropriate tube size and insertion depth 
in pediatric patients. Most available literature reviews on 
NTI have been limited to adults. NTI reviews focusing 
on pediatric patients are not available. This review aimed 
to provide an overview of NTI in pediatric patients and 
discuss the recent studies on the appropriate tube size and 
insertion depth.
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Vocal cord

Fig. 1. The differences between the pediatric and adult airway. Epiglottis: 
floppier, U-shaped in children and shorter in adults. Vocal cords: inclined 
upward in children and horizontal in adults.

ANATOMY

  Several crucial anatomical differences exist between 
the nasal structures of children and adults that can affect 
both normal function and medical procedures, such as 
nasotracheal intubation. Children have nasal structures 
characterized by reduced dimensions, narrower air 
channels, and less advanced bone growth than those in 
adults [8,9]. The lack of nasal space poses challenges for 
intubation and ventilation devices. Girls attain 84% of 
their complete nasal growth by 12 years of age, while 
boys attain 87% by 15 years of age [10]. Nasal 
development is nearly completed by 16 years of age in 
both boys and girls [8]. The nose is highly vascularized, 
particularly in the anterior cartilaginous septum where the 
venous vascular plexus, known as Little's area or 
Kisselbach's plexus, is located [9]. Most nosebleeds occur 
in this area (90% of all nosebleeds). Nosebleeds can occur 
even after minor trauma [11]. Epistaxis shows a bimodal 
age distribution, with the majority of cases occurring 
before the age of 10 years, or between 45 and 65 years 
[12].
  Pediatric patients have relatively large tongues and 
short mandibles. They often have enlarged adenoids and 
tonsils, which may require surgery. These factors can 
make it challenging to maintain upper airway space, 
making mask ventilation difficult [13]. Unlike adults, 
young children have a cephalad larynx with an 
anterior-inferior to posterior-superior angle rather than a 
90-degree angle with the trachea [14]. While this usually 
does not affect the laryngoscopic view, it may complicate 
endotracheal tube insertion and increase the risk of trauma 
[13].
  Traditionally, children's airways were thought to 
change from funnel-shaped to cylindrical with growth 
[15]. However, studies using MRI, CT, and bronchoscopy 
have shown that the narrowest part of the airway in 
children is the glottis, which is the same as that in adults 
[16-18]. This has led to a paradigm shift in relation to 
the choice of endotracheal tubes. An uncuffed tube was 

used when the cricoid cartilage was thought to be the 
narrowest part of the airway in children up to 8 years 
of age. However, with an updated understanding of the 
anatomy and the benefits of intubation with a cuffed tube, 
cuffed tubes have become the standard in pediatric 
anesthesia [19]. Importantly, NTI must be applied 
carefully because the short pediatric trachea makes it 
easier for the tube to change position when the neck is 
extended or flexed [14]. Moreover, a cuffed tube can 
cause trauma to the glottis [14]. Figure 1 illustrates the 
differences between the pediatric and adult airways. 

NASOTRACHEAL INTUBATION CONSIDERATIONS

  NTI is valuable for oral, maxillofacial, and dental 
surgery. It is also suitable for patients with restricted 
mouth opening or oral infections. Furthermore, NTI is 
preferable for neonates and infants undergoing cardiac 
surgery because of the stable positioning of the tube 
during transesophageal echocardiography [20]. In 
contrast, NTI is contraindicated for cases of skull base 
fractures or CSF leakage. Additionally, in patients with 
coagulopathy, trauma to the nasal passage during NTI 
may cause significant bleeding. Deciding which nostril 
to use for NTI is crucial for minimizing epistaxis and 
facilitating intubation. Relative patency information can 
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Fig. 3. The PortexⓇ North Polar tube Fig. 2. The Parker Flex-TipTM tube tip with a unique, patented design 
that helps avoid damaging the airway.

be gathered during preanesthetic evaluation by obtaining 
history or by occluding one nostril and breathing through 
the other [21]. Furthermore, rhinoscopy, flexible endo-
scopy, radiography, and CT scans may be beneficial. 
However, in pediatric patients, the impact of radiation 
exposure and cooperation issues must be considered.

NASOTRACHEAL INTUBATION EQUIPMENT

1. The types of tubes

  There are several types of tubes used for NTI. They 
vary in shape of the tube tip and/or material. The Murphy 
tip is a tube with a Murphy eye, which increases the risk 
of mucosal injury of the nasal cavity [22]. In contrast, 
the Parker Flex-TipTM (Fig. 2) has a flexible distal tip 
that decreases the risk of nasal mucosa injury by avoiding 
direct contact with the turbinate and septum [23,24]. The 
PortexⓇ North Polar tube (Fig. 3), made of velvet-soft 
polyvinyl chloride material, has been associated with 
fewer nosebleeds in clinical trials [25]. However, the 
smallest size of the PortexⓇ has an internal diameter of 
6.0 mm, which is not suitable for most pediatric use.

2. Direct laryngoscope versus video laryngoscope

  NTI can be divided into three distinct phases: 1) entry 
through the nose into the pharynx; 2) guided insertion 
into the glottic inlet using a laryngoscope; and 3) guided 
insertion into the trachea using a laryngoscope [21].
  During NTI via direct laryngoscopy, the Magill forceps 

is often used to properly position the nasotracheal tube 
within the trachea [26,27]. This maneuver can result in 
trauma to nearby tissues and potentially damage the tube 
cuff [26,28]. 
  Video laryngoscopy during NTI offers a clear 
visualization of the glottis, leading to increased intubation 
success rates and shorter intubation times, and reduces 
the need for the Magill forceps [29-31]. These findings 
are based on adult studies, and thus, may not be 
generalizable to the pediatric population due to the 
cephalad larynx and posteriorly angled nature of the 
trachea in children. In a network meta-analysis of the 
effectiveness of indirect laryngoscopy versus direct 
laryngoscopy in pediatric patients, Hoshijima et al. 
reported that direct laryngoscopy (Macintosh blade) and 
video laryngoscopy had similar intubation failure rates 
and glottic visualization.. The intubation time was only 
shorter for the C-MACⓇ. In contrast, longer intubation 
times were required for the GlideScopeⓇ, Storz DCIⓇ, 
and Truview PCDⓇ, when compared to the Macintosh 
blade [32]. Recent pediatric research comparing the use 
of the Macintosh laryngoscope, McGrathⓇ video laryngo-
scope, and Pentax Airway ScopeⓇ for NTI showed that 
intubation difficulties were comparable among the groups 
[33]. However, the Macintosh laryngoscope required a 
shorter intubation time compared to that of the video 
laryngoscope [33]. Another NTI study comparing the 
C-MACⓇ and Macintosh laryngoscopes in pediatric 
patients found the C-MACⓇ to be superior for glottic 
visualization, intubation time, and for additional 
manipulation [34]. The large blade and curvature of the 
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video laryngoscope sometimes make it difficult to align 
the tube from the oropharynx to the glottis using the 
Magill forceps [31]. To achieve this alignment without 
using the Magill forceps, Goodine et al. suggested 
minimizing the lifting of the glottis during laryngoscopy 
and/or inflating the cuff of the nasotracheal tube [35].

3. Fiberoptic bronchoscopy

  In pediatric patients, fiberoptic intubation is indicated 
for difficult airways, particularly in managing cases 
involving restricted mouth opening, intraoral masses, and 
craniofacial dysmorphism [36-38]. It is also indicated for 
pediatric patients who require awake intubation [39,40], 
and has been reported to produce a more stable 
hemodynamic response during intubation [41]. However, 
it requires specialized equipment and a longer intubation 
time, and can only be performed by a trained 
anesthesiologist [36,42]. Prolonging the intubation time 
in pediatric patients increases mortality risks as the 
window of time for ensuring a safe oxygen level during 
apnea is limited [13,43]. Consequently, maintaining 
continuous oxygenation through the opposite nostril 
during awake fiberoptic intubation is recommended for 
children with difficult airways. Unlike adult patients, the 
procedure is challenging in children due to their lack of 
cooperation. Moreover, visual access is limited due to the 
smaller size of the pediatric airway, and even minor 
movements of the scope tip may obstruct the view [36].

NASOTRACHEAL TUBE SIZE AND DEPTH OF 
INSERTION

   
  Determining the size and depth of nasotracheal tube 
insertion in pediatric patients can be challenging. Smaller 
sizes may lead to air leakage, resulting in inadequate 
mechanical ventilation, and an increased risk of 
pulmonary aspiration, while larger sizes can result in 
pressure-related ischemic injury [44]. Age (ID = 4 + 
4/age[years]), height (2 + height[cm]/30), and weight 
(weight[kg]/10 + 3.5) are considered when determining 

the appropriate oral intubation tube size for a child 
[45-47]. Importantly, studies on the tube size used for 
NTI in pediatric patients are lacking. In a retrospective 
study of 442 children, Tsukamoto et al. recommended 
using height as a guide. Specifically, the study focused 
on the size of uncuffed endotracheal tubes, and the 
authors suggested choosing a 0.5 mm smaller tube if the 
expected tube size is 5.5-6.0 mm and a 0.5 mm larger 
tube if the expected tube size is 4.0 mm [48]. Chou et 
al. in their 2023 retrospective study of 684 patients 
evaluated the cuffed nasotracheal tube and found that 
tubes 0.5 mm smaller fit better than the age-based formula 
(4 + age/4). The authors also proposed a new formula 
[49]:
  ID (mm) = 3.98 + 0.052 × age + 0.048 × gender (male = 1, 

female = 0) + 0.023 × body weight (kg)
  Correct insertion depth is critical because of the short 
length of the trachea in children. An inappropriate depth 
may result in bronchial intubation and unplanned 
extubation [50,51]. Table 1 provides the details from 
several studies examining the depth of nasotracheal tubes 
in pediatric patients [49,52-59], including the appropriate 
nasotracheal intubation depths. The authors suggested 
formulas based on age, weight, and height. Some relied 
on a single variable, while others recommended multiple 
variables, such as age and sex. Kemper et al. demon-
strated that depth-mark-based NTI outperforms these 
formulas [58]. However, errors may also be associated 
with this method. Therefore, verifying the depth by 
auscultation or cuff palpation is crucial. Furthermore, 
ultrasonography can be used to verify the precise location 
of the endotracheal tube cuff [60].

NASOTRACHEAL INTUBATION COMPLICATIONS

1. Epistaxis

  Nosebleeds, especially at the Kisselbach's plexus and 
the anterior nasal septum region, are the most common 
complications of NTI [9,61]. To prevent nosebleeds, a 
smaller tube, vasoconstrictors (oxymetazoline nasal 
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Table 1. Formula or recommendation of pediatric nasotracheal tube insertion depth

No Source, author, year Age (years), n, site Nasal tube length (cm)/Formula or recommendation

1
Paediatric Anaesthesia, Davenport,

 3rd Edn (1980) [52]
- 14 + (age/2)

2 Yates AP et al (1987) [53] 0-18, 634, ICU L = (3 × S) + 2; > 3 kg, S = internal diameter (ID) in mm

3
Manual of Pediatric Anesthesia, Steward,

5th Edn (2001) [54]

Newborn 14
1 15
2 16
4 17
6 19
8 21

10 22
4 Antona M, et al (2002) [55] 0-4, 99, ICU 10.5 + (weight/2)
5 Kim KO, et al (2003) [56] 0-7, 85, OR Tube tip 2 cm above carina

6 Lau N, et al (2006) [57] 0-15, 89, ICU
Age < 1 9 + (weight/2)
Age > 1 15 + (age/2)

7 Kemper M, et al (2014) [58] 0-10, 76, OR Depth mark-based NTI is superior to formula and recommendation.
8 Imani AT, et al (2023) [59] 0-4, 110, OR L = 0.1 × height + 7
9 Chou C, et al (2023) [49] 0-17, 684, OR L = 15.1 + 0.43age + 0.300 × gender (male = 1, female = 0)

Age (years), weight (kg), height (cm), ICU, intensive care unit; No, number; OR, operating room.
Study No.7: comparison of study No.1 to 6 
Study No.8: comparison of study No. 1, 2, 4, 6

spray), and tube lubrication can be considered. Other 
methods include thermosoftening of the tube or intubation 
with a red-rubber catheter placed at the end of the tube. 
Of these, the effectiveness of oxymetazoline nasal spray 
has not been clearly demonstrated, and it is not used by 
many anesthesiologists because of rare complications, 
such as cardiac arrest [62]. Tube warming is effective 
in adults [63,64], but studies in children did not 
demonstrate a reduction in the frequency of clinically 
relevant bleeding [65]. A meta-analysis by Tan et al. 
considered NTI-induced nosebleeds and the right versus 
the left nostril. The authors found that when both nostrils 
were patent, intubating the right nostril was associated 
with fewer nosebleeds and shorter intubation times [66]. 
The meta-analysis analyzed ten randomized controlled 
trials limited to adult patients, and did not include 
pediatric patients. Several studies have examined the 
association between epistaxis and tube tips, but these have 
also been limited to adults. Lee et al. found that 
nosebleeds were more common with Murphy tip tubes 
than with Magill tip tubes [22]. Sanuki T et al. and 
Sugiyama K et al. reported reduced epistaxis with the 
Parker Flex-TipTM nasal tube compared to a standard tube 

[23,24]. In contrast, Earle R. et al. observed no significant 
difference [67]. 

2. Sinusitis

  Prolonged NTI may obstruct nasal drainage, leading 
to sinusitis [68,69]. Sinus opening occlusions can impede 
sinus drainage, resulting in edema and facilitating local 
infection of the nasal mucosa, thus, ultimately leading to 
higher occurrences of sinusitis. A higher incidence of 
sinusitis has been associated with NTI in adult patients 
compared to the use of oral tubes [70,71]. On the 
contrary, a retrospective study of PICUs in the United 
States reported no difference in the frequency of sinusitis 
between oral and nasotracheal intubations [4]. Most 
patients in the PICU study were very young and the sinus 
had not completely developed at the time of intubation, 
which may explain the low frequency of sinusitis. 

3. Necrosis of the nasal ala

  Superficial necrosis of the nasal ala is a common 
complication related to NTI, with an incidence of 
2.2-24.48% [2,72]. To prevent pressure on the nasal ala, 
shortening the duration of surgery and using hydrocolloid 
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dressing to prevent pressure sores have been suggested 
[73,74]. However, these methods may not always be 
feasible in pediatric patients due to limited space in the 
nares [74].

4. Retropharyngeal perforation

  Although rare, retropharyngeal perforation can have 
serious consequences [75,76]. If the tube encounters 
resistance and no breath sounds are heard, the possibility 
that the tube is already positioned against the pharyngeal 
wall should be recognized.

5. Bacteremia

  In patients undergoing dental treatment under general 
anesthesia, the risk of bacteremia is particularly high. 
Bacteremia can be caused by the spread of alpha-hemolytic 
Streptococcus and Corynebacterium spp., the most 
common bacteria in the nasal cavity, that enter the blood 
via damaged nasal mucosa [2,77]. To prevent this, the 
use of mupirocin ointment, prophylactic antibiotics, and 
minimizing nasal damage should be considered, 
especially among high-risk patients [78-80]. 

CONCLUSIONS

  NTI in pediatric patients is a valuable airway 
management technique and offers advantages in specific 
situations. Healthcare providers must have a thorough 
understanding of the indications, complications, and 
recent advancements in airway management to ensure 
safe and effective airway management in pediatric 
patients. NTI with a video laryngoscope or fiberoptic 
scope is particularly helpful when handling difficult 
airways. Finally, given the disparity in outcomes between 
adults and children and the limited number of studies 
available, further studies in the pediatric population are 
warranted.
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