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Abstract: Traditionally, uncuffed tubes were used in pediatric patients under 8 years in pursuit of
reducing the risk of postextubation stridor. Although computed tomography and magnetic resonance
imaging studies confirmed that the subglottic area remains the narrowest part of pediatric airway,
the use of uncuffed tubes failed to reduce the risk of subglottic swelling. Properly used cuffed
tubes (correct size and correct cuff management) are currently recommended as the first option in
emergency, anesthesiology and intensive care in all pediatric patients. Clinical practice particularly in
the intensive care area remains variable. This review aims to analyze the current recommendation for
airway management in children in emergency, anesthesiology and intensive care settings.

Keywords: cuff; airway management; pediatric patient; uncuffed tube; cuffed tube

1. Introduction

Based on historical anatomical studies of the pediatric larynx [1,2], uncuffed tubes
were preferred in pediatric patients under 8 years [3,4]. The main aim was to obtain
a proper seal of the airways in the narrowest part—the subglottic area—without direct
pressure on the airway mucosa to minimize possible mucosal damage, which could lead
to consequent edema formation and postextubation stridor or even laryngeal damage.
Therefore, in an ideal situation, uncuffed tubes should be a safer alternative to cuffed
tubes, predominantly used in older children and adults. The superior safety has never
been proven by high-quality evidence-based medicine (EBM); however, for a long time,
it remained the unquestionable rule of pediatric airway management. In the recent two
decades, several articles revealing the lower incidence of postextubation stridor with cuffed
tubes have been published [5-7]. Extensive anatomical research (real-time bronchoscopy,
computed tomography and magnetic resonance imaging) revealed that the originally
thought circular-shaped subglottic area is in reality elliptical, with a wide anteroposterior
diameter and narrow transverse diameter [8-11]. These findings could explain the risk of
postextubation stridor even with the properly placed uncuffed tube, which could severely
damage the mucosa in the transverse edges of the subglottic region. Specifically designed
cuffed tubes for pediatric patients (e.g., Microcuff®) with the redesigned high-volume
low-pressure cuff (smaller and cylinder-shaped) and with the ultrathin cuff membrane
from polyurethane, located more distally on the tube without Murphy’s eye, have been
developed for pediatric airway management in early 2000 and were intended for pediatric
patients >3 kg of body weight [12]. Cuffed tubes, due to several advantages over uncuffed
tubes (lower reintubation rates, better seal, lower risk of aspiration, capnography tracing,
optimal ventilation management, etc.) [5,6,13-18], gained significant popularity in pediatric
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anesthesiology in recent decades and their use has an uprising tendency also in pediatric
intensive care settings [19-23]. Cuffed tubes should now be preferred for all children
>3 kg of body weight in the emergency setting [24] and anesthesia airway management [25].
According to Kneyber et al. [26], cuffed tubes could be safely used also in the pediatric
intensive care setting with adherence to proper cuff management (monitoring the intra-cuff
pressure and limiting the cuff pressure to <20 cm H,O) [26]. However, the paradigm
shift has been adopted with significant personal and regional variability. Currently, many
pediatric anesthesiology and intensive care centers are still preferably using uncuffed
tubes. This review article aims to discuss the available evidence, considering the benefits
and possible risks of cuffed tubes in pediatric emergency, anesthesiology and intensive
care settings.

2. Airway Anatomy

Several differences have been described between the airway anatomy in adults and
pediatric patients, with the most considerable ones in neonates. The larynx in children is
located more cranial (rima glottidis at the level of C3), and as the child grows, the position
shifts to the C4 level and, finally, to the C4-C5 level [3]. The epiglottis is longer and
U-shaped. The narrowest part of the pediatric airway seems to be the subglottic area [11],
However, Dalal et al. described the rima glottidis (as in adults) as the narrowest part [27]. The
difference probably lies in the distensibility of these areas. The subglottic area at the level
of the cricoid ring is stiff and nondistendable, while the glottis area is distendable manually
and even pharmacologically (muscle relaxation). After a detailed computed tomography
evaluation of the pediatric airway, significant differences between the infraglottic area and
the airway area at the level of cricoid were found [11]. These levels were traditionally
defined as one, but according to Mizuguchi et al., the pediatric airways at the level of
cricoid are indeed circular, as described previously [1,2]; however, the narrowest part of the
airway lies at the infraglottic level (slightly above the cricoid cartilage) [11]. The infraglottic
area was elliptical in all analyzed patients (n = 86), with a short transverse diameter. The
most important finding is that the transverse diameter at the infraglottic level was always
smaller than the diameter at the cricoid level [11].

3. Uncuffed vs. Cuffed Tubes

The recommendation for uncuffed tubes is to choose the size that will pass through the
subglottic area and lead to the adequate seal of the system without damaging the airway
mucosa. The aim to reach the seal up to 20-30 cm H,O of peak inspiratory pressure [8],
and the leak over 20-30 cm H,O was considered as safety aspect (explained by a certain
superstition that the leak will guarantee no/minimal tube-to-mucosa contact/damage).
This, however, could not be carried out effectively/safely due to the airway anatomy
described above (elliptical shape of subglottic area). Nevertheless, uncuffed tubes still have
their place in neonatology—in low birth weight and extreme low birth weight neonates—
due to the absence of 2.5 cuffed tubes on the market.

Culffed tubes lead to improved seal compared to their uncuffed equivalents, lower
exchange rate, accurate capnography and spirometry tracing, decreased incidence of
pulmonary aspiration, minor postoperative complications and lower incidence of sore
throat [8,27]. Pediatric cuffed tubes were originally manufactured by downsizing the
adult tubes. This practice unfortunately did not respect the difference in pediatric airway
anatomy. The large cuffs made of polyvinylchloride (PVC) were replaced by an ultrathin
membrane from polyurethane, and the cuff has been redesigned (smaller, cylindrical) and
relocated more distally on the tracheal tube. Due to the small distance from the subglottic
area to the tracheal bifurcation in neonates and infants, the Murphy’s eye was dismantled.
Additional attention has been dedicated to the cuff pressure monitoring/management,
aiming to minimize the intracuff pressure to minimal possible pressure that sealed the
system effectively and, at the same time, to always keep the pressure lower than 20 cm
H,0. According to the published data, the intracuff pressure for an adequate seal could be
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reached with a pressure at 10 + 4.3 cm H,O [6,28,29]. There have been several methods
describing how to measure intracuff pressure (e.g., pilot balloon finger palpation, minimal
occlusive volume and minimal audible leak) [30]. Especially for ICU settings in intubated
patients, where manual monitoring of cuff pressure needs to be performed repeatedly in
order to achieve a range of safe pressures, a continuous cuff pressure monitoring system
(e.g., IntelliCuff®) can be used (Figure 1). The device continuously keeps the pressure in
the cuff in a set range. The aim of strict cuff pressure measurement is not only to prevent
mechanical tracheal injuries caused by an overdistended cuff but also to lower the risk of
ventilator-associated pneumonia [31].
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Figure 1. IntelliCuff® setting.

4. Tube Size

The proper size of the tracheal tube for an adult patient is based predominantly on
gender. In average female, cuffed tubes sized between 6.5 and 8, and in average male, size
8.5-9.5 are being used. Due to airway width, there is only a little fear of postextubation
stridor in adults and only cuffed tubes are worldwide used for patients over 18 years. The
narrowest part of the airway in adults is the rima glottidis, so the size of the tube should be
adjusted according to the laryngoscopy view during the intubation. In pediatric patients,
cuffed, uncuffed tubes and specialized cuffed tubes (e.g., Microcuff®) are currently being
used for tracheal intubation. The proper size of the tube could be based on the patients
age by Cole age-based formula for uncuffed tubes (internal diameter — tube size = age in
years/4 + 4) [11,32] or Motoyama formula [33] for cuffed tubes (internal diameter — tube
size = age in years/4 + 3.5), however only with 50-75% accuracy [8,32,34,35]. The risk of
oversizing the tube size based on these formulas in patients under 10 years is significantly
higher for uncuffed tubes in comparison to cuffed tubes (60.0% vs. 23.8%, p < 0.05) [11].
Nevertheless, these age-based formulas do not take the patient’s weight and height into
consideration. In combination with the narrowest subglottic area that cannot be visualized
during the direct laryngoscopy, the proper tube size prediction in pediatric patients is
somewhat limited. Tube selection by the terminal part of the index finger phalanx or
the little finger phalanx could be used in an emergency setting but seems to be highly
unreliable [31].

When using the Microcuff® tubes, the proper sizing is based on the patient’s age
and derived from manufacturer recommendations. The smallest Microcuff® tube cur-
rently available on the market is 3.0, recommended for pediatric patients >3 kg of body
weight and aged between 0-8 months; however, in the close future, 2.5 tubes are going
to be introduced to the market. The recommended tube size for pediatric patients based
on Cole’s and Motoyama’s formula together with the Microcuff size selection is listed
in Table 1.
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Table 1. Recommended tube sizes for pediatric patients.

Uncuffed Tracheal Tube Cuffed Tracheal Tube
Age Modified Cole’s Formula Motoyama Formula Age Microcuff® Tracheal Tube
ID = (Age/4) + 4 ID = (Age/4) + 3.5

term-1 year 3.5 mm 3 mm term to < 8 months 3 mm
<2 years 4 mm 3.5mm 8 months to < 2 years 3.5 mm
<4 years 4.5 mm 4 mm <4 years 4 mm
<6 years 5mm 4.5 mm <6 years 4.5 mm
<8 years 5.5 mm 5mm <8 years 5mm
<10 years 6 mm 5.5 mm <10 years 5.5 mm
<12 years 6.5 mm 6 mm <12 years 6 mm
<14 years 7 mm 6.5 mm <14 years 6.5 mm
<16 years 7.5 mm 7 mm <16 years 7 mm

The possible method for tube size prediction seems to be the ultrasound bedside air-
way dimension measurement [36]. Several studies have already confirmed the usefulness
of ultrasound for estimating adequate endotracheal cannula size compared to age-based
formulas. Schramm et al. demonstrated a strong correlation between the outer diameter of
the uncuffed endotracheal tube with the minimal transverse diameter of the subglottic airway
measured by ultrasound and showed a reduction in the number of reintubations [34,36].
Other studies demonstrated that ultrasound tube size prediction is more accurate than
age-based formulas, as the latter significantly overestimated the tube size [34,37]. These
findings are similar when comparing the ultrasound estimated tube size with both Cole’s
and Motoyama'’s formula [37,38]. The subglottic diameter is best measured in anesthetised
and paralyzed patients, as the phase of respiration may affect the diameter of the area. This
is also the reason why, in comparison to adults, the ultrasound is not yet routinely used for
the prediction of difficult airways, as it needs to be performed before the anesthesia induc-
tion necessitating a cooperative patient [39]. Ultrasound assessment was also successfully
used to confirm tracheal intubation as well as the correct depth of endotracheal cannula
insertion [40]; however, there are no data that evaluate its use for assessing the front of
neck access (FONA).

5. Airway Management in Pediatric Anesthesiology

Cuffed tubes have become preferred in all pediatric patients, including patients under
8 years in the recent decade [41]. According to the survey from 2016, 85% of pediatric
anesthesiologists preferred cuffed tubes for children over 2 years and 60% for full-term
neonates [42]. After repeatedly proven to be superior with a lower exchange rate [7],
superior ETCO, tracing, spirometry, lower leak together with a never proven risk of higher
sore throat incidence [43] and/or postextubation stridor incidence [44], the only remaining
reasons uncuffed tubes are used are tradition and lower costs. According to the EBM data,
it currently seems reasonable to avoid uncuffed tubes in pediatric anesthesia completely,
with the exception being where the outer or inner diameter of the tube play crucial roles
(e.g., the diameter needed for bronchoscopy passage or in neonates with low and extremely
low birth weight). Another aspect that strengthens the cuffed tube’s position in pediatric
airway management is the SARS-CoV-2 pandemic, where maximum effort has been made
to minimize the aerosol spread during airway management. Preoxygenation together with
rapid sequence induction and tracheal intubation with cuffed tubes has been recommended
for all adult and pediatric intubations [25,45].

Effective sealing of the airway provided by the cuff might be of great benefit for exam-
ple in procedures where there is raised intraabdominal pressure and altered diaphragm
position (laparoscopy and thoracoscopy). In these cases, the more effective seal and no
leak can prevent difficulties in ventilation with raised peak pressures, and moreover, it
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provides better protection against a leakage of stomach contents into the airways [3]. In
case of procedures where there is a risk of airway fire (procedures on the oropharynx,
e.g., adenotonsillectomy), the proper seal of the cuff can prevent contamination of the
oropharynx with the inhaled gas mixture with often higher oxygen concentrations [3].

Low birth weight neonates however remain an indication of uncuffed tubes, due to
the absence of a cuffed tube smaller than 3.0 on the market. In the small retrospective
trial analyzing the data from 23 neonatal intensive care unit (NICU) patients, Thomas et al.
found that the limit for effective use of a 3.0 cuffed tube could reach <3000 g [12]. The
limit of >2700 g body weight (to reach >50% efficacy) was established in 2021 by Zander
et al. [46] after analyzing the data from 269 neonates requiring intubation by a pediatric
anesthesiologist with 3.0 cuffed tube Microcuff®. For neonates with a weight below 2700 g,
the outer tracheal tube diameter is currently the limitation for the cuff; however, as 2.5 size
cuffed tube development has been already announced, this could soon lower the weight
limit even more. These limits are based on analyzing the most prevalent neonatal/pediatric
cuff tube—Microcuff®—but also different limits could be clinically relevant when using
cuffed tubes from different manufacturers due to wide outer cuff diameters differences
(lower, with polyurethane cuff 91-118% compared to polyvinylchloride cuff 91-146%) [47].
Therefore, comparing the pros and cons of cuffed tubes in anesthesiology, the uncuffed
tubes should be abandoned in all cases, where cuffed tubes can be used.

Contrary to PICU/NICU settings, in anesthesiology settings, a whole spectrum of
supraglottic airway devices has been developed over the past four decades, with the la-
ryngeal mask being the most prevalent. As supraglottic devices have been successfully
used in a whole spectrum of adult and pediatric anesthesiology sections (including surg-
eries in prone position, laparoscopic surgeries, etc.) [48-51] with comparable efficacy and
lower incidence of associated complications in comparison to tracheal tubes [52,53], the
supraglottic airways should always be considered as the device of choice in all situations
possible (fasted patient, low risk of aspiration/regurgitation, and possible access to head
and airway of the patient). Currently, multiple types of laryngeal masks are available on
the market, but the majority are equipped with an inflatable cuff to obtain an adequate
perilaryngeal seal (cuff located in the hypopharynx) after inflation [54]. The proper cuff
management is vital also in case of laryngeal mask cases due to the risk of oropharyngeal
and hypopharyngeal mucosal cuff-related pressure damage. According to the manufac-
turer’s recommendations, the optimal laryngeal mask intracuff pressure should be between
40 and 60 cm H;O, although this level of pressure could reduce the capillary flow in the
surrounding tissue and eventually lead to sore throat, cough and airway-related morbidity
after the emergence form anesthesia. It seems reasonable to lower the intracuff pressure
below 40 cm H,O, and sufficient seal could be achieved also with pressure between 20 and
40 cm H,O.

6. Airway Management in Neonatal Intensive Care (NICU) and Pediatric Intensive
Care (PICU)

In pediatric intensive care, the conversion from uncuffed to cuffed tubes is still an
ongoing process. In 2013, data showed that, in some PICUs, cuffed tubes have already been
the preferred choice for intubation [22], but with significant regional variability and slower
transition in neonatal intensive care units. When considering the regional variability of
cuffed tubes in intensive care, according to the Scandinavian survey from 2015 [55], 50% of
PICUs were using cuffed tubes, compared to 100% of PICUs and 33% of NICUs in Australia
and New Zealand in the same year [20,23]. It seems that cuffed tubes are being used more
frequently in ICUs which are run by anesthesiologists compared to pediatricians and/or
neonatologists [23,55]. This could be explained by the experience of transition from anes-
thesia care, where cuffed tubes are being used for a longer time. In intensive care settings,
infectious complications in critically ill patients are frequent and incidence rise linearly with
the length of stay. One of the most feared and prevalent infection in ICU/PICU settings
is ventilator-associated pneumonia (VAP). It is defined as the development of pneumonia
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after 48 h from intubation in a mechanically ventilated patient [56,57]. VAP development is
strongly associated with prolonged length of mechanical ventilation, ICU stay, in-hospital
stay, morbidity, mortality and overall costs [58-60]. Ventilator-associated pneumonia is
a common nosocomial infection associated with ventilated patients, and the mortality of
patients suffering from VAP is high. Bacterial colonization and repeated microaspiration
have been described as the main pathophysiologic mechanism of VAP development [61].
Based on these findings, the proper seal of the airway based on an optimally managed
cuffed tracheal tube could significantly reduce the incidence of ventilator-associated pneu-
monia compared to uncuffed tubes, nevertheless, no high-quality EBM data have been
published considering this topic in pediatric patients. The problem of VAP could, however,
only be partially solved with the cuff when analyzing the high incidence (up to 13-51 per
1000 ventilatory days) of VAP in adult ICUs (with only cuffed tracheal tubes) [62]. Of sev-
eral risk factors for VAP such as a nasogastric tube, sinusitis, neutral patient position, upper
respiratory tract bacterial colonization, biofilm, open suctioning, gastric acid suppression
treatment (proton pump inhibitors and/or H2 blockers) and cuff management, precisely
the incidence and time spent below 20 cm H,O of intracuff pressure has been associated
with higher VAP incidence [62,63]. These findings, though outdated and based on adult
patient ’s data, raise the question of the optimal intracuff pressure in children to balance the
risk of microaspiration (with lower pressure) and the risk of mucosal damage (in pressure
above 20 cm HyO). Despite proper seal, microaspiration could still occur. The design of
the tube (high-volume low-pressure) and the cuff material seem to have a protective effect.
Furthermore, polyurethane cuff (e.g., Microcuff ®) has been associated with lower pericuff
leak of blue dye [57,64—66]. Based on the pathophysiology of VAP, cuffed tubes with the
possibility of subglottic secretion suctioning/clearance have been introduced into clinical
practice in both adults and children—Figure 2. Despite the cuffed tubes boom in the recent
decade, only limited data are available considering their long-term use [47,67], although no
data reported higher complication rates in ICU/NICU setting.

Figure 2. Cuffed tube with the subglottic secretion suctioning.

7. Cuffed Tracheostomy Tubes

Although minimally discussed or published, the same uncuffed vs. cuffed contro-
versy also arose in patients with tracheostomy tubes. Tracheostomy in PICU or NICU
setting is indicated in patients with repeatedly failed weaning, dependent on mechanical
ventilation. The aim is to obtain a secured entrance to the airway with an infraglottic
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wide tracheostomy tube, which allows for invasive suctioning of the airways, limiting
the undesired protective airway reflexes caused by the tracheal tube lying in between
vocal cords and significantly reducing the airway resistance that could ameliorate the
weaning process. The tracheostomy could be introduced percutaneously (percutaneous-
dilatation tracheostomy—PDT) or traditionally by surgical intervention. Based on adult
data, PDT is associated with a lower incidence of complications [62], less time and lower
costs [68]. However, tracheostomy in adult intensive care is much more prevalent compared
to PICU/NICU settings, and the PDT is very rarely used in children due to anatomical
reasons. Historically, uncuffed tracheostomy tubes were preferred in children under
8 years old due to fear of possible pressure damage to the mucosa in the infraglottic region.
Traditional teaching aiming to protect the vulnerable narrowest part of the infraglotic area
(subglottic area) has no use in this case because tracheostomy usually lies below this area.
The EBM evidence of what is good practice when it comes to tracheostomy in children is
even scarcer than the evidence for tracheal tubes. The advantages of cuffed tracheostomy
tubes are similar to those mentioned for the tracheal tubes, while the most common and
feared complications are not relevant here as the subglottic area is not involved when it
comes to the tracheostomy tubes. Especially for children on long-term mechanical ventila-
tion, there is generally no proven reason to avoid cuffed tracheostomy tubes in any age
group. However, uncuffed tracheostomy tubes still might have their place in some patients
during the weaning from the mechanical ventilation or in some spontaneously breathing
patients before tracheostomy extubation.

8. Cuff-Related Complications

One of the most feared yet never EBM-proven complications of the cuffed tube is con-
sidered the subglottic laryngeal edema, with a postextubation stridor that could ultimately
lead to laryngeal stenosis formation. Postextubation stridor (PES) is strongly associated
with airway-related morbidity and even mortality in pediatric anesthesiology and the
pediatric intensive care unit (PICU) [69]. The reported incidence of PES in PICU settings
is between 6 and 30% [70-72]. The risk factors for PES development have been identified
as the length of intubation and size of the tube, but not the cuff itself [6,14,69,71,72]. The
safety factor seems to be the proper intracuff management and limiting the pressure to
<20 cm HyO [26], ideally to the minimal pressure needed for a proper seal of the system
(<15 em H,O for Microcuff® tubes seems to be sufficient) [73]. Without quantitative in-
tracuff pressure monitoring, pressure over 90 cm H,O had been frequently detected [74,75].
Due to the high incidence of PES, routine prophylactic corticosteroid pretreatment had
been adopted in many PICUs and anesthesiology departments prior to extubation with
a proven positive effect on PES reduction [76]. The ultrasound evaluation of air column
width before and after cuff deflation may be used in the prediction of PES, as it showed
high accuracy [77]. In the prediction of PES, this suggests possible superiority in compar-
ison with the traditionally used cuff-leak test and may be beneficial to use especially in
children with laryngeal edema [39]. When considering the most feared subglottic stenosis
formation, the reported incidence varies between 0.25 and 11% of intubated patients in
PICU/NICU [67,78-80], with no association with cuffed tubes [68,81,82]. The risk factors
for subglottic stenosis are in majority also risk factors for PES development: multiple
intubation attempts, oversized tracheal tube, duration of mechanical ventilation and low
birth weight [8,79,82,83]. In anesthesia and especially emergency airway management,
several complications might occur. The most common and serious complication is hypoxia,
followed by cardiac dysrhythmias or even cardiac arrest, minor adverse events include
dental or mucosal trauma, etc. It has been described that all these adverse events go hand
in hand with repeated intubation attempts or the need for reintubation [84], caused by
inappropriate tube size or tube misplacement [85]. As the incidence of both, misplacement
and high air leak with a need to reintubate is lower in cuffed tubes [3], the use of cuffed
tubes might prevent complications associated with emergency airway management.
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9. Optimal Pediatric Airway Management

Culff itself is only one part of the optimal airway management. The superior safety
aspects of the cuffed tubes were already described. However, several important aspects of
airway management partake in the overall airway-related morbidity and mortality. The
complex airway management should be stepwise and should include monitoring of vital
signs, securing a functional intravenous line, proper head position, functional suction,
preoxygenation, and pharmacology-induced sedation (anesthesia induction). In the case
of tracheal intubation (infraglottic airway device), where a tube is introduced through
rima glottidis (between vocal cords), the neuromuscular blocking agents have been used in
adult patients to achieve the laryngeal muscle and vocal cords paralysis. Muscle relaxants
in pediatric anesthesia are being used less often compared to adults [86,87]. This could be
partially explained by the excessive use of supraglottic devices—laryngeal masks. Although
tracheal intubation is possible in deep sedation (without muscle relaxants) [88-90], muscle
relaxation is associated with superior conditions for intubations and better laryngeal
view [91]. Despite described benefits, tracheal intubation is often performed without
muscle relaxation [92], although a high center and regional variability is described. Only
complex optimal and standardized airway management in adult and pediatric patients
could further decrease the overall airway-related morbidity and mortality, not the cuffed
tubes alone.

10. EBM View and Future Perspectives

Cuffed tubes have superior clinical performance with comparable or even lower in-
cidence of complications [7,93]. It can be safely preferred in all pediatric patients after
considering the outer and inner diameters of the selected cuffed tube. Further develop-
ment should decrease the limit for safe use of cuffed tubes also in low birth weight or
extremely low birth weight neonates. Despite almost two decades of cuffed tracheal tubes
implementation in the anesthesiology and intensive care clinical practice, high-quality EBM
data analyzing their long-term use (or the long-term use of cuffed tracheostomy tubes)
are still missing. Although strictly recommended to monitor the intracuff pressure and to
maintain the cuff pressure below 20 cm H;O, the lower intracuff safety pressure limit has
not been set. The minimal intracuff pressure could however lead to an increased incidence
of regurgitation/aspiration and VAP development. Polyurethane seems to be a material
superior to PVC for the cuff; however, tube or cuff coating with silver [94], antibiotics [95]
or even nanomaterials to decrease the biofilm formation and VAP incidence could be the
source for further tracheal tube research in the future.

11. Conclusions

Cuffs have solved many technical problems associated with the uncuffed tubes such
as high leak, higher exchange rate, non-accurate capnography or spirometry measure-
ments. Cuffed tubes are being used more and more often in pediatric anesthesiology. The
change is much slower in PICUs/NICUs and the emergency department, where tradition
is sometimes preventing wider use of cuffed tubes in these settings. According to the EBM
data, if properly used, cuff tracheal tubes could/should be the preferred choice for airway
management in all pediatric patients and settings, currently with an exception of neonates
with an actual body weight below 2700 g. However, in the near future, a cuffed tube
size of 2.5 could decrease this limit even further. Currently, no data support the original
idea of higher safety of the uncuffed tubes compared to the cuffed ones. The safety issues
of the cuffed tubes are directly associated with a proper intracuff pressure management
(<20 cm H,0).



Children 2022, 9, 1490 90f 12

Author Contributions: E.K., M.K. (Milan Kratochvil), ] K., TM., V.V,, T.S., M.K. (Martina Kosinova),
J.D., PH. and PS.; writing—original draft preparation M.K. (Milan Kratochvil), ] K., EK,, TM,, TS,,
M.K. (Martina Kosinova), ].D. and PS.; writing—review and editing, PS.; supervision, J.K.; project
administration; J.K., M.K. (Martina Kosinova) and P.S.; funding acquisition. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was supported by MH CZ—DRO (FNBz, 65269705) and Ministry of Education
CZ—Specific University Research: MUNI/A /1166/2021, MUNI/A /1178 /2021.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Eckenhoff, ].E. Some Anatomic Considerations of the Infant Larynx Influencing Endotracheal Anesthesia. Anesthesiology 1951,
12, 401-410. [CrossRef] [PubMed]

2. Motoyama, E.K. The Shape of the Pediatric Larynx: Cylindrical or Funnel Shaped? Anesth. Analg. 2009, 108, 1379-1381. [CrossRef]

3.  Tobias, ].D. Pediatric Airway Anatomy May Not Be What We Thought: Implications for Clinical Practice and the Use of Cuffed
Endotracheal Tubes. Pediatr. Anesth. 2015, 25, 9-19. [CrossRef] [PubMed]

4. Weiss, M.; Dullenkopf, A. Cuffed Tracheal Tubes in Children: Past, Present and Future. Expert Rev. Med. Devices 2007, 4, 73-82.
[CrossRef]

5. Chambers, N.A.; Ramgolam, A.; Sommerfield, D.; Zhang, G.; Ledowski, T.; Thurm, M.; Lethbridge, M.; Hegarty, M.;
von Ungern-Sternberg, B.S. Cuffed vs. Uncuffed Tracheal Tubes in Children: A Randomised Controlled Trial Comparing Leak,
Tidal Volume and Complications. Anaesthesia 2018, 73, 160-168. [CrossRef]

6. Weiss, M.; Dullenkopf, A.; Fischer, J.E.; Keller, C.; Gerber, A.C.; European Paediatric Endotracheal Intubation Study Group.
Prospective Randomized Controlled Multi-Centre Trial of Cuffed or Uncuffed Endotracheal Tubes in Small Children. Br. .
Anaesth. 2009, 103, 867-873. [CrossRef]

7. Chen, L.;; Zhang, J.; Pan, G.; Li, X.; Shi, T.; He, W. Cuffed Versus Uncuffed Endotracheal Tubes in Pediatrics: A Meta-Analysis.
Open Med. Wars. Pol. 2018, 13, 366-373. [CrossRef]

8.  Shah, A; Carlisle, J.B. Cuffed Tracheal Tubes: Guilty Now Proven Innocent. Anaesthesia 2019, 74, 1186-1190. [CrossRef] [PubMed]

9. Litman, R.S.; Weissend, E.E.; Shibata, D.; Westesson, P.-L. Developmental Changes of Laryngeal Dimensions in Unparalyzed,
Sedated Children. Anesthesiology 2003, 98, 41-45. [CrossRef]

10. Wani, TM.,; Rafiq, M.; Akhter, N.; AlGhamdi, ES.; Tobias, ].D. Upper Airway in Infants-a Computed Tomography-Based Analysis.
Paediatr. Anaesth. 2017, 27, 501-505. [CrossRef]

11.  Mizuguchi, S.; Motomura, Y.; Maki, J.; Baba, R.; Ichimiya, Y.; Tokuda, K.; Kaku, N.; Takada, H.; Maehara, Y.; Ohga, S. Tracheal
Size and Morphology on the Reconstructed CT Imaging. Pediatr. Crit. Care Med. 2019, 20, e366—e371. [CrossRef] [PubMed]

12. Thomas, R.E.; Rao, S.C.; Minutillo, C.; Hullett, B.; Bulsara, M.K. Cuffed Endotracheal Tubes in Infants Less than 3 kg: A
Retrospective Cohort Study. Pediatr. Anesth. 2018, 28, 204-209. [CrossRef] [PubMed]

13.  Dorsey, D.P; Bowman, S.M.; Klein, M.B.; Archer, D.; Sharar, S.R. Perioperative Use of Cuffed Endotracheal Tubes Is Advantageous
in Young Pediatric Burn Patients. Burns 2010, 36, 856-860. [CrossRef] [PubMed]

14. Khine, H.H.; Corddry, D.H.; Kettrick, R.G.; Martin, T.M.; McCloskey, ].].; Rose, ].B.; Theroux, M.C.; Zagnoev, M. Comparison
of Cuffed and Uncuffed Endotracheal Tubes in Young Children during General Anesthesia. Anesthesiology 1997, 86, 627-631.
[CrossRef] [PubMed]

15.  Dullenkopf, A.; Gerber, A.C.; Weiss, M. Fit and Seal Characteristics of a New Paediatric Tracheal Tube with High Volume-Low
Pressure Polyurethane Cuff. Acta Anaesthesiol. Scand. 2005, 49, 232-237. [CrossRef] [PubMed]

16. Salgo, B.; Schmitz, A.; Henze, G.; Stutz, K.; Dullenkopf, A.; Neff, S.; Gerber, A.C.; Weiss, M. Evaluation of a New Recommendation
for Improved Cuffed Tracheal Tube Size Selection in Infants and Small Children. Acta Anaesthesiol. Scand. 2006, 50, 557-561.
[CrossRef] [PubMed]

17.  Eschertzhuber, S.; Salgo, B.; Schmitz, A.; Roth, W.; Frotzler, A.; Keller, C.H.; Gerber, A.C.; Weiss, M. Cuffed Endotracheal Tubes
in Children Reduce Sevoflurane and Medical Gas Consumption and Related Costs. Acta Anaesthesiol. Scand. 2010, 54, 855-858.
[CrossRef]

18.  Murat, I. Cuffed Tubes in Children: A 3-Year Experience in a Single Institution. Paediatr. Anaesth. 2001, 11, 748-749. [CrossRef]

19. Thomas, R.E.; Erickson, S.; Hullett, B.; Minutillo, C.; Lethbridge, M.; Vijayasekaran, S.; Agrawal, S.; Bulsara, M.K.; Rao, S.C.
Comparison of the Efficacy and Safety of Cuffed versus Uncuffed Endotracheal Tubes for Infants in the Intensive Care Setting: A
Pilot, Unblinded RCT. Arch. Dis. Child.-Fetal Neonatal Ed. 2021, 106, 614—620. [CrossRef]

20. Thomas, R.; Rao, S.; Minutillo, C. Cuffed Endotracheal Tubes in Neonates and Infants: A Survey of Practice. Arch. Dis. Child. Fetal

Neonatal Ed. 2016, 101, F181-F182. [CrossRef]


http://doi.org/10.1097/00000542-195107000-00001
http://www.ncbi.nlm.nih.gov/pubmed/14847223
http://doi.org/10.1213/ane.0b013e31819ed494
http://doi.org/10.1111/pan.12528
http://www.ncbi.nlm.nih.gov/pubmed/25243638
http://doi.org/10.1586/17434440.4.1.73
http://doi.org/10.1111/anae.14113
http://doi.org/10.1093/bja/aep290
http://doi.org/10.1515/med-2018-0055
http://doi.org/10.1111/anae.14787
http://www.ncbi.nlm.nih.gov/pubmed/31313280
http://doi.org/10.1097/00000542-200301000-00010
http://doi.org/10.1111/pan.13126
http://doi.org/10.1097/PCC.0000000000001996
http://www.ncbi.nlm.nih.gov/pubmed/31162371
http://doi.org/10.1111/pan.13311
http://www.ncbi.nlm.nih.gov/pubmed/29315968
http://doi.org/10.1016/j.burns.2009.11.011
http://www.ncbi.nlm.nih.gov/pubmed/20071090
http://doi.org/10.1097/00000542-199703000-00015
http://www.ncbi.nlm.nih.gov/pubmed/9066329
http://doi.org/10.1111/j.1399-6576.2005.00599.x
http://www.ncbi.nlm.nih.gov/pubmed/15715626
http://doi.org/10.1111/j.1399-6576.2006.01003.x
http://www.ncbi.nlm.nih.gov/pubmed/16643224
http://doi.org/10.1111/j.1399-6576.2010.02261.x
http://doi.org/10.1046/j.1460-9592.2001.0774d.x
http://doi.org/10.1136/archdischild-2020-320764
http://doi.org/10.1136/archdischild-2015-309241

Children 2022, 9, 1490 10 of 12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Flynn, PE.; Black, A.E.; Mitchell, V. The Use of Cuffed Tracheal Tubes for Paediatric Tracheal Intubation, a Survey of Specialist
Practice in the United Kingdom. Eur. |. Anaesthesiol. 2008, 25, 685—-688. [CrossRef]

Nishisaki, A.; Turner, D.A.; Brown, C.A.; Walls, RM.; Nadkarni, VM.; National Emergency Airway Registry for Children
(NEAR4KIDS); Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) Network. A National Emergency Airway Registry
for Children: Landscape of Tracheal Intubation in 15 PICUs. Crit. Care Med. 2013, 41, 874-885. [CrossRef] [PubMed]

Rodrigues, ].P.B.B.; Bacci, S.L.L.D.S.; Pereira, ].M.; Johnston, C.; Azevedo, VM.G.O. Frequency and Characterization of the Use
of Cuffed Tracheal Tubes in Neonatal and Pediatric Intensive Care Units in Brazil. Rev. Bras. Ter. Intensiva 2020, 32. [CrossRef]
[PubMed]

Van de Voorde, P; Turner, N.M.; Djakow, J.; de Lucas, N.; Martinez-Mejias, A.; Biarent, D.; Bingham, R.; Brissaud, O.; Hoffmann,
F.; Johannesdottir, G.B.; et al. Paediatric Life Support. Notf. Rettungsmed. 2021, 24, 650-719. [CrossRef]

Matava, C.T.; Kovatsis, P.G.; Lee, ] K.; Castro, P; Denning, S.; Yu, J.; Park, R.; Lockman, J.L.; Von Ungern-Sternberg, B.; Sabato, S.;
et al. Pediatric Airway Management in COVID-19 Patients: Consensus Guidelines from the Society for Pediatric Anesthesia’s
Pediatric Difficult Intubation Collaborative and the Canadian Pediatric Anesthesia Society. Anesth. Analg. 2020, 131, 61-73.
[CrossRef]

Kneyber, M.C].; de Luca, D.; Calderini, E.; Jarreau, P-H.; Javouhey, E.; Lopez-Herce, ].; Hammer, J.; Macrae, D.; Markhorst, D.G;
Medina, A.; et al. Recommendations for Mechanical Ventilation of Critically Ill Children from the Paediatric Mechanical
Ventilation Consensus Conference (PEMVECC). Intensive Care Med. 2017, 43, 1764-1780. [CrossRef] [PubMed]

Bailey, C.R. Time to Stop Using Uncuffed Tracheal Tubes in Children? Anaesthesia 2018, 73, 147-150. [CrossRef]

Weiss, M.; Dullenkopf, A.; Gerber, A.C. Microcuff pediatric tracheal tube. A new tracheal tube with a high volume-low pressure
cuff for children. Anaesthesist 2004, 53, 73-79. [CrossRef]

Weiss, M.; Gerber, A.C.; Dullenkopf, A. Appropriate Placement of Intubation Depth Marks in a New Cuffed Paediatric Tracheal
Tube. Br. J. Anaesth. 2005, 94, 80-87. [CrossRef]

Talekar, C.R.; Udy, A.A ; Boots, RJ.; Lipman, J.; Cook, D. Tracheal Cuff Pressure Monitoring in the ICU: A Literature Review and
Survey of Current Practice in Queensland. Anaesth. Intensive Care 2014, 42, 761-770. [CrossRef]

Efrati, S.; Bolotin, G.; Levi, L.; Zaaroor, M.; Guralnik, L.; Weksler, N.; Levinger, U.; Soroksky, A.; Denman, W.T.; Gurman, G.M.
Optimization of Endotracheal Tube Cuff Pressure by Monitoring CO, Levels in the Subglottic Space in Mechanically Ventilated
Patients: A Randomized Controlled Trial. Anesth. Analg. 2017, 125, 1309-1315. [CrossRef] [PubMed]

Cole, E. Pediatric Formulas for the Anesthesiologist. AMA Am. |. Dis. Child. 1957, 94, 672—-673. [CrossRef] [PubMed]
Motoyama: Smith’s Anesthesia for Infants and Children. Available online: https://scholar.google.com/scholar_lookup?title=
Smith%E2%80%99s+Anesthesia+for+Infants+and+Children&author=EK+Motoyamaé&publication_year=2006&#d=gs_cit&t=
1655893791867 &u="%2Fscholar%3Fq%3Dinfo%3AEaqV7urwcwk]%3Ascholar.google.com%2F%26output%3Dcite%26scirp%
3D0%26h1%3Dcs (accessed on 22 June 2022).

Bae, ].-Y,; Byon, H.-J.; Han, S.-S.; Kim, H.-S.; Kim, ].-T. Usefulness of Ultrasound for Selecting a Correctly Sized Uncuffed Tracheal
Tube for Paediatric Patients. Anaesthesia 2011, 66, 994-998. [CrossRef] [PubMed]

Shibasaki, M.; Nakajima, Y.; Ishii, S.; Shimizu, F; Shime, N.; Sessler, D.I. Prediction of Pediatric Endotracheal Tube Size by
Ultrasonography. Anesthesiology 2010, 113, 819-824. [CrossRef] [PubMed]

Schramm, C.; Knop, J.; Jensen, K.; Plaschke, K. Role of Ultrasound Compared to Age-Related Formulas for Uncuffed Endotracheal
Intubation in a Pediatric Population. Pediatr. Anesth. 2012, 22, 781-786. [CrossRef] [PubMed]

Ekor, O.E,; Olatosi, ].O.; Rotimi, M.K,; Dada, O.1.O.; Awodesu, T.; Menkiti, D.I; Olowoyeye, O.A. Airway Ultrasound Predicts
Endotracheal Tube Size More Accurately than Cole’s Age-Based Formula in Paediatric Patients. S. Afr. . Anaesth. Analg. 2022,
28, 99-103. [CrossRef]

Raphael, P.O.; Thasim, E.; Simon, B.P.; Rajagopal, P. Comparative Study on Prediction of Paediatric Endotracheal Tube Size by
Ultrasonography and by Age Based Formulas. Int. . Res. Med. Sci. 2017, 4, 2528-2532. [CrossRef]

Adler, A.C,; Siddiqui, A.; Chandrakantan, A.; Matava, C.T. Lung and Airway Ultrasound in Pediatric Anesthesia. Paediatr.
Anaesth. 2022, 32, 202-208. [CrossRef]

Tessaro, M.O.; Salant, E.P; Arroyo, A.C.; Haines, L.E.; Dickman, E. Tracheal Rapid Ultrasound Saline Test (T.R.U.S.T.) for
Confirming Correct Endotracheal Tube Depth in Children. Resuscitation 2015, 89, 8-12. [CrossRef]

Litman, R.S.; Maxwell, L.G. Cuffed versus Uncuffed Endotracheal Tubes in Pediatric Anesthesia: The Debate Should Finally End.
Anesthesiology 2013, 118, 500-501. [CrossRef]

Sathyamoorthy, M.; Lerman, J.; Okhomina, V.I.; Penman, A.D. Use of Cuffed Tracheal Tubes in Neonates, Infants and Children: A
Practice Survey of Members of the Society of Pediatric Anesthesia. J. Clin. Anesth. 2016, 33, 266-272. [CrossRef] [PubMed]
Calder, A.; Hegarty, M.; Erb, T.O.; von Ungern-Sternberg, B.S. Predictors of Postoperative Sore Throat in Intubated Children.
Paediatr. Anaesth. 2012, 22, 239-243. [CrossRef] [PubMed]

Shi, E; Xiao, Y.; Xiong, W.; Zhou, Q.; Huang, X. Cuffed versus Uncuffed Endotracheal Tubes in Children: A Meta-Analysis. .
Anesth. 2016, 30, 3-11. [CrossRef] [PubMed]

Foley, L.J.; Urdaneta, E; Berkow, L.; Aziz, M.F; Baker, PA.; Jagannathan, N.; Rosenblatt, W.; Straker, TM.; Wong, D.T,;
Hagberg, C.A. Difficult Airway Management in Adult Coronavirus Disease 2019 Patients: Statement by the Society of Airway
Management. Anesth. Analg. 2021, 133, 876-890. [CrossRef]


http://doi.org/10.1017/S0265021508003839
http://doi.org/10.1097/CCM.0b013e3182746736
http://www.ncbi.nlm.nih.gov/pubmed/23328260
http://doi.org/10.5935/0103-507X.20200038
http://www.ncbi.nlm.nih.gov/pubmed/32667452
http://doi.org/10.1007/s10049-021-00887-9
http://doi.org/10.1213/ANE.0000000000004872
http://doi.org/10.1007/s00134-017-4920-z
http://www.ncbi.nlm.nih.gov/pubmed/28936698
http://doi.org/10.1111/anae.14163
http://doi.org/10.1007/s00101-003-0604-x
http://doi.org/10.1093/bja/aeh294
http://doi.org/10.1177/0310057X1404200612
http://doi.org/10.1213/ANE.0000000000002358
http://www.ncbi.nlm.nih.gov/pubmed/28787340
http://doi.org/10.1001/archpedi.1957.04030070084009
http://www.ncbi.nlm.nih.gov/pubmed/13478300
https://scholar.google.com/scholar_lookup?title=Smith%E2%80%99s+Anesthesia+for+Infants+and+Children&author=EK+Motoyama&publication_year=2006&#d=gs_cit&t=1655893791867&u=%2Fscholar%3Fq%3Dinfo%3AEaqV7urwcwkJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Dcs
https://scholar.google.com/scholar_lookup?title=Smith%E2%80%99s+Anesthesia+for+Infants+and+Children&author=EK+Motoyama&publication_year=2006&#d=gs_cit&t=1655893791867&u=%2Fscholar%3Fq%3Dinfo%3AEaqV7urwcwkJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Dcs
https://scholar.google.com/scholar_lookup?title=Smith%E2%80%99s+Anesthesia+for+Infants+and+Children&author=EK+Motoyama&publication_year=2006&#d=gs_cit&t=1655893791867&u=%2Fscholar%3Fq%3Dinfo%3AEaqV7urwcwkJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Dcs
https://scholar.google.com/scholar_lookup?title=Smith%E2%80%99s+Anesthesia+for+Infants+and+Children&author=EK+Motoyama&publication_year=2006&#d=gs_cit&t=1655893791867&u=%2Fscholar%3Fq%3Dinfo%3AEaqV7urwcwkJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Dcs
http://doi.org/10.1111/j.1365-2044.2011.06900.x
http://www.ncbi.nlm.nih.gov/pubmed/21933159
http://doi.org/10.1097/ALN.0b013e3181ef6757
http://www.ncbi.nlm.nih.gov/pubmed/20808208
http://doi.org/10.1111/j.1460-9592.2012.03889.x
http://www.ncbi.nlm.nih.gov/pubmed/22612446
http://doi.org/10.36303/SAJAA.2022.28.3.2707
http://doi.org/10.18203/2320-6012.ijrms20161889
http://doi.org/10.1111/pan.14337
http://doi.org/10.1016/j.resuscitation.2014.08.033
http://doi.org/10.1097/ALN.0b013e318282cc8f
http://doi.org/10.1016/j.jclinane.2016.03.013
http://www.ncbi.nlm.nih.gov/pubmed/27555176
http://doi.org/10.1111/j.1460-9592.2011.03727.x
http://www.ncbi.nlm.nih.gov/pubmed/22066487
http://doi.org/10.1007/s00540-015-2062-4
http://www.ncbi.nlm.nih.gov/pubmed/26296534
http://doi.org/10.1213/ANE.0000000000005554

Children 2022, 9, 1490 11 of 12

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Zander, D.; Grass, B.; Weiss, M.; Buehler, PK.; Schmitz, A. Cuffed Endotracheal Tubes in Neonates and Infants of Less than 3 Kg
Body Weight—A Retrospective Audit. Pediatr. Anesth. 2021, 31, 604-610. [CrossRef]

Fischer, M.; Grass, B.; Kemper, M.; Weiss, M.; Dave, M.H. Cuffed Pediatric Endotracheal Tubes—Outer Cuff Diameters Compared
to Age-related Airway Dimensions. Pediatr. Anesth. 2020, 30, 424-434. [CrossRef]

Sun, X.-L.; Li, J.; Wang, Z.-Y,; Li, M.-Y.; Duan, W.; Wu, N,; Yang, O. Reinforced Laryngeal Mask in Pediatric Laparoscopic Surgery.
J. Coll. Physicians Surg. 2019, 29, 915-918. [CrossRef]

Greif, R.; Theiler, L. The Use of Supraglottic Airway Devices in Pediatric Laparoscopic Surgery. Minerva Anestesiol. 2010,
76, 575-576.

Thomas-Kattappurathu, G.; Kasisomayajula, A.; Short, J. Best Position and Depth of Anaesthesia for Laryngeal Mask Airway
Removal in Children: A Randomised Controlled Trial. Eur. ]. Anaesthesiol. 2015, 32, 624-630. [CrossRef]

Sharma, B.; Sood, J.; Sehgal, R.; Sahai, C.; Gera, A. ProSeal Laryngeal Mask AirwayTM Insertion in the Prone Position: Optimal
Utilization of Operation Theatre Personnel and Time? J. Anaesthesiol. Clin. Pharmacol. 2014, 30, 177-182. [CrossRef]

Klucka, J.; Stourag, P; Stoudek, R.; Toukalkova, M.; Harazim, H.; Kosinova, M. Controversies in Pediatric Perioperative Airways.
BioMed Res. Int. 2015, 2015, 368761. [CrossRef] [PubMed]

Patki, A. Laryngeal Mask Airway vs. the Endotracheal Tube in Paediatric Airway Management: A Meta-Analysis of Prospective
Randomised Controlled Trials. Indian ]. Anaesth. 2011, 55, 537-541. [CrossRef] [PubMed]

Klucka, J.; éenkyfﬂ(, J.; Skotakova, J.; Stoudek, R.; Toukalkova, M.; K¥ikava, I.; Marecek, L.; Pavlik, T.; Stouracova, A.; Stourag, P.
Laryngeal Mask Airway Unique™ Position in Paediatric Patients Undergoing Magnetic Resonance Imaging (MRI): Prospective
Observational Study. BMC Anesthesiol. 2018, 18, 153. [CrossRef] [PubMed]

Jensen, L.L.; Baratt-Due, A.; Englund, PN.; Harju, J.A.; Sigurdsson, T.S.; Liberg, J.-P. Paediatric Ventilation Treatment of Acute
Lung Injury in Nordic Intensive Care Units. Acta Anaesthesiol. Scand. 2015, 59, 568-575. [CrossRef]

Kollef, M.H. What Is Ventilator-Associated Pneumonia and Why Is It Important? Respir. Care 2005, 50, 714-721;
discussion 721-724.

Zolfaghari, P.S.; Wyncoll, D.L.A. The Tracheal Tube: Gateway to Ventilator-Associated Pneumonia. Crit. Care 2011, 15, 310.
[CrossRef]

Muscedere, ].G.; Martin, C.M.; Heyland, D.K. The Impact of Ventilator-Associated Pneumonia on the Canadian Health Care
System. J. Crit. Care 2008, 23, 5-10. [CrossRef]

Warren, D.K.; Shukla, S.J.; Olsen, M.A.; Kollef, M.H.; Hollenbeak, C.S.; Cox, M.]J.; Cohen, M.M.; Fraser, V.J. Outcome and
Attributable Cost of Ventilator-Associated Pneumonia among Intensive Care Unit Patients in a Suburban Medical Center. Crit.
Care Med. 2003, 31, 1312-1317. [CrossRef]

Safdar, N.; Dezfulian, C.; Collard, H.R.; Saint, S. Clinical and Economic Consequences of Ventilator-Associated Pneumonia: A
Systematic Review. Crit. Care Med. 2005, 33, 2184-2193. [CrossRef]

Niederman, M.S. The Clinical Diagnosis of Ventilator-Associated Pneumonia. Respir. Care 2005, 50, 788-796; discussion 807-812.
Rello, J.; Sofiora, R.; Jubert, P; Artigas, A.; Rué, M.; Vallés, J. Pneumonia in Intubated Patients: Role of Respiratory Airway Care.
Am. ]. Respir. Crit. Care Med. 1996, 154, 111-115. [CrossRef] [PubMed]

Charles, M.P; Kali, A.; Easow, ].M.; Joseph, N.M.; Ravishankar, M.; Srinivasan, S.; Kumar, S.; Umadevi, S. Ventilator-Associated
Pneumonia. Australas. Med. . 2014, 7, 334-344. [CrossRef] [PubMed]

Pitts, R.; Fisher, D.; Sulemanji, D.; Kratohvil, J.; Jiang, Y.; Kacmarek, R. Variables Affecting Leakage Past Endotracheal Tube Cuffs:
A Bench Study. Intensive Care Med. 2010, 36, 2066-2073. [CrossRef] [PubMed]

Young, PJ.; Pakeerathan, S.; Blunt, M.C.; Subramanya, S. A Low-Volume, Low-Pressure Tracheal Tube Cuff Reduces Pulmonary
Aspiration. Crit. Care Med. 2006, 34, 632—639. [CrossRef] [PubMed]

Dullenkopf, A.; Gerber, A.; Weiss, M. Fluid Leakage Past Tracheal Tube Cuffs: Evaluation of the New Microcuff Endotracheal
Tube. Intensive Care Med. 2003, 29, 1849-1853. [CrossRef] [PubMed]

Greaney, D.; Russell, ].; Dawkins, I.; Healy, M. A Retrospective Observational Study of Acquired Subglottic Stenosis Using
Low-Pressure, High-Volume Cuffed Endotracheal Tubes. Paediatr. Anaesth. 2018, 28, 1136-1141. [CrossRef]

Higgins, K.M.; Punthakee, X. Meta-Analysis Comparison of Open versus Percutaneous Tracheostomy. Laryngoscope 2007,
117, 447-454. [CrossRef]

Schneider, J.; Mulale, U.; Yamout, S.; Pollard, S.; Silver, P. Impact of Monitoring Endotracheal Tube Cuff Leak Pressure on
Postextubation Stridor in Children. J. Crit. Care 2016, 36, 173-177. [CrossRef]

Tellez, D.W.; Galvis, A.G.; Storgion, S.A.; Amer, H.N.; Hoseyni, M.; Deakers, T.W. Dexamethasone in the Prevention of
Postextubation Stridor in Children. J. Pediatr. 1991, 118, 289-294. [CrossRef]

Deakers, T.W.; Reynolds, G.; Stretton, M.; Newth, C.J. Cuffed Endotracheal Tubes in Pediatric Intensive Care. J. Pediatr. 1994,
125, 57-62. [CrossRef]

Newth, C.]J.L.; Rachman, B.; Patel, N.; Hammer, J. The Use of Cuffed versus Uncuffed Endotracheal Tubes in Pediatric Intensive
Care. |. Pediatr. 2004, 144, 333-337. [CrossRef] [PubMed]

Harless, J.; Ramaiah, R.; Bhananker, S.M. Pediatric Airway Management. Int. J. Crit. Illn. Inj. Sci. 2014, 4, 65-70. [CrossRef]
[PubMed]

Hoffman, R.J.; Parwani, V.; Hahn, I.-H. Experienced Emergency Medicine Physicians Cannot Safely Inflate or Estimate Endotra-
cheal Tube Cuff Pressure Using Standard Techniques. Am. |. Emerg. Med. 2006, 24, 139-143. [CrossRef]


http://doi.org/10.1111/pan.14104
http://doi.org/10.1111/pan.13776
http://doi.org/10.29271/jcpsp.2019.10.915
http://doi.org/10.1097/EJA.0000000000000286
http://doi.org/10.4103/0970-9185.130005
http://doi.org/10.1155/2015/368761
http://www.ncbi.nlm.nih.gov/pubmed/26759809
http://doi.org/10.4103/0019-5049.89900
http://www.ncbi.nlm.nih.gov/pubmed/22174478
http://doi.org/10.1186/s12871-018-0617-2
http://www.ncbi.nlm.nih.gov/pubmed/30355285
http://doi.org/10.1111/aas.12500
http://doi.org/10.1186/cc10352
http://doi.org/10.1016/j.jcrc.2007.11.012
http://doi.org/10.1097/01.CCM.0000063087.93157.06
http://doi.org/10.1097/01.CCM.0000181731.53912.D9
http://doi.org/10.1164/ajrccm.154.1.8680665
http://www.ncbi.nlm.nih.gov/pubmed/8680665
http://doi.org/10.4066/AMJ.2014.2105
http://www.ncbi.nlm.nih.gov/pubmed/25279009
http://doi.org/10.1007/s00134-010-2048-5
http://www.ncbi.nlm.nih.gov/pubmed/20852839
http://doi.org/10.1097/01.CCM.0000201406.57821.5B
http://www.ncbi.nlm.nih.gov/pubmed/16505646
http://doi.org/10.1007/s00134-003-1933-6
http://www.ncbi.nlm.nih.gov/pubmed/12923620
http://doi.org/10.1111/pan.13519
http://doi.org/10.1097/01.mlg.0000251585.31778.c9
http://doi.org/10.1016/j.jcrc.2016.06.033
http://doi.org/10.1016/S0022-3476(05)80505-0
http://doi.org/10.1016/S0022-3476(94)70121-0
http://doi.org/10.1016/j.jpeds.2003.12.018
http://www.ncbi.nlm.nih.gov/pubmed/15001938
http://doi.org/10.4103/2229-5151.128015
http://www.ncbi.nlm.nih.gov/pubmed/24741500
http://doi.org/10.1016/j.ajem.2005.07.016

Children 2022, 9, 1490 12 0of 12

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

Felten, M.-L.; Schmautz, E.; Delaporte-Cerceau, S.; Orliaguet, G.A.; Carli, P.A. Endotracheal Tube Cuff Pressure Is Unpredictable
in Children. Anesth. Analg. 2003, 97, 1612-1616. [CrossRef] [PubMed]

Khemani, R.G.; Randolph, A.; Markovitz, B. Corticosteroids for the Prevention and Treatment of Post-Extubation Stridor in
Neonates, Children and Adults. Cochrane Database Syst. Rev. 2009, 3, CD001000. [CrossRef] [PubMed]

Venkategowda, PM.; Mahendrakar, K.; Rao, S.M.; Mutkule, D.P,; Shirodkar, C.G.; Yogesh, H. Laryngeal Air Column Width Ratio
in Predicting Post Extubation Stridor. Indian J. Crit. Care Med. Peer-Rev. Off. Publ. Indian Soc. Crit. Care Med. 2015, 19, 170-173.
[CrossRef]

Walner, D.L.; Loewen, M.S.; Kimura, R.E. Neonatal Subglottic Stenosis—Incidence and Trends. Laryngoscope 2001, 111, 48-51.
[CrossRef]

Dankle, S.K.; Schuller, D.E.; McClead, R.E. Risk Factors for Neonatal Acquired Subglottic Stenosis. Ann. Otol. Rhinol. Laryngol.
1986, 95, 626—630. [CrossRef]

Kruse, K.E.; Purohit, PJ.; Cadman, C.R.; Su, F.; Aghaeepour, N.; Hammer, G.B. Subglottic Stenosis Following Cardiac Surgery
with Cardiopulmonary Bypass in Infants and Children. Pediatr. Crit. Care Med. ]. Soc. Crit. Care Med. World Fed. Pediatr. Intensive
Crit. Care Soc. 2017, 18, 429-433. [CrossRef]

Manica, D.; Schweiger, C.; Maroéstica, P.J.C.; Kuhl, G.; Carvalho, PR.A. Association between Length of Intubation and Subglottic
Stenosis in Children. Laryngoscope 2013, 123, 1049-1054. [CrossRef]

Schweiger, C.; Marostica, PJ.C.; Smith, M.M.; Manica, D.; Carvalho, PR.A.; Kuhl, G. Incidence of Post-Intubation Subglottic
Stenosis in Children: Prospective Study. J. Laryngol. Otol. 2013, 127, 399—-403. [CrossRef] [PubMed]

Thomas, R.E.; Rao, S.C.; Minutillo, C.; Vijayasekaran, S.; Nathan, E.A. Severe Acquired Subglottic Stenosis in Neonatal Intensive
Care Graduates: A Case-Control Study. Arch. Dis. Child. Fetal Neonatal Ed. 2018, 103, F349-F354. [CrossRef] [PubMed]

Abid, E.S.; Miller, K.A.; Monuteaux, M.C.; Nagler, J. Association between the Number of Endotracheal Intubation Attempts and
Rates of Adverse Events in a Paediatric Emergency Department. Emerg. Med. ]. 2022, 39, 601-607. [CrossRef]

Rost, E; Donaubauer, B.; Kirsten, H.; Schwarz, T.; Zimmermann, P.; Siekmeyer, M.; Grife, D.; Ebel, S.; Kleber, C.; Lacher, M;
et al. Tracheal Tube Misplacement after Emergency Intubation in Pediatric Trauma Patients: A Retrospective, Exploratory Study.
Children 2022, 9, 289. [CrossRef]

Meakin, G.H. Role of Muscle Relaxants in Pediatric Anesthesia. Curr. Opin. Anaesthesiol. 2007, 20, 227-231. [CrossRef]

Klutka, J.; Toukalkova, M.; K¥ikava, I.; Stoudek, R.; Klabusayov4, E.; Moravska, M.; Stouraé, P. Neuromuscular Blockade in
Clinical Practice in Paediatric Anaesthesia: Retrospective Cohort Trial in a Tertiary Paediatric Anaesthesia Centre. Available
online: https://www.signavitae.com/articles/10.22514/5V141.042018.10 (accessed on 25 August 2022).

Gupta, A.; Kaur, R,; Malhotra, R.; Kale, S. Comparative Evaluation of Different Doses of Propofol Preceded by Fentanyl on
Intubating Conditions and Pressor Response during Tracheal Intubation without Muscle Relaxants. Paediatr. Anaesth. 2006,
16, 399-405. [CrossRef]

Hanci, V.; Erdogan, G.; Okyay, R.D.; Yurtlu, B.S.; Ayoglu, H.; Baydilek, Y.; Turan, I.O. Effects of Fentanyl-Lidocaine-Propofol
and Dexmedetomidine-Lidocaine-Propofol on Tracheal Intubation without Use of Muscle Relaxants. Kaohsiung J. Med. Sci. 2010,
26, 244-250. [CrossRef]

Siddik-Sayyid, S.M.; Taha, S.K.; Kanazi, G.E.; Chehade, ].-M.A.; Zbeidy, R.A.; Al Alami, A.A.; Zahreddine, B.W.; Khatib, M.E;
Baraka, A.S.; Aouad, M.T. Excellent Intubating Conditions with Remifentanil-Propofol and Either Low-Dose Rocuronium or
Succinylcholine. Can. J. Anaesth. ]. Can. Anesth. 2009, 56, 483-488. [CrossRef]

Julien-Marsollier, E; Michelet, D.; Bellon, M.; Horlin, A.-L.; Devys, J.-M.; Dahmani, S. Muscle Relaxation for Tracheal Intubation
during Paediatric Anaesthesia: A Meta-Analysis and Trial Sequential Analysis. Eur. J. Anaesthesiol. 2017, 34, 550-561. [CrossRef]
Nauheimer, D.; Fink, H.; Fuchs-Buder, T.; Geldner, G.; Hofmockel, R.; Ulm, K.; Wallek, B.; Blobner, M. Muscle Relaxant Use
for Tracheal Intubation in Pediatric Anaesthesia: A Survey of Clinical Practice in Germany. Paediatr. Anaesth. 2009, 19, 225-231.
[CrossRef]

Tokmaji, G.; Vermeulen, H.; Miiller, M.C.; Kwakman, P.H.; Schultz, M.]J.; Zaat, S.A. Silver-coated Endotracheal Tubes for
Prevention of Ventilator-associated Pneumonia in Critically Il Patients. Cochrane Database Syst. Rev. 2015, 2015, CD009201.
[CrossRef] [PubMed]

Chen, X,; Ling, X.; Liu, G.; Xiao, J. Antimicrobial Coating: Tracheal Tube Application. Int. |. Nanomed. 2022, 17, 1483-1494.
[CrossRef] [PubMed]

De Orange, F.A.; Andrade, R.G.; Lemos, A.; Borges, P.S.; Figueiroa, ].N.; Kovatsis, P.G. Cuffed versus Uncuffed Endotracheal
Tubes for General Anaesthesia in Children Aged Eight Years and Under. Cochrane Database Syst. Rev. 2017, 2017, CD011954.
[CrossRef] [PubMed]


http://doi.org/10.1213/01.ANE.0000087882.04234.11
http://www.ncbi.nlm.nih.gov/pubmed/14633529
http://doi.org/10.1002/14651858.CD001000.pub3
http://www.ncbi.nlm.nih.gov/pubmed/19588321
http://doi.org/10.4103/0972-5229.152763
http://doi.org/10.1097/00005537-200101000-00009
http://doi.org/10.1177/000348948609500617
http://doi.org/10.1097/PCC.0000000000001125
http://doi.org/10.1002/lary.23771
http://doi.org/10.1017/S002221511300025X
http://www.ncbi.nlm.nih.gov/pubmed/23448431
http://doi.org/10.1136/archdischild-2017-312962
http://www.ncbi.nlm.nih.gov/pubmed/28866624
http://doi.org/10.1136/emermed-2021-211570
http://doi.org/10.3390/children9020289
http://doi.org/10.1097/ACO.0b013e328108f430
https://www.signavitae.com/articles/10.22514/SV141.042018.10
http://doi.org/10.1111/j.1460-9592.2005.01783.x
http://doi.org/10.1016/S1607-551X(10)70035-8
http://doi.org/10.1007/s12630-009-9106-x
http://doi.org/10.1097/EJA.0000000000000608
http://doi.org/10.1111/j.1460-9592.2008.02803.x
http://doi.org/10.1002/14651858.CD009201.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26266942
http://doi.org/10.2147/IJN.S353071
http://www.ncbi.nlm.nih.gov/pubmed/35378882
http://doi.org/10.1002/14651858.CD011954.pub2
http://www.ncbi.nlm.nih.gov/pubmed/29149469

	Introduction 
	Airway Anatomy 
	Uncuffed vs. Cuffed Tubes 
	Tube Size 
	Airway Management in Pediatric Anesthesiology 
	Airway Management in Neonatal Intensive Care (NICU) and Pediatric Intensive Care (PICU) 
	Cuffed Tracheostomy Tubes 
	Cuff-Related Complications 
	Optimal Pediatric Airway Management 
	EBM View and Future Perspectives 
	Conclusions 
	References

