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KEY POINTS

e Laryngeal function is critical to overall airway functionality.
e Laryngeal videoendoscopy is the mainstay of laryngeal evaluation, additionally aided in some cases
by operative examination or laryngeal electromyography.

plementary techniques.

tional impairments.

BACKGROUND
Laryngeal Physiology

Understanding laryngeal anatomy is crucial for
airway surgeons, both in its normal function and
role in respiration, as well as its potential for devel-
opment of respiratory pathology. The larynx is an
essential component of the human airway through
its role in respiration, phonation, and deglutition. In
the healthy larynx, these 3 discrete functional ele-
ments converge to promote airway protection via
closure, and clearance via cough.’? Achieving
these functions requires a complex system of mo-
tor and sensory innervation.

All intrinsic muscles of the larynx except 1 are
innervated by the recurrent laryngeal nerve
(RLN), a branch of the vagus nerve (CN X). This in-
cludes the paired thryoarytenoid (TA) and lateral
cricoarytenoid muscles (LCA), as well as the un-
paired interarytenoid (IA) muscle, all of which

Direct operative microlaryngoscopy facilitates management of laryngeal disease via multiple com-

Complex laryngeal or laryngotracheal stenosis often require reconstructive surgical approaches
distinct from tracheal or cricotracheal resection.

Even successful airway reconstruction surgery can generate short- and long-term laryngeal func-

contribute to laryngeal adduction. The paired
posterior cricoarytenoid muscles (PCA) are also
innervated by the RLN, and they manage laryn-
geal abduction (Fig. 1). The sole muscle with
alternative innervation is the cricothyroid (CT),
which influences vocal fold lengthening and pitch
elevation and is innervated by the external branch
of the superior laryngeal nerve (SLN), also a
branch from CN X. The internal branch of the
SLN provides the majority of sensory innervation
to the larynx and serves as the afferent limb for
protective reflex pathways including cough and
laryngospasm.

Adduction and abduction of the vocal folds also
relies on movement of the cricoarytenoid joints
(CAJs). The joint allows for a 3-dimensional rock-
ing motion with movement of the vocal folds in
the axial, sagittal, and coronal planes. As the
PCA muscles contract, the muscular process of
the arytenoid (attachment point of PCA) is pulled
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Fig. 1. Laryngeal cartilages, muscles, and mechanisms of movement. (A) shows poterior coronal view highlighting
paired posterior cricoarytneoid muscles resonsible for aBduction (opening the larynx). (B) shows sagital section.
(C) depicts coronal view of transverse interarytenoid. (D) shows oblique arytneoid. (E) provides axial view
showing thyroarytenoid muscles. (F) shows coronal view of cricothyroid muscles. (Susan Standring, Gray's Anat-
omy International Edition, Chapter 41, 717-734. 2021 Elsevier Ltd.)

posteriorly and caudally. As the arytenoid rocks,
the vocal process (attachment point of TA) moves
upward and laterally, resulting in abduction of the
vocal folds and opening of the laryngeal airway.**

The LCA, IA, and TA muscles work collectively to
close the glottis during speech, cough, and Val-
salva. The LCA pulls the muscular process of the
arytenoid cartilage anteriorly and caudally, moving

scargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 14,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



the vocal process into a more medial position and
thereby closing the glottis.® Free motion of the CAJ
in 3-dimensions is necessary for complete abduc-
tion and adduction (Fig. 2).

During normal phonation, the vocal folds are
adducted to the point of gentle closure. Pulmonary
airflow generates a buildup of subglottic pressure
until that pressure overcomes the closure force
at the glottis and displaces the vocal fold surfaces
laterally. As the air column travels past the vocal
folds and they remain adducted, a vertical wave
is created, traversing the relatively vertical medial
surface of the vocal fold. Precise control of glottic
closure and airflow maintains a consistent wave,
which is then perceived as sound.® The vocal
fold surface vibrates due to its structural makeup,
with a relatively elastic surface layer (superficial
lamina propria), which moves freely over a more
fibrous internal layer (vocal ligament).®

Laryngeal sensation is essential for control of
protective reflexes, as well as normal breathing
and voice use. The larynx has sensory receptors
that respond to air pressure, airflow, joint motion,
and noxious stimuli. The larynx is more richly
innervated with sensory receptors than even the
lungs, without adjustment for surface area.” Sen-
sory information travels via the SLN afferent fibers
to the nucleus solitarius, where it is then communi-
cated to various parts of the brain.?

Laryngeal Airflow and Aerodynamics

Laryngeal Surgery

abduction. The aerodynamics are governed by
the physics of fluid dynamics. Bernoulli’s principle
describes that for a moving fluid, if the velocity is
increased, the static pressure will decrease. In a
specific instance of the same phenomenon, the
Venturi effect defines that as a fluid moves through
a narrowed segment, the fluid velocity increases,
and pressure decreases. In this way, air moving
through a narrowed airway segment will travel
faster and generate negative pressure, which can
influence closure or collapse depending on the
compliance of the tissue. Poiseuille’s law deter-
mines that resistance is inversely related to the
radius of the airway to the fourth power. For
example, if the radius of the airway is reduced by
a factor of 2, the resistance would increase by 16
times.

In these ways, the constant changes in glottic
aperture can modulate velocity, pressure, and
resistance. In the axial plane, the glottis is not
round but rather roughly triangular. The vocal folds
join anteriorly at the anterior commissure, and the
membranous vocal fold ends posteriorly at the
vocal process of the arytenoid, where the TA mus-
cle inserts. Posterior to the vocal processes, IA
mucosa makes up the posterior boundary of the
glottic airway. Because of pressure differentials
and the wider posterior airway, the large majority
of airflow occurs in the posterior glottis.®

Laryngeal Pathology

The larynx provides dynamic modification of airflow
by variation of resistance via adduction and
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Various pathologies can inhibit airflow at the level
of the larynx. Some of the most problematic
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Fig. 2. (A) Lateral view of the cricothyroid joint showing articulating relationship between thyroid and cricoid
cartilage. (B) Anterosuperior view of the cricoarytenoid joint, deomonstrating paired of synovial joints between
the facets on the lateral parts of the upper border of the lamina of the cricoid cartilage and the bases of the ar-
ytenoids. Two movements occur at this joint. The first is rotation of the arytenoid cartilages at right angle to the
long axis of the cricoid facet. There is also a gliding movement, by which the arytenoids approach or recede from
one another, the direction and slope of their articular surfaces imposing a forward and downward movement on
lateral gliding. The movements of gliding and rotation are associated, ie, medial gliding occurs with medial rota-
tion and lateral gliding with lateral rotation, resulting in adduction or abduction of the vocal folds respectively.
(Susan Standring, Gray’s Anatomy International Edition, Chapter 41, 717-734. 2021 Elsevier Ltd.)
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include vocal fold paralysis and posterior glottic
stenosis (PGS). Vocal fold paralysis can be caused
by a variety of insults including surgical injury to
the RLN, surgical injury to CN X, cerebrovascular
disease affecting CN X, neoplastic compression
or invasion of the RLN, trauma, and idiopathic/viral
etiologies. Unilateral vocal fold paralysis (UVFP)
does not often cause symptomatic dyspnea, but
it does create interruptions in glottic airflow that
can be sensed by the patient.’®'" Bilateral vocal
fold paralysis (BVFP) does often present with
symptomatic airway obstruction, even to the point
of acute respiratory failure.

BVFP due to bilateral neurologic compromise
typically presents as inability to adduct or abduct
the vocal folds, as both the adductors and abduc-
tors are innervated by the RLN. While presentation
may be acute, some patients initially tolerate the
limited airway due to the vocal folds being in a
lateral, flaccid position, and develop dyspnea
when partial reinnervation or synkinetic reinnerva-
tion moves the vocal folds to a more midline posi-
tion.’”> BVFP is readily diagnosed with flexible
laryngoscopy (Fig. 3).

PGS results most often from iatrogenic trauma
to the posterior larynx during prolonged endotra-
cheal intubation. The endotracheal tube passes
over the base of tongue, turns caudally, and then
transverses the glottis. Due to the natural curva-
ture of the upper airway and gravitational posterior
force from the tongue, the tube is pressed into the
posterior larynx. This can create pressure injury,
especially in the thin mucosa overlying the vocal
processes of the arytenoids (Fig. 4). The mucosal

Fig. 3. Flexible laryngoscopy image demonstrating
vocal folds fixed in the midline, in the setting of bilat-
eral vocal fold paralysis. (Data from Tibbetts, K.M.,
Simpson, C.B. Adult Bilateral Vocal Fold Paralysis.
Curr Otorhinolaryngol Rep 9, 365-372 (2021). https:/
doi.org/10.1007/s40136-021-00359-1.)

ulceration can progress to prolonged inflamma-
tion, development of granulation tissue, and
fibrosis that creates mucosal scarring including
ankylosis of the CAJs.’™>'® The PGS can vary in
pattern and severity. A classification system by
Bogdasarian describes Classes | to IV. Class | in-
cludes mucosal scar band with patent aperture
posteriorly. Class Il is complete mucosal scarring
without joint ankylosis. Class lll includes complete
mucosal scarring and unilateral CAJ ankylosis.
Class IV adds ankylosis of both joints'” (Table 1).
This system is qualitatively useful but has not
been rigorously associated with clinical outcomes.

PGS, especially with joint ankylosis, can cause
vocal fold motion impairment. These scenarios
are distinct from vocal fold immobility due to paral-
ysis, although they share some identification and
management strategies.

Assessment of Laryngeal Function

Laryngeal motion abnormalities should be consid-
ered with high index of suspicion, especially after
surgical dissection near the course of the RLN in
thyroidectomy, central neck dissection, open
esophageal procedures, upper lobectomy, and
cardiac or cardiovascular surgery. While UVFP
most often presents with breathy, weak voice,
limited cough, and aspiration of liquids, BVFP
can present with airway obstruction and stridor.
PGS can present similarly to BVFP.

Laryngeal videoendoscopy is used to examine
vocal fold anatomy and gross function. This can
be accomplished via rigid technique with a 70-de-
gree or 90-degree scope passed transorally. It is
more often performed via flexible transnasal tech-
nique, after topical anesthesia and decongestion
of the nasal cavity. The examiner establishes a
real-time view of the larynx and instructs the pa-
tient through phonatory and breathing tasks. Vocal
fold mobility and RLN function is assessed by mo-
tion of the arytenoid complex. If motion is asym-
metric or incomplete, the examiner can note the
side and the position of the abnormal arytenoid
complex. Alternation of nasal sniff and a vocal is
useful to assess abduction and adduction. Obser-
vation of pitch glide from low to high may reveal
external branch SLN injury.'®

Findings of bilateral vocal fold immobility on
laryngoscopy examination can be further investi-
gated, as it may not be possible to differentiate be-
tween neurogenic paralysis (BVFP) and complete
joint fixation in PGS. Cross-sectional imaging via
computed tomography can be useful to evaluate
the integrity of the cricoid cartilage and CAJ.

In these cases, operative endoscopy is invalu-
able for the ability to palpate the CAJ and determine
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Fig. 4. In orotracheal intubation, the
weight and pressure of the tongue,
as well as the angle of the endotra-
cheal tube exert force on the posterior
glottis, including the thin mucosa
overlying the vocal processes of the ar-
ytenoids. In some cases, this can lead
to ischemia, necrosis, mucosal ulcera-
tion, and inflammatory remodeling.
(a) demonstates pressure on the poste-

mobility. After initiation of neuromuscular blockade,
the patient is placed in suspension with an oper-
ating laryngoscope.'® Under magnified visualiza-
tion with operating telescope or microscope, the
surgeon can palpate the vocal fold and note move-
ment of the CAJ complex. A mobile joint should
rock freely of the contralateral side with minimal
force. Operative endoscopy also allows for com-
plete visualization of the posterior glottis, which is
typically not possible with awake laryngoscopy.
With the same approach, the surgeon can visualize
the subglottis and trachea to evaluate for any addi-
tional levels of injury or abnormality.

Table 1
Staging systems for Posterior Glottic Stenosis

Bogdasarian and Olson Staging: Posterior
Glottic Laryngeal Stenosis

Stage | Adhesion of the vocal process

Stage Il Scarring of the interarytenoid
plane and internal surface of
the posterior cricoid lamina

Stage Ill Unilateral cricoarytenoid joint
ankylosis

Stage IV Bilateral cricoarytenoid joint
ankylosis

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 14
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

rior laryngeal mucosa from an endo-
tracheal tube resulting from tongue
base pressure (Data from Shinn JR, Ki-
mura KS, Campbell BR, Lowery AS,
Wootten CT, Garrett CG, Francis DO,
Hillel AT, Du L, Casey JD, Ely EW. Inci-
dence and outcomes of acute laryn-
geal injury after prolonged
mechanical ventilation. Critical care
medicine. 2019 Dec 1;47(12):1699-706.)

In the case of iatrogenic PGS, it can be diagnos-
tically useful to obtain a tissue culture during an
initial procedure. Mucosal barrier disruption, bac-
terial displacement, and subsequent inflammatory
cytokine cascades have been shown to participate
in the pathophysiology of PGS and iatrogenic sub-
glottic stenosis (SGS).2° Culture directed antibi-
otics may aid in reduction of the inflammatory
response in these cases.

Laryngeal electromyography (EMG) is used in
some centers for diagnosis of vocal fold paralysis
or paresis. It is performed via transcutaneous
placement of needle electrodes in the TA muscles,
through the CT space. It can differentiate between
structural (PGS or CAJ ankylosis) or neuromus-
cular etiologies of immobility. It is dependent on
the skill and experience of the performing physi-
cian but can be useful when taken in context
with other clinical findings.?'-2*

DISCUSSION
Techniques for Addressing Isolated Laryngeal
Stenosis

Endoscopic management of laryngeal stenosis
begins with operative diagnostic evaluation and
palpation of the CAJs, as described earlier. But
limited glottic opening can often preclude tradi-
tional orotracheal intubation, and the presence of
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an endotracheal tube can prevent evaluation and
operation in the larynx. In the presence of an exist-
ing tracheostoma, the airway can be managed
with simple tracheal intubation via the stoma. If
no stoma has been created and tracheostomy is
not indicated, a variety of techniques exist for
alternative transglottic ventilation under anes-
thesia. The surgeon and anesthesiologist can co-
ordinate intermittent intubation with periods of
apnea. Transnasal humidified rapid-insufflation
ventilatory exchange may extend the apneic inter-
val 10 to 20 min or more.?®> Some patients may
tolerate a carefully titrated general anesthesia
with spontaneous ventilation, often supported
with topical laryngeal anesthesia.?®?” Laryngeal
mask airway can facilitate the passage of flexible
instruments including channeled bronchoscope
or laryngoscope, but functionality may be less
than in the straight-line suspension laryngoscopy
approach.?® Jet ventilation allows for simultaneous
ventilation and operative intervention, but espe-
cially narrow glottic stenosis may necessitate sub-
glottic jet ventilation with a Hunsaker catheter
passed into the trachea. Jet ventilation carries
risks including barotrauma, hypoxemia, hypercar-
bia, and laryngospasm, but it remains safe
especially when managed by an experienced
operative and anesthesia team.?%:*°

PGS varies in severity, summarized by the Bog-
dasarian classification system.'” Regardless of
classification and severity, operative management
of PGS often begins with simple lysis of scar,
either with a laryngoscopic sickle blade or with a
COs, laser. The cut can be extended posterolater-
ally toward and into the CAJ space.

Vocal fold suture lateralization is typically used
for management of BVFP, and utility can be limited
in cases of PGS due to scar tethering the posterior
glottis and preventing lateralization.

Sutures can be passed either endolaryngeal to
extralaryngeal using an endoscopic suturing
device (Lichtenberger needle driver)®! or extralar-
yngeal to endolaryngeal using a large-gauge hol-
low-bore needle.®? In either case, a suture is
placed through the thyroid cartilage, with entry
point in the larynx just below the vocal process
of the arytenoid. Another suture passes through
the thyroid cartilage and enters just above the
vocal fold at the same location. These sutures
are affixed to one another, and the loose extralar-
yngeal ends are pulled taught. They are tied down
and secured either over the thyroid cartilage or
even outside the skin, tied over a button for skin
protection (Fig. 5). This procedure carried poten-
tial risks including dysphagia, aspiration, signifi-
cantly worsened voice, and suture complications,
among others.31-33

Transverse vocal cordotomy with or without
medial arytenoidectomy remains 1 of the main-
stays for treatment of glottis stenosis, whether
from BVFP or PGS. Transverse cordotomy is typi-
cally performed with the CO, laser, in a suspen-
sion micro laryngoscopy approach. An incision is
made approximately perpendicular to the axis of
the vocal fold and the TA muscle fibers, to release
the muscle from its attachment to the vocal pro-
cess of the arytenoid. The incision can be carried
out as far laterally as the inner perichondrium of
the thyroid cartilage. In this way, the natural
tension of the TA muscle causes it to release ante-
riorly, toward its attachment to the thyroid carti-
lage at the anterior commissure (Fig. 6).3%3°
Medial arytenoidectomy is often performed at the
same time, which includes removal of the vocal
process of the arytenoid, as well as variable
amounts of the cartilage body. Despite the
destructive nature of these procedures, they typi-
cally produce acceptable voice and swallowing
outcomes.36-%8

Additionally, the laryngeal surgery can remove a
more significant portion of the arytenoid cartilage,
with or without disruption of the mucosal vocal
fold. Subtotal endoscopic arytenoidectomy in-
cludes an incision of the supraglottic mucosa
over the arytenoid cartilage, with preservation of
a medial mucosa flap. Once the cartilage is
removed with a combination of cold dissection
and CO, laser, the medial mucosal flap can be lat-
eralized with endoscopic suturing,® or endolar-
yngeal/extralaryngeal suture lateralization in a
similar technique to vocal fold suture lateraliza-
tion.*° Proponents describe superior voice and
airway results compared to the simpler transverse
cordotomy or medial arytenoidectomy, but the
technique can have a significantly steeper learning
curve, and there are limitations to application in
severe PGS, whereas it can be more favorable in
BVFP.4!

Often combined with 1 or more of the earlier pro-
cedures, trans-glottic laryngeal stenting can be
used to inhibit re-stenosis after a surgical opening
procedure. Several prefabricated stents exist, but
many surgeons use readily available materials
including endotracheal tubes, Montgomery T
tubes, and silastic sheeting to form custom stents.
A relatively popular technique among otolaryngol-
ogists is to create a modified Montgomery T tube
stent by removing the lower half, suturing the top
shut to prevent aspiration and better approximate
the shape of the glottis, and leaving a horizontal
limb exiting the stoma. This can be held in place
simply with the horizontal limb preventing supe-
rior/inferior movement or via trans-laryngeal sutur-
ing.*2 The stent does typically cause transient pain
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and dysphagia, but it is removed after a sufficient
period of healing (typically 4-6 w).

Finally, advanced endoscopic techniques can
provide cartilaginous framework expansion. Endo-
scopic posterior cricoid split with cartilage grafting
is a technique more commonly employed in pedi-
atric airway surgery where cartilage is reliably soft.
The cricoid cartilage is divided in the posterior
midline with CO, laser or in 1 series with an ultra-
sonic bone aspirator. Either an autograft section
of rib cartilage or a cadaveric rib graft is carved

Fig. 6. In transverse cordotomy, the surgeon enlarges
the glottic aperture by releasing the vocal fold from
its attachment to the vocal process of the arytenoid.
Via the natural tension of the thyroarytenoid muscle,
the vocal fold releases forward, creating a posteri-
orly enlarged airway. (Data from Rayle CA, Fritz
MA. Endoscopic management of laryngotracheal
and pharyngoesophageal trauma. Operative Tech-
niques in Otolaryngology-Head and Neck Surgery.
2020 Dec 1;31(4):308-16.)
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Fig. 5. An immobile vocal fold may be
lateralized via endo extra-laryngeal su-
ture lateralization to increase the glot-
tic airway aperture. The surgeon
passes a suture around the vocal fold
and then ties the suture over the skin
or over the thyroid cartilage, drawing
the posterior vocal fold laterally.
(Michael S. Benninger, Neil Bhattachar-
yya, Marvin P. Fried, Surgical manage-
ment of bilateral vocal fold paralysis,
Operative Techniques in Otolaryn-
gology-Head and Neck Surgery, 9 (4),
1998, 224-229, https://doi.org/10.1016/
$1043-1810(98)80008-0.)

to serve as a spreader graft. The cartilage is locked
into place, using the natural tension of the cricoid
remains in position. The cartilage can be addition-
ally secured with a transglottic T tube stent.*>44

Expansion of the laryngeal inlet size via posterior
cricoid costal cartilage grafting is more typically
performed via open approach in adults. In the
case of glottic level stenosis, the cricoid or thyroid
cartilages can be expanded with the interposition
of cartilage grafts in the posterior midline, anterior
midline, or both. Again, cartilage is harvested from
the rib (cadaveric cartilage graft can also be suc-
cessfully employed). Laryngofissure describes
the opening of the larynx in the anterior midline.
Once the larynx has been opened, the posterior
midline can be split to allow for insertion of a pos-
terior expansion graft (Fig. 7). Additionally, expan-
sion graft can be used to enlarge the subglottic
caliber via anterior placement in the inferior thyroid
and cricoid incisions. Both anterior and posterior
locations can be grafted (depending on need).
The procedures typically require endolaryngeal
stenting and tracheostomy during the healing
period.

Techniques for Addressing Laryngeal Stenosis
Also Associated with Subglottic or Proximal
Tracheal Stenosis

Management of laryngeal stenosis can be espe-
cially challenging when coincident with a second
level of stenosis. Laryngeal stenosis can extend
in continuity with SGS or be associated with
discrete proximal tracheal disease secondary to
the endotracheal tube cuff or tracheostomy stomal
site injury. Each of these cases requires additional
consideration with respect to counseling, airway
management, and surgical technique.

Multilevel stenosis can be managed with endo-
scopic techniques, treating the multiple levels
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separately, in a simultaneous or staged approach.
In cases of severe subglottic and glottic stenosis,
open segmental resection coupled with laryngofis-
sure and posterior cricoid grafting can address
both components of physiologic airflow limitation.

The laryngotracheal complex is accessed with a
low horizontal cervical incision, with skeletoniza-
tion of the cartilaginous airway framework.
Cross-table ventilation is utilized to maintain endo-
tracheal intubation transcervically. The airway is
entered just below the level of structural compro-
mise, and often just below the prior tracheotomy
site. In cases of subglottic involvement, the ante-
rior two-thirds of the cricoid are resected, with
care to not disturb the region of the CT joint. The
endoluminal scar can be directly excised down
to the level of the cricoid perichondrium. When
laryngeal and specifically posterior glottic expan-
sion are needed, a laryngofissure is performed,
and the cricoid is split in the posterior midline.
The autologous or cadaveric rib graft is carved
into a keystone or I-beam shape and inserted in
the posterior cricoid. A flap of trachealis muscle

Fig. 7. Standard laryngotracheal
reconstruction. (A) Laryngotracheal
anterior exposure: 1, thyroid cartilage;
2, cricoid cartilage; 3, incision site to
perform the anterior laryngeal split.
(B) Airway exposure after anterior
laryngeal split: 1, thyroid cartilage split
and retracted; 2, cricoid cartilage split
and retracted; 3, arytenoids; 4, poste-
rior cricoid plate, exposed and ready
to be split. (C) Posterior larynx grafting
after posterior cricoid split: 1, aryte-
noids; 2, posterior cricoid plate already
opened; 3, rib cartilage graft filling
the posterior groove. (D) Laryngeal
stent and anterior grafting: 1, solid
stent inside the airway; 2, rib cartilage
graft prepared to fill the anterior
defect. (Ricardo Mingarini Terra et al.,
Laryngeal split and rib cartilage inter-
positional grafting: Treatment option
for glottic/subglottic stenosis in adults,
The Journal of Thoracic and Cardiovas-
cular Surgery, 37 (4), 2009, 818-823,
https://doi.org/10.1016/j.jtcvs.2008.08.
035.)

is stretched and secured over the cartilage graft.
The laryngofissure is closed, with care taken to
reapproximate the anterior commissure of the
vocal folds. A suprastomal, transglottic stent facil-
itates stabilization the distracted larynx and can be
left in place during healing. The combination of
segmental resection and laryngofissure with pos-
terior cricoid grafting has been termed “extended
cricotracheal resection (CTR)” (Fig. 8).*°

Management of Recurrent Laryngeal Nerve
Injury

The RLN provides motor innervation to the
adductor and abductor laryngeal musculature.
The RLN takes a unique route from brainstem to
larynx, which makes it vulnerable to injury from
various insults. The nerves also have side-
specific anatomy. The left RLN travels with CN X
downward through the neck, posteromedial to
the internal jugular vein, and posteromedial to
the common carotid artery, within the carotid
space. The left RLN and CNX follow the course
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of the carotid into the mediastinum and cross-
anterior to the aortic arch. The RLN then loops
180° under the aorta and travels superiorly in the
tracheoesophageal groove. This position results
in a course intimate with the thoracic esophagus
and the parathyroid and thyroid glands. The nerve
enters the larynx at the CT joint. The right RLN
similarly travels into the chest with the carotid ar-
tery and CN X before looping around the subcla-
vian artery. It then travels along the upper lobe
pleura and toward the tracheoesophageal groove.
It does not travel along the groove until a point just
inferior to the CT joint. Its course is therefore more
oblique in the neck. In less 1% of humans, the right
RLN is nonrecurrent and branches directly from
CN X at the level of the thyroid gland or higher.
This typically associated with a retroesophageal
course of the right subclavian artery.*6-48

A variety of insults can lead to nerve dysfunction
including vascular interruptions, infectious/inflam-
matory disease, and compression by neoplastic
lesions and trauma. But surgery remains a leading
and common source of RLN injury. This risk
exists during surgery for the skull base, carotid
artery, heart and great vessels, bilateral lungs,
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Fig. 8. Laryngotracheal reconstruction
associated with cricotracheal resection.
(A) Larynx apart from the trachea, ante-
rior laryngeal split and cricotracheal
resection already performed: 1, thyroid
cartilage split and retracted; 2, poste-
rior cricoid (anterior arch already
resected); 3, arytenoid cartilage; 4,
tracheal posterior wall flap; 5, remain-
ing healthy trachea. (B) Cartilage graft-
ing after posterior cricoid split: 1,
posterior cricoid already split; 2, rib
cartilage graft filling the posterior
cricoid plate groove. (C) Posterolateral
cricotracheal anastomosis hiding the
posterior cartilage graft: 1, posterior
cricoid cartilage; 2, posterior tracheal
wall flap sutured to posterior cricoid
remnant mucosa; 3, healthy trachea,
posterolateral anastomosis with the
larynx already completed. (D) Laryn-
geal stent and anterior grafting: 1,
laryngeal stent; 2, trachea, tracheos-
tomy already performed; 3, rib carti-
lage graft prepared to fill the anterior
defect. (Ricardo Mingarini Terra et al.,
Laryngeal split and rib cartilage inter-
positional grafting: Treatment option
for glottic/subglottic stenosis in adults,
, The Journal of Thoracic and Cardiovas-
- cular Surgery, 37 (4), 2009, 818-823,
https://doi.org/10.1016/j.jtcvs.2008.08.
035.)

esophagus, parathyroid, thyroid, and cervical
spine via anterior approach. The nerve can be
damaged via stretch, compression, thermal injury,
or direct insult. Injuries are typically not recognized
at the time of surgery.“%*° The RLN function may
be monitored during surgery with use of a special-
ized endotracheal tube with surface electrodes
placed between the vocal folds.*° This practice
has become increasingly common in thyroid and
parathyroid surgery but is not frequently employed
in other disciplines. Intraoperative knowledge of
nerve function in thyroid and parathyroid surgery
can influence decision-making in completing bilat-
eral surgery, especially when RLN signal is lost on
1 side intraoperatively. Knowledge of RLN anat-
omy, as well as these frequent sites of injury is crit-
ical in limiting iatrogenic RLN trauma. In cases of
known or suspected RLN injury, a patient should
be referred to a laryngologist (if available) or otolar-
yngologist for diagnosis and management.
Diagnosis of an RLN injury is typically make with
laryngeal videoendoscopy, which can be guided
by typical presenting symptoms including weak,
breathy voice, limited cough, and dysphagia to lig-
uids. Serial laryngoscopy can often observe partial
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or complete neural recovery, which subsequently
confirms that the initial injury was partial. Laryn-
geal electromyography (LEMG) can also be useful
in select cases to provide prognostic information,
and specifically to diagnose total nerve injury. In
the case of total injury, all voluntary motor activity
will cease. After about 3 w, LEMG will demonstrate
fibrillation potentials and positive sharp waves. In
contrast, a partial nerve injury (with variable poten-
tial for recovery) will generate polyphasic action
potentials.®’

Neural Injury Rehabilitation

Unilateral RLN paralysis is routinely managed
by otolaryngologists with medialization laryngo-
plasty, whether by temporary injection or more
permanent type 1 thyroplasty.5? In cases of partial
injury, temporary recovery can take place over the
course of up to 12 mo.5354 In the acute and sub-
acute setting, while awaiting that recovery, the
otolaryngologist may offer injection medialization
with products including carboxymethylcellulose,
hyaluronic acid, calcium hydroxyapatite, or fat
autograft. In some cases, these injections can be
performed under local anesthesia either trans-
cervically or transorally.>® Type 1 thyroplasty en-
tails insertion of an implant in the paraglottic
space via an open cervical approach, after crea-
tion of a window through the inferolateral thyroid
cartilage. Gore-Tex strips and carved silastic are
common implant materials.52:56-58

Especially in cases of known complete transec-
tion, direct neurorrhaphy, cable grafting, or rein-
nervation may provide symptomatic benefit and
improve the chances to regain tone in the dener-
vated hemilarynx. Nerve repair does not typically
restore dynamic adduction and abduction. In suc-
cessful cases, nerve repair can maintain muscular
tone and influence the vocal fold to rest in a midline
or paramedian position. One series of known RLN
transections in thyroplasty showed positive and
similar outcomes from direct neurorrhaphy, cable
grafting, and CN X to RLN anastomosis.® Similar
results have been shows with ansa cervicalis to
RLN grafting.®® Reinnervation shows superior re-
sults in younger patients, especially pediatric pa-
tients.":62 Long-term voice results have inverse
correlation with time from injury to reinnervation.®?

BVFP is additionally challenging with respect to
nerve repair and reinnervation. Since the RLN is
responsible for both adductor and abductor
muscles, reinnervation can result in synkinesis
and does not typically restore dynamic function.
Selective reinnervation is required for separate
control of adductors and abductors. This can be
achieved with select reinnervation of the PCA

(sole abductor), either by neuromuscular pedicle
transfer, selective neural micro anastomosis, or
direct nerve implantation to the PCA.®3-5% Encour-
aging results have been seen in clinical trial set-
tings with implantable PCA muscle stimulators or
“laryngeal pacers”.®5-%° Stem cell transfer to the
PCAs may also have promise in restoring vocal
fold abduction.”® With any technique, reanimation
of the PCA abductor function requires mobility of
the CAJ.

Management of Voice After Cricotracheal
Resection

CTR with laryngotracheal anastomosis typically
produces excellent respiratory outcomes in
correctly selected patients. Although the surgical
technique does not directly alter the vocal folds, it
often causes negative changes in voice. After
CTR, patients demonstrate reduced vocal pitch
and reduced dynamic range.”! This is principally
attributed to disruption or resection of the CT mus-
cle, which is responsible for lengthening and
dynamically tightening the vocal folds.”? In case se-
ries, the prevalence of at least moderate dysphonia
after CTR was greater than 80%.”® Voice therapy
has documented benefit for management of post-
operative voice changes, with specific success in
reducing tightness, limiting pain with voicing, and
improving loudness.” Minor alterations in tech-
nique have been described to avoid resection of
the CT muscles, including partial or complete pres-
ervation of the anterior cricoid ring.”>"®

Perioperative Management of Laryngeal
Edema After Cricotracheal Resection

CTR has multiple risks and known complications,
ranging from minor wound healing complications
to anastomosis dehiscence and acute airway
compromise. Laryngeal edema is a common
adverse effect in the immediate postoperative
period. Edema can result from direct manipulation,
as well as from disruption of the venolymphatic
drainage pathways in the larynx and subglottis.
Intravenous corticosteroids may be administered
perioperatively as a single dose or consecutive
doses every 8 h’; but some centers recommend
against the routine use of corticosteroids with
concern for inhibition of wound healing,”® and no
evidence-based consensus exists. If granulation
tissue develops at the level of the anastomosis,
corticosteroids can used for managed by inhala-
tion, topical application through a tracheostomy,
intralesional injection, or by intravenous route.”®
Acute laryngeal edema can also be managed
with inhaled racemic epinephrine, typically dosed
every 3 to 4 h as needed.®° Whether inhaled
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oronasally or via tracheostomy, continuous cool
mist humification can aid in reducing viscosity of
sputum, reduction in cough, and improved com-
fort.8" Routine use of proton pump inhibitors may
reduce laryngotracheal exposure to reflux during
recovery, but effect on healing and comfort is
unknown.

SUMMARY

Effective airway surgery requires a working knowl-
edge of laryngeal physiology and pathology. This
often entails cooperative work between the
thoracic surgeon and otolaryngologist, especially
in complex cases.

The larynx is an essential component of the
human airway through its role in respiration, phona-
tion, and deglutition. Unilateral and BVFP can each
result in significant disruption of all 3 dynamic com-
ponents of laryngeal function. Laryngeal stenosis,
particularly PGS and coincident laryngotracheal
stenosis, requires complex operative management
for restoration of upper airway patency.

Through interdisciplinary collaboration and
ongoing education, thoracic surgeons and otolar-
yngologists can jointly improve outcomes for pa-
tients with complex airway diseases. Recent and
upcoming advances hold promise for further inno-
vations in laryngeal surgery, enhancing the collec-
tive ability to care for patients with complex airway
disease.

CLINICS CARE POINTS

e The larynx serves vital functions in airway
protection, and disruption of laryngeal func-
tion can lead to respiratory compromise.

e Great care should be taken to preserve the
RLN, inclusive of its course in the bilateral
mediastinum, around the aortic arch, within
the left intrathoracic and cervical tracheoeso-
phageal groove, around the right subclavian
artery, and along its more oblique right cervi-
cal course.

e Laryngeal neuromuscular function can be
easily assessed via transnasal videolaryngo-
scopy, and in come clinical setting, laryngeal
electromyography can provide additional
prognostic information.

e Isolated laryngeal stenosis can often be
managed with direct laryngoscopy-based tech-
niques including vocal cordotomy, arytenoi-
dectomy, with or without laryngeal stenting.

e More complex cases of laryngeal and laryngo-

Laryngeal Surgery

laryngotracheal reconstruction, with possible
inclusion of cartilage grafting.

e CTR often leads to post-operative voice
changes, which can possibly be prevented
via variations in technique and can be
managed post-operatively with the help of
voice therapy administered by trained
speech-language pathologists.

tracheal stenosis may require open

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 14,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

DISCLOSURE

None.

FUNDING

Dr Gelbard: NHLBI, NIH: RO1HL146401PCORI,
CER-1409-22214.

REFERENCES

1. Ludlow C. Laryngeal reflexes: physiology, technique
and clinical use. J Clin Neurophysiol 2015;32:284-93.

2. Hunter EJ, Titze IR, Alipour F. A three-dimensional
model of vocal fold abduction/adduction. J Acoust
Soc Am 2004;115:1747-59.

3. Yin JZ. Interaction between the thyroarytenoid and
lateral cricoarytenoid muscles in the control of vocal
fold adduction and eigenfrequencies. J Biomech
Eng 2014;136(11):1110061-11100610.

4. BryantNJ, Woodson GE, KaufmanK, etal. Human pos-
terior cricoarytenoid muscle compartments: anatomy
and mechanics. Arch Otolaryngol 1996;122:1331.

5. van den Berg J. Myoelastic-aerodynamic theory of
voice production. J Speech Hear Res 1958;1:227.

6. Hirano M, Kakita Y. Cover-body theory of vocal fold
vibration. Daniloff RGSpeech science. College-Hill
PressSan Diego; 1985. p. 1233-68.

7. SantAmbrogio G, Mathew OP, Fisher JT, et al.
Laryngeal receptors responding to transmural pres-
sure, airflow, and local muscle activity. Respir Phys-
iol 1983;54:317.

8. O’Flynn LC, Worthley A, Simonyan K. Neural Control
of the Laryngopharynx. In: Zalvan CH, editor. Lar-
yngopharyngeal and Gastroesophageal Reflux.
Cham: Springer; 2020. https://doi.org/10.1007/978-
3-030-48890-1_5.

9. Nelson JL, Woodson GE. Airway obstruction due to
unilateral vocal fold paralysis. Laryngoscope 2013;
123(4):969-74.

10. Hebbink RH, Wessels BJ, Hagmeijer R, et al.
Computational analysis of human upper airway
aerodynamics. Med Biol Eng Comput 2023;61(2):
541-53.

11. Azadarmaki R, Mirza N, Soliman AMS. Unilateral
true vocal fold synkinesis presenting with airway

47


http://refhub.elsevier.com/S1547-4127(24)00081-1/sref1
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref1
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref2
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref2
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref2
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref3
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref3
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref3
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref3
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref4
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref4
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref4
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref5
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref5
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref6
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref6
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref6
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref7
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref7
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref7
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref7
https://doi.org/10.1007/978-3-030-48890-1_5
https://doi.org/10.1007/978-3-030-48890-1_5
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref9
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref9
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref9
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref10
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref10
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref10
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref10
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref11
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref11

48

12.

13.

14,

16.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

Rohlfing & Gelbard

obstruction. Ann Otol Rhinol Laryngol 2009;118(8):
587-91.

Hillel AD, Benninger M, Blitzer A, et al. Evaluation
and management of bilateral vocal cord immobility.
Otolaryngol Head Neck Surg 1999;121(6):760-5.
Benjamin B, Holinger LD. Laryngeal complications
of endotracheal intubation. Ann Otol Rhinol Laryngol
2008;117(9Supp):1-20.

Roh JL. Prevention of posterior glottic stenosis by
mitomycin  C. Ann Otol Rhinol Laryngol 2005;
114(7):558-62.

Courey MS, Bryant GL Jr, Ossoff RH. Posterior glot-
tic stenosis: a canine model. Ann Otol Rhinol Lar-
yngol 1998;107(10 Pt 1):839-46.

Weymuller EA. Laryngeal injury from prolonged
endotracheal intubation. Laryngoscope 1988;
98(Suppl 45):1-15, 8 Pt 2.

Bogdasarian RS, Olson NR. Posterior glottic laryn-
geal stenosis. Otolaryngol Head Neck Surg 1980;
88(6):765-72.

Roy N, Barton ME, Smith ME, et al. An in vivo model
of external superior laryngeal nerve paralysis: lar-
yngoscopic findings. Laryngoscope 2009;119:
1017-32.

Grundfast KM, Stuart Strong M, Vaughn CW, et al.
Suspension microlaryngoscopy in the Boyce posi-
tion with a new suspension gallows. Ann Otol Rhinol
Laryngol 1978;87(4):560-6.

Hillel AT, Tang SS, Carlos C, et al. Laryngotracheal
microbiota in adult laryngotracheal stenosis.
mSphere 2019;4(3):10-1128.

Blitzer A, Crumley RL, Dailey SH, et al. Recommen-
dations of the neurolaryngology study group on
laryngeal electromyography. Otolaryngol Head
Neck Surg 2009;140:782-93.

Simpson CB, Cheung EJ, Jackson CJ. Vocal fold
paresis: clinical and electrophysiologic features in a
tertiary laryngology practice. J Voice 2009;23:396-8.
Sataloff RT, Mandel S, Mann EA, et al. Practice
parameter:  laryngeal electromyography (an
evidence-based review). Otolaryngol Head Neck
Surg 2004;130:770-9.

Meyer TK, Allen DH. Is laryngeal electromyography
useful in the diagnosis and management of vocal fold
paresis/paralysis? Laryngoscope 2011;121(2):234.
To K, Harding F, Scott M, et al. The use of transnasal
humidified rapid-insufflation ventilatory exchange in
17 cases of subglottic stenosis. Clin Otolaryngol
2017;42(6):1407-10.

Booth AWG, Vidhani K. Spontaneous ventilation us-
ing Propofol TCI for microlaryngoscopy in adults: a
retrospective audit. Anaesth Intensive Care 2016;
44(2):285-93.

Yoo MJ, Joffe AM, Meyer TK. Tubeless total intrave-
nous anesthesia spontaneous ventilation for adult
suspension microlaryngoscopy. Ann Otol Rhinol Lar-
yngol 2018;127(1):39-45.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Pourciau DC, Hotard DP, Hayley S, et al. Safety and
efficacy of laryngeal mask airway ventilation in
obese patients with airway stenosis. Laryngoscope
2017;127(11):2582-4.

Rodney JP, Shinn JR, Amin SN, et al. Multi-institu-
tional analysis of outcomes in supraglottic jet ventila-
tion with a team-based approach. Laryngoscope
2021. https://doi.org/10.1002/lary.29431.

Hu A, Weissbrod PA, Maronian NC, et al. Hunsaker
Mon-Jet tube ventilation: a 15-year experience.
Laryngoscope 2012;122(10):2234-9.

Lichtenberger G, Toohill RJ. The endo-extralaryngeal
needle carrier. Otolaryngology—head and Neck. Sur-
gery 1991;105(5):755-6.

Howell R, Romeo S, Myer IVC, et al. The lasso tech-
nigue for endoscopic suture lateralization in bilateral
vocal fold immobility. Laryngoscope 2017;127(11):
2604-7.

Su WF, Liu SC, Tang WS, et al. Suture lateralization in
patients with bilateral vocal fold paralysis. J Voice
2014;28(5):644-51.

Bernstein JM, Jones SM, Jones PH. Unilateral trans-
verse cordotomy for bilateral abductor vocal fold
immobility. J Laryngol Otol 2012;126(9):913-7.
Dennis DP, Kashima H. Carbon dioxide laser poste-
rior cordectomy for treatment of bilateral vocal cord
paralysis. Ann Otol Rhinol Laryngol 1989;98(12):
930-4.

Hillel AT, Giraldez L, Samad |, et al. Voice outcomes
following posterior cordotomy with medial arytenoidec-
tomy in patients with bilateral vocal fold immobility.
JAMA Otolaryngol Head Neck Surg 2015;141(8):
728-32.

Rouhani MJ, Morley |, Lovell L, et al. Assessment of
swallow function pre-and post-endoscopic CO2
laser medial arytenoidectomy: a case series. Clin
Otolaryngol 2022;47(2):347-50.

Ghodke A, Tracy LF, Hollis A, et al. Combined trans-
verse cordotomy-anteromedial arytenoidectomy for
isolated glottic stenosis. Laryngoscope 2021;
131(10):2305-11.

Yiimaz T. Endoscopic partial arytenoidectomy for
bilateral vocal fold paralysis: medially based
mucosal flap technique. J Voice 2019;33(5):751-8.
Shoffel-Havakuk H, Lahav Y, Reuven Y, et al. Subto-
tal submucosal arytenoidectomy with lateralization
sutures (SMALS) covered by a mucosal flap. Laryn-
goscope 2024;134(1):353-60.

Lawson G, Remacle M, Hamoir M, et al. Posterior
cordectomy and subtotal arytenoidectomy for the
treatment of bilateral vocal fold immobility: functional
results. J Voice 1996;10(3):314-9.

Joshi AA, Agrawal SR, Bradoo RA. A customised
laryngeal stent for glottic airway reconstruction.
J Laryngol Otol 2022;136(8):772—4.

Zhou AH, Patel VR, Hsueh WD, et al. Endoscopic
posterior cricoid split with graft in an adult with

scargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 14,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1547-4127(24)00081-1/sref11
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref11
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref12
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref12
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref12
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref13
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref13
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref13
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref14
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref14
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref14
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref15
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref15
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref15
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref16
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref16
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref16
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref17
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref17
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref17
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref18
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref18
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref18
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref18
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref19
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref19
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref19
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref19
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref20
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref20
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref20
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref21
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref21
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref21
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref21
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref22
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref22
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref22
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref23
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref23
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref23
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref23
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref24
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref24
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref24
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref25
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref25
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref25
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref25
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref26
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref26
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref26
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref26
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref27
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref27
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref27
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref27
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref28
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref28
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref28
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref28
https://doi.org/10.1002/lary.29431
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref30
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref30
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref30
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref31
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref31
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref31
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref32
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref32
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref32
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref32
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref33
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref33
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref33
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref34
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref34
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref34
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref35
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref35
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref35
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref35
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref36
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref36
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref36
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref36
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref36
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref37
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref37
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref37
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref37
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref38
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref38
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref38
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref38
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref39
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref39
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref39
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref39
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref40
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref40
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref40
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref40
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref41
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref41
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref41
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref41
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref42
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref42
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref42
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref43
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref43

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 14
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.

posterior cricoid fracture.
128(12):2864-6.

Yawn RJ, Daniero JJ, Gelbard A, et al. Novel appli-
cation of the S onopet for endoscopic posterior split
and cartilage graft laryngoplasty. Laryngoscope
2016;126(4):941-4.

Hartley BE, Rutter MJ, Cotton RT. Cricotracheal
resection as a primary procedure for laryngotra-
cheal stenosis in children. Int J Pediatr Otorhinolar-
yngol 2000;54(2-3):133-6.

Myssiorek D. Recurrent laryngeal nerve paralysis:
anatomy and etiology. Otolaryngol Clin 2004;37(1):
25-44,

Hartl DM, Brasnu DF. Recurrent laryngeal nerve pa-
ralysis: current concepts and treatment: part I-phy-
logenesis and physiology. Ear Nose Throat J 2000;
79(11):858-79.

Weisberg NK, Spengler DM, Netterville JL. Stretch-
induced nerve injury as a cause of paralysis second-
ary to the anterior cervical approach. Otolaryngol
Head Neck Surg 1997;116(3):317-26.

Smith TL, Smith JM. Electrosurgery in otolaryngology—
head and neck surgery: principles, advances, and
complications. Laryngoscope 2001;111(5):769-80.
Randolph GW, Dralle H, International Intraoperative
Monitoring Study Group, et al. Electrophysiologic
recurrent laryngeal nerve monitoring during thyroid
and parathyroid surgery: international standards
guideline statement. Laryngoscope 2011;121(S1):
S1-6.

Statham MM, Rosen CA, Smith LJ, et al. Electromyo-
graphic laryngeal synkinesis alters prognosis in
vocal fold paralysis. Laryngoscope 2010;120(2):
285-90.

Isshiki N, Okamura H, Ishikawa T. Thyroplasty type |
(lateral compression) for dysphonia due to vocal
cord paralysis or atrophy. Acta Otolaryngol 1975;
80(1-6):465-73.

Flynn MB, Lyons KJ, Tarter JW, et al. Local complica-
tions after surgical resection for thyroid carcinoma.
Am J Surg 1994:168(5):404-7.

Netterville JL, Aly A, Ossoff RH. Evaluation and
treatment of complications of thyroid and para-
thyroid surgery. Otolaryngol Clin 1990;23(3):
529-52.

Fewins J, Simpson CB, Miller FR. Complications of
thyroid and parathyroid surgery. Otolaryngol Clin
2008;36(1):189-206.

Rontal E, Rontal M, Morse G, et al. Vocal cord injec-
tion in the treatment of acute and chronic aspiration.
Laryngoscope 1976;86(5):625-34.

Koufman JA. Laryngoplasty for vocal cord medial-
ization: an alternative to Teflon. Laryngoscope
1986;96(7):726-31.

Carrau RL, Pou A, Eibling DE, et al. Laryngeal
framework surgery for the management of aspira-
tion. Head Neck 1999;21(2):139-45.

Laryngoscope 2018;

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Laryngeal Surgery

Rohde SL, Wright CT, Muckala JC, et al. Voice qual-
ity after recurrent laryngeal nerve resection and im-
mediate reconstruction. Otolaryngol Head Neck
Surg 2012;147(4):733-6.

Wang W, Chen D, Chen S, et al. Laryngeal reinner-
vation using ansa cervicalis for thyroid surgery-
related unilateral vocal fold paralysis: a long-term
outcome analysis of 237 cases. PLoS One 2011,
6(4):e19128.

Zur KB, Carroll LM. Recurrent laryngeal nerve rein-
nervation in children: acoustic and endoscopic char-
acteristics pre-intervention and post-intervention. A
comparison of treatment options. Laryngoscope
2015;125:51-5.

Smith ME, Houtz DR. Outcomes of laryngeal reinner-
vation for unilateral vocal fold paralysis in children:
associations with age and time since injury. Ann
Otol Rhinol Laryngol 2016;125(5):433-8.

Chang SY. Studies of early laryngeal reinnervation.
Laryngoscope 1985;95(4):455-7.

Tucker HM. Long-term results of nerve-muscle
pedicle reinnervation for laryngeal paralysis. Ann
Otol Rhinol Laryngol 1989;98(9):674-6.

Brgndbo K, Hall C, Teig E, et al. Experimental laryn-
geal reinnervation by phrenic nerve implantation into
the posterior cricoarytenoid muscle. Acta Otolar-
yngol 1987;103(3-4):339-44.

Zealear DL, Billante CR, Courey MS, et al. Reanima-
tion of the paralyzed human larynx with an implant-
able electrical stimulation device. Laryngoscope
2003;113(7):1149-56.

Powell ME, Zealear DL, Li Y, et al. Unilateral and bilat-
eral laryngeal pacing for bilateral vocal fold paralysis.
Current Otorhinolaryngol Rep 2020;8:395-401.
Mueller AH, Hagen R, Foerster G, et al. Laryngeal
pacing via an implantable stimulator for the rehabil-
itation of subjects suffering from bilateral vocal fold
paralysis: a prospective first-in-human study. Laryn-
goscope 2016;126(8):1810-6.

Mueller AH, Hagen R, Pototschnig C, et al. Laryn-
geal pacing for bilateral vocal fold paralysis: voice
and respiratory aspects. Laryngoscope 2017;
127(8):1838-44.

Paniello RC, Brookes S, Zhang H, et al. Enhanced
abductor function in bilateral Vocal Fold paralysis
with muscle stem cells. Laryngoscope 2024;134(1):
324-8.

Smith ME, Roy N, Stoddard K, et al. How does crico-
tracheal resection affect the female voice? Ann Otol
Rhinol Laryngol 2008;117(2):85-9.

Noordzij JP, Ossoff RH. Anatomy and physiology of
the larynx. Otolaryngol Clin 2006;39(1):1-10.
Houlton JJ, de Alarcon A, Johnson K, et al. Voice
outcomes following adult cricotracheal resection.
Laryngoscope 2011;121(9):1910-4.

Bryans L, Palmer AD, Schindler JS, et al. Subjective
and objective parameters of the adult female voice

49



http://refhub.elsevier.com/S1547-4127(24)00081-1/sref43
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref43
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref44
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref44
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref44
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref44
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref45
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref45
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref45
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref45
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref46
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref46
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref46
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref47
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref47
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref47
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref47
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref48
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref48
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref48
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref48
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref49
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref49
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref49
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref50
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref50
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref50
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref50
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref50
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref50
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref51
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref51
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref51
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref51
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref52
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref52
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref52
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref52
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref53
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref53
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref53
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref54
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref54
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref54
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref54
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref55
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref55
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref55
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref56
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref56
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref56
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref57
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref57
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref57
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref58
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref58
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref58
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref59
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref59
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref59
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref59
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref60
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref60
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref60
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref60
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref60
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref61
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref61
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref61
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref61
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref61
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref62
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref62
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref62
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref62
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref63
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref63
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref64
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref64
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref64
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref65
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref65
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref65
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref65
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref66
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref66
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref66
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref66
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref67
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref67
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref67
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref68
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref68
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref68
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref68
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref68
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref69
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref69
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref69
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref69
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref70
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref70
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref70
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref70
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref71
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref71
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref71
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref72
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref72
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref73
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref73
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref73
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref74
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref74

50

75.

76.

77.

Rohlfing & Gelbard

after cricotracheal resection and dilation. Ann Otol
Rhinol Laryngol 2013;122(11):707-16.

Evermann M, Roesner |, Kranebitter V, et al. A novel
technique of voice-sparing cricotracheal resection.
JTCVS Tech 2024;23:161-9.

Liang KY, Nelson RC, Bryson PC, et al. High tracheal
resection with intralaryngeal extension as an alterna-
tive to cricotracheal resection for treatment of sub-
glottic stenosis. Otolaryngol Head Neck Surg
2023;168(5):1139-45.

El-Fattah AM, Kamal E, Amer HE, et al. Cervical
tracheal resection with cricotracheal anastomosis:
experience in adults with grade IlI-1V tracheal steno-
sis. J Laryngol Otol 2011;125(6):614-9.

78.

79.

80.

81.

Gozen ED, Yener M, Erdur ZB, et al. End-to-end
anastomosis in the management of laryngotracheal
defects. J Laryngol Otol 2017;131(5):447-54.
Gallagher TQ, Hartnick CJ. Cricotracheal resection
and thryotracheal anastomosis. Pediatric Airway
Surgery 2012;73:42-9.

Elghouche AN, Nwosu Ol, Jones AJ, et al. Inflamma-
tory reactions to laryngeal injection of hyaluronic
acid derivatives. J Voice 2022. S0892-1997(22)
00206-5.

Wen X, Li Y. Continuous humidification enhances
postoperative recovery in laryngeal cancer patients
undergoing tracheotomy. Am J Tourism Res 2021;
13(11):12852.

scargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 14,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1547-4127(24)00081-1/sref74
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref74
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref75
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref75
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref75
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref76
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref76
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref76
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref76
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref76
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref77
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref77
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref77
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref77
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref78
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref78
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref78
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref79
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref79
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref79
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref80
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref80
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref80
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref80
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref81
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref81
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref81
http://refhub.elsevier.com/S1547-4127(24)00081-1/sref81

	Laryngeal Surgery as It Pertains to the Thoracic Surgeon
	Key points
	Background
	Laryngeal Physiology
	Laryngeal Airflow and Aerodynamics
	Laryngeal Pathology
	Assessment of Laryngeal Function

	Discussion
	Techniques for Addressing Isolated Laryngeal Stenosis
	Techniques for Addressing Laryngeal Stenosis Also Associated with Subglottic or Proximal Tracheal Stenosis
	Management of Recurrent Laryngeal Nerve Injury
	Neural Injury Rehabilitation
	Management of Voice After Cricotracheal Resection
	Perioperative Management of Laryngeal Edema After Cricotracheal Resection

	Summary
	Clinics care points
	References


