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Abstract

N
N\

Background: The Trachway Videolight Intubating Stylet is a video-assisted system with a rigid but malleable intubating stylet that \
facilitates endotracheal intubation. Minimizing cervical spine movement with manual in-line stabilization is essential for patients with
cervical spine injuries such as multiple trauma. However, the intubation time of the Trachway Videolight Intubating Stylet and
complications associated with intubation in patients with manual in-line stabilization in the neutral-head and head-lift positions remain
unclear.

Methods: Patients (20-80 years old) who were scheduled to undergo surgery that required general anesthesia with tracheal
intubation were randomly allocated to either a neutral-head (n=62) or a head-lift position (n=62) group. Manual in-line stabilization
was performed to limit cervical spine mobility. We aimed to evaluate orotracheal intubation time and success rate in these 2 positions
with the Trachway Videolight Intubating Stylet.

Results: Intubation was faster in the head-lift than in the neutral-head position (20 + 10 and 25 + 13 seconds, respectively, P=.000);
intubation was equally successful in the 2 positions (96.8% vs 96.8%). Responses to intubation did not differ between positions (heart
rate, P=.142; visual analog scale scores for throat soreness, P=.54). The only significant predictor of intubation time was the body
mass index in the head-lift position group (P=.005).

Conclusions: Intubation using the Trachway Videolight Intubating Stylet with manual in-line stabilization is faster in the head-lift
position, and therefore preferable. However, if the head-lift position is not suitable, the neutral-head position is a sensible alternative,
with comparable intubation success rate, heart rate change, and postoperative throat soreness.

Abbreviations: BMI| = body mass index, RSII = rapid-sequence induction and intubation, SpO, = peripheral oxygen saturation.
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1. Introduction

The Trachway Videolight Intubating Stylet (Biotronic Instrument
Enterprise Ltd., Tai-Chung, Taiwan) was developed to facilitate
tracheal intubation. It is fabricated from stainless steel with a
distal deflection, facilitating easy passage through the oral
cavity and navigation of the laryngeal inlet. It is preloaded
with a tracheal tube and allows the visualization of the vocal
cords via a camera placed at the end of the stylet, after which
the endotracheal tube is advanced into the trachea via the
stylet.-!

The sniffing position (head lifted and neck flexed 35° from the
torso at the atlanto-occipital joint)>*! can facilitate endotracheal
intubation with a conventional direct laryngoscope, but may
exacerbate cervical spinal cord injuries such as head injury with
cervical trauma.”~”! Intubation of patients with cervical spine
injury commonly involves manual in-line stabilization to prevent
cervical spinal cord injury by minimizing neck extension, flexion,
and rotation.>® ! Indeed, such stabilization is indicated for
patients with cervical spine injuries.”>*'!1 However, it is not
known whether the neutral-head or the head-lift position
(without neck flexion or extension) is more effective with
Trachway Videolight Intubating Stylet use during manual in-line
stabilization. We hypothesized that difficulty in intubation differs
with respect to the neutral-head and head-lift positions with use
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of this equipment. To test this hypothesis, patients were assigned
to the neutral-head and head-lift groups. We evaluated group
differences in tracheal intubation time, intubation success rate,
number of intubation attempts, heart rate responses during
intubation, and postoperative visual analog scale scores for
throat soreness. We also assessed airway characteristics to predict
the difficulty of Trachway intubation in both head positions.

2. Methods

This study was approved by the Ethics Committee (TSGHIRB
No: 2-103-05-125) of Tri-Service General Hospital, Taipei,
Taiwan on November 26, 2014. The study was registered at
ClinicalTrials.gov (study identifier, NCT02578992) on October
13, 2015. We obtained informed consent from each patient
enrolled in this study between November 2014 and October
2015. The study included patients aged 20-80 years scheduled
for various surgeries requiring general anesthesia with tracheal
intubation. All patients exhibited an American Society of
Anesthesiologists physical status of I-III. Exclusion criteria were
the presence of airway anomalies, craniofacial anomalies,
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cervical spine pathologies, head and neck disease, and a high
risk of regurgitation or pulmonary aspiration.

2.1. Randomization and patient groups

A randomization sequence was generated using a computer; the
allocation data were sealed in opaque and pre-labeled envelopes.
The participants were randomly assigned in equal numbers to 2
groups: a neutral-head position group and a head-lift position
group. In the neutral-head position group, the patient’s head was
placed on a flat surface,"%'>13! while in the head-lift position
group, a folded blanket (7cm in height) was placed beneath the
patient’s head (Fig. 1).

2.2. Anesthesia induction

On arrival at the operating room, each patient’s arterial blood
pressure, electrocardiogram, and pulse oximeter readings were
recorded. Following preoxygenation with spontaneous breathing
via a facemask with 100% oxygen for 3 minutes, general
anesthesia was induced with fentanyl (1-2pg/kg), lidocaine
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Figure 1. Patient’s head and neck position. (A) In the neutral-head position group, the patient’s head was on a flat surface, without neck flexion or extension. (B) In
the head-lift position group, a folded blanket (7 cm in height) was placed beneath the patient’s head. Manual in-line stabilization was achieved with an assistant
grasping the mastoid process with the fingertips, cradling the mastoids, and grasping the occiput (side-of-bed assistant). The purpose was to support the head with
both hands, maintain the neck in line with the body, and prevent the patient from moving.
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(1-1.5 mg/kg), propofol (1.5-2 mg/kg), and rocuronium (0.6-0.9
mg/kg). In case of apnea, the patient received positive ventilation
via a facemask with 100% oxygen and face mask ventilation
(10/min) for approximately 2 to 3 minutes, until the muscle
relaxation was sufficient to facilitate proper intubation and the
peripheral oxygen saturation (SpO,) level was greater than 99%.
Before tracheal intubation with the Trachway Videolight
Intubating Stylet, an assistant anesthesiologist, standing beside
and to the left of the patient’s head, performed the manual in-line
stabilization (Fig. 1).

After preloading the intubating stylet with an endotracheal
tube (internal diameter, 6.5-7.5 mm) (Covidien, Mansfield, MA),
an anesthesiologist with experience of approximately 20 tracheal
intubations with the Trachway performed a single-handed chin-
lift technique! and inserted the intubating stylet into the
patient’s mouth, traversing over the tongue and into the pharynx
(Fig. 1).1%°1 If the intubation time exceeded 35 s or the SpO,
reading decreased to <95%, the stylet was withdrawn and the
patient was ventilated with 100% oxygen via a bag-mask for at
least 1 minute and until the SpO, reading was >99%. A second
attempt was then performed. If the second attempt failed, the
patient received 100% oxygen via a bag-mask for at least 1
minute until the SpO, was >99%, and a GlideScope video
laryngoscope (Verathon, Bothell, WA) was then used as a rescue
device while cervical manual in-line stabilization was continued.
Neither the backwards upwards rightwards pressure maneuver
nor cricoid pressure were used during the intubation process in
either group.

2.3. Data collection

All patients underwent airway assessments before the induction
of anesthesia by an anesthesiologist. Details of the demographics
and baseline airway characteristics were recorded (Table 1).
Intubation time was defined as the interval between the
intubating stylet reaching the level of the lips and the presentation
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of the capnography waveforms. If a second attempt was required,
the intubation time was taken as the sum of the 2 Trachway
attempts. If the second attempt failed, the GlideScope video
laryngoscope was used as a rescue device, and the intubation time
was not taken into account (Table 2). Heart rate was recorded 3
minutes before, and 1, 3, and 5 minutes after intubation (Table 2).
All patients were asked to rate their postoperative throat soreness
using a visual analog scale and to report whether hoarseness
occurred 30minutes after anesthesia emergence in the post-
anesthesia care unit. All other intubation-related complications,
such as dental or mucosal damage, were recorded. The primary
outcomes were the tracheal intubation time, number of
intubation attempts, and intubation success rate. The secondary
outcomes were the heart rate responses after intubation and the
visual analog scale score of throat soreness.

2.4. Sample size and statistical analyses

The sample size was estimated based on Kim et al,/'”! which
reported a mean (standard deviation) intubation time of 18.9
(15.2) s using the Trachway intubating stylet. Considering a 50%
difference in intubation time to be significant with a type I error
rate of 0.05 and a power of 90%, a sample size of 56 patients in
each group was necessary. To allow for a potential 10% dropout
rate, at least 124 patients (62 patients in each group) were
required (Fig. 2). To compensate for potential dropouts, we
increased the sample size to a total of 140 patients (70 in each
group). Sample size estimation was performed using the G*Power
software (version 3.1.9.2, Franz Faul, Universitat Kiel, Kiel,
Germany).

Parametric Student ¢ tests and nonparametric Mann—-Whitney
U tests were used to evaluate intergroup differences in continuous
variables; Chi-square tests were used to evaluate intergroup
differences in categorical variables, including patient character-
istics, certain airway dimensions and assessments, the success
rate, number of intubation attempts, and the visual analog scale

Demographic characteristics and airway assessments.

Neutral-head position (n=60) Head-lift position (n=60) P-value

Men/women 25/35 27/33 e
Age, yr 49.9+15.2 51.6+149 .55
Height, cm 161.7+9.2 162.0+8.7 .86
Weight, kg 65.6+12.1 65.3+15.0 .88
Body mass index, kg/m? 251+4.1 247+45 64
ASA .88

I 6 (10.0%) 7 (11.7%)

Il 38 (63.3%) 37 (61.7%)

I 16 (26.7%) 16 (26.7%)
Thyromental distance, cm 7.9 (7.3-8.5) 7.7 (7.0-8.5) 275
Sternomental distance, cm 156+1.8 152+1.9 .25
Neck (SCM) length, cm 17.3+1.7 16.7+1.8 .09
Neck circumference, cm 37.6+3.7 38.1+4.3 50
Interincisor distance, cm 4.3 (3.9-4.9) 4.1 (3.6-5.0) .58
Mallampati classification .85

I 8 (13.3%) 5 (8.3%)

Il 13 (21.7%) 19 (31.7%)

[ 26 (43.3%) 21 (35.0%)

v 13 (21.7%) 15 (25.0%)

P-value indicates a significant difference in both groups.

Data shown as mean =+ standard deviation, median (25%—75% interquartile range), or number (percentage).

ASA =American Society of Anesthesiologists, SCM = sternocleidomastoid muscle.
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Comparison of the number of intubation attempts, success rate, hemodynamic response, and visual analog scale scores for sore throat in

the postanesthesia care unit (PACU) between the 2 groups.

Neutral-head position Head-lift position P-value
Intubation time (n=60 in each group) 25+13 20+10 .000"
Number of attempts .34
First success rate (N=62 in each group) 53 (85.5%) 56 (90.3%) A1
Second success rate (N=62 in each group) 7 (11.3%) 4 (6.5%)
Overall success rate (N=62 in each group) 96.8% 96.8%
Heart rate (bpm) 142
Before intubation (n=60 in each group) 71+12 73+12
After intubation (min) (n=60 in each group)
1 82+13 86+12
3 80+13 82+13
5 74413 73+14
Visual analog scale scores for sore throat in the PACU (n=60 in each group) .54
0 0 (0%) 2 (3.3%)
1 20 (33.3%) 19 (31.7%)
2 33 (565.0%) 31 (51.7%)
3 7 (11.7%) 8 (13.3%)
4 0 (0%) 1 (1.6%)

P-values indicate a significant difference in both groups.
Data shown as mean + standard deviation or number (percentage).

N: The number of patients in the groups to which they were originally randomly assigned. This is interpreted as including all patients.

n: The number of patients excluding those in whom intubation with Trachway failed.
" P<.001.

score of throat soreness. The heart rate responses to endotracheal
intubation in both groups were analyzed using 2-way analysis of
variance (Table 2). Univariate and multivariate linear regression
analyses were performed to identify potential predictors of
intubation time in each group (Table 3). All reported probability
values are 2-tailed. A P-value <.05 was considered statistically
significant. Data were analyzed using the SPSS software (version
19, SPSS Inc, Chicago, IL).

3. Results

The trial flowchart is illustrated in Figure 1. In each group, we
excluded 2 patients with intubation times >335 s over 2 attempts,
who were successfully rescue-intubated with a GlideScope video
laryngoscope due to Trachway intubation failure. Therefore,
60 patients were finally included in each group. There were no
significant intergroup differences in airway characteristics

Assessed for eligibility (n=140)

» Declined to participate (n=10)
« Equipment unavailable or
malfunction (n=6)

Randomized (n=124)

]

!

( Z )|
l Allocation J

}

Allocated to neutral-head position group (n=62)
* Received allocated intervention (n=62)
+ Did not receive allocated intervention (n=0)

Allocated to head-lift position group (n=62)
* Received allocated intervention (n=62)
+ Did not receive allocated intervention (n=0)

! (

!

Follow-up
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Analysis
Analysed (n=60) Analysed (n=60)
+ Excluded from analysis (Failed Trachway « Excluded from analysis (Failed Trachway
intubation) (n=2) intubation) (n=2)

Figure 2. Study flow diagram.
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The results of the univariate and multivariate linear regression analyses of airway characteristic variables influencing the intubation time in

the neutral-head position group and the head-lift position group.

Neutral head position(n =60)

Head-lift position(n =60)

Variables Univariate model Multivariate model Univariate model Multivariate model
B 95% Cl P-value g 95% CI P-value B 95% Cl P-value B 95% Cl P-value

Body mass index (kg/m?)  0.737 —0.055-1529 .07 0.546 —0.600-1.692 .350 1056  0.509-1.603 <.001" 1.155 0.345-1.965 005"
Thyromental distance 2.63 —0.89-6.15 14 3.633 —1.072-8.337 130 015 —2.34-264 91 —-1116 —4.019-1.787 451
Sternomental —0.03 —1.86-1.81 98 2182 —5.564-1.200 206 —0.81 —2.22-0.60 25  —1.510 —3.999-0.979 234
Neck (SCM) length 034 —1.57-2.24 .73 2.072 —1.480-5.625 253 —0.07 —-1.63-1.49 93 1.809 —1.048-4.667 215
Neck circumference 0.43 —0.47-1.32 .35 0.035 —1.115-1.185 953 059 -0.03-1.20 06 —0.430 —1.172-0.312 256
Interincisor distance —-1.07 -5.37-3.23 62 2414 —-7.611-2.783 363 1.07 —2.27-4.42 52 3.165 —1.157-7.487 151
Mallampati classification

1 (ref) - - - - - - - - - - - -

2 3.64 —7.18-14.47 .51 2.343 —9.233-13.920 692 336 —6.50-13.22 50 0.626 —9.008-10.260 .899

3 4.84 —4.90-14.57 .33 1.669 —10.466-13.804  .787 2.82 —6.94-12.58 57 2150 —8.834-13.134 .701

4 818 —2.64-19.01 14 7.508 —5.046-20.062 .241 8.40 —6.50-13.22 10 5522 —7.729-18.772 414
P for trend 151 138

" Pvalues <.05 were considered significant.
B = regression coefficient, Cl=confidence interval, SCM = sternocleidomastoid muscle.

(Table 1). The intubation time was significantly shorter in the
head-lift position group than in the neutral-head position group
(20+10 and 254+ 13seconds, respectively, P=.000) (Table 2).
The first attempt success rate, number of intubation attempts,
overall (first and second attempt) success rates, heart rate, and
visual analog scale scores for throat soreness did not differ
significantly between the 2 groups (Table 2). In the univariate
linear regression analyses, the body mass index (BMI) influenced
intubation time in the head-lift position but not in the neutral-
head group. After adjusting for potentially confounding
variables, BMI remained significantly associated with intubation
time in the head-lift position group (P=.005) (Table 3). Airway
characteristics had no influence on intubation time or success
rate. No hypoxia (SaO, <95%), arrhythmia, hoarseness, or
dental or mucosal damage was detected by the investigators in
either group.

4. Discussion

The intubation time was correlated with technical difficulty and
complications.!'8! On average, intubation was 5 seconds faster
among patients in the head-lift position than among those in
the neutral-head position. The latter is recommended by the
Norwegian guidelines for prehospital management of adult
trauma patients with potential cervical spinal injury who require
manual in-line stabilization.'”! However, the head-lift position
with occipital padding increases the level of comfort during spinal
immobilization.'"¥! Furthermore, the ideal positioning for neck
immobilization is still controversial, given that the relationship
between head-lift (without neck flexion or extension) and cervical
cord injury is not well understood.!"*'**°! Therefore, under
manual in-line stabilization, if cervical injury is mild so the head-
lift position is not contraindicated, or if it is indicated because of
low oxygenation saturation levels, this should be the primary
choice because it reduces intubation time. Furthermore, in cases
of an emergency or difficult airway, use of the head-lift position
can facilitate intubation during shifting to intubation in the
sniffing position with conventional direct or video laryngosco-
py.2®! Indeed, effort to facilitate intubation success is recom-
mended.””! including shifting to the head-lift position that

expedites intubation. However, the neutral-head position is
strongly indicated in cases such as those of unstable cervical
trauma because the head-lift position may increase the risk of
worsening cervical pathology; this is supported by our findings
that first attempt and overall (combined first and second) success
rates, heart rate response, and postoperative throat soreness were
indistinguishable between the 2 position groups.

Successful intubation often depends on proper patient head
positioning.>*! Our study defined the neutral-head position as
that in which the patient was lying on a flat surface without neck
flexion or extension. For airway management in cervical spine
injury, “neutral positioning” is encouraged, but is poorly defined
and subject to controversy and individual variation. Some
authors suggest that the neutral-head position is similar to
the head position when standing and looking ahead.l”>'%! We
standardized the head-lift position by placing a 7-cm thick folded
blanket beneath the patient’s head. During conventional
laryngoscopy, the patient’s head is usually elevated by 5 to 10
cm to facilitate intubation.!"3! However, head positioning during
use of the Trachway Videolight Intubating Stylet is poorly
described. Schriger et al found that occipital padding require-
ments ranging from 0 to 9.5cm would decrease the discomfort
due to spinal immobilization.'"®! The optimal positioning for
neck immobilization is still debated, rendering it difficult to
provide recommendations for padding.'*®'*! Therefore, we chose
a median support level of 7cm, which is clinically relevant yet
unlikely to cause further cervical spinal cord injury because it
provides the recommended lift of 0 to 9.5 cm."!

We successfully used the GlideScope video laryngoscope to
rescue intubate patients who experienced intubation failure.
However, the effect of this laryngoscope on the stability of
the cervical spine during intubation is controversial.'*!! While
Robitaille et al’® showed that it did not decrease movement of the
cervical spine relative to the conventional direct laryngoscope,
Kill et al®" showed that it reduced such movement, thereby
reducing the risk of secondary damage during the emergency
intubation of patients with cervical spine trauma. Notably, the
handles and blades of video laryngoscopes are bulkier and more
curved than those of the Trachway Videolight Intubating Stylet.
Thus, in patients with narrowing anterior neck space, limited
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mouth opening and neck extension, poor head and neck
positioning, increased anteroposterior chest wall diameter, or
pregnancy-related breast enlargement, it may be easier to use the
Trachway than a video laryngoscope.’®! As there is no single
perfect way to manage the airway in all patients with potential
cervical spine injuries,!”! practitioners must use their judgment
and assess the various risks (eg, spinal cord injury, aspiration, and
hypoxia) "!! that render airway management in cervical spine
injury challenging.!”!

An airway assessment should be conducted before endotracheal
intubation®? with the Trachway Videolight Intubating Stylet.
However, predictors of the difficulty of intubation were previously
unknown. We found no effect of some common predictors for
intubation difficulty. BMI influenced intubation time in the head-
lift position group, albeit not in the neutral-head position group.
This is consistent with the results of Wang et al, who found that
obesity is associated with an increased risk of difficult intubation
among adult patients undergoing general surgical procedures. The
lack of association between BMI in the neutral-head position group
and intubation difficulty is also consistent with the results of a
cohort study of elective tracheal intubation.!**! The variation in the
predictive value of BMI in the 2 head positions is therefore not
surprising. Future analyses should further explore the association
between BMI and difficult airway or intubation time with the
Trachway Videolight Intubating Stylet.

Kim et al. evaluated the Clarus Video System (Trachway) in
adult patients with immobilized necks."”! The high overall
success rate that we report over 2 attempts (96.8%) is consistent
with these authors’ results (94.3%). Differences between our
study and theirs are as follows. First, we evaluated both the
neutral-head position and the head-lift position, which can
facilitate endotracheal intubation and is also used in conventional
direct laryngoscopy, whereas Kim et al''”! evaluated only the
neutral-head position. Second, we used “manual in-line stabili-
zation” rather than the “cervical collar” used by Kim et al.''”! In
cases of difficult or emergency airway for which laryngoscopy is
considered, cervical collars may lead to higher rates of first-
attempt failure, even with video laryngoscopy.**! To facilitate
mouth opening and access the airway, the anterior part of the
cervical collar must often be removed during immobilization.'!!
Lack of manual in-line stabilization during airway management
has been associated with catastrophic neurological deteriora-
tion.*’! Manual in-line stabilization, rather than cervical collar
use, potentially facilitates a more open mouth than is possible
with semi-rigid cervical collars,?®! permitting Trachway Video-
light Intubating Stylet intubation. Therefore, removal of the
anterior part of the cervical collar in combination with manual in-
line stabilization of the cervical spine has been suggested?”! to
facilitate mouth opening and permit easy intubation with a
Trachway Videolight Intubating Stylet. However, the application
and removal of 1-piece or 2-piece cervical immobilization collars
generates motion in the unstable spine, thereby risking worsening
of cervical injuries.!*”!

For patients with a potential cervical spine injury, rapid-
sequence induction and intubation (RSII) is the preferred method
for securing the airway."”! Our anesthesia induction approach
differed from the traditional components of RSII, which include
preoxygenation, cricoid pressure applied after the injection of the
induction agent, and avoidance of positive-pressure ventilation
until the airway is secured by a cuffed endotracheal tube. These
components are intended to reduce the risk of regurgitation of
gastric contents during the induction of anesthesia, thereby
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decreasing the risk of pulmonary aspiration.”*®! However, the
application of cricoid pressure is the most controversial aspect of
RSIL!**! Cricoid pressure involves the application of pressure at
the cricoid ring to occlude the upper esophagus, thereby
preventing the regurgitation of gastric contents into the pharynx,
but this reduces tidal volumes, increases peak inspiratory
pressure, and hampers ventilation.?"! Our study cases did not
have cervical spine injuries and had a low risk of pulmonary
aspiration. In consideration of the cricoid pressure-related risks,
cricoid pressure was not suitable for our study cases.

The present study has some limitations. First, the anesthesiol-
ogist could not be blinded to the patient head position, which
may have biased the results regarding the causal link between the
Trachway Videolight Intubating Stylet and intubation time.
Additionally, the observer who recorded the time was not blinded
to group allocation and may have recorded the intubation time
subjectively. Besides, the prolonged intubation time in the
neutral-head position could be associated with operator
unfamiliarity with this position, as operators are more familiar
with the head-lift position. Second, the patients in the present
study did not actually have cervical spine injuries but these
were simulated to prohibit neck movement, and this may be why
there was no decisive advantage in the head-lift position group.
One must; therefore, use caution when extrapolating our results
to patients with actual cervical instability. Third, intubation was
only 5 seconds slower among patients in the neutral-head
position than among those in the head-lift position. In general,
shortening intubation procedures is still recommended because
intubation procedures lasting longer than 30 seconds may
increase the risk of hypoxia or arrhythmia.’*"! Fourth, we did not
use neuromuscular blockade and anesthesia depth monitoring
(eg, bispectral index monitoring), which should be considered
during intubation. However, the traditional practice of titrating
the depth of anesthesia during intubation is equally useful with
bispectral index value monitoring.!**!

In conclusion, our study supports the use of both head positions
for orotracheal intubation with the Trachway Videolight Intubat-
ing Stylet with manual in-line stabilization. If cervical injury is
minor so that the head-lift position is not contraindicated, or if it is
suitable because of difficulty of ventilation with low oxygenation
saturation levels, this should be the predominant choice because it
reduces intubation time. However, if the head-lift position is
unsuitable, we suggest that the neutral-head position is a favorable
alternative due to its equal success rate and the fact thatitis only §
seconds slower than the head-lift position with equal heart rate
responses and postoperative throat soreness. The minor heart rate
responses and throat pain that we reported relative to previous
studies!! >3 suggest reduced trauma with Trachway intubation in
both head positions, and thus we recommend this instrument.
Given that we report no effect of some common predictors for
intubation difficulty, except for BMI in the head-lift position,
future analyses should explore the associations between BMI and
Trachway intubation time. Regardless of the technique, quick
decision-making, familiarity with the equipment, appropriate head
position, proper training, and effective communication remain the
most important factors for a successful airway intervention.**!
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