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Abstract

Voice production is a complex process that involves more than one
system, yet most causes of dysphonia are attributed to disturbances in the
laryngeal structures and little attention is paid to extralaryngeal factors.
Persistent dysphonia after general anesthesia is a challenge to both
anesthesiologists and otolaryngologists. The etiology 1is often
multivariable and necessitates a team approach for proper diagnosis.
Laryngeal symptoms are subdivided into phonatory disturbances and
airway related complaints.

When they become persistent for more than 72 hours or are coupled
with airway symptoms such as hemoptysis, stridor, dyspnea or aspiration,
the anesthesiologist should suspect injury to the vocal folds or
cricoarytenoid joints.

Here-below, the laryngeal manifestations of endotracheal intubation
and the pathophysiology of vocal fold scarring are discussed.

Introduction

Dysphonia or change in voice quality reported by the patient
following surgery is very often overlooked by the anesthesiologist and the
treating physician. In view of its transient nature, no investigation for the
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causes of dysphonia is warranted despite the frequency of this condition.
The diagnosis is always late and the etiology invariably is attributed to
factors related to anesthesia'.

Voice production is a complex process that involves more than one
system and the human phonatory behavior requires more than simple
oscillation of the vocal folds. Adequate breathing support and control are
a must to initiate the vocal signal and resonance is needed for proper
amplification and projection of the sound. The power supply for vocal
production may be affected in chest or abdominal surgery, yet most
causes of dysphonia are attributed to disturbances in the laryngeal
structure and little attention is paid to extralaryngeal factors.

When should the anesthesia team suspect laryngeal injury post-
operatively? What are the alarming symptoms that should prompt early
investigation of dysphonia?

A discussion on the laryngeal manifestations of endolaryngeal
manipulation during general anesthesia is presented together with the
common etiologic factors.

Discussion

Persistent dysphonia after general anesthesia is a challenge to both
anesthesiologists and otolaryngologists. The etiology 1is often
multivariable and necessitates a team approach for proper diagnosis. Poor
breath support or muscle tension patterns are often present, which makes
the glottic contribution to dysphonia postoperatively not always clear.

The etiology of dysphonia following general anesthesia can be
subdivided into laryngeal and extralaryngeal. Laryngeal symptoms are
either phonatory disturbances or related to airway complaints. The
phonatory disturbances may be reported or perceived by professional
listeners as hoarseness or dysphonia, breathiness, complete aphonia, vocal
fatigue, pitch breaks, inability to sustain phonation and volume
disturbances. Other symptoms may include sore throat, fullness and
foreign body sensation. Most of these phonatory symptoms are
substantiated by an increase in the perturbation parameters which reflect
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cycle to cycle variations in the intensity and frequency of the vocal folds
vibration®*, When these phonatory symptoms are present, it is important
to note that they are self limited and subside within 24 to 48 hours. When
they become persistent for more than 72 hours, the anesthesiologist
should suspect injury to the vocal folds. When the phonatory symptoms
are coupled with airway symptoms such as stridor, dyspnea or aspiration,
cricoarytenoid joint injury is highly on the list which mandates prompt
assessment of the upper airway. In these cases, phonatory dysfunction is
invariably associated with a degree of laryngeal trauma that varies
between 5 to 80% pending on the mode of laryngeal assessment™.
Telescopic examination provides an excellent illuminated picture that will
allow visualization of the laryngeal anatomy and the presence or absence
of any glottic or supraglottic lesion. Fiberoptic laryngeal endoscopy on
the other hand will enable us to study the laryngeal biomechanics of the
speaking voice, i.e. the behavior of laryngeal structures in relation to time
and how they interact with vocal fold injury. Laryngeal video-stroboscopy
will reflect on the property of the vocal fold cover during vibration.
Parameters such as amplitude (extent of lateral excursion of the vocal
folds), closure and mucosal waves are measured. A stroboscopic study by
Preshel et al revealed a decrease in the mucosal waves and propagation in
patients following endotracheal intubation’.

The degree of laryngeal trauma following endotracheal manipulation
may extend from simple edema or redness of the vocal folds, hematoma
of the vocal folds, to dislocation of the arytenoid cartilages®. Other
findings may include vocal fold laceration, avulsion of the vocal process
of the arytenoids, and granulation tissue (Figure 1 & 2).

A proper respect of the Reinke's space, the superficial layer of the
lamina propria, is crucial for the vibration of the vocal fold and empirical
in the prevention of dysphonia following endolaryngeal manipulation.
The body-cover theory initially described by Hirano and Kakita, clearly
illustrates the importance of the vocal pliability in voice production’. The
violation of this structural layer by aggressive intubation may result in
stiffness of the vocal fold with subsequent dysphonia that is persistent. It
is important to understand

M.E.J. ANESTH 19 (1), 2007



ABDUL-LATIF HAMDAN ET AL

Fig. 1
Right vocal process granulation tissue

Fig. 2
Hematoma of the right vocal fold with polypoid degeneration
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that vocal fold scarring following intubation is an ongoing tissue
remodeling process highly mediated by many interstitial proteins. There
is an increase in pro-collagen and collagen production, which migrate
from the deep layer of the lamina propria. There is also alteration in the
interstitial proteins and elastic fibers which become more erratic and
broken. As a result of these alterations in the extra cellular matrix
proteins, the viscoelastic properties of the tissues change'®''. When
scarring and fibrosis of the vocal folds occur, the fluid like layer of the
Reinke's space is gone and instead there is stiffness which reduces vocal
cord vibration. This is observed on laryngeal video-endostroboscopy as
reduced mucosal waves or the presence of an adynamic segment.

In cases of scarring and fibrosis of the vocal fold, patients need to
start voice therapy as an initial approach. This will help him or her to
develop appropriate voice behaviors and prevent hyperfunctional
compensatory disorders. When significant improvement does not occur
secondary to a wide glottal gap, extreme vocal fold stiffness or simply
poor patient's compliance, other surgical measures should be taken. In the
rehabilitation of such a problem, the operative options are limited. To
restore the pliability of the vocal fold, the superficial layer of the lamina
propria needs to be substituted. Isshiki et al described surgical mucosal
grafting'’. Ford et al has injected collagen material whereas Mikus et al
has used fat instead"”'*. Other materials such as gelfoam and recently
hyaluronic acid have also been used for that purpose. Fat injection into
the vocalis muscle for augmentation has been used for a long time'’, but
for scar treatment only in the last decade or so. Submucosal fat
implantation into Reinke's layer has proved not only restoration of vocal
fold vibration but also long term viability. Fat implantation obviates the
need for fat processing which is believed to be the major cause of cell
necrosis. All of this has propelled the usage of fat as a soft tissue implant
for rehabilitation of the scarred larynx'®. Another surgical option that is
kept in mind for the adynamic vocal fold with incomplete glottic closure
is medialization laryngoplasty. It is important in these cases not to
introduce a posterior phalange that may hinder the arytenoids mobility.

Another important cause of persistent dysphonia following general
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anesthesia is the presence of a fixed vocal fold. This later does not always
mean dislocation of the arytenoids but could be secondary to vocal fold
paralysis. Arytenoid dislocation or sublaxation may occur either during
intubation or extubation. Aggressive intubation with a large endotracheal
tube or when the endotracheal tube is inserted while the vocal folds are
still in the median position, may injure both the vocal folds and the
cricoarytenoid joints. Similarly, removal of the endotracheal tube while
the cough is still inflated may dislodge the arytenoids and result in an
incompetent glottis>*. On the other hand, vocal fold paralysis invariably is
secondary either to hyperinflation of the endotracheal tube cough,
aggressive extension of the neck or simply the insertion of a subclavian
central line on the right side. The injury is usually self limiting and does
not extend beyond neuropraxia. Laryngeal electromyography can
differentiate cricoarytenoid joint dislocation or fixation from vocal fold
paralysis (Figure 3).

Another important factor to consider in the examination of the
larynx is the extent of mucus, its consistency and behavior with vocal fold

oscillation. A change in the consistency of the mucus reflects either an

element of dehydration that is systemic and secondary to medications
17,18

such as atropine or to the local drying effect of anesthetic agents
(Figure 4).

Fig.3
Fixed right vocal fold
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Fig. 4
Thick mucus streak between vocal folds

Phonatory symptoms are not always the manifestations of a
laryngeal pathology. General anesthesia can disturb the laryngeal
behavior also by affecting the pulmonary system, an important
denominator for voice production. Breathing support may be diminished
post-operatively either due to musculoskeletal tenderness and pain or
secondary to lung atelectasis or collapse. More so, restricted ventilation
has been reported in up to 48 hours post-operatively after the intake of
narcotics and barbiturates. General anesthesia may also affect the fine
motor control and sensorium of the laryngeal neuromuscular activity,
resulting in an increase in the perturbation parameters with consequent
dysphonia'®*’ (Table 1).
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sublaxation/dislocation

Avulsion of vocal process

Table 1
Laryngeal Manifestations of Endotracheal Intubation
Laryngeal Findings Symptoms Etiology
VF edema/Redness Throat clearing, hoarseness . .
- - Intubation, ET factors (size,
Arytenoid edema/redness | No symptoms, throat clearing .
material, cuff)
Globus Pharyngus
Vocal fold Hematoma, | Aphonia, severe dysphonia Traumatic
Laceration intubation/extubation
Arytenoid Breathiness, Aspiration, dysphonia | Traumatic

intubation/extubation

of arytenoid

Vocal fold dryness Xerophonia (Dry voice) Anesthetic gas

Alterations in Rheologic | Vocal fatigue Drying medication

properties of vocal fold | Increase in phonatory effort Dehydration

cover

Vocal fold paralysis Breathiness Hyperextention of neck
Aspiration Hyperinflation of ET cuff

Insertion of subclavian line
(RT)
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Abstract


Voice production is a complex process that involves more than one system, yet most causes of dysphonia are attributed to disturbances in the laryngeal structures and little attention is paid to extralaryngeal factors. Persistent dysphonia after general anesthesia is a challenge to both anesthesiologists and otolaryngologists. The etiology is often multivariable and necessitates a team approach for proper diagnosis. Laryngeal symptoms are subdivided into phonatory disturbances and airway related complaints.


When they become persistent for more than 72 hours or are coupled with airway symptoms such as hemoptysis, stridor, dyspnea or aspiration, the anesthesiologist should suspect injury to the vocal folds or cricoarytenoid joints.


Here-below, the laryngeal manifestations of endotracheal intubation and the pathophysiology of vocal fold scarring are discussed.

Introduction


Dysphonia or change in voice quality reported by the patient following surgery is very often overlooked by the anesthesiologist and the treating physician. In view of its transient nature, no investigation for the causes of dysphonia is warranted despite the frequency of this condition. The diagnosis is always late and the etiology invariably is attributed to factors related to anesthesia1.


Voice production is a complex process that involves more than one system and the human phonatory behavior requires more than simple oscillation of the vocal folds. Adequate breathing support and control are a must to initiate the vocal signal and resonance is needed for proper amplification and projection of the sound. The power supply for vocal production may be affected in chest or abdominal surgery, yet most causes of dysphonia are attributed to disturbances in the laryngeal structure and little attention is paid to extralaryngeal factors.


When should the anesthesia team suspect laryngeal injury post-operatively? What are the alarming symptoms that should prompt early investigation of dysphonia?


A discussion on the laryngeal manifestations of endolaryngeal manipulation during general anesthesia is presented together with the common etiologic factors.


Discussion


Persistent dysphonia after general anesthesia is a challenge to both anesthesiologists and otolaryngologists. The etiology is often multivariable and necessitates a team approach for proper diagnosis. Poor breath support or muscle tension patterns are often present, which makes the glottic contribution to dysphonia postoperatively not always clear.


The etiology of dysphonia following general anesthesia can be subdivided into laryngeal and extralaryngeal. Laryngeal symptoms are either phonatory disturbances or related to airway complaints. The phonatory disturbances may be reported or perceived by professional listeners as hoarseness or dysphonia, breathiness, complete aphonia, vocal fatigue, pitch breaks, inability to sustain phonation and volume disturbances. Other symptoms may include sore throat, fullness and foreign body sensation. Most of these phonatory symptoms are substantiated by an increase in the perturbation parameters which reflect cycle to cycle variations in the intensity and frequency of the vocal folds vibration2,3,4. When these phonatory symptoms are present, it is important to note that they are self limited and subside within 24 to 48 hours. When they become persistent for more than 72 hours, the anesthesiologist should suspect injury to the vocal folds. When the phonatory symptoms are coupled with airway symptoms such as stridor, dyspnea or aspiration, cricoarytenoid joint injury is highly on the list which mandates prompt assessment of the upper airway. In these cases, phonatory dysfunction is invariably associated with a degree of laryngeal trauma that varies between 5 to 80% pending on the mode of laryngeal assessment5,6. Telescopic examination provides an excellent illuminated picture that will allow visualization of the laryngeal anatomy and the presence or absence of any glottic or supraglottic lesion. Fiberoptic laryngeal endoscopy on the other hand will enable us to study the laryngeal biomechanics of the speaking voice, i.e. the behavior of laryngeal structures in relation to time and how they interact with vocal fold injury. Laryngeal video-stroboscopy will reflect on the property of the vocal fold cover during vibration. Parameters such as amplitude (extent of lateral excursion of the vocal folds), closure and mucosal waves are measured. A stroboscopic study by Preshel et al revealed a decrease in the mucosal waves and propagation in patients following endotracheal intubation7.


The degree of laryngeal trauma following endotracheal manipulation may extend from simple edema or redness of the vocal folds, hematoma of the vocal folds, to dislocation of the arytenoid cartilages8. Other findings may include vocal fold laceration, avulsion of the vocal process of the arytenoids, and granulation tissue (Figure 1 & 2).


A proper respect of the Reinke's space, the superficial layer of the lamina propria, is crucial for the vibration of the vocal fold and empirical in the prevention of dysphonia following endolaryngeal manipulation. The body-cover theory initially described by Hirano and Kakita, clearly illustrates the importance of the vocal pliability in voice production9. The violation of this structural layer by aggressive intubation may result in stiffness of the vocal fold with subsequent dysphonia that is persistent. It is important to understand 


Fig. 1
Right vocal process granulation tissue
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Fig. 2
Hematoma of the right vocal fold with polypoid degeneration
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that vocal fold scarring following intubation is an ongoing tissue remodeling process highly mediated by many interstitial proteins. There is an increase in pro-collagen and collagen production, which migrate from the deep layer of the lamina propria. There is also alteration in the interstitial proteins and elastic fibers which become more erratic and broken. As a result of these alterations in the extra cellular matrix proteins, the viscoelastic properties of the tissues change10,11. When scarring and fibrosis of the vocal folds occur, the fluid like layer of the Reinke's space is gone and instead there is stiffness which reduces vocal cord vibration. This is observed on laryngeal video-endostroboscopy as reduced mucosal waves or the presence of an adynamic segment.


In cases of scarring and fibrosis of the vocal fold, patients need to start voice therapy as an initial approach. This will help him or her to develop appropriate voice behaviors and prevent hyperfunctional compensatory disorders. When significant improvement does not occur secondary to a wide glottal gap, extreme vocal fold stiffness or simply poor patient's compliance, other surgical measures should be taken. In the rehabilitation of such a problem, the operative options are limited. To restore the pliability of the vocal fold, the superficial layer of the lamina propria needs to be substituted. Isshiki et al described surgical mucosal grafting12. Ford et al has injected collagen material whereas Mikus et al has used fat instead13,14. Other materials such as gelfoam and recently hyaluronic acid have also been used for that purpose. Fat injection into the vocalis muscle for augmentation has been used for a long time15, but for scar treatment only in the last decade or so. Submucosal fat implantation into Reinke's layer has proved not only restoration of vocal fold vibration but also long term viability. Fat implantation obviates the need for fat processing which is believed to be the major cause of cell necrosis. All of this has propelled the usage of fat as a soft tissue implant for rehabilitation of the scarred larynx16. Another surgical option that is kept in mind for the adynamic vocal fold with incomplete glottic closure is medialization laryngoplasty. It is important in these cases not to introduce a posterior phalange that may hinder the arytenoids mobility.


Another important cause of persistent dysphonia following general anesthesia is the presence of a fixed vocal fold. This later does not always mean dislocation of the arytenoids but could be secondary to vocal fold paralysis. Arytenoid dislocation or sublaxation may occur either during intubation or extubation. Aggressive intubation with a large endotracheal tube or when the endotracheal tube is inserted while the vocal folds are still in the median position, may injure both the vocal folds and the cricoarytenoid joints. Similarly, removal of the endotracheal tube while the cough is still inflated may dislodge the arytenoids and result in an incompetent glottis2,5. On the other hand, vocal fold paralysis invariably is secondary either to hyperinflation of the endotracheal tube cough, aggressive extension of the neck or simply the insertion of a subclavian central line on the right side. The injury is usually self limiting and does not extend beyond neuropraxia. Laryngeal electromyography can differentiate cricoarytenoid joint dislocation or fixation from vocal fold paralysis (Figure 3).


Another important factor to consider in the examination of the larynx is the extent of mucus, its consistency and behavior with vocal fold oscillation. A change in the consistency of the mucus reflects either an element of dehydration that is systemic and secondary to medications such as atropine or to the local drying effect of anesthetic agents17,18 (Figure 4).
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Fig.3
Fixed right vocal fold


Fig. 4
Thick mucus streak between vocal folds
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Phonatory symptoms are not always the manifestations of a laryngeal pathology. General anesthesia can disturb the laryngeal behavior also by affecting the pulmonary system, an important denominator for voice production. Breathing support may be diminished post-operatively either due to musculoskeletal tenderness and pain or secondary to lung atelectasis or collapse. More so, restricted ventilation has been reported in up to 48 hours post-operatively after the intake of narcotics and barbiturates. General anesthesia may also affect the fine motor control and sensorium of the laryngeal neuromuscular activity, resulting in an increase in the perturbation parameters with consequent dysphonia19,20 (Table 1).


Table 1


		Laryngeal Manifestations of Endotracheal Intubation



		Laryngeal Findings

		Symptoms

		Etiology



		VF edema/Redness

		Throat clearing, hoarseness

		Intubation, ET factors (size, material, cuff)



		Arytenoid edema/redness

		No symptoms, throat clearing


Globus Pharyngus

		



		Vocal fold Hematoma, Laceration

		Aphonia, severe dysphonia

		Traumatic intubation/extubation



		Arytenoid sublaxation/dislocation


Avulsion of vocal process of arytenoid

		Breathiness, Aspiration, dysphonia

		Traumatic intubation/extubation



		Vocal fold dryness


Alterations in Rheologic properties of vocal fold cover

		Xerophonia (Dry voice)


Vocal fatigue


Increase in phonatory effort

		Anesthetic gas


Drying medication


Dehydration



		Vocal fold paralysis

		Breathiness


Aspiration

		Hyperextention of neck


Hyperinflation of ET cuff


Insertion of subclavian line (RT)
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