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Abstract

Objective: To determine the accuracy of the recently proposed landmark-method ‘nostril-to-tragus minus 10 mm’ and compare with ERC-
recommended distances for nasopharyngeal airway length sizing in children.

Method: We conducted a prospective observational study in sedated children < 12 years. Nasopharyngeal airways were inserted following ‘nostril-
to-tragus minus 10 mm’. Primary outcome was the rate of nasopharyngeal airway tips between soft palate and epiglottis on magnetic resonance
imaging (MRI) indicated for medical reasons. An optimal placement was defined when the tip lied within 25-75% of the total soft palate-to-
epiglottis distance. Between 0—100% of this distance, placement was still considered acceptable, below 0% too proximal or above 100% too distal.
Secondary outcomes were the rate of adverse events, the qualitative positions of airway tips, and the comparison of ‘nostril-to-tragus minus 10 mm’*
with the ERC-recommended distances ‘nostril-to-angle of the mandible’ and ‘nostril-to-tragus’ with objective MRl measurements.

Results: We analysed 92 patients with a mean age of 4.3 years. Nasopharyngeal airways were optimally placed in 37.0% (8.7% too proximal-77.2%
acceptable-14.1% too distal). Three qualitative malpositions, but no airway-associated adverse event occurred. Objective measurements on MRI
revealed the probability of 40.2% optimally placed nasopharyngeal airways (5.4%—67.4%—27.2%) for ‘nostril-to-tragus minus 10 mm’, 38.0% (17.
4%—-58.7%—23.9%) for ‘nostril-to-mandible’ and 13.0% (0%—28.3%—71.7%) for ‘nostril-to-tragus’, respectively.

Conclusion: No landmark-method predicted nasopharyngeal airway position reliably. ‘Nostril-to-tragus minus 10 mm’ seems the least inaccurate
one and could be a valuable approximation until another estimation-formula proves more accurate. During insertion, careful clinical evaluation of
airway patency is crucial.
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Introduction

Children are prone to upper airway obstruction, when conscious level
and pharyngeal muscle tone are reduced due to anaesthetics, critical
iliness, or traumatic injury resulting in an increased risk of morbidity
and mortality." Nasopharyngeal airway adjuncts (NPA) can help
maintaining the airway patency by separating the soft palate from
the oropharynx when placed in the correct position.? Ideally, the
NPA tip must lie in the hypopharynx distal to the soft palate and prox-
imal to the epiglottis.>®

The 2015 European Resuscitation Council (ERC) Guidelines rec-
ommended a landmark-method for estimation of NPA length sizing
from nostril to the ipsilateral mandible (NM).* In contrast, the 2015
European Paediatric Advanced Life Support Course Manual pro-
posed the distance from nostril to tragus (NT).° In the recent 2021
ERC Paediatric Life Support guidelines the NT-distance is recom-
mended.® Both distances lack clinical evidence and have also been
proven to be different.”® Analysing objective distance measurements
on magnetic resonance imaging (MRI) scans, Johnson et al. con-
cluded that NT minus 10 mm (NT-10) would lead to a higher rate
of correct placements.® None of these measurements and distances
have been validated in a paediatric, clinical study.”

We prospectively investigated the rate of correctly placed NPA in
sedated children by MRI when applying NT-10 with the hypothesis to
be more accurate than the ERC-recommended landmark-methods.
We analysed the anatomical positions of NPA qualitatively and cor-
related insertion depths with NM and NT distances to compare the
accuracy of these landmark-methods.

Methods

Setting & patients

We performed a prospective, single-centre, observational study from
March to September 2020. The manuscript was prepared according
to the STROBE guidelines for observational studies.’

Inclusion criteria were children up to 12 years requiring deep
sedation for MRI that was indicated for the diagnosis, exclusion or
control of neurological diseases or cranial abnormalities. Exclusion
criteria were contraindications for the insertion of a NPA such as
bleeding disorder, nasal or airway abnormalities, and risk of
aspiration.

Procedures

As per our standards, patients received deep sedation with induction
doses of propofol and esketamine, followed by a continuous
propofol-infusion.® After induction of sedation, we measured the dis-
tances of all three landmark-methods with a tape measure at the
patients faces:

® NT-10¢,ce Was defined as NTiace minus 10 mm according to the
recently proposed evidence.®

e NM;,.. was defined as from middle of the nostril to the angle of
the ipsilateral mandible.”

e NTiace Was defined as middle of the nostril to the ipsilateral tragus
of the ear.®

To maintain upper airway patency, a lubricated NPA (Risch
Nasopharyngeal Airway™, Teleflex Medical, Kamunting, Perak,
Malaysia) was inserted into the widest appearing nostril to the depth

of the mark NT-10¢,ce Set by the anaesthesiologist. Diameter-sizing
was based on the age-related formula ‘age/4 + 4 [mm ID].* Lateral
foam pads fixed the head in neutral position within the head cage
for MRI. MRI was performed in T1-3D-MPRAGE (Magnetization Pre-
pared Rapid Acquisition with Gradient Echoes) and sagittal T2-
weighted TSE sequences. No additional sequences were required
for study purposes.

We documented biometric data (sex, age, height, weight), medi-
cal diagnosis, and reason for MRI exam. We recorded routine vital
signs (heart rate, respiratory rate, SpO,, etCO,) by hand at baseline,
after induction before NPA placement, after NPA placement, and in
5-min-intervals until the end of the procedure. Specific observations,
abnormalities regarding airway and breathing, and any adverse
event were captured.

Measurements

Two board-certified neuroradiologists measured the distances on
MRI independently while being blinded for NPA length and insertion
depth. The mean of the two measurements was used. In case of rel-
evant discrepancy of the mean to the NPA-length, a control mea-
surement was performed by the team. The following distances
were measured on sagittal T1 weighted images using the proprietary
measurement tool of General Electric PACS® (version 6.0, General
Electric, Boston, Massachusetts, USA):

(a) length of NPA (NPAyR),

(b) nostril to distal end of the soft palate (NPyg),
(c) end of soft palate to epiglottis (PEur),

(d) epiglottis to vocal cord level (EVR),

NPA

Fig. 1 - Schematic figure of measurements. NPA
(orange) denotes the nasopharyngeal airway adjunct,
N the nostril, P the distal end of the soft palate, E the
epiglottis and V the level of the vocal cords. Green
circle shows area of acceptable placement.
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(e) nostril to ipsilateral angle of the mandible (NMyg),
(f) nostril to ipsilateral tragus (NTyg))-

The distance of nostril to epiglottis was calculated by the sum of
b) and c) (NEwg). Fig. 1 illustrates the used landmarks
schematically.

Our primary outcome, the rate of correctly placed NPA, required
a specific definition. As other investigators have defined, the tip of a
NPA must lie distal of the soft palate and proximal of the epiglottis.®
Stoneham defined the ideal position for the tip to be 10 mm above
the epiglottis.” But this static point is likely to depend on body propor-
tions and does not allow tube movement.2'" Thus, we defined an
optimal target corridor relative to the distance between soft palate
and epiglottis (PEur), starting at 25% of the distance of PEyg,
and ending at 75%. NPA beyond the optimal target corridor but still
between soft palate and epiglottis (from 0% to 100%) were defined
as acceptably placed. Outside of this distance, it was defined as
inserted either too proximal or too distal.

Our secondary outcome was the qualitative position of the NPA,
e.g., if the distal end would be flexed or the shape modified such that it
would obstruct the lumen thus hindering the NPA to be effective. Safety
endpoints that could be associated with NPA insertion were the rate of
respiratory adverse events: decrease of SpO, < 95%,'? incidence of
laryngospasm, bronchospasm, apnoea, regurgitation, and other
adverse events (AE) such as nose bleeding/injuries, and vomiting. Fur-
thermore, we evaluated the probability of being in the optimal and
acceptable target corridors for the objective measurements of NT-
10face; NMgtace and NTice and compared the three estimation-
formulas with each another. Additionally, we tested the influence of
sex, age, height, and weight on optimal NPA insertion depth and com-
pared the proportions of NMyr; to NM;ace and of NTyyg, to NTqce.

Ethics

Approval for this prospective, single-centre, observational study was
granted by the local Institutional Review Board of the University Med-
ical Centre Goettingen (No. 23/02/20). The study was registered in
the German Clinical Trials Register (DRKS-ID: DRKS00021007) on
03/06/2020. We obtained written informed consent from parents or
legal guardians before enrolment.

assessed for eligibility (n=150)

Statistics

With a sample size of 90 patients, a two-sided 95%-confidence inter-
val for the primary outcome would extend by 0.103 points from the
observed proportion, assuming the true proportion is 0.5. Assump-
tions on the true proportion are based on Johnson et al.® For sec-
ondary comparisons between methods, a significant difference can
be shown with 80% power, if the true difference in proportions is at
least 0.2. To account for a dropout rate of 10%, a total recruitment
of 100 patients was targeted. Calculations were performed in nQuery
8 (Statsols, Cork, Ireland) and R version 3.6.1 (The R Foundation for
Statistical Computing, Vienna, Austria).

Proportions of optimally and acceptably placed NPA were
calculated using Wald-Type intervals with logit-transformation.
Comparisons between methods were conducted using a Z-
Test, accounting for possible correlations within subjects. Influ-
ence of sex, age, height, and weight, on optimal and accept-
ably placed NPA, was examined using univariate logistic
regressions. Exploratory analyses for calculated optimal rules
were conducted using linear models and adjusted R-squared
were reported descriptively. Data were analysed using R ver-
sion 4.0.2.

Results

We enrolled 124 children from 4 months to 11 years and 11 months
of age. After exclusion of 32 children (see Fig. 2 for reasons), we
analysed 92 children (of which 42 female) with a mean age (standard
deviation, SD) of 51.9 (37.2) months, a mean weight of 17.1 (7.8) kg
and a mean height of 101.8 (22.4) cm.

Primary outcome

Method NT-10¢,ce achieved optimally placed nasopharyngeal air-
ways in 34 children (37.0% [95%-Cl 27.7-47.2%]). 71 NPA
(77.2%) were still acceptably placed between the distal end of the
soft palate and proximal to the epiglottis. Eight NPA (8.7%) were
placed too proximal and 13 (14.1%) of NPA too distal. Fig. 3 shows
the distribution of the NPA tips, while Fig. 4A illustrates an optimally
placed NPA.

A 4

enrolled (n=124)

A\ 4

declined consent (n=14)
no cMRI undertaken (n=11)
missing documentation (n=1)

A4

analysed (n=92)

h 4

excluded (n=32)
NPA not deemed necessary (n=20)
NPA insertion impossible (n=4)
NPA not visible on MRI (n=6)
NPA size wrongly documented (n=2)

Fig. 2 - Flow diagram of enrolment.
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Fig. 3 - Violin plot of insertion depth relative to the distance between points P and E, with estimation-formula NT-
10¢.c- P denotes the distal end of the soft palate and E the epiglottis. Green colour shows the optimal target corridor
(25-75% between P and E), orange the acceptable target corridor between P (0%) and E (100%).

Secondary outcomes
Three NPA tips (3.3%) protruded into the pharyngeal back wall, hin-
dering airflow through the lumen despite the tip being in the optimal
target corridor in two of these patients (see Fig. 4B as an example).
Two NPA tips (2.2%) were placed paralaryngeally in the sinus piri-
formis (see Fig. 4C). None of these five patients suffered from AE.
In eleven children (11.9%), the SpO, decreased below 95% after
induction of sedation before NPA insertion. The steepest decrease
was 11% down to 85%, while the mean (SD) change was —1.2%
(—2.3%). After placement of NPA, the mean (SD) increase of SpO,
was 1.7% (2.3%). One child was still below 95% SpO, (coming from
87% to 93%), which was suspected to suffer from a short apnoea
after induction. We did not observe laryngospasm, bronchospasm,
regurgitation, or other AE such as nose bleeding, injury, or vomiting.
Based on objective MRI measurements, NT-10¢,c had a proba-
bility of 40.2% [95%-CI 30.7-50.5%] being in the optimal target cor-
ridor and 67.4% [57.2—76.2%)] in the acceptable position. 5.4% would
be too proximal and 27.2% too distal. If the NPA had been inserted
according to NMg,e, the probability of being in the optimal target cor-
ridor was 38.0% [28.7-48.3%)], for an acceptable position of 58.7%
[48.4—68.3%], and for NTace 13.0% [7.6-21.6%] and 28.3% [20.0—
38.3%)], respectively. NM;,ce Would have led to 17.4% of NPA being
too proximal and to 23.9% being too distal. For NT¢,ce, N0 NPA would
be too proximal but 71.7% too distal (see Fig. 5). NTi,ce Showed sta-
tistically significant lower proportions of being in the optimal target
corridor vs. NMgee (P < 0.001) and NT-10gce (P < 0.001), while
NMgace did not significantly differ from NT-10¢4c6 (p = 0.37).
Univariate logistic regression analysis revealed no influence of
sex, but significant influences of age, height, and weight on the prob-
ability of reaching the optimal region for NT,ce and NT-10¢,0¢ (s€€
Fig. 6). Especially in younger, and thus smaller and lighter children,
NT¢ace @and NT-10¢,c¢ performed poorly. Proportions of optimally clas-
sified insertion depths for NM,ce, ON the other hand, were not signifi-
cantly influenced by these factors, but generally lower (see Table S1).
The two-dimensional measured distances on MRI were shorter
than the three-dimensional distances at the faces, with 97.2% (SD
9.0%) of NMyr to NM¢ace, and 89.6% (SD 5.9%) of NTyr to NTiace.

Discussion

In our study, we validated the landmark-method ‘distance from nostril
to tragus minus 10 mm’ for the estimation of nasopharyngeal airway

Fig. 4 - MRIs with red arrows denoting the tip of the
NPA. A: 11-year-old boy with an optimally placed NPA.
B: 7-year-old girl with the NPA protruding into the
pharyngeal back wall. C: 2-year-old girl with the NPA
too distal and in the sinus piriformis. Green circle show
areas of acceptable placements.
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length sizing in children in clinical practice by means of real-life imag-
ing of nasopharyngeal airway positions on MRI. This is in contrast
with previous studies, which compared only distance measurements
without a nasopharyngeal airway in place. The applied formula NT-
10 resulted in an optimal placement in 37.0% of NPA. More than
three-quarters of all NPA were still acceptably placed, being located
distal to the soft palate and proximal to the epiglottis.

Comparing the probability of objective distance measurements,
we found both ERC recommended landmark-methods NM;,ce and
NTace t0 be inferior to NT-10¢,ce. While NTy,ce Clearly overestimated
insertion depth - more than two thirds too distal - NMice slightly
underestimated it: about a tenth more NPA were too proximal. These
findings are in accordance with Johnson et al. who predicted 45% of
NPA tips in an ideal position with NT-10, arguing that an insertion
according to NT would have many tips below the epiglottis.®

However, there are still considerable knowledge gaps for the opti-
mal insertion depth in children. It is known that when the NPA is prox-
imal to the soft palate, it does not separate the soft palate from the
oropharynx resulting in no effect on the airway patency.”'%'* If the
NPA tip is too distal, it may protrude into the larynx and trigger laryn-
geal reflexes or pass anterior the epiglottis into the vallecula or pos-
terior into the proximal oesophagus leading to secondary airway
obstruction.>'® In adults, Stoneham concluded that the NPA should
lie 10 mm above the epiglottis, considering that head movements
alter the relative position of the NPA.? Johnson et al. defined a further
5 mm above and below this static point in children to allow a zone of
acceptability.® However, it remained unclear whether this static def-
inition is applicable in children. Thus, we used a relative definition
instead and kept the ratios that apply to adults. By differing between
optimal and acceptable position of the NPA, this definition still takes
possible movements into account. For example, it is known that head

position influences the relationship between laryngeal structures and
airway devices age-dependently.’’ Because of their smaller relation,
one might expect the movements of NPA to be lower in children than
in adults, where Stoneham described +5.7 mm during flexion
and +1.3 mm during extension.?

Our finding of a relatively small distance between soft palate and
epiglottis, particularly in children with age < 2y, height < 90 cm or
weight < 11 kg (Tables S2-S4), underlines the need for a new defi-
nition of the ideal position of NPA tips in children. In nearly a quarter
of all included patients, the distance between soft palate and epiglot-
tis was less than 10 mm. This raises the question, whether it is even
possible to place the tip exactly within the desired corridor using an
external estimation method. Hence, the probability of reaching the
optimal region was lower for young age, small height or low weight.

Another question is if and how NPA change their position after
insertion. Our primary finding differed slightly from what we expected
by objective distance measurements of NT-10¢,ce On MRI. The rate
of optimally placed NPA is a bit lower (37.0% vs. 40.2% expected),
but the rate of acceptably placed NPA is higher (77.2% vs.
67.4%). One explanation for this difference can be movements of
NPA after insertion. The rate of too distally placed NPA was
expected to be 27.2%, but we observed only 14.1%, showing that
some NPA tended to come slightly outside the nostril. In these
cases, the NPA could have compressed the mucosa and the back-
wards movement could be the result of elastic recoil forces. Fixating
the NPA, for example with a tape, could therefore be
disadvantageous.

Despite 14.1% of NPA being too distal and some obvious malpo-
sitions, we observed few AE. These were not associated with incor-
rectly placed NPA. One explanation might be that upper airways
were not severely obstructed, and a sufficient respiratory airflow

-100% A

0%

100% A

250%

500% -

750%

1000%

NM[ace

NTface NT -1 Olace

Fig. 5 - Violin plots of relative insertion depths, if the NPA had been inserted according to NM¢,.o; NT;,cc and NT-
10¢,ce in theory (without any movements). Green colour shows the optimal target corridor (25-75% between P and
E), orange the acceptable target corridor between P (0%) and E (100%).
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Fig. 6 - Log-linear regressions on insertion depth by age [months] (R2 = 0.76), height [cm] (RZ = 0.80) and weight [kg]

(R2 = 0.81).

could still occur. Respiratory AE assumed to be characteristic for a
too distal NPA, such as paradoxical airway obstruction or triggering
of reflexes that induce laryngospasm or vomiting,'® did not occur.
Possibly, a too distal position of the NPA tip is not regularly associ-
ated with complications. Together with the finding that NPA tend to
come slightly outside the nostril, this might explain why the recom-
mended method NT* has not been clinically identified as improper
yet. Although the prevalence of such AE is unclear, it is known that a
mechanical stimulus near the larynx can trigger airway reflexes and
should thus be avoided. '

Our measured distances correlate well with the anatomic dis-
tances of Kim et al.” and the radiologic distances of Johnson et al.®.
The partially large differences in their studies could be explained by a
different approach in measuring the real-life (3-dimensional) vs. the
radiological image (2-dimensional). For example, the distance NT
was 10% less on MRI than on patients faces in our study. Therefore,
we propose to base derivations for formulas on real-life conditions
instead of two-dimensional images.

Kim et al. reported a multivariate formula for the best available
prediction of insertion depth.” However, a formula based on biomet-
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ric parameters always requires a calculation-step making it suscep-
tible to errors, whereas landmark-methods are readily available
and simple to apply, particularly for life-saving interventions in emer-
gencies.'® However, some estimation-formulas have been proven to
be imprecise and lack evidence but are still commonly taught in pae-
diatric critical care. These formulas, used for decades, might be too
popular and widespread for new evidence to prevail. In search of a
simple estimation-formula for NPA insertion depth, it remains unclear
whether the NT-10;,.¢ rule is the final answer.

As a consequence of this discussion, in addition to estimate the
insertion depth, it is crucial to check the adequate position and func-
tion of the NPA clinically, during and after insertion. Subject to the
clinical setting, this can be supported by checking the presence of
airflow and, if applicable, CO.—, flow- or pressure detection via the
NPA.

This study focused on landmark-methods recommended in pae-
diatric life support guidelines, or a method derived from them, to esti-
mate correct insertion depth. The current ERC-guideline
recommendation NT¢,c would only lead to a small number of accept-
ably placed NPA, but a high number of NPA too distal. With more
than three-quarters acceptable NPA placements and no adverse
event in our study, we consider NT-10s,c, reasonable for clinical use.

Limitations

This study has several limitations. First, because of the observational
nature of our study, we report an uneven number of age groups. This
may limit the validity of the results, especially in older ages. Second,
measurements on MRI scans underlie a certain inaccuracy due to
the technical resolution power. Therefore, we excluded patients from
analysis if the MRI measurement deviation exceeded 10% compared
to the length of the NPA. The mean (SD) deviation was —3.9%
(4.1%). Third, we evaluated positions of NPA mainly by images.
We did not measure airflow through the NPA. Fourth, we did not
investigate NPA placement in different positions of the head and
did not standardize the head positioning precisely by means of mea-
suring the exact angle.'® Fifth, our study was not powered to evalu-
ate the rate of adverse events.

Conclusions

None of the investigated landmark-methods can reliably predict NPA
position and only serve as an approximation. Further research is
necessary to investigate if an easily applicable formula achieves a
higher rate of placement in the optimal target corridor. Until then,
we suggest considering NT-10 as this estimation-formula seems
the least inaccurate one. However, airway patency and the presence
of a sufficient airstream through the lumen must be carefully evalu-
ated during NPA insertion.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

CRediT authorship contribution statement

Marcus Nemeth: Conceptualization, Methodology, Investigation,
Writing — original draft, Writing — review & editing, Project administra-
tion. Marielle Ernst: Investigation, Writing — review & editing. Tho-
mas Asendorf: Conceptualization, Methodology, Formal analysis,
Data curation, Writing — review & editing, Visualization. Juliane
Richter: Investigation, Data curation, Writing — review & editing. Phi-
lipp von Gottberg: Investigation, Writing — review & editing. Ivo Flo-
rian Brandes: Writing — review & editing, Supervision. Clemens
Miller: Conceptualization, Methodology, Formal analysis, Data cura-
tion, Investigation, Writing — original draft, Writing — review & editing,
Visualization.

Acknowledgements

We conducted this research with institutional resources only. We
thank Victoria Demikhova for designing our study logo “Wendli”, Iris
Herzberg and Heike Bodmann for supporting our enrolment process,
Leif Saager and Carlo Pancaro for language improvements, and the
team of our anaesthesiologists, anaesthesia nurses and neuroradio-
logical technicians for their support.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.resuscitation.2021.09.024.

REFERENCES

1. von Ungern-Sternberg BS, Erb TO, Reber A, Frei FJ. Opening the
upper airway — airway maneuvers in pediatric anesthesia. Pediatr
Anaesth 2005;15:181-9.

2. Stoneham MD. The nasopharyngeal airway. Assessment of
position by fibreoptic laryngoscopy. Anaesthesia 1993;48:

575-80.

3. Gallagher WJ, Pearce AC, Power SJ. Assessment of a new
nasopharyngeal airway. Br J Anaesth 1988;60:112-5.

4. Maconochie IK, Bingham R, Eich C, et al. European Resuscitation
Council Guidelines for Resuscitation 2015: Section 6. Paediatric life
support. Resuscitation 2015;95:223-48.

5. European Paediatric Advanced Life Support Course Manual. ERC
Guidelines. 2015 ed. Niel, Belgium: European Resuscitation Council;
2015.

6. Van de Voorde P, Turner NM, Djakow J, et al. European
Resuscitation Council Guidelines 2021: Paediatric Life Support.
Resuscitation 2021;161:327-87.

7. Kim SH, Kim DH, Kang H, et al. Estimation of the nares-to-epiglottis
distance and the nares-to-vocal cords distance in young children. Br
J Anaesth 2012;109:816-20.

8. Johnson M, Miskovic A, Ray S, et al. The nasopharyngeal airway:
Estimation of the nares-to-mandible and nares-to-tragus distance in
young children to assess current clinical practice. Resuscitation
2019;140:50-4.

9. von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet
2007;370:1453-7.

Downloaded for Anonymous User (n/a) at The Baruch Padeh Medical Center Poriya from ClinicalKey.com by Elsevier on
December 02, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.resuscitation.2021.09.024
https://doi.org/10.1016/j.resuscitation.2021.09.024
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0005
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0005
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0005
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0010
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0010
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0010
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0015
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0015
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0020
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0020
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0020
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0025
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0025
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0025
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0030
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0030
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0030
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0035
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0035
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0035
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0040
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0040
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0040
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0040
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0045
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0045
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0045
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0045
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0045

102

RESUSCITATION 168 (2021) 95-102

10.

11.

12.

Eich C, Verhagen-Henning S, Roessler M, et al. Low-dose S-
ketamine added to propofol anesthesia for magnetic resonance
imaging in children is safe and ensures faster recovery—a
prospective evaluation. Paediatr Anaesth 2011;21:176-8.
Weiss M, Knirsch W, Kretschmar O, et al. Tracheal tube-tip
displacement in children during head-neck movement—a
radiological assessment. Brit J Anaesth 2006;96:

486-91.

de Carvalho ALR, Vital RB, de Lira CCS, et al. Laryngeal Mask
Airway Versus Other Airway Devices for Anesthesia in Children With
an Upper Respiratory Tract Infection: A Systematic Review and
Meta-analysis of Respiratory Complications. Anesth Analg
2018;127:941-50.

13.

14.

15.

16.

Roberts K, Whalley H, Bleetman A. The nasopharyngeal airway:
dispelling myths and establishing the facts. Emerg Med J
2005;22:394-6.

Roberts K, Porter K. How do you size a nasopharyngeal airway.
Resuscitation 2003;56:19-23.

Cole F. Pediatric formulas for the anesthesiologist. AMA J Dis Child
1957;94:672-3.

Haase B, Badinska A-M, Poets CF, Koos B, Springer L. An
approach to define newborns” sniffing position using an angle
based on reproducible facial landmarks. Pediatr Anaesth
2021;31:404-9.

Downloaded for Anonymous User (n/a) at The Baruch Padeh Medical Center Poriya from ClinicalKey.com by Elsevier on
December 02, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0300-9572(21)00378-6/h0050
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0050
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0050
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0050
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0055
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0055
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0055
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0055
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0060
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0060
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0060
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0060
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0060
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0065
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0065
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0065
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0070
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0070
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0075
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0075
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0080
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0080
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0080
http://refhub.elsevier.com/S0300-9572(21)00378-6/h0080

	Working with estimation-formulas to predict nasopharyngeal airway insertion depth in children: Looking at magnetic resonance images – A prospective observational study (WEND:LI-Study)
	Introduction
	Methods
	Setting & patients
	Procedures
	Measurements
	Ethics
	Statistics

	Results
	Primary outcome
	Secondary outcomes

	Discussion
	Limitations
	Conclusions
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgements
	Appendix A Supplementary material
	References


