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Fiberoptic-guided nerve integrity monitoring tube
intubation assisted by video-laryngoscope with
external laryngeal manipulation in a patient with
anteriorly displaced larynx due to huge goiter with
retropharyngeal involvement

A case report
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Abstract BN
Rationale: Goiter, an abnormal enlargement of the thyroid gland, can induce airway distortion or tracheal compression. Airway |

management can be challenging for anesthesiologists, depending on the location and size of the mass as well as the patient’s airway
conditions, although it is reported that most cases can easily be managed by oral intubation.

Patient concerns: A 61-year-old female patient who had planned for a total thyroidectomy due to a huge goiter was intubated
with nerve integrity monitoring (NIM) tubes, using video laryngoscopy (VL) and oral fiberoptic bronchoscopy (FOB) alone. The
respective attempts initially failed.

Diagnosis: The patient’s thyroid mass extended from the C3 cervical spine level to the T1 thoracic spine level with retropharyngeal
involvement, causing an upper airway anatomical alteration that made intubation difficult. FOB manipulation was challenging due to
the acute angulation of the laryngeal inlet and the tongue and the consequent interruption by the epiglottis. There was resistance to
tube introduction, despite counterclockwise rotation of the NIM tube, due to acute angulation of the larynx and circumferential
narrowing of the oropharyngeal and supraglottic space.

Interventions: In the first step of FOB-guided intubation, external laryngeal manipulation (ELM) was performed to improve the
angle of the glottic opening and to elevate epiglottis tip. This allowed for FOB introduction into the trachea. VL was then performed
transorally to elevate the tongue base and increase space, using the blade. ELM was applied simultaneously to move the glottis
lower, thereby reducing the angle of the tube passage.

Outcomes: The NIM tube was successfully introduced into the trachea with counterclockwise rotation in FOB-guided intubation.

Lessons: The combination of techniques using basic and popular devices and maneuvers, such as ELM and VL, may be useful for
the successful management of difficult airways related to retropharyngeal goiter, without the need for surgical airway.

Abbreviations: AFOl = awake FOB-guided intubation, BIS = bispectral index, Ce = effect-site concentration, DL = direct
laryngoscopy, ELM = external laryngeal manipulation, ETT = endotracheal tube, FOB = fiberoptic bronchoscopy, ID = internal
diameter, MP = Mallampati classification, NIM = nerve integrity monitoring, NMBA = neuromuscular blocking agent, VL =
videolaryngoscopy.
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1. Introduction

Goiter refers to an abnormal enlargement of the thyroid gland,
and the mass can induce airway distortion or tracheal
compression. Fortunately, most cases of goiter can easily be
managed by oral intubation."! Nevertheless, airway manage-
ment can be challenging for anesthesiologists, depending on the
size and location of the mass.?! General guidelines for
management of difficult airways are well established,*! and
airway difficulty encountered in patients with goiter has been
resolved using various approaches.>%°1

Herein, we present a case of a patient with acute angulation of
the larynx and circumferential narrowing of the oropharyngeal
and supraglottic space, due to a huge retropharyngeal goiter.
Initial attempts of nerve integrity monitoring (NIM) tube
intubation using videolaryngoscopy (VL) and oral fiberoptic
bronchoscopy (FOB) alone had failed. We mounted the NIM
tube within the patient’s trachea successfully by combining
external laryngeal manipulation (ELM) and VL to FOB.

2. Case presentation

The case presents a 61-year-old female patient (height: 150 cm,
weight: 42.4kg, body mass index: 18.4kg/m?) with a severe
diffuse goiter intended for total thyroidectomy. The patient was
diagnosed with hyperthyroidism 20years prior to treatment at
our facility and had been previously treated with methimazole, an
antithyroid medication. The goiter had 3 years of growth, and the
patient’s thyroid function had not been well-controlled; there-
fore, surgical treatment was recommended. The patient’s
preoperative thyroid-stimulating hormone level was suppressed
to 0.01, and free thyroxine was normal at 0.95. Neck computed
tomography revealed that the thyroid mass extended superiorly
to the C3 cervical spine level and inferiorly to the T1 thoracic
spine level. The retropharyngeal space was involved as well,
causing anterior displacement of the upper airway (Fig. 1). The
trachea was deviated slightly to the left due to the mass, but there
was no narrowing within the trachea (Fig. 2A-F). On preopera-
tive airway evaluation, the patient’s Mallampati classification
(MP) was 3, thyromental distance was 5.5 cm, the inter-incisor

Figure 1. The thyroid goiter that extended from the C3 level to the T1 level and
occupied the retropharyngeal space, resulting in anterior displacement of the
larynx is shown in the sagittal view of neck computed tomography. Animage of
the midline plane is shown in (A), and the image of the plane that was shifted
slightly to the right from the midline is shown in (B).
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Figure 2. The huge goiter with bilateral retropharyngeal involvement and the
trachea that was deviated leftward slightly without narrowing are seen in a
series of axial computed tomography scans of the neck, showing the region
from the upper structures (A) to the lower structures (F). The narrowest part of
the patient airway was measured as 6.85mm of the anteroposterior diameter
and 13.45mm of the transverse diameter in (C).

gap was Scm, the range of neck extension was fair, and the
condition of teeth was acceptable with no teeth malocclusion.
There were no signs of airway narrowing, including abnormal
breathing sound or breathing difficulty, even while lying down.

Upon arrival to the operating room, standard monitoring,
including noninvasive blood pressure, electrocardiogram, and
peripheral oxygen saturation, was performed. A bispectral index
(BIS) senser was placed on the patient’s forehead and used to
monitor the depth of anesthesia. Using 100% O, via a face mask,
preoxygenation was performed. After intravenous injection of
lidocaine 40 mg, anesthesia was induced with a propofol effect-
site concentration (Ce) of 4.0 mcg/mL and remifentanil Ce of 4.0
ng/mL as a target. A NIM tube (NIM EMG Endotracheal Tube,
Medtronic Xomed Inc., Jacksonville, FL) was prepared for
intraoperative neuromonitoring in order to protect recurrent
laryngeal nerve. Furthermore, to verify that NIM tube electrodes
were appropriately placed and an appropriate EMG signal was
detected before surgery, the surgeon requested that a small dose
of neuromuscular blocking agent (NMBA) be used. EDgs of
Rocuronium, measuring 0.3 mg/kg, was administered when BIS
dropped below 60, and sufficient time was given for NMBA in the
anticipation of delayed Rocuronium onset. Although the quality
of manual ventilation was not excellent, mechanical ventilation
was well performed with the face mask fitted while providing jaw
thrust.

After 4 to 5 minutes of NMBA administration and when it was
verified that the train-of-four count was 3 (propofol Ce 5.0 mcg/
mL, BIS 40 at the time), transoral intubation was performed using
a McGrath MAC (Aircraft Medical Ltd., Edinburgh, UK) video
laryngoscope with blade size 3 while patient’s head was placed on
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a pillow making sniffing position. According to the VL view, the
glottic opening was located in the upper part of the screen, and
the posterior extremity of the glottis was barely seen.
Oropharyngeal and supraglottic spaces seemed insufficient in
using a bent NIM tube with an internal diameter (ID) of 7.0 mm,
due to the circumferential thyroid mass, and the stylet angle was
inappropriate to insert the tube toward the glottis. In the second
attempt, we changed the size of the NIM tube to an ID of 6.0 mm,
and applied McGrath MAC X blade size 3, which had a more
acute curvature and a slimmer width compared with McGrath
MAC blade size 3. The laryngeal view was improved (the glottis
was entirely visible), but the route through which the tube had to
be inserted was still at an acute angle and narrow; thus, it was
difficult for the bent NIM tube with preloaded stylet to proceed
toward the glottis. In our third attempt, we decided to use FOB,
but FOB manipulation during a jaw thrust maneuver to maintain
airway patency, which was performed by the assistant
anesthesiologist, was challenging owing to the acute angulation
of the laryngeal inlet and tongue and consequent interruption of
the FOB view by the epiglottis. Therefore, another assistant
anesthesiologist performed ELM to improve the angle of the
glottic opening and to elevate the epiglottis tip, which allowed for
FOB introduction into the trachea. However, there was a
resistance to tube introduction during the next step of tube
railroading over FOB, despite counterclockwise rotation of the
NIM tube. It was believed that this problem was due to the acute-
angled larynx as well as circumferential narrowing of the
oropharyngeal and supraglottic space. To overcome this
problem, an assistant anesthesiologist inserted a McGrath
MAC X blade size 3, which was used in previous attempts,
into the patient’s mouth using the left hand. While elevating the
tongue base using the blade to make more space available, ELM
was used simultaneously with the right hand to move the glottis
lower and to reduce the angle of the tube passage. Along with
these maneuvers, the attending anesthesiologist rotated the NIM
tube counterclockwise and was able to introduce it into the
trachea after 2 attempts.

Anesthesia was maintained by total intravenous anesthesia
using propofol and remifentanil during surgery, and dexametha-
sone 10 mg was injected to prevent airway edema from multiple
attempts of intubation. Total thyroidectomy was performed
successfully without any intraoperative events. The surgically
excised mass was 10.0 x 5.0 x 3.6 cm for the right lobe and 8.0 x
7.0 x 4.0cm for the left lobe, with a weight of 180g and 110g,
respectively. We did not expect any difficulty with the airway
management when waking up the patient, as the goiter was
surgically removed, and the patient was awakened safely with a
remifentanil Ce of 1.5 ng/mL maintained for smooth emergence
from anesthesia. Two hours after the surgery, the patient was re-
admitted to the operating room for neck swelling due to
postoperative bleeding. Although the neck was very swollen, O,
was well maintained at SpO, 98% to 100% with O, measuring
10 L/min. There was no issue with ventilation, and the surgeon
disinfected the surgery area to remove sutures and the hematoma
before induction. Anesthesia was induced with thiopental 4 mg/
kg, and succinylcholine 1mg/kg was injected. Intubation was
successfully done using McGrath MAC blade size 3 and an
armored endotracheal tube of ID 6.0 mm. The glottis was very
well observed via the VL monitor. Bleeding focus was the left
inferior thyroid artery branch, which was ligated, and the surgery
was completed without additional events. The patient has
provided informed consent for the publication of this case report.
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3. Discussion

Retropharyngeal goiter, which occupies the retropharyngeal
space, can induce circumferential narrowing of the epiglottis and
supraglottic larynx compression® and contribute to the
interference of the laryngeal inlet, unlike substernal goiter, which
extends to the mediastinum, where the trachea is primarily
impacted. The anteriorly-displaced laryngeal inlet can be
exhibited due to the mass involving retropharyngeal space,
which can aggravate upper airway compression caused by
impingement of supraglottis. In patients with these anteriorly-
displaced glottic openings, visualization of the glottis with direct
laryngoscopy (DL) using the conventional laryngoscope with a
Macintosh or Miller blade may be difficult or even impossible.
The ability to visualize the glottis can affect the ease of tracheal
intubation, and it is known that using VL allows for more glottic
exposure than DL and increases the intubation success rate;
therefore, VL is, recommended in cases of difficult airway
management.'*®! However, in some cases, the glottis may not be
well-visible even with VL as shown in the present case, or the
actual introduction of an endotracheal tube may be challenging in
practice despite obtaining a good glottic view on a VL monitor.
Even in the FOB-guided intubation procedure, which we
performed as an alternative to VL, FOB and endotracheal tube
(ETT) placement into the trachea was difficult. Therefore,
additional techniques may be needed to overcome these
challenges.

Jaw thrust maneuver allows displacement of the mandible
forward and lifts up the hyoid bone, which then lifts the tongue
root connected to the hyoepiglottic ligament and the epiglottis
from the posterior pharyngeal wall. This provides more space in
the oropharyngeal cavity,®®! and it expands and opens the
laryngeal inlet itself.[**"] Therefore, jaw thrust has beneficial
effects in improving glottic visualization in both the VL view!'!
and the FOB view.!'! When using this maneuver, FOB insertion
into the trachea as the first step of FOB-guided intubation and
ETT advancement into the trachea as the second step can be
easily performed.®! Consequentially, jaw thrust is reported to
increase the success rate of intubation.!' ' However, there are also
opinions that this maneuver may make it more difficult for the
ETT to pass into the trachea, and the although the reason for this
is unclear, it may be because jaw thrusting shifts the larynx
anteriorly, which widens the esophageal inlet.”! Another
technique, ELM, is a representative maneuver for improved
laryngeal view,!'>'3 the effectiveness of which has been
demonstrated in many studies.'*'® ELM is also reported as
the most commonly used technique amongst anesthesiologists for
managing difficult laryngoscopy.!"”! ELM improves the line of
sight alignment by exerting posterior pressure to the thyroid
cartilage, to which the vocal cord is attached, and by reducing the
anterior tilt of the larynx.!">'l At the same time, ELM exerts
pressure indirectly to the hyoepiglottic ligament, which causes the
ligament to push the epiglottis forward, allowing exposure of the
glottis opening.'>'>1¢ ELM is a separate procedure from
Sellick’s maneuver, which is exerted on cricoid cartilage to
prevent passive regurgitation of gastric contents and pulmonary
aspiration."" ! When the cricoid cartilage below thyroid cartilage
is pressed, this can increase the anterior tilt of the larynx.
Therefore, caution should be practiced as this maneuver may
worsen the laryngeal view."”! In our patient, FOB insertion,
which is the first step in FOB-guided intubation, was difficult to
perform with jaw thrust only, due to the anteriorly placed, acute-
angled larynx. By adding ELM, the airway angulation was
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minimized and the epiglottis was opened by pushing upwards,
which allowed for success in the first step of FOB-guided
intubation.

However, the success of this first step does not guarantee
successful tracheal intubation, and while there are multiple factors
that interfere with the tube advancing over FOB, the second step,
bevelled tip of ETT, can impinge on the vocal cords, arytenoid
cartilages, or other hypopharyngeal structures and cause difficulties
in the tube passage (the right arytenoid cartilage may be considered
as the site that is most frequently impinged, especially during oral
FOB-guided intubation).”?"! To overcome these difficulties, tube
rotation, changes in the patient’s head or neck position, jaw thrust
maneuver, ELM, and lingual traction are helpful.?"! In particular,
tube rotation in the 90 degree counterclockwise direction brings
bevelled ETT and FOB in close contact, thus minimizing
impingement.”! Previous studies report that impingement can be
overcome with 90 degree counterclockwise rotation of tube
regardless of the impingement site.!*?! In our patient, the supra-
glottic space was narrowed from the enlarged thyroid mass that
expanded the potential impingement site from the hypopharynx to
the laryngeal inlet. To insert a relatively thin FOB into the trachea,
jaw thrusting was helpful by widening the laryngeal inlet space.
However, the maneuver did not allow for sufficient space and angle
to introduce a relatively thick NIM tube in rotation.

Several studies report improved level of difficulty when
laryngoscope is combined during FOB-guided intubation,*?!
and by using laryngoscope, effects of both jaw thrust and lingual
traction can be expected and the airway can be cleared.”¥! There
are a few case reports discussing the management of difficult
airways, such as cervical spine ankylosis due to rheumatoid
arthritis or large vallecular hemangiomas, by using DL- or VL-
assisted FOB-guided intubation.***5! Also, there are case reports
of using DL and ELM together, to assist FOB-guided intubation
and to overcome airway obstruction from perilaryngeal
edema.?®! In our patient, a McGrath video laryngoscope was
inserted, and the jaw and the tongue were lifted with the blade to
expand the space for the rotating NIM tube to pass through the
airway. To improve larynx angulation, the ELM procedure that
was previously used was also implemented. VL has some
advantages over DL, including the fact that the FOB tip can be
displayed, allowing for confirmation of the tube entry problems
and simultaneous feedback, whereby the assistant anesthesiolo-
gist can implement appropriate location and pressure.

Appropriate airway management in patients with retrophar-
yngeal thyroid goiter has not been defined.”®! There are cases
where DL, VL, and FOB failed, depending on the patient’s airway
conditions, and surgical airway interventions were needed.”!
Other cases have required surgery with awake tracheostomy.!?!
However, the best approach for securing the airway in such cases
usually includes standard DL intubation or FOB-guided intuba-
tion. Previous publications regarding airway management in
patients with goiter recommended planning for difficult airways
management by considering the location of the goiter or the
presence of factors that can increase the incidence of difficult
intubation.’! Kaur et al®”! mentioned that the factors that
predicted very difficult mask ventilation and intubation in their
patient with goiter included obesity, retrognathia, decreased
mouth opening, protruding teeth, large tongue, MP 4, decreased
neck movement, and dyspnea while lying down indicating
tracheal compression and awake FOB-guided intubation (AFOI)
rather than DL was planned for the patient. However, according
to the studies of Loftus et al®®! and Gilfillan et al,*®! AFOI
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performed as an initial attempt failed in 12%~16% of patients with
goiter. Rather, such patients could be successfully intubated using
DL or VL after intravenous induction,”®! and it was described
that AFOI requires patient cooperation and that topical airway
anesthesia can aggravate respiratory depression.””! If difficult
intubation is strongly expected due to the presence of symptoms of
airway narrowing or several predicting factors on preoperative
evaluation, AFOI with sufficient topical anesthesia or awake
tracheostomy by ENT surgeons should be considered. However,
when using the NIM tube, it is recommended to avoid the use of
lubricants, such as topical lidocaine,**! although AFOI should not
be excluded in very dangerous airways even in situations where NIM
tubes are used, and such experience of AFOI using NIM tube have
already been presented and published as a report.*! In addition, the
NIM tube’s electrode must make contact with the vocal cord for the
intraoperative neuromonitoring of the recurrent laryngeal nerve,
and in patients who have undergone tracheostomy, this can be
cumbersome as a retrograde tracheal intubation technique must be
used to mount such a tube. On preoperative airway evaluation of our
patient, there were few factors predicting intubation difficulty except
MP 3 and thyromental distance <6 ¢cm, and there were no symptoms
suggesting airway narrowing. Although the narrowest part of the
airway on the neck computed tomography was measured with an
anteroposterior diameter of 6.85mm, it was thought to be the
narrowed entrance which was partially hidden with the drooping
epiglottis, and the transverse diameter of 13.45 mm was expected to
allow the NIM tube passage (Fig. 2C). Moreover, the patient looked
anxious, albeit not severe, and considering such patient’s overall
situations, we planned to perform intubation using VL instead of
AFOI or awake tracheostomy. As a rescue intubation technique,
considering the patient’s situation, the aforementioned less invasive
airway devices and maneuvers were combined and applied without
introducing a surgical airway to successfully secure an airway.

In conclusion, in our patient with an anteriorly displaced
larynx and circumferentially narrowed supraglottic space due to
a huge goiter with retropharyngeal involvement, NIM tube was
successfully intubated with oral FOB-guided intubation, a basic
method, with the assistance of a simple ELM procedure and a
popularized VL. The combination of techniques using these basic
and popular devices and maneuvers could be useful in managing
difficult airways related to retropharyngeal goiter without the
need for surgical airways.
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