Anesthesiology 2005; 102:910-4

© 2005 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Endoscopic Study of Mechanisms of Failure of
Endotracheal Tube Advancement into the Trachea during

Awake Fiberoptic Orotracheal Intubation
Dana M. Johnson, B.S.,* Aaron M. From, B.S.,t Russell B. Smith, M.D.,t Robert P. From, D.O.,§ Mazen A. Maktabi, M.D.||

Background: Advancing the endotracheal tube (ETT) over a
flexible bronchoscope (FB) during awake fiberoptic orotra-
cheal intubation is often impeded. The goal of this study was to
identify the sites and mechanisms that inhibit the passing of the
ETT into the trachea.

Methods: Forty-five consenting patients underwent a clini-
cally indicated awake fiberoptic orotracheal intubation. After
topical anesthesia, nerve block, or both, an awake fiberoptic
orotracheal intubation was performed. The placement of the FB
and advancement of the ETT over the FB were videotaped using
a second nasally inserted FB. An otolaryngologist later reviewed
the videotaped data.

Results: The right arytenoid or the interarytenoid soft tissues
inhibited advancement of the ETT in 42 and 11% of all patients,
respectively. In all cases in which the FB was located on the
right side of the larynx, failure of ETT advancement almost
always occurred at the right arytenoid. Withdrawing the ETT
and rotating it 90° counterclockwise resulted in successful in-
tubation on the second, third, and fourth attempts in 26.6, 20,
and 0.7% of patients, respectively.

Conclusion: The right arytenoid frequently inhibits advance-
ment of the ETT over the FB into the trachea during awake
fiberoptic orotracheal intubation. The FB position in the larynx
before tube advancement and the orientation of the EIT are
relevant factors in failure of advancement of the ETT into the
trachea. The authors recommend positioning the FB in the
center of the larynx and orienting the bevel of the ETT to face
posteriorly during the first attempt at intubation.

DURING awake fiberoptic orotracheal intubation, ad-
vancement of the endotracheal tube (ETT) over the
flexible bronchoscope (FB) into the trachea is frequently
inhibited." Previous reports have offered a number of
suggestionsz'(’ as to the likely mechanisms that lead to
inhibition of ETT advancement. Accordingly, a variety of
recommendations, airway equipment, and ETT types
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have been suggested to manage the clinical situation in
which an ETT does not advance into the trachea during
a fiberoptic intubation.? ¢ Identification of the mecha-
nisms and involved anatomical structures is critical in
determining the proper management or modification of
airway devices that will facilitate advancement of the
ETT into the trachea during fiberoptic intubation. Using
in vivo endoscopic visualization of the process of fiber-
optic intubation, the goal of this study was to identify the
sites and mechanisms that inhibit the passing of the ETT
into the trachea during awake fiberoptic orotracheal
intubation.

Materials and Methods

Patient Selection and Enrollment

The Human Subject Office of The University of Iowa
(Iowa City, Iowa) reviewed and approved this research
protocol. Forty-eight adult patients gave written in-
formed consent to participate in this study. All of the
enrolled patients required a clinically indicated awake
fiberoptic orotracheal intubation before induction of
general anesthesia. Indications for an awake fiberoptic
orotracheal intubation were an anticipated difficult air-
way or an unstable cervical spine due to trauma or
disease. Patients who declined to participate or had the
following clinical states were excluded: known abnor-
mal laryngeal structures (e.g., tumors), infectious and
toxic conditions of the neck and airway, and traumatic
conditions of the neck other than cervical spine frac-
tures or dislocations.

Intubation Technique, Video Recording, and Data

Collection

All of the cases (except for three) were neurosurgical
cervical spine patients who had ankylosing spondylitis
or unstable cervical spine because of disease or frac-
tures. Three patients who underwent other surgical pro-
cedures were deemed to have a difficult airway because
of morbid obesity. Therefore, our ability to optimally
position the head and neck for intubation was limited
because of applied traction, an unstable cervical spine,
presence of a neck collar, morbid obesity, or positioning
of the patient on the bed. All patients were kept awake
with conscious sedation during the intubation because
of the cervical spine pathology or the difficult airway.
They were appropriately sedated with intravenous ad-
ministration of increments of midazolam and fentanyl.
During that process, we followed the guidelines for
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conscious sedation by the American Society of Anesthe-
siologists. Briefly, during the procedure, sedation was
administered incrementally in a fashion that kept pa-
tients comfortable and responsive to verbal commands.
They were breathing spontaneously to keep peripheral
pulse oximetry readings greater than 98% with or with-
out supplemental oxygen administration.

In all patients, vasoconstriction and topical anesthesia
of the nares were performed with cocaine (5%). This
was followed by two to three sprays of aerosolized
benzocaine (20% solution, 1/2-s spray, 20 mg each spray
approximately). Viscous lidocaine (2%) gargle and atom-
ized lidocaine solution (4%) were also used as topical
anesthetics to the airway. Before the start of fiberoptic
procedures, the efficacy of topical anesthesia was as-
sessed with standard clinical methods: testing for gag
reflex with the finger or the tongue depressor and test-
ing for absence of touch sensation, and presence of
voice changes. If topical anesthesia was judged inade-
quate, 2% lidocaine was injected to block the lingual
branch of the glossopharyngeal or superior laryngeal
nerves or both. In all patients, if there was evidence of
coughing during laryngoscopy/tracheoscopy, additional
midazolam or propofol was administered, and 3 ml lido-
caine (4%) was injected via the bronchoscope onto the
vocal cords or into the trachea (see Results for more
details). The anesthesia residents who performed the
fiberoptic intubation stood at the subject’s side or head
of the bed, depending on the patient’s position on the
bed or the presence of cervical spine traction devices. A
senior anesthesia resident or faculty member held the
tongue and helped the patient to maintain a forward jaw
thrust to open the posterior aspect of the oropharynx.
Finally, the attending anesthesiologist supervised the res-
ident performing the intubation and administration of
conscious sedation and ensured the general comfort,
welfare, and stability of the vital signs of the patient.

In this study, two FBs were used: one was placed
through the patient’s mouth for awake fiberoptic orotra-
cheal intubation, and the second was placed through the
patient’s nose by the principle investigator (M. A. M.) to
view the transoral FB placement and passage of the ETT
into the trachea. The nasally placed FB (Olympus BF-
P240, Melville, NY), which was connected to a monitor
and digital camcorder to videotape the intubation, was
positioned in the laryngopharynx for a panoramic view
of the larynx. Thereafter, anesthesia residents supervised
by one of the coinvestigators (R. P. F.) performed the
transoral fiberoptic laryngoscopy (Olympus GP-4), tra-
cheoscopy, and intubation. Every effort was made to
maintain the FB and ETT in the sagittal plane of the
mouth during insertion. The Murphy eye of the ETT was
initially oriented toward the right side in all patients.
Only standard polyvinyl ETTs (Sheridan HVT; Hudson
RCI, Temecula, CA) were used. The ID of the ETT used
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was 7.0, 7.5, 8.0, or 8.5 mm, based on clinical criteria for
selection of ETT size.

The image taken by the nasally placed FB was contin-
uously recorded, but the television image was not visible
to the intubating anesthesiologist during the placement
of the FB and the advancement of the ETT. If advance-
ment of the ETT was impeded during the first attempt, it
was withdrawn over the FB, rotated 90° counter-clock-
wise, and readvanced toward the trachea.

The videotapes were later reviewed in random order
by an independent faculty otolaryngologist (R. B. S.).
This physician had no knowledge of the patient’s medi-
cal histories and was not involved in their clinical care.
He was not present during the intubation and his role
was only to examine the videotapes and interpret the
findings. Specifically, this otolaryngologist assessed the
position of the FB in the larynx and the anatomical
structure that inhibited ETT advancement if any was
encountered. Other data collected included patient de-
mographics (sex, age, height, and weight) and relevant
airway history.

Data Analysis

The Student ¢ test was used to compare the distribu-
tions of age, height, and weight between patients who
has a successful intubation during the first pass and
those who did not. Success rates are presented as pro-
portions. Forty-eight patients participated in this study.
Although this is a relatively large case series, with 48
subjects, the margin of error in the reported rates is less
than 15%. For this to be as small as 5%, one would need
385 patients.

Results

Of the 48 consecutive patients consented to this study,
3 were not included: two could not tolerate the nasal FB
placement, and in the third patient, the video equipment
malfunctioned and no data were recorded. Of the par-
ticipating 45 adult patients (17 females, 28 males), the
age, height, and weight of all included patients were
52.9 * 16.8 yr (mean * SD), 167.5 = 10.7 cm, and 82.3
* 21.4 kg, respectively.

In 21 patients (46.7%), the ETT entered the trachea
during the first attempt at insertion. In 24 patients
(53.3%), the ETT did not enter the trachea during the
first attempt, and multiple attempts were needed. In
these cases, the ETT was retracted and turned 90° coun-
terclockwise, and intubation was eventually successful
in all of the patients. The ETT entered the trachea on the
second, third, and fourth attempts in 12, 9, and 3 pa-
tients, respectively. There were no statistically signifi-
cant differences in age, weight, and height between the
group of patients who had no inhibition to ETT passage
compared with those who did have inhibition of ETT
passage into the trachea (table 1).
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Table 1. Demographic Data Comparison for Patients in Whom
There Was No Obstruction to ETT Passage (Successful First
Pass) Compared with Patients in Whom There Was Initial
Obstruction (Failed First Pass)

Successful First Pass  Failed First Pass P Value

Number of patients 21 24

Age, yr 51.7 =19.3 54.0 £ 14.6 0.65
Height, cm 166.9 = 11.3 168.9 = 10.3  0.69
Weight, kg 81.5 +20.9 829 £223 0.82

Age, height, and weight values are presented as mean * SD. All values are
statistically similar between the two groups.

ETT = endotracheal tube.

Five patients received bilateral superior laryngeal
nerve blocks. The numbers of attempts that were re-
quired to thread the ETT into the trachea in these pa-
tients were one, two, two, three, and three times, re-
spectively. Five other patients received blocks of the
lingual branch of the glossopharyngeal nerve. In these
patients, the numbers of attempts that were required to
thread the ETT into the trachea were one, two, two,
three, and four times, respectively. One patient received
both types of blocks and a transtracheal injection of 4%
lidocaine (3 ml). In this patient, the ETT entered the
trachea at the first attempt. These patients received top-
ical anesthesia as described in the Materials and Methods
section as well.

In 19 patients with ETT failure of advancement (42%),
the ETT was inhibited from entering the trachea by the
right arytenoid (figs. 1A and B). In five cases (11%),
advancement of the ETT was inhibited by the interary-
tenoid soft tissues. In no case was ETT advancement

inhibited by the vallecula, epiglottis, posterior pharyn-
geal wall, or true vocal cord.

The initial location of the FB (immediately before ETT
advancement) was easily visualized in 75% of the cases.
In cases in which the tube rested against the right ary-
tenoid, passage of the ETT was obstructed at the right
arytenoid or the interarytenoid soft tissues in 92 and 8%
of these cases, respectively (table 2 and fig. 2). In cases
in which the FB was centered between the arytenoids
before ETT advancement, the ETT passed without inhi-
bition in 60% of these cases. In the other 40% of the
cases in which inhibition did occur, it was noted to
occur either at the right arytenoid or the interarytenoid
soft tissue with equal frequency. In cases in which inhi-
bition occurred, the ETT was retracted and then rotated
90° counterclockwise (toward the patient’s left), which
directed the ETT bevel posteriorly. This maneuver al-
lowed intubation to proceed without further obstruction
in some cases, as stated above, whereas others still re-
quired multiple attempts before successful intubation
(fig. 3 and table 3).

Discussion

The main finding of this study is that the right aryte-
noid and the interarytenoid soft tissues were the sites of
resistance to advancement of the ETT during awake
fiberoptic orotracheal intubation. The second finding
was that the standard ETT did not pass into the trachea
on the first attempt in 24 of 45 patients (53.3%). This is
similar to previously reported values by Hakala et al.’

Fig. 1. Still images demonstrating the endotracheal tube (ETT) lodged against the right arytenoid in a right hypopharyngeal view
where the right arytenoid is visible through the Murphy eye (4) and a panoramic view (B). AE Fold = aryepiglottic fold; FB = flexible
bronchoscope; L = left; R = right.
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Table 2. Fiberoptic Bronchoscope Position in the Larynx (Centered, Right Sided, Left Sided, or Cannot Assess) in Relation to ETT
Passage (First-Time Pass, Stopped at Interarytenoid, Stopped at Right Arytenoid)

Centered Right Sided Left Sided Cannot Assess
First-time pass 12 (60%) 0 1 (100%) 8 (73%)
Stopped at interarytenoid 4 (20%) 1(8%) 0 0
Stopped at right arytenoid 4 (20%) 12 (92%) 0 3 (27%)
All patients 20 (100%) 13 1 11

Number in parentheses represent percent of total patients in that column.
ETT = endotracheal tube.

and Brull e al.: 20 of 30 patients (66.7%) and 12 of 20
patients (65%), respectively, when similar types of poly-
vinyl ETTs were used. However, anatomical structures
that lead to failure of advancement were not identified in
these studies.

Previous reports suggested that the tip of the standard
ETT was often impinged at the level of the epiglottis or
the arytenoid cartilages.”® The narrow space between
the epiglottis and the posterior pharyngeal wall has also
been suggested as a factor that leads to the failure of
threading the ETT.? Using clinical and radiologic criteria,
Randell ef al.* concluded that the size of the tongue and
the length of the epiglottis seem to be important deter-
minants of impingement of the ETT during fiberoptic
intubation. Our study is the first to provide pictorial
evidence of the laryngeal structures that obstruct pas-
sage of the ETT during fiberoptic intubation, with all
cases of obstruction occurring at either the right aryte-
noid (42%) or the interarytenoid soft tissues (11%).

Inhibited advancement of the ETT during fiberoptic
intubation is a factor that may lead to serious laryngeal
injury. We recently reported three cases of serious laryn-

Epiglottis

Fig. 2. Still image illustrates the initial flexible bronchoscope
(FB) location just before endotracheal tube advancement. In intu-
bations where the endotracheal tube became impeded by the right

arytenoid cartilage, the initial location of the FB was very near to
the right just before intubation. L = left; R = right.
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geal injury resulting from fiberoptic intubations with
standard ETTs.® When comparing types of ETTs, the
greatest incidence of resistance to advancement of the
ETT during fiberoptic intubations has been reported
when the standard beveled ETT is used. This incidence
decreases with the use of tubes with a modified tip such
as a tapered tip ETT® or the silicone-tipped intubating
laryngeal mask airway tube.'® However, the intubating
laryngeal mask airway tube is wire reinforced and there-
fore may not be suitable for use in patients where post-
operative mechanical ventilation is planned. The Parker
ETT has also been shown to have a lower failure rate
when used for fiberoptic intubations.'!

The location of the FB in relation to the arytenoids
immediately before intubation seems to be predictive of
obstruction during advancement of the ETT. If the FB
was located in contact with the right arytenoid (fig. 2),
failure of ETT advancement was highly likely. FB posi-
tioning in the center between the arytenoids markedly

Epiglottis

Fig. 3. Still image illustrates that turning the endotracheal tube
(ETT) 90° counterclockwise directs the beveled edge of the ETT
posteriorly. The tapered tip and Murphy eye face anteriorly
toward the epiglottis while the beveled edge passes smoothly by
the interarytenoid soft tissue. R = right.
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Table 3. Number of ETTs and Their Corresponding IDs in
Patients Who Required One versus Multiple Attempts to
Advance the ETT into the Trachea

Entered Trachea at More Than One Attempt to

ID of ETT First Attempt Enter Trachea
7.0 1 2
7.5 10 11
8.0 10 10
8.5 0 1

ETT = endotracheal tube.

improved the frequency that the ETT passed on the first
attempt (60%). However, in four cases of the FB being
positioned in the center between the arytenoids, the
ETT still encountered resistance on the right arytenoid.
In four other cases with the FB centered between the
arytenoids, obstruction occurred posteriorly at the inter-
arytenoid soft tissue. These findings suggest that al-
though FB location was important, other factors may
have also played a role in failure of ETT advancement
during awake fiberoptic orotracheal intubation (table 2).
For example, movement of the laryngeal structures dur-
ing spontaneous breathing, swallowing, or spontaneous
movement of the head of the patient during intubation
may bring the right arytenoid in contact with the FB or
with the ETT, resulting in impingement of advancement.

In this study, turning the ETT 90° counterclockwise
during the second attempt at advancing the ETT resulted
in successful insertion of the ETT into the trachea in 27%
of the patients. In 27% of the patients, multiple attempts
were still required after tube rotation. With the tube in a
standard position (Murphy eye faced to the right of the
patient), the tapered tip of the ETT is positioned such
that it can easily meet resistance on the prominent edge
of the right arytenoid. With 90° of counterclockwise
rotation, the bevel of the ETT faces posteriorly, and the
tapered tip and Murphy eye of the ETT are placed ante-
riorly between the FB and the anterior commissure. With
the lack of prominent structures anteriorly and the ob-
tuse angle of the bevel directed posteriorly toward the
regions associated with tube obstruction, obstruction of
the ETT should less likely occur (fig. 3). Turning the ETT
90° counterclockwise may also have moved the FB to
the center or anterior part of the larynx, away from the
right arytenoid, therefore making inhibition of advance-
ment less likely to occur.

To keep the intubation process similar to that experi-
enced during routine awake fiberoptic orotracheal intu-
bation, there was no communication between the intu-
bating anesthesiologist and the anesthesiologist who was
observing and videotaping the intubation. If the nasally
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placed FB image had been made available to the intubat-
ing anesthesiologist or if the observer had provided any
guidance based on his or her view of the ETT in the
pharynx, adjustments could have been made that would
have altered the intubation and potentially enhanced
success.

This study reports the results for 48 consecutive cases.
This is comparable to similar reports by Hakala et al.”
and Brull et al.®> The margin of error in our estimates of
rates is approximately 15%. To reduce this to 5%, we
would have had to have studied 385 cases, which was
not practical. However, this relatively large margin of
error should not change the clinical implications of our
results. Overall, approximately 50% of first attempts at
inserting the ETT during a fiberoptic intubation will be
unsuccessful. This seems to be much higher if the FB is
placed against the right arytenoid cartilage.

In summary, the right arytenoid and the interarytenoid
soft tissues are the most common sites of resistance to
tube advancement during awake fiberoptic orotracheal
intubation. Tube design and orientation are some of the
factors contributing to inhibition of ETT advancement
over the FB. Finally, FB position in the larynx is a risk
factor for inhibition of advancement. Positioning the FB
in the center between the arytenoids and rotating the
ETT such that the bevel faces posteriorly in the larynx
will help to reduce the incidence of failure of advance-
ment and perhaps prevent laryngeal injury.

The authors thank William Clarke, Ph.D. (Professor of Biostatistics, The Uni-
versity of Iowa, College of Public Health, Jowa City, Iowa), for his valuable
assistance and advice.
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