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Foreword

I have been honoured to write the foreword to this European Textbook on Surgery of 
Larynx and Trachea.

This multi-author textbook under the editorship of Professor Marc Remacle and 
Professor Hans Eckel is defi nitely a milestone in European laryngology and for the 
European Laryngological Society.

The editors and the chapter authors belong to the leading laryngologists in Europe. 
The book covers a broad fi eld within larynx and trachea and represents the state of art 
within European laryngology today. The book covers physiology, phoniatrics, open, 
and endoscopic operative techniques in adults and in pediatrics. Even assisting drugs 
used in clinical practice as steroids, fi brin glue, mitomycin C, cidofovir, etc. have 
been covered.

The book is easy to read, but goes into depths of representative fi elds.
On the whole, the book is very well illustrated, not only with endoscopic photos, 

but also with a lot of illustrative drawings which complement and add to the quality 
of the chapters.

I am sure that this is a book that will be read, not only by laryngologists in Europe 
and outside, but also used in the teaching of residents and those superspecializing in 
laryngology.

As one of the founding members of ELS and President of EUFOS, I must congratu-
late all the authors and editors of this European Textbook on Larynx and Trachea. The 
book is an example of the standard and quality of European ORL-HNS and especially 
laryngology today. The book is defi nitely very promising for the future.

Jan Olofsson
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Only 25 years ago, laryngology and laryngeal surgery mainly dealt with life-threat-
ening conditions of the larynx, particularly those related to airway obstruction and 
laryngeal cancer. Endoscopic biopsies for diagnostic purposes, open laryngeal sur-
gery to resect laryngeal tumours and tracheotomy for airway relief were the principal 
laryngeal procedures at most Ear, Nose and Throat departments throughout Europe 
and the world.

In the meanwhile, research into laryngeal anatomy and physiology, technical 
advances and pharmacological progress have provided us with an abundance of new 
insights into the basic laryngeal functions – protection of the lower airway during 
deglutition and voice production – and therapeutic options. During the same period, 
our attitude towards health and medical care has changed considerably. While cure 
was the only ambition of most medical and surgical interventions in the past, the 
preservation and improvement of physical function is now an equally important issue. 
Individuals in today’s developed societies depend on communicative skills rather 
than on physical work, and laryngology has become a major medical subspecialty 
dealing with communication disorders.

Clinical pioneers, some of them are contributors to this textbook, have developed 
a wealth of new endoscopic and surgical techniques to improve the voice, to recover 
deglutition, to restore a laryngeal and tracheal airway and to treat cancer without 
sacrifi ce of laryngeal function. Refi ned diagnostic tools, to assess structural changes 
(endoscopy and imaging) or functional impairment (voice analysis) are available to 
identify both the origin and the consequences of laryngeal disease, and to direct 
symptom-related surgery. Different surgical traditions throughout the countries of 
Europe have developed into different solutions for clinical problems. This diversity 
of opinion and practice is part of this book. Each chapter refl ects the personal experi-
ence and clinical skill of the contributing author. Differences in opinion may occur, 
and not all dilemmas in laryngology have been solved so far.

This textbook has been written to lay out the basic principles of contemporary 
laryngeal surgery from a European perspective. The description of these fundamentals 
of laryngeal surgery will not replace surgical atlases or detailed descriptions of indi-
vidual laryngeal procedures. By providing context and perspective, the chapters of this 
textbook are meant to supply the reader with the fundamentals of laryngeal surgery.

Preface



x Preface

The editors hope that this textbook may serve as a basis for future research, for 
discussion among laryngologists and as a source of inspiration to our readers.

We express our gratitude to Springer editors, who made this book possible, to the 
contributors to this project, and to our fellows, students and families.

September 2009  Mont Godinne and Klagenfurt
Marc Remacle and Hans Edmund Eckel

Editors
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Voice production corresponds to the physiological and 
physical processes by which vibration of the vocal fold 
is transformed into speech. The primary driving force 
for vocal fold vibration and voice production depends 
on conversion of aerodynamic energy to acoustical 
energy when the vocal folds are closed in the midline. 
The sound produced by vocal fold vibration is imme-
diately modified and filtered in the cavities located 
between the vocal folds and the lips (buccopharyngeal 
resonator). Because a number of factors can affect 
phonation, voice production is a highly variable pro-
cess, not only from person to person but also within the 
same person [24, 30].

1.1  Breath Stream

The diaphragmatic muscle, innervated by the phrenic 
nerve, is the most important inspiratory muscle. Con
traction increases airway capacity, allowing a larger vol-
ume of air to be inhaled. During its relaxation, the air is 
exhaled from the lungs, which can go back to their initial 
volume owing to their elastic properties. During quiet 
breathing, inhalation is shorter than exhalation. Under 
some conditions (e.g., during phonation), accessory 
respiratory muscles may also be used. The accessory 
inspiratory muscles are the external intercostal muscles, 
scalene muscle, and sternocleidomastoid muscle. The 
expiratory muscles are the internal intercostal muscles 
and abdominal muscles, including the three oblique mus-
cles and the right and dorsal large muscles [25, 27, 32].

During phonation, the respiratory cycle changes 
with shortening of inhalation and lengthening of exha-
lation. After closure of the vocal folds, blocking the air-
flow, and increasing subglottal air pressure, the speaker 
strives to maintain a constantly higher-than-normal 
expiratory pressure in the lungs and trachea (see refer-
ence to phonatory threshold pressure, below). After tak-
ing a deep breath during the prephonatory phase, the 
forces of elastic recoil are called into play. The dia-
phragm is not relaxed until the recoil forces diminish. 
The second phase corresponds to involvement of the 
internal intercostal muscles, which tend to decrease 
the size of the thorax and thus increase air pressure. The 
third phase corresponds to activation of the abdominal 
muscles, which constitute the most important active 
component. When singing, expiratory pressure, in the 
best case scenario, is controlled by contraction of the 
oblique abdominal muscles rather than by contraction 
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Core Messages

During phonation the respiratory cycle ››
changes.
The vocal fold is composed of the thyroarytenoid ››
muscle, its fibrous tissue cover, and the facing 
mucosa.
Cyclic repetition of closing and opening move-››
ments of the vocal cords results in vibration.
Voice production depends on neuromotor coor-››
dination of all muscles involved in phonation.
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of the right large abdominal muscles. Back muscles can 
also be used to stiffen the thorax.

1.2  Laryngeal Vibrator

The larynx sits on top of the trachea. The thyroid and 
cricoid cartilages, which are part of the larynx, provide 
reinforcement and prevent collapse of the airway. The 
other components of the larynx are mobile and form a 
closing mechanism that protects the trachea during 
deglutition. They include the arytenoid cartilage, epi-
glottis, and endolaryngeal muscles. For more informa-
tion about the osteocartilaginous elements and the 
intrinsic and extrinsic muscles of the larynx, the reader 
is referred to classic anatomical descriptions [8, 33].

The vocal fold is a “multilayered” structure that exists 
only at the level of the anterior two-thirds of the fold 
(known as the “ligamentary” portion of the fold as 
opposed to the posterior cartilaginous portion, which 
corresponds to the vocal process). The vocal fold is com-
posed of the thyroarytenoid muscle, its fibrous tissue 
cover, and the facing mucosa [7, 17, 18, 20] (Fig. 1.1).

The vocal fold features are specifically designed for 
vibration. The vibrating free edge is covered with 
squamous epithelium, which is more resistant to the 
mechanical constraints produced by vibration and con-
tact than the pseudostratified respiratory mucosa that 
lines the rest of the larynx. In addition, the epithelium 
is covered with a mucus layer whose outer layer has a 
mucin film to prevent dehydration of the underlying 

serous layer, cilia, and cells. The free edge of the vocal 
fold is glaborous (i.e., totally devoid of glands that 
might hinder mucosal wave formation); and most blood 
vessels as well as elastin and collagen fibers run paral-
lel to the free edge of the vocal fold. The basement 
membrane is attached to the underlying lamina propria 
by interlacing fibers whose density appears to depend 
on genetic factors. Thus, genetics could predispose 
patients to develop certain lesions, such as nodules. 
The lamina propria has traditionally been divided into 
three layers according to the histological composition 
regarding elastin and collagen fibers (i.e., the superfi-
cial layer that corresponds to Reinke’s space in the 
classic description and the middle and deep layers that 
correspond to the vocal ligament). Interstitial proteins 
regulate vocal fold viscosity, which is an essential 
physical factor in vibration. Proteins also contribute to 
absorption of mechanical shocks caused by vibration. 
Hyaluronic acid is especially important for both vis-
cosity regulation and shock absorption. The distribu-
tion of fibrous and interstitial proteins probably depends 
on the mechanical stress to which the vocal folds are 
subjected and may be genetically determined.

Two of the most important cells of the lamina propria 
are fibroblasts and myofibroblasts. Fibroblasts play a key 
role in maintaining the integrity of the lamina propria. 
They allow replacement of proteins. Myofibroblasts are 
present only after trauma or damage requiring regenera-
tion or repair of the extracellular matrix. This suggests 
that vocal folds are competent in repairing microscopic 
trauma within 36–48 hours. It has been reported that 
vocal rest is useful to give myofibroblasts time to act.

Fig. 1.1.  Frontal section 
showing the multilayered 
structure of the vocal fold. 
(From Hirano [18], with 
permission)
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1.3  Vocal Fold Vibration

All current theories and models of vocal fold vibration 
are based to some extent on the myoelastic-aerody-
namic theory formulated by Van Den Berg. When the 
vocal folds are closed with appropriate tension on either 
side of the midline of the glottis (prephonatory attack 
position), airflow from the trachea is blocked and sub-
glottic pressure increases. Vibration begins when sub-
glottic pressure below the vocal folds exceeds fold 
resistance (phonation threshold pressure) and some air 
is released into the supraglottic region. As soon as the 
vocal folds separate, allowing some air to rush out, sub-
glottic pressure decreases and the folds close back as a 

result of elastic recoil and the Bernouilli effect. Cyclic 
repetition of these closing and opening movements 
results in vibration [2, 6, 13, 16, 20, 23] (Fig. 1.2).

The mechanism underlying vocal fold vibration is 
comparable to that of a violin string. When the bow 
drags the string off the equilibrium point, countervail-
ing elastic forces gradually build until they exceed the 
force of adhesion to the bow. At this point, the string 
“unhooks” and is free to oscillate (vibrate). When suf-
ficient energy has been dissipated, the string adheres 
again to the bow. This is known as the stick–slip friction 
model involving alternation between a stick phase in 
which the string is dragged by the bow (“driving force”) 
and a slip phase in which the string is free to oscillate at 
a frequency determined by the mass of the string and 
the amount of tension applied. In the larynx, airflow 
over the free edge of the vocal fold serves as the driving 
force (instead of a bow) [6, 13, 15] (Fig. 1.3).

According to Titze, phonation threshold pressure 
(i.e., the minimum air pressure required to sustain 
vocal fold oscillation) is the “missing link” in under-
standing vocal fold physiology [31]. The phonatory 
threshold pressure depends on several parameters.

Stiffness of the vibrating portion of the vocal fold•	
Viscosity of the vocal fold•	
Thickness of the free edge of the vocal fold•	
Width of the glottal opening prior to phonation•	
Transglottic pressure gradient•	

Fig. 1.2.  Frontal section of the vocal folds shows resolution of 
the elastic conflict between subglottic air (opening force) and 
muscle and the elastic fold (closing force)

Fig. 1.3.  Stick–slip friction model of fold vibration. (a, b) Stick 
phase. (c, d) Slip phase
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Under normal conditions the phonatory threshold 
pressure is between 2 and 4 hPa and the subglottic 
pressure is around 7 hPa; however, higher pressures 
may be necessary when a louder voice is required. It 
has been shown that the increase of pitch has a relation 
with vocal fold tension, leading to higher phonatory 
threshold pressure. In disease states involving vocal 
fold lesions, mucosal stiffness leads to an increase in 
phonatory threshold pressure. In the case of unilateral 
laryngeal paralysis, the prephonatory glottic gap is too 
wide and the speaker must compensate by increasing 
the subglottic pressure. Increased phonatory threshold 
pressure is a fairly accurate indicator of voice strain in 
disease states.

There are numerous ways to decrease phonation 
threshold pressure. In general, decreasing the velocity 
of the tissues can be achieved by improving hydration, 
thereby decreasing tissue viscosity. Another way to 
decrease phonation threshold pressure is to decrease 
the mucosal wave velocity. This can be achieved by 
lowering surface tension (low-pitched voice) or by 
hydrating the surface mucus. The prephonatory glottic 
gap can be narrowed by tightening the muscles slightly. 
The goal of laryngoplasty in patients with laryngeal 
paralysis is to decrease the width of the prephonatory 
glottic opening. It can also be useful to increase the 
thickness of the vocal fold (e.g., by speaking in a 
lower-pitched voice or in some cases by changing the 
register: chest vs. head).

During a cycle of vibration, the vocal folds are not 
similar. This difference can be heard; but the coupling 
and adduction of the vocal folds has the effect of syn-
chronizing the vibrating masses. This process is effec-
tive so long as differences between the two vocal folds 
stay within a certain range. Beyond the effective range, 
however, various abnormalities can appear, including 
biphonation, which corresponds to synchronization 
every other cycle. Another, more complex phenome-
non is reciprocal modulation of the folds characterized 
by the presence of subharmonics and bifurcations (i.e., 
sudden state changes). This problem is frequently 

observed in patients with unilateral laryngeal paraly-
sis, which is often associated with sudden voice shifts 
(bitonal voice) [4, 15, 22].

1.4  Pitch Control

The pitch of the human voice is related to the funda-
mental frequency (F

0
) of vocal fold vibration. As 

shown in Table1.1, pitch depends on the length of the 
vocal folds and the sex, age, and weight of the person. 
Vocal fold thickness has also been shown to affect 
pitch, which increases with thickness in both men and 
women [3, 9, 10, 14, 29] (Table 1.1).

Pitch control depends on adjusting the F
0
 of vibra-

tion. This adjustment can involve regulation of mass or 
tension, which can be done actively by contracting the 
intralaryngeal muscles or passively by contraction of 
the perilaryngeal muscles. Basically, pitch control 
involves the combined actions of two muscles: the cri-
cothyroid (CT) muscle, which acts on vocal ligament 
tension, and the thyroarytenoid (TA) muscle, which 
acts on the muscle mass of the fold. This adjustment 
mechanism can be viewed as bipolar, according to the 
“body-cover” theory described by Hirano and Titze. If 
the TA muscle is contracted and the CT muscle is 
relaxed, the total length of the vocal fold increases; 
moreover, the overall stiffness of all layers increases, 
so the F

0
 increases. Conversely, if the TA muscle is con-

tracted and the CT muscle is relaxed, the stiffness of 
the muscle mass and the F

0
 increase. Accordingly, these 

two muscles with different sources of innervation—
superior laryngeal nerve (SLN) (for the CT) and recur-
rent laryngeal nerve (RLN) (for the TA)—can be seen 
as exercising differential control over the F

0
 (Fig. 1.4).

Another mechanism that can be used for pitch con-
trol involves increasing the cover tension by decreas-
ing the depth of the vibrating tissue. This strategy is 
used to produce higher pitches, such as a falsetto 
sound. Decreasing the effective depth can lead to 

Subject Weight (kg) Height (m) Fold length (mm) Arytenoid length (mm) F
0
 (Hz)

Newborn   3.5 0.50   2 2 500
Eight-year-old 30 1.20   6 3 300
Adult woman 60 1.60 10 4 200
Adult man 75 1.80 16 4 125

Table 1.1.  Voice pitch as a function of age and sex [1]

F
0
, fundamental frequency
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changes in F
0
 in the same way as changes in fold ten-

sion or length. The depth of the vibrating tissue can be 
regulated using the TA muscle. Although no accurate 
quantitative data are currently available, it can be spec-
ulated that the vocal fold ligament absorbs most of the 
elongation at high frequency so the remaining mucosa 
stays fairly loose. A taunt vocal ligament with a “free,” 
loose tissue edge appears to represent the optimal con-
dition for high-pitched phonation. For lower and mid-
dle-range frequencies, the muscle portion of the body 
can be used for elongation and tensioning. The vocal 
ligament can remain loose, providing a greater depth 
of vibration in the modal register [5, 26, 28].

The complex action of the TA on the F
0
 is related to 

differences in tension and biomechanical properties of 

the tissue layers. According to Hirano, contraction of 
the TA muscle should be associated with an increase in 
body tension and a decrease in cover tension. If the 
vibrating tissue is composed only of mucosa, contrac-
tion of the TA muscle leads to lowering of the F

0
. 

Conversely, if the vibrating tissue is composed mainly 
of muscle, contraction of the TA muscle leads to a rise 
in the F

0
. Correlation between the F

0
 and TA activity 

becomes more and more positive as the depth of vibra-
tion increases.

Each layer of the vocal fold has distinct biomechan-
ical properties, depending on what is known as the 
length–tension ratio (i.e., tension induced in the mate-
rial by changes in length, known as the stress–strain 
curve). In this regard, it has been shown that collagen 
fibers are more resistant to elongation than elastin 
fibers. Variations in the concentration of collagen and 
elastin in each layer of the lamina propria explain dif-
ferences in behavior during elongation. A stress–strain 
curve can be obtained for the whole vocal fold. Total 
fold strain (tensile strain) corresponds to a combina-
tion of various active and passive actions that occur 
during tensioning.

1.5  Intensity Control

Current research indicates that the optimal glottic con-
figuration for phonation is achieved when the vocal 
folds are in virtual contact and the vocal muscles are 
fairly relaxed. A slight gap should be established 
between posterior ends of the two vocal folds by bal-
ancing the activity of the adductor (interarytenoids and 
lateral cricoarytenoids) and abductor muscles. Under 
these conditions a quasi-sinusoidal signal with low har-
monic content can produce a “pure voice” [11, 26, 28].

Intensity is controlled by combined regulation of 
subglottic pressure and glottic configuration. Higher 
intensity is achieved by simultaneously increasing 
vocal fold adduction and subglottic pressure. Because 
increased vocal fold adduction leads to longer contact 
time between the vocal folds, higher intensity is accom-
panied by a shortened open phase of the vocal folds 
cycle [19]. This raises the issue of the optimal adduc-
tion configuration. If the vocal folds do not touch, the 
voice is weak and of poor quality. Conversely, exces-
sive contact leads to vocal straining, resulting in a tight, 
pressed voice quality. The ideal configuration appears 

a

b

Fig. 1.4.  Differential control of the fundamental frequency (F
0
) 

by contracting the cricothyroid (CT) and thyroarytenoid (TA) 
muscles. (a) Action of the muscles. (b) Map of muscle activa-
tion. (From Titze [32], with permission)
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to occur when the vocal folds are almost in contact 
before phonation (decreased prephonatory glottic 
width). In this configuration, the vocal folds are almost 
completely free and can express the full range of vibra-
tion modes. The signal produced is practically sinusoi-
dal. This mode of functioning corresponds to what 
some singing teachers refer to as a “free-floating voice.” 
According to this analogy, glottic resistance is adjusted 
to ensure the best possible yield from the conversion of 
aerodynamic to acoustical energy with minimal effect 
on vocal fold vibration. To increase the intensity, the 
glottis operates on a more “open–shut” than “wave” 
basis. However, glottal efficiency decreases, and a 
large amount of energy is dissipated at the vocal fold 
level in the form of friction, which can cause local 
inflammation and even fold lesions. These lesions, 
called dysfunctional lesions, are preferentially in the 
zone where contact of the vocal folds is the strongest 
(i.e., the middle third).

Increased tension in the voice apparatus can leads to 
“voice straining” on the part of the speaker. In the 
English-language literature, voice straining is often 
referred to as vocal misuse or abuse. In fact, the strain-
ing concept goes beyond vocal fold function and applies 
to all physiological components involved in communi-
cation. When striving to attract attention, the speaker 
increases muscle tension to produce a stronger, more 
effective (“projected”) voice. This behavior, character-
ized by stiffening of the body, has been shown to result 
in increased muscle activity throughout the body. The 
breathing pattern changes in association with voice 
straining. Inhalation is deeper to increase subglottic 
pressure (prephonatory attack phase). Some subjects 
have trouble relaxing muscles sufficiently to inhale 
deeply and may need to use their accessory inspiratory 
muscles (“thoracic breathing” in place of the normal 
“abdominal breathing”). Stiffening is also observed in 
all posturing muscles including not only those of the 
neck and larynx but also those of the calves and back. 
Increased muscle activity in relation to increased vocal 
intensity requires more energy. If subjects do not or 
cannot rest sufficiently to offset the excess energy 
expenditure, they may develop complications such as 
dysfunctional laryngopathy (vocal overuse). Because 
voice straining affects all these components, rehabilita-
tion should not be limited to changing the glottic con-
figuration. Management must include a wide range of 
aspects, including general muscle tension, stress level, 
posture, and prephonatory respiration.

A number of factors promote synchronization of 
the vocal folds [12]. The first is symmetry of shape and 
tension of the vocal folds in the normal resting state. In 
this regard, unilateral laryngeal paralysis represents 
the worst possible condition. It should be noted that 
acceptable fold vibration can be obtained if contact is 
reestablished between the vocal folds, as can be 
observed during speech therapy or laryngeal manipu-
lation. Another factor promoting synchronization is 
the Bernoulli effect, which applies equally to the two 
vocal folds and so tends to have the same effects as a 
function of glottic configuration. The most important 
synchronizing factor is the tissue mass-combining 
effect of direct contact between the vocal folds. The 
quality of contact is highly dependent on the vocal fold 
cover mucosa, with viscosity playing a major role. In 
vitro experiments on excised larynx models in our lab-
oratory showed that the frequency of the vibration 
directly correlated with the viscosity of the artificial 
lubricant applied. The higher the viscosity of the lubri-
cant used, the more the vibration frequency decreased 
when the vocal fold “closure” time increased. It has 
also been shown that more viscous mucosa increases 
the phonation threshold. Conversely, the greater the 
degree of asymmetry and freedom tend to be, the 
greater is the need for “forced” synchronization. It can 
thus be understood that the mechanism underlying 
“voice straining,” used to increase loudness, is similar 
to the mechanism used to compensate for abnormali-
ties in laryngeal vibration.

1.6  Vowel Production in the Vocal Tract

Human speech production depends on sound transfor-
mation in the vocal tract. According to the source-filter 
theory, the source sound is a pulsed airstream from the 
glottis containing numerous frequencies. Filtration 
consists of selecting certain frequencies for transmis-
sion through the mouth. The vocal tract acts as a reso-
nator by suppressing the transfer of some frequencies. 
The concept of resonance in a tube is based on inter-
ference between waves submitted to multiple reflec-
tions. Like a wind instrument used to make music, the 
human vocal tract resonates at various source fre
quencies depending on the anatomical features that 
determine production of speech sounds (phonemes) 
[21, 30].
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The resonance frequencies (formants) of the vocal 
tract are commonly numbered consecutively upward 
from the lowest frequency (F1–F5). Low-pitched for-
mants correspond to the pharynx and high-pitched for-
mants to the oral cavity. Vowels’ formants are the 
lowest-pitched formants at F1 and F2. Thus, for vowel 
perception, the filtering process simplifies the code pre-
sented to the listener. In traditional phonetics, vowels 
are classified in regard to how the tongue is positioned 
in the mouth from top to bottom and from front to back. 
The tongue is placed at the bottom and back for the 
French /a/ vowel sound, at top and front for the French 
/i/ vowel sound, and top and back for the French /u/ 
vowel sound. These three vowels determine the vowel 
triangle on a F1 and F2 orthonormal representation.

To produce the French /eu/ vowel sound, the vocal 
tract is almost tubular with an almost constant cross 
section due to the neutral position of the tongue. The 
frequencies are about 500 Hz for F1 and 1500 Hz for 
F2. On the same diagram we can see the position of F1 
and F2 with the tongue in different positions. For the 
French /a/ vowel sound, the vocal tract can be modeled 
as a narrow tube for the pharynx and a larger tube for 
the oral cavity.

Formants can be modified by articulatory move-
ments. In general, the frequencies of all formants 
decrease evenly as the length of the tube increases. The 
length of the vocal tract can be changed by lowering the 
larynx or by projecting or retracting the lips. Because 
these movements cause frequency sliding without 
changing the interval between formants, there is no 
change in vowel identification. The sound of vowels can 
be modified by rounding the lips to reduce the mouth 
opening. Horn players sometimes cover the ends of their 
instruments to achieve this effect. The acoustical effect 
of obturation is the same as that of lengthening the tube 
(i.e., frequency sliding to a lower register). With the 
combination of adjusting the height of the larynx and 
the position and shape of the lips, it possible to enhance 
or muffle the pitch of the voice. Singers use several 
techniques to adjust pitch. Some sopranos can lower 
pitch by dropping the jaw. Using this technique, F1 can 
be brought into contact with F0; and acoustical power 
can be increased. By increasing acoustical power, con-
traction of the mouth lowers F1 and increases F2 to pro-
duce vowels with a wider spectrum (e.g., for the French 
/i/ vowel sound). Conversely, contracting the pharynx 
increases F1 and decreases F2 to produce a more com-
pact vowel (e.g., for the French /a/ vowel sound).

Singers frequently talk about voice placement and 
claim that some vowels have exact locations in the 
vocal tract. The sensation that some vowels have pre-
cise locations could be related to the localization of 
pressure maxima of the standing waves in the vocal 
tract. Thus, there would be places where the sensations 
must be maximum (e.g., high pressure at the palate 
level for the French /i/ vowel sound, high pressure in 
the velar region for the French /u/ vowel sound, and 
high pressure in the pharyngeal region forthe French 
/a/ vowel sound). It is likely that some singers are able 
to use this sensation to customize vowel production. 
Other singing techniques based on sensations such as 
singing in a mask, using the jaw as a resonator, or 
directing the note at the level of the palate just behind 
the upper incisors may also be related to pressure max-
ima at precise locations in the vocal tract.

1.7  Nervous System Control

Voice production depends on neuromotor coordination 
of all muscles involved in phonation, ranging from 
posture and respiratory muscles to the muscles of the 
larynx, pharynx, and buccolabial articulatory appara-
tus [34].

1.7.1  Sensory Innervation of the Larynx

Sensory innervation of the larynx is provided mainly 
by the SLN, which receives fibers from the laryngeal 
vestibule and the laryngeal margin. These fibers merge 
with the vagus nerve at the level of the inferior vagus 
ganglion. Innervation of the vocal fold and subglottic 
region is also provided by fibers that merge with the 
RLN. There are sensory mucosal receptors in contact 
(mechanoreceptors) that induce the cough reflex when 
stimulated. They are mainly located at the vestibular 
level. In addition, intrinsic and extrinsic muscles pres-
ent several types of articular and intramuscular mech-
anoreceptors (corpuscular, neuromuscular bundles, 
spiral) that supply nerve centers with proprioceptive 
information concerning vocal fold tension and elon-
gation. The fibers penetrate the bulb of the vagus 
nerve and run in the direction of the nucleus of the 
solitary bundle.
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1.7.2  Nerve Centers

The brain areas responsible for motor control of the 
pharynx and larynx are located in the lower part of the 
ascending frontal convolution (or precentral gyrus) of 
both hemispheres. When all or parts of these areas are 
stimulated, an overall larygeal response is observed 
with vocalization, inhibition of the posterior cri-
coarytenoid muscle, and bilateral activation of one or 
several adductor muscles. Cerebral damage in this area 
leads to unilateral paralysis.

There are many connections in the brain, particu-
larly with language-related centers (e.g., the gyrus 
supramarginalis). The associative pathways between 
pharyngolaryngeal motor regions and cortical and sub-
cortical auditory zones are especially noteworthy.

1.7.3  Reflex Control

Articulatory adjustment during phonation takes place 
during the prephonatory period and during sound pro-
duction. Prephonatory adjustment is independent of 
audiophonatory control. This explains how singers 
produce sounds at a predetermined pitch and intensity. 
Prephonatory regulation in the cortex depends on input 
supplied by laryngeal mechanoreceptors concerning 
tension and position of the various muscles and articu-
lations. During phonation, this input allows the adjust-
ments necessary to maintain the glottic configuration 
to be made instantaneously. It is likely that other reflex 
arcs involving the abdomen thorax, neck, and tongue, 
among others, provide the feedback needed for con-
tinuous adjustment of the larynx during phonation.

1.7.4  Audiophonatory Control

Auditory feedback is a necessary component of voice 
control. This is demonstrated by the disordered, unmodu-
lated voice produced by people with congenital deafness. 
Audiophonatory control probably depends on voluntary 
commands produced by corticobulbar pathways in res
ponse to acoustic input arriving in the auditory cortex as 
well as a range of acousticolaryngeal reflexes. However, 
these control mechanisms act in synergy with proprio-
ceptive control, allowing prephonatory tuning.

During the first months after deafness, the proprio-
ception input explains the almost normal voice of peo-
ple who became deaf.
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2.1  Introduction

The voice laboratory is considered an essential tool for 
the assessment and treatment evaluation of voice patients 
and for clinical research on voice disorders. Several spe-
cific questions may be answered from the information 
obtained in the voice laboratory.

1.	 Is a given voice or voice function measurement 
considered normal (within normal limits) or patho
logical?

2.	 If the voice or voice function is considered patho-
logical, how severe is the alteration?

Assessment of Voice and Respiratory 
Function
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Core Messages

Voice is multidimensional. ››
Audio recording is the most important basic ››
requisite for voice quality assessment.
Once a high-quality complete recording has been ››
attained, it can be stored and remains available.
Existing research does not support the com-››
plete substitution of instrumental measures for 
auditory perceptual assessment.
To be valuable, however, perceptual assessment ››
should follow a standard procedure, as does the 
voice recording. A currently used scale for mak-
ing perceptual judgments is the GRBAS scale.
Videolaryngostroboscopy is the main clinical ››
tool for diagnosing the etiology of voice disor-
ders, but it can also be used to assess the qual-
ity of vocal fold vibration and thus evaluate 
the effectiveness of a treatment.
The simplest aerodynamic parameter of voic-››
ing is the maximum phonation time (MPT), in 
seconds. It consists of the prolongation of an 
/a:/ for as long as possible after maximal inspi-
ration and at a spontaneous, comfortable pitch 
and loudness.A reduction of possible bias (e.g., 
supportive respiratory capabilities compensat-
ing for poor membranous vocal fold closure) 
is possible by computing the ratio or quotient : 
Averaged phonation airflow or PQ = VC (ml)/
MPT (s).

Accurate estimation of subglottal pressure can ››
be achieved by measuring the intraoral air 
pressure produced during the repeated pronun-
ciation of /pVp/ syllables (i.e., a vowel between 
two plosive consonants).
Among Voice Range Profile parameters, the ››
highest and lowest frequencies and the softest 
intensity (decibels, or dBA, at 30 cm) seem 
most sensitive for changes in voice quality.
Although subjective by definition, self-››
evaluation is of great importance in clinical 
practice. Careful quantification is needed for 
self-evaluation to be compared and correlated 
with the objective assessment provided by the 
voice, an important adjuvant technique, labora-
tory. The Voice Handicap Index is a largely dif-
fused, validated protocol.
Electromyography (EMG), an important adju-››
vant technique, is an electrophysiological inves-
tigation of neuromuscular function.
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3.	 Which aspects or mechanisms of voice production 
are involved with the voice disorder? How does the 
primary (medical) etiology or lesion explain the 
components of voice production that are perceived 
or analyzed as deviant (e.g., by limiting vocal fold 
closure or by eliciting irregular vibrations related to 
vocal fold asymmetry)? How do they account for 
the patient’s complaints (e.g., voice fatigue or com-
pensation mechanisms)?

4.	 What is the result of a comparison of voice production 
two or more times (e.g., before and after therapy), in 
two or several situations or voicing conditions (spon-
taneously vs. louder, when doing an Isshiki maneuver, 
or when applying a defined therapeutic technique)? 
Have the changes returned the voice to normal func-
tion as indicated by voice measurement [1]?

2.2 � Prerequisite:  
Recording a Voice Sample

Audio recording is the most important basic requisite 
for voice quality assessment. Once a high-quality 
recording has been performed, it can be stored and 
remains available—as a document—for performing 
additional investigations at a later time (e.g., blind per-
ceptual evaluation by a panel or sophisticated acousti-
cal analyses) [2]. A sampling frequency of at least 
20,000 Hz is recommended. Ideally, the recordings are 
made in a sound-treated room, although a quiet room 
with ambient noise permanently < 45 dB is acceptable. 
The mouth-to-microphone distance needs to be held 
constant at 10 cm. A (miniature) head-mounted micro-
phone offers a clear advantage. Off-axis positioning 
(45°–90° from the mouth axis) reduces aerodynamic 
noise from the mouth during speech [3, 4].

In regard to voice/speech material, examples of pro-
tocol for standard recording are as follows.

/a:/ at (spontaneous) comfortable pitch/loudness, •	
recorded three times to evaluate variability of qual-
ity [5]
/a:/ slightly louder to evaluate the possible change •	
in quality (plasticity) and the slope of the regression 
line frequency/sound pressure level [6, 7]
A single sentence or a short standard passage•	

Phonetic selection can be useful, such as a short sen-
tence with constant voicing (no voiceless sounds and 

spoken without interruption) and no fricatives. Such a 
sentence (e.g., “We mow our lawn all year”) can be 
analyzed by a computer program for sustained vowels; 
and because it contains no articulation noise, there is no 
biasing of harmonics-to-noise computations. Compu
tation of the percent voiceless (normal in this case is 
100%) is useful for neurological voices or spasmodic 
dysphonia [9]. Furthermore, it allows easy deter
mination of the mean habitual fundamental speaking 
frequency.

Another example of a criterion for phonetic selection 
is a multiplication of voice onsets, as they are critical in 
disturbed voices [10]. Such criteria are not language-
linked.

A standard reading passage should also be recorded 
whenever possible. Two classic, often used reading pas-
sages for English-speaking persons are “The Rainbow 
Passage” (a phonetically selected passage including all 
the speech sounds of English) and “Marvin Williams” 
(an all-voiced passage) [3].

2.2.1  Perception

Existing research does not support the complete substi-
tution of instrumental measures for auditory perceptual 
assessment. To be valuable, however, perceptual assess-
ment must follow a standard procedure, as does voice 
recording. A currently used scale for making perceptual 
judgments is the GRBAS scale, which rates grade, 
roughness, breathiness, asthenicity, and strain on a scale 
of 0–3 [11]. The rating is made by assessing current 
conversational speech or when reading a passage. The 
severity of hoarseness is quantified under the parameter 
“grade” (G), which relates to the overall voice quality, 
integrating all deviant components. There are two main 
components of hoarseness, as shown by principal com-
ponent analysis [12].

1.	 Breathiness (B): an auditive impression of turbulent 
air leakage through an insufficient glottic closure, 
including short aphonic moments (unvoiced 
segments)

2.	 Roughness or harshness (R): an impression of irreg-
ular glottic pulses, abnormal fluctuations in funda-
mental frequency, and separately perceived acoustic 
impulses (as in vocal fry), including diplophonia 
and register breaks. When present, diplophonia can 
also be noted as “d.”
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These parameters have shown sufficient reliability 
(inter- and intrarater reproducibility) [13, 14]. A reli-
ability analysis provided further evidence to support 
the GRBAS scale as a simple, reliable measure for clin-
ical use [15]. The behavioral parameters asthenicity 
(A) and strain (S) appear to be less reliable. The remain-
ing simplified scale, GRB, then becomes similar to the 
RBH scale used in German-speaking countries [16].

For reporting purposes, a four point grading scale is 
convenient (0 = normal or absence of deviance; 1 = 
slight deviance; 2 = moderate deviance; 3 = severe 
deviance). However, it is also possible to score on a 
visual analogue scale (VAS) of 10 cm, possibly with 
anchoring points [14, 17].

It is proposed that the term “dysphonia” be used for 
any kind of perceived voice pathology. The deviation 
may concern pitch or loudness as well as timbre or 
rhythmic and prosodic features. “Hoarseness” is lim-
ited to deviant voice “quality” (or timbre) and excludes 
pitch, loudness, and rhythm factors. A limited number 
of voice pathology categories—such as those related 
to mutation or transsexuality—are specifically con-
cerned with pitch and register. Rhinophonia is a spe-
cific abnormality of resonance and if present needs to 
be reported separately. Tremor is a characteristic tem-
poral feature and when present must also be reported 
separately. A special protocol is required for substitu-
tion voices [19, 77].

Perceptual evaluation—if averaged among several 
blinded raters—is very well suited to demonstrate treat-
ment efficacy in voice pathology [21].

2.2.2  Vocal Fold Imaging

2.2.2.1  Videolaryngostroboscopy

Videolaryngostroboscopy is the main clinical tool for 
diagnosing the etiology of voice disorders, but it can 
also be used to assess the quality of vocal fold vibra-
tion and thus evaluate the effectiveness of a treatment. 
Stroboscopy involves a video-perceptual series of 
judgments and ratings (e.g., glottic closure, regularity, 
symmetry, mucosal wave). The pertinence of strobo-
scopic parameters is based on a combination of reli-
ability (inter- and intraobserver reproducibility), no 
redundance (from the factor analysis), and clinical 
sense (relation to physiological concepts) [23].

The basic parameters are the following:

1.	 Glottal closure. It is recommended that the type of 
insufficient closure also be recorded and categorized.

Longitudinal. It is important to consider that a −−
slight dorsal insufficiency—even reaching into 
the membranous portion of the glottis—occurs in 
about 60% of middle-aged healthy women during 
normal voice effort. Fifty percent of the women 
close the glottis completely during loud voice.
Ventral.−−
Irregular.−−
Oval. It is over the whole length of the glottis but −−
with a dorsal closure.
Hour-glass shaped.−−

Rating glottal closure has been found highly reliable 
[24, 25]. Objective quantitative measurements are also 
possible [26]

2.	 Regularity: quantitative rating of the degree of irreg-
ular slow motion, as perceived with stroboscopy 
[27].

3.	 Mucosal wave: quantitative rating of the quality of 
the mucosal wave, accounting for the physiology of 
the layered structure of the vocal folds [11].

4.	 Symmetry: quantitative rating of the “mirror” motion 
of both vocal folds. Usually asymmetry is caused by 
the limited vibratory quality of a lesion (e.g., diffuse 
scar, localized cyst, leukoplakia) [28].

For each stroboscopic parameter, a four-point grading 
scale can be used (0 = no deviance; … 3 = severe devi-
ance), but a VAS may also be useful [23, 28]. Videostro
boscopy can be documented on hard copy and thus be 
archived. Rating a posteriori is possible.

It is classically recommended to observe and record 
videostroboscopic pictures under various voicing condi-
tions. For example, the degree of glottal closure usually 
increases with increased loudness [24, 25]. However, 
this basic rating concerns a comfortable pitch and loud-
ness. Laryngostroboscopic ratings and measurements 
have been found relevant for documenting therapeutic 
effects [20–22, 29].

2.2.2.2  Digital High-Speed Pictures

With modern technology, it has become possible to 
capture and store digital vocal fold images at a rate of 
2000 (and more) per second with sufficient definition 
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(several hundred pixels) and to display the image 
sequence at a rate of, for example, 20/s immediately 
after capture. This procedure does not seem to be 
appropriate for routine use in the diagnosis of voice 
problems as a long review time is needed for a short 
sequence without simultaneous sound. A specific indi-
cation for digital high-speed cinematography is to ana-
lyze and understand the vibratory characteristics in 
aperiodic voices, during voice onsets or accidents 
(breaks), or in case of diplo- or triplophonia [30, 31].

2.2.2.3 � High-Speed Single-Line Scanning 
(Video-Kymography)

High-speed single-line scanning (video-kymography) 
is an imaging technique for investigating vocal fold 
vibration, especially when the vibration is irregular and 

when the focus is on accidents or short events in this 
vibration, making conventional stroboscopy unsuitable. 
A modified video-camera selects a single horizontal 
line from the whole image and monitors it at high speed 
(8000/s). The displayed image shows successive high-
speed line images below each other, thereby demon-
strating the vibration of the selected ventrodorsal level 
of the vocal folds over time. An important practical 
advantage is that the display is in real time. This type of 
imaging provides relevant, timely information e.g., for 
comparing the vibration amplitude of both folds or for 
understanding diplophonia [32, 33]. It also clearly dem-
onstrates the mucosal wave phenomenon and its absence 
or asymmetry.

Single-line scanning can also be performed on a 
high-speed video recording (Fig. 2.1). If several lines 
are displayed, phase shifts between different ven
trodorsal segments of one or both vocal folds—as 

Fig. 2.1.  Single-line scan (video-kymography) obtained from a 
high-speed video recording in a normal subject (Kay System; 
Kaypentax, Lincoln Park, NJ, USA). Right Vibrating vocal folds 

and the single line that was selected. Left Oscillation pattern at 
that specific level during a voice onset
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frequently occurs in case of a vocal fold cyst—can be 
demonstrated [34].

2.2.3  Aerodynamics

Aerodynamic analysis of voice production includes 
measurement of airflow and air pressure, and their rela-
tion during phonation. Using appropriate instrumenta-
tion, a number of derived measurements can provide 
information regarding vocal efficiency, although for 
certain measurements only a stopwatch is needed.

2.2.3.1  Phonation Airflow

The simplest aerodynamic parameter of voicing is the 
MPT (in seconds). It consists of the prolongation of an 
/a:/ for as long as possible after maximum inspiration 
and at a spontaneous, comfortable pitch and loudness. 
It  is one of the most widely used clinical measures in 
voice assessment worldwide [35]. A prior demonstra-
tion is necessary, and three trials are required, the lon-
gest being selected for comparison to the norm [36]. As 
it concerns an “extreme” performance, it has been shown 
to be extremely sensitive to learning and fatigue effects. 
Furthermore, in good voices the duration of “apnea” can 
become the limiting factor, rather than the available air. 
Children show significant lower MPT values as their 
lung volume is smaller [37]. A reduction of possible bias 
(e.g., supportive respiratory capabilities compensating 
for poor membranous vocal fold closure) is possible by 
computing the following ratio: (Phonation Quotient).

Averaged phonation airflow or PQ = VC (ml)/MPT (s)

Vital capacity (VC) is defined as “the volume change 
at the mouth between the position of full inspiration 
and complete expiration.” It can be measured in a reli-
able way using a hand-held spirometer [38]. In normal 
subjects, the VC depends on anthropometric factors 
and is quite strongly correlated, for example, with 
height [39]. It is also sensitive to lung disease. As the 
VC is not directly related to voice quality, it is mean-
ingful to take it into account, especially if a child is 
being investigated.

The mean airflow rate can also be measured using 
pneumotachography. This technique directly measures 

the mean airflow rate (ml/s) for sustained phonation over 
a comfortable duration, usually 2–3 s, at the habitual 
pitch and intensity level and following habitual inspira-
tion. Pathophysiological backgrounds and normative 
values have been reported [11, 35, 40–43].

The variation of averaged phonation airflow varies 
considerably among normal subjects, and there is a 
large overlapping range of values in normal and dys-
phonic subjects, which limits its value for diagnostic 
purposes [44]. Nevertheless, when comparing glottal 
function before and after surgical intervention or non-
surgical voice training techniques, airflow measure-
ment may be useful for monitoring therapeutic effects 
[45] (e.g., in the case of paralytic dysphonia [46–48] or 
when microlaryngeal phonosurgery is performed) [42]. 
The method is especially useful for demonstrating 
changes in a single test subject over time. For compari-
sons (pretreatment/posttreatment), it is recommended 
that the same technique (PQ or mean airflow rate mea-
sured by pneumotachography) be used for each 
measurement.

Flow glottography (FLOG) consists of inverse filter-
ing of the oral airflow waveform. The basic tool is a 
high-frequency pressure transducer incorporated into 
an airtight Rothenberg mask [49]. The inverse filtering 
procedure removes the resonant effects of the vocal 
tract and produces an estimate of the waveform pro-
duced at the vocal folds. The special advantage of this 
technique is that it differentiates, and after calibration 
quantifies, leakage airflow (the DC component of the 
air flow) and pulsated airflow (AC component). Leakage 
airflow is an important concept: It assumes that there is 
an opening somewhere along the total length of the 
vocal folds through which air escapes. Calibration is 
critical for reliable measurements. FLOG can also be 
used to analyze voice onset.

2.2.3.2  Subglottal Air Pressure

Measurements of subglottal air pressure using esopha-
geal balloons or pressure transducers, transglottal 
catheters, or tracheal puncture are semi-invasive or 
invasive and are limited to research situations. 
Subglottal pressure can be accurately estimated by 
measuring the intraoral air pressure produced during 
the repeated pronunciation of /pVp/ syllables (i.e., a 
vowel between two plosive consonants). A thin cathe-
ter is introduced into the mouth through the labial 
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commissure, is sealed by the lips, and is not occluded 
by the tongue. If there is no closure of the vocal folds, 
the intraoral air pressure should be similar to the 
pressure elsewhere in the respiratory tract. During pro-
duction of a voiceless consonant, the vocal folds are 
abducted and should not impose any significant 
obstruction to airflow from the lungs. Thus, the pres-
sure behind the lips is the same everywhere and reflects 
the pressure available to drive the vocal folds if they 
were to vibrate [50, 51]. This technique also allows 
measurement of the phonation threshold pressure 
(PTP), the minimum pressure required to initiate pho-
nation [52]. Pressure is usually reported in pascal units: 
1 Pa = 1 N/m2; and 1 kPa = 10 cm H

2
O.

2.2.3.3  Efficiency of Phonation

Together with airflow and vocal intensity, subglottal 
air pressure can be used to estimate the efficiency of 
phonation. Obviously, reduced efficiency is expected 
to induce voice fatigue. Vocal efficiency—defined as 
the ratio of acoustical power to aerodynamic power—
can be estimated by dividing the acoustical intensity of 
the utterance by the product of the air pressure and the 
airflow used to produce the utterance [54].

2.2.3.4  Flow Versus Volume Loops

Spirometry is important for investigating cases in 
which voice problems are associated with laryngeal 
obstruction, such as bilateral abduction paralysis, 
stenosis caused by extensive webs and scars, cancer, 
or even severe Reinke’s edema. The flow–volume 
loop is generated when measurements of maximum 
forced expiration and maximum forced inspiration are 
plotted on a graph, with the flow rate on the ordinate 
and lung volume on the abscissa (Fig. 2.2). Lack of 
effort is easy to detect because there is reduced flow at 
the beginning of the expiratory curve, and the inspira-
tory curve is abnormal (Fig. 2.2b). Obstructive lesions 
of the larynx are easily detected and quantified because 
the morphology of the flow–volume loop is altered. 
Variable extrathoracic obstruction (as with bilateral 
vocal fold paralysis) manifests as a decrease in inspira-
tory flow only (Fig. 2.2c), whereas a fixed obstruction 
of the upper airway (e.g., extensive laryngeal cancer) 
is demonstrated and quantified by a symmetrical 

reduction of inspiratory and expiratory flow (Fig. 
2.2d) [55–57].

2.2.4  Acoustics

Acoustical measures provide, in an objective and nonin-
vasive way, a great deal of information about vocal func-
tion. Increasingly, these measures have become available 
at affordable cost and appear to have succeeded well 
in  monitoring changes in voice quality across time 
(e.g.,  before and after treatment). Acoustical measures 
reflect the status of vocal function and do not relate spe-
cifically to certain voice disorders because basic biome-
chanical changes resulting in acoustical differences can 
be induced by various lesions and dysfunctions.

2.2.4.1  Visible Speech

Acoustical analysis can be used to make the voice and 
speech visible (e.g., in spectrograms) [50]. This visual 
representation may be a considerable aid to the percep-
tion and description of voice characteristics. 
Spectrograms are also useful for comparing normal 
phonation with phonation characterized by excessive 
noise. Commercially available software packages pro-
vide synchronized displays of the microphone signal 
and the spectrogram, showing the frequency distribu-
tion of acoustical energy over time. A choice can be 
made between narrowband filtering (frequency resolu-
tion, mainly demonstrating fundamental frequency, 
harmonics, interharmonic and high-frequency noise, 
subharmonics) and broadband filtering (temporal reso-
lution, mainly demonstrating periodicity but also for-
mant location). Voice characteristics such as the sound 
pressure level (SPL), fundamental frequency, and for-
mant central frequency can also be displayed over time 
for analysis of the singing voice. Visualizing fast 
Fourier transform (FFT) graphics (power spectrum) 
and long-time average spectra (LTAS) is usually pos-
sible (Fig. 2.3). When visible speech is provided simul-
taneously with voice sound, the interrater consistency 
of the perceptual quality evaluation significantly 
increases [8, 9]. Martens WMAF, Versnel H, Dejonckere 
PH (2007) The effect of visible speech on the parcep-
tual rating of pathological voices. Arch Otolaryngol 
Head Neck Surg 133 : 178–185.
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Fig. 2.2.  Flow-volume curves. Measurements of a maximum 
forced expiration and a maximum forced inspiration are plotted 
on a graph with flow rates on the ordinate and lung volume on 
the abscissa. (a) During normal respiration the expiratory flow 
curve decays linearly. (b) When effort is poor, the initial slope of 

part of the expiratory curve is decreased, and the inspiratory 
curve is also abnormal. (c) A variable extrathoracic obstruction 
decreases only the inspiratory flow rate. (d) In case of fixed 
obstruction of the upper airway, inspiratory and expiratory flow 
rates are both reduced
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2.2.4.2  Acoustical Parameters

Acoustical analysis can also provide precise numerical 
values for many voice parameters, from averaged fun-
damental frequency to sophisticated calculations for 
noise components or tremor features.

Factor analysis allows the large number of acousti-
cal parameters to be reduced to a limited number of 
clusters [14].

Short-term fundamental frequency perturbation•	
Short- or medium-term amplitude perturbation and •	
voiceless segments
Harmonics-to-noise ratio•	
Long-term frequency and amplitude modulation•	
Very long-term amplitude variation•	

Subharmonics•	
Tremor•	

Perturbation measures (in period and amplitude) and 
harmonics-to-noise computations on a sustained vowel 
(/a:/) at comfortable frequency and intensity appear to 
be the most robust measures and seem to determine the 
basic perceptual elements of voice quality: grade, rough-
ness, and breathiness. Nevertheless, correlations with 
perceptual data remain usually moderate [14, 58]. Jitter 
is computed as the mean difference between the periods 
of adjacent cycles divided by the mean period. It is thus 
a fundamental frequency (F

0
)-related measurement 

(Fig. 2.4). For shimmer, a similar computation is made 
on peak-to-peak amplitudes. Voice breaks must always 
be excluded. For pathological voices, the coefficients of 

Fig. 2.3.  Visible speech or sonagraphy, as displayed by the 
Computerized Speech Laboratory (Kay Elemetrics, Lincoln 
Park, NJ, USA). Sustained /a/: on the left by a normal voice and 
on the right by a breathy voice. From top to bottom : microphone 
signal), power spectrum (0–5000 Hz), and spectrogram (sono-
gram), frequency display 0–5000 Hz over time: about 1.2 s left 

and 0.7 s right , narrowband fi ltering 25 Hz with frequency 
(resolution). Left panels: in Power spectrum and spectrogram 
the harmonics are easy to identify, whereas they are lacking on 
the right panels . Here the power spectrum and spectrogram are 
replaced by aperiodic acoustical energy (noise). This kind of dis-
play also provides information about formant location 
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variation of jitter and shimmer for a sustained /a/ are in 
the order of 20–30% for successive single trials as well 
as trials on different days [20–22]. A general limitation 
is that the systems employed for acoustical analysis can-
not (or not in a reliable way) analyze strongly aperiodi-
cal acoustical signals. Perturbation measures of less 
than about 5% have been found to be reliable [59]. Only 
“quasi-periodic” voices are suited for perturbation anal-
ysis. Therefore, visual control of the period definition 
on the microphone signal is always necessary: Even in 
regular voices, a strong harmonic or subharmonic may 
account for erratic values. Alternatives from the field of 
nonlinear dynamics, such as the coefficient of Lyapunov, 
have been proposed for analyzing “chaotic” or “bifur-
cated” signals [60]. Also for substitution voices, special 
acoustical approaches of frequency perturbation have 
been proposed [18, 19].

For signal-to-noise ratio computations—e.g., nor-
malized noise energy (NNE), harmonics to noise ratio 

(HNR), cepstral peak prominence (CPP)—there is cur-
rently insufficient standardization of the optimal 
algorithm(s) and insufficient knowledge about norma-
tive values for widespread clinical use. The harmonics-
to-noise ratio was also found to be less well suited for 
demonstrating the effects of therapy [20–22].

Rhinophonia is a particular resonance characteristic 
of the voice. It may be present without a concomitant 
articulation disorder. Acoustical nasometry provides 
objective measurements by (schematically) computing 
the ratio between nasal and whole voice (nasal + oral) 
sound pressure levels [61].

2.2.4.3  Phonetography/Voice Range Profile

The phonetogram plots the dynamic range (dBA) as a 
function of the fundamental frequency range (Hz), 
thereby documenting the extreme possibilities of voice. 
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These extremes are of importance for professional voice 
users, especially singers [62], but they must be inter-
preted with care [52, 53] because the acoustical energy 
is related to spectral distribution. Normative values for 
children and teachers have been defined [63].

Computerized systems make possible real-time mea-
surement and display of fundamental frequency versus 
SPL and also of quality parameters such as jitter. Jitter 
results in various color gradations within the voice area, 
showing specific altered zones, or register boundaries 
(Fig. 2.5). Such computerized systems can also provide 
range profiles of current speech, possibly coupled with 
provocation tests, such as the task of reading at a con-
trolled, louder intensity. These profiles are expected to 
be relevant for occupational voice users.

The highest and lowest frequencies and the softest 
intensity (dBA at 30 cm) seem most sensitive for 
changes in voice quality [5, 64–66], the latter being 
related to the phonation threshold pressure (PTP) [52, 
53]. Measuring the lowest frequency allows one to 
compute the fundamental frequency range. Such a 
“three points range profile” can be obtained without 

completing a (time-consuming) whole voice range 
profile. However, as these three points represent 
“extreme” performances, they are (as are the MPT and 
CV) highly sensitive to learning and fatigue effects.

2.2.5  Self-Evaluation by Patient

Although subjective by definition, self-evaluation is of 
great importance in clinical practice. Careful quantifi-
cation is needed for self-evaluation to be compared 
and correlated with the objective assessment provided 
by the voice laboratory. The purpose of subjective self-
evaluation is to determine the deviance of voice quality 
and the severity of disability or handicap in daily pro-
fessional and social life and the possible emotional 
repercussions of the dysphonia.

The basic aim is to differentiate the deviance of 
voice quality stricto sensu and the severity of the dis-
ability/handicap in daily social and/or professional life. 
A Voice Handicap Index can be computed on the base 

Fig. 2.5.  Computerized phonetogram (voice range profile), with 
a gray scale indicating the amount of jitter (normal female voice). 
The more jitter, the darker the area. Horizontal axis: fundamental 
frequency in Hz (or musical tones on a keyboard). Vertical axis: 

sound pressure level, measured at 30 cm (dBA). This plot com-
bines information about extreme possibilities of voice as well as 
an aspect of voice quality
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of the patient’s responses to a carefully selected list of 
questions [67]. It also investigates the possible emo-
tional repercussion of the dysphonia. Rosen et al. [68] 
proposed a validated shortened version of the Voice 
Handicap Index: the VHI–10. However, for a basic pro-
tocol, a minimal subjective evaluation can be provided 
by patients themselves on a double VAS of 100 mm: 
their impressions about voice quality stricto sensu and 
about the repercussion of the voice problem regarding 
every-day social and, if relevant, professional life and 
activities. A score of “0” (maximum left) means a nor-
mal voice on the first scale and no handicap (related to 
voice) in daily life on the second scale. A score of “100” 
(maximum right) means extreme voice deviance on the 
first scale and extreme disability or handicap in daily 
social (and, when relevant, professional) activities, as 
rated by the patients themselves. A comparative study 
does not suggest that the exhaustive questionnaire is 
more reliable than the simple scales [20–22].

2.2.6  Adjuvant Techniques

2.2.6.1  Electroglottography

Electroglottography (or electrolaryngography) (EGG) 
is a method for monitoring vocal fold contact, rate of 

vibration, and perturbation of regularity during voice 
production (Fig. 2.6). The major advantage of EGG is 
that it does not interfere with the physiologic processes 
of speaking or singing. The signal originates from two 
electrodes lightly placed on the speaker’s neck at the 
level of the thyroid cartilage. Pitch extraction from the 
EGG waveform is particularly reliable—so long as there 
is at least partial vocal fold contact during the vibration 
cycle—because the waveform is unaffected by vocal 
tract resonances and environment noise [69, 70].

The main applications of EGG are as follows:

Fundamental frequency computations (e.g., range, •	
regularity, distribution, display across time, cross 
plots) so long as there is vocal fold contact
Voice onset time•	
Prephonatory and postphonatory laryngeal gestures•	
Closed phase information (hyperkinetic vs. hypoki-•	
netic adduction)
Voice range profile of spontaneous speech (falsetto •	
excluded)
Triggering of a stroboscopic light source•	

2.2.6.2  Electromyography

Electromyography is an electrophysiological investiga-
tion of neuromuscular function. The main indications 
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Fig. 2.6.  Electroglottographic 
waveform with the corre-
sponding laryngoscopic view 
and a frontal section through 
the midportion of the glottis. 
Point III corresponds to 
minimum impedance, which 
is at maximum closure of the 
glottis
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are mobility disorders (especially reduced mobility). 
Neuromuscular pathological conditions in laryngeal 
muscles do not basically differ from neuromuscular 
pathological conditions in other muscles, so it is recom-
mended that these investigations be performed in coop-
eration with a general myography specialist [71–74]. 
With the patient supine and the neck extended, a con-
centric needle electrode is inserted through the crico-
thyroid ligament to approach the thyroid muscle. The 
needle electrode is then angled cranially 45° and later-
ally 20° to an approximate depth of 1.5–2.0 cm. The 
cricothyroid muscle is reached by inserting the elec-
trode off the midline close to the inferior border of the 
thyroid cartilage. EMG is also used for monitoring 
Botulinum injections in vocal muscles. An evidence-
based review has been provided by Sataloff et al. [75].

2.2.7 � Specific Techniques for Substitution 
Voices and Spasmodic Dysphonia

A special protocol for perceptual evaluation is required 
for substitution voices (i.e., voices in which the sound is 
not generated by two vocal folds) [18, 19]. Substitution 
voicing cannot be evaluated accurately by the GRBAS 
perceptual rating scale as most substitution voices are 
G

2
 or G

3
 and because an optimal substitution voice is 

never G
0
. Therefore, the IINFVo scale was proposed as 

an alternative (and was found reliable). It has the follow-
ing parameters [76, 77].

I—overall impression of voice quality, acceptabil-•	
ity and adequacy for daily communication
I—impression of intelligibility •	
N—unintended additive noise, a parameter that •	
reflects the amount of annoyance caused by the audi-
bility of all sorts of uncontrolled noises (e.g., bubbly 
noise, air turbulence, clicks) produced during speech
F—fluency, which reflects the perceived smooth-•	
ness of the sound production and accounts for all 
kinds of undesirable interruptions
Vo—voicing, which means that utterances are heard •	
as voiced or voiceless when they need to be voiced 
or voiceless

Scoring is similar to the GRBAS scale, with a four-
point scale (from no deviance to severe deviance), or 
using a VAS. Spasmodic dysphonias can also be rated 
in this way.

Classic acoustical parameters, such as perturbation 
measures, are not suited for substitution voices or spas-
modic dysphonias, as they are not “quasi-periodic” sig-
nals but usually show chaotic “bifurcations,” such as 
breaks or diplophonic moments. Nonlinear approaches 
are promising in this field.

Using a program based on a peripheral auditory 
model, Moerman et al. [18, 19] analyzed 10-ms frames 
of the signal and confirmed by objective acoustical 
analysis that the quality of tracheoesophageal speech 
is superior to that of esophageal speech but inferior to 
that of normal speech or speech with the preservation 
of one vocal fold.

In cases of spasmodic dysphonia (AD type), simple 
acoustical measures for fluency, such as the total dura-
tion of the sentence (ms) and the ratio of the total dura-
tion of voiced segments to the total duration of the 
sentence—both parameters measured in a short 100% 
voiced sentence for normal speakers—appear to be 
valuable objective criteria for effectiveness of treat-
ment. They are useful for monitoring the evolution and 
timing of a new Botulinum injection [8, 9].

For patients with substitution voices, a slightly cor-
rected version of the Voice Handicap Index has been 
proposed [18, 19].

2.2.8 � Basic Protocol for Functional 
Assessment of Voice Pathology 
Recommended by the European 
Laryngological Society, Especially 
for Investigating Efficacy of 
(Phonosurgical) Treatments 
and Evaluating New 
Assessment Techniques

The basic protocol for functional assessment of voice 
pathology proposed by the European Laryngological 
Society was an attempt to reach better agreement and 
uniformity concerning the basic methodology for func-
tional assessment of pathological voices. The purpose 
was to allow relevant comparisons with the literature 
when presenting/publishing the results of any kind of 
voice treatment (e.g., a phonosurgical technique or a 
new/improved instrument or procedure for investigat-
ing the pathological voice) [78]. A few basic principles 
served as guidelines.
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1.	 Voice function is multidimensional [35].
2.	 A (minimum) set of basic requirements for presenting 

(publishing) results of voice treatments is necessary 
to make comparisons and meta-analyses possible.

3.	 New and more sophisticated measurement or evalu-
ation techniques and procedures are to be encour-
aged, but the basic set must be performed in all 
cases for comparison.

4.	 The recommendations must be suited to all “com-
mon” dysphonias, but a few specific categories of 
voice pathology need a specific protocol for increas-
ing sensitivity (e.g., substitution voices and spas-
modic dysphonia) [8, 9, 18, 19].

5.	 In the basic set, or “truncus communis,” for the 
assessment of common dysphonias, the following 
components need to be considered. Each provides 
quantitative data.

a.	 Perception
b.	 Videostroboscopy
c.	 Acoustics
d.	 Aerodynamics/efficiency
e.	 Subjective rating by patient

When investigating substitution voices and spasmodic 
dysphonias, elements such as intelligibility and fluency 
should be added. Furthermore, scales and algorithms 
should be adjusted for the dimensions “perception,” 
“videostroboscopy” and “acoustics.”

	 6.	 Each of the above items has its own specific rele-
vance when reporting results or statistics, as it pro-
vides a particular insight (multidimensionality). 
Combined scores or indexes [66] integrating these or 
other data into a single value may be useful, but opti-
mal evaluation and understanding of the treatment 
effect also requires intrinsic comparison of the scores 
for the different components [79]. An example of 
such an Index is the Dysphonia Severity Index (DSI): 
it was constructed by logistic regression (Fisher dis-
criminant analysis) and combines the highest funda-
mental frequency (F

0
) (Hz), softest intensity, MPT, 

and jitter (%) according to the formula DSI = 0.13 × 
MPT + 0.0053 × highest F

0
 – 0.26 × lowest inten-

sity – 1.18 × jitter (%) + 12.4. For normal voices 
the DSI is +5, and for severely dysphonic voices it 
is –5.  The first implementation studies pointed out 
that for some patients treatment effects can vary 
considerably from one dimension to another [80].

	 7.	 When assessing treatment outcomes, maximum 
objectivity must be constant. However, even objec-
tive data, such as audio recordings or videolaryn-
gostroboscopic pictures, may be subjectively rated 
and interpreted. Nevertheless, for research pur-
poses, it remains possible to improve the validity 
considerably by (1) averaging the ratings of a 
panel and (2) rating blindly, which means without 
knowing the conditions (e.g., before and after 
treatment).

	 8.	 Although the present guideline concerns only 
basic, nonsophisticated approaches, it is not to be 
considered as the ultimate way to conduct a basic 
assessment of voice function. Further implemen-
tation studies and more research are necessary and 
are warmly encouraged [81].

	 9.	 Instrumentation is kept to a minimum although 
considered essential for professionals performing 
phonosurgery. The ENT surgeon can be assisted in 
performing this basic set of measurements by a 
qualified, trained speech therapist.

	10.	 In summary, two of the dimensions are considered 
objective (so long as the subject is cooperating 
normally): aerodynamics and acoustics. Although 
these two dimensions are considered objective, 
they are rated subjectively by the examiner (rat-
ings can be made blindly by a panel!) via record-
ing a voice sample and videostroboscopy. Finally, 
one dimension remains totally subjective (self-
rating by the patient).

Implementation of this protocol demonstrates the clin-
ical relevance of each item, and the low redundance. 
When investigating treatment effects, the correlations 
between the pre-post changes for the different param-
eters are weak [20–22, 82]. Multidimensional infor-
mation about changes induced by therapy helps 
clinicians better understand the way in which a treat-
ment works.

2.2.8.1 � Example of a report using 
the proposed basic protocol

The patient was a 26-year-old woman who was diag-
nosed with vocal fold nodules. These results were 
obtained before treatment.
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Explanation

Perception was rated on three VASs of 100 mm: grade, 
roughness, breathiness. Grade is scored 34/100, 52/100, 
and 18/100, where 0 = normal (no deviance) and 100 = 
extremely deviant. Diplophonia is present (d).

 Stroboscopy was rated on four VASs of 100 mm: 
closure, regularity, quality of mucosal wave, symmetry. 
For closure, if abnormal, a categorical choice is also 
recommended; in this case, there was an hourglass-
shaped pattern. Symmetry was normal.

 Aerodynamics: phonation quotient (ml/s) and max-
imum phonation time (s). VC was 3705 ml.

 Acoustics: jitter% and shimmer% on a sustained 
/a:/, at comfortable pitch and loudness. The “c” corre-
sponds to 131 Hz and “g1” to 392 Hz. As for phonetog-
raphy, the distance of the microphone must be 30 cm.

 Subjective evaluation: provided by the patient him-
self on a double VAS of 100 mm. The first scale con-
cerns the impression about voice quality stricto sensu 
(i.c. 30/100 = slight to moderate), and the second scale 
concerns the impression about repercussions of the 
voice problem during everyday social and, if relevant, 
professional life and activities (i.c. 50/100 = moderate 
to severe).
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Laryngeal endoscopy and surgery aims are a refined 
diagnosis of laryngeal, tracheal, and hypopharyngeal 
disease; improvement or restoration of laryngeal func-
tion (i.e., phonation, airway protection during degluti-
tion, airway patency); and removal of neoplastic 
alterations of a benign or malignant nature. In recent 
years, transoral endoscopic surgery has seen enormous 

progress, whereas open surgery is now usually restricted 
to ablative or reconstructive surgery at the cartilagi-
nous framework of the larynx.

3.1  Historical Background

Modern endoscopic laryngeal surgery traces its origins 
to the second half of the 19th century. Turck and 
Czermak of Vienna first used angled mirrors for clinical 
examination of the larynx in 1857, and 2 years later 
Stoerk used these mirrors for endolaryngeal cauteriza-
tion of the larynx. As a result of these efforts, endola-
ryngeal surgery became more widely practiced, and 
techniques were advanced by McKenzie, Fränkel, 
Kirstein, Killian, and Jackson. Thus, the development 
of endolaryngeal surgery was contemporaneous with, 
but essentially separate from, that of open laryngeal 
surgery. The decisive breakthrough for endolaryngeal 
surgery as a universal approach for laryngeal operations 
occurred when Oskar Kleinsasser of Cologne, Germany, 
introduced microlaryngoscopy during the early 1960s 
[1]. This method provides access to most of the mucosal 
lesions of the larynx and a number of submucosal 
lesions. At the same time, it requires a specialized set of 
microinstruments that are controlled with both hands, 
requiring a high degree of manual skills.

The rich vascular supply of the tissues in the larynx, 
however, makes it difficult to carry out more extensive 
procedures, tending to cause troublesome bleeding from 
the cut tissues that obscures the operative field and 
makes precision microsurgery difficult or impossible. 
An early solution to this problem involved using monop-
olar electrocautery probes in endolaryngeal surgery to 
improve hemostasis during operations involving the 
relatively extensive division of submucosal tissues 

Fundamentals of Laryngeal Surgery: 
Approaches, Instrumentation, and 
Basic Microlaryngoscopic Techniques

Hans Edmund Eckel and Marc Remacle

3

H. E. Eckel (*)
Department of Oto-Rhino-Laryngology, 
A.ö. Landeskrankenhaus Klagenfurt, HNO, St. Veiter Str. 47, 
A-9020 Klagenfurt, Austria
e-mail: hans.eckel@kabeg.at

Core Messages

Most laryngeal lesions are located in the ››
mucosa or submucosal space, making them 
easily accessible to endoscopic surgery.
Advantages of the endoscopic approach include ››
the avoidance of skin incisions, division of the 
thyroid cartilage, and tracheotomy.
Open laryngeal surgery is required for the car-››
tilaginous structures of the larynx, if the posi-
tion of the larynx is to be altered, or if the 
anatomical situation prevents adequate endo-
scopic visualization.
Endolaryngeal surgery is done using Klein››
sasser’s microlaryngoscopy technique.
CO›› 2

 laser systems are frequently used for laryn-
geal surgery, particularly phonosurgery, steno-
sis surgery, and resection of most laryngeal 
tumors.
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(e.g.,  cordectomy, arytenoidectomy). In light of the 
above situation, the introduction of laser systems into 
laryngeal surgery marks an important milestone in the 
development of this operative approach [2]. By cou-
pling a CO

2
 laser to the operating microscope and 

controlling the invisible treatment beam with a micro-
manipulator, guided by a visible-wavelength coaxial 
aiming beam, a relatively stationary, noncontact tech-
nique was achieved for dividing endolaryngeal tissues 
while simultaneously coagulating small blood vessels. 
This approach overcame several basic problems in 
endolaryngeal surgery: The laser beam does not obstruct 
the surgeon’s view of the confined operating field, it 
provides adequate tissue hemostasis for greater visibil-
ity, and it facilitates the surgical dissection.

The obvious advantages of endolaryngeal laser sur-
gery were not generally appreciated at first. A major 
objection was that laser incisions always caused ther-
mal tissue damage (burns) and therefore did not meet 
the requirement of clean, atraumatic tissue division 
with margins that could be evaluated histologically. 
Over time, technical refinements eliminated most of 
these objections, and laser use not only made it easier 
to carry out known surgical procedures but also laid 
the foundation for developing new therapeutic con-
cepts, especially in the field of oncological surgery. 
Remarkably, these concepts were not developed in the 
United States, where lasers were first used in laryngol-
ogy. It was left to clinical pioneers in Europe to 
research, describe, apply, and publicize the clinical 
potential of endolaryngeal laser surgery. In addition, 
endoscopic laser surgery has led to a modification of 
numerous operative procedures for benign lesions of 
the larynx. Van Overbeek pioneered the CO

2
 laser-

assisted endoscopic treatment of Zenker’s diverticu-
lum. Carruth in the United Kingdom and Freche in 
France advocated the use of CO

2
 laser for benign 

lesions and bilateral vocal fold immobility. These tech-
niques are briefly reviewed in this chapter.

In France, Marc Bouchayer, one of the best phono-
surgeons of his time, improved the cold steel instru-
ments especially for microphonosurgery. The new 
lines developed more recently on the Unites States, 
such as the Sataloff’s or Benninger’s sets, are directly 
inspired from Bouchayer’s tools.

Until Kleinsasser, endolaryngeal surgery was fre-
quently performed as indirect laryngoscopy under  
general anaesthesia. Afterward, It was much less 

popular even it was still practiced mainly in Japan or 
Eastern European countries.

The development of the “chip tip fiberscope” includ-
ing a camera in the distal tip and an operating channel, 
the recent financial incentives for office-based proce-
dures, and new injectable substances and laser wave-
length have induced a shift for procedures performed 
transcutaneously or transnasally. A good balance between 
these two approaches, however, has still not been found.

In the United States, the gap between endolaryngeal 
surgery and open laryngeal surgery is still evident; 
although head and neck surgeons in the United States 
are skilled in open laryngeal surgery, they often take a 
skeptical view toward endoscopic laryngeal surgery, 
which is the domain of “laryngologists.” This “overdi-
vision” into subspecialties helps explain the long delay 
in acceptance of endolaryngeal laser surgery in the 
United States.

3.2 � Endolaryngeal Versus 
Extralaryngeal Approach 
to the Larynx

Most benign laryngeal lesions are located in the 
mucosa or submucosal space of the larynx, making 
them easily accessible to endoscopic inspection. 
Advantages of the endoscopic approach include avoid-
ance of skin incisions, division of the thyroid cartilage, 
and tracheotomy. Therefore, it causes less surgical 
trauma and its related morbidity. As a consequence, 
open operations on the larynx are now considered 
obsolete unless surgery is required for the cartilagi-
nous structures of the larynx, if the position of the lar-
ynx is to be altered, or if there are particular problems 
that prevent adequate endoscopic visualization of the 
anatomicical structures. In most cases, surgical resec-
tion of benign laryngeal pathology is the only reason-
able therapeutic option in cases where treatment is 
warranted. Except for oncological surgery, which aims 
to remove diseased structures, laryngeal surgery is 
driven by functional considerations, aiming at improv-
ing voice, deglutition, or airway patency. If doubt 
exists as to the nature of a given lesion, it may be pru-
dent to leave some of the pathology behind and resect 
it at a later time if it better preserves the functional 
integrity of the larynx.
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3.3  Surgical Endoscopy

Direct laryngoscopy under general anesthesia is indi-
cated for all laryngeal diseases in which the larynx 
cannot be examined in the conscious patient (children) 
or in which mirror laryngoscopy, telescopic laryngos-
copy, or flexible endoscopy has revealed findings in 
the larynx, hypopharynx, or trachea that require fur-
ther investigation. Suspension laryngoscopy uses an 
identical approach but fixes the laryngoscope by means 
of a chest support. The surgeon’s hands are free for 
bimanual manipulation. It provides ideal access for 
many diagnostic and therapeutic procedures in the tra-
chea, in which the laryngoscope can serve as a “sheath” 
for introduction of tracheoscopes and operating instru-
ments (Fig. 3.1). Using an operating microscope addi-
tionally provides a three-dimensional view of the 
endolaryngeal anatomy. In addition to inspection of 
the mucosal surface with the operating microscope and 
introduction of rigid endoscopes, this technique allows 
selective excisional biopsies, even enabling the sur-
geon to take large samples if required. In additional, 
visual inspection can be supplemented by tactile exam-
ination (e.g., to assess the mobility of an ankylosed 
arytenoid cartilage). Currently, CO

2
 laser can be used 

for excisional biopsies, completely resecting small 

mucosal lesions of indeterminate nature in a procedure 
that is both diagnostic and therapeutic.

3.4 � Fundamentals of Endolaryngeal 
Surgery and Equipment

Endolaryngeal surgery is done using Kleinsasser’s 
microlaryngoscopy technique. The patient is posi-
tioned in a supine position. A rigid laryngoscope of 
appropriate size is inserted through the oral cavity, and 
the oropharynx and held in place using a chest sup-
port. The use of an operating microscope allows 
three-dimensional visualization of the endolaryngeal 
structures and bimanual surgical handling of instru-
ments inside the larynx. The basic setup is shown in 
Figure 3.2 [3, 4].

In Figure 3.2, red lines indicate the patient’s head 
positioning. The operating table has been adjusted in a 
way that allows the surgeon to sit comfortably on an 
operating chair, with arms supported by armrests, foot-
switches for steering the operating microscope, laser, 
and electrocautery; a red line indicates the viewing axis 
from the microscope to the larynx. Proper positioning of 
the patient is usually achieved with the patient’s neck in 

Fig. 3.1.  Basic setup for 
direct laryngoscopy. A rigid 
endoscope is used to 
visualize the anatomical 
structures of the larynx and 
trachea. Positioning of the 
head and body is indicated by 
red lines
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flexion and the head in slight hyperextension (Fig. 3.3). 
Other important prerequisites are preoperative assess-
ment of dental status, adequate mouth protection during 
the procedure to prevent dental injuries, and a trained, 
proficient surgeon. Suitable options for anesthesia–ven-
tilation include general endotracheal anesthesia (using a 
laser-safe ventilation tube), jet ventilation, and mask 
ventilation with intermittent apnea. The necessary 
equipment includes an assortment of laryngoscopes and 
stands, an operating microscope, microinstruments, CO

2
 

laser, monopolar cautery probes, rigid telescopes, and 
suction. Some procedures also require implants and 
their corresponding application instruments (collagen, 
fat, cartilage, dispersed silicone) and photographic or 
video equipment. The essential problems in any mini-
mally invasive procedure, regardless of whether it is in 
the abdominal cavity, knee joint, or larynx, are obtain-
ing an adequate view of the operative field and the abil-
ity to use the necessary instruments at the surgical site. 
For laryngeal surgery, operating laryngoscopes are 
employed. Because no laryngoscope can satisfy all 
requirements, the laryngeal surgeon should have an 
assortment of models on hand. The most important are 
listed below.

Kleinsasser laryngoscopes (sizes A–C, DN, J, JL) •	
(Fig. 3.3) are still valid for microsurgery of benign 
laryngeal lesions. Recent modifications have been 
proposed by major companies for better exposition 
of the anterior commissure or for laser-assisted 
microsurgery. Laryngoscopes are now equipped 
with wall-integrated channels for smoke evacuation 
and a light guide. The inner part of the scopes 
should be ebonized or sandblasted to prevent laser 
beam reflection and to favor maximum dispersion 
of the beam.
The Bouchayer laryngoscope remains a gold stan-•	
dard for cold steel microphonosurgery for many 
phonosurgeons, particularly in France.
Bivalved laryngoscopes in various sizes (Rudert, •	
Steiner, Weerda) are necessary for approaching the 
supraglottic larynx and the hypopharynx (Fig. 3.4).
The Lindholm laryngoscope, when inserted into the •	
vallecula epiglottica, affords an excellent view of 
supraglottic structures (ideally of the whole larynx) 
(Fig. 3.5).
Diverticuloscope for endoscopic cricopharyngeal •	
myotomy.
Pediatric laryngoscopes (various models).•	

Optimal instrumentation is just as important when 
treating benign laryngeal lesions as it is for surgery of 
malignant tumors. It may be even more so inasmuch as 
tumor surgery is basically a destructive process 
whereas surgery for benign laryngeal lesions is often a 
tailoring procedure. The goal of this type of surgery is 
not just to remove abnormalities but rather to modify 

Fig. 3.3.  Kleinsasser laryngoscope. (Courtesy of Karl Storz 
Company, Tuttlingen, Germany)

Fig. 3.2.  Basic setup for microlaryngoscopic surgery. C, chest 
support; L, laser arm; M, monitor; A, arm rest; 1, foot switch for 
microscope; 2, foot switch for laser; 3, foot switch for 
electrocautery
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and adapt (tailor) anatomical changes to allow opti-
mum functional rehabilitation of the voice, swallow-
ing, and respiration.

No single company provides the ideal tool box so 
far. Surgeons, according to their own practice, experi-
ence, and professional surroundings, may prefer one 
instrument to another. Moreover, many companies 
provide similar instruments. Personal relations with 

these companies and their local representatives have, 
de facto, a major influence.

These instruments were originally designed for cold 
steel microsurgery. Many of them have been adapted 
for laser-assisted surgery with a channel for smoke 
evacuation.

The microinstruments are usually 22 cm in length, 
and most are paired symmetrical sets with a right and 
a left directed working end. The basic box should have 
the instruments designed originally by Kleinsasser: 
thin, curved forceps that have serrated teeth and cup 
forceps for biopsies. The Bouchayer “heart-shaped” 
forceps are ideal for microsurgery of the vocal fold. 
The head of the forceps is directed 45° to the left or 
right sides and 45° to the top, allowing perfect, gentle 
holding of the vocal fold. Microscissors, sickle knives, 
flap elevators, straight or curved, are of course manda-
tory for cold steel surgery. Three to four suction tubes 
with various diameters are also necessary.

Monopolar electrocautery is also necessary for 
bleeding control. Electrocautery connected to a suc-
tion tube or a forceps is available and can be recom-
mended. Many surgeons achieve coagulation simply 
by contact between a basic electrocautery blade and 
the suction tube or forceps.

Stronger, larger forceps are available for endo-
scopic cancer surgery when large specimens have to be 
handled. The table is completed with wet towels for pro-
tecting the patient’s face in case of laser-assisted surgery, 
swabs soaked in epinephrine solution (1:100,000) for 
controlling oozing and for protecting the cuff of the ven-
tilation tube in case of laser surgery, and a silicone tooth 
guard or folded gauze sponge for protecting the teeth.

Other instruments may be necessary according to 
the specific surgery, such as Brünings syringe or the 
Ford injection device for injecting fat, collagen, or 
other substances. These choices are also related to the 
surgeon’s own preferences and experience. They are 
discussed in the following chapters.

3.5 � Laser Systems Used for Endoscopic 
Surgery of Benign Laryngeal 
and Tracheal Lesions

The CO
2
 laser is the undisputed workhorse of laser sur-

gery in laryngology. Owing to its frequent use in tumor 
surgery, nowadays it is available in the ear/nose/throat 

Fig. 3.4.  Bivalved laryngoscope. (Courtesy of Karl Storz 
Company, Tuttlingen, Germany)

Fig. 3.5.  Lindholm laryngoscope. (Courtesy of Karl Storz 
Company, Tuttlingen, Germany)
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(ENT) departments of most large hospitals. Designed 
for surgery, its wavelength is 10,600 nm, with absorp-
tion by water inducing minor peripheral thermal effects 
in the surrounding tissues. CO

2
 laser meets the require-

ments for use for most benign laryngeal lesions, partic-
ularly during phonosurgery, stenosis surgery, swallowing 
rehabilitation, and resection of most benign laryngeal 
tumors.

The initial CO
2
 laser microwave was a continuous 

wave. At a given power, it provided continuous output. 
The continuous exposure resulted in much heating of 
collateral, nontarget tissue by conduction. To minimize 
the thermal effect; a pulsed mode was developed for the 
CO

2
 laser (Sharpulse). The thermal reduction is even 

more important with Superpulse or Ultrapulse waves. 
SuperPulse and UltraPulse are pulsed waves with the 
high peak of power delivered in millisecond pulses or 
less. The resultant average pulse power, preset during 
programming, usually ranges between 1 and 10 W. The 
interpulse pause of approximately 1 ms, called thermal 
relaxing time, permits the tissue to cool. This signifi-
cantly reduces the thermal effect and consequent coag-
ulation of the area surrounding the impact. SuperPulse 
has higher peak power (400–500 W) than UltraPulse 
(200 W) but less energy because its delivering time is 
shorter (Fig. 3.1). This pulse energy determines tissue 
impact and must reach the necessary threshold for 
ablation. Energy below ablation threshold leads to 
stronger thermal impact. UltraPulse adjusts its pulse 
energy automatically such that it is always above abla-
tion threshold. This is not the case with SuperPulse 
(Fig. 3.2). The SuperPulse is cone-shaped, which means 
that some part (the rising and falling parts) is below 
ablation threshold, which in turn means this part of the 
energy goes into tissue and heats it more. UltraPulse is 
rectangular. Hence, there may be slightly more thermal 
damage with SuperPulse than with UltraPulse.

In addition to the laser unit itself, accessories are 
available for optimal delivery of laser energy to the 
operative site.

In terms of laser light delivery from the laser arm to 
the target, currently available are the Acuspot micro-
manipulator and scanner. The micromanipulator, which 
is attached to the operating microscope and connected 
to the laser arm, yields the smallest possible beam 
diameter presently available (i.e., 250 µm for a focal 
length of 400 mm). This micromanipulator makes pos-
sible the accurate tissue incision and dissection required 
for phonosurgery. By means of a computer-guided 

system of rotating mirrors, the scanner allows the beam 
to  sweep a given surface with extreme rapidity. This 
feature makes it a highly effective tool when macro-
scopic vaporization is required. A “shaving” effect a 
few microns deep is achieved during each beam sweep, 
with little in-depth thermal penetration. The usual 
shape chosen for the surface is the circle. This mode of 
laser use is suitable for selective, superficial removal of 
mucosal lesions in cases where histological examina-
tion is not required and the main aim is to achieve uni-
form tissue ablation with the least possible collateral 
injury. An example is the removal of papillomas or 
patchy areas of leukoplakia, which can be histologi-
cally confirmed prior to laser ablation. The result of 
this procedure is a superficial mucosal wound with no 
thermal alteration of the underlying tissue. This type of 
wound undergoes rapid secondary epithelialization and 
can heal with an excellent functional result.

The Acublade is a scanner software modification that 
allows the beam to travel across the target as a straight 
or curved incision line instead of “shaving” a given sur-
face (Fig. 3.3). Various lengths (0.5–3.5 mm) and pene-
tration depths (0.2–2.0 mm) are programmable. The 
operator can, at all times, modify the parameters pro-
posed by the laser-controlling software. This incision 
line can be rotated to the left or right thanks to a driving 
belt articulated with the scanner. The belt is moved with 
a joystick-controlled electrical motor (Fig. 3.4a).

The software-calculated penetration depth is based 
on average absorption of the CO

2
 laser by living soft 

tissues. Depending on the desired length and penetra-
tion, the software calculates the required power and 
pulse duration for the single pulse mode. The Acublade 
was designed for SuperPulse and continuous modes 
that can originate from the same optical cavity. The 
Acublade is now available with UltraPulse technology. 
The guiding system of the incision line is fully elec-
tronic and integrated in the scanner (Fig. 3.4b).

Incisions are sharper with UltraPulse, making the 
dissection more comfortable, mainly when approach-
ing a major vocal fold structure, such as the vocal liga-
ment. This difference in efficiency is of interest for 
delicate phonosurgery of the vocal fold in single-pulse 
mode, but it is not an advantage for other procedures, 
such as cordectomy, when the shooting is usually in 
continuous mode. On the other hand, there may be 
more coagulation along the incision line.

The differences between SuperPulse and UltraPulse 
when used with Acublade are only perceptible during 
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surgery. The differences do not affect the postoperative 
period or the functional results. For the selection of suit-
able laser parameters (e.g., pulse shape and duration, 
power output), the reader is referred to selected publica-
tions and to Chapters 1, 2, and 6 of this volume.

When treating laryngeal hemangiomas, especially 
when they are large, the neodymium:yttrium alumi-
num garnet (Nd:YAG) laser or other fiber-guided lasers 
with good absorption in the red spectrum, such as 
potassium titanyl phosphate (KTP) and diode lasers, 
have the advantage of greater penetration depth in tis-
sue than other lasers, producing deeper coagulation of 
the hemangioma. Nd:YAG laser emits at 1064 nm. Its 
frequency is doubled by passing the light through KTP 
to produce KTP laser, which then emits at 532 nm. The 
diode laser, made from arsenium and gallium, has a 
wavelength of 805 nm, which situates it between the 
CO

2
 and Nd:YAG lasers. As a result, the tissue effects 

of the KTP and diode lasers are altogether different 
from those of the Nd:YAG laser, mainly regarding the 
thermal effects. It must be remembered that the ther-
mal diffusion of Nd:YAG is more than 4 mm into the 
surrounding tissues.

When approached carefully, however, circumscri
bed hemangiomas can be successfully shrunken by 
coagulation or excised locally with the CO

2
 laser.

Argon lasers can also be used to treat vascular neo-
plasms owing to the absorption of the light by the red 
blood pigment. A special laser treatment modality is 
photodynamic therapy (PDT) (tissue lasing following 
selective uptake of a photosensitizing agent). The effi-
cacy of PDT has been documented for a number of 
benign, preneoplastic, and neoplastic mucosal lesions. 
However, the cost of the procedure and concerns about 
unpredictable mucosal scarring limit its application in 
the treatment of benign lesions of the larynx and tra-
chea. PDT is more frequently used for palliative treat-
ment of head and neck cancer no longer treatable by 
surgery, radiotherapy, and/or chemotherapy. Foscan is 
presently one of the most used photosensitizing agents.

New wavelengths such as those of thulium or hol-
mium-YAG which are fiber-guided, are presently on 
trial and are promising for office-based surgery. A 
hollow fiber transmitting the CO

2
 laser is also com-

mercially available. So far only rough ablations or 
incisions are possible.

Pulse-dye laser (PDL), originally developed to treat 
skin conditions that involve blood vessels, such as 
birthmarks, have been used transnasally in the office 

for treating angiectatic polyps or Reinke’s edema. 
Long-term results are pending.

3.6  Alternatives to Surgical Laser Use

Surgical lasers, particularly CO
2
 laser, can be used in 

various ways to treat benign laryngeal and tracheal 
lesions.

Tissue ablation (precise cutting with minimum •	
coagulation for resecting abnormal tissue)
Coagulation (of blood vessels or highly vascular •	
neoplasms)
Vaporization (of tissues, as for papilloma removal)•	
Induction of photochemical processes (in photody-•	
namic therapy)

Alternative techniques are available for all of these 
applications and are briefly described below.

3.6.1  Tissue Cutting

Tissue incision and cutting can be accomplished 
with sharp cutting instruments (knives, scissors)—the 
essential tools for selective tissue ablation in every 
surgical discipline. Special small knives and micros-
cissors are available for traditional tissue ablation in 
the larynx and trachea, but these instruments require 
expert manual skill and rigorous practice. They are 
designed to have a long shaft that must be passed down 
the operating laryngoscope, making them less effec-
tive than the scalpels and scissors used during open 
operations. At the same time, the division of tissues 
with cutting instruments always involves capillaries 
and small arterial or venous vessels, leading to diffuse 
bleeding at the surgical site. Although blood loss in the 
larynx is not quantitatively significant in itself, the 
bleeding nevertheless obscures the operative field and 
makes it difficult to assess the progress of the opera-
tion. This type of bleeding is particularly troublesome 
in the situation of maximum precision microsurgery. 
Not infrequently, it prevents the surgical precision that 
is desired from a functional standpoint and prolongs 
the operating time. The bleeding and the associated 
obstacles created during the surgery can result in func-
tional failures and persistent, undesired anatomical 
changes (scars, synechiae). On the other hand, “cold” 
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instruments offer the significant advantage of precise 
cutting with no thermal damage to surrounding tissues. 
This makes it easier for the pathologist to evaluate the 
margins of the excised tissues and eliminates the del-
eterious effects of collateral thermal damage on wound 
healing. Moreover, the use of cutting microinstruments 
in laryngeal surgery does not require the elaborate 
technical precautions necessitated by laser use. In 
summary, there is no question that the ability of cold 
instruments to remove small lesions confined to the 
mucosa, especially with phonosurgery, is the equal of 
surgical lasers and is even superior to lasers in some 
situations. CO

2
 laser should be used for phonosurgical 

ablation of mucosal lesions only by a highly skilled 
surgeon and only in settings where optimal technical 
facilities are available.

In addition to conventional instruments, powered 
instruments (microdebriders, shavers) for use in laryn-
geal and tracheal surgery have been described recently. 
These instruments have been widely used in paranasal 
sinus surgery. Basically, they consist of a motorized 
blade rotating in a sheath with suction at the tip. Tissue 
is excised superficially by the rotating blade and simul-
taneously aspirated out of the sheath. Those advocat-
ing this type of instrument for endolaryngeal surgery 
(especially papilloma removal) have noted that shaver 
systems require less time for tissue ablation and do not 
generate a smoke plume. This argument is worth men-
tioning because human papillomavirus (HPV) DNA 
has been identified in the plume produced during the 
CO

2
 laser vaporization of respiratory tract papillomas. 

Its clinical significance is uncertain, however. The dif-
ficult healing of “tissue burns” caused by endolaryn-
geal laser surgery has been cited as another argument 
for the use of microdebriders. However, bleeding is 
possible, which can be a factor in the dissemination 
of HPV.

One fact should be emphasised at this point: 
Surgical lasers cause burns in the larynx and trachea 
only if the surgeon is using an outdated device or is 
not well trained in laser surgery. In other words, burns 
following laser surgery are the fault of the operator, 
not of the method. Modern, fully equipped CO

2
 laser 

systems enable the surgeon to divide tissue with abso-
lute precision with a focused beam, without causing 
clinically significant thermal damage to normal sur-
rounding tissue. Thus, the concern voiced by many 
authors that lasers cause “burns” is based on observa-
tions either from the early days of laser surgery or 

improper laser use. When all facts are considered, the 
argument of thermal tissue damage and its implica-
tions for wound healing can no longer be taken seri-
ously. Moreover, it is unclear whether motorized 
instruments used on the fine structures of the vocal 
cord mucosa pose an equal or even greater risk of 
inadvertent tissue damage than present-day laser tech-
nology. Let us consider an analogy with middle ear 
surgery: CO

2
 lasers have gained an established place 

in stapes surgery, and today no ear surgeon would 
think of using shaver systems on the auditory ossicles. 
At the same time, microdebriders are probably an 
effective supplement to the surgical armamentarium 
for the rapid removal of large neoplasms that do not 
require further histological evaluation.

3.6.2  Coagulation

In addition to surgical lasers (CO
2
, KTP, Nd:YAG), 

electrocautery probes are commonly used to coagulate 
blood vessels and tissues having a rich blood supply. 
Before the advent of surgical lasers, electrocautery 
probes were widely used in endolaryngeal surgery. 
They were used for cutting (e.g., arytenoidectomy), 
tissue ablation (suction–coagulation during papilloma 
removal), and selective cauterization of small blood 
vessels. Today, classic electrosurgery is more of an 
adjunct to endolaryngeal laser surgery than a compet-
ing modality. It is no longer considered an acceptable 
tool for most procedures because it causes far more 
extensive thermal damage and cauterization of speci-
men margins than the CO

2
 laser and cannot be manip-

ulated as precisely as the laser beam. When used as an 
adjunct to CO

2
 laser, electrosurgery is indispensable in 

all major endolaryngeal procedures because CO
2
 laser 

can only coagulate blood vessels no larger than 0.5 
mm. It is unable to coagulate large bleeders, such as 
those encountered during an arytenoidectomy or 
endolaryngeal partial laryngectomy, even when 
applied in the continuous mode with a defocused 
beam. In these cases, the electrocautery probe is an 
essential adjunct to the laser for obtaining surgical 
hemostasis.

 Electrosurgery as a stand-alone method has under-
gone technical refinements in recent years, and these 
improvements have eliminated some of the inherent 
disadvantages of electrosurgical procedures. For 
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example, thermal tissue damage can be substantially 
reduced by irrigating the surgical site with water. Good 
clinical results have been achieved by applying a con-
tinuous stream of noble gas to the tissue to be coagu-
lated (argon beamer, argon plasma coagulation). This 
technique permits optimum electrocoagulation of the 
tissue while preventing carbonization. It has become 
an accepted alternative to laser surgery, particularly for 
operations on the nose and paranasal sinuses. So far 
there has been little clinical experience with argon 
plasma coagulation in laryngeal surgery, but it is 
entirely conceivable that the method could be effective 
in treating vascular lesions located away from the vocal 
folds.

3.6.3  Vaporization

Aside from the argon plasma coagulation systems 
described above, there is no alternative to CO

2
 laser for 

tissue vaporization.

3.6.4  Photodynamic Therapy

Laser systems have ideal technical properties for 
inducing desired photochemical reactions in tissue. 
PDT would not be possible without lasers. The ques-
tion is which laser system is the most suitable. This 
question, just as that of choosing the best photosensi-
tizing agent, is a topic of current research and is beyond 
the scope of this chapter.

3.7 � Anesthesia, Perioperative Care, 
Adjunctive Medical Therapy

Laser surgery can be done under general endotracheal 
anesthesia and jet ventilation. Endotracheal intubation 
is generally preferred in operations where there is likely 
to be heavy bleeding (tumor resection, arytenoidec-
tomy, laryngeal papillomatosis). Special laser-safe 
tubes should be used to protect against tube combus-
tion and airway fires.

Because theses tubes are expensive, a number of 
techniques have been introduced to protect the 

standard tubes by wrapping them with a protective, 
nonflammable material. One of the earliest and most 
effective techniques involved wrapping a 12-mm (0.5 
in.) aluminum tape (3M, #425) from the cuff to the 
proximal end of the tube, in a spiral motion. The entire 
length at risk of exposure, usually 10–12 cm, is cov-
ered for total protection. The wrapping starts at the 
distal end just proximal to the cuff. A tape cut at 60° 
allows the first spiral to be applied against the cuff. 
Each spiral overlaps the previous one by a few milli-
meters so no bare tube is exposed. At the same time, 
excessive overlapping is avoided as it makes the tube 
rigid and unyielding. Copper foil tape (Venture) can 
also be used. When removing the tube, caution must be 
taken to avoid injuring the vocal folds with the sharp 
edge of the aluminum foil.

The foil wrapped-tube is introduced orally because 
endonasal intubation is too traumatic. To permit swift 
withdrawal of the tube in case of fire, the proximal end 
of the tube is not taped to the perioral area contrary to 
customary anesthetic practice. It is usual to use com-
paratively small size tubes in microsurgery.

The accidental laser impact on the silver aluminum 
foil does not cause tube ignition. However, the reflec-
tive surface of the foil allows unintentional reflection 
of laser energy onto nontarget tissue, which may result 
in secondary “ghost burn.” It is necessary for the anes-
thetist to ensure that the wrapping is adequate. It must 
be noted that handmade wrapping of the tube is no lon-
ger approved by the U.S. Food and Drug Adminis
tration (FDA).

Some manufacturers produce factory-wrapped 
tubes, such as Rüsch and Xomed, of much better 
quality. Merocel Laser-Guard is a self-adhesive silver 
foil covered with sponge. It increases the outer diam-
eter of the tube by 2 mm. The sponge must be kept 
constantly saturated with physiological saline: the 
Laser-Guard ignites if too dry. Another method for 
protecting the tube is adhesive copper foil over-
wrapped with fabric that has to be kept saline-soaked 
(Laser-Trach).

Cuffs are filled with physiological saline tinted with 
methylene blue. If the beam perforates the cuff, the 
saline absorbs the laser, and the dye signals the perfo-
ration even if minimal. However, care must be taken to 
protect the cuff throughout surgery with saturated cot-
ton swabs.

Jet ventilation is preferred during operations for air-
way stenosis and in many phonosurgical procedures as 
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it provides a better view of the glottis and subglottis. 
Even extensive endolaryngeal procedures can almost 
always be done without a prior tracheotomy when sur-
gical lasers are used.

The present authors have achieved good results 
with routine intravenous administration of 250 mg 
methylprednisolone before endolaryngeal procedures. 
Antibiotic prophylaxis (e.g., 3 g ampicillin–sulbactam 
or 600 mg clindamycin i.v.) is also given for more 
extensive procedures, especially those involving expo-
sure of laryngeal cartilage. Patients generally require 
postoperative monitoring in an intensive care unit 
(ICU) following laser surgery for airway stenosis. For 
all other procedures, ICU monitoring is generally 
unnecessary from a surgical standpoint.

3.8  Office-Based Laryngeal Procedures

Office-based procedures will increase in the com-
ing  years, including biopsies, injections, and lesion 
removal. The major reasons office procedures are 
increasing in popularity are based on patient accep-
tance. When compared with a procedure that is per-
formed under general anesthesia, an office-based 
procedure is considered less invasive by patients and 
physicians.

As the aging in developed countries continues, it is 
anticipated that the elderly and their need for better 
voice and swallow function will parallel the disease 
processes that are due to aging, such as presbyphonia 
and Parkinson’s disease. The search by the patient for 
better function will drive additional procedures to the 
office. Office-based procedures that are safe and effec-
tive will have an increasing role. For most otolaryn-
gologists, laryngeal biopsy or laryngeal injection is 
laborious, and the time it takes is not compensated ade-
quately. If the surgeon could use the office setting, this 
would be a more efficient use of time and resources.

Office delivery of drugs, lasers, and instrumenta-
tion will improve. The use of chips in scope technol-
ogy is superior enough that stroboscopy can be 
accomplished through a flexible laryngoscope. Such 
technology was not available until recently. A revisit of 
the procedures that were mastered many years ago is 
worth it in light of today’s technology. Some of the 
factors for revival of procedures already well known 

and written about since the 19th century are economic, 
demographic, and technological.

Selecting appropriate patients should be men-
tioned first. It is better to err on the side of caution 
than to spend too much time with an anxiety-ridden 
patient only to have the procedure fail because of 
patient reluctance. In this regard, proper information 
on the procedure, its duration, and the patient’s feel-
ings after local anesthesia is helpful. The duration of 
local anesthetic application is around 15 minutes, 
and it cannot be hurried. The local anesthetic is 
applied topically by spray into the oropharynx and 
the hypopharynx. The topical medication that is used 
may be 10% lidocaine. It is important to spray during 
inhalation. This is done twice. If the patient coughs, 
it must be repeated. The patient is asked to hold his 
or her own tongue and sit forward in a chin-forward 
position. A cotton ball is  used to paint the tonsils, 
vallecula, and piriform sinuses. When the cotton ball 
is inserted in the larynx, it occludes the airway par-
tially. The patient is instructed to cough with the cot-
ton ball in the larynx. This ensures better topical 
application.

A test palpation of the larynx can be done using a 
probe or the biopsy forceps. Tolerance to passive pal-
pation should be confirmed before procedures that may 
require biopsy, laser beam delivery, or injection. For 
vasoconstriction of the nasal cavity, a decongestive 
spray is used. In some cases, a topical swab in the nose 
to obtain adequate decongestion is necessary to pass 
the scope. Being able to lay the patient flat is helpful if 
the patient feels faint.

3.9 � Complications of Endoscopic 
Laser Surgery

A number of authors have described complications of 
endoscopic laser surgery in the larynx, trachea, and 
hypopharynx. These problems mostly involve com-
bustion of ventilation tube materials and anesthetic 
gas mixtures during surgical laser use in the larynx. 
The surgeon should consider the possibility of these 
complications during each laser operation and take 
appropriate precautions. Combustion of tube materials 
can be avoided by the use of laser-safe tubes. Ignition 
of anesthetic gas mixtures during procedures using jet 
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ventilation can be prevented by ventilating the patient 
with room air (rather than pure oxygen) and by operat-
ing in intermittent apnea. On the whole, such incidents 
can be safely avoided nowadays by selecting suitable 
materials, operating methods, and analgesic tech-
niques. Reports of airway fires in the current literature 
must be viewed more as a result of poorly trained 
operating room personnel than as inherent risks of 
laser surgery.

Possible laser-associated complications are less 
important during endolaryngeal surgery than compli
cations caused by the laryngoscope itself. In a study 
by one of the authors [5], 75% of 339 consecutive 
microlaryngoscopy patients were found to have 
small mucosal lesions of the lips, oral cavity, and 
oropharynx. These lesions caused significant com-
plaints for some time but resolved without sequelae 
in a few days. Dental injuries occur in approximately 
6% of all patients, but they predominantly affect 
patients who already have significant carious dam-
age to the teeth, preexisting loose teeth, periodontal 
disease, or a fixed denture. Patients with healthy 
dentition did not sustain dental injuries in this study. 
The nature of the denture injuries ranged from sim-
ple loosening and enamel fractures to chipped teeth 
and complete dental displacement. No laser-
associated complications were observed. Microlar
yngoscopic procedures may be followed by transient 
functional impairment of the hypoglossal nerve and 
lingual nerve. By and large, this type of complica-
tion cannot be completely avoided during microlar-
yngoscopic surgery, but the range of complications 
is definitely more limited than with open laryngeal 
surgery. In summary, laser surgery of benign lesions 
of the larynx, pharynx, and trachea can be consid-
ered a minimally invasive surgical approach with a 
low risk of complications.

3.9.1 � Tips and Pearls to Avoid 
Complications

Preoperative examination of patient’s dental situa-•	
tion allows risk assessment with regard to dental 
injuries during microlaryngoscopic surgery.
Different positions of the patient’s head should be •	
tried in cases of difficult laryngeal exposure.
Comprehensive surgical equipment, including a •	
variety of laryngoscopes, CO

2
 laser, electrocautery, 

microscope and rigid endoscopes (0°, 30°, 70°) 
should be available during laryngeal surgery.
Endolaryngeal exposition of glottic and subglottic •	
structures is best when jet ventilation is used in 
place of ventilation tubes.
Special laser-safe tubes should be used to protect •	
against tube combustion and airway fires.
Intraoperative administration of 250 mg of methyl-•	
prednisolone avoids laryngeal edema.
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Phonosurgery is not a new paradigm. In 1911, Brünings 
[3] introduced vocal fold augmentation by endolaryn-
geal injection; and in 1915, Payr [13] developed an 
external method for vocal fold medialization. Following 
Billroth’s first laryngectomy in 1874, Gussenbauer [10] 
was the first to use an artificial larynx for voice restora-
tion, and Gluck [9] was the first to use a term roughly 
translating as “phonosurgery” in his 1930 paper “pho-
netic surgery of the upper aero-digestive tract and arti-
ficial and natural voice restoration.” Despite these early 
forays, however, Hans von Leden’s [21, 22] statement 
remains broadly true, that “during the first 100 years of 
our specialty, laryngeal surgery was devoted largely to 
the removal of neoplasms, and any potential improve-
ment in voice was really a by-product of this process.” 
It was also Hans von Leden, together with Gottfried 
Arnold [21, 22], who defined “phonosurgery” (PS) as it 
presently applies: any surgery designed primarily for 
the improvement or restoration of voice. PS is therefore 
not restricted to one or more surgical techniques but is 
defined by its intended functional goal. PS comprised a 
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Core Messages

Phonosurgery is any surgery designed primar-››
ily for the improvement or restoration of voice. 
Phonosurgery is therefore not restricted to one 
or more surgical techniques but is defined by 
its intended functional goal.
A prerequisite for phonosurgery is the ade-››
quate diagnosis and documentation of the dis-
ordered voice.
As the pathogenesis of voice disorders is usu-››
ally multidimensional phonosurgery may form 
only a part of the holistic treatment of voice 
disorders, in partnership with various nonsur-
gical methods. 
Phonosurgery should not focus on the appear-››
ance of the vocal folds but, rather should aim 
for an improvement in voice, adapted to the 
individual request and needs of the patient.
Vocal fold surgery is a surgical procedure per-››
formed directly on the vocal folds with the aim 
of improving the vibratory movement and res-
toration of the normal mucosal wave, or cor-
rection of vocal fold position and/or tension.

The basic principle of vocal fold surgery is to ››
maintain or improve the functional structure of 
the vocal fold by respecting its layered structure. 
This is achieved by means of minimal tissue 
excision, minimal disruption of the superficial 
layer of the lamina propria and preservation of 
the epithelium, especially at the vibrating edge.
This can be accomplished using the microflap ››
technique which has completely replaced the 
resection of the epithelium previously called 
“stripping” or “decortication” which now better 
is termed “subepithelial chordectomy”.
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great variety of procedures and approaches, which 
makes it difficult to compare results between and among 
institutions. The European Laryngological Society 
(ELS) has therefore established a comprehensive clas-
sification system [8a] (Table 4.1).

A prerequisite for phonosurgery is the adequate diag-
nosis and documentation of the disordered voice [6, 8a]. 
As the pathogenesis of voice disorders is usually multi-
dimensional, PS may form only a part of the holistic 
treatment of voice disorders, in partnership with various 
nonsurgical methods. The phonosurgeon must be skilled 
in the functional investigation of voice and adjunctive 
treatment regimens or must work in close cooperation 
with someone having this knowledge. PS should not 
focus on the appearance of the vocal folds but, rather, 
should aim for an improvement in voice, adapted to the 
individual requests and needs of the patient.

4.1  Vocal Fold Surgery: General Survey

The definition of vocal fold surgery is a surgical proce-
dure performed directly on the vocal folds with the aim 
of (1) improving the vibratory movement and restora-
tion of the normal mucosal wave, or (2) correction of 
vocal fold position and/or tension [17].

Most PS on the vocal folds requires magnification 
afforded by an operating microscope (phonomicrosur-
gery) or a telescope connected to a video camera, both 
under general anesthesia. However, PS may also be 
performed directly or percutaneously under control of 
a flexible transnasal fiberscope or a transoral telescope, 
sometimes combined with stroboscopy. The former 
approach is currently preferred by most phonosurgeons 
for most procedures (Tables 4.2, 4.6, and 4.7).

Various methods are used for different pathology 
(Table 4.3). The basic principle of vocal fold surgery is 
to maintain or improve the functional structure of the 
vocal fold by respecting its layered structure. This is 
achieved by means of minimal tissue excision, minimal 

Vocal fold surgery (VFS)
Laryngeal framework surgery (LFS)
Neuromuscular surgery (NMS)
Reconstructive surgery (RCS)
– Partial defect of the larynx
– Total loss of the larynx

Table 4.1.  Classification of (primary) phonosurgery [8a]

Endolaryngeal
  Indirect
  Direct

External
  Open neck
  Percutaneous

Table 4.2.  Vocal fold surgery – approaches [17]

Incision
Excision
Dissection (microflap)
Augmentation
Injection/implantation
Vaporization
Coagulation
Injection of pharmaceutical agents
Suction
Stenting
Mobilization

Table 4.3.  Vocal fold surgery – procedures [17]

Epithelium
Papillomatosis
Chronic hypertrophic laryngitis
  Hyperplasia
  Dysplasia
  Carcinoma in situ
Carcinoma

Lamina propria
Exudative lesions affecting Reinke’s space
  Nodule
  Polyp
  Pseudocyst
  Reinke’s edema
Cyst
  Epidermoid
  Mucous retention
Sulcus (“open cyst”)
Mucosal bridge
Atrophy/scar
  Congenital (“sulcus-vergeture”)
  Acquired
  Presbyphonia
Vascular
  Ectasia
  Varicosity
  Hematoma

Arytenoid
Granuloma

Anterior commissure
Glottal web, microweb

Table 4.4.  Vocal fold lesions impairing the vibratory move
ment [17]
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disruption of the superficial layer of the lamina propria, 
and preservation of the epithelium, especially at the 
vibrating edge.

Most glottic lesions affect phonatory function of the 
larynx. Surgical management aims at removing these 
lesions and restoring phonation. The procedure should 
be precise, and the healing process should not result in 
significant scarring.

For surgery on the vocal fold, the primary aim is 
to  preserve the underlying vocal ligament. The usual 
morphological anatomy of the vocal fold is described 
as having a superior and an inferior surface, with inter-
vening free edge. However, the free edge is far from an 
“edge.” The dynamic anatomy of the vocal fold shows 
three distinct “borders” to the free edge: superior, mid-
dle, and inferior. During surgery, if the superior border 
of the free edge is surgically removed, the mechanical 
vibration continues from the inferior border to the mid-
dle border, and the voice generally recovers within 2–6 
weeks. When both the superior and middle borders are 
removed simultaneously, recovery of the vibration is 
usually longer, at 4–6 weeks. Removal of all three bor-
ders prolongs recovery of the vibration to 8 weeks or 
more, and the risk of developing a permanent scar is 
increased. Worse still, the scar may retract within the 
substance of the fold. To avoid this condition, it is advis-
able to leave a strip of epithelium intact.

Vocal fold immobility
  Paralysis/paresis
  Cricoarytenoid joint disorders

Neurologic
  Tremor/spasmodic dysphonia

Dysfunctional
  Hyperfunctional/hypofunctional
  Dysphonia plicae ventricularis

Table 4.5.  Movement disorders of the vocal folds [17]

Pathology Procedure Approach

Exudative lesions of Reinke’s space
Nodule Dissection and excision Endolaryngeal Direct
Polyp Indirect
Pseudocyst
Reinke’s edema Dissection and suction (and 

excision)
Endolaryngeal Direct

Cyst

Epidermoid Dissection an excision Endolaryngeal Direct
Mucous retention

Sulcus (“open cyst”) Dissection, excision (and 
augmentation)

Endolaryngeal Direct

Mucosal bridge Excision Endolaryngeal Direct
Dissection and gluing

Atrophy/scar
Congenital (“sulcus-vergeture”) Dissection, excision (and) 

augmentation
Endolaryngeal Direct

Acquired Implantation
Presbyphonia Augmentation Endolaryngeal Direct

Implantation

Vascular

Ectasia Coagulation and/or excision Endolaryngeal Direct
Varicosity Vaporizaton Endolaryngeal Direct
Hematoma Incision and suction Endolaryngeal Direct

Arytenoid granuloma Excision Endolaryngeal Direct
Tension reduction (botulinum 

toxin injection)

Glottal web, microweb Incision (and stenting) Endolaryngeal Direct

Table 4.6.  Vocal fold lesions impairing vibratory movements: phonosurgical procedures aiming at Improvement of vibratory 
movements/restoration of the normal mucosal wave [17]
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This has led the paradigm of the microflap [4,  20, 1], 
itself sometimes subdivided into a mini-microflap [20], 
subepithelial microflap [11], medial microflap [5], and 
lateral microflap [1]. These techniques have completely 
replaced the previously employed resection of the epi-
thelium formerly called “stripping” or “decortication” 
which now better is termed “subepithelial chordec-
tomy” [16]. The microflap technique provides a signifi-
cant more predictable and better functional outcome.

Two major disease groups are addressed by vocal 
fold surgery (VFS): vocal fold lesions with redundant 
pathological tissue impairing the vibratory movement 
(Table  4.4) and vocal fold movement disorders with 
inappropriate position and/or tension of the vocal fold 
(Table 4.5). As a result of the complex processes 
involved in the generation of voice, the two groups fre-
quently overlap.

For epithelial lesions, the primary aim of surgery is 
complete epithelial resection for histological purposes 
(Table 4.4) and is thus “secondary PS” [8a]. Under 
the  heading “exudative lesion of Reinke’s space” 

[10a, 15], benign vocal fold lesions with the same his-
tological components (fibrosis, vascular ectasia, and 
edema) are grouped together. In terms of vocal fold 
movement disorders (Table 4.5), this chapter is 
restricted to lesions amenable to VFS (Table 4.7).

The various types of VFS in terms of pathology, 
therapeutic aim, procedure, and approach are listed 
in  Tables 4.6 and 4.7. Surgical instruments (e.g., cold 
instruments, CO

2
 laser, microdébrider) or injectable 

materials (e.g., fat [2, 12], fascia [19], collagen [7, 14, 
18]) are not included, as they are highly operator- and 
material-dependent.

4.2  Tips and pearls

A prerequisite for phonosurgery is the adequate diag-•	
nosis and documentation of the disordered voice.
As the pathogenesis of voice disorders is usually •	
multidimensional phonosurgery may form only a 

Pathology Procedure Approach

Vocal fold immobility
Paralysis/paresis Augmentation Endolaryngeal Direct

Indirect
External Percutaneous

Implantation Endolaryngeal Direct
External Open neck

Cricoarytenoid joint disorders Augmentation Endolaryngeal Direct
Indirect

External Percutaneous
Implantation Endolaryngeal Direct

External Open neck
Mobilization Endolaryngeal Direct

Indirect
External Open neck

Neurologic
Tremor/spasmodic dysphonia Injection (botulinum toxin) Transcutaneous Percutaneous

Endolaryngeal Direct
Indirect

Thyroarytenoid muscle 
excision/coagulation

Endolaryngeal Direct

Dysfunctional
Hyperfunction Injection (botulinum toxin) Endolaryngeal Direct

Indirect
Hypofunction Augmentation Endolaryngeal Direct
Dysphonia plicae ventricularis Excision Endolaryngeal Direct
 Injection (botulinum toxin) 

 
Endolaryngeal 

 
Direct
Indirect

Table 4.7.  Movement disorders of the vocal folds: phonosurgical procedures aiming at correction of the position and/or tension of 
the vocal folds [17]
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part of the holistic treatment of voice disorders, in 
partnership with various nonsurgical methods. 
Phonosurgery should not focus on the appearance •	
of the vocal folds but, rather should aim for an 
improvement in voice, adapted to the individual 
request and needs of the patient.
The basic principle of vocal fold surgery is to main-•	
tain or improve the functional structure of the vocal 
fold by respecting its layered structure. 
This is achieved by means of minimal tissue exci-•	
sion, minimal disruption of the superficial layer of 
the lamina propria and preservation of the epithe-
lium, especially at the vibrating edge.
The appropriate method to accomplish this is the •	
microflap technique which has completely replaced 
the resection of the epithelium previously called 
“stripping” or “decortication” which now better is 
termed “subepithelial chordectomy”.
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Shortly after introduction of the laryngeal mirror by 
Türck [30] and Czermak [30] into clinical medicine, lar-
yngology developed as a new specialty. Within a short 
time, mirror laryngoscopy was used not only for diagno-
sis but for indirect operations in the endolarynx. 
Especially after the introduction of topical anesthesia 
with cocaine by Jelinek [28], use of this technique spread 
and became standard. For this purpose, a great variety of 
indirect instruments were designed. For indirect laryngo-
scopic surgery the patient is generally seated. Topical 
anesthesia is applied, and the endolarynx is visualized 
with a laryngeal mirror, laryngeal telescope, or flexible 
fiberoptic laryngoscope. Injections into the vocal folds 
(e.g., collagen, botulinum toxin) may be performed tran-
sorally or externally by passing the needle through the 
cricothyroid membrane. Advantages of these techniques 
include relatively easy access, avoidance of the need for 
an operating room, and immediate evaluation of the 
functional result, particularly in combination with intra-
operative stroboscopy [9, 22, 24]. With indirect surgery it 
is also not necessary to exert considerable force on the 
orophayngeal tissues during exposure, which can result 
in injuries and complications [13, 17, 18, 23, 32, 34]. 
However, the precision is not as good as that accom-
plished with microlaryngoscopy under general anesthe-
sia. Although the importance of indirect endolaryngeal 
surgery declined after the introduction of suspension lar-
yngoscopy, the procedure is still invaluable and should 
be in the armamentarium of the phonosurgeon [9, 20, 
24]. For phonosurgical purposes, recently more sophisti-
cated instruments were designed by Sataloff [27]. 
Nowadays, with the improvement of flexible endoscopes, 
indirect surgery on the vocal folds can also be performed 
using flexible fiberoptics with flexible instruments [29].

The area of direct phonomicrosurgery started dur-
ing the early 1960s with the introduction of mico
laryngoscopy by Kleinsasser [15]. Responsible for this 
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Core Messages

In microlaryngoscopy the surgeon and the anaes-››
thesiologist share the same area, therefore a good 
collaboration between them is mandatory.
Endoscopic surgery relies first on exposure. ››
The largest-caliber laryngoscope that can be 
comfortably placed should be used.
A large variety of laryngoscopes are available ››
and there is not a single “best” one that fits all 
situations. The surgeon must become familiar 
with several types and identify those in which 
he or she is most comfortable.
Elevating the head so it resembles the sniffing ››
(“Boyle-Jackson”) position eases the insertion 
of the laryngoscope and exposure of the endola-
rynx particularly the anterior commissure.
The precision of the surgery is enhanced with ››
magnification, therefore the highest magnifica-
tion adapted to the individual situation should 
always be used.
The delicate microsurgery in the endolarynx ››
requires specially designed, sharp, precise and 
small instruments.
To enhance the surgeon´s manual dexterity ››
and maintaining instrument stability it is gen-
erally recommended to use armrests in 
phonomicrosurgery.
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breakthrough were adoption of the Zeiss microscope 
with a 400 mm focal length, the development of special 
enlarged and tapered laryngoscopes, and the appearance 
of long-handled laryngeal instruments for precision sur-
gery on the vocal folds together with Storz (Storz, 
Tuttlingen, Germany). In 1968, Kleinsasser [16] pub-
lished his comprehensive textbook on microlaryngos-
copy. During the same period, parallel advances were 
being made by laryngologists in the United States. Geza 
Jako developed an improved laryngoscope for binocular 
diagnosis and bimanual surgery [12]. He developed a 
series of well designed microlaryngeal instruments with 
Stümmer (Stümmer, Würzburg, Germany).

Usually, general anesthesia is used for microlaryn-
goscopy. As the surgeon and the anesthesiologist share 
the same area, a good collaboration between them is 
mandatory. Typically anesthesia is performed by intu-
bation with a small endotracheal tube that does not 
interfere with surgery in the anterior two-thirds of the 
vocal folds. Endotracheal intubation provides the saf-
est ventilation and enables a stable operating field for 
precision surgery, as required in phonosurgery. For spe-
cial indications, jet ventilation is a useful and some-
times indispensable technique [11a, 21] (Table 4a.1).

Endoscopic surgery, like other surgical techniques, 
relies first on exposure. The largest-caliber laryngo-
scope that can be comfortably placed in the patient is 
used. A large variety of laryngoscopes are available, 
and there is not a single “best” one that fits all situa-
tions. The surgeon must become familiar with several 
types and identify those with which he or she is most 
comfortable. In general, the laryngoscope should be as 
wide as possible at the proximal end to permit binocu-
lar viewing and to allow working space for at least two 
microlaryngeal instruments simultaneously. The con-
tact area with the upper teeth should be flat so the pres-
sure is distributed to minimize the risk of injury to the 
teeth. The original Kleinsasser laryngoscopes are 
rounded along the whole length, whereas more mod-
ern types of laryngoscopes are triangular at the distal 
end. This respects more the anatomical configuration 
of the glottis and eases exposure of the anterior com-
missure, which always is the critical area. Many laryn-
goscopes have an upward flair at the distal tip, which 
although designed for easier exposure of the anterior 
commissure can push this region out of the visual 
field  [32] (Fig. 4a.1). Anatomical differences among 
patients require dexterity on the part of the surgeon to 
achieve optimal exposure [7].

Once the laryngoscope is inserted, application of the 
suspension device with complete patient relaxation pro-
vides a stable field for inspection, manipulation, and 
surgical intervention. Historically, Kirstein introduced 
the suspension laryngoscopy in 1897, and it allowed 
for  the first time bimanual instrumental manipulation 
of the surgical field [14]. In those days, the suspension 
gallows technique was too complex and anesthesia 
techniques were not always optimal. These problems 
led to the development of the fulcrum technique by 
Brünings in 1912 [5] and Seiffert in 1922 [25], which 
has been adopted widely. After the development of 
proper laryngoscopes in combination with a laryngo-
scope holder by Kleinsasser, this method became stan-
dard [16]. The laryngoscope holder originally was 
positioned at the chest of the patient, although nowa-
days most surgeons prefer a chest support (Fig. 4a.2). 
The main difference between the two techniques is that 
fulcrum-based techniques use the maxilla as a point to 
produce a lever force. Suspension gallows exert force 
on the soft tissues associated with the mandible and are 

Advantages
Unimpaired access for the surgeon•	
No tracheostomy because of anesthesiology•	
No danger of tube fire•	
Operating field smoke-free•	
No contamination with anesthetic gases•	
Anesthesia accurate control•	

Disadvantages
Fixed postion of the laryngoscope•	
Smoke concentration in the operating room•	
Dirtying of the microscope lens or laser mirror•	
Vibration and exsiccation of the tissue•	
Loss of body heat•	
Danger of aspiration•	

Favorable indications
Stenoses and narrow anatomical situation•	
Lesions at the posterior glottis, subglottis, trachea•	
Laser surgery•	
Minor/superficial procedures•	

Less favorable indications
Lesions at the anterior glottis, i.p. phonosurgery•	
Supraglottic lesions, extralaryngeal extension•	
Major procedures•	
Adipositats permagna•	

Contraindications
Insufficient exposure of the larynx•	
Danger of major bleeding•	
Increased danger of infection (hepatitis C, HIV)•	

Table 4a.1.  Jet ventilation: advantages,disadvantages, indica
tions, and contraindications

From Friedrich [11], with permission
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not a lever system [34]. True suspension devices in the 
tradition of Kirstein exert force on the soft tissues asso-
ciated with the mandible, whereas common fulcrum-
holder stabilizers use the maxilla as a point to produce a 
lever force [34]. This, of course, has considerable effects 
on force proportions. The use of gallows suspension 
subjects the patient to different force vectors when com-
pared to the rotation-based suspension devices: Pressure 
is taken off the teeth, in contrast to rotation based-ful-
crum laryngoscopes, where dental injuries are a well 
described injury. The fulcrum at the teeth forces the 
head toward the table, thus extending the head and neck. 
Former studies have pointed out that elevating the head 
so it resembles the sniffing (“Boyle-Jackson”) position 
used for indirect laryngoscopy eases insertion of the lar-
yngoscope and exposure of the endolarynx, particularly 
the anterior commissure [13, 31]. In contrast, Kleinsasser 
in his textbook advocated for a position of the head flat 
on the operating table [16]. In accordance with some 
American authors [13, 31], we could show that flexing 
the cervical spine allows better access to the endolarynx 
with less force required [11b]. For positioning the head 
of the patient, a headrest that allows variable adjustment 
of the patient’s head even with the laryngoscope inserted 
is useful (Fig. 4a.2) [11b, 13a]. Even with the best tech-
nique, however, exposure of the endolaryngeal struc-
tures during direct laryngoscopy inevitably demands 
exerting pressure on the oropharyngeal and laryngeal 
tissues [11c, 13a]. These forces can lead to tissue 

trauma, with the consequence of tooth fracture, hema-
toma, swelling, mucosal injury, bleeding, and nerve 
injuries—all of which must be addressed when estab-
lishing informed consent [17, 18, 23].

The preservation of surrounding normal tissue with 
as little disruption as possible is crucial to the return of 

Fig. 4a.1.  Exemplary 
selection of different types of 
laryngoscopes. (a) Kle
insasser laryngoscopes 
(Storz). (b) Bouchayer 
laryngoscope (Microfrance). 
(c) Zeitels Glottiscope 
(Endocraft)

a

b

c

Fig. 4a.2.  Setting during microlaryngoscopy. Head is elevated 
using a headrest (Haslinger-Lemoine; Storz 10900) (arrowheads), 
which allows variable adjustment of the patient’s head (double 
arrow). The arm of the laryngoscope holder (Storz 8575GK) rests 
on the chest support (Storz; 8575K) [13 a]
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normal laryngeal function postoperatively. To achieve 
this goal, surgical precision is aided by magnification 
and delicate laryngeal instrumentation. Typically, 
assessment of vocal fold pathology inspection starts 
using magnifying laryngeal telescopes (0°, 30°, some-
times 70°). They allow the surgeon to visualize lesions 
in great detail, to appreciate the limits of lesions in 
three dimensions, and to have a look into obscure areas 
such as the laryngeal ventricle. Binocular vision is next 
obtained with the use of an operating microscope. 
Typically, a 400 mm focal length lens provides good 
visualization and allows adequate working space. Some 
surgeons, however, are more comfortable with a 350 
mm focal lens [3, 4]. Because the precision of surgery 
is enhanced with the magnification, the highest magni-
fication adapted to the individual situation should 
always be used [7, 24].

Delicate microsurgery requires specially designed, 
sharp, precise, small instruments. Instruments should 
be long enough to be manipulated easily in the laryngo-
scope but not so long that they can bump into the micro-
scope. Bouchayer, in collaboration with Microfrance, 
must be credited for the development of the first com-
prehensive set of instruments specially designed for 
phonomicrosurgery [3, 4] (Fig. 4a.3). Currently, sev-
eral further developed, invaluable instrument sets, in 
particular from Sataloff and Benninger (Medtronic 
Xomed, Microfrance) (Fig. 4a.4) and other companies 
(Storz), are on the market. Benninger [2] has designed 
new reverse-action instruments that are operated by the 
thumb of the surgeon and allow increased precision. 
A typical set for phonosurgery includes scissors (straight 
up, up-biting, curved left, curved right), small grasping 
cupped forceps (straight, up-biting, right, left), larger 
cupped forceps (straight and up-biting, at least), alliga-
tor forceps (straight, right, left), knifes, right-angle, and 
oblique blunt ball-tipped dissectors, spatula, scalpel, 
and suction. Cutting instruments should be sharp at all 
times [7, 24, 26, 33].

Maintaining instrument stability has become an 
increasingly important requirement of successful sur-
gery. The long (22–30 cm) instruments must be pre-
cisely manipulated within the narrow laryngoscope. 
This lever arm effect greatly magnifies the motion 
caused by tremor, which is present in varying degree in 
every individual. A number of maneuvers are used to 
minimize tremor. Kleinsasser [16] suggested resting 
the instrument on the lip of the endoscope. Other inves-
tigators have advocated extending the index finger on 

the instrument [1]. It is generally recommended armrests 
be used for delicate surgery to enhance the surgeon’s 
manual dexterity [33]. An interesting development is a 

Fig. 4a.3.  Bouchayer phonosurgery instruments (Medtronic 
Xomed, Microfrance)

a

b

Fig. 4a.4.  Sataloff phonosurgery instruments (Medtronic Xomed, 
Microfrance)
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special laryngoscope instrument stabilizer [1]. Another 
alternative technique for reducing tremor is to use “no-
touch” surgical techniques, in particular like the use of 
the laser controlled by a joystick.

Powered laryngeal surgery is a relatively new con-
cept. The role in laryngeal surgery is not defined com-
pletely, but powered laryngeal surgery is clearly useful 
for treating some conditions such as papillomas and 
neoplasm [10]. Especially for endolaryngeal keel 
fixation Lichtenberger [19] has developed an endo
extralaryngeal needle carrier that is an invaluable 
instrument for a variety of procedures (i.e., treatment 
of glottic webs).

4a.1  Tips and Pearls

In endolaryngeal phonomicrosurgery a good col-•	
laboration between the surgeon and the anaesthesi-
ologist is mandatory.
 The largest-caliber laryngoscope that can be com-•	
fortably placed should be used.
There is not a single “best” laryngoscope that fits all •	
situations. The surgeon therefore must become 
familiar with several types.
Elevating the head eases the insertion of the laryn-•	
goscope and exposure of the endolarynx particu-
larly the anterior commissure.
For maximum precision of surgery the highest mag-•	
nification adapted to the individual situation should 
always be used.
The delicate microsurgery in the endolarynx •	
requires specially designed, sharp, precise and 
small instruments.
To enhance the surgeon´s manual dexterity and •	
maintaining instrument stability it is generally rec-
ommended to use armrests in phonomicrosurgery
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Most glottic lesions affect phonatory function of the 
larynx. Surgical management aims at removing of 
these lesions and restoring phonation. The procedure 
should be precise, and the healing process should not 
result in significant scarring. Microlaryngoscopic 
technique with high-quality instruments and their 
proficient use by skilled surgeons has done much to 
achieve this goal during the past few decades [4]. The 
use of lasers in phonomicrosurgery was first described 
three decades ago [7].

Introduction of CO
2
 laser [17] should be regarded 

as complementing the existing instrumentation. It is 
not meant to replace well established microlaryngo-
scopic techniques. Recognizing this limited but impor-
tant role of laser, a term “laser-assisted procedure” 
seems more appropriate than “laser surgery.” It is thus 
obvious that a newcomer to laser technology must first 
be competent in microlaryngoscopic technique and 
then learn the lasers and their tissue effects as continu-
ing professional development.

With surgery on the vocal cord, the primary aim is 
to preserve the underlying vocal ligament. The usual 
morphological anatomy of the vocal fold is described 
as having a superior and an inferior surface, with an 
intervening free edge. However, the free edge is far 
from an “edge.” The dynamic anatomy of the vocal 
fold shows three distinct “borders” to the free edge: 
superior, middle and inferior.

If the superior border of the free edge is surgically 
removed, the mechanical vibration continues from the 
inferior border to the middle border, and the voice gener-
ally recovers within 2–6 weeks. When both the superior 
and the middle borders are removed simultaneously, 
recovery of the vibration usually takes longer, 4–6 weeks. 
Removal of all three borders prolongs recovery of the 
vibration to 8 weeks or more, and the risk of developing 
a permanent scar is increased. Worse still, the scar may 
retract within the substance of the fold. To avoid this 
condition, it is advisable to leave a strip of epithelium 
intact.

Thanks to the development of the high-powered 
pulsed waves (SuperPulse or UltraPulse) and the micro-
manipulator Acuspot, laser-assisted surgery can be 
approached in a safe way provided the parameters are 
strictly respected. This is even more true with the 
robotic or digital scanning device (see Chapter 3).

Laser-Assisted Microphonosurgery

Marc Remacle
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Core Messages

Carbon dioxide (CO›› 2
) laser should be regarded 

as complementing the existing instrumenta-
tion. It is not meant to replace well-established 
microlaryngoscopic techniques.
Newcomers to laser technology must first be ››
competent in the microlaryngoscopic technique. 
Then they can learn the lasers and their tissue 
effects as continuing professional development.
Thanks to the development of the high-powered ››
pulsed waves, the micromanipulator Acuspot, 
and the scanning device, laser-assisted surgery 
can be approached in a safe way provided that 
the parameters are strictly respected.
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Recommended laser settings in phonosurgery with-
out the scanner are SuperPulse or UltraPulse, 0.1-sec-
ond exposure duration of 2–3 W with a focused beam 
that has a 250 µm spot size for a working distance of 
400 mm. If microvasculature coagulation is required 
(e.g., chorditis vocalis or Reinke’s edema) before incis-
ing the epithelium, the laser is set at 0.05-second pulsed 
exposure of 1 W with a slightly defocused beam.

With the scanning system (Fig. 4b.1), the proposed 
parameters for phonosurgery are depth of 0.2 mm, 10 W, 
single pulse, 0.10 s for SuperPulse and two passes, 10 
W, single pulse, 0.10 second for UltraPulse. The length 
of the incision line or the diameter of surface to ablate 
was 1–2 mm depending on the lesion.

Beam parameters are for guidance only. A number 
of factors affect the ultimate effect of the beam on the 
pathological (and normal) tissue. The type of laser 
used, the lifespan of the device, the make, and the 
experience of the surgeon all have a bearing on the 
outcome.

The CO
2
 laser controls bleeding from blood vessels 

up to 0.6 mm by shriveling the tissue. Oozing can be 
controlled by ice-cold cottonoids held in position for a 
few seconds or swabs soaked in suitable decongestant. 
Any bleeding from large vessels is controlled by 
monopolar diathermy, which is incorporated in the for-
ceps. Dilated and varicose vessels can be obliterated 
by defocusing the beam slightly. In the defocused spot, 
the energy concentration is reduced, and tissue is 
coagulated.

The thickness of thermal-damaged tissue in the 
case of benign lesions of the vocal fold is usually no 

more than 20 µm [12] (Fig. 4b.2). This explains the 
stroboscopically observed reduction in postoperative 
healing time, compared with that obtained with cold 
instruments.

Laser phonomicrosurgery for benign lesions is 
functional surgery, and careful selection of patients is 
critical for a successful outcome. Particular care should 
be taken with voice performers because even the most 
minor anatomical removal may not restore the quality 
of voice on which the performers have built their 
careers. The extent of scarring from the excision can 
be controlled by meticulous attention to details, par-
ticularly regarding the laser effects that are beyond 
visual control [3]. Furthermore, the eventual healing 
by scar tissue and its effect on vibratory margin cannot 
be predicted with any degree of certainty. It is neces-
sary to convey this to the patient unequivocally in a 
way that he or she understands, so that he or she is in a 
position to give informed consent.

Microsurgery of the phonatory disorder and voice 
therapy are inseparable [8]. This dual management 
strategy varies according to the lesion. In some cases, 
voice therapy is the initial treatment. When voice ther-
apy fails or symptoms return because of recurrence, 
surgery is inevitable. In other cases, surgery is the ini-
tial treatment, followed by a course of voice therapy. 
The following examples illustrate the difference.

When hoarseness is due to nodules that are formed •	
owing to dysfunctional dysphonia, a course of voice 
therapy resolves the condition in most cases. 
Similarly, adequate improvement follows voice 

Fig. 4b.1.  Scanning device connected to the laser arm and the 
micromanipulator. The scanning device is guided by the Acublade 
software

Fig. 4b.2.  Histological specimen from a nodule resected with a 
CO

2
 laser scanning system. Coagulation at the margin (arrows) 

is no more than 20 μm. (H&E, ×20)
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therapy in cases where hoarseness is due to minor 
sulcus, scar, or chorditis vocalis. Surgical interven-
tion should be considered only in cases that fail to 
respond or that recur.
Hoarseness due to Reinke’s edema, cyst, or exten-•	
sive sulcus requires initial surgical management. 
After a period of voice rest, a course of voice ther-
apy is undertaken.

The choice of the surgical instrument depends on the 
experience and expertise of the phonosurgeon [10]. In 
the hands of some surgeons, skillful surgery with cold 
instruments can produce acceptable results [15]. For 
certain lesions, such as nodules, edematous polyps, 
mucous retention cysts, and epidermoid cysts, CO

2
 

laser has no particular advantage over the cold instru-
ments. However, the authors prefer laser instrumenta-
tion for certain conditions such as hemorrhagic polyps, 
Reinke’s edema, and sulcus or sulcus vergeture [14].

The continuous mode should never be used because 
of increased irradiance of tissues in this mode. In the 
pulse mode, the thermal damage is only a few microns 
deep. The absence of an adverse deep thermal effect 
after a CO

2
 laser-assisted micropoint incision or dis-

section is demonstrated by Andrea’s contact endos-
copy [1], showing persistence of microvasculature flux 
of erythrocytes in Reinke’s space.

Microsurgery is preferable under general anesthesia 
for a number of reasons. Preoperative assessment, 
based on videostroboscopy, may identify the vibratory 
disorders, but the precise nature and the extension of 
the pathology may not be fully apparent. “Instrument 
palpation” carried out under general anesthesia is use-
ful for accurate, precise assessment. The cords should 
be routinely everted and the subglottis examined. A 
70° telescope passed through the cords shows any 
lesions in the subglottis and upper trachea. An exami-
nation of the upper aerodigestive and lower respiratory 
passages must be carried out in cases of recurrent 
respiratory papillomatosis (RRP) to exclude their 
involvement.

There is a major trend [2, 11, 16] among North 
American laryngologists to perform office-based pro-
cedures whenever possible, including injection of 
materials for glottic gap, injection of Botulinium toxin 
for spasmodic dysphonia, biopsies, PDL laser-assisted 
procedures such as vaporization of papilloma, lesions 
of the free edge such as nodules, or polyps. The finan-
cial advantage is obvious, but the risk of poor 

functional results in comparison with the procedures 
performed under general anesthesia and the criteria of 
selection are not yet evaluated.

Two techniques are employed most extensively: 
excision and dissection. Excision is indicated for nod-
ules, polyps, small sulcus (referred to as opened cysts by 
Cornut and Bouchayer), a mucosal bridge, mucous 
retention cysts, epidermoid cysts, and granulomas. The 
lesion is grasped with a Bouchayer microforceps 
(Bouchayer; Micro-France, Paris, France) and stretched 
toward the midline to define the plane between it and the 
vocal ligament. The laser is used in pulse mode to cut 
the stretched fibers in the plane (Fig. 4b.3a, b).

In contrast, dissection is preferred for Reinke’s 
edema, a large sulcus, and a scar. For Reinke’s edema, 
the microvasculature on the superior surface of the 
vocal cord is coagulated first. The epithelium is then 
incised close to the lesion, along the length of the supe-
rior surface, from the vocal process to within 2–3 mm 
from the anterior commissure [6, 14]. Once the inci-
sion is made, the free margin is drawn toward the 
midline with the Bouchayer microforceps, and the 
gelatinous material is aspirated. The microflap is then 

Fig. 4b.3.  Angiectatic polyp. (a) Before surgery. (b) After 
resection)

a

b
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re-draped. The excess epithelium, if any, is trimmed to 
achieve the best possible approximation of the incision 
edges. Provided a 2- to 3-mm strip of intact mucosa 
close to the anterior commissure is spared, surgery 
may be carried out simultaneously on the two sides 
(Fig. 4b.4a, b)

For the sulcus or a scar, the technique developed by 
Bouchayer [5] is employed. The incision begins on the 
superolateral edge of the lesion. Then, using the 
Bouchayer microforceps, the inner edge of the incision 
is grasped, and careful dissection is performed along 
the epithelium. During the dissection, it is advisable to 
grasp the entire dissected epithelium to separate it from 

the vocal ligament all the way to the inferior surface of 
the vocal cord. Small cottonoid pledgets, soaked in a 
solution of physiological saline and epinephrine cooled 
to 5°C, are used to control minor superficial bleeding 
and remove tissue debris. After completing the surgery, 
a few drops of slow-setting fibrin glue (Tissucol; 
Immuno, Vienna, Austria) is applied, either for cover-
ing the excision field or for re-draping the microflap. 
The specimen is systematically oriented and sent for 
histological examination. An accurate histological 
examination is not impaired by the presence of char and 
coagulation, which extends only a few microns deep.

Although the use of fibrin glue is somewhat empiri-
cal, the authors subscribe to the view of Bouchayer [4] 
that it is useful for covering the site of the operation. It 
possibly acts as scaffolding for regeneration of epithe-
lium and discourages any potential to granuloma for-
mation. To date, no short-term or permanent side 
effects have been observed.

Following phonosurgery, strict 8-day vocal rest is 
prescribed. Medical treatment consists of steroid aero-
sols and oral antibiotics for 8–10 days, at the end of 
which time assessment takes place. Thereafter, the 
patient may resume phonation under the supervision of 
a speech therapist. The postoperative stroboscopic 
examination of small lesions shows a good recovery of 
vibration amplitude and return of the mucosal wave 
along the superior surface of the vocal cord. The vibra-
tion is usually symmetrical after surgery for a nodule. 
However, the vibration may remain slightly asymmet-
rical following an intervention for a polyp, a mucous 
retention cyst, an epidermoid cyst, or a small sulcus. 
This asymmetry, however, does not result in dip
lophonia.

The recovery time is directly related to the extent 
of  the surgical procedure. The more extensive the 
dissection, the longer the recovery of the vibration: 
3–4 weeks for Reinke’s edema and 3–4 months for a 
large sulcus or a sulcus vergeture [13]. In the case of a 
sulcus vergeture, although the vibration improves it is 
not normal. The spindle-shaped glottic aperture is 
smaller but still apparent. Even if the amplitude returns 
to normal, the vibration frequently remains asymmet-
rical during phonation. At times, a mucosal wave can 
be identified.

The minimum follow-up period is 3 months for 
Reinke’s edema, a polyp or a mucous retention cyst; 4 
months for a small sulcus; 5 months for a scar or a 
sulcus vergeture; and 6 months for a nodule.

Fig. 4b.4.  Reinke’s edema. (a) Before surgery. (b) After dissection 
and suction of the glue. The excess epithelium has been cut

a

b
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Following phonomicrosurgery, voice therapy is 
indispensable [9, 18]. The duration varies according to 
the severity of the surgery and the individual patient. 
The sulcus vergeture requires prolonged speech ther-
apy (up to 6 months) because the therapy must suppress 
the hyperkinetic compensatory mechanisms adopted 
by the patient before surgery. Furthermore, although 
the aim of the surgery is to correct the glottic gap and 
fibrosis, surgery itself induces a certain degree of fibro-
sis (although always less than the preoperative state). 
Following surgery for a nodule, a polyp, a mucous 
retention cyst, or a small sulcus, there is subjective 
recovery to a normal voice. The outcome is maintained 
provided any functional dysphonic element is properly 
corrected by voice therapy. After surgery for Reinke’s 
edema, the pitch of the voice improves, particularly in 
women, and the voice quality remains satisfactory pro-
vided the patient discontinues smoking.

After an intervention for sulcus vergeture, the 
patient perceives improved phonatory ease, reduced 
vocal fatigue, and a steady improvement in timbre. 
Breathiness, hoarseness, and the episodes of vocal 
instability decrease. The projected voice improves, but 
it does not return to normal. Complete anatomical and 
physiological restoration of the vocal cord cannot be 
achieved. It is therefore necessary to tell the patient the 
limitations of the phonatory outcome and ensure com-
pliance to extensive voice rehabilitation.

4b.1 Tip and Pearls

Recommended laser settings in phonosurgery with-•	
out the scanner are SuperPulse or UltraPulse, 0.1 
second exposure duration of 2–3 W, with a focused 
beam with a 250 µm spot size for a working dis-
tance of 400 mm.
If microvasculature coagulation is required (e.g., •	
chorditis vocalis or Reinke’s edema) before incision 
of the epithelium, laser is set at 0.05-second pulsed 
exposure of 1 W with a slightly defocused beam.
With the scanning system, the proposed parameters •	
for phonosurgery are a depth of 0.2 mm, 10 W, sin-
gle pulse, 0.10 second for SuperPulse; and two 
passes, 10 W, single pulse, 0.10 second for UltraPulse. 
The length of the incision line or the diameter of the 
surface to ablate was 1–2 mm depending on the 
lesion.

Continuous mode should never be used because of •	
increased irradiance of tissues in this mode.
Beam parameters are for guidance only. A number •	
of factors affect the ultimate effect of the beam on 
the pathological (and normal) tissue. The type of 
laser used, the lifespan of the device, the make, and 
the experience of the surgeon have a bearing on the 
outcome.
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5.1  Introduction

Every surgery performed directly on the vocal folds 
inevitably carries the risk of damaging the delicate 
structures of the vocal folds, leading to a risk of unfa-
vorable postoperative results due to scarring and stiff-
ening. The idea of influencing the endolaryngeal 
biomechanics and consequently improving the voice 
without touching the vocal folds by just changing the 
shape or position of the laryngeal cartilages is not new. 
As early as 1915, Payr [88] published a method for 
external vocal fold medialization using a transthyroidal 
approach (Fig. 5.1). Although his ingenious idea was 
recognized and various modifications were developed, 
mostly using paraglottic implantation of cartilage, 
external approaches for vocal fold medialization did 
not gain general acceptance [3, 18, 19, 59, 63, 74, 86, 
87, 94, 99, 113]. It was Isshiki during the 1970s who 
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Core Messages

Laryngeal framework surgery (LFS) is a ››
unique phonosurgical concept that enables us 
to influence the laryngeal biomechanics by 
changing the shape/position of the laryngeal 
cartilages.
LFS is performed by an external approach, ››
which minimizes the risk of damaging the 
delicate structures of the vocal folds with the 
consequences of scarring and stiffening.
LFS is performed under local anesthesia, and ››
the phonatory function therefore can be moni-
tored during surgery. The surgery can be tai-
lored to the individual patient’s situation on 
the operating table, which often requires a 
combination of techniques.
LFS procedures can be favorably combined ››
with one another but also with other phonosur-
gical methods, and they are usually reversible 
and correctable.
LFS is an essential technique in phonosurgery ››
and offers a safe, highly effective, usually 
long-lasting method for voice improvement 
and/or adjustment.

Katgutfaden

Knorpellappen in
die Tlefe gedruckt

Fig. 5.1.  Original depiction of Payr’s medialization. (From Payr 
[88], with permission)
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took up this idea and, based on his fundamental research 
on vocal fold biomechanics, systematically developed 
the functional concept of laryngeal framework surgery 
(LFS), which added a new dimension to the field of 
phonosurgery (PS). He also defined four types of “thy-
roplasty” (TPL) [46, 47, 51, 53, 55]. To establish unam-
biguous terminology for the various procedures in this 
dynamic field, the European Laryngological Society 
(ELS) in 2001 published a definition and classification 
proposal [35] (Tables 5.1 and 5.2).

5.2 � Indications and Preoperative 
Workup

Laryngeal framework surgery is a phonosurgical pro-
cedure, and therefore its intentions clearly differ from 
those of traditional laryngeal surgery, which mostly is 
performed because of vital indications. It is therefore 
necessary to define basic principles for the indications 
for LFS [30]. One precondition is a sufficient diagnosis 
and documentation of the disordered voice. For this pur
pose, the ELS has defined a basis protocol [17, 30, 36]. 
PS, in general, is only one part of the complex treat-
ment of voice disorders and must be combined with 
various nonsurgical methods together in a complex/
global rehabilitation program. The phonosurgeon must 
have knowledge of functionally oriented investigations 
of voice/vocal organ and additional/alternative treat-
ment regimens, or he or she must work in close coop-
eration with someone having this knowledge. 
Indications for PS must be based on a functional point 
of view, not on morphology, aiming to improve a voice 
adapted to the individual requests and needs of the 
patient. As PS is not vitally indicated, counseling and 
informed consent must be oriented to focus on func-
tional surgery rather than on surgery for laryngeal can-
cer, for example. Note that it is always the patient who 
sets the indications [25, 29]. Ishikki described various 
manual tests regarding the indications and for estimat-
ing the results of the operation [51]. By exerting pres-
sure on the laryngeal skeleton, these tests are able to 
mimic the functional effects that can be obtained after 
various surgical procedures [12] (Figs. 5.5, 5.18).

5.3  Surgical Techniques

5.3.1  General Factors

Usually LFS procedures are carried out under local 
anesthesia. This has a major advantage in that it 
enables intraoperative fine-tuning of the patient’s 
voice. Furthermore, the technique(s) can be modified 
on the operating table on a trial-and-error basis. 
Usually, a preoperative medication (e.g., midazolam), 
single-dose intravenous cortisone (150–250 mg pred-
nisolone), and a broad-spectrum antibiotic are admin-
istered approximately 30 minutes preoperatively. 
We also give proton pump inhibitors perioperatively 
as a standard regimen. Intraoperatively, the patient is 

Approximation laryngoplasty
Medialization thyroplasty
(Thyroplasty type I (Isshiki [46, 47])

Arytenoid adduction
Rotation (pull) techniques (Isshiki [48])
(LCA pull technique (Iwamura [57]))
Fixation techniques (Morrison [78], Maragos [70])
(Adduction arytenopexy (Zeitels [118]))

Expansion laryngoplasty
Lateralization thyroplasty
Lateral approach
(Thyroplasty type IIa (Isshiki [46, 51])
Medial approach
(Thyroplasty type IIb, expansion of the anterior commissure, 

midline lateralization thyroplasty (Isshiki [46, 51, 54])

Vocal fold abduction
Suture technique (Isshiki [51])
Resection technique (Woo [116])

Relaxation laryngoplasty
Shortening thyroplasty
Lateral approach
(Thyroplasty type III [51])
Medial approach
(Anterior commissure retrusion (Tucker [106–108])

Tensioning laryngoplasty
Cricothyroid approximation
(Thyroplasty type IVa (Isshiki [46]), cricothyroid subluxation 

(Zeitels [119]))

Elongation thyroplasty
Lateral approach
(Thyroplasty type IVb (Isshiki [49–51])
Medial approach
(Springboard advancement (Le Jeune [65]), anterior 

commissure advancement, anterior commissure laryngo-
plasty (Tucker [105, 106, 108])

Table 5.2.  Laryngeal framework surgery: classification and 
nomenclature

From Friedrich et al. [35], with permission

Surgery for improvement or restoration of voice•	
Performed on the laryngeal skeleton and/or inserting muscles•	
For correction of position and/or tension of the vocal folds•	

Table 5.1.  Laryngeal framework surgery: definition

from Friedrich et al. [35] with permission
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monitored continuously by the anesthesiologist, 
and  narcotics and analgesics are administered on 
demand.

 It is mandatory for the surgeon to have a clear con-
cept and distinct knowledge of the anatomical land-
marks and how the endolaryngeal structures project 
onto the laryngeal skeleton. Based on morphological 
measurements, we have developed a scale model that 
includes absolute and relative dimensions that allow 
direct correlation and application for individual sur-
gery (Fig. 5.2). In contrast to the absolute dimensions, 
the relative proportions are much more constant and 
are not sex-specific [26, 27, 31].

 At the beginning of the surgery, the various struc-
tures of the laryngeal skeleton are located by careful 
palpation. Local anesthesia usually is performed with 
lidocaine 1% with epinephrine 200,000. In case of 
drilling out the cartilage, continuous irrigation with 
local anesthetic has proved to be beneficial. Use of 
loupe spectacles or an operating microscope may be 
helpful. The intraoperative functional result is checked 
primarily by listening to the voice of the patient while 
performing tasks such as counting, prolonged vowels 
/a/, coughing [11, 47]. Additionally, the effect of the 
surgery can be monitored by an inserted fiberscope 
[23, 40, 41, 51, 60, 80, 114]. In special cases, the oper-
ation can be carried out under general anesthesia. As 
an endotracheal tube would impair the surgery, we use 
a laryngeal airway mask with a fiberscope inserted in 
these cases.

5.4  Approximation Laryngoplasty

The principle of this group of operations is to bring 
the vocal fold in a more medialized position to enable 
better glottic closure. As insufficient glottic closure is 
one of the most common causes of dysphonia, glottal 
narrowing procedures are the most widely performed 
types of LFS. Mostly, the glottic insufficiency is 
caused by a unilateral vocal fold paralysis; but scars, 
atrophy, and sulcus/vergeture can also be treated suc-
cessfully and often in combination with other LFS 
procedures (i.e., tensioning or relaxation laryngo-
plasty, or LPL) [4, 5, 32, 33]. An increasing indica-
tion is aspiration due to insufficient glottic closure 
[10, 13, 21, 59].

5.4.1  Medialization TPL

According to Isshiki’s original description of what he 
called TPL type I, a rectangular cartilage piece out of 
the thyroid cartilage is mobilized and medialized 
using a properly shaped piece of Silastic [45, 47] 
(Figs. 5.3 and 5.4).

Essential to the success of the operation is an opti-
mal position of the implant, which is determined by 
proper localization of the cartilage window [32, 33, 51] 
(Fig. 5.6). The midpoint between the superior and infe-
rior thyroid notches corresponds to the endolaryngeal 
insertion of Broyle’s tendon in the endolarynx. Starting 
at this point, the free margin of the vocal fold projects 
parallel to the inferior border of the thyroid [31–34, 51]. 
The window should be outlined, with the vocal cord line 
being the upper line of the rectangle [32, 51]. According 
to Isshiki, the anterior vertical line should be about 5–7 
mm from the median line of the thyroid cartilage. Based 
on our morphological and functional studies, we recom-
mend that anatomical landmarks be used rather than 
absolute dimensions for positioning the window [31, 
34]. The inferoposterior corner of the cartilage window 
should be placed in the area of the oblique line [31, 32]. 
We therefore prefer to position the window further dor-
sal than recommended by Isshiki [51]. Considering 
these landmarks, an optimal implant position can be 
achieved with the posterior edge of the titanium vocal 
fold medializing implant (TVFMI) located lateral to the 
vocal process, resulting in physiological medialization 
of the entire vocal fold [32].

Different techniques and modifications regarding 
the surgical technique and the implant have been 
described [9, 16, 75–77]. There is also some demand 
for a ready-made, standardized implant system that 
shortens the operating time and eases the application 
(Table 5.3) [16, 75, 76]. At the moment, three implant 
systems are on the market. One is the Montgomery 
Thyroplasty Implant System, consisting of different 
sizes and shapes of shims made of Silastic [75, 76]. 
The VoCom System also contains a set of different 
sizes and shapes of implants made out of hydroxyapa-
tite [16] and TVFMI, which comes in two sizes and is 
made of pure titanium [34]. As this operation is not 
vitally indicated, the safety of the implant system and 
avoidance of negative side effects should be of major 
interest. In this respect, the TVFMI has fulfilled our 
expectations because of the superb biocompatibility 
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Fig. 5.2.  Surgical anatomy of the larynx. Given are each mean 
with standard deviation and significance level on comparing the 
corresponding sex-related values. (a) Thyroid angles in males and 
females, reference points for measurement. SDM, sagittal diameter; 
TDM, transverse diameter; Skpl, thyroid plate. (b) Dimensions in 
the glottic plane. (c) Projection of the endolaryngeal structures onto 
the thyroid surface. Right, lateral projection. Left, projection per-
pendicular to the thyroid cartilage. (d, e) Thickness of the thyroid 
cartilage, location of the oblique line, and ventral extension of the 

piriform sinus at different levels in females (d) and males (e). 
(f) Location of the superior and inferior thyroid tubercles, course of 
the oblique line, and projection of the ventral extension of the piri-
form sinus. VK, mucosa of anterior commissure; PV, vocal process; 
PM, muscular process. (g) Projection of the fixation of the anterior 
commissure tendon and of the free margin of the vocal fold in a 
lateral view. (h) Topographical relations between the cricoid and 
thyroid cartilage with respect to the free margin of the vocal fold. 
(From Friedrich and Lichtenegger [31], with permission)

a

b

c



5  Laryngeal Framework Surgery	 61

d e

Fig. 5.2.  (continued)
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Fig. 5.2.  (continued)
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of the titanium and the secure fixation of the implant, 
preventing dislocation and extrusion (Fig. 5.7–5.10).

A special problem is vocal fold medialization after 
cordectomy. The dense, thin scar tissue in the endolar-
ynx makes mobilization difficult, and there is an 
increased danger of perforation and implant extrusion, 
which is the reason why using autogenous cartilage can 
be favorable [100] (Fig. 5.11). Good results have been 
reported [89] using the TVFMI in patients after endo-
scopic cordectomy. The results, in general, are not as 
good as in patients with paralytic dysphonia, but usually 
the loss of air during phonation can be diminished and 

the loudness of the voice increased. Often, additional fat 
injections are necessary to reach an acceptable result.

5.4.2  Arytenoid Adduction

In the case of an abducted or tilted arytenoid carti-
lage, a large posterior glottic chink, or a level differ-
ence of the vocal folds, the arytenoid adduction 
technique can be a good option. It first was described 
by Morrison as reverse King operation [78], and its 
principle is to mimic the pull of the lateral cri-
coarytenoid (LCA) muscle by a suture through the 
muscular process of the arytenoid (Fig. 5.12). The 
disadvantages are mainly due to technical problems: 
more complicated surgical procedure, longer operat-
ing time, difficulty locating the muscular process, 
danger of hypopharyngeal perforation, pronounced 
postoperative swelling, and increased airway obstruc-
tion, with a higher tracheostomy risk. Moreover, it is 
an irreversible procedure, and so the indication must 
be more strict. To obtain access to the arytenoid car-
tilage, Isshiki [48] described dislocation of the crico-
thyroid joint. In contrast, Maragos [68, 70, 71] 
introduced resection of the posterior rim of the thy-
roid plate, thus avoiding dislocation of the cricothy-
roid joint and the possible negative consequences on 

Fig. 5.3.  Medialization thyroplasty. (From Friedrich et al. [35], 
with permission)

a

b

Fig. 5.4.  Proto
type thyroplasty 
type I according 
to Isshiki (a) using 
a Silastic shim 
(b). (From Isshiki 
[51], with 
permission)

Fig. 5.5.  Manual compression test for medialization thyro-
plasty. (From Isshiki [51], with permission)
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Fig. 5.7.  Titanium vocal fold medializing implant (TVFMI). (a) Alone. (b) Inserted in a specimen. (From Friedrich [34], with 
permission)

ba

Alloplastic Autogen

Silicone (Isshiki [46, 47]) Cartilage (Payr [88], Kleinsasser [59], Denecke [64],  
Meurman [74], Seiffert [99], Sittel [100])

Polyethylene (Berghaus [6, 7]) Fascia (Tsunoda [103])
Ceramic (Sakai [92]) Fat (Dedo)
Gore-Tex (McCulloch [73], Giovanni [38],  

Sataloff [93], Zeitels [120])
Hydroxyapatite (Cummings [16])
Titanium (Friedrich [33, 34])

Free-formed Preformed

Silicone (Isshiki [46, 47]) Montgomery [75, 76]
Polyethylene (Berghaus [6, 7]) Cummings [16]
Gore-Tex (McCulloch [73], Giovanni [38],  

Sataloff [93], Zeitels [120])
Friedrich [33, 34]

Autogen implants (Desrosiers, [20]) (not on the market)

Table 5.3.   
Medialization 
thyroplasty: materials 
and implant systems

Fig. 5.6.  Proportions of larynx and anatomic landmarks for 
positioning the cartilage window for a titanium vocal fold medi-
alizing implant (TVFMI). (a) Projection of endolaryngeal struc-
tures onto the thyroid cartilage surface. Right, lateral projection. 
Left, perpendicular to the thyroid plate. (b) Localization of the 

free margin of the vocal fold in a lateral projection. (c) Positioning 
thecartilage window using projection of the free margin of the 
vocal fold and an oblique line (circle). (From Friedrich [34], 
with permission)
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Fig. 5.8.  Scale model, in 
millimeters, of average male 
and female thyroid cartilage 
configurations. Location of 
the cartilage window and 
correct positioning of 13-mm 
and 15-mm titanium vocal 
fold medializing implants 
(TVFMIs), respectively. 
(From Friedrich [34], with 
permission)

the biomechanics of the larynx. Concerning the tech-
nique of arytenoid adduction, two types can be distin-
guished: The arytenoid rotation (pull) techniques [48, 
57, 81, 101], uses a suture through the muscular pro-
cess or attached muscles, whereas the arytenoid fixa-
tion technique [70, 71, 78, 118] fixates the whole 
arytenoid cartilage by sutures onto the cricoid plate. 
Arytenoid adduction fails to correct a bowed mem-
branous vocal fold, so usually it has to be combined 
with a medialization TPL using any type of implant 
[8, 51, 72, 101].

5.5  Expansion LPL

The indication for expansion LPL is a too tight glottic 
closure when the glottis is functionally overclosed, 
such as with adductor spasmodic dysphonia. Although 
some of the procedures are similar to operations used 
to treat glottic stenoses or bilateral vocal fold paralysis, 

it is important to note that the aim of the procedure is to 
improve the voice, not to improve respiratory status.

5.5.1  Lateralization Thyroplasty

Lateralization of the vocal folds can be achieved by 
expanding the thyroid cartilage in the transverse 
diameter whether by a lateral or a medial approach. 
The lateralization TPL by a lateral approach is surgi-
cally performed by first exposing the thyroid cartilage 
in its anterior part. It is then cut vertically at the line 
between the anterior one-third and the posterior two-
thirds (Fig. 5.13). The incised edges are overlapped, 
with the lateral side over the median side so the vocal 
fold is displaced laterally [51].

The medial approach for lateralization TPL (expan-
sion of the anterior commissure, midline lateraliza-
tion TPL) recently has been reported by Isshiki to be 
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successful in the treatment of spasmodic dysphonia 
(Fig. 5.14). Surgically, the anterior part of the thyroid 
cartilage is exposed, and a midline laryngofissure is 
performed. A Silastic block is inserted between the 
two edges of the thyroid plate [51, 54]; recently, a spe-
cial titanium implant for this purpose has been devel-
oped [56]. We use titanium miniplates, which can be 
bent properly quite easily (Fig. 5.15).

5.5.2  Vocal Fold Abduction

Another option for lateralizing the vocal folds is to per-
form a direct abduction by an approach through the thy-
roid cartilage [51]. Technically, these operations are 
similar to medialization TPL; that is, a thyroid cartilage 

window is created, giving direct access to the vocal fold 
muscles. The lateralization can be performed by sutures 
going through the membranous and/or cartilaginous 
portion of the vocal folds (Fig. 5.16). Another technique 
is to resect part of the vocalis muscle through this carti-
lage window whether by cold instruments, electrosur-
gery, or laser. A modification is just to section the 
laryngeal recurrent nerve branches to the adductory 
muscles with or without resecting muscle [51, 116].

5.6  Relaxation LPL

One indication for relaxation LPL is an inappropriately 
high-pitched voice, especially in men, such as is seen in 
mutational voice disorders [46, 49, 50, 53, 108]. As these 

Fig. 5.9.  Inserting the 
TVFMI. (a) Situation after 
excision of cartilage and 
incision of inner perichon-
drium at the dorsal rim. (b) 
Inserting TVFMI ventrally. 
(c) Introducing TVFMI into 
the endolarynx with slight 
tension. (d) TVFMI correctly 
inserted and fixated with 
sutures dorsally. (From 
Friedrich [34], with 
permission)
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e
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Fig. 5.10.  Vocal fold medialization using the TVFMI. (a) 
Marking the laryngeal structures on the skin. (b) Outlining and 
positioning the window. (c) Drilling out the outlined window. 
(d) Using a diamond bur and irrigation with local anesthetics 

near the inner perichondrium. (e) TVFMI prior insertion. (f) 
TVFMI inserted. (g) Fixation with sutures. (From Friedrich 
[34], with permission)
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a b c

Fig. 5.11.  Vocal fold medialization after laser chordectomy. (a) 
Donor site of autologous cartilage graft. (b) Preparation of a 
pocket in the subperichondrial space from the superior direction. 

(c) Cartilaginous strut placed in the subperichondrial space, 
forcing the scarred site of the laser resection into a more medial 
position. (From Sittel et al. [100], with permission)

Fig. 5.12.  Arytenoid adduction (rotation technique). (From 
Friedrich et al. [35], with permission)

Fig. 5.14.  Lateralization thyroplasty (medial approach). (From 
Friedrich et al. [35], with permission)

Fig. 5.13.  Lateralization thyroplasty (lateral approach). (From 
Friedrich et al. [35], with permission)

Fig. 5.15.  Lateralization thyroplasty (medial approach), usage 
of miniplates.
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Fig. 5.16.  Vocal fold abduction. (From Isshiki [51], with 
permission)

disorders usually react well to voice therapy, this always 
is the first choice treatment [54]. At least in a certain 
group of patients with mutational voice disorders that 
have been diagnosed as “functional” after common clin-
ical examinations, there is evidence that they have an 
underdeveloped larynx; thus, there is also a structural 
basis for the dysphonia [28]. Another indication are stiff 
vocal folds with a narrow chink during phonation often 
resulting from surgical trauma, irradiation, chronic lar-
yngitis, or sulcus vocalis/vergeture [51]. The functional 
results usually are not as good as for structurally normal 
vocal folds, and often the procedures have to be com-
bined (e.g., with medialization TPL). A third indication 
is abductor spasmodic dysphonia [106]. In these cases, 
the operation mostly is performed in combination with a 
lateralization TPL. In general, relaxation LPL mostly is 
part of combination framework surgery (Isshiki [69, 72, 
85]. The common principle of all these operations is it 
to shorten the distance between the vocal fold attach-
ments at the thyroid plate and the arytenoid cartilage, 
thereby reducing tension of the vocal folds.

5.6.1  Shortening TPL

The shortening TPL can be performed using a lateral 
or medial approach (Fig. 5.17). The operative settings 
for this surgery are essentially the same as those for the 
other TPL procedures. The thyroid ala is incised at 
about the junction of the anterior and middle one-third, 
and a 2- to 5-mm cartilage strip is excised [51]. Medial 
or lateral overlapping of the cartilage edges without 
excision results in a combination between relaxation 

and approximation or expansion LPL, respectively 
[51]. Tucker created an anterior cartilage flap and 
retrused it into the larynx for treatment of adductor 
spasmodic dysphonia [105, 106, 108].

5.7  Tensioning LPL

The tensioning LPL is the antagonistic procedure to 
relaxation LPL. The main indication for it is an inappro-
priately low-pitched voice in women (androphonia). This 
can be associated with hormonal diseases, side effects of 
hormonal drugs (i.e., anabolic agents, androgen hor-
mones), or male-to-female transsexualism. [46, 49, 51, 
53, 67, 82, 83]. Other indications are abnormal lax or 
bowed vocal folds (e.g., in presbyphonia) and paralysis 
of the cricothyroid muscle. In these cases, tensioning 
LPL usually is combined with medialization TPL [46, 
49, 51–54, 111]. The basic principle of the operation is to 
increase the distance between the vocal fold attachments 
and thus raise the tension of the vocal fold.

5.7.1  Cricothyroid Approximation

Cricothyroid approximation increases the vocal pitch 
by simulating the contraction of the cricothyroid 
muscle with sutures (TPL type IV) [46] (Figs. 5.18 
and 5.19). According to Isshiki’s original descrip-
tion, four nonabsorbable monophilic sutures are 
placed to draw the cricoid and thyroid cartilages 
together. In thyroid cartilage, bolsters should be 
used to prevent cutting through the sutures. The cri-
coid and thyroid cartilage is approximated as closely 
as possible because postoperative reversion toward 

Fig. 5.17.  Shortening thyroplasty (lateral approach). (From 
Friedrich et al. [35], with permission)
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a lower pitch to some extent is inevitable. Several 
modifications have been described, especially using 
different suture techniques or miniplates [82, 83]. A 
new modification was recently published by Zeitels 
as cricothyroid subluxation [119].

5.7.2  Elongation TPL

Elongation TPL is the antagonistic procedure to shorten-
ing TPL utilizing the same surgical technique [46, 51]. 

The lateral approach, sometimes also called TPL type 
IV, requires an implant for permanent extension of the 
thyroid ala [49, 51] (Fig. 5.20). A vertical incision is 
made at the junction of the anterior and middle one-third 
of the ala, as in surgery to lower the vocal pitch, and a 
Silastic implant is fixed between the cartilage edges by 
two mattress sutures. If pitch elevation is insufficient, the 
same procedure may also be performed on the contral-
ateral side.

The medial approach, first described by Le Jeune as 
“springboard advancement” [65], tightens flaccid vocal 
folds (Fig. 5.21). The indication for the surgery is 
mainly a breathy voice due to bowed vocal folds. After 
exposure of the anterior portion of the thyroid carti-
lage, an inferiorly based cartilage flap is formed so as 
to include the anterior commissure. The upper end of 
the flap is held in position by a tantalum shim. Tucker 
[105] in 1985 modified Le Jeune’s [65] technique by 
reversing the pedicle and called it anterior commissure 
LPL or anterior commissure advancement (Fig. 5.21). 
He also used the flap to lower the vocal pitch by dis-
placing the flap in the dorsal direction.

Fig. 5.18.  Cricothyroid approximation. (From Friedrich et al. 
[35], with permission)

Fig. 5.19.  Manual cricothyroid approximation to determine the 
indication for surgically elevating the vocal pitch. (From Isshiki 
[51], with permission)

Fig. 5.20.  Elongation thyroplasty (lateral approach). (From 
Friedrich et al. [35], with permission)

Fig. 5.21.  Elongation thyroplasty (medial approach). (From 
Friedrich et al. [35], with permission)
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5.8  Combination LPL

A major advantage of LFS is that during the procedure 
under local anesthesia the functional outcome can be 
assessed and adapted individually (Figs. 5.22–5.24). 
Often different LFS procedures have to be combined 
for an optimal result. Maragos showed some typical 
combinations and favorable indications (Table 5.4). 
There is also no conflict between LFS and other pho-
nosurgical procedures (e.g., injection augmentation) or 
neuromuscular surgery [107]. Especially for vocal fold 
medialization, both techniques should be available and 

may be indicated on an individual basis according to 
the local situation and the wish and requests of the 
patient. In fresh paralysis or sulcus vocalis patients, 
we prefer to start with a fat injection; in the case of a 
too high resorption rate, we perform a thyroplasty as 
the second step. On the other hand, sometimes after 
thyroplasty progressive muscle atrophy occurs, lead-
ing to glottic insufficiency. In these cases, an addi-
tional fat injection is highly effective. A combination 
of approximation and tensioning LPL is particularly 
well suited for treating superior laryngeal nerve paral-
ysis [79].

5.9 � Postoperative Care  
and Complications

Laryngeal framework surgeries are usually consid-
ered safe procedures with low complication rates [1, 
15, 24, 40, 60, 61, 90, 104, 108, 109, 110]. Possible 
complications are swelling due to edema and or hema-
toma with respiratory distress, infections, bleeding, 
and entering the airway. Long-term complications 
can be caused by implant dislocation, perforation, and 
extrusion. Table 5.5 clearly shows that life-threatening 
respiratory distress occurs exclusively after arytenoid 
adduction, which makes it clear that this is a more 

Fig. 5.22.  Combination of medialization thyroplasty and elon-
gation thyroplasty (medial approach). (From Friedrich [32], 
with permission)

Fig. 5.24.  Combination of arytenoid adduction with medializa-
tion thyroplasty. (From Isshiki [51], with permission)

a b

Fig. 5.23.  Combination of medialization thyroplasty and elon-
gation thyroplasty (lateral approach). (From Isshiki [51], with 
permission)
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invasive procedure and the indications should be care-
fully considered. Usually, the implants used (silicone, 
hydroxyapatite, Gore-Tex, titanium, ceramic) have 
excellent biocompatibility and do not cause an inflam-
matory reaction or granuloma formation [22, 38, 64, 
73, 92, 120]. There is one report of an allergic reaction 
to a silicone implant after medialization TPL [44]. The 
biggest advantage of LFS compared to other methods 
(e.g., injection augmentation) is that in case of adverse 
effects the implant can be removed completely without 
causing further destruction or voice deterioration [2]. 
In case of severe dyspnea, intravenous administration 
of a high dose of cortisone is the first choice of treat-
ment. If it does not lead to relief, a tracheostomy may 
be necessary. Informed consent has to be established 

prior to surgery regarding this possibility. A meta-
analysis showed that there is a learning curve and that 
complication rates are higher with inexperienced sur-
geons [91].

Most important for a low complication rate is atrau-
matic preparation, in particular when performing the 
endolaryngeal mobilization, carefully avoiding entering 
the airway. If this occurs, the perforation must be 
repaired using sutures and a local tissue flap. Preoperative 
application of broad-spectrum antibiotics minimizes the 
danger of wound infections. Preparation of the endola-
ryngeal tissue should not exceed 30 minutes; if it takes 
longer, the increasing endolaryngeal edema makes it 
difficult to estimate the quality of the postoperative 
voice [16, 40, 41, 51, 52, 61].

Combination Purpose Indications

Medialization TPL + arytenoid  
adduction (rotation)

Medialization of the entire vocal  
cord (anterior and posterior)

Open posterior glottis
High vagal paralysis
RLN paralysis with lateralized arytenoid
Nonrotating arytenoid

Bilateral medialization TPL Medialization of both  
membranous vocal cords

Open anterior glottis
Bilateral vocal cord weakness  

(e.g., presbyphonia)
Bilateral loss of muscle mass
Tremor-induced AbSD

Medialization TPL +  
tensioning LPL

Stretching of vocal cord with  
medialization of affected side

Unilateral SLN weakness

Medialization TPL + arytenoid  
adduction (fixation)

Medial vocal cord fixation Anterior dislocation of arytenoid 
cartilage; arytenoid fracture

Failed arytenoid adduction (rotation) 
(cricoarytenoid joint ankylosis)

Bilateral relaxation LPL Relaxation of both vocal cords Too high-pitched male voice
Stable AdSD in males

Medialization TPL +  
relaxation LPL

Relaxation and increased mass  
of one vocal cord

High-pitched, presbyphonic male voice

Table 5.4.  Combination laryngoplasties

Modified after Maragos [72], with permission
RLN, recurrent laryngeal nerve; SLN, superior laryngeal nerve; AdSD, abductor spasmodic dysphonia

Complications Medialization TPL Medialization  
TPL + arytenoid adduction

Author

Severe dyspnea     – 2 Abraham et al. [1], n = 237

Extrusion     3 –

Severe dyspnea     – 7 Weinman and Maragos [115], n = 630

Extrusion     1 – Laccourreye and Hans [64], n = 27

Severe dyspnea     – Cotter et al. [15], n = 58

Extrusion     5

Extrusion     1 Giovanni et al. [38], n = 13

Extrusion 102 Rosen [91], n = 12644 

Table 5.5.  Rates of severe complications in medialization TPL and arytenoid adduction according to various authors
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Slight postoperative edema and hematoma are nor-
mal and are not considered complications. Nonsteroidal 
antiinflammatory medications are administered as 
needed (except aspirin, which is also avoided preop-
eratively) as well as saline inhalants. Relative voice rest 
should be applied until the swelling abates. Breathing 
should be monitored for at least 48 hours. Phonation 
can temporarily deteriorate during the first postopera-
tive days because of edema. Evaluation of the surgi-
cal outcome is possible after 3 weeks at the earliest; 
voice improvement reaches the 80th–90th percentile of 
the final result in 2 months, although further improve-
ments are possible for up to 1 year. Postoperative voice 
therapy may lead to further improvement and should be 
indicated for the individual patient, starting not earlier 
than 3 weeks postoperatively [66].

Among nearly 300 LFS procedures we have not 
experienced any serious perioperative complications, 
and we never had to perform a tracheostomy. In one 
operated and irradiated patient, the anterior part of 
the titanium vocal fold medializing implant (TVFMI) 
perforated the external skin and had to be covered 
with a small skin flap. In three cases (two after cor-
dectomy) there was perforation of the implant in the 
endolarynx and the implants had to be removed. They 
were replaced by a small muscle flap, and the vocal 
outcome was satisfactory in all cases. We never experi-
enced dislocation or extrusion of the TVFMI, but there 
were three cases of dislocation of Silastic shims on the 
mobilized cartilage islands respectively. This was a 
major reason that we have developed the TVFMI and 
stopped using Silastic.

5.10  Results and Prognosis

5.10.1  Approximation LPL

Medialization TPL can result in the degree of glottic 
insufficiency being reduced significantly, with the 
consequence that all voice function parameters can 
be improved significantly (Tables 5.6 and 5.7). 
Especially for evaluating the voice after medializa-
tion TPL, we introduced the Voice Dysfunction Index, 
which has shown statistically significant improve-
ment after TPL (Table 5.8 and 5.6) [32–34, 64, 95, 
96]. The grade of glottic insufficiency and the Voice 
Dysfunction Index showed a significant correlation 
(r = 0.45, p < 0.05) [32, 33]. This is in accordance 
with Omori [84, 85] and proves that the grade of glot-
tic insufficiency is the determining factor for the 
severity of dysphonia. By means of aerodynamic 
measures, it could be demonstrated that the medial-
ization procedure does not cause an increase in laryn-
geal resistance during breathing [98].

Subjective self-evaluation of the voice is of growing 
importance in daily clinical practice [17, 23, 40, 43, 
52, 58]. Usually a significant improvement in the 
patient’s vocal communication skills in his/her every-
day and/or professional life can be observed [24, 33, 
40, 52, 97, 112] (Table 5.6).

Generally, the medialization TPL results are better 
in patients suffering from paralytic dysphonia than in 
those with glottic insufficiency due to sulcus/vergeture 
or scars. Nevertheless, both conditions are good indications 

Table 5.6.   
Functional results of 
medialization TPL

Results Preop. p Postop.

Glottic gap (0–3 scale) 2.2 < 0.001 0.5
Mean fundamental frequency (fem) 202.1 Hz n.s. 210.4 Hz
Mean voice intensity (fem) 59.7 dB < 0.01 65.2 dB
Mean fundamental frequency (male) 109.3 Hz n.s. 127.8 Hz
Mean voice intensity (male) 60.4 dB n.s. 66.0 dB
Intensity range 27.4 dB < 0.001 39.2 dB
Pitch range 14.2 ST < 0.001 21.6 ST
Hoarseness (0–3 scale) 2.1 < 0.001 0.6
Roughness (0–3 scale) 0.5 < 0.001 0.1
Breathiness (0–3 scale) 2.2 < 0.001 0.6
Maximum phonation time 7.3 s < 0.001 13.2 s
Impairment of vocal comm. skills (0–3 scale) 2.3 < 0.001 0.6
Voice Dysfunction Index (0–3 scale) 2.2 < 0.001 0.8

Data are from Friedrich [32, 33]
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for the procedure, and patients usually appreciate the 
increased endurance and intensity range of the voice 
[5, 23, 33, 42, 52, 62, 89, 114].

A clinically relevant question is whether early medi-
alization leads to better results or, conversely, after a 
certain period does the prognosis deteriorate. Statements 
in the literature regarding this are inconclusive [37, 41, 
117]. We found no significant correlation (r = 0.07, n.s.) 
between the results and the preoperative time [32]. 
According to our experience medialization TPL can be 
performed even decades after the onset of paralysis with 
good results. Interestingly, we found a significant cor-
relation between the age of the operated patient and the 
functional result (r = 0.35, p < 0.01) in that older patients 
show a better functional outcome. This means that 
higher age is no contraindication, and good functional 
results are to be expected even in elderly patients [33].

Unfavorable results may be due to overcorrection or 
undercorrection. Undercorrection can be caused by 
intraoperative edema, which after resorption leaves a 
remaining glottic gap. Quick, atraumatic preparation 
diminishes the danger of excessive edema, which can 
be enabled by using a prefabricated implant [16, 34, 
76]. Medialization on the operating table should be 
done until a slightly pressed voice is produced; that is, 

after reaching an optimum voice result, a 1- to 2-mm 
medialization should be added. Undercorrection that 
occurs after an initially good result can be due to mus-
cular atrophy. In these cases, we found that performing 
an additional fat injection as a first step, rather than 
change the implant immediately, was met with suc-
cess. The major reason for unsatisfactory results is 
improper placement of the implant. If the implant is 
located too far anteriorly, the vocal fold edge becomes 
S-shaped with an anterior bulge causing insufficient 
glottic closure at the posterior part. If the implant is 
located too high, the ventricular fold is medialized, 
also causing insufficient glottic closure.

As in the available literature and our own experi-
ence, there are no significant differences in the func-
tional outcome with different techniques and implants, 
provided the surgeon can achieve good medialization 
of the vocal fold [33, 34, 77, 95–98].

Another effective method for vocal fold medializa-
tion is the arytenoid adduction procedure. Several 
authors believe that the indications for this operation 
are a large posterior glottic chink, level differences, and 
a tilted arytenoid [9, 45, 67, 101, 102, 121]. Although 
some report superior functional results compared to the 
medialization TPL, the indications and benefits of each 

Grade of hoarseness   2 Index 2 0 1 2 3
Frequency range 20 ST 1 > 24 24–18 17–12 < 12
Intensity range 31 dB(A) 2 > 45 45–35 34–25 < 25
Maximum phonation time 13 seconds 1 > 15 15–11 10–7 < 7
Impairment of vocal  

communication skills
  1 Index 1 0 1 2 3

Voice Dysfunction Index (Â/5) 1,4

Table 5.8.  Calculation of the Voice Dysfunction Index

From Friedrich [33, 34], with permission
Example is printed in boldface and shaded in gray.
Range of the index: min = 0 (normal voice), max = 3 (extreme deviant voice)

Table 5.7.  Grading of glottic insufficiency

From Friedrich [32, 33], with permission
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procedure are controversial. Mahieu [67] reported that 
according to his experience in approximately 30% an 
arytenoid adduction had to be performed additionally 
to medialization TPL; in our series this rate was less 
than 10%. In any case, arytenoid adduction is a more 
invasive procedure with a higher complication rate, 
and the indications should be carefully considered 
(Table 5.5). A meta-analysis indicated no clear benefit 
of arytenoid adduction and medialization TPL com-
pared with medialization TPL alone [14].

5.11  Expansion LPL

The major indication for this type of operation is treat-
ment of spasmodic dysphonia. In contrast to botulinum 
toxin injections, LPL offers the option of permanent voice 
improvement. Isshiki has reported good, and so far per-
manent, results using a midline lateralization TPL [54].

5.12  Relaxation LPL

One indication for relaxation LPL is lowering an inap-
propriately high-pitched voice, especially in those with 
mutational voice disorders. Isshiki lowered the pitch in 
nine patients from 239 Hz preoperatively to 138 Hz 
postoperatively [51]. This is in accord with the results 
from Guo-Dong Li [39], who found that after the oper-
ation the voice frequency was significantly decreased 
(p < 0.5). Tucker also reported good results after treat-
ing spasmodic dysphonia with a medial approach to 
shortening TPL [105, 106].

5.13  Tensioning LPL

A major indication for tensioning LPL is voice pitch 
elevation in male-to-female transsexuals. Usually, vocal 
pitch elevation is substantial after cricothyroid approxi-
mation. On average, the medium speaking voice can be 
raised by 5 semitones and in 39% of patients by more 
than 12 semitones [82, 83]. Isshiki reported that the 
voice pitch could be changed, on average, from 163 Hz 
preoperatively to 215 Hz postoperatively [51]. In some 
patients, progressive tension loss is observed, causing 
lowering of the pitch in the long run. Sataloff [93] 

developed an alternative technique that fuses the cri-
coid and thyroid, which should provide better long-term 
results. The vocal pitch range of the voice is narrowed 
after the operation; practically, however, the speech 
does not sound more monotonous, and patients have 
not complained about it [51, 82, 83]. For bowed vocal 
folds (e.g., in presbyphonia or vocal fold atrophy) elon-
gation LPL, whether by a medial or a lateral approach, 
gives good results, sometimes in combination with 
bilateral medialization TLP [52, 62, 65, 105].

5.14 � Tips and Pearls to Avoid 
Complications

Careful preoperative assessment and reliable indi•	
cations
Meticulous information and properly informed consent•	
Clear definition of goals and realistic prognosis•	
Preoperative administration of antibiotics and cortisone•	
Exact palpation and location of anatomical land•	
marks
Clear concept of underlying anatomy and the intended •	
procedure
Atraumatic preparation, carefully avoiding entering •	
the airway
Postoperative monitoring for at least 48 hours•	
Postoperative voice therapy based on individual •	
indications
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6.1  Introduction

This chapter deals with the indications for surgery and 
surgical treatment of benign pathology of the larynx 
excluding congenital laryngeal lesions with stenosis and 
laryngomalacia, which is dealt with in chapter XXX. 
Laryngeal surgery in children is different from laryn-
geal surgery in adults. It optimally requires a specialized 
team of staff dedicated to the treatment of children.
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Core Messages

Laryngeal surgery in children is different from ››
laryngeal surgery in adults and optimally 
requires a specialized team or staff dedicated 
to the treatment of children. The anesthesio-
logical approach is related to the age of the 
patient and is of decisive importance.
Maturation of the vocal folds is a delicate pro-››
cess, and superficial and intermediate layers 
are well defined with a mature vocal ligament 
by age 16.

›› Congenital or acquired cysts are mostly supra-
glottic retention cysts.
Neonates who have been intubated for a long ››
time can have difficulties with detubation due 
to intubation granulomas.
Congenital laryngeal webs and laryngeal atre-››
sia cause stridor. However, smaller webs cause 
hoarseness and breathiness.

›› Subglottic hemangiomas progressively obstruct 
the airway within the first few months of life.
In rare cases, stridor is due to ›› congenital laryn-
geal paralysis, which may be unilateral or 
bilateral. It can worsen during infancy but may 
be well tolerated even when bilateral.

›› Juvenile onset of recurrent laryngeal papillo-
mas is rare but may be suspected in conjunc-
tion with progressive dysphonia. Papillomatosis 
is exceptional before the age of 1 year.

›› Sulcus glottidis in children seems to be a con-
genital lesion that deteriorates with increasing 
age.
Vocal abuse is frequent in children. The impor-››
tant question is whether the voice problem is 
the child’s problem.
Gastroesophageal reflux (GER) may cause ››
roughness. The precise pathogenetic role of 
laryngopharyngeal reflux has not yet been 
established.
The preoperative assessment in patients present-››
ing with stridor is important.
Progressive stridor in infants, degree of ››
suprasternal retraction, and failure to thrive are 
elements that lead to the decision for perform-
ing endoscopy under general anesthesia. Some 
give antacids at least for as long as stridor is 
not controlled and/or appropriate surgical 
treatment has not been performed.
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Diagnostic procedures, expected pathology, and 
treatment depend on the age of the patient. The possi-
bilities for communicating with the child and the use 
of more sophisticated examination procedures increase 
with age. In relation to the surgical procedures, the 
anesthesiological approach is related to the age of the 
patient and is of decisive importance; it is dealt with in 
further detail later. When delineating the indications 
for surgery, the small size of the larynx in small chil-
dren must, of course, be taken into account. The total 
vocal fold length is 6–8 mm in the infant; it increases 
to 12–17 mm in the adult woman and to 17–23 mm in 
the adult man [8].

Maturation of the vocal folds is a delicate process.
superficial and intermediate layers are well defined 
with a mature vocal ligament by age 16 [5]. This has 
consequences for the pathology or the importance of 
the pathology depending on the age of the patient. 
Voice mutation is most active between ages 12 and 14 
and is usually complete in both sexes by age 15 [9].

6.2  Indications

Children considered for elective laryngeal surgery are 
patients with hoarseness and/or increasing stridor. 
These symptoms may be caused by a number of lesions 
and must be distinguished from nonorganic conditions 
due to improper use of the voice.

Congenital or acquired cysts can cause hoarse-
ness. Pediatric cysts, especially in the young infant, 
are mostly supraglottic retention cysts. In the older 
infant (from the age of approximately 6 years), epi-
thelial cysts and retention cysts on the vocal folds do 
exist (Fig. 6.1). Subglottic cysts in premature chil-
dren can cause distress after several months, espe-
cially when intubation was necessary during the 
neonatal period.

Neonates who have been intubated for a long time 
can have difficulties with detubation owing to intuba-
tion granulomas (Fig. 6.2). These granulomas must be 
addressed when the laryngeal pathology is what is 
hampering detubation.

Congenital laryngeal webs and laryngeal atresia 
cause stridor (see Chapter XXX), and smaller webs 
(Fig. 6.3) cause hoarseness and breathiness. They may 
easily be overlooked during flexible laryngoscopy. 
This makes it a not uncommon finding during elective 
direct laryngoscopy under general anesthesia.

Fig. 6.1.  Subepithelial cyst in a 12-year-old boy. Epithelium is 
held with a small alligator forceps angled to the right

Fig. 6.2.  Intubation granulomas in a 3-month-old boy immedi-
ately after detubation

Fig. 6.3.  Microweb in an anterior commissure in a 6-year-old 
boy. The vocal folds are spread using the anterior commissure 
retractor

10.1007/_XXX
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Subglottic hemangiomas progressively obstruct the 
airway within the first few months of life. They may 
be suspected in children presumed to have laryngi-
tis within the first 3 months of life when episodes 
are repeated or persist. They can be associated with 
cutaneous hemangiomas. Beard-shaped hemangiomas, 
however, are almost constantly associated with laryn-
geal hemangiomas. Extension downward to the trachea 
or upward to the glottis and supraglottic region can limit 
surgical control.

In rare cases stridor is due to congenital laryngeal 
paralysis, which may be unilateral or bilateral. It can 
worsen during infancy but may be well tolerated even 
when bilateral. Stridor is associated with dysphonia. 
The diagnosis is difficult by fiberlaryngoscopy in the 
outpatient clinic owing to difficulties associated with 
cooperation with the patient. It may be difficult under 
general anesthesia as well, as it has to be performed 
without relaxation to be able to examine laryngeal 
motility.

Juvenile onset of recurrent laryngeal papillomas 
(Fig. 6.4) is also rare but may be suspected in progres-
sive dysphonia. Papillomatosis is exceptional before 
the age of 1 year. In such early cases it appears to be 
correlated with the presence of condylomas in the gen-
ital region of the mother at the time of delivery. In 
these cases, increasing stridor is frequently the cause 
for examination and treatment. In children older than 2 
years, stridor increasingly becomes a secondary sign 
as the progressive dysphonia itself usually brings the 
child to the laryngologist.

Sulcus glottidis (Fig. 6.5) seems to be a congenital 
lesion that deteriorates with increasing age. The sul-
cus, which runs parallel to the edge of the vocal fold, 
may be short or run the entire length of the vocal fold. 
It can be localized just below the edge of the vocal 
fold but may also appear on the horizontal part or the 
inferior part. It may occur together with cysts and epi-
thelial bridges and may be unilateral or bilateral. It 
may cause hoarseness, breathiness, difficulty when 
singing due to high-pitch problems, and vocal fatigue. 
Frequently, the sulcus is not detected during videolar-
yngostroboscopy, as the sulcus may appear only as a 
faint line on the epithelial surface or may not be visi-
ble (when it occurs on the inferior aspect of the vocal 
cord). The indications for surgery are heavily debated 
as is whether it should be done during childhood or 
the growth development of the larynx should be fin-
ished before surgery [3].

Vocal abuse is frequent in children. This may be 
due to a number of reasons, such as social background, 
family habits, participation in certain sports, and imita-
tion of popular but noisy cartoon characters from tele-
vision. If the child is unable to use the voice in a 
balanced quantity, the price may be hoarseness. In a 
number of cases, the condition leads to formation of 
vocal fold nodules (i.e., bilateral lesions on the border 
of the anterior and middle third of the vocal folds) 
(Fig. 6.6). Some children have a larynx that seems pre-
disposed to the development of vocal fold nodules 
(Fig. 6.7). The coincidence of both an anterior com-
missure web and vocal fold nodules has been described 
in adults [2, 7].

Fig. 6.4.  Juvenile onset laryngeal papillomatosis in a 7 year old 
boy with many years of hoarseness that aggravated during  the 
preceding 6 months, seen with the rigid telescope 

Fig. 6.5.  Bilateral sulcus glottitis in a 6-year-old boy, with small 
alligator forceps to the right in the left sulcus
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Gastroesophageal reflux (GER) may cause rough-
ness. A degree of physiological GER exists in infants. 
The prevalence of laryngopharyngeal reflux in hoarse 
children was calculated using the mode of presentation 
of the hoarseness, associated symptoms, endoscopic 
findings, laboratory testing, and therapeutic interven-
tions and their outcomes [1]. The conclusion was that 
laryngopharyngeal reflux appeared to be a common 
cause of hoarseness in children. However, as with 
laryngeal disease in adults, the precise pathogenetic 
role of laryngopharyngeal reflux has not yet been 
established.

6.3  Preoperative Assessment

6.3.1  Patients Presenting  with Stridor

Progressive stridor in infants, the degree of supraster-
nal retraction, and failure to thrive are elements that 
lead to the decision to perform endoscopy under gen-
eral anesthesia. Depending on the local custom, a diag-
nostic approach may be made in the outpatient clinic 
by visualizing the larynx using a fiberlaryngoscope 
with a diameter of £ 2 mm.

Treatment of associated reflux varies among institu-
tions. Some give antacids at least as long as stridor is 
not controlled and/or appropriate surgical treatment 
has not been performed. Ultrasonography, including 
assessment of the vascular flow, is useful for diagnosing 
tracheal compression due to vascular anomalies such 
as a double aortic arch or an innominate artery. Vascular 
anomalies such as a “vascular ring” can also be sug-
gested by barium swallow radiography.

The use of endoscopy under general anesthesia 
depends on the efficiency of antacids and evolution of 
the stridor, on outpatient fiberlaryngoscopy, the age at 
which stridor developed, and its severity. Endoscopy can 
be useful to determine the diagnosis and for treatment.

6.3.2 � Patients Presenting  
with Voice Problems

Preoperative assessment depends on the age of the 
child. The following age groups are relevant: sucklings 
and toddlers, infants 2–5 years old, infants 5–7 years 
old, children 8 years old to puberty (Table 6.1).

Sucklings and toddlers rarely need elective voice sur-
gery, so the preoperative assessment has not been stan-
dardized. The second age group is the infant—old 
enough to give answers personally but too young to read 
and write. This age group is approximately 2–5 years 
old. The third age group consists of children learning to 
read and write but still young and easily frightened, 
approximately 5–7 or 8 years old. Preoperative assess-
ment is limited in this group. The fourth and final age 
group consists of the older child, who can reason 
(approximately 8 years and older). The larynx should be 
considered as a pediatric larynx up to the time of voice 
mutation. Of course, the age groups may be adjusted.

Fig. 6.6.  Vocal fold nodules in an 11-year-old boy

Fig. 6.7.  Microweb in the anterior commissure and vocal fold 
nodules in a 5-year-old girl
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History taking should include a description of the 
voice problem, voice use, previous voice training, and 
differences between the speaking and singing voices. 
The important question is whether the voice problem is 
the child’s problem (one cannot understand the child), 
the teacher’s problem (difficulties at school), or the par-
ent’s problem (feeling ashamed of the child’s voice). 
When and why did the problems start? Have intubations 
been performed—how many and when? What irritating 
factors are present (passive smoking, allergy)?

All external factors negatively influencing the voice 
can be captured under Voice Related Interests (Table 6.1). 
These interests can be clear and obvious (i.e., the child 
is a lead singer in the school’s musical) or hidden (i.e., 
the child is the third child in a family with a handicapped 
sibling who receives major parental attention). Of course, 
sporting activities (Is the child captain of the soccer 
team?) should be included in the history taking.

GRBAS is depiction of the psychoacoustic evalua-
tion [4]. G refers to grade, R to roughness, B to breathi-
ness, A to asthenicity, S to strain. All qualities can be 
scored 0 (normal) to 3 (extremely abnormal). GRBAS 
is scored by the speech and language therapist (SLT). 
For this assessment, the international GRBAS score is 
used while the patient is reading a standard text loudly 
as well as during spontaneous speech. The posture of 
the patient, the breathing pattern, resonance, and artic-
ulation are described by the SLT.

An electronic voice analysis is done by examining 
the signal produced when singing an open //a// 
(“extended vowel”) and calculating a number of mea-
sures such as perturbation factors: jitter and shimmer. 

Ideally, the assessment continues by creating a Voice 
Range Profile (Phonetogram) in which dynamic and 
melodic ranges are reproduced graphically. Measuring 
the Phonation Time (s) is performed on /aa/, /zz/, and /
ss/. Finally, various functional Voice Tasks are investi-
gated to determine if any change in voice quality can be 
heard. This is performed to predict the potential learn-
ing ability of the patient concerning speech therapy.

Rigid laryngostroboscopy can be performed in 
most children ³ 10 years of age. Depending on the 
level of confidence of the child in the physician, lar-
yngostroboscopy can be tried in children as young as 
6 years, sometimes even younger. Using modern 
recording devices, a fair description of the larynx can 
be provided in an image of <1 second. Of course, an 
optimal laryngostroboscopic examination requires a 
much longer recording time. New devices associat-
ing stroboscopy and fiberscopy are now available.

The ability of the child to read and write is assessed 
indirectly. At some clinics, all elective interventions 
are postponed until the child is able to write so the 
child is able to communicate during the immediate 
postoperative period without using the voice.

6.4  Anesthesiology Considerations

The preferred anesthesiology technique depends on the 
local anesthesiology teams. All techniques have advan-
tages and disadvantages for the surgeon. Typically, elec-
tive surgery on the larynx in the pediatric patient takes 
place under general anesthesia. Patients are exposed to 

Table 6.1.  Preoperative assessment in children with voice problems, depending on the age group

Parameter Sucklings  
and toddlers

Infants  
(2–5 years)

Young children  
(6–8 years)

Children (9–15 
years)

History + + + +
Voice-related interests (e.g.,  

choir, shouting during  
sporting activities)

− − + +

GRBAS − − + +
Posture of patient, breathing  

pattern, resonance,  
articulation

− + + +

Voice analysis on an extended  
vowel

− ± + +

Voice range profile − ± + +
Phonation times − − + +
Investigation of functional tasks − − + +
Rigid laryngostroboscopy − − + +
Ability to read and write − − + +

GRBAS is a psychoacoustic evaluation, where G refers to grade, R to roughness, B to breathiness, A to asthenicity, S to strain
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routine monitoring (body temperature, pulse oximetry, 
capnography, electrocardiography, respiratory rate). 
Venous access is applied.

 Hemodynamic and respiratory data as well as ven-
tilator settings are recorded. Induction and maintenance 
of anesthesia are accomplished through the airway and 
intravenously. During the induction of anesthesia the 
laryngologist is in the operating theater to secure the 
airway in case of emergency. Depending on local rou-
tines and the specific setting determined by the clinical 
problem, dynamic evaluation of the airway is per-
formed at that phase. This can be accomplished with a 
fiberscope or under direct vision, allowing a diagnosis 
to be made, (i.e., supraglottic obstruction and laryngeal 
mobility). Laryngeal mobility may also be evaluated at 
the end of endoscopy as the child wakes up.

The airway is sprayed with lidocaine 4% (with a max-
imum of 4 mg/kg) by the laryngologist when a profound 
level of anesthesia has been attained. A first assessment 
of the intubation possibilities can thus be obtained. If a 
standard orotracheal intubation is performed, the tube is 
moved to the left corner of the mouth. Anesthesiology 
tubes and cables are kept on the left side of the patient, as 
the typical setting has the surgical team on the right and 
the anesthesiology team on the left (Fig. 6.8).

6.4.1  Spontaneous Ventilation Technique

Surgery on patients with an airway problem should be 
performed with a so-called dynamic airway. The patient 
is asleep but breathes spontaneously. Anesthesiology 
requirements are presented in Chapter XXX. Sponta
neous ventilation allows a full endoscopic view of the 
airway for both stridor and voice problems. It has the 
advantage of allowing endoscopic surgery of the lar-
ynx on all areas and using several tools in the field. It 
requires an anesthesiology team that is specifically 
trained and remains familiar with the technique. 
Maintaining spontaneous ventilation can be difficult in 
neonates of low weight and in premature infants. 
Intermittent apnea can occur when obstruction makes 
ventilation difficult. A first step of ventilation through 
a bronchoscope or an endotracheal tube can help make 
spontaneous ventilation feasible.

6.4.2 � Endoscopy with Endotracheal 
Intubation and Relaxation

The conventional orotracheal tube may be preferred 
when the patient suffers from heart-lung disease, mak-
ing a closed ventilation circuit desirable; when access 
to the larynx is difficult; or when complications caus-
ing prolonged ventilation are anticipated. If necessary, 
the orotracheal tube can be elongated. For this purpose, 
the proximal end of a small tube can be inserted in the 
distal end of a tube two sizes larger (e.g., a 3.5 tube in 
a 4.5 tube). Detubation should be performed before 
cough reflexes return. A technique called “deep detu-
bation” may be applied. Here, the patient remains par-
alyzed and ventilated, and the tube is removed by the 
surgeon under direct vision. In this way, manipulation 
of the vocal fold with the cuff of the endotracheal tube 
can be controlled by the surgeon. After removing the 
tube, mask ventilation is resumed until the patient 
awakes without phonating or coughing.

6.4.3  High-Frequency Jet Ventilation

The technique of high-frequency jet ventilation (HFJV) 
may be used in all cases other than those already dis-
cussed. It has the advantage of giving the surgeon more 
working space inside the larynx, especially in relation to 

Fig. 6.8.  Typical setting during elective laryngeal surgery in 
children

10.1007/_XXX
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the posterior commissure. It can be performed using a 
thin catheter introduced through the nose and passed 
through the larynx by the anesthetist; or it may be per-
formed using a thin steel tube mounted inside the laryn-
goscope (Fig. 6.9) and inserted by the laryngologist. 
The steel tube may be passed through the glottis or be 
positioned with the end placed inside the laryngoscope. 
Using a steel tube has two advantages. First, it makes it 
easier to keep the tube away from the pathology to be 
operated on. Second, it is nonflammable when using 
laser. The HFJV technique does not prevent blood, 
mucus, or other debris from entering the trachea from 
the larynx, but the air stream blowing from the trachea 
through the larynx limits this problem in most cases. In 
patients with severe GER, HFJV may not be suitable 
owing to the risk of aspiration of gastric juices to the 
unprotected lower airways. However, as there is no cuff, 
HFJV eliminates the possibility of accidental puncture 
of the cuff during laser surgery and manipulation of the 
vocal cords with the deflated cuff during detubation.

6.4.4   Intermittent Apnea Technique

The intermittent apnea technique may be used in cases 
of foreign bodies or pathology that can be easily 
removed under direct vision. In cases of impossible 
detubation due to suspicion of intubation granulomas, 
inspection may reveal that these granulomas are the 
only probable cause for the detubation difficulties.

6.5  Instrumentation

Surgical instruments used for elective laryngeal surgery 
in children are similar, but smaller, than the instruments 
used in adults. However, frequently adult laryngoscopes 
can be used in young patients from the age of 4–5 years, 
which makes instrumentation easier. For stridor sur-
gery, laryngoscopes that are open on one side make it 
easier to introduce the instruments into the field. Several 
models are available with a ventilation canal. It allows 
administering the anesthetic gas at the tip of the laryn-
goscope, close to the larynx. Various sizes are available, 
from those that are appropriate for neonates to others 
that can be used in teenagers. One should be equipped 
with a wide range of laryngoscopes, appropriate for 
each age group. Many fine laryngoscopes have been 
developed, and many surgeons prefer their own laryn-
goscopes, so no names of instruments are mentioned 
here. A sufficient number of telescopes should be read-
ily available for documentation.

The laryngoscope is suspended using a chest sup-
port, which should be mounted on a table just above the 
chest of the patient (Fig. 6.10) so it does not hamper 
chest excursions during ventilation.

Fig. 6.9.  Example of jet ventilation laryngoscopes with a steel 
tube that is passed through the glottis. The two laryngoscopes 
(one for children and one for adults) are sufficient to cover all 
age groups

Fig. 6.10.  Chest support is mounted on a table just above the 
patient’s chest
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Surgery takes place with a surgical microscope or 
with a telescope and a video monitor. The magnification 
can be calculated as

M
t
 = (F

tub
/F

obj
) ´ M

factor
 ´ M

eyepiece

where M
t
 = the magnification total; F

tub
 = the focal 

length of the tube; F
obj

 = the focal length of the objec-
tive; M

factor
 = the factor of magnification of the zoom; 

M
eyepiece

 = the magnification factor of the eyepiece.
Standard values are F

tub
 = 170 mm, F

obj
 = 400 mm, 

M
factor

 = 2.4, and M
eyepiece

 = 12.5. Using this calcula-
tion, a total magnification of 12.75 can be obtained. 
However, progress in the development of telescopes 
and the quality of cameras—digital cameras and 
high-definition cameras—are progressively changing 
habits in laryngeal surgery for stridor. They might 
replace or complement the microscope and give a 
higher quality image on the video screen in combina-
tion with greater mobility around the surgical field.

6.5.1  Cold Instrumentation

For the surgery proper, it is necessary to have a basic 
set of surgical tools. 

Adequate suction (tubes 1, 2, and 3 mm diameter, •	
with side holes distally to prevent aspiration of 
tissue)
Small alligator forceps, angled to the left and to the •	
right
Open heart-shaped forceps, angled to the left and to •	
the right
Scissors, straight and angled to the left and to the •	
right
Elevators, 1 mm wide, angled 15 (“degrees”) to the •	
left and to the right
Elevators, 1 mm wide, angled 90 (“degrees”) to the •	
left and to the right
Disposable endolaryngeal knives•	
Anterior commissure retractor•	

6.5.2  Lasers

Several lasers are available, CO
2
 lasers being the most 

frequently used in pediatric laryngeal surgery. Soft fibers 
are now available for CO

2
 lasers. Its limitations are due 

to diffusion and the size of the spot. YAG and KTP lasers 
have fewer applications in children and have induced 
subglottic and supraglottic stenosis. New lasers, such as 
the thulium laser, with soft fibers are under evaluation.

6.5.3  Microdebriders

Microdebriders with specific laryngeal blades are 
available and have been proposed for excision of 
tumors (papillomas, hemangiomas, cysts). They allow 
excision and suction with the same instrument and 
have been shown to be highly effective. The technique 
requires careful use so it does not damage normal 
structures (i.e., the basic structures of the vocal folds). 
Therefore, high-definition visualization of the opera-
tive field is necessary.

6.5.4   �Drugs and Additional 
Endoscopic techniques 

Drugs have been proposed to be applied endoscopi-
cally in association with other steps of surgery or as 
sole use during endoscopy. Topical mitomycin has 
been used at the end of surgical procedure to limit 
the risk of scarring and subsequent stenosis. Cidofovir 
is a nucleoside analogue that is injected within the 
papillomas during endoscopy combined with exci-
sion of papillomas. Narrow-band imaging can be 
applied. This relies on the principle of depth of pen-
etration of light, with the narrow-band blue light 
having a short wavelength (415 nm) penetrating into 
the mucosa and highlighting the superficial vascula-
ture [6].

6.6  Surgical Intervention

Various surgical approaches are available for stridor. 
When several methods are available for treating stridor 
with comparable results, a preference is made to avoid 
tracheostomy and postoperative intubation if possible. 
Endoscopic methods have been developed in recent 
years to reach this goal. New tools have been found 
useful and are part of the explanation for a revival of 
endoscopic laryngeal surgery.
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6.6.1  General Aspects

The patient is lying in a supine position. Essentially, 
the intervention is carried out as in adults. The patient 
is under general anesthesia. The head is put in a raised 
and extended position, also called the sniffing position. 
The patient’s head is in line with the end of the opera-
tion table. The back of the head is placed in a surgical 
cushion, and the neck is supported with a roll. The 
teeth are protected with a teeth protector, and the lar-
yngoscope is introduced. The laryngoscope is then 
fixed with a chest support on a table (Fig. 6.10). The 
camera or the microscope is focused on the larynx, 
with maximum magnification as indicated earlier. 
Mucus is sucked away, and appropriate pictures can be 
taken.

The intervention continues with palpation of the 
vocal folds, using blunt instruments as well as the 
anterior commissure retractor (Fig. 6.3). Instruments 
should be kept in the contralateral hand: scissors 
curved to the right should be kept in the left hand, and 
vice versa. Suction should be performed with tubes of 
1 or 2 mm diameter. The side holes distally prevent 
aspiration of tissue.

6.6.2  Subglottic Hemangioma

Several options have been developed to control a 
subglottic hemangioma avoiding a tracheotomy. Endo
scopic reduction of hemangiomas was first proposed 
using CO

2
 laser. It proved useful for small lateral 

hemangiomas but could induce subglottic stenosis in 
larger ones. Open surgical excision was then devel-
oped until other lasers (i.e., KTP and thulium lasers) 
became available. Microdebriders have also been used 
to excise hemangiomas under spontaneous ventilation 
without postoperative intubation or short-term intuba-
tion. Whatever technique is proposed, it should limit 
the risk of adding stenosis. Mitomycin can be applied 
at the end of the procedure to try to limit this risk.

6.6.3  Bilateral Paralysis

Bilateral paralysis can be critical for the airway. Open 
laryngoplasty with posterior cricoid graft has given 

excellent results, which have also been obtained 
through an endoscopic approach consisting of unilat-
eral or bilateral posterior cordectomy. The debate 
remains on when to choose a surgical option as spon-
taneous recovery can be observed during the first years 
of life. Some teams prefer to wait for this with a tra-
cheotomy in place. Comparison of the morbidity asso-
ciated with a tracheotomy and that of the various 
procedures is part of the debate.

6.6.4  Recurrent Papillomatosis

Recurrent papillomatosis of the larynx is managed in 
different ways from one center to another. Excision 
can be performed with cold instruments, CO

2
 laser, or 

microdebriders. As the recurrence rate is usually high, 
one should preserve the vocal cords as much as possi-
ble. Cidofovir has been used with interesting short and 
midterm results without damaging the normal tissues 
and, in the best cases, allowing the larynx to return to 
normal. No curative treatment is available so far.

6.6.5  Small Anterior Webs

Small anterior webs can be divided endoscopically. 
Recurrence of the web may be limited by application 
of mitomycin at the end of the procedure.

6.6.6  Vocal Fold Nodules and Polyps

Epithelial pathology is cut off using a heart-shaped 
forceps to the ipsilateral side and a knife or scissors 
to the opposite side, taking care not to damage the 
anterior commissure. The intervention can then be 
terminated.

6.6.7 � Cysts, Epithelial Bridges,  
and Sulcus Glottidis

Subepithelial pathology is removed by performing 
chordotomy with a disposable knife. Injection of saline 
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or saline with a vasoconstringent such as epinephrine 
in Reinke’s space may be useful. A cyst can be bluntly 
dissected and displayed nicely (Fig. 6.1). The safest 
way to treat a sulcus appears to be by simple removal 
of the deep, adherent part of the sulcus. After chordo-
tomy, the epithelial flap may be glued back using fibrin 
glue or left to heal spontaneously depending on the 
extent of loose epithelium.

6.6.8  Intubation Granulomas

Intubation granulomas (Fig. 6.2) may be left to disap-
pear spontaneously, but if their size hampers a free 
airway—especially during an attempt to extubate—
these granulomas should be removed with the inter-
mittent apnea technique. Using the intermittent apnea 
technique, it is possible to administer mitomycin C. 
Small pads soaked in mitomycin C (5 mg/ml) are held 
on the wound for 2 minutes. The patient is then venti-
lated again, and after reoxygenation the wound is 
cleaned with pads soaked in 0.9% saline. After this 
apneic period the patient is awakened.

6.7   Postoperative Care

After surgery for obstructive airway, antacids are gen-
erally used to cover at least the healing period. If post-
operative intubation was avoided but there is residual 
stridor, epinephrine and steroids can be given.

After a phonosurgical intervention the patient is 
generally put on voice rest. The definition of voice rest 
is under discussion, as is the application. For the first 
author of this chapter, voice rest means total silence: 
no speaking, whispering, laughing, or crying. The 
patient and parents are counseled on total postopera-
tive silence twice: when the indication for intervention 
is made and the day before the intervention. The child 
is aware of this, and takes paper or a laptop with him 
during admission in the hospital. Postoperatively, the 
child is informed about the surgical findings and is 
shown pictures made during the intervention; the 
importance of voice rest is stressed again.

The duration of voice rest depends on the surgical 
technique applied. In the case of an epithelial interven-
tion there is a small wound, which heals fast. Voice rest 

is applied for the day of the intervention and the first 2 
days afterward. In the case of a subepithelial interven-
tion there is a larger wound, which heals more slowly. 
In these cases, voice rest is applied for the day of the 
intervention and the following 5 days.

Two weeks after the intervention the patient is inter-
viewed and seen at the Voice Clinic, where videolaryn-
gostroboscopy takes place. The patient is encouraged 
to use the voice normally again but is discouraged 
from using the voice for singing or during sporting 
activities for an additional 2 or 3 weeks. Typically, no 
voice therapy is prescribed.

In contrast, the second author believes that there is no 
age limit for performing elective surgery, and the child 
and parents are only instructed to speak as little as pos-
sible, preferably pointing or gesturing to ask for some-
thing, during the same periods mentioned above 
according to the degree of the pathology. This is because 
it is presumed that children are basically unable to refrain 
completely from speaking unless they are strictly brought 
up. Thus, the patient might feel guilty if the operation is 
not successful and believe that it was due to him or her 
speaking. (There is no literature proving the effect of 
complete voice rest postoperatively.) As with adults, they 
are also instructed not to shout or whisper during the 
above-mentioned immediate postoperative period. 
Singing and/or returning to school should be postponed 
until complete healing has taken place, which varies 
from 10 days for small lesions up to 3 weeks for large 
lesions. Voice therapy may be applied when the healing 
is complete in cases where vocal abuse is presumed to be 
of pathogenic importance, such as with the formation of 
vocal nodules or in patients with continuing hoarseness 
despite a normal appearance of the vocal cords.

The patient is asked to return 3–4 months postop-
eratively for the final visit. At that time extensive post-
operative voice rating is conducted by the speech and 
language therapist, comparable to the tests performed 
preoperatively (Table 6.1).

6.8  Tips and Pearls

Surgical instruments used for elective laryngeal •	
surgery in children are similar, but smaller, than the 
instruments used in adults. One should be equipped 
with a wide range of laryngoscopes, fitted for each 
age group.



6  Laryngeal Surgery in Children	 89

For the surgery, it is necessary to have a basic set of •	
surgical tools, which have been described in detail 
in chapter 6.5.1.
Several lasers are available, with CO•	

2
 lasers being the 

most frequently used in pediatric laryngeal surgery.
Microdebriders have shown to be highly effective. •	
The technique requires careful use so normal struc-
tures are not damaged.
After surgery for an obstructed airway, antacids are •	
generally used to cover at least the healing period. 
If postoperative intubation was avoided but there is 
residual stridor, epinephrine and steroids can be 
given.
After phonosurgical intervention the patient is gen-•	
erally put on voice rest.
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7.1  Introduction

7.1.1  Background

The delicate balance between surgery and preserva-
tion of organ function can have no greater illustration 
than within the larynx. Treatment of any laryngeal dis-
order requires a detailed knowledge of both diagnostic 
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Core Messages

Benign neoplasms of the larynx are uncom-››
mon, with the exception of papillomas, which 
comprise up to 95% of this group.
Symptoms associated with these benign ››
tumors reflect site and size; in general, dys-
phonia, dyspnea, and dysphagia are the most 
common patient complaints and a cause should 
be thoroughly sought.
The diagnosis of a benign laryngeal neoplasm, ››
although suspected by the duration of the his-
tory and the physical examination, must be 
confirmed by biopsy or at least investigation 
when a vascular neoplasm is suspected (e.g., 
hemangioma or paraganglioma).
Certain tumors have a predilection for ana-››
tomical sites in the larynx. The supraglottis is 
the most common site (80%), followed by the 
glottis and subglottis. This information may 
hinder the accuracy of the diagnosis if one 
relies on the clinical examination alone.
Once diagnosed, most benign neoplasms can ››
be treated by surgical excision. The surgical 
approach and excision depend on the tumor 
size and location; but in general, preservation 
of laryngeal function is the primary aim of 
treatment in the form of complete excision 
with tumor-free margins.

Certain neoplasms—papillomas, oncocytic ››
tumors, pleomorphic adenoma, lymphangiomas, 
neurofibromas, fibromatosis, paragangliomas, 
rhabdomyomas—have a tendency to recur, be it 
months or even years, following incomplete 
excision.
Differentiation of benign from malignant ››
tumors is vital. Paragangliomas, neurofibro-
mas, and chondromas, among others, have 
malignant variants, with certain granular cell 
tumors, hemangiopericytomas, and others 
having histological features that mimic those 
of malignant disease. Reliance on expert histo-
pathologists is crucial for accurate, appropri-
ate treatment.
With improvements in imaging, histopathology, ››
and surgical techniques—endoscopy, micro-
scopic magnification, application of lasers—
there has been marked improvement in the 
accuracy of diagnosis and the ability to perform 
precision excision surgery for benign tumors. 
This means more preservation and restoration of 
laryngeal function than was previously possible. 
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and therapeutic surgical interventions and their impact 
on vocal and laryngeal function. Whereas the objec-
tives of surgery for malignant tumors permit a more 
pyrrhic approach, surgery for benign laryngeal tumors 
demands particular consideration and application. 
Furthermore, a thorough appreciation of the patholog-
ical processes at work and their prognostic significance 
aid surgeons in making the best possible treatment 
choices for their patients.

7.1.2  General Principles

The presence of a mass lesion in the larynx can pro-
voke numerous acute, chronic, progressive, or even 
life-threatening symptoms. When assessing the patient 
with a potential laryngeal tumor, a thorough history 
should be taken with particular emphasis on the age of 
the patient, the temporal course of the symptom com-
plex, the presence of infection, any previous surgery or 
trauma, and the presence or absence of respiratory, 
vocal, or swallowing symptoms—all of which give 
clues as to the nature and extent of any tumor. Although 
the experienced laryngologist may be able to make an 
accurate clinical diagnosis using a flexible nasendo-
scope in the outpatient clinic, evidence suggests that 
the accuracy of diagnosis based on visual examination 
alone is subject to some variation [10].

The initial decision to operate depends on detailed 
visual inspection of the lesion, histological diagnosis, 
and a need to establish that the tumor is not malignant. 
Also, a contemporary meticulous endoscopic exami-
nation of the entire upper aerodigestive tract is required 
to assess the size, position, consistency, and extent of 
any tumor, in addition to excluding any concurrent 
aerodigestive tract pathology. Furthermore, informa-
tion relating to endoscopic and surgical access and the 
potential for resection should be carefully considered 
when planning future definitive surgical management. 
Indications for surgery beyond this first therapeutic 
step include failure of conservative measures, symp-
tomatic relief, maintenance of organ function, and 
concern about any potential for malignant transforma-
tion. Ultimately, the method by which resection is 
done is dependent on both tumor and patient factors, 
the experience of the operating surgeon, and the facili-
ties available to them.

7.1.3  Classification

The definition of noncancerous or benign tumors of the 
larynx requires some elaboration. In 1938, New and 
Erich [51] published the Mayo Clinic experience of 
722 patients presenting with benign laryngeal pathol-
ogy. The authors proposed that as true proliferative 
neoplasms were often clinically indistinguishable from 
nonproliferative inflammatory or hyperplastic growths 
the term benign tumor should be used to encompass all 
abnormal growths of tissue in the larynx that lacked 
malignant or metastatic properties. In 1951, a similar 
analysis of 1197 patients with benign laryngeal growths 
by Holinger and Johnstone [30] assented to the New 
and Erich recommendation. Since then, some authors 
have revised the concept, classifying vocal fold nod-
ules, laryngeal polyps, cysts, and nonspecific granulo-
mas to be mucosal reactive inflammatory disorders and 
therefore nonneoplastic in nature [5].

Notwithstanding these various viewpoints, the 
principles of management remain analogous. A 
nomenclature based on the authoritative surgical head 
and neck pathological tomes [5, 44] is shown in 
Table 7.1. True benign neoplastic tumors of the lar-
ynx are rare (Table 7.2). New and Erich [51] reported 
around 210 such tumors in a series of 722 patients 
presenting over a 30-year period. Among them, 194 
of the 210 (92%) were squamous papillomas. Holinger 
and Johnstone [31] reported a similar series collected 
over 15 years. They reported 125 true benign tumors, 
of which 115 (92%) were papillomas. In a series from 
Pittsburgh, Barnes [5] reported 404 true benign neo-
plasms over a period of 38 years. Among these 
patients, 326 (81%) had papillomas; the remaining 78 
(19%) were classified as nonpapilloma lesions. A 
combined European series from the university depart-
ments in Marburg and Giessen, Germany, reported 
[23] 181 true benign neoplasms in a series of 2223 
benign tumors or tumor-like lesions. Of these tumors, 
only 32 were not papilloma-related. Contemporary 
series concur with these early findings and show that 
the papilloma accounts for up to 95% of all nonmalig-
nant laryngeal tumors [50] (Table 7.2). Thus, otolar-
yngologists may expect to see only a handful of cases 
during their careers.

The present chapter concentrates on surgery for 
those lesions considered “true” benign proliferative 
neoplastic tumors. We reserve the management of 
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reactive mucosal and inflammatory lesions for another 
discussion.

7.2  P apillomas

7.2.1  General Considerations

Squamous papillomas are the most common benign 
tumors of the larynx. Barnes (2001) [5] classified pap-
illomas into two histological types: keratinized and 
nonkeratinized. Keratinized papillomas (papillary ker-
atosis) occur mainly in adults and are mostly solitary 
lesions that arise from the true vocal cord. Most kerati-
nized papillomas are not related to viral infection but 
are associated with smoking; they can be associated 
with malignant transformation. Keratinized papillomas 

variably recur following simple excision [5]. Recurrent 
respiratory papillomatosis (RRP), or nonkeratinized 
papilloma, is the most frequently occurring benign 
laryngeal neoplasm. The estimated incidence is around 
4 per 100,000 population in children and 1–2 per 
100,000 population in adults [13, 56]. A disease of 
viral etiology, RRP is both a neoplastic and an infec-
tious phenomenon caused by the human papilloma 
viruses (HPV). More than 90 subtypes of HPV are rec-
ognized, with HPV-6 and HPV-11 most commonly 
found in laryngeal papilloma [76]. RRP occurs in 
response to mucosal infection with HPV and can 
develop on any mucosal surface of the upper aerodi-
gestive tract. RRP has a tendency to form at anatomical 
sites of junctions between squamous and ciliated epi-
thelium: papillomas occur most often at the nasal valve, 
the nasopharyngeal surface of the soft palate, the laryn-
geal surface of the epiglottis, the upper and lower mar-
gins of the ventricle, the undersurface of the vocal 
folds, the carina, and at bronchial spurs. The most fre-
quently affected site at diagnosis in both the pediatric 
and adult populations is the larynx (Fig. 7.1).

The incidence of RRP is bimodal, giving rise to two 
distinct forms: juvenile onset and adult onset [14]. The 
juvenile onset variant RRP (JO-RRP) is more aggres-
sive than the adult form. Most investigators consider 
RRP to be of adult onset if the patient is older than 
16–20 years of age at diagnosis. Adult-onset RRP is 
diagnosed most frequently between the ages of 20 and 
40 years and shows a slight male preponderance [13].

In RRP, HPV-11 subtypes have been shown to have 
a more aggressive clinical course, with higher rates of 
recurrence, poorer response to adjuvant therapy, greater 
respiratory spread, and increased need for tracheos-
tomy [21]. Some authors have recommended that all 
patients with RRP should undergo HPV typing early in 
the course of the disease. Identification of those patients 
with high-risk subtypes would theoretically allow 
modification of treatment regimens, such as by early 
intervention with adjuvant therapy. The incidence of 
carcinoma developing in patients with RRP is reported 
at 1–7% [5, 57]. Laryngeal cancer complicating RRP 
has an increased association with HPV-11, HPV-16, 
and HPV-18 infection, previous exposure to radiation, 
and the JO-RRP variant [5, 22, 57]. As patients with 
RRP may also be heavy smokers and drinkers, larger 
studies are required to clarify any causal or synergistic 
relation that may exist between HPV (and/or its sub-
types), RRP, and carcinogenesis. (Fig. 7.2)

Epithelial
Squamous epithelium
  Recurrent respiratory papillomatosis
  Keratinized papilloma
Glandular
  Pleomorphic adenoma
  Oncocytic tumor
Nonepithelial
Vascular
  Hemangioma
  Lymphangioma
Cartilage and bone
  Chondroma
  Giant cell tumor
Muscle
  Leiomyoma
  Rhabdomyoma
  Angiomyoma
  Epithelioid leiomyoma
Adipose
  Lipoma
Neural
  Neurilemoma
  Neurofibroma
  Paraganglioma
  Granular cell
Pseudotumors
  Fibroma
  Inflammatory fibroblastic
  Amyloid
  Laryngeal cysts

Table 7.1.  Pathological classification of benign laryngeal 
tumors
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New Holinger Barnes Narozny Glanz

Series duration (years) 30   15   38   45   12b

Total no. of true proliferative neoplastic tumors 210 125 404 291 171
Squamous papillomasa

  Total 194 (92%) 115 (92%) 326 (81%) 277 (95%) 149 (82%)
Nonsquamous papillomas
  Adenoma 1   0   0   1   1
  Chondroma/osteochondroma 7   2   3   2   5
  Fibroma 6   0   0   0   0
  Fibromatosis 0   0   1   0   0
  Fibrous histiocytoma 0   0   2   1   3
  Granular cell 0   0   12   2   2
  Hemangioma Unknownc   4   9   6   8
  Lipoma 1   0   3   0   5
  Lymphangioma 0   1   2   0   1
  Myxoma Unknownc   0   0   0   0
  Neurilemoma 0   0   2   1   1
  Neurofibroma 1   1   3   1   0
  Nodular fasciitis 0   0   1   0   0
  Oncocytic 0   0   35   0   0
  Other 0   2   0   0   3
  Paraganglioma 0   0   2   0   3
  Adenoma 0   0   1   0   0
  Rhabdomyoma 0   0   2   0   0
  Total 16 (8%)c   10 (8%)   78 (19%)   14 (5%)   32 (18%)

Table 7.2.  Select series of benign laryngeal tumors

aIncludes adult and juvenile variants
bTwo 6-year series combined
cAuthors unsure of precise nature of many angiomas and myxomas with most estimated to be of inflammatory etiology and only “a 
few” true neoplasms

Fig. 7.2.   Recurrent respiratory papillomatosis (RRP). After 
CO

2
 laser AcuBlade ablation

Fig. 7.1.  Recurrent respiratory papillomatosis (RRP). Endo
scopic view
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7.2.2  Indications

The main indications for surgery in patients with RRP 
are the need for histological diagnosis, maintenance of 
an adequate airway, and preservation of laryngeal and 
vocal function. As RRP represents an as yet undefined 
alteration of mucosal immunosurveillance rather than 
a simple mechanical change, surgery for the disease is 
rarely curative even after en bloc resection of the papil-
lomatous epithelium. Latent HPV DNA has been 
shown to be present in biopsy specimens from unin-
volved sites and from patients in apparent remission. 
As the epithelium regenerates after surgery, reinfection 
occurs from virus present in this “normal”-appearing 
mucosa [58]. The philosophy of surgery for RRP must 
be altered accordingly. In this situation, the tenet of 
“less is more” applies. Removal of disease most com-
monly occurs under general anesthesia. Some patients 
with mild disease require only a few treatments. 
Patients with more aggressive variants can require 
monthly or bimonthly surgery to promote disease 
regression. This is one reason why office-based proce-
dures are gaining popularity (see below).

7.2.3  Specific Assessment

The most common presenting symptom of RRP in 
adults is some degree of hoarseness or dysphonia and 
sometimes shortness of breath. These voice changes 
may be subtle and can persist for many years. 
Occasionally, adult-onset RRP behaves like the more 
aggressive juvenile variant. Here, the patient may 
develop progressive dyspnea, stridor, and even acute 
life-threatening airway compromise. Preoperatively, it 
is useful to evaluate the location and morphology of 
the papilloma using a flexible nasendoscope. Macro
scopically, papillomas are pink or white, sessile or 
exophytic, pedunculated or broad-based. Occasionally, 
the papilloma develops across a wide field, appearing 
like a carpet or velvety sheet of disease, requiring high 
levels of magnification to localizes it accurately. As the 
disease can affect different anatomical sites in the lar-
ynx, it is important for the surgeon to be comfortable 
with several surgical methods and instruments. Con
sideration of these characteristics can guide the surgeon 
to select the most effective resection technique.

7.2.4  Surgical Techniques

For treating RRP, the menu of surgical options include 
microsurgical cold steel, carbon dioxide (CO

2
) laser, 

microdébridement, and office-based angiolytic laser 
treatment. As new techniques have been developed, some 
investigators have preferred one method over another 
[20]. The approaches for surgical removal of RRP remain 
controversial. It should be remembered that no surgi-
cal method has been shown to eradicate RRP; therefore, 
it remains a chronic disease where surgical techniques 
and instrumentation should be selected to enable the sur-
geon to achieve the goals of surgery as described above.

7.2.5  CO
2
 Laser

The principals of CO
2
 laser ablation are relatively sim-

ple. At a wavelength of 10,600 nm, light is converted 
to thermal energy, which is absorbed by water in the 
target tissues. This causes tissue destruction by vapor-
ization at the molecular level. Two modes—pulsed and 
continuous—are currently in common use. The pulsed 
mode produces the fastest vaporization, the least col-
lateral thermal injury, and the least char. Pulsed mode 
at low power (up to 5 W) allows control over the inci-
sion, prevents adjacent thermal damage to the anterior 
commissure, and avoids a hole of unintended depth 
(while pausing). Bleeding can be a problem with the 
pulsed mode, whereas the continuous mode results in 
more coagulation but with more risk of collateral ther-
mal injury. Manipulation of the laser spot size and 
“mode” allows the operator to switch between vapor-
ization of large areas of bulky disease or more precise 
targeted removal of smaller areas.

The CO
2
 laser operative techniques are described in 

detail elsewhere. However, in brief, this is our approach. 
The operating team consists of a lead scrub nurse, a laser 
nurse, and a circulating nurse. The laser nurse is free to 
manage the laser, allowing the other members of the 
team to concentrate on their duties. All personnel wear 
protective goggles and approved laser filtration masks 
with spare goggles and appropriate warning signs placed 
outside the operating room. The room is set up with the 
suspension microlaryngoscope system of choice; a 
selection of laryngoscopes, ventilating bronchoscopes; 
and Hopkins Rod telescopes; and a set of suction and 
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microlaryngeal instruments. An operating microscope is 
fitted with a 400-mm lens and a CO

2
 laser micromanipu-

lator. A video-endoscope “stack” equipped with a moni-
tor, light source, and digital recording equipment is also 
used. The anesthesia technique during laser surgery 
reflects personal preference, experience, and institu-
tional protocols. Nonintubation methods are popular 
and include spontaneous breathing, apneic, and jet ven-
tilation techniques. The advantages of these methods 
include no flammable material in the airway so the risk 
of fire is minimized and there is excellent visibility of 
the surgical field. Intubation techniques utilize “laser 
safe,” or “armored,” endotracheal tubes, and care must 
be taken to use them in accordance with the manufactur-
ers’ recommendations.

Precise operation of the laser depends on the location 
and morphology of the lesion or lesions. Generally, a 
defocused spot in continuous mode is utilized for bulky 
lesions, and a narrow focus spot size in pulsed mode is 
reserved for areas where minimal damage to laryngeal 
structures is desired. Andrus (2005) [2] described a 
“laser brush” technique for sessile papillomatous growth. 
With this method, the laser is set to the lowest power 
setting (2–3 W) that allows adequate vaporization of tis-
sue. The time exposure is set at 1 second and the spot 
size diameter at 0.3 mm. The laser is then applied to the 
broad surface of the papillomas in brush strokes in an 
anterior-to-posterior direction. This causes superficial 
vaporization and carbonization of the surface of the 
lesion. The char is removed with a saline-soaked neuro-
surgical pad (“the brush”) and microsuction. The depth 
of removal can easily be assessed at high magnification 
and the laser used in repeated brush strokes until the 
uninvolved submucosal layer is identified (Fig. 7.3).

7.2.6  Angiolytic Laser Treatment

The philosophy of angiolytic laser treatment for RRP 
appears a sound one. In theory, laser energy between 
500 and 600 nm wavelengths is selectively absorbed 
by intravascular oxyhemoglobin, resulting in coagula-
tion of target tissue vasculature. In contrast, CO

2
 laser 

energy at 10,600 nm is absorbed mainly by water, the 
primary constituent of most human tissue. Control over 
CO

2
 laser selectivity is therefore limited, and collateral 

damage to normal tissue is predictable. In 1998, inves-
tigators demonstrated application of the 585-nm pulsed 
dye laser (PDL) to RRP in the human larynx. Early 
results showed that, compared to the CO

2
 laser, PDL 

was capable of comparable levels of disease regression 
and reduced risk of normal tissue damage [20]. A fur-
ther advantage of PDL is that it can be deployed in the 
office setting under local anesthesia [12, 20].

Treatment with PDL may be associated with some 
complications, including perivascular extravasation, 
which appears as a characteristic “purpura” in the sur-
rounding tissues at surgery. Bleeding occurs when 
blood in the vessel lumen is heated too rapidly, leading 
to vessel wall rupture before coagulation has occurred. 
This can be avoided by balancing the relatively short 
pulse width of the PDL (0.5 ms), the energy settings for 
that pulse, and delivery of the amount of energy required 
for coagulation to a moving target (varying fiber-to-
tissue distance.) The loss of operative visualization, the 
patient coughing, and/or the inevitably absorption of 
laser energy by blood in the surrounding area rather 
than the target tissues can limit use of the PDL [20].

Issues surrounding the size of the PDL fiber (0.6 mm) 
and coupling it to the working channel of existing fib-
reoptic equipment has led to interest in the potassium-
titanyl-phosphate (KTP) laser as an alternative 
angiolytic application. The KTP laser wavelength of 
532 nm is strongly absorbed by oxyhemoglobin, and 
its small fiber diameter of 0.3–0.4 mm allows easier 
use with existing flexible laryngoscopes. Furthermore, 
in theory adjusting the pulse width to 15 ms allows 
slower, more uniform coagulation with less extravasa-
tion and collateral photothermal injury [81]. One 
weakness of both PDL and KTP angiolytic laser ther-
apy is that they are not as effective for bulky disease as 
conventional surgery.

It may be that utilizing cold steel, microdébride-
ment, or CO

2
 laser as an initial treatment strategy with 

angiolytic laser therapy reserved for maintenance or 
Fig. 7.3.  Recurrent respiratory papillomatosis. Microscopic 
view (H.E)
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follow-up surgery will evolve. Some predict that out-
patient-based angiolytic laser therapy will supplant 
CO

2
 laser ablation as the primary mode of follow-up 

surgical management for RRP [2, 81].

7.2.7  Microdébrider

Adaptation of the powered microdébrider system for 
laryngeal use in RRP was first reported by Myer in 
1999 [47]. Equipped with suction, angled oscillating 
blades, and irrigation, the microdébrider system can be 
deployed in the larynx under suspension laryngoscopy 
or in conjunction with a handheld Hopkins rod. 
Refinements and proliferation of instrument designs 
have led to the growth in the popularity of this system, 
and supporters claim several safety advantages over 
the CO

2
 laser. They include the absence of a laser 

plume, no risk of ocular or other laser injury to the 
patient or personnel, and no risk of airway fire. 
Furthermore, use of the microdébrider system is less 
intensive in terms of equipment charges and operating 
room staff. Some investigators report a significant 
reduction in operating times and increased cost-effec-
tiveness compared to similar CO

2
 laser procedures. A 

survey of members of the American Society of Pediatric 
Otolaryngology showed that use of the microdébrider 
has overtaken the CO

2
 laser as the method of choice 

for surgical removal of papillomas in the pediatric 
population [65]. However, those who advocate preser-
vation of as much of the remaining (voice-producing) 
superficial lamina propria as possible suggest that the 
technique is insufficiently controlled, especially for 
patients desiring a career of professional voice use.

7.3  Adjuvant Therapy

7.3.1  General Considerations

Some progress is being made toward developing effec-
tive medical treatment for RRP, and these authors hope 
that the the surgical treatments discussed above will one 
day be outdated. Current antiviral adjuvant treatments in 
limited use for RRP include cidofovir, interferon-a, and 
indole-3-carbinol. Novel agents undergoing Phase III tri-
als include fusion proteins (heat-shock-protein E7,) and 
cyclooxygenase-2 inhibitors (celecoxib.) Furthermore, 

prophylactic immunization against HPV infection, as 
licensed for cervical HPV infection in young women, 
is now possible, although large populations would need 
to be treated to prevent one case. There are currently no 
formal guidelines, and no substantial randomized con-
trolled trials of adjuvant therapy for RRP. The decision 
to offer adjuvant therapy therefore must be individual-
ized and based on the frequency of surgical interven-
tions, the morbidity of frequent surgeries, and the 
recurrence pattern of the papillomas balanced against 
the possible risks and side effects of these agents (e.g., 
the possible mutagenic effects of cidofovir). Exami
nation of the available retrospective literature suggests 
that patients requiring four or more surgical interven-
tions per year for 2 years, suffering from distal, multi-
site spread of the disease, and/or rapid regrowth with 
airway compromise might be candidates for adjuvant 
treatment [14, 65]. Furthermore, as the clinical evi-
dence defining the precise role for these adjuvant thera-
pies is limited, informed consent and consideration of 
enrollment in clinical trials are important.

7.3.2  Cidofovir

The use of the intralesional antiviral agent cidofovir 
{1-[(S)-3-hydroxy-2-(phosphonomethoxy)propyl]
cytosine dihydrate} (HPMPC) in RRP was first 
described in 1995 [72]. Since then numerous studies 
have reported favorable results in terms of disease 
regression and remission following direct intralesional 
injection in adults [15, 54]. Interpretation of these and 
other data is complicated by the wide variation in the 
total dose given (2–57 mg), the frequency (2–8 weeks) 
and duration of treatments (months to years), and the 
concurrent use of surgical and other adjuvant treat-
ments [67]. In addition, the heterogeneity in case series 
between adult and juvenile populations further con-
founds the interpretation of outcomes.

The precise dose, frequency of administration, and 
duration of treatment for cidofovir in adults with RRP 
is unclear. Systemic toxicity for intralesional cidofovir 
seems low [68]. Some studies have reported the use of 
cidofovir in the adult population using concentrations 
of 2.5–6.5 mg/ml with volumes of up to 6–8 ml per 
therapeutic session, administered every 2–4 weeks for 
up to 19 months. Others have utilized higher concen-
trations (37.5 mg/ml) delivered in smaller treatment 
volumes (up to 57 mg per therapeutic session) via a 
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percutaneous route [11]. The use of cidofovir therefore 
remains controversial. We recommend using intrale-
sional cidofovir in moderate to severe disease where 
there is a need for frequent surgery and deteriorating 
vocal and airway function. Furthermore, informed 
consent should be obtained after detailing the potential 
side effects including nephrotoxicity and carcinogen-
esis risks. Concerns over long-term efficacy and poten-
tial side effects of malignant transformation mandate 
adequately powered randomized, controlled trials.

7.3.3  Interferon-a

The interferons are a group of natural proteins produced 
by the body in response to infection. Interferons may be 
classified as alpha, beta, or gamma and are named after 
their ability to interfere with viral replication. These 
substances have been synthesized for clinical use using 
recombinant DNA techniques. In therapeutic doses, 
interferon can produce considerable side effects, includ-
ing flu-like symptoms such as fatigue, headache, and 
general aches as well as, less regularly, hypothyroid-
ism, arthritis, thrombocytopenia, and psychiatric distur-
bances. In 1981, Haglund [26] described the use of 
human leukocyte interferon in a small cohort of patients 
with RRP. Since then, various studies have demon-
strated the usefulness of interferon-a in severe RRP 
requiring frequent surgical interventions [22, 28, 38]. 
The long-term effectiveness of interferon-a is still con-
troversial [2, 22, 38]. Combined with its side effect pro-
file and the development of newer adjuvant strategies, 
the use of interferon-a in RRP seems to be declining 
[65], and we suggest that it be reserved as a third-line 
treatment for patients with airway obstruction.

7.3.4 � Specific Recommendations 
According to the Technique

It is important to remember that RRP is not typically 
cured by surgical removal of disease, and the infectious 
nature of RRP eventually manifests as a recurrence. An 
aggressive surgical strategy therefore does not lead to 
reduced recurrence or a chance of cure. It should also be 
understood that RRP is limited to the surface epithe-
lium. The principles of surgery, irrespective of the tech-
nique chosen, should be tailored to precise, careful 

removal of the disease taking into consideration the 
preservation of underlying structures and vocal func-
tion. This is particularly important in relation to the glot-
tis and subglottis, where overly aggressive ablation can 
result in severe scarring and dysfunction. Preservation 
of even small areas of mucosa with intact superficial 
lamina propria may make a huge difference to voice 
outcomes Extreme care should be taken in the areas of 
the anterior and posterior commissure. Papillomas 
should not be removed from both sides of the anterior or 
posterior commissure simultaneously as it can lead to 
web formation. An anterior commissure spatula or 
retractor should be used to protect one side of the ante-
rior commissure while laser ablation or laser excision is 
performed on the other side.

7.3.5 � Recommendations for Follow-Up 
(Postoperative Care)

We encourage patients with stable disease requiring 
fewer than three or four procedures per year to self-
refer as often as they feel it is necessary. For new 
patients, frequent office visits are employed to develop 
trust and a good working relationship. However, the 
development of more reliable, fast, low-morbidity 
office-based treatments may alter this stratagem.

7.4  Hemangioma

Laryngeal hemangiomas are rare but important as they 
may present with significant airway obstructive symp-
toms. Ferguson [18] classified hemangiomas into two 
groups: pediatric (10%) and adult (90%) types. The 
pediatric type is typically subglottic (Fig. 7.4). The 
pathogenesis of hemangiomas remains controversial 
as to whether they represent a true neoplasm or a con-
genital abnormality. Their behavior is sometimes 
aggressive, in which case it should be considered a 
malignant neoplastic lesion. When such lesions pres-
ent in the adult, they usually arise on or above the vocal 
cords, and patients present with vague, often extended 
histories of hoarseness and occasional dysphagia. 
These tumors are seen more frequently in men (60–
70%), and most are cavernous-type hemangiomas (the 
others being capillary type). The tumors are mostly 
rounded, projecting or pedunculated, purplish growths 
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arising on or above the vocal cords. Occasionally, they 
are larger sessile tumors that extend submucosally into 
the laryngopharynx (Fig. 7.5) [36]. As a rule, the only 
symptom is hoarseness, and they rarely progress to the 
point of causing respiratory narrowing or obstruction. 
Although most angiomas are benign growths, some are 
multicentric and the term “hemangiomatosis” is 
applied; these lesions may be part of a variety of clini-
cal syndromes such as Rendu-Weber-Osler and the 
Sturge-Weber dyscrasia.

7.4.1  Management

Surgery is the treatment of choice, but the potential for 
severe hemorrhage during biopsy or excision is well 
documented [18]. Since the introduction of laser therapy 
for vascular lesions, the management of laryngeal heman
giomas has proven useful. The use of photocoagulation 
with Nd:YAG laser has offered the clinician an effective 
alternative therapy that is minimally invasive and has 
few complications [80]. Success also has been reported 
with the use of CO

2
 laser excision. Occasionally, use of 

the laser requires staging and time spacing of the surgi-
cal procedure to allow complete resolution of the post-
operative laryngeal tissue inflammation and edema. 
Some patients require a temporary tracheostomy during 
the course of these laser procedures [41].

7.5  Hemangiopericytoma

Hemangiopericytomas are rare but are highlighted 
because they can present diagnostic and histological 
dilemmas (Fig. 7.6) [7]. These lesions present as a 
supraglottic cyst-like mass that usually has a vascular-
type appearance. The mass is firm, solid, pedunculated 

Fig. 7.4.  Pediatric subglottic hemangioma (horseshoe shape)

Fig. 7.5.  Hemangioma of the left arytenoid of an adult patient

Fig. 7.6.  Hemangiopericytoma developed from the subglottic 
area. Computed tomography (CT) of the right side of the cricoid 
cartilage
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or nodular, usually well circumscribed, in a submu-
cosal location, and is up to 4 cm in greatest diameter. 
The surface is covered by intact epithelium with dilated 
vessels. Histologically, the tumor has few mitoses. 
Occasional increased cellularity, pleomorphism, and 
mitotic activity are associated with recurrences or 
metastases in other anatomical locations [49]. The dif-
ferential diagnosis includes hemangioma, angiosar-
coma, glomus tumor, fibrous histiocytoma, leiomyoma, 
synovial sarcoma, malignant melanoma, leiomyosar-
coma, spindle squamous cell carcinoma, and mesen-
chymal chondrosarcoma [49].

7.5.1  Management

Surgical treatment is recommended and may necessi-
tate total laryngectomy (Fig. 7.7), although lesser sur-
gical procedures have been described. Sadly, long-term 
follow-up of such cases is lacking to support a laryn-
geal conservation surgical approach in the light of dif-
ficulties with the histopathological diagnosis.

7.6  Leiomyoma

An extremely rare neoplasm, leiomyoma usually 
occurs in the supraglottic larynx, with the ventricle 
and false cord most often involved, although leiomyo-
mas of the subglottis and trachea have been described. 
These tumors arise from smooth muscle and are pecu-
liar in that there is little smooth muscle in the larynx, 
compared to other parts of the head and neck. The 
tumors are usually sessile, bulging, or polypoidal red-
brown masses that are up to 5 cm in maximum diam-
eter. These masses are usually covered by an intact 
smooth surface epithelium, with a conspicuous vascu-
lar arborizing pattern, although ulceration is noted in 
larger lesions.

Microscopically, leimyomas are distinctly encapsu-
lated masses located in the submucosa and are composed 
of spindle cells arranged in fascicles, whorls, and inter-
secting bundles. Three types of leiomyoma are recog-
nized: the “common” leiomyoma, the vascular leiomyoma 
(angiomyoma), and the epithelioid (leiomyoblastoma). 
All three have been identified in the larynx.

The differential diagnosis includes benign periph-
eral nerve sheath tumors, neurilemomas and neurofi-
bromas, nodular fasciitis, fibromas, and leiomyosarcoma. 
However, any of the spindle cell tumors (inflammatory 
myofibroblastic tumor, contact ulcer, fibrosarcoma, 
spindle cell squamous cell carcinoma, synovial sar-
coma) should also be considered.

7.6.1  Management

Surgical excision with clear margins after confirmation 
of the diagnosis is curative. Because of the vascularity 
of the angiomas, there is a high risk of significant bleed-
ing, with the possibility of recurrence as a result [1].

7.7  Rhabdomyoma

Rhabdomyomas in the larynx arise from striated mus-
cle and are divided into two subtypes based on their 
histological features, not on the patient’s age at presen-
tation: adult type and fetal cellular type [3]. The cur-
rent definition of rhabdomyoma is a benign neoplasm 
of striated muscle tissue, consisting usually of polygo-
nal, frequently vacuolated (glycogen-containing) cells 

Fig. 7.7.  Hemangiopericytoma. Surgical specimen after total 
laryngectomy
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with a fine granular, deeply acidophilic cytoplasm 
resembling myofibrils cut in cross section [33].

Involvement of the larynx is uncommon [39]. Adult 
rhabdomyomas occur more frequently in men than 
women (4:1), with reported ages ranging from 16 to 
76 years (mean 52 years). The adult type presents as a 
single lobulated, polypoidal or pedunculated, nonen-
capsulated, tan-yellow to deep gray-red-brown mass. 
Occasionally, these lesions are multifocal, with lesions 
in more than two locations in the head and neck, 
including the larynx [40]. They may measure up to 
7.5 cm in greatest dimension, but most are 1–3 cm. 
The lesions have been most frequently located to the 
supraglottis or vocal cord (Fig. 7.8) [37]. The fetal cel-
lular type of rhabdomyoma has a similar presentation 
and is usually found in preadolescent patients, although 
it may affect the head and neck region in elderly men 
[9]. There is also a fetal myxoid type that is found in 
the head and neck area of children, especially in the 
postauricular region, although it has also been reported 
in the adult larynx [33].

The benign differential diagnosis for the adult type 
of tumor includes granular cell tumor, oncocytoma, 
paraganglioma, hibernoma, and alveolar soft-part sar-
coma. They are characterized by the presence of a sar-
colemma sheath, rod-like cytoplasmic bodies, and 
cross striations.

7.7.1  Management

Complete surgical excision is curative. Although local 
recurrences have been reported in more than 33% of 
cases treated in the head and neck region, which 

usually result from incomplete resection, it appears not 
to be associated with rhabdomyomas located in the lar-
ynx [31]. Recurrences may present months to years 
after the initial resection. To date, there has been no 
documented case of malignant degeneration of the 
adult-form rhabdomyoma.

7.8  Lipoma

Benign lipomas are commonly encountered in a wide 
variety of locations throughout the body. It is estimated 
that 13% of lipomas occur in the head and neck. 
Laryngeal lipomas are rare, with fewer than 100 cases 
reported. When present, they are most frequently 
located in the aryepiglottic fold (Jungehulsing et al. 
2005). They are mostly found in adults and primarily 
affect men, with fewer than 90 cases reported in the 
literature [75].

In general, these lesions present like cystic lesions: 
encapsulated, smooth, and usually pedunculated 
(Fig. 7.9 and 7.10). Symptoms are few and uncharac-
teristic, making accurate diagnosis difficult. Clinically, 
they can be confused with other benign lesions, such as 
retention cysts or laryngoceles [34]. There has been no 

Fig. 7.8.  Rhabdomyoma in the aryepiglottic fold

Fig. 7.9.  Lipoma. Surgical view during the open neck approach 
after the laryngeal opening
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report of malignant transformation of a solitary lipoma, 
although malignant change in multiple lipomas of the 
larynx and the pharynx has been described [27, 35].

7.8.1  Management

Transoral resection of the lipoma is relatively simple 
and effective with the use of CO

2
 laser. The aim of 

treatment is always a conservative surgical excision, 
with preservation of laryngeal function the surgeon’s 
major intent [27]. Although described, recurrence is 
rare.

7.9 � Neurofibromas and Neurilemoma  
or Benign Schwannomas

Benign neurological lesions are uncommon laryngeal 
tumors. There are two classes of benign neurogenic 
tumors of the larynx: schwannomas and neurofibromas, 
with schwannomas being more frequent. Since the first 
reported case of laryngeal schwannoma in 1925, more 
than 130 laryngeal tumors of neural origin had been 
reported up to 1993 [6], but it is difficult to distinguish 
the exact number of neurilemomas and neurofibromas.

Most schwannomas present in the parapharyngeal 
space, with the head and neck accounting for 25–45% 
identified clinically. The larynx remains a rare site. 
These tumors in the larynx may present at any age, 

with a slight female preponderance. Almost all benign 
neurogenic tumors of the larynx arise in the supraglot-
tis, although the true vocal cord may be involved, with 
fewer than 10 cases reported [70].

They are more likely to affect sensory nerves than 
motor nerves and differ from neurofibromas in that the 
latter are not encapsulated, do not cause symptoms, and 
may be associated with neurofibromatosis type II (von 
Recklinghausen’s disease) [52]. Neurilemomas affect 
both sexes equally, and they occur most often during the 
fifth to sixth decades of life. Neurilemomas typically 
affect nerve sheaths but not usually the nerve fibers. 
Neurofibromas may be single or multiple; multiple 
lesions characterize neurofibromatosis type I [70].

It is important to distinguish between neurofibromas 
and schwannomas. The recurrence rate is greater for 
neurofibromas, and malignant transformation from neu-
rofibroma to malignant neurosarcoma occurs in approx-
imately 10% of cases. In contrast, malignant degeneration 
of schwannomas is extremely rare. Computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) can 
help with the diagnosis, revealing not only the extent but 
the degree of the lipomatous element as well. Compared 
with CT, MRI offers superior soft tissue definition and 
better visualization of the laryngeal musculature [69].

The characteristic finding is a round submucosal 
bulge arising from the false cord and/or aryepiglottic 
fold, obstructing the view of the ipsilateral true vocal 
cord. Symptoms depend on the site of origin. Most neu-
rogenic tumors of the larynx originate in either the 
aryepiglottic fold or the false cord [63]. In these loca-
tions, the nerve of origin is likely to be the recurrent 
laryngeal nerve or the internal branch of the superior 
laryngeal nerve. As the tumor expands, it distorts the lat-
eral larynx and eventually closes the airway and causes 
dysphonia. There are no characteristic features sugges-
tive of neurilemoma on simple inspection, although CT 
and MRI can delineate between benign and malignant 
conditions in large tumors. The pathological diagnosis 
is dependent on three criteria: the presence of a capsule, 
identification of Antoni A and B areas, and a positive 
reaction of the tumor for S-100 protein.

7.9.1  Management

Ideally, a neurilemoma is totally excised, but anatomical 
constraints sometimes make this difficult. The preferred 

Fig. 7.10.  Lipoma. Surgical specimen
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method is microlaryngeal endoscopic excision with 
either conventional microlaryngeal endoscopic instru-
mentation or the use of CO

2
 laser. The open approach 

may be necessary for large lesions. The treatment 
should be individualized with alternatives for an open 
approach via a transhyoid, laryngofissure or a lateral 
pharyngotomy approach.

7.10  Salivary Gland Tumors

Benign pleomorphic salivary adenoma (PSA) of the 
larynx has been reported more than 40 times [16], and 
another series of 11 cases was reviewed in the Japanese 
literature [64]. Males predominate slightly, with an age 
range from 15–82 years, with most cases presenting 
during the fifth to seventh decades. The type and sever-
ity of symptoms depends on the size and location of 
the tumor mass, with dysphonia and dyspnea symp-
toms being most common; some cases have been diag-
nosed en passant. The supraglottis is by far the 
commonest site, followed by the subglottis and the 
glottis (Fig. 7.11). Within the supraglottis the epiglot-
tis is the most common site, located on the laryngeal 
surface most commonly. Only one case has involved 
the whole of one side of the larynx from the valleculae 
to the ventricle. The tumor presented as a mass with 
mucosal deformity without ulceration. The tumor may 
be pedunculated.

The differential diagnosis includes angioma, fibroma, 
cylindroma, lymphoma, schwannoma, aberrant thyroid, 
vestigial cyst, and internal laryngocele. Two cases have 

been reported in which the carcinoma arose in a pleo-
morphic adenoma within the larynx [45, 61].

7.10.1  Management

Surgical removal is curative and depends on the loca-
tion and size of the tumor. Most of these lesions have 
been approached using a conservation surgical 
approach with curative intent. They have included 
endoscopic surgery including laser (Figs. 7.12 and 
7.13) an external approach via a laryngofissure, or later 
pharyngotomy. However, if the tissue analyzed might 
be misinterpreted or an error made, a more extensive 
surgical approach may result; several such occasions 
have been reported. Importantly, the use of radiother-
apy alone in a few cases did not shrink the tumor.

Fig. 7.11.  Pleomorphic adenoma (salivary gland tumor) devel-
oped from the left supraglottis

Fig. 7.12.  Pleomorphic adenoma (salivary gland tumor) after 
endoscopic resection that had developed from the left supraglottis

Fig. 7.13.  Pleomorphic adenoma (salivary gland tumor) that 
had developed from the left supraglottis. Surgical specimen
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7.11  Oncocytoma

Solitary oncocytomas are extremely rare, with few 
reported in the literature. Oncocytic hyperplasia, by con-
trast, is frequently diagnosed in elderly patients and is 
most commonly reported in the supraglottis [19]. 
Oncocytic lesions range from solid proliferation to a 
thin-walled cyst lined by multiple layers of cuboidal epi-
thelium. Oncocytic lesions of the larynx manifest as a 
morphological spectrum of changes, including surface 
metaplasia of the respiratory or squamous epithelium, 
solitary oncocystic “adenomas” (neoplasms), multifocal 
“hyperplastic” masses, and cysts lined by oncocytes. 
Each of these entities is within the benign spectrum of 
oncocytic lesions without any treatment implications. 
However, oncocytic change/metaplasia can be diag-
nosed if it is present diffusely or multifocally throughout 
the larynx. If there is a solid proliferation of oncocytes, 
the designation “adenoma” can be used. Many cysts of 
the larynx are lined by oncocytes, and a clear distinction 
between saccular or ductal cyst and oncocystic papillary 
cystadenoma is not always possible.

7.11.1  Management

Endoscopic excision is curative [50]; it may be endo-
scopic, or a laryngofissure approach may be necessary. 
Recurrences have been reported and are most com-
monly associated with incomplete excision, although 
some may be associated with the development of a 
new lesion from a focus of oncocytic metaplasia previ-
ously undetected [19]. Surgery remains the treatment 
of choice for recurrent disease.

7.12  Necrotizing Sialometaplasia

Two cases of necrotizing sialometaplasia of the larynx 
have been reported. One case presented in the subglot-
tis and the other in the false cord. It is suggested that 
this process is associated with other pathologies or 
processes. Hence, a secondary process occurring in the 
larynx at the same time or some other cause in the 
proximity should be sought, such as cancer. It is 
thought that the likely pathogenesis is vascular com-
promise of the affected area [73].

7.13  Paraganglioma

Neuroendocrine neoplasms of the larynx can be divided 
into two main groups: those of epithelial origin (carci-
noid and neuroendocine carcinoma) and those of neural 
type (paraganglioma) [48]. Paragangliomas are uncom-
mon, slow-growing, generally benign tumors. They 
arise from the paraganglion cells derived from the neu-
ral crest as part of a diffuse neuroendocrine system. To 
date, 76 cases have been identified as fulfilling the spe-
cific criteria laid down to make an accurate diagnosis.

In the larynx, there are two-paired paraganglia: the 
superior and inferior. The superior paraganglia are 
0.1–0.3 mm in diameter and are situated in the false 
cord fold along the course of the superior laryngeal 
artery and nerve. The inferior paraganglia are 0.3–0.4 mm 
in diameter and are found near the lateral margin of the 
cricoid cartilage in the cricotracheal membrane along 
the course of the recurrent laryngeal nerve.

Typically, these tumors arise from the superior 
paraganglia (82%) and have a right-side, female predi-
lection (3:1). Only 11 cases of subglottic paraganglia 
have been reported, again with a female preponder-
ance. An uncommon case with a transventricular loca-
tion and a fixed vocal cord presented a diagnostic 
challenge [25]. The age range is 5–90-plus years, 
although most laryngeal paragangliomas present dur-
ing the fourth to sixth decades.

Examination reveals a red or blue lobulated, submu-
cosal, smooth mass in the false cord. Rarely, it is asso-
ciated with a neck mass, unless it is large enough to 
herniate through the thyrohyoid membrane. The lesion 
bleeds excessively if biopsied. It can be diagnosed with 
radiological imaging and angiography [62].

Histologically, paragangliomas are characterized 
by chief and sustentacular cells. Electron microscopy 
shows neural secretory granules. Chief cells stain posi-
tive for chromagranin and synaptophysin. The pres-
ence of mitotic activity does not correlate with the 
clinical behavior.

7.13.1  Management

The goal of treatment is eradication with preservation 
of maximal laryngeal function. Cryosurgery has been 
attempted, but laryngofissure or irradiation has been 
required following this procedure. No long term 
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follow-up of such cases has been documented. 
Endoscopic removal has been employed by several 
authors but has been associated with frequent recur-
rences. The successful use of CO

2
 laser has been 

reported for a 4 × 4 × 3 cm mass in the supraglottis, 
with a postintubation period of 2 days, a protracted 
hospital stay, and a 5-year tumor-free follow-up [66]. 
Open surgery has in the past achieved excellent tumor 
control with preservation of laryngeal function, even 
when the tumor was located in the subglottis. Irradiation 
has not been reported as successful to date.

7.14  Granular Cell Tumors

Granular cell tumors are uncommon benign lesions that 
can appear anywhere in the body, although they have a 
predilection for the upper aerodigestive tract. In fact, 
50% of all cases present in the head and neck region. 
The incidence of granular cell tumors in the larynx is 
3–10% of cases in adults, and it is rare in children.

In the head and neck, the anterior tongue and the 
larynx are the first and second most common sites of 
these tumors [33, 71]. In the larynx, granular cell 
tumors are located on the posterior third of the vocal 
cord (Fig. 7.14). Symptoms depend on the location and 
size of the tumor, with the most common symptom 
being dysphonia; frequently, however, they are diag-
nosed in asymptomatic persons. The histopathological 
origin and etiology of this tumor are unknown.

Macroscopically, these tumors are described as 
grayish-yellow, smooth but firm, well circumscribed, 
and polypoidal or sessile. As many as 50–65% of laryn-
geal granular cell tumors have pseudoepitheliomatous 
hyperplasia, which can lead to misinterpretation owing 
to the similarity of these lesions to squamous cell carci-
noma. Granular cell tumors are not malignant, and 
malignant transformation has so far never been reported; 
laryngeal malignant granular cell tumors have been 
recorded, however. They metastasize early, and the pro
gnosis is not good. A 34-year-old man, with a histologi-
cally benign granular cell tumor has been reported that 
recurred with rapid growth. The original tumor was 
characterized by atypia and pagetoid extensions into 
the epithelium. It is suggested that such cases be closely 
followed up. They should be distinguished from benign 
cases and should be suspected of behaving as a malig-
nancy that has the potential to metastasize [8].

7.14.1  Management

Treatment is local excision by endoscopic, transoral, 
or laryngofissure methods appropriate to the site of the 
lesion. The recurrence rate after resection with free 
margins has been reported to be 8%, but this increases 
to 21–50% with positive margins. Frozen section anal-
ysis has been used to aid endoscopic excision with CO

2
 

laser and should be considered when there is patho-
logical support for such a technique.

7.15  Giant Cell Tumors

The giant cell tumor is a true neoplasm and is pre-
sumed to be part of a series of tumors more frequently 
reported in long bones—the fibrohistiocytic series. In 
the larynx, giant cell tumors arise in the osteocartilagi-
nous supporting structures of the larynx proper; they 
do not seem to be discrete soft tissue masses. One 
review suggested that 18 true cases have been reported 
[29]. The lesion involves men in their third to sixth 
decades; female patients have not been reported to 
date. Presenting problems include the presence of a 
slow-growing mass and dysphonia.

On examination, a mass is usually palpable, most 
commonly originating in the thyroid cartilage. Endo
scopically, the lesions have proven to be deeply seated 

Fig. 7.14.  Granular cell tumor in the posterior part of the right 
vocal fold
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with an intact overlying mucosa. CT scanning reveals 
a mass with a density intermediate between muscle 
and fat that may or may not show some central cystic 
change. The multinucleated giant cell type is more 
likely to show malignant features than the smaller 
mononuclear cell type. In all laryngeal giant cell 
tumors reported, however, tumors with both cell types 
have been cytologically benign.

7.15.1  Management

Early reports suggested that radiotherapy could be 
used to control these tumors. Modern therapy, how-
ever, suggests that either laryngectomy or hemilaryn-
gectomy can achieve local control and obtain sufficient 
tissue to confirm the pathological diagnosis.

7.16  Chondroma

Laryngeal chondromas are uncommon and are seen most 
often during the sixth to seventh decades of life. The 
most frequent site is the cricoid, followed by the thyroid 
cartilage and, uncommonly, the epiglottis (Fig. 7.15) [4]. 
The exact number reported is unknown because it is dif-
ficult or impossible to distinguish a benign chondroma 
from a low-grade chondrosarcoma; it is suggested that 
the two patterns overlap, and a single tumor can exhibit 
both patterns. This may have occurred because of the 
small size of the biopsy specimen and may not be repre-
sentative of the whole or entire tumor. It is therefore rec-
ommended that if a cartilage tumor is suspected the 
whole of the tumor be excised and subjected to histopa-
thology. The treatment and prognosis of chondroma and 
low-grade chondrosarcoma is similar [32]. Should an 
excised chondroma recur, one should seriously doubt the 
accuracy of the initial diagnosis—it probably had been a 
low-grade chondrosarcoma all along.

7.16.1  Management

Surgery has always been the treatment of choice for 
laryngeal cartilage tumors. Most authors claim conser-
vative surgery is the appropriate treatment for both 
low-grade tumors and chondromas. Even for cricoid 

lesions, conservative treatment through a laryngofis-
sure is possible when the tumor involves less than half 
the cartilage. Radiotherapy for laryngeal cartilage 
tumors is controversial; the experience is limited to 12 
cases, with only 2 cases of documented long-term fol-
low-up (Fig. 7.16) [4]. Recent reports have described 

Fig. 7.15.  Chondroma (low grade chondrosarcoma) that had 
developed from the cricoid cartilage. CT scan

Fig. 7.16.  Chondroma (low-grade chondrosarcoma) that had 
developed from the cricoid cartilage. Surgical view, open neck 
approach
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CO
2
 laser therapy as a procedure to deal with recur-

rences or even the primary lesion [60, 77].

7.17  Nonneoplastic Laryngeal Tumors

7.17.1  Hamartomas

According to the World Health Organization (WHO) 
classification, a hamartoma is a “developmental anom-
aly characterised by the formation of a tumor-like 
mass composed of mature tissue elements that are nor-
mally present in the location where it is found but 
occurring in abnormal proportions or arrangements” 
[78]. Hamartomas of the head and neck are uncom-
mon but have been described in the sinonasal tract, 
nasopharynx, oral cavity, oropharynx, larynx hypo-
pharynx, cervical esophagus, ear, parotid gland, tra-
chea, parathyroid gland, and eye. They may be unifocal 
or multifocal. The term “pleiotropic hamartoma” is 
used to indicate the presence of multiple hamartomas 
at different sites in a given patient. Hamartomas of the 
larynx are rare [59]. Presently, it appears that there are 
only 11 cases of well documented hamartoma of the 
larynx. Males are more involved than females, with 
age peaks during early childhood and middle age (39–
56 years). Of the 11 cases accepted as hamartomas of 
the larynx, 6 of the patients were 16 years of age or 
older. The main symptoms of laryngeal involvement 
are similar to those of other benign mass lesions: dys-
phonia, dyspnea, and dysphagia.

Microscopically, the tissues show a disorganized 
architectural pattern with mesenchymal derivatives 
alone or with superadded epithelial elements. Hamar
tomas of the larynx are mainly composed of cartilage 
and fibromuscular tissue. Fatty tissue and nerve ele-
ments are often seen. No features of malignancy are 
present. The dominant tissue defines the lesion (e.g., 
cartilage hamartoma or myxochondromatous hamar-
toma). Such lesions must be differentiated from choris-
toma, teratoma, and rhabdomyoma, among others.

7.17.1.1  Management

Treatment consists of local excision, with recurrences 
usually associated with incomplete removal.

7.18 � Pseudotumors or 
Pseudoneoplastic Lesions

From a practical point of view, pseudoneoplastic 
lesions of the larynx may be divided broadly into two 
groups: (1) growths that present clinically as mass 
lesions but by histological examination are readily 
diagnosed and are appropriately classified as benign 
nonneoplastic lesions; and (2) benign lesions that may 
show histopathological features suggestive of neopla-
sia. The latter group may be further divided into 
lesions that are clinically suspicious and those that 
present a microscopic dilemma [74]. Some are dis-
cussed below.

7.19  Inflammatory Fibroblastic Tumors

Inflammatory myofibroblastic tumors (IMTs) can be 
polypoid, pedunculated, spherical, lobular, or nodular, 
with a smooth external appearance. They may be con-
fined to the immediate submucosal region and not truly 
invading any tissue. They are firm in consistency, 
fleshy and gritty on cut surface, gray-yellow or tan-
white, and may measure up to 3 cm in greatest dimen-
sion. To date, only 10 IMTs have been reported in the 
larynx [24].

The most common site is the vocal cord [17]. 
These lesions are usually located on the true vocal 
cord, although the subglottis and upper trachea can 
be involved. The lesions may have a myxomatous 
appearance, but they do not exhibit necrosis or hem-
orrhage. Special histopathological stains confirm the 
diagnosis. The differential diagnosis centers around 
spindle cell squamous cell carcinoma, but inflamma-
tory fibrosarcoma, nerve sheath tumors, nodular fas-
ciitis, and nonspecific inflammation must be also 
excluded [41].

7.19.1  Management

Surgical excision is the treatment of choice [24] but 
may have to be repeated frequently before the correct 
diagnosis is confirmed [43].
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7.20  Fibroma

Fibromas generally present as polyps or nodules, ses-
sile or pedunculated, and soft or firm; their size depends 
on the duration and intensity of exposure to the irritat-
ing factors. Most lesions are covered by intact epithe-
lium, often exhibiting keratosis, and can measure up to 
4 cm. Many fibromas involve Reinke’s space (superfi-
cial lamina propria) and arise from the anterior two-
thirds of the vocal cord. Fibromas probably represent a 
reactive change and are not true neoplasms. With 
removal of the putative underlying insult, healing may 
occur after surgical excision. All lesions removed from 
the larynx require histopathological examination, with 
a diagnosis being essential for patient management 
and prognosis.

7.21  Amyloidosis

Isolated amyloidosis (without plasmactoma) fre-
quently occurs along the false vocal cord, although any 
portion of the larynx can be affected. The term amyloi-
dosis is used to indicate an extracellular accumulation 
of homogeneous protein-derived fibrillary and eosino-
philic material, with well defined histochemical char-
acteristics. When amyloidosis involves the supraglottic 
or glottic region, the lesion demonstrates an elevated, 
smooth or bosselated, polypoidal, mucosa-covered, 
firm mass. Subglottic amyloidosis presents as a more 
generalized, diffuse swelling. Multifocal deposits 
occur quite frequently. Surface ulceration has been 
reported in more extensive and larger lesions. The 
mass is firm, with a waxy, translucent cut surface rang-
ing in color from tan-yellow to red-gray [75]. It is 
reported that up to 15% of patients who demonstrate 
laryngeal amyloidosis may have amyloid deposits at 
other head and neck sites.

It is important that when diagnosed with amyloido-
sis the patient is screened for the possibility that he or 
she may have tumor-forming amyloid, primary sys-
temic amyloidosis (diagnosed by serum or urine 
immunoelectrophoresis or by rectal biopsy), second-
ary amyloidosis (associated with some other predis-
posing disease), or plasmacytoma, whether it be 
solitary or part of multiple myeloma. The most com-
mon amyloid lesion seen in the larynx is amyloid 
deposition alone, a localized amyloid deposit, or an 

amyloid tumor (without associated lymphoprolifera-
tive disorder) [55].

7.21.1  Management

Most authors agree that surgery should be the treat-
ment of choice of laryngeal amyloidosis. Surgical pro-
cedures include external partial laryngectomy or 
microlaryngeal excision. An alternative technique is 
the use of CO

2
 laser excision [41].

7.22  Laryngeal Cysts

The gross appearance of cysts in the larynx is often 
determined by the point of origin in the larynx and the 
type of cyst (saccular, retention/inclusive, ductal, vas-
cular, traumatic). The cyst can be considered external 
or internal to the larynx based on the degree of com-
pression of the larynx by the cyst and the extent of the 
disease in the larynx. Cysts generally do not communi-
cate with the interior of the larynx. A laryngocele (air-
filled herniation or dilation of the saccule) can be 
internal or external to the larynx, communicating with 
the lumen (Fig. 7.17–7.20). Saccular cysts (anterior or 
lateral) are submucosal and do not communicate with 
the lumen but, instead, are filled with mucus or acute 
inflammatory elements.

Cysts occur in all regions of the larynx, with reten-
tion cysts most often located in the epiglottis, saccular 
cysts in the false cord, and traumatic cysts in the 

Fig. 7.17.  External laryngocele. CT scan
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arytenoid region. The size of the cyst depends on the 
location; small cysts are usually found on the vocal 
cords, whereas large cysts are found attached to the 
epiglottis, pushing the larynx to one side, or projecting 
into the hypopharynx (Fig. 7.21).

Cyst walls, consisting of fibrous connective tissue, 
vary in thickness. The lining helps differentiate the 
cysts into a variety of subtypes. Most cysts are lined 
by squamous or respiratory epithelium (retention and 
saccular), and a few cysts are lined by fibrous connec-
tive tissue. Those with an admixture of mesodermal 
and endodermal layers qualify as congenital or embry-
onal cysts. It has been proposed that all laryngeal cysts 
can be classified into congenital, retention, and inclu-
sion cysts [3].

7.22.1  Management

All cysts should be considered for a histopathological 
diagnosis. A biopsy should confirm the clinical suspi-
cion before reassurance is given.

Acknowledgment  All illustrations are by courtesy of Marc 
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Laryngotracheal trauma, including blunt and penetrat-
ing trauma, is one of the common causes of airway 
compromise. This type of injury is probably underesti-
mated but the consequence of a laryngotracheal trauma 
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Core Messages

Laryngotracheal trauma is probably underesti-››
mated but the consequence of such trauma can 
range from mild hoarseness to complete air-
way compromise
Narrowing of the airway results in breathing ››
difficulty. We find this by looking through the 
patients registered in emergency archives. Com
plication rates among these patients are as high 
as 15–25%. The team in charge of the patient must 
keep in mind that the airway compromise will 
become worse with time as the edema increases.
The elasticity of the cartilage framework con-››
tributes to airway’s recoil, saving the airway 
even if the external pressure or the blow is strong 
enough to exceed the resistance of this structure.
The larynx and trachea are vulnerable only to ››
direct blows to the anterior neck. For damage 
to occur the object of contact has to approach 
the larynx in a horizontal manner. If the object 
is in vertical position relative to the body, the 
impact is blocked by the facial skeleton and/or 
sternum and clavicle heads.
Fiberoptic laryngoscopy has become the initial ››
evaluation tool for laryngeal injury. In case the 
endolarynx cannot be assessed with flexible 
laryngoscopy due to laryngeal edema, direct 
laryngoscopy should be carried out under gen-
eral anesthesia. All of the upper aerodigestive 
tract mucosa should be examined

Cartilage frame fractures are rare in the pedi-››
atric group, but soft tissue edema and hema-
toma are more common. In elderly people, the 
cartilage framework is usually calcified and 
has undergone osseous transformation. The 
laryngotracheal fractures in this age group are 
more common and usually more severe..

Posterior or lateral dislocations of the arytenoids ››
may occur at this stage when the thyroid cartilage 
is pressed against the vertebra by external pres-
sure. Posterior dislocation of the arytenoids is 
reported to be more common. It is usually associ-
ated with traumatic orotracheal intubation rather 
than external trauma. Arytenoid dislocations 
can be confused with vocal cord paralysis dur-
ing examination. Electromyography is an impor-
tant tool to differentiate the two conditions.
In the rare case of complete disruption between ››
the cricoid cartilage and the trachea, the strap 
muscles and the surrounding fascia can serve 
as a temporary airway until the patient is man-
aged by intubation or tracheotomy.
Once the injuries are addressed and the patient ››
is stabilized and assessed, the larynx and cervi-
cal trauma should be repaired surgically as soon 
as possible. A patient with minimal soft tissue 
edema, mobile vocal cords, and no difficulty 
with breathing can be observed closely without 
any surgical intervention.
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can range from mild hoarseness to complete airway 
compromise. In the United States 1 in 14,000 to 1 in 
30,000 emergency room visits is due to laryngotra-
cheal trauma [1, 2]. Many more go undiagnosed because 
the injured person does not take mild hoarseness seri-
ously and does not go to the emergency department.

The most common causes of laryngotracheal 
trauma are motor vehicle accidents and sports injuries 
[3, 4]. A decrease in the incidence of laryngotracheal 
injury was observed after the automobile safety belt 
use was mandatory and other safety features of motor 
vehicles were developed. The presence of airbags 
should eliminate sudden, savage blows to the anterior 
neck due to collision with the steering wheel or other 
hardware on the dashboard as well as injuries caused 
by misplaced safety belts. However, there is no objec-
tive study demonstrating this beneficial effect. 
Laryngotracheal trauma due to sports injuries are 
common in contact sports such as football, basketball, 
baseball, and soccer.

The degree of injury may vary from mild soft tissue 
edema to severe laryngeal framework fractures and to 
complete separation between the larynx and trachea. 
Mild injuries that result in temporary voice changes or 
throat pain probably go unregistered in medical archives. 
This degree of injury is temporary due to the extreme 
flexibility and resistance of the laryngotracheal frame-
work. More severe trauma may cause injury to the 
framework and severe soft tissue edema or hematoma. 
Narrowing of the airway results in breathing difficulty. 
These are the cases that are registered in emergency 
department archives. Among these patients complica-
tion rates are as high as 15–25% [5, 6].

Complications include chronic airway obstruction 
and chronic voice changes. Injury to the laryngotra-
cheal structure can be lethal because of airway com-
promise. Severe injuries with complete airway 
obstruction necessitate immediate airway management 
with orotracheal intubation or, more commonly, emer-
gent tracheotomy. Many of these patients may not sur-
vive the time interval between the accident and arrival 
of medical assistance. Mortality rates are reported to 
be 2–35% among those with severe laryngotracheal 
injury [5, 6]. The principles of immediate airway man-
agement and long-term management of complications 
are discussed in this chapter.

8.1 � Injury of the Cartilage Framework 
of the Larynx and Cervical Trachea

The airway is well protected as it passes through the 
neck. Thyroid cartilage and tracheal rings provide a 
framework that protects the airway from external com-
pression. The elasticity of the cartilage framework con-
tributes to its recoil, saving the airway even if the 
external pressure or the blow is strong enough to exceed 
the resistance of this structure. The larynx, and more 
pronouncedly the trachea, can be almost completely 
compressed and can recoil back to the original structure 
once the external pressure subsides. The optimal bal-
ance of strength and elasticity of the cartilage network 
is achieved by the time of early adulthood. During 
childhood the cartilage is much more elastic and lacks 
structural strength. At this period in life the airway is 
more vulnerable to external pressure that results in com-
plete airway obstruction. However, the recoil effect is 
more pronounced as well. Once the external pressure is 
removed, the recoil is almost complete. Therefore, car-
tilage frame fractures are rare in the pediatric age group, 
whereas soft tissue edema and hematoma are more 
common [7, 8]. In elderly people the cartilage frame-
work is usually calcified and has undergone osseous 
transformation. The airway is more resistant to external 
pressure. This increased resistance does not necessarily 
serve as airway protection. Loss of elasticity results in 
fractures with less forceful blows. Laryngotracheal 
fractures in this age group are more common and usu-
ally more severe [6, 8].

Surrounding the cartilage framework are the strap 
muscles, subcutaneous fat, and skin. These extralaryn-
geal soft tissues offer a buffer between the impact and 
the laryngotracheal cartilage framework. Sternocleido
mastoid muscles protect the larynx from lateral blows. 
The mandible often blocks the impact that comes from 
the superior to inferior angle. Likewise, the clavicles and 
sternum may block an impact that comes from the infe-
rior direction. The larynx and trachea are vulnerable 
only to direct blows to the anterior neck for damage to 
occur. The object of contact—whether a bat, a steering 
wheel, a dashboard, or a rope—must approach the lar-
ynx in a horizontal manner. If the object is in a vertical 
position relative to the body, the impact is blocked by the 
facial skeleton and/or sternum and clavicle heads [8].
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The most common blunt trauma to the larynx and 
cervical trachea is caused by motor vehicle accidents. 
The steering wheel and dashboards are located at the 
correct angle to produce an injury to the larynx and tra-
chea. Collision of the vehicle causes sudden decelera-
tion, throwing the body into the steering wheel and 
dashboards. Safety belts help slow the velocity of the 
impact, and airbags help prevent the contact totally. In 
the case where no seatbelt or airbag is present, the 
upper body is thrown violently against the steering 
wheel and dashboard. Even in this situation the head is 
usually flexed, and the mandible serves to protect the 
larynx. If the larynx comes into contact with hardware, 

the first impact is taken by the thyroid prominence; in 
this case the thyroid cartilage is compressed against the 
vertebra, displacing the thyroid alas laterally. When the 
point of maximum compressibility is reached, the thy-
roid cartilage fractures in the vertical axis either medi-
ally or more commonly paramedially [8, 9] (Figs. 8.1, 
8.2, and 8.3). The point of maximum compressibility 
varies greatly with age and from person to person. 
Young victims may experience a single line of fracture, 
whereas older people may have multiple fractures.

If the impact is more inferior, the cricoid cartilage 
may be affected (Fig. 8.4). The cricoid cartilage is a 
complete cartilage ring with more rigidity than tracheal 

Fig. 8.1.  The first impact is taken by the thyroid prominence, 
and thyroid cartilage is compressed against the vertebra, displac-
ing the thyroid alas laterally. When the point of maximum com-
pressibility is reached, the thyroid cartilage fractures in the 
vertical axis either medially or more commonly paramedially

Fig. 8.2.  Computed tomography (CT) image of a patient with a 
paramedian fracture of the thyroid cartilage. A fragment of car-
tilage is displaced laterally. The airway appears to be patent

Fig. 8.3.  CT image of a patient with a median fracture of the 
thyroid cartilage. There is extensive subcutaneous emphysema 
in the neck, suggesting soft tissue injury to the larynx. There is 
an endotracheal tube in the larynx
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rings or thyroid cartilage. Whereas the thyroid ala can 
spread laterally with the advantage of being an incom-
plete circular structure, the cricoid cartilage cannot dis-
place laterally but, is rather, compressed into an oval 
shape [8]. This can result in a median fracture. More 
severe blows can cause fragmentation of the cricoid 
cartilage and loss of the airway (Fig. 8.5). This frag-
mentation can also cause the injury to one or both 
recurrent laryngeal nerves at the region of the cricothy-
roid joint, with subsequent vocal cord paralysis and 
further narrowing of the airway.

If the impact is on an area lower than the cricoid car-
tilage, complete separation of the larynx and trachea may 
occur. The usual site of separation is between the cricoid 
cartilage and the first tracheal ring [10] (Fig. 8.6). The 
separation may be accompanied by cricoid cartilage 

fracture or may occur without a fracture. This type of 
injury is more commonly associated with the neck com-
ing into contact with a fixed cable or rope while riding 
a motorbike, jet ski, snowmobile, or a similar vehicle 
where the neck is not protected against outside objects.

Two vectors of force cause laryngotracheal separa-
tion. The first is compression of the cricoid cartilage and 
the trachea against the vertebral bodies, as described 
above. The second vector is the “telescoping effect.” 
When the neck comes into contact with a fixed wire or a 
rope while traveling fast, it comes to a complete stop 
while the body still moves forward. This pulls the tra-
chea from the fixed larynx, causing separation [11]. The 
separation can be complete or incomplete. The posterior 
membranous portion of the trachea may remain attached 
while the anterior cartilaginous trachea is separated from 
the larynx. In that case, the trachea does not retract com-
pletely into the chest. An intubation or a tracheotomy are 
easier in case of incomplete separation of the airway, the 
posterior wall serving as a guide for airway management.

If the trachea is completely separated from the lar-
ynx, it retracts into the chest. This most often results in 
complete and sudden loss of airway, which is fatal. 
Rarely, the strap muscles and surrounding fascia serve 
as a temporary airway until the patient is managed by 
intubation or tracheotomy.

Fig. 8.4.  CT image of a patient with a cricoid fracture. The 
cricoid cartilage is fractured in two places. There is an endotra-
cheal tube in the airway

Fig. 8.5.  CT image of a patient with almost complete collapse 
of the airway

Fig. 8.6.  Horizontal trauma at the level of the cricoid and first 
thyroid cartilage usually results in cricotracheal separation. The 
posterior tracheal wall may still be attached
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Another mechanism of injury is falling onto the han-
dlebar of a bicycle or onto any horizontally positioned 
hard object. This kind of impact may cause the cricoid 
cartilage to be displaced superiorly under the thyroid car-
tilage [12, 13], resulting in the soft tissues doubling onto 
themselves and severe soft tissue edema. Frequently, this 
injury is seen in young children with flexible cartilage. 
Fractures do not occur with this kind of trauma in young 
children, whereas adults who experience this sort of 
impact present with cricoid fractures. This displacement 
may cause injury to one or both of the recurrent laryngeal 
nerves with subsequent vocal cord paralysis [11–14].

8.2  Injury of the Cricoarytenoid Joint

Arytenoid cartilages are in relation with the cricoid 
cartilage via a joint, and with the thyroid cartilage via 
the vocal ligament and the thyroarytenoid muscle. 
Arytenoid cartilages are located deep to the thyroid 
cartilage and the hyoid bone. In case of external laryn-
geal trauma, fracture of arytenoid cartilages is pre-
vented by the thyroid cartilage but, most importantly, 
by the extreme mobility of the cricoarytenoid joint 
[15]. When the thyroid cartilage is pressed against the 
vertebra by external pressure, the arytenoid cartilages 
are displaced laterally and posteriorly. Posterior or lat-
eral dislocation of the arytenoids may occur at this 
stage. With the sudden release of pressure, the thyroid 
cartilage springs back to its original shape. This sudden 
springing motion pulls the arytenoid cartilage by its 
muscular attachments anteriorly to the thyroid carti-
lage [9, 16]. This motion may result in anterior lux-
ation or subluxation of the arytenoid cartilage. Posterior 
dislocation of the arytenoids is reported to be more 
common, but it is usually associated with traumatic 
orotracheal intubation trauma rather than external 
trauma [16]. Dislocation of the arytenoid cartilages is 
usually associated with severe soft tissue trauma, which 
can cause edema, masking the larynx and making the 
diagnosis of dislocation difficult [17]. Dislocation of 
the cricoarytenoid joint impairs vocal cord movement. 
Arytenoid dislocations can be confused with vocal 
cord paralysis. Electromyography (EMG) is an impor-
tant tool to use to differentiate the two conditions. 
EMG would detect muscle contraction potentials in 
case of arytenoid dislocation. These potentials would 
be absent in the case of vocal cord paralysis.

8.3  Laryngeal Soft Tissue Injury

External blunt trauma to the larynx almost always 
results in soft tissue injury. The loose submucosal 
connective tissue is prone to fluid collection and 
edema. Even the mildest trauma results in some degree 
of swelling of the endolarynx. This may manifest as a 
change in voice or more seriously as breathing diffi-
culty. As the impact of the trauma increases, the likeli-
hood of having a mucosal laceration increases as well. 
Lacerations may cause bleeding and contribute to air-
way problems. Laryngeal framework fractures are 
usually associated with mucosal injuries [9]. Mucosal 
injury may range from mild tissue edema to large lac-
erations. The mucosa can be crushed or caught 
between cartilage fragments. In the case of laryngot-
racheal separation, the mucosa cannot withstand the 
pulling forces and is separated as well. Large lacera-
tions of the mucosa may cause emphysema due to air 
leakage into the soft tissues of the neck. Air can accu-
mulate around the strap muscles as well as in the sub-
cutaneous plane. Extensive ecchymosis and crepitation 
of the skin makes the diagnosis of emphysema easily 
recognizable. Soft tissue emphysema may contribute 
to airway compromise (Figs. 8.7 and 8.8). After repair 
of the larynx, air in the soft tissues is gradually 
resorbed.

A distinct soft tissue injury is rupture of the 
thyroarytenoid muscle and ligament. As the thyroid 
cartilage is pressed against the vertebra and springs 
back, the muscle and the ligament relax and undergo 

Fig. 8.7.  CT scan shows that there is extensive subcutaneous 
emphysema, and the airway cannot be identified
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tension within a short period of time. This may result 
in rupture or detachment of the ligament from the thy-
roid cartilage at the level of the anterior commissure. 
As the ligament detaches from the anterior commis-
sure, usually a small piece of cartilage also detaches. 
Rupture or detachment results in bunching of the 
vocal cord and narrowing of the airway. The injury is 
always accompanied by severe edema of the Reinke’s 
space. Dislocation of the arytenoid cartilage may also 
accompany the injury [15].

Suicidal or accidental hanging causes trauma to the 
supraglottic larynx. The rope around the neck tightens 
at the level of the thyrohyoid membrane [18]. The 
external pressure causes the preepiglottic space to 
move posteriorly, pushing the epiglottis against the 
arytenoid cartilages. This causes complete obstruc-
tion of the airway. If the person survives the impact, 
the subsequent injury is severe supraglottic edema. 
The thyrohyoid membrane may rupture, and the 
preepiglottic fat tissue may herniate into the airway. 
Hyoid bone fractures occur rarely if the rope tightens 

at the level of the hyoid bone [19]. Hyoid bone frac-
tures do not have any clinical implications unless a 
fragment tears through the airway mucosa. Thyroid 
and cricoid cartilage can also be fractured. Laryn
gotracheal separation  has been reported to occur due 
to hanging injuries [20].

8.4 � Emergency Management 
of Laryngotracheal Blunt Trauma

Blunt trauma to the laryngotracheal area can cause an 
airway emergency. All cases should be managed 
according to the emergency airway management pro-
tocol of the managing (??? manageing yerine başka bir 
gelime gelebilir mi?) institution regardless of the 
degree and the place of trauma. Loss of critical time 
can be lethal in case of laryngotracheal injuries. 
Elaborate examination and imaging should be left for 
later. Management of the airway is the primary objec-
tive. If the patient is not breathing at the time of initial 
management, cardiopulmonary resuscitation (CPR) 
should be carried out immediately. Many of these 
patients have accompanying cervical spine injuries. 
Care should be taken not to move the cervical spine. 
Unless proven otherwise, all patients should be 
assumed to have cervical spine injury.

 Endolaryngeal edema develops immediately after 
laryngotracheal trauma. If the emergency team arrives 
soon after the trauma, orotracheal intubation may be 
successful. After a certain period of time edema  would 
be present, and intubation  could be extremely difficult, 
necessitating a tracheotomy [21, 22]. The team in charge 
of the patient must keep in mind that the airway will 
become worse  in time as the edema increases. In case 
of extensive laryngotracheal trauma, intubation should 
be considered even if the patient is able to breathe suf-
ficiently. As mentioned, intubation could be difficult if 
not impossible as time passes. Orotracheal intubation 
can be achieved even in case of laryngotracheal separa-
tion. Laryngotracheal separation usually occurs in the 
anterior wall of the trachea between the cricoid and the 
first tracheal rings, with the posterior wall of the trachea 
staying intact. If the endotracheal tube is advanced fol-
lowing the tract of the posterior tracheal wall, intuba-
tion of the separated tracheal segment can be achieved. 
Even if complete separation occurs, the surrounding 
soft tissues would not collapse immediately and can 

Fig. 8.8.  CT scan at the level of the hyoid bone demonstrates 
subcutaneous emphysema. The airway can be identified only by 
the presence of an endotracheal tube
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serve as a guide for intubation [21, 22] (Fig. 8.9). 
If orotracheal intubation can be achieved, the endotra-
cheal tube serves as a stent, preventing possible syne-
chia of the endolaryngeal mucosa thus making further 
airway management easier. If intubation cannot be 
achieved after a few trials, no time should be wasted 
before attempting the tracheotomy.

The level of tracheotomy should be chosen accord-
ing to the level of the place of the trauma. For a high 
positioned laryngeal injury, such as a hanging case, the 
fastest and easiest method would be a cricothyrotomy. 
However, if the thyroid cartilage and/or the cricoid car-
tilage is fractured, a lower tracheotomy  would be nec-
essary. The level of the place of the injury can be 
determined by palpating the neck under emergency 
conditions. Fragments of cartilage and/or depressions 
in the laryngotracheal framework indicate the site of 
injury. Sometimes edema and hematomas developing 

in the soft tissues of the neck make this examination 
difficult. In such a case, the mechanism of injury gives 
clues about the injury site. As already noted, the most 
common laryngotracheal injuries are caused by steer-
ing wheel and dashboard impacts in motor vehicle 
accidents, inducing injuries at the level of the thyroid 
and cricoid cartilages. Bicycle and sports accidents 
also cause injuries at the same level. In this case, the 
best level for tracheotomy is two tracheal rings below 
the injury site [21, 22] (Fig. 8.9). Tracheotomy should 
be performed below the third tracheal ring.

Laryngotracheal separation is likely to occur in case 
of a jet-ski or snowmobile accident, where the neck 
comes in contact with a fixed object such as a rope. 
Laryngotracheal separation is the most difficult injury to 
manage in terms of the airway. The airway can be secured 
by neck exploration and identification of the separated 
tracheal segment low in the neck or thorax. The endotra-
cheal tube can be passed through the separated trachea. 
The tracheal segment should be secured to the skin inci-
sion and to the head of the clavicle with nonabsorbable 
sutures. This step facilitates reintubation in case of acci-
dental extubation. Once the airway is secured, other 
life-threatening injuries should be addressed before any 
attempt is made to repair the laryngotracheal damage.

8.5 � Evaluation of Laryngotracheal 
Injury

Once the patient is stabilized, evaluation of the laryngot-
racheal damage should be done. Endoscopic assessment 
is the next step. Today, fiberoptic laryngoscopy has 
become the initial evaluation tool. It is less traumatic 
and more comfortable for the patient than the methods 
mentioned previously. Checking airway patency and 
any potential causes that might impair the airway is the 
priority. Tracheotomy should be performed in case of 
increasing edema or hematoma. If the airway patency is 
adequate, the site and degree of damage are then evalu-
ated. Mucosal lacerations, location of arytenoids, and 
vocal cord mobility must be assessed.

Supraglottic edema may prevent examination of 
glottic and subglottic areas [23]. In case the endolar-
ynx cannot be assessed with flexible laryngoscopy due 
to laryngeal edema, direct laryngoscopy can be carried 
out under general anesthesia. During direct laryngos-
copy all of the upper aerodigestive tract mucosa is 

Fig. 8.9.  The first option for airway management is endotra-
cheal intubation. The posterior tracheal wall can guide the endo-
tracheal tube in the airway even if the distant airway cannot be 
visualized. The second option is to perform a tracheotomy. The 
best place to perform a tracheotomy is two tracheal rings below 
the site of injury
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examined. Mobility of the arytenoid cartilages is tested 
with a blunt instrument, such as a velvet tipped suction 
or cup forceps with the tip in closed position. Additional 
trauma to the laryngeal mucosa should be avoided.

Bronchoscopy is performed to assess the trachea. 
Esophagoscopy should be carried out as well because 
esophageal trauma as a result of an impact to the neck 
can be infrequent.

The downside of direct laryngoscopy is the inability 
to assess function properly. Videostroboscopy is a valu-
able tool for assessing vocal cord injuries. It can even 
reveal subtle injuries to the vocal cords. If the patient is 
already intubated, direct laryngoscopy is indicated.

Imaging of the laryngotracheal framework can pre-
cede direct laryngoscopy. Computed tomography (CT) 
scans of the neck should be performed if flexible laryn-
goscopy reveals extensive soft tissue injury, vocal cord 
paralysis, bare cartilage or if there are palpable carti-
lage fractures and crepitations in the neck. The CT scan 
should include fine cuts through the larynx. Special 
attention should be given to thyroid, cricoid, and tra-
cheal cartilages as well as the localization of arytenoid 
cartilages. magnetic resonance imaging (MRI) is bet-
ter for assessing soft tissue injuries, but CT remains to 
be the first method of choice for imaging while assess-
ing the laryngotracheal framework.

Laryngeal EMG is important for assessing nerve 
injuries. The superior laryngeal nerve is usually not  
injured by external trauma to the larynx. However, the 
recurrent laryngeal nerve is frequently affected by 
injury involving the cricoid cartilage and laryngotra-
cheal separation. EMG can detect contraction poten-
tials and resting potentials even in unconscious 
patients.

If observation is chosen, repeated fiberoscopy or 
direct laryngoscopy can be performed at 24, 48, and 72 
hours after surgery to monitor the endolaryngeal edema.

8.6  Laryngotracheal Trauma Repair

Once the lethal injuries are addressed and the patient is 
stabilized and assessed, surgical repair of the larynx and 
cervical trauma should be done as soon as possible. Early 
repair has more favorable results than late repair [24].

The decision to repair the laryngotracheal injury 
should be based on the presence and the severity of carti-
lage fragmentation, the degree of airway obstruction, and 

a recurrent laryngeal nerve injury (Table 8.1). A patient 
with minimal soft tissue edema, mobile vocal cords, and 
no difficulty breathing can be observed closely without 
any surgical intervention. The managing team should 
remember that soft tissue edema may get worse with time. 
Close observation is necessary. Extensive soft tissue inju-
ries necessitate either endoscopic or open repair. Table 8.2 
is a list of endoscopic findings that indicate laryngeal 
repair. If an arytenoid dislocation is observed, the best 
results are obtained with early endoscopic reduction.

Cartilage fractures usually require open explora-
tion, repair, and fixation. Although there is no displace-
ment some cartilage fractures can be detected by CT. 
Single median or paramedian vertical thyroid cartilage 
fractures are the most common. Close observation is 
an option if the fracture is single and not displaced and 
if there is no extensive soft tissue injury or detachment 
of the thyroarytenoid muscle. However, fixation of the 
framework by an external approach is a safe alternative 
because the fragments of cartilage can be displaced 
afterwards, obstructing the airway.

Penetrating tears of the esophagus should be 
addressed with an open neck exploration.

If there is no indication for the open approach (see 
Table 8.1), repair can be carried out with rigid laryngos-
copy. Mucosal flaps that obstruct the airway or interfere 
with phonation should be removed. Obtaining straight, 

Displaced single fracture of the laryngotracheal framework
Multiple fractures of the laryngotracheal framework 

(including nondisplaced fractures)
Laryngotracheal separation
Thyroarytenoid muscle and ligament tear or detachment
Esophageal tears
Arytenoid dislocation that cannot be reduced endoscopically
Hematoma that is obstructing the airway
Denuded cartilage

Table 8.1.  Indications for open surgery

Exposed cartilage
Depressions in the airway that suggest cartilage fracture
Laryngotracheal separation
Mucosal fragments that obstruct the airway
Injury to the free edge of vocal cords
Cricoarytenoid dislocation
Displacement of the epiglottis
Herniation of preepiglottic contents
Thyroarytenoid muscle or ligament injury

Table 8.2.  Endoscopic findings that require surgery
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free edges of vocal cords is essential. Mucosal flaps on 
the free edges of the vocal cords should be positioned 
back in place or removed. Cold steel instruments, pow-
ered instruments, or laser can be used for removal. If the 
preepiglottic space contents are herniated into the airway 
without accompanying fractures, these tissues should be 
removed. In case of the epiglottis obstructing the airway, 
the entire epiglottis or a part of it can be resected. This 
can be achieved with laser or powered instruments.

In case of cricoarytenoid luxation, repositioning the 
arytenoid cartilage should be attempted. Early reduc-
tion has better results because ankylosis becomes 
apparent within about a week. Posterior dislocation 
can be reduced by applying a medial and anterior force 
with an instrument placed posterior to the dislocated 
arytenoid. The laryngoscope can be used to force the 
arytenoids anteriorly. Anterior dislocations can be 
reduced by placing the rigid laryngoscope just anterior 
to the displaced arytenoids and applying posterior 
pressure. With anterior dislocations there is a tendency 
of the arytenoid to be displaced inferiorly. In that case, 
a blunt right-angle instrument such as a blunt hook can 
be placed anteriorly and inferiorly to the arytenoid, 
and the arytenoid can be lifted and pushed posteriorly. 
The maneuvers must be gentle. These vocal process 
can be fractured with forceful movements, resulting in 
poor quality of the voice after the reduction.

On some occasions, endoscopic repair can be com-
bined with an open neck approach. Open surgery is done 
through a horizontal incision in a skin crease or close to 
the thyroid cartilage. Subplatysmal flaps are elevated, 
and strap muscles are divided in two through the mid-
line and retracted laterally. Adequate exposure of the 
thyroid and cricoid cartilages is essential. Care should 
be taken not to injure the external branches of the supe-
rior laryngeal nerves or the recurrent nerves. If there is a 
vertical thyroid cartilage fracture, entry to the larynx 
can be through the fracture line. The mucosal incision 
is  preferentially made through the midline across the 
anterior commissure to prevent further mucosal injury. 
If  there is a horizontal fracture, the opening can be 
achieved with a laryngofissure vertical to the midline.

Mucosal injury should be assessed when exposure is 
achieved. Reconstruction of the deep structures is the 
first step. Arytenoid cartilages are restored to their origi-
nal positions, and thyroarytenoid muscle or ligament 
tears are repaired with sutures. If there is a thyroarytenoid 
muscle detachment, a strong suture can be  passed 
through the vocal ligament and fixed to the cartilage 

segment corresponding to the original position of  the 
anterior commissure (???) (Fig. 8.10). Incorrect posi-
tioning of the vocal ligament results in poor  vocal qual-
ity. Once the deeper architecture is restored, the mucosal 
tears can be considered. The goal is to cover the entire 
endolaryngeal surface with mucosa to facilitate wound 
healing and to prevent granuloma formation. Irreparable 
mucosal fragments are removed. Remaining mucosa is 
then aligned and sutured with fine absorbable sutures. If 
there is not enough mucosa to cover the entire larynx, 
priority is given to the glottic area and especially the 
anterior commissure, which is the most common site of 
scar and synechia formation. Keels can be used to pre-
vent web formation as well. The second important area 
is the arytenoid cartilage. Adequate covering of the 
arytenoids prevents ankylosis of the joint by scar for-
mation. Local mucosal flaps can be raised to facilitate 
mucosal redraping. Laterally based piriform sinus flaps 
and posteriorly based postcricoid flaps can be used to 
cover the arytenoid region. Epiglottic flaps can be used 
to cover the anterior commissure. If there is extensive 
mucosal and cartilage fragmentation in the anterior 
commissure, the epiglottic cartilage can be mobilized 
from its anterior attachments and pulled inferiorly to 
cover both the mucosa and the cartilage defects.

In case of epiglottis displacement and herniation of 
the preepiglottic contents, the is epiglottic contents are 
removed and the epiglottis is pulled anteriorly and fixed 

Fig. 8.10.  In the case of detachment of the anterior commis-
sure, the vocal ligaments should be suspended to the cartilage 
fragment that corresponds to the cartilage portion of the anterior 
commissure with nonabsorbable sutures
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to the hyoid bone with strong absorbable sutures. 
Removal of part of the epiglottis should be considered 
if traction cannot be achieved.

When the endolaryngeal repairing is achieved, it must 
be decided whether to place a stent or not. Stents are use-
ful for preventing synechiae. If the mucosal injury is 
extensive and synechia formation is likely to happen, a 
stent should be placed. There are several commercially 
available stents. A custom-made stent can be constructed 
from a finger of a surgical glove or a Penrose drain filled 
with sponge and tied at both ends with silk sutures. Stents 
should be fixed to the neck skin to prevent dislocation. 
Strong silk sutures are passed through the stent and 
brought to the neck skin; they are then tied on a button to 
prevent pulling on the sutures and irritating the neck skin. 
Stents can be taken out endoscopically after 3–5 weeks. 
In case of anterior commissure injury, a keel should be 
placed and secured to the skin (see Chapter 12b).

The next step is the reconstruction of the laryngotra-
cheal framework. Each cartilage fragment has to be 
identified and positioned in correct alignment. Perfusion 
of the cartilage is through the perichondrium. Free carti-
lage fragments can still be used as free grafts as long as 
they are covered with well perfused tissue. Comminuted 
pieces that cannot be fixed are removed. Complete 
reconstruction of the cartilage frame is not necessary as 
long as the three-dimensional shape of the larynx can be 
achieved. Miniplates and recently introduced absorb-
able plates are the best materials to use for joining the 
cartilage fragments (Fig. 8.11). Single fractures that  
resemble their natural shape once brought together can 
be repaired with wire or sutures, but miniplates should 
be used if they are available. Miniplates of 1.0–1.4 mm 
thickness are preferred because they are easy to shape 
and their thinner profile is not visible through the skin. 
If the remaining cartilage is not sufficient to reconstruct 
the framework, free cartilage grafts (e.g., nasal septal 
cartilage or costal cartilage) can be used. The epiglottis 
is another source of cartilage and has the advantage of 
providing a pedicled flap. Correct placement of the 
vocal ligaments is essential to obtain a good vocal-
quality after reconstruction. The cartilage fragment 
attached to the vocal ligaments must be exactly posi-
tioned at the level of the normal anterior commissure. If 
one of the vocal ligaments is detached, it must be reat-
tached at exactly the same level of the contralateral liga-
ment with a sturdy suture. If the vocal ligament cannot 
be attached to a cartilage fragment, the suture can be 
tied on a plate. In this case, nonabsorbable suture and 
plate are preferred to avoid detachment.

Laryngotracheal separation is repaired by end-to-
end anastomosis. If the tracheotomy tube is placed in 
the tracheal segment, it must be removed and placed 
through a tracheotomy incision two or three rings 
below the avulsed site as the first step of reconstruc-
tion. If the tracheal ring is severed, it should be 
removed.

The tracheal ring is suspended to the cricoid ring 
with sturdy absorbable sutures that are outside (???) as 
much as possible. Ideally, the stitches are also placed 
extramucosally. These precautions are taken to prevent 
granulomas and stenosis. If the end-to-end anastomo-
sis cannot be performed perfectly and the laryngeal 
reconstruction is not stable, a T-tube is put in place to 
serve as a stent, allowing voice production and breath-
ing. According to the trauma and reconstruction, this 
tube can stay in place 3 weeks to 3–4 months.

All additional neck injuries are addressed as the 
neck is being explored. Esophageal tears should be 
repaired as soon as possible. Leaks from the esophagus 
may have life-threatening consequences, such as medi-
astinitis. Tears should be closed in a watertight fash-
ion. Today absorbable sutures placed in a running 
mattress style are preferred. A second layer of muscle 
should be closed over the suture line. A nasogastric 
feeding tube can be placed in during surgery to allow 
postoperative feeding.

Fig. 8.11.  External fixation of the tracheal cartilage with mini-
plates gives excellent reconstructive results
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If a recurrent nerve injury is observed, the separated 
segments should be sought. It is sometimes difficult to 
find both ends of the recurrent laryngeal nerve in the 
trauma field. The nerve may part intralaryngeally or, 
more frequently, right where it enters the larynx. If both 
ends of the nerve are found, end-to-end anastomosis 
should be done. Primary repair of the recurrent laryn-
geal nerve does not have favorable results. Abduction 
and adduction functions of the vocal cords may not 
return. However, if tonus to the vocal cord can be 
achieved, voice rehabilitation is easier.

Additional repair may be necessary after the initial 
surgical repair. Laryngotracheal separation causes a 
high rate of stenosis after primary anastomosis. 
Anterior commissure injuries are associated with ante-
rior web formation. Synechiae and granulomas may 
develop after extensive soft tissue injuries. Secondary 
repairs are beyond the scope of this chapter and are 
addressed in the other chapters of this book. Unilateral 
vocal cord paralysis can be treated by applying vocal 
cord injection or medialization thyroplasty.

8.7  Postoperative Management

Last but not least, (??? daha profesyonel bir ifade 
kullanılabilir mi?) postoperative care is crucial. Voice 
rest and adequate humidification helps the healing pro-
cess. Antibiotics are administered to prevent chondri-
tis. Antireflux medications should also be given Steroids 
may be used to limit endolaryngeal edema  for patients 
without tracheotomy. Patients with tracheotomy, how-
ever, should not receive steroids, as steroids may impair 
tissue healing. Stents and keels are usually removed 
3–5 weeks after placement.

Closing the tracheotomy should be delayed until the 
tissue edema  is resolved and the patient is able to clear 
secretions adequately. Permanent tracheotomy may be 
necessary for some patients—in case of severe stenosis or 
bilateral vocal cord paralysis. Speech therapy is an impor-
tant part of postoperative care. Speech therapy should 
be  initiated as soon as the tissue edema is resolved.

8.8  Tips and Pearls

The level of injury can be determined by palpating •	
the neck under emergency conditions. Fragments 
of cartilage and/or depressions in the laryngotra-

cheal framework indicate the site of injury. Edema 
and hematomas developing in the soft tissue of the 
neck can make this examination difficult. In this 
case, the mechanism of injury gives clues about the 
injury site.
Suicidal or accidental hanging causes trauma to the •	
supraglottic larynx. The most common laryngotra-
cheal injuries are caused by steering wheel and dash-
board impacts in motor vehicle accidents, inducing 
injury at the level of the thyroid and cricoid cartilages. 
Bicycle and sports accidents also cause injury at that 
level. Laryngotracheal separation is likely in case of 
jet-ski or snowmobile accidents where the neck 
comes in contact with a fixed object such as a rope.
Large lacerations of the mucosa may cause emphy-•	
sema by air leakage into the soft tissues of the neck. 
Extensive ecchymosis and crepitation of the skin 
makes the diagnosis of emphysema easily recog
nizable (???).
Intubation or tracheotomy is easier to apply in cases •	
of incomplete separation airway, the posterior wall 
serving as a guide for airway management.
On some occasions, endoscopic repair can be com-•	
bined with open neck approach.
If there is a vertical thyroid cartilage fracture, entry •	
to the larynx can be through the fracture line. If 
there is a horizontal fracture, the opening can be 
achieved with a midline vertical laryngofissure. 
Mucosal incision is preferentially made through the 
midline across the anterior commissure to prevent 
further mucosal injury.
If there is not enough mucosa to cover the entire •	
larynx, priority is given to the glottic area and espe-
cially the anterior commissure.
Complete reconstruction of the cartilage frame is •	
not necessary as long as the three-dimensional shape 
of the larynx can be achieved.
Miniplates and recently introduced absorbable plates •	
are the best materials to use for joining cartilage 
fragments.
If the reconstruction is not stable, a T-tube is put in •	
place to serve as a stent, allowing voice production 
and breathing.
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9.1  Anatomical Background

Because of its dual functions in preventing aspiration 
and producing speech, the larynx must be able to 
close the airway temporarily during deglutition. 
Disturbances of this physiological process can lead 
to permanent narrowing of the airway lumen. Inflam
matory swelling, scarring, movement disorders of the 
vocal cords, and tumor masses can narrow or obstruct 
the airway. The larynx forms the narrowest part of 
the central respiratory tract. As a result, anatomical 
or neurogenic changes can easily lead to clinically 
significant airway narrowing. The relative narrow-
ness of the respiratory tract at this level is based on 
the physiological function of the larynx as a safety 
valve between the upper respiratory and alimentary 
tracts. In adults, the airway lumen at the level of the 
trachea is 300–500 mm2, the subglottic airway mea-
sures approximately 200–300 mm2. and the glottic 
airway (with abducted vocal cords) 150–200 mm2. 
With bilateral vocal cord paralysis, the glottic airway 
is reduced to 30–60 mm2, measuring only some 
20–30% of the glottic airway in healthy individuals 
(Fig. 9.1) [1, 2].
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Core Messages

The larynx forms the narrowest part of the ››
central respiratory tract. As a result, anatomi-
cal or neurogenic changes can easily lead to 
clinically significant airway narrowing.
Glottic airway stenosis most frequently arises ››
from bilateral vocal cord immobility caused 
by recurrent laryngeal nerve injury.
Previous surgery, mostly thyroid surgery, is ››
the most common cause of laryngeal nerve paral
ysis.
The diagnostic protocol includes detailed his-››
tory-taking, inspection, palpation, zoom laryn-
goscopy and/or transnasal flexible laryngoscopy, 
thyroid gland workup, stroboscopy, microlaryn-
goscopy, pharyngoesophagoscopy, tracheobron-
choscopy, and suspension laryngoscopy with 
tactile assessment of arytenoid cartilage mobil-
ity. Ultrasonography of the neck, video-fluoros-
copy, magnetic resonance imaging studies of the 
brain, computed tomography scans of the thorax 
and lateral skull base, and specific laboratory 
tests should be performed when needed. The 
flow–volume curve, peak expiratory flow (PEF), 
peak inspiratory flow (PIF), and total airway 
resistance are the standard function tests for 
diagnosing central airway obstruction. PEF and 
PIF seem to be the best suitable follow-up 

parameters to assess airway mechanics before 
and after surgical procedures.
A variety of endoscopic procedures are avail-››
able for treatment. The most important ones are 
arytenoidectomy, cordectomy, posterior cord-
ectomy, temporary lateral fixation of the vocal 
cord, and definitive lateralization of the vocal.
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9.2  Classification

Glottic airway stenosis most frequently arises from bilat-
eral vocal cord immobility caused by recurrent laryngeal 
nerve injury. Paralysis of the vagus nerve or, more com-
monly, of the inferior laryngeal nerve most frequently 
occurs after surgical procedures in the neck (especially 
in the thyroid gland) and upper mediastinum. It may also 
be caused by malignant tumors invading the larynx, 
hypopharynx, esophagus, thyroid, or tracheobronchial 
tree and other malignant neoplasms in the lower neck or 
upper mediastinum. Neurogenic laryngeal stenosis may 
also develop during the course of viral inflammation or 
as a result of central nervous system processes (cerebral 
or skull-base tumors, injuries, surgical procedures on the 
lateral skull base). The recognition of concomitant supe-
rior laryngeal nerve paralysis on one side is important 
because it may be relevant for planning surgical mea-
sures (especially arytenoidectomy) that could result in 
increased aspiration [3].

Previous surgery, mostly thyroid surgery, is the most 
common cause of laryngeal nerve paralysis (Table 9.1). 
Revision thyroidectomy bears a particularly high risk 
for inferior and superior laryngeal nerve trauma. The 
rate of immediate postoperative unilateral recurrent 
laryngeal nerve paresis following primary thyroid sur-
gery for benign disease is approximately 2–7%; the rate 
of permanent paralysis has been reported to be 0.5–4.0%. 
During revision surgery and operations for malignant 
conditions of the thyroid gland, unilateral recurrent 

laryngeal nerve paresis occurs in some 10–20% of all 
interventions. Bilateral vocal fold paralysis is obviously 
seen far less frequently. Surgery of the cervical spine via 
an anterior approach and surgery of the larynx, pharynx, 
cervical esophagus, upper mediastinum, and carotid 
artery surgery can typically result in laryngeal nerve or 
even vagus nerve injury. Other conditions causing laryn-
geal nerve palsies include the following.

Lesions of the brain stem•	
Neurovascular disorders (stroke) and other central •	
nervous system disorders
Demyelinating disorders of the peripheral nervous •	
system (Guillain-Barré syndrome)
Lateral skull base lesions (trauma, tumor)•	
Sequel of skull base surgery•	
Cervical spine injury or surgery•	
Degenerative motor unit disorders (e.g., amyo-•	
trophic lateral sclerosis)
Infectious diseases of the affected nerves•	
Neurotoxins (e.g., lead)•	
Primary neurogenic tumors (e.g., schwannoma)•	
Malignant tumors of the thyroid, larynx, pharynx, •	
trachea, esophagus, bronchus, thymus, neck, and 
mediastinum
Traumatic lesions of the neck•	
Aortic aneurysm•	

Bilateral recurrent nerve paralysis frequently leads to 
functional glottic stenosis, with the vocal folds in a 
fixed paramedian position. The predominant symptom 
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Fig. 9.1.  Dimensions of the 
human central airway in adults 
(Adapted from Eckel and 
Sittel [1], with permission)
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is airway compromise. It ranges from unnoticeable to 
mild dyspnea to inspiratory stridor and respiratory dis-
tress, even without physical effort. Acute airway obstruc
tion resulting from bilateral vocal fold immobility (e.g., 
following thyroidectomy) frequently requires immediate 
surgical or medical intervention (e.g., tracheotomy) to 
maintain an adequate airway and prevent acute asphyxi-
ation or pulmonary consequences of chronic central air-
way obstruction. In contrast to unilateral vocal cord 
paralysis, voice quality is not the primary concern in 
these patients. Voice quality is usually only mildly 
affected (if just the recurrent laryngeal nerves are 
involved). For idiopathic palsies, a less than 50% rate of 
partial and complete recovery can be expected [4].

Congenital malformations, including aerodynami-
cally relevant synechiae of the ligamentous glottis and 
laryngeal atresia, are rare.

Inflammatory laryngeal stenosis is rare in adults 
(exceptions: epiglottitis and glottic stenosis due to 
severe Reinke’s edema) but is a frequent and dreaded 
condition in children [5]. Acute infections of the larynx 
and trachea are particularly ominous in children owing 
to the small size of their airways [6]. Swelling of the 
mucosa or an accumulation of tracheal secretions can 
cause considerably greater obstruction of the anatomi-
cally smaller airways than that in adult patients. Acute 
obstructive airway inflammation in children is seen in 
a heterogeneous group of infectious diseases with a 

common presentation marked by a typical barking 
cough (croup), inspiratory stridor, hoarseness, and airway 
obstruction. Generally, these cases are managed by 
endoscopy, endolaryngeal intubation, or tracheotomy, 
specific high-dose antibiotic therapy, or intensive care 
of the affected child. Further surgical measures are not 
required.

The most common laryngeal injuries, which generally 
resolve spontaneously, are caused by intubation. Long-
term intubation can cause permanent trauma-related 
changes in the larynx, particularly interarytenoid syn-
echiae and arytenoid cartilage fixation (Fig. 9.2–9.4). 
With the latter condition, the arytenoid cartilage is fixed 

Bilateral vocal 
cord paralysis

Bilateral arytenoid 
cartilage fixation

Total

Previous surgery 154 (82.8%) 1 (3.1%) 155 (71.1%)
Thyroid surgery (revision surgery) 141 (75.8%) 0 141 (91.0%)
Thyroid surgery (primary intervention) 4 (2.2%) 0 4 (2.6%)
Esophageal surgery 4 (2.2%) 0 4 (2.6%)
Other surgery 5 (2.7%) 1 (100%) 6 (3.8%)
Long-term intubation (> 24 hours) 0 22 (68.8%) 22 (10.1%)
Malignant tumors 16 (8.6%) 0 16 (7.3%)
Esophageal carcinoma 9 (56.2%) 0 9 (56.2)
Bronchogenic carcinoma 4 (25.0%) 0 4 (25.0%)
Other 3 (18.8%) 0 3 (18.8%)
Short term intubation 5 (2.7%) 3 (9.4%) 8 (3.7%)
Neurogenic 7 (3.8%) 0 7 (3.2%)
Wegener’s granulomatosis 0 3 (9.4%) 3 (1.4%)
Rheumatoid arthritis 0 2 (6.2%) 2 (0.9%)
Caustic ingestion 0 1 (3.1%) 1 (0.5%)
Other/unknown 4 (2.2%) 0 4 (1.8%)

Total 186 (100%) 32 (100%) 218 (100%)

Table 9.1.  Etiology of bilateral vocal cord immobility in 218 patients

Modified from Eckel et al. [3], with permission

Fig. 9.2.  Arytenoid cartilage fixation. Both arytenoid cartilages 
are fixed and cannot be abducted passively during microl
aryngoscopy
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in the cricoarytenoid joint, causing vocal cord immo-
bility. Some of these cases are clinically indistinguish-
able from recurrent nerve paralysis, but the correct 
diagnosis is suggested by the history, passive mobility 
of the arytenoid cartilage during microlaryngoscopic 
examination under anesthesia, and electromyography 
to record summation action potentials from the muscle 
groups supplied by the inferior laryngeal nerve [4, 7]. 
In patients with bilateral immobility of the vocal cords, 

bilateral recurrent laryngeal nerve paralysis is usually 
suspected, but various causes of arytenoid cartilage fixa-
tion may produce a clinical image that is indiscernible 
from recurrent laryngeal nerve paralysis during routine 
office laryngoscopy or videostroboscopy. Impaired 
movement of the cricoarytenoid cartilage with immobil-
ity of the vocal cord and airway obstruction may occur 
as a consequence of disorders of the cricoarytenoid 
articulation, interarytenoid fibrous adhesion, or both. 
Immobility of the cricoarytenoid joint may arise from 
arytenoid cartilage dislocation during laryngotracheal 
intubation and consequent ankylosis, arthritis, or tumor-
ous infiltration of laryngeal or hypopharyngeal carci-
noma. Interarytenoid fibrous adhesion most commonly 
results from prolonged or traumatic endotracheal intu-
bation. The tube causes a decubitus with chondritis and 
consequent scar tissue formation involving the arytenoid 
cartilages and the interarytenoid area resulting in severe 
impairment of both cricoarytenoid joints’ motility and 
laryngeal stenosis. Table 9.1 gives the frequency of vari-
ous etiological factors in recurrent nerve paralysis and 
arytenoid cartilage fixation.

Benign or malignant tumours (laryngeal or tracheal 
carcinoma, esophageal carcinoma invading the cervi-
cal trachea, central bronchial carcinoma, locally 
advanced thyroid carcinoma, malignant tumours of the 
upper mediastinum) occasionally lead to malignant 
central airway stenosis. This type of stenosis may be 
caused by extrinsic airway compression, tumor inva-
sion of the tracheal wall with subsequent malacia, or 
intraluminal tumor growth in the trachea and larynx. 
Tumor infiltration of the recurrent nerve with subse-
quent vocal cord paralysis in a paramedian position 
can also lead to functional airway stenosis. In all of 
these situations, endolaryngeal surgery with CO

2
 laser 

(or occasionally Nd:YAG laser for larger tumor masses) 
provides an excellent tool for airway recanalization. 
The enlarged airway can be maintained in the interme-
diate term by implanting stents in the carina, thoracic 
trachea, and cervical trachea as far as the laryngotra-
cheal junction [8, 9].

9.3 � Diagnostic Procedures  
and Preoperative Assessment

In most patients presenting with glottic airway stenosis, 
the underlying condition is obvious from the patient’s 

Fig. 9.4.  Posterior synechia following intubation, causing para-
median immobility of the vocal cords

Fig. 9.3.  Interarytenoid scarring following long-term intubation, 
causing paramedian immobility of the vocal cords
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history (e.g., recurrent laryngeal nerve paresis following 
thyroidectomy). In patients with unclear etiology of the 
underlying condition, a complete diagnostic workup is 
compulsory. The diagnostic protocol for these patients 
includes detailed history taking (particularly regarding 
previous surgery), inspection, palpation, zoom laryn-
goscopy and/or transnasal flexible laryngoscopy, thy-
roid gland workup, stroboscopy, microlaryngoscopy, 
pharyngoesophagoscopy, tracheobronchoscopy, and 
suspension laryngoscopy with tactile assessment of 
arytenoid cartilage mobility. Ultrasonography of the 
neck, video-fluoroscopy, magnetic resonance imaging 
(MRI) studies of the brain, computed tomography 
(CT) scans of the thorax and lateral skull base, and 
specific laboratory tests should be conducted if needed 
[7]. Pulmonary function tests should be obtained to 
clarify the resulting airway compromise. The flow-
volume curve, peak expiratory flow (PEF), peak 
inspiratory flow (PIF), and total airway resistance are 
the standard function tests for diagnosing central air-
way obstruction. Among all conventional lung func-
tion values, PEF and to a certain degree PIF seem to be 
the most suitable follow-up parameters to assess air-
way mechanics before and after surgical/endoscopic 
procedures [10–13].

 Upper airway stenosis involving surface areas of 
no more than 50 mm2 can be overcome using adequate 
respiratory compensation, but any narrowing beyond 
this limit results in hypoventilation, inappropriate oxy-
gen uptake, and retention of CO

2
. Experimental evi-

dence indicates that laryngotracheal obstruction within 
a critical range of < 50 mm2 surface area compromises 
respiratory efforts enough to be of clinical importance 
[12–14]. Glottic stenosis alters the flow–volume curve 
by causing increased airway resistance, turbulence (at 
high flow rates), and a decrease in luminal cross sec-
tion. Unlike an anatomically fixed cicatricial stenosis 
of the subglottis or trachea, the airway stenosis associ-
ated with bilateral recurrent nerve paralysis is charac-
terized by passive abduction of the vocal cords during 
expiration and adduction (medialization) of the cords 
through a suction effect (Bernoulli) during inspiration. 
This produces a characteristic curve with extreme 
inspiratory flattening, often accompanied by an essen-
tially normal expiratory pattern.

Voice analysis should be done prior to airway-
restoring surgery. Laryngeal electromyography may 
be helpful for assessing the prognosis in patients with 
vocal cord paresis.

9.4  Indications for Surgery

Surgical correction is not appropriate for every central 
airway stenosis. The need for surgery depends in part on 
whether the stenosis is acute or chronic, the resulting adap-
tation of the respiratory muscles to the increased central 
airway resistance (conditioning), and especially the degree 
to which the respiratory compromise restricts normal lev-
els of physical activity. Studies by the author indicate 
that an inspiratory resistance of more than 2.5 kPa × s/L 
is a good empirical cutoff point for selecting patients who 
require surgical correction [12–14]. Ultimately, however, 
the decision to operate depends on the level of physical 
exertion at which the patient can still compensate for the 
stenosis through increased respiration.

Acute bilateral recurrent nerve paralysis generally 
presents as severe inspiratory airway obstruction with 
inspiratory stridor. Occasionally, tracheotomy is required 
to overcome airway distress.

Once the acute respiratory compromise caused by 
bilateral recurrent nerve paralysis of recent onset has 
been overcome, most patients can breathe well at rest 
and during mild physical exertion. High-dose intrave-
nous steroids are used during the early phase of this 
disorder. Once the patient has adjusted to the glottic 
narrowing, mild physical training should be encour-
aged to adapt the thoracic muscles to overcome 
increase inspiratory airway resistance. Upper airway 
stenosis involving surface areas of no more than 50 
mm2 can be overcome using adequate respiratory com-
pensation, but any narrowing beyond this limit results 
in hypoventilation, inappropriate oxygen uptake, and 
retention of CO

2
.

Conservative treatment for airway improvement in 
bilateral vocal cord paralysis includes the following.

Nasotracheal intubation for acute airway distress •	
due to bilateral vocal cord paralysis is not recom-
mended, or only for a very short term so long as the 
patient is in an institution where immediate revers-
ible lateralization can be performed after extubation 
in the operating theater and introducing jet-anesthesia 
for glottis-dilating surgery.
High-dose intravenous steroids and nonsteroidal •	
antiphlogistics.
Antiviral or antibiotic agents if an infection is •	
suspected.
Mild physical training once the patient has adjusted •	
to the glottic narrowing.



130	 H. E. Eckel and G. Lichtenberger

The indication for glottis-expanding surgery is mainly 
based on the following conditions.

Inspiratory stridor at rest and/or inspiratory resis-•	
tance of more than 2.5 kPa × s/L
A lack of exercise tolerance•	
Potential risk to the patient from sporadic respira-•	
tory inflammations (flu-like infections) that may 
cause swelling of the already-tight glottis

So long as the degree of respiratory compromise is 
acceptable to the patient at rest and during mild exer-
cise, it is reasonable to wait for approximately 9 months 
after the onset of paralysis to watch for spontaneous 
recovery of nerve function.

Occasionally, the prognosis of recurrent nerve paraly-
sis can be based on the clinical situation, as in the case of 
a thyroidectomy for thyroid carcinoma in which a recur-
rent nerve had to be deliberately sacrificed. It is rarely 
possible, however, to make such a confident prognosis 
based on clinical status alone. Electromyography is use-
ful for making a prognostic assessment, although it can-
not be done with certainty in patients with neurapraxic 
paralysis [4, 15, 16]. A confident prognosis can be made 
only by waiting and watching for the return of normal 
vocal cord mobility over a period of 6–9 (up to 12) 
months. It should be noted that in patients with bilateral 
paralysis the prognosis may be different for each of the 
affected sides. It is not unusual for the paralysis on one 
side to regress over time whereas that on the opposite 
side persists indefinitely. Once the acute respiratory 
compromise caused by bilateral recurrent nerve paraly-
sis of recent onset has been overcome by adaptation of 
the respiratory muscles, most patients can breathe well at 
rest and during mild physical exertion.

Bilateral recurrent nerve paralysis must be differenti-
ated mainly from arytenoid cartilage fixation (rare cases 
may also involve paralysis on one side and cartilage 
fixation on the other) [3]. Ankylosis of the arytenoid 
cartilage or fibrosis of the connective tissue capsule of 
the cricoarytenoid joint most commonly develops as a 
result of previous intubation. Therefore, it is difficult to 
differentiate cartilage fixation (ankylosis) from paraly-
sis based on the history alone. Accordingly, arytenoid 
cartilage fixation or posttraumatic fibrosis of the joint 
capsule should be considered in each patient who pres-
ents with limited vocal cord motion and a prior history 
of intubation. Mechanical restriction of joint motion can 
be differentiated from paralysis by means of laryngeal 
electromyography and also by testing the passive mobil-
ity of the arytenoid cartilage during microlaryngoscopic 

examination of the larynx under general anesthesia. It is 
important to distinguish between paralysis and ankylo-
sis because treatment options are not the same for these 
two disorders.

Apart from paralysis or arytenoid cartilage fixation, 
glottic stenoses are occasionally caused by congenital 
malformations (webs), synechiae (postoperative or postin
flammatory), or tumors. Synechiae can be divided by 
laser surgery. In patients with synechiae of the anterior 
commissure, the intervention should include insertion 
of a keel and, if necessary, a free mucosal graft, but 
even then the vocal results are usually unsatisfactory.

9.5  Surgical Procedures

Whereas extralaryngeal surgical procedures (lateral 
fixation with its numerous variants) were once the stan-
dard treatment for bilateral vocal cord paralysis, endo-
scopic techniques have advanced considerably since the 
advent of endolaryngeal laser surgery. Today, endo-
scopic procedures have largely replaced open laryngeal 
surgery in the treatment of this disorder.

Arytenoidectomy •	 [15, 17–19] is highly effective for 
expanding the airway if the surgeon can completely 
remove the arytenoid cartilage and completely 
divide the conus elasticus as far as the cricoid carti-
lage. Even partial arytenoidectomy is believed to 
provide satisfactory airway enlargement. The disad-
vantages of this technique include frequent transient 
aspiration, the risk of cricoid chondritis and necrosis 
in patients who have previously had radiation to the 
neck, scarring, and granuloma formation.
Cordectomy •	 [17] is as effective as arytenoidectomy 
for airway restoration. However the resected vocal 
cord is eventually replaced by scar tissue, similarly to 
that seen after cordectomy performed for removal of 
vocal cord carcinoma. There is no risk of aspiration 
with this procedure, but the voice may more severely 
deteriorate compared to that after arytenoidectomy.
The procedure is carried out with a surgical CO•	

2
 laser 

coupled to an operating microscope with a 400-mm 
objective lens. The laser is set to an output power of 
4 W in the continuous beam delivery mode at a spot 
size of approximately 0.8 mm2. Patients are usually 
intubated transorally for surgery. Following transsec-
tion of the vocal process of the arytenoid cartilage, 
the vocal ligament, vocalis muscle, and much of the 
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lateral thyroarytenoid muscle are resected. The most 
anterior portion of the vocal cord, however, is not 
included in the resection, as its removal would con-
tribute little to the desired airway enlargement.
Posterior cordectomy •	 [20, 21], in which the vocal 
cord is divided in the area of the vocal process of the 
arytenoid cartilage combined with division of the 

conus elasticus, is considered by many laryngologists 
to be the best compromise between expanding the 
airway and preserving voice quality (Fig. 9.5a, b).
Temporary lateral fixation of the vocal cord as •	
described by Lichtenberger [15, 22–24] is the only 
potentially reversible procedure for glottic airway 
enlargement (Fig. 9.6a–e). It is indicated if the vocal 

a b

Fig. 9.5.  Bilateral vocal cord 
paralysis. View during 
microlaryngoscopy before 
(a) and after (b) posterior 
cordectomy

Fig. 9.6.  Temporary lateral fixation of the vocal cord as described 
by Lichtenberger. (a) Paralyzed vocal cords. (b) One end of the 
lateral fixation suture was pushed through the larynx below the 
posterior third of the vocal cord. (c) The other end of the lateral 
fixation suture was pushed through the larynx above the posterior 

third of the vocal cord. (d) The ends of the fixation suture were 
pulled and knotted over a small silicone sheet placed on the thy-
roid cartilage or on the sternohyoid muscle. (e) The second lateral 
fixation suture was placed in a similar fashion 1–2 mm anterior to 
the first suture
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cords are in a paramedian position, functional 
recovery of at least one vocal cord is anticipated, 
and there is no scar formation in the lumen of the 
larynx. It can be performed correctly only with jet 
anesthesia or apnea. Once recurrent nerve function 
has recovered, the endoscopically performed lateral 
fixation of the vocal cord can be reversed.
To achieve laterofixation of one vocal cord, fixation •	
sutures are placed through the larynx with the help 
of the endoextralaryngeal needle carrier. The skin is 
cut in the same line as the previous incision for thy-
roidectomy. Only the skin and platysma flap are 
identified and retracted. The laryngoscope is then 
introduced. The paralyzed vocal cords are brought 
into the field of vision (Fig. 9.6a). One end of the 
lateral fixation suture is pushed through the larynx 
below the posterior third of the vocal cord (Fig. 9.6b). 
A similar stitch is made, this time above the poste-
rior third of the vocal cord (Fig. 9.6c). The ends of 
the fixation suture are pulled and knotted over a 
small silicone sheet placed on the thyroid cartilage 
or on the sternohyoid muscles (Fig. 9.6d). Formerly, 
we used the silicone sheet only if the sternohyoid 
muscle had been damaged during thyroid surgery. 
The second lateral fixation suture is placed in a 
similar fashion 1–2 mm anterior to the first suture 
(Fig. 9.6e). The knotted suture over the sternohyoid 
muscle is then left subcutaneously, and the wound 
is closed. As a surgical alternative, the assistant sur-
geon can make an approximately 10 mm long inci-
sion between the two ends of the thread, which were 
pushed through the larynx and neck skin; then, both 
ends are pulled back under the skin and tied above 
the prelaryngeal muscles. Finally, the skin incision 
is closed with sutures. The patients are discharged 
from the hospital within a few days when it is 
thought that the airway is stable.
Definitive lateralization of the vocal cord as described •	
by Lichtenberger (partial laser arytenoidectomy with 
submucosal cordectomy covering the defect with the 
spared mucosa of the arytenoid and vocal cord using 
endoextralaryngeal suture technique) [22, 24–26] 
(Fig. 9.7a–f). This operation is indicated if the vocal 
cords are in a paramedian position and there is no 
chance for recovery. This operation also can be per-
formed without tracheostomy with Jet ventilation 
during surgery. A triangular incision is made laryn-
goscopically under microscopic magnification with a 
microscalpel and scissors or with laser. The incision 

begins a few millimeters in front of the vocal process 
and extends posteriorly over the vocal process 1.0–
1.5 mm from the edge of the vocal cord to the area 
above the arytenoid cartilage. Another incision is 
made from the vocal process to the muscular process 
of the arytenoid. The two incisions are then con-
nected with a transverse incision at the height of the 
muscular process (Fig. 9.7a). The arytenoid cartilage 
is dissected and removed, usually only partially. A 
submucous cordectomy is performed on the thy-
roarytenoid muscle as previously described, again 
sparing the mucous membrane (Fig. 9.7b). The suture 
then is fixed again in the neck as described for the 
previous procedure (Fig. 9.7c–f).

As a rule, modern endoscopic laser operations to expand 
the glottis are considered reliable techniques for air-
way restoration. Generally, they can be performed 
without a temporary tracheotomy, making them easier 
for patients to tolerate. However, any surgical widen-
ing of the glottis trades voice for airway. Therefore, a 
compromise must be found between retaining voice 
quality and restoring an adequate airway. These con-
siderations should be discussed with the patient preop-
eratively to weigh the physical activity needs of the 
patient against anticipated voice deterioration and 
strive for a compromise that is best for the individual 
situation, although the phonatory outcome of a glottis-
expanding operation cannot be predicted accurately.

Additional sites of stenosis are more frequently iden-
tified in patients with glottic stenosis due to arytenoid 
cartilage fixation. Although stenosis due to recurrent 
laryngeal nerve paralysis can be managed endoscopi-
cally without a preliminary tracheotomy, patients with 
arytenoid cartilage fixation frequently require total 
arytenoidectomy or open surgery with a temporary tra-
cheotomy [3, 27].

9.6  Postoperative Care

Extubation is usually performed 30–60 minutes after the 
end of the intervention, and patients are observed for 
4–24 hours in an intensive or intermediate care unit after 
extubation. Patients are usually kept in hospital for 3–5 
days after surgery. With procedures exposing the carti-
laginous structures of the larynx, preoperative antibiotic 
prophylaxis is indicated to prevent wound infection. 
Antibiotics should be given 30 minutes before surgery. 
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The agents of choice are first- or second-generation 
cephalosporins, a combination of penicillins and peni-
cillinase inhibitors, or clindamycin. The efficacy of 
steroids is a controversial issue. High steroid doses (e.g., 
250 mg methylprednisolone) during the immediate 

postoperative period have a number of beneficial effects, 
most notably the prevention of surgery-related tissue 
swelling and reduced surgical trauma. Occasionally, ste-
roids are given for a prolonged period after surgery to 
prevent new connective tissue formation and undesired 

Fig. 9.7.  Definitive vocal cord lateralization as described by 
Lichtenberger. (a) Triangular incision using CO

2
 laser with 

microscopic magnification. (b) The arytenoid cartilage and the 
medial and lateral thyroarytenoid muscles were removed endo-
scopically, preserving the medial mucous membrane part of the 
vocal cord. (c) One end of the thread was pushed through the 

larynx with the help of the needle carrier below the posterior 
third of the residual vocal cord. (d) The other end of the thread 
was pushed through the larynx above the posterior third of the 
residual vocal cord. (e) The ends of the thread were pulled. 
(f) The ends of both threads were pulled
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new scarring. It is the authors’ opinion, however, that 
this therapy is of uncertain benefit. Delaying or reducing 
new connective tissue formation ultimately means a 
delay in wound healing. The authors do not routinely 
prescribe steroids during the initial days after surgical 
correction of airway stenoses. Recently, several reports 
have been published on the local application of mitomy-
cin C for the prevention and treatment of undesired scar-
ring of the larynx and trachea. Mitomycin C is an 
antibiotic first isolated from Streptomyces caespitosus in 
1958. It inhibits DNA synthesis due to alkylation and is 
a potent inhibitor of connective tissue formation. 
Mitomycin C is an effective antineoplastic cytostatic 
drug that is used systemically and locally for the treat-
ment of carcinoma at various sites. High local concen-
trations and low plasma levels are achieved following 
local application. In laryngology, the use of this agent 
has been described following endoscopic laser treatment 
of airway stenosis and after open operations to reduce 
granuloma and scar formation but with very different 
effects [28].

9.6.1  � Tips and Pearls to Avoid 
Complications

Before a final decision is made regarding the type •	
of surgery for the individual patient, a comprehen-
sive endoscopic evaluation of the airway, including 
tracheobronchoscopy with flexible endoscopes, 
should be undertaken.
Temporary tracheotomy can usually be avoided in •	
patients undergoing endoscopic airway surgery for 
glottic stenosis. However, all patients must be informed 
that tracheotomy may become necessary during or 
shortly after surgery.
Patients should receive 250 mg of methylpredniso-•	
lone prior to surgery and during the first days thereaf-
ter. Antibiotic prophylaxis is recommended.
Patients should be extubated immediately after sur-•	
gery and need to be monitored at an intermediate 
care or intensive care unit for one night.
In patients with a history of previous radiotherapy •	
to the neck, there is considerable risk for chondritis, 
chondronecrosis, and severe laryngeal edema.
The endoextralaryngeal needle carrier is mandatory •	
for temporary end definitive endoscopic later
ofixation.
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10.1  Introduction

The management of laryngotracheal stenosis (LTS) 
remains a challenging problem for the otolaryngologist, 
especially in the pediatric age group. The complexity of 
the various preoperative situations implies that no single 
treatment modality can solve the problem. One has to 
take into consideration the type of the stenosis (congeni-
tal or acquired), its location (supraglottic, glottic, subglot-
tic, combined), its degree of obstruction and length in the 
craniocaudal axis, and finally its association with vocal 
cord ankylosis or neurogenic paralysis. Furthermore, the 
presence of tracheal damage (stenosis or localized mala-
cia) related to the tracheostoma or to the tracheotomy 
cannula can further complicate the surgical management. 
According to the nature and severity of the condition, a 
variety of treatments exists. They range from endoscopic 
laser sessions with or without dilatation or stenting [13, 
14, 36, 51] to laryngotracheal reconstruction (LTR) with 
anterior, posterior, or combined costal cartilage grafts [8, 
43, 44], to partial cricotracheal resection (PCTR) for the 
most severe grades of stenosis, and to extended PCTR 
for combined glotto-subglottic stenosis (SGS) [37, 55].

Needless to say, thorough preoperative endoscopic 
assessment is prerequisite to selecting the best surgical 
option for a given condition.

10.2  Etiology

10.2.1  Infants and Children

10.2.1.1  Subglottis

In the pediatric age group, the most common reason for 
SGS is prolonged intubation. In newborns, however, 
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congenital SGS represents the third most common 
laryngeal anomaly after laryngomalacia and bilateral 
vocal fold paralysis [24]. According to Holinger, con-
genital SGS is classified into cartilaginous and soft tis-
sue stenoses [25]. It is present when the lumen of the 
cricoid region measures less than 4 mm in diameter in 
a full-term infant or 3 mm in a premature infant. The 
cartilaginous type results from failure of complete 
recanalization of the laryngeal lumen after the eighth 
week of gestation. The cricoid may have a normal 
shape but is too small for the infant’s size, or it may 
show different abnormalities, such as general thicken-
ing, a large anterior or posterior lamina, or an elliptical 
shape. Sometimes a trapped first tracheal ring is respon-
sible for the small size of the subglottis.

In approximately 50% of cases, congenital SGS is 
associated with mediastinal malformations including 
cardiovascular, tracheobronchial, or esophageal anoma-
lies [41]. For the otolaryngologist, thoracic surgeon, and 
anesthetist, this implies that any mediastinal malforma-
tion warrants bronchoesophagoscopy before treatment 
to rule out minor asymptomatic congenital SGS.

Injuries leading to acquired SGS in infants and chil-
dren are more likely to occur after traumatic intubation 
for resuscitation, after intubation for severe cranial inju-
ries, when laryngoscopy is difficult because of anatomi-
cal problems, or when mild congenital subglottic stenosis 
has been overlooked. Any systemic condition that dimin-
ishes capillary perfusion (i.e., shock, anemia) or that 
increases the susceptibility to infection (i.e., diabetes, 
immunosuppression) aggravates the subglottic damage 
caused by the indwelling endotracheal (ET) tube, as does 
gastroesophageal reflux [29]. The evolution of acute 
lesions of intubation into cicatricial sequelae of the glot-
tis and subglottis were clearly described by Benjamin in 
1993 [3]. They are similar in adults and children but with 
more prominent involvement of the glottis in children.

Grading System

In the pediatric community, the Myer-Cotton grading 
system is routinely used. This system classifies SGS 
into four grades (Table 10.1) [42].

10.2.1.2  Trachea

In infants, tracheal stenosis is most commonly related 
to congenital anomalies of the trachea itself (trache-
omalacia, web, long-segment stenosis with circular 

rings) or to extrinsic compressions from cardiovascular 
malformations. Even after correcting the vascular 
anomaly, localized tracheomalacia may necessitate fur-
ther specific tracheal surgery. These entities have been 
clearly described in textbooks [26]. Their detailed 
description is beyond the scope of this chapter.

In older children, the etiology of benign tracheal 
stenoses is similar to that seen in the adult population 
(see Sect. 3.2.2).

10.2.2  Adults

10.2.2.1  Subglottis

Although several conditions—e.g., blunt trauma, inha-
lation injuries, high tracheotomy or cricothyroidotomy, 
Wegener’s granulomatosis—and idiopathic causes can 
lead to benign SGS, postintubation injury remains by 
far the most common cause of SGS that is amenable to 
resection and primary reconstruction [35].

In the supraglottic region, sequelae of endotracheal 
intubation are usually absent or minimal. At the level of 
the glottis, they predominantly appear as bands of scar 
tissue tethering the vocal cords posteriorly, with or with-
out cricoarytenoid ankylosis. This is the so-called poste-
rior glottic stenosis (PGS). More seldomly, fusion of the 
vocal cords is also encountered. In the subglottis, cir-
cumferential ulcerations can induce granulation tissue 
formation which matures into contracting scars leading 
to SGS (Fig. 10.1).

Grading System

In adults where cricotracheal resection is now rou-
tinely used for the cure of laryngotracheal stenosis, 
Mc Caffrey’s grading system of SGS helps predict the 
rate of success of the operation (Table 10.2) [32].

Grade Obstruction (%)

I 0–50
II 51–70
III 71–99
IV No lumen

Table 10.1.  Myer-Cotton grading system for pediatric subglot-
tic stenosis

From Myer et al. [42] 
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Fig. 10.1.  Cicatricial 
sequelae of endotracheal 
intubation. (a) Interarytenoid 
adhesion. (b) Posterior glottic 
stenosis. (c) Cicatricial fusion 
of the vocal cords. (d) 
Subglottic stenosis

10.2.2.2  Trachea

Benign tracheal stenoses result from cuff lesions induced 
by endotracheal or tracheotomy tubes or from the seque-
lae of tracheotomy (i.e., triangular deformation at the site 
of the former stoma, tip of cannula anterior stenosis, or 
suprastomal granuloma and collapse) (Fig. 10.2) [35].

10.3  Indications

10.3.1  Primary Endoscopic Treatment

Cautious carbon dioxide (CO
2
) laser incision combined 

with dilatation may be effective in thin, web-like cicatri-
cial stenoses of the subglottis, but extensive laser resec-
tion is liable to make an acquired stenosis worse [36].

The indications set down by Simpson et al. (Table 10.3) 
[52] are still valuable today as a basis for the endoscopic 
treatment of LTS. CO

2
 laser should be set to superpulse 

or ultrapulse mode and the laser beam directed to the 
target with a microspot manipulator (250 mm spot size at 
400 mm focal distance) to minimize heat diffusion into 
the surrounding tissue. Radial incisions in the stenosis 
are made using Shapsay’s technique [51], and gentle 

Stage Location of stenosis

I Subglottis or trachea < 1 cm 
long

II Subglottis within cricoid ring 
> 1 cm long

III Subglottis + upper trachea
IV Subglottis + glottic involvement

Table 10.2.  Grading system for adult laryngotracheal stenosis 
according to McCaffrey [32]
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dilatation is done with tapered bougies or angioplasty 
balloons. Then, a cotton swab soaked in a solution of 
2 mg/ml mitomycin C may be topically applied to the 
subglottis for 2 minutes. Repeated mitomycin C appli-
cation should probably be avoided, however, owing 
to uncertainty regarding possible late adverse effects 
[16, 48].

Finally, if the primary endoscopic treatment (CO
2
 

laser/dilatation/stenting) leads to a recurrence of the 
stenosis to its initial grade, any further endoscopic 

treatment is strictly contraindicated. Open surgery 
should be considered instead. The expected result is 
superior if the stenosis does not involve the posterior 
wall of the airway, especially at the level of the mem-
branous trachea.

10.3.2 � Laryngotracheal Reconstruction 
with Cartilage Expansion

Laryngotracheal reconstruction with cartilage expan-
sion is almost exclusively reserved for mild grades 
of  pediatric SGS or for combined glotto-subglottic 
stenoses. Although in adults LTR has been replaced by 
cricotracheal resection it is still used when further resec-
tion of the subglottis and trachea is impossible because 
of previous failed surgeries.

Circumferential scarring•	
Vertical scar > 1 cm•	
Posterior scarring with arytenoid fixation•	
Loss of cartilage support•	

Table 10.3.  Contraindications to CO
2
 laser treatment of laryn-

geal stenosis

From Simpson et al. [52]

Fig. 10.2.  Tracheal stenosis resulting of sequelae of tracheotomy. 
(a)  Potential complications (i.e., suprastomal collapse, ostial or 
cuff-induced stenosis, tip of cannula stenosis). (b) Suprastomal col-

lapse with granulation tissue. (c) Severe triangular narrowing of the 
trachea at the site of the former stoma. (d) Tip of cannula stenosis 
with granulation tissue

a b

c d
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In children, LTR with an anterior graft alone is used 
as a single-stage operation to cure grade II stenosis 
[9,  33]. Mild grade III stenosis is likely to need an 
anterior graft with posterior cricoid split supported by 
an endoluminal stent, and severe grade III stenosis 
requires both anterior and posterior grafts with stent-
ing [7, 43–55]. However, over the last decade, PCTR 
has shown to be superior to LTR for curing grade III 
and IV SGS [27].

In case of congenital stenosis, the LTR may be 
combined with submucosal resection of cartilage to 
increase the size of a thickened anterior lamina of the 
cricoid ring. Posterior glottic stenosis presents particu-
lar difficulties in children. A posterior cartilage graft is 
needed, but overexpansion of the posterior commis-
sure should be avoided as it impairs voice quality and 
induces potential aspiration. Stenting is essential until 
the glottis and subglottis are completely healed.

10.3.3  Partial Cricotracheal Resection

In infants and children, PCTR is the procedure of 
choice for the treatment of severe (> 70% luminal 
obstruction) SGS of congenital or acquired etiology, 
but it is generally advisable to wait until the child 
reaches 10 kg body weight before surgery is under-
taken [2, 38, 53–55]. The latter is performed as a sin-
gle-stage operation (with concomitant resection of the 
tracheostoma during the surgery) when the stenosis is 
purely subglottic and the child is otherwise healthy. 
The only exception to this rule is a very distal location 
of the tracheostoma (fifth or sixth tracheal ring) with 
normal, steady tracheal rings available for the anasto-
mosis between the subglottic stenosis and the upper 
margin of the tracheostoma. The latter is then closed in 
a second stage.

In children with multiple congenital anomalies or 
impaired neurological or cardiopulmonary function, a 
double-stage PCTR (with postoperative maintenance 
of the tracheostoma) is preferable. In adults, PCTR 
is  almost exclusively performed as a single-stage 
operation for simple SGS or SGS combined with pos-
terior glottic stenosis if cricoarytenoid joint mobility 
can be restored during the surgery and there is 
no  bilateral neurogenic vocal cord paralysis [10, 23, 
30, 31, 46].

10.3.4  Extended PCTR

In the pediatric age group, when SGS is combined 
with glottic involvement (e.g., posterior glottic steno-
sis), cicatricial fusion of the vocal cords, or distortion 
of the laryngeal framework resulting from failed 
LTRs, the PCTR is supplemented with posterior cri-
coid split and costal cartilage graft that needs stenting 
with an LT-Mold (see Sect. 4.5) for about 3 weeks 
until the subglottic area is completely healed. The tra-
cheostoma is then closed in a second stage [37, 50]. 
The alternative to this treatment is an LTR with ante-
rior and posterior costal cartilage grafts with stenting 
[8, 43, 44].

In adults, a posterior cricoid split and costal carti-
lage graft is rarely necessary. Resection of the scar tis-
sue constituting the interarytenoid aspect of the stenosis 
suffices in most cases, although sometimes stenting 
with an LT-Mold is necessary with maintenance of the 
tracheostoma until complete healing has occurred.

10.3.5  Stenting

Laryngeal stents are mainly used to keep the airway 
expanded after surgical reconstruction (LTR with cos-
tal cartilage grafts or extended PCTR). They provide 
support for cartilage grafts, allow approximation and 
immobilization of mucosal grafts to the recipient site, 
and maintain the lumen in a reconstructed area that 
lacks adequate support. Unfortunately, laryngeal stents 
can also act as foreign bodies in a reconstructed airway 
and induce mucosal injuries, ulcerations, granulation 
tissue formation, and subsequent restenosis if their 
anatomical conformity to the inner laryngeal contours 
is not perfect or if their consistency is too hard.

Several laryngeal stents are currently available on 
the market, but none truly meets the requirements for 
safe use without potential damage to the reconstructed 
airway. The simplest ones—the finger cot and the 
rolled Silastic sheet—are custom-made [18]). They are 
quite primitive, however, and have now been largely 
replaced by the Aboulker stent [1], Montgomery T-tube 
[39], Healy pediatric T-tube, and Montgomery or 
Eliachar laryngotracheal stents [17].

Unfortunately, none of these stents is devoid of 
potential severe complications [6, 19, 57]. To overcome 

10.1007/_4
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this problem, the LT-Mold has been designed for tem-
porary stenting of the airway after surgical treatment 
of cicatricial stenoses of the larynx. Its design was cre-
ated after molding cadaver larynges and increasing the 
interarytenoid distance to obtain the intralaryngeal 
contours of a fully abducted larynx (Fig.  10.3) [34]. 
Made of silicone at a strength of 50 Shore-A, it is soft 
and thus prevents pressure necrosis at the medial aspect 
of the arytenoids. To avoid possible granulation tissue 
formation at the distal extremity of the LT-Mold, a 
dedicated silicone cap is manufactured for each pros-
thesis. The prosthesis comes in 10 sizes, from 6 to 15 
mm in outer diameter, and can be used in pediatric and 
adult populations. Moreover, the prosthesis can be 
used during open surgery (intraoperative use) or after 
endoscopic resection of a laryngotracheal stenosis 
(endoscopic use) with temporary maintenance of the 
tracheostoma.

The current experience in 28 patients shows excel-
lent tolerance of the stent, without erosion or granula-
tion tissue formation in the supraglottis or glottis or in 
the vicinity of the tracheostoma when the prosthesis is 
used with a distal cap.

10.3.6  Tracheal Resection

For simple tracheal stenosis amenable to segmental 
resection, end-to-end anastomosis with immediate 
postoperative extubation is the preferred method of 
treatment in adults and children. In the latter group. a 
short-time intubation may be necessary. For multilevel 
stenoses (SGS + cuff tracheal stenoses), a two-stage 
approach is sometimes necessary if the tracheal seg-
ment to be resected is too long (cf. specific recommen-
dations to the technique).

10.4  Preoperative Workup

10.4.1  Basic Assessment

Thorough endoscopic evaluation usually provides all 
the information needed for carefully planned surgery.

If precise description and measurement of the 
stenosis are obtained via endoscopy, radiography adds 

little to the preoperative workup. However, lateral soft 
tissue and anteroposterior high-kilovoltage radiogra-
phy or computed tomography scans with three-dimen-
sional reconstructions are useful for documenting the 
length of the segment to be resected. When malforma-
tion of the mediastinum is suspected, CT or magnetic 
resonance imaging (MRI) are the examinations of 
choice.

Finally, pulmonary, cardiac, and neurological eval-
uations should be considered in children with congeni-
tal anomalies or previous long-term intubation for 
neonatal dyspnea of various etiologies. In adults, the 
same investigations should be undertaken on an indi-
vidual basis depending on the patient’s medical 
condition.

Last but not least, gastroesophageal reflux should be 
systematically ruled out or actively treated, if present.

10.4.2  Endoscopic Evaluation

Considering the potential dramatic consequences of 
failed PCTR or LTR, careful attention should be given 
to the preoperative endoscopic workup. It should 
comprise transnasal flexible laryngoscopy (TNFL) 
with spontaneous respiration or direct laryngotrache-
oscopy under general anesthesia with suspension 
microlaryngoscopy (if needed) and bronchoesopha
goscopy.

10.4.2.1  Transnasal Flexible Laryngoscopy

In adults, neonates, and cooperative children, TNFL is 
done in the awake patient without sedation. For nonco-
operative children, TNFL under deep sevoflurane 
anesthesia with mask ventilation and spontaneous res-
piration is the preferred method (Fig. 10.4). This 
examination should not only give information on the 
mobility of the vocal cords but also on the patency of 
the nose, choanae, nasopharynx, and oropharynx. 
However, it provides only adequate visualization of 
the supraglottis and is unhelpful in the assessment of 
SGS. If there is any doubt regarding the mobility of the 
vocal cords, additional investigation by suspension 
microlaryngoscopy is mandatory [38].
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Fig. 10.3.  LT-Mold stent. 
(a) Made of soft silicone at a 
strength of 50 Shore-A, the 
LT-mold was designed after 
molding adult and pediatric 
cadaver larynges and 
increasing the interarytenoid 
distance to obtain the 
intralaryngeal contours of a 
fully abducted larynx. 
(b) The LT-Mold comes in 10 
sizes, from 6 to 15 mm in 
outer diameter. To avoid 
possible granulation tissue 
formation at its distal 
extremity, a dedicated silicone 
cap has been manufactured 
for each prosthesis.  
(c) Retrograde view of the 
stent through the tracheos-
toma : absence of granulation 
tissue at the stent-mucosal 
interface
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10.4.2.2 � Direct Laryngotracheoscopy  
and Suspension Microlaryngoscopy

The location, extent, and degree of stenosis are assessed 
using a bare magnifying telescope and an intubation 
laryngoscope while the patient is under general anes-
thesia and fully relaxed (Fig. 10.5). The exact location 
of the stenosis with respect to the vocal folds, the tra-
cheostoma, and the carina are measured in millimeters. 
The degree of the stenosis is measured by passing tele-
scopes, endotracheal tubes, or bougies of different 

given sizes through the stricture. In the pediatric com-
munity, the Myer-Cotton airway grading system is rou-
tinely used [42]. This system classifies SGS into four 
grades and helps predict the rate of success after laryn-
gotracheal reconstruction: The less severe grades (I and 
II) have a far better outcome than do severe grades (III 
and IV), which correspond to subtotal or total obstruc-
tion. This grading system is not useful as a predictor of 
success or failure for partial cricotracheal resection 
because the stenotic segment is fully resected.

Differentiating vocal fold immobility due to a neu-
rogenic cause from an interarytenoid fibrous adhesion 
is done by carefully inspecting the posterior commis-
sure of the larynx using a 30°, angled telescope and by 
direct palpation the arytenoid cartilages during sus-
pension microlaryngoscopy [15, 36]. The systematic 
use of Lindholm’s self-retaining vocal cord retractor 
(Storz no. 8654B) helps differentiate bilateral vocal 
fold paralysis from posterior glottic stenosis. A fixed 
arytenoid raises the suspicion of fibrous ankylosis of 
the joint; but in the most difficult cases, this diagnosis 
is safely made only during open surgery (Fig. 10.6).

The endoscopy report should also mention the pres-
ence of any localized tracheomalacia as well as a pos-
sible infection of the airway. A bacteriological smear is 
routinely taken and submitted to the laboratory.

10.4.2.3  Bronchoesophagoscopy

In infants and children, this additional examination is 
mandatory in all cases of congenital SGS to rule out an 
associated mediastinal malformation (i.e., tracheoe-
sophageal fistula, tracheobronchial anomalies, extrinsic 
vascular compression of the airway), gastroesophageal 
reflux, and eosinophilic esophagitis [28, 41, 56].

For adult acquired SGS, a bronchoesophagoscopic 
examination is undertaken based on individual criteria. 
A systematic workup for gastroesophageal reflux is rou-
tinely done in patients with a positive medical history.

10.5  Operative Technique

10.5.1  Primary Endoscopic Treatment

Strict adherence to proper indications as described in 
Sect. 4.1 is a prerequisite if one wishes to avoid the 

a

b

Fig. 10.4.  Transnasal fiberoptic laryngoscopy (TNFL). (a) 
External view. In small children, this technique allows thorough 
evaluation of extralaryngeal sites of obstruction, vocal fold 
mobility, and tracheal dynamics with spontaneous respiration. 
(b) Internal view. Bilateral vocal cord paralysis

10.1007/_4
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dramatic consequences of overuse of laser [36]. In 
many cases, cold instruments, such as the sickle 
knife, can be used to incise a web-like cicatricial 
SGS. However, preference must be given to the use 
of CO

2
 laser, which offers more precision and a 

bloodless field. Proper selection of CO
2
 laser param-

eters is essential (Table 10.4) to obtain a char-free 
resection bed. Radial incisions of the cicatricial SGS 
according to Shapsay’s technique [51] preserve 
mucosal bridges for better, faster reepithelialization 
of the subglottis. In addition to laser incisions, gentle 
dilatation with tapered Savary-Gilliard bougies or 
angioplasty balloons blown up to a pressure of 8 atm 
optimally enlarges the subglottic lumen. Then, topi-
cal application with a cotton swab soaked in a solu-
tion of mitomycin at a concentration of 1–2 mg/ml 
for 2 minutes gives satisfactory clinical results, 
although no experimental study has yet set up the 
optimal dosage or duration of topical application of 
the drug (Fig. 10.7) [16, 48]. However, if the SGS 
recurs at its initial grade after the first endoscopic 
treatment, open surgery should be considered with-
out delay. [36].

The management of posterior glottic stenosis (PGS) 
requires expertise in selecting the appropriate candi-
date for the right type of treatment. Interarytenoid 
adhesion with a residual posterior opening is usually 
not associated with cricoarytenoid (CA) joint fixation. 
Dividing the scar with CO

2
 laser is thus the first appro-

priate choice of treatment with a potentially high suc-
cess rate [13, 14]. True PGS without residual posterior 
opening deserves first-try endoscopic treatment with 
CO

2
 laser and adjuvant topical application of mitomy-

cin C. Postoperative intubation with a soft blue-line 
Portex tube for 5–7 days helps obtain a satisfactory 
result. If CA joint mobility is restored, the abductive 
force of both posterior cricoarytenoid muscles prevents 
recurrence of the PGS at least to some degree. In tra-
cheostomized patients, 2–3 weeks of stenting with an 
Easy LT-Mold [34] ensures reepithelialization of the 
posterior commissure in abduction, thus re-creating an 
adequate airway for breathing. In the case of true fixa-
tion of the CA joints, laser arytenoidectomy, posterior 
cordotomy, or posterior costal cartilage grafting should 
be envisaged. When PGS is combined with a subglottic 
stenosis, open surgery is mandatory in most cases.

a b

Fig. 10.5.  Endoscopic assessment of laryngotracheal stenosis. 
(a) Direct laryngotracheoscopy with a 0° bare telescope. 
Examination down to the carina is possible without mucosal 
trauma in nontracheostomized patients. (b) Endoscopy report for 
subglottic stenosis. Precise measurements with reference to the 
vocal folds, tracheostoma, and carina should be given in all cases, 

including the number of residual normal tracheal rings. A precise 
surgical strategy is chosen at that time, taking all parameters into 
account: vocal fold mobility, extension and degree of stenosis, 
location of tracheostoma, length of residual normal trachea, and 
segments of tracheomalacia
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10.5.2 � Laryngotracheal Reconstruction 
with Cartilage Expansion

The LTR with cartilage expansion is performed through 
a small collar incision placed at the superior edge of the 
tracheostoma (Fig. 10.8). The strap muscles are sepa-
rated from the midline to expose the anterior portion of 
the larynx and upper trachea. For simple LTR with an 
anterior cartilage graft only, the incision typically 
extends through the lower third of the thyroid cartilage, 
the thyrocricoid membrane, the cricoid, and the first two 
tracheal rings. The costal cartilage harvested from the 
fifth, sixth, or seventh rib is boat-shaped and placed with 
the perichondrium intraluminally, serving as a lattice for 
reepithelialization. Lateral flanges of cartilage to the 
inset portion of the graft are secured to the thyroid, cri-
coid, and tracheal rings with 4.0 Vicryl sutures, thus pre-
venting the graft from prolapsing into the airway.

The treatment of an associated PGS or a grade III SGS 
requires both anterior and posterior grafts with stenting. 
Placement of the posterior cartilage graft requires that the 
anterior thyrotracheal incision be extended into a full lar-
yngofissure. The cricoid plate is then divided in the mid-
line, and interarytenoid scarring is accurately resected. A 
rectangular costal cartilage graft is then inserted between 
the two parts of the posterior cricoid plate with the per-
ichondrium facing the lumen. The graft must fit flush 
between the divided posterior cricoid laminae. It is 
sutured into place with 4.0 Vicryl sutures. An LT-Mold of 
appropriate diameter is placed at that stage and securely 
fixed with two 3.0 Prolene sutures, one placed exactly at 
the anterior commissure of the larynx and the other cran-
iocaudally on one lateral side of the trachea. Depending 
on the individual situation, the vertical incision of the tra-
chea is closed over the stent with or without additional 
anterior costal cartilage grafting (Fig. 10.9).

10.5.2.1  Single-Stage Versus Double-Stage LTR

The decision of whether to perform single-stage versus 
double-state LTR is based on the severity of the initial 
stenosis, the type of LTR that was performed (anterior 
graft only versus anterior and posterior costal cartilage 
grafts), and the patient’s medical condition. Poor car-
diopulmonary function and neurological impairment 
are contraindications to a single-stage LTR, even for a 
grade II or mild grade III SGS. Depending on the 

Ultrapulse mode•	
150 mJ/cm•	 2

50 Hz repetition rate•	
250 •	 mm microspot at 400 mm focal distance

Table 10.4.  CO
2
 laser parameters for treating laryngotracheal 

stenosis

a

b

Fig. 10.6.  Use of Lindholm’s self-retaining vocal fold retractor. 
(a) Vocal fold retractor. (b) Spreading of posterior commissure 
with the self-retaining vocal fold retractor displays the scar tis-
sue of the posterior glottic stenosis
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stability of the reconstructed airway, an LT-Mold stent 
is secured in place and left in the airway for a period of 
3 weeks to 6 months [34].

10.5.3 � Partial Cricotracheal Resection  
for Subglottic Stenosis

PCTR for SGS is performed with the neck fully 
extended. A collar incision is usually made at the level 
that will best expose the stenotic segment of the airway 
(Fig.  10.10). In tracheotomized patients, a horizontal 
crescent-shaped excision of the skin is made around the 
stoma. This is necessary for upward mobilization of the 
trachea even if the tracheostoma is kept at the end of 
the operation. The subplatysmal skin flaps are elevated, 
and the strap muscles are separated from the midline to 
provide exposure from the hyoid bone to the supraster
nal notch. At that stage, the use of a Denys-Brown 

retractor (Lone Star Medical Products, Stafford TX, 
USA) is extremely useful. As the dissection progresses, 
the surgeon advances the position of stays into deeper 
tissue (i.e., strap muscles and thyroid lobes reflected 
aside). As a consequence, the larynx and trachea are 
almost at the level of the skin, which markedly facili-
tates the dissection and resection–anastomosis. With 
benign stenosis, the trachea is dissected anteriorly and 
laterally without identifying the recurrent laryngeal 
nerves by staying in close contact with the underlying 
cartilaginous rings. With neoplastic stenosis, one or the 
other recurrent laryngeal nerve is usually identified to 
determine the extent of the disease. The vascular supply 
coming laterally from the tracheoesophageal grooves 
should always be carefully preserved, especially during 
extensive mobilization of the distal trachea. Prior to any 
incision of the trachea or subglottis, this mobilization 
gives an idea on how much of the trachea can safely be 
resected without a laryngeal release procedure.

a

c

bFig. 10.7.  Combined 
supraglottic, glottic, and 
subglottic stenosis. 
(a) Anteriorly displaced right 
arytenoid combined with 
posterior and subglottic 
stenosis. (b) Endoscopic view 
after CO

2
 laser resection. 

(c) Final endoscopic result at 
3 months
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At the level of the cricoid arch, the cricothyroid mus-
cles are sharply dissected off the underlying cartilage 
and reflected laterally over the cricothyroid joint. This 
maneuver protects the recurrent laryngeal nerves, which 
run posteriorly to the cricothyroid joint. After having 
placed stay sutures to the distal normal tracheal wall, 
the inferior resection line is made first at the lower end 
of the stenosis or at the level of the tracheostoma if the 
latter is to be resected during the same surgical proce-
dure. This allows a view of the stenosis from below and 
affords a good distal airway for ventilation. The mem-
branous trachea is then dissected and separated from the 
anterior wall of the esophagus over a distance that cor-
responds to the height of the cricoid plate. Unnecessary 
extensive separation of the trachea from the esophagus 
should be avoided to preserve an optimal vascular sup-
ply. Advancement of the distal tracheal stump upward is 
achieved by freeing the cartilaginous rings from the 
mediastinal structures anteriorly and laterally only.

Owing to its elasticity, the esophagus shortens spon-
taneously without anterior bulging. The superior inci-
sion is started at the inferior margin of the thyroid 
cartilage in front and is passed laterally just anterior to 
the cricothyroid joints. This results in complete resec-
tion of the anterior cricoid arch while avoiding injury to 
the recurrent laryngeal nerves that run posterior to the 
joint. In the subglottis, the uppermost incision of the 
posterior mucosa is made just below the cricoarytenoid 
joints; and the submucosal fibrosis, constituting the 
posterior aspect of the subglottic stenosis, is fully 
resected, thereby exposing the cricoid plate completely. 
As the luminal diameter of the distal airway is always 
larger than that of the subglottis, the first normal tra-
cheal ring used for the anastomosis must be adapted to 
the size of the subglottic lumen. In adults, this is best 
achieved by plicating the membranous trachea to 
accommodate the differences in diameter. In children, 
the discrepancy in luminal diameter between the 

Fig. 10.8.  Laryngotracheal 
reconstruction with cartilage 
expansion. (a) Costal cartilage 
harvested from the seventh 
rib. (b) Anterior costal 
cartilage graft. (c) 
Laryngofissure and posterior 
cricoid split for the treatment 
of posterior glottic stenosis 
(PGS) combined with 
subglottic stenosis (SGS). (d) 
Posterior costal cartilage 
graft. Note that the flanges of 
cartilage are wedged between 
the divided cricoid laminae. 
(e) Combined anterior and 
posterior cartilage grafts for 
grade III SGS

a b

c ed
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subglottic space and the tracheal stump is even more 
pronounced than it is in adults. Any attempt to reduce 
the caliber of the trachea should be avoided. Instead, 
one should enlarge the subglottic lumen as much as 
possible without compromising voice quality. This is 
best achieved by widening the cricoid plate posteriorly 
and laterally with a diamond burr and by performing an 
inferior midline thyrotomy up to the level of the ante-
rior commissure of the larynx without transecting it. 
Because the thyroid cartilage is usually soft and pliable 
in infants and children, the inferior margins of both 

thyroid alae are easily spread apart. In this way, the 
subglottic lumen is enlarged considerably while the 
anterior commissure is kept intact, thus preserving a 
good voice. The triangular defect is filled in with a 
mucosa-lined cartilaginous wedge that is obtained from 
the first normal tracheal ring below the resected stric-
ture. This requires additional resection of the lateral 
portion of the first normal tracheal ring used for the 
anastomosis.

Unfortunately, this technique is not feasible in adults, 
whose thyroid cartilage is often calcified or even ossified. 

Fig. 10.9.  Peroperative use 
of the LT-Mold. (a) The 
LT-Mold is cut at the 
appropriate length, and the 
distal cap is glued to the 
prosthesis with silicone glue. 
(b) Diagram showing proper 
LT-Mold placement in the 
larynx. (c) Endoscopic view 
of the LT-Mold in the larynx. 
(d) View of the larynx 
immediately after stent 
removal

a

c d

b
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The denuded cricoid plate is covered with the membra-
nous trachea after its upward mobilization. Interrupted 
Vicryl sutures (4.0 or 3.0 in adults, 6.0 or 5.0 in children) 
are used for the posterior anastomosis, with the knots 
tied inside the lumen. The disadvantage of having a few 
sutures tied inside the lumen posteriorly is largely com-
pensated for by the optimal approximation of the 
mucosa, which is difficult to obtain with the knots tied 

outside the lumen. At this stage, tension-releasing 
sutures are also placed bilaterally between the third or 
fourth tracheal ring laterally and the inferior border of 
the cricoid plate. Fibrin glue is used to secure the mem-
branous trachea to the cricoid plate. Vicryl sutures (2.0 
in adults, 3.0 or 4.0 in children) are used for the anterior 
and lateral anastomosis. The first stitch is passed through 
the posterolateral aspect of the first normal tracheal ring 

a b

c

Fig. 10.10.  Partial cricotracheal resection. (a) After careful prep-
aration and mobilization of the trachea and larynx, the superior 
resection line is made at the inferior margin of the thyroid carti-
lage. The inferior resection line is carried out one ring below the 
first normal tracheal ring to harvest an anterior pedicled wedge of 
cartilage that will be used to enlarge the subglottic lumen. The 
lateral resection line is made just anterior to the cricothyroid joint 
on both sides. The recurrent laryngeal nerve is shown here for 
anatomical purposes only; it is deliberately not identified during 
the surgery. (b) After resection of the anterior arch of the cricoid, 
the fibrous tissue constituting the posterior aspect of the stenosis 
is fully resected. The uppermost posterior section of the mucosa 

passes immediately below the cricoarytenoid joints. The denuded 
cricoid plate is then flattened with a diamond burr. This allows 
better adaptation of the tracheal stump to the subglottis. The car-
tilaginous wedge of the anterior trachea will be used to enlarge 
the subglottic lumen. (c) Except for the most posterolateral 
suture, which is placed between the trachea and the cricoid plate, 
all lateral and anterior stitches are passed between the tracheal 
ring and the thyroid cartilage. The adaptation of the large tracheal 
ring to the narrower subglottic space is facilitated by enlargement 
of the subglottic lumen with the partial inferior midline thyro-
tomy. The triangular defect is then filled in with the cartilaginous 
wedge pedicled to the tracheal ring used for the anastomosis
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and through the cricoid plate laterally. It should emerge 
in a subperichondrial plane from the outer surface of the 
cricoid plate to avoid any lesion to the recurrent laryn-
geal nerves. This stitch is extremely important and 
should be placed as meticulously as possible to bring the 
mucosa of the subglottis in close contact with the mucosa 
of the trachea. The thyrotracheal anastomosis is then 
completed by placing the Vicryl sutures between the tra-
cheal ring and the thyroid cartilage anteriorly, with the 
knots tied on the outside.

At the end of the procedure, the neck is maintained 
in a flexed position. It is not necessary to place sutures 
from the chin to the chest to limit extension of the neck 
during the postoperative period. Motivated patients 
receiving clear explanations maintain their neck flexed 
for a period of 10 days without any difficulty.

10.5.3.1 � Single-Stage Versus Double-Stage 
PCTR

If the patient is fit for single-stage surgery, two options 
usually exist, depending on the location of the tracheos-
toma. Single-stage PCTR with preoperative resection of 
the tracheostoma is chosen if no more than five tracheal 
rings must be resected with the subglottic stenosis. The 
absence of a postoperative tracheostoma is highly favor-
able for healing of the anastomosis, but longer tracheal 
resections carry greater risk of anastomotic dehiscence.

If the location of the tracheostoma requires resec-
tion of six or more tracheal rings, or if for anatomical 
reasons mobilization of the tracheal stump is difficult, 
it is preferable to use a steady, normal ring (situated 
between the SGS and the upper margin of the tracheo-
stoma) for the anastomosis and to close the tracheos-
toma separately or keep it into the postoperative 
period.  In some cases, owing to proximal damage of 
the trachea, insufficient steadiness of the upper tra-
cheal rings prevents their use for the anastomosis. A 
longer tracheal resection must then be envisaged with 
a laryngeal and/or hilar release procedure.

10.5.4 � Extended PCTR for Subglottic 
Stenosis Combined with Glottic 
Pathologies

Initially used for purely subglottic stenosis, partial 
cricotracheal resection with primary thyrotracheal 

anastomosis has proved to be efficient also for the 
cure of combined subglottic and glottic pathologies: 
posterior glottic stenosis, cicatricial fusion of the 
vocal cords, anterior glottic web extending into the 
subglottis, combined supraglottic, glottic, and suglot-
tic scarring, and distortion of the larynx after failed 
LTR (Fig.  10.11). The surgical procedure (extended 
PCTR) is then modified as follows. A complete laryn-
gofissure is created. In adults, the scar tissue consti-
tuting the posterior glottic stenosis is removed; and, if 
necessary, the transverse interarytenoid muscle is sec-
tioned in the midline. Most often, a posterior cricoid 
split with costal cartilage grafting is not necessary 
because the interarytenoid distance is large enough in 
adults. On the contrary, the latter procedure is almost 
always necessary in children. The two parts of the 
posterior cricoid plate are then sufficiently distracted 
to allow correct positioning of the costal cartilage har-
vested from the sixth or seventh rib. The graft must fit 
flush between the divided posterior cricoid laminae 
with the perichondrium facing the lumen. Lateral 
flanges of perichondrium on the luminal side and 
small cartilaginous extensions of the graft under the 
cricoid plate stabilize the graft, which is fixed in place 
with 4.0 Vicryl sutures. In both adults and children, a 
pedicled flap of membranous trachea is created by 
resecting one or two additional rings of the tracheal 
stump distally.

The trachea is then advanced upward, and its mem-
branous portion is sutured with 5.0 Vicryl stitches to 
the mucosa of the posterior commissure of the larynx. 
The lateral and anterior anastomosis is completed as 
for conventional PCTR using 3.0 or 4.0 Vicryl sutures. 
A fully mucosalized anastomosis is thus obtained. 
Closure of the laryngofissure over a nasotracheal tube 
or a stent is performed meticulously by placing a Vicryl 
suture exactly at the level of the vocal cords to restore 
a sharp anterior commissure. In adults, stenting is not 
usually necessary. In children, we currently use an 
LT-Mold that conforms to the inner laryngeal contours 
to restore it as close to a normal laryngotracheal air-
way as possible.

The cartilaginous wedge pedicled to the tracheal 
ring used for the anastomosis is inserted between the 
alae of the thyroid cartilage inferiorly to enlarge the 
subglottic lumen without compromising voice quality 
in children. Next, the isthmus of the thyroid gland is 
resutured in the midline, over the anastomosis, to opti-
mize the vascular supply.
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10.5.5 � Tracheal Resection with  
End-to-End Anastomosis

Tracheal resection with an end-to-end anastomosis is 
basically identical to that described for PCTR, but the 
initial dissection is carried out only up to the level of the 
cricoid cartilage unless a laryngeal release procedure is 
envisaged during the course of the surgery [22].

When a tracheostoma is present, hemostats are 
placed for traction on either side of the ellipse of skin 
that has been left around the stoma. This helps mobilize 
the mediastinal portion of the trachea cranially while 
its dissection is carried out anteriorly and laterally only 
and in close contact with the cartilaginous rings. At that 
stage, all the vascular supply coming bilaterally from 
the tracheal esophageal grooves should be preserved. 
Before resecting the stenotic segment, pulling on the 
mediastinal trachea gives a good idea on how much 
cranial mobilization can be achieved without a laryn-
geal release procedure. If there is any doubt about the 

exact location of the upper and lower edges of the 
intrinsic portion of the stenosis, it is best to incise the 
trachea transversally through the narrowest portion of 
the airway and to progress cranially and caudally by 
slicing the trachea until normal rings are found. The 
steadiness and quality of the tracheal rings are essential 
to the success of the surgery. No compromise should be 
made at this point. If necessary, a laryngeal and/or hilar 
and pericardial release procedure should be performed 
with the help of a thoracic surgeon, instead of using 
unstable tracheal rings for the anastomosis.

Once appropriate tension-free approximation of the 
trachea has been achieved, only minimal separation of 
the membranous trachea from the anterior esophageal 
wall should be performed in order to preserve an opti-
mal vascular supply. The esophagus shortens sponta-
neously without anterior bulging.

Because the proximal and distal stumps of the tra-
chea are usually well matched, performing the anasto-
mosis is much easier than with PCTR. It is done with 3.0 

a b c

Fig. 10.11.  Extended PCTR. (a) PCTR is performed according to 
the conventional technique. A temporary midline thyrotomy gives 
access to the cricoid plate. A posterior midline incision of the cri-
coid plate is made, and a costal cartilage graft is interposed between 
the divided cricoid laminae (blue arrow). (b) A pedicled flap of 
membranous trachea is obtained by removing one or two more 
rings of the tracheal stump distally. This allows delineation of the 
anterior cartilaginous wedge that will be used to fill in the triangular 

defect resulting from the inferior midline thyrotomy. (c) The tra-
chea is advanced upward, and its membranous portion is sutured to 
the mucosa of the posterior commissure of the larynx. The lateral 
and anterior anastomosis is completed as in conventional PCTR 
with a pedicled wedge of tracheal cartilage filling in the triangular 
defect of the inferior midline thyrotomy. Precise repositioning of 
the anterior commissure is essential to preserve a good voice when 
suturing the alae of the thyroid cartilage together



10  Subglottic and Tracheal Stenosis	 153

interrupted Vicryl sutures for the membranous trachea 
and 2.0 Vicryl sutures for the lateral and anterior anasto-
mosis. All inverted stitches should emerge in a submu-
cosal plane with the knots tied on the outer surface of the 
trachea. At that stage, lifting the head of the patient helps 
obtain a tension-free anastomosis. A  Penrose drain is 
placed distal to the site of the anastomosis, after which 
the thyroid isthmus and strap muscles are resutured on 
the midline and the skin is closed in two layers.

10.6  Specific Recommendations

This section essentially focuses on resections and 
anastomoses for subglottic or tracheal stenosis.

10.6.1 � Primary Location  
of the Tracheostoma

Although the primary location of the tracheostoma at 
the time of acute lesions of intubation may seem straight-
forward, it is of significant importance for delayed 
reconstructive surgery.

In case of incipient SGS, the tracheostoma should 
be placed either between the cricoid and the first tra-
cheal ring or as low as possible in the neck. In the for-
mer situation, this allows single-stage PCTR with 
limited resection of the trachea or single-stage LTR 
and easy closure of the tracheostoma with the same 
cartilage graft. In the latter situation, the tracheostoma 
located at the fifth or sixth tracheal ring always pre-
serves a sufficient number of normal tracheal rings 
between the inferior border of the SGS and the upper 
rim of the tracheostoma, thus allowing double-stage 
PCTR with a short tracheal resection. In case of LTR, 
the SGS can be treated without too much proximity to 
the tracheostoma, thus allowing better healing and clo-
sure of the tracheostoma during a second stage 
procedure.

Knowing that the risk of anastomotic dehiscence is 
proportional to the length of the tracheal resection, 
correct placement of the tracheostoma is of utmost 
importance for the future success of reconstructive sur-
gery. In case of incipient tracheal stenosis, the tracheo-
stoma should always be placed through the stenosis, 
thus avoiding further damage to the normal trachea.

If these basic principles were respected by all 
surgeons, the outcome of surgery for subglottic and 
tracheal stenoses would certainly be much better. 
Improved medical education is of key importance in 
this field.

10.6.2  Extensive Airway Resection

The usual question that arises is how much trachea can 
be resected and the anastomosis still safely accom-
plished. There is no straightforward answer. The per-
missible length varies with patient’s age, body build, 
and height and any prior surgery performed. A young 
adult with a long, supple neck and cranial location of 
the larynx differs completely from an old, kyphotic 
patient with the cricoid ring situated at the level of the 
sternal notch. In the former, 50% of the trachea can cer-
tainly be resected and reanastomosed safely, whereas in 
the latter only a short (less than one-fourth) segment of 
trachea is amenable to safe reconstruction. Furthermore, 
cranial mobilization of the mediastinal tracheal stump is 
unpredictable and varies significantly from one patient 
to another, even without previous surgery.

Although experimental studies on dogs and human 
cadavers have been conducted, no clear answer has yet 
emerged. For the time being, surgical experience 
shows that approximately one-half of the pediatric or 
adult trachea may be removed and reconstruction 
safely made. However, this is where the surgeon’s 
experience and judgment contribute to the final deci-
sion of what is likely to be safely possible in each 
patient, with or without laryngeal and/or hilar and 
pericardial release.

10.6.3  Recapture of Tracheal Length

Various techniques of tracheal and supralaryngeal 
release may be used to diminish the tension on the 
suture line for PCTR and segmental resection of 
the trachea [4, 12, 40, 58] (Fig. 10.12). It depends on 
the length of the tracheal segment to be resected and the 
individual anatomy. Usually, advancement of the distal 
tracheal stump upward is much easier in children than 
it is in adults. If a laryngeal release procedure is neces-
sary, however, it is best performed by sectioning the 
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thyrohyoid muscle at the level of its insertion line on 
the thyroid cartilage. Then, by pulling the cartilage 
caudally with a laryngeal hook placed at the thyroid 
notch, the thyrohyoid membrane can be cut along the 
upper border of the thyroid cartilage. This leads later-
ally to its upper cornu, which is then sectioned with a 
pair of straight Mayo scissors. A laryngeal drop of 
1.5–2.0 cm can thus be obtained. A hilar and pericar-
dial release procedure, performed through a sterno-
tomy and a T incision into the left fourth interspace is 
sometimes necessary in adults but not in children. 
However, it hugely increases the extent of surgery oth-
erwise planned as a cervicomediastinal procedure. It 
does provide another 2 cm of length for a tension-free 
thyrotracheal anastomosis though. It is best to plan this 
additional surgery with the thoracic surgeon prior to 
the day of cricotracheal resection. It can be anticipated 
by a thorough preoperative endoscopic and radiologi-
cal workup.

10.7  Postoperative Care and Follow-Up

10.7.1  Laryngotracheal Reconstruction

Patients with long-standing tracheotomies may be colo-
nized with Pseudomonas aeruginosa or Staphylococcus 
aureus— hence the importance of the preoperative bac-
teriological smear.

Appropriate antibiotics are given until the subglot-
tic airway is fully healed. If reflux is present, proton 
pump inhibitors are continued for up to 6 months post
operatively.

Patients with single-stage LTRs are kept intubated 
without paralysis for 7–14 days, depending on the 
type  of reconstruction (anterior graft versus poste-
rior graft). Control endoscopy is mandatory on the 
day of extubation to ensure proper incipient healing 
of the reconstructed airway and again at 3 months if 

a b

Fig. 10.12.  Laryngeal release procedure. (a) At the level of the 
second layer of the strap muscles. The sternohyoid muscle is 
preserved. The thyrohyoid muscle is cut bilaterally just above its 
insertion on the thyroid cartilage. Then, the thyrohyoid membrane 

is cut in the midline and along the upper edge of the thyroid 
cartilage, leading laterally to the upper cornu, which is cut bilat-
erally with a pair of straight Mayo scissors. (b) Result of the 
laryngeal drop: a distance of 1.5–2.0 cm has been obtained



10  Subglottic and Tracheal Stenosis	 155

clinically the patient shows no sign of upper airway 
obstruction.

With double-stage LTRs, tracheotomized patients 
may return to the ward on the first operative day as the 
parents are already familiar with care of the tracheot-
omy cannula. The first control endoscopy is done at 
the time of stent removal and then 3 weeks later. 
Plugging the cannula early after stent removal gives 
information on the patency of the reconstructed airway 
above the tracheostoma. If for some reason (e.g., 
suprastomal collapse) this is not possible, a control 
endoscopy should be scheduled after 10 days to ensure 
that no incipient subglottic stenosis is redeveloping. 
When the subglottis is fully healed and stable, down-
sizing the cannula over a period of several days facili-
tates eventual closure of the tracheostoma.

10.7.2 � Partial Cricotracheal Resection 
and Segmental Tracheal Resection

Postoperative management after single-stage PCTR or 
segmental tracheal resection is more challenging in 
children, whose airways are much smaller than those 
of adults.

Nontracheotomized children stay under close super-
vision in the intensive care unit until extubation is 
achieved. Broad-spectrum antibiotics and antireflux 
medication are given to all patients until a mucosalized 
anastomosis is obtained. Proton pump inhibitors are 
continued postoperatively over a period of up to 6 
months. Corticosteroids are started on the day prior to 
extubation and are continued for the following days if 
necessary. Depending on the child’s age, a first control 
endoscopy is performed at 5, 7, or 10 days postopera-
tively. If there is only slight to moderate edema of the 
vocal folds and subglottis, the child is tentatively extu-
bated. Because of its very low viscosity, heliox (a mix-
ture of helium and oxygen) is sometimes used to 
diminish the inspiratory stridor resulting from postop-
erative laryngeal edema. In the case of significant edema, 
the child is reintubated with a one-size-smaller tube, and 
a plug of corticosteroid-gentamicin ointment is applied 
to the endolarynx. The next tentative extubation is 
planned for 2 days later. Additional endoscopic controls 
are routinely performed at 3 weeks and 3 months. The 

final result may then be optimized at 3 months by gentle 
bougienage with Savary-Gilliard dilators.

If a double-stage PCTR is performed without stent-
ing, no clinical information on subglottic airway pat-
ency is available as the child breathes through the 
tracheostoma. A control endoscopy at the third postop-
erative week is then mandatory to assess the quality of 
healing at the site of the anastomosis. To salvage a sub-
optimal result (i.e., incipient restenosis), a laryngeal 
stent (LT-Mold) should be placed endoscopically.

With extended PCTRs and double-stage PCTRs with 
stenting, the treacheostoma is left in place until the sub-
glottic anastomosis is completely healed. Stenting is usu-
ally necessary for about 3 weeks. However, depending on 
the complexity of the reconstruction after LTR or extended 
PCTR, stenting is sometimes maintained for up to 6 
months or longer, especially after reconstruction of dis-
torted larynges resulting from previous failed LTRs.

10.8  Results

10.8.1  Pediatric LTR and PCTR

Results from the most experienced centers [8, 43, 44] 
show a decannulation rate of just under 90% for grades 
I and II SGS following LTR. However, it drops to 
around 80% for grade III and to 50% or less for grade 
IV SGS, implying the need for revision surgery in a 
significant number of cases [8, 43, 44]. From the six 
international centers that published their results on 
pediatric PCTR for severe (grades III and IV) SGS, a 
global decannulation rate of 96% (258/269 cases) was 
achieved [2, 37, 49, 53–55]. Looking at these results in 
a more detailed manner, the two centers with the larg-
est experience in PCTR [37, 55] showed a decannula-
tion rate of 98% (56/57 cases) for primary surgery and 
93% (70/75 cases) for salvage surgery after failed pre-
vious airway reconstruction (unpublished results on 86 
cases from Lausanne).

Extended PCTRs for SGS with glottic involvement 
showed an interesting decannulation rate of 91% (42/46 
cases), but 11 of 25 (44%) patients in the Cincinnati 
group and 6 of 21 (29%) patients in the Lausanne group 
required more than one open procedure to achieve 
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these results (Table 10.5). This reflects the challenge of 
treating some of these extremely complex cases that 
have undergone several prior open surgeries.

In a recent publication on the long-term outcome of 
57 PCTRs with a median follow-up of 5.1 year (mini-
mum follow-up of 1 year), 55 of the 57 (96%) patients 
were decannulated [27]. Only one patient had moder-
ate exertional dyspnea, and all other patients could 
participate in sports without restriction. Voice quality 
was found to improve after PCTR of 1.0 ± 1.34 grade, 
according to the GRBAS grading system.

10.8.2  Adult PCTR

The overall results in the international literature pub-
lished from 1972 to 2000 [10, 20, 21, 31, 45] on 249 
patients in the adult age group were similar to those 
of the pediatric population, with a 95% (237/249 cases) 
success rate and a 1% (2/249 cases) mortality rate.

10.8.3  Segmental Tracheal Resection

Grillo’s large series of 503 patients who underwent 
segmental tracheal resection for postintubation steno-
sis shows a 94% (471/503 cases) good to satisfactory 
postoperative result [22]. The latter was classified as 
good if the patient could play sports without exertional 
dyspnea, and satisfactory if the patient could perform 
normal activities but was stressed on exercise. These 
results are in accordance with smaller reported series 
of tracheal resections with end-to-end anastomosis in 
adults [5, 11, 47]. Failure occurred in 20 (3.9%) and 
death in 12 (2.4%) of the cases.

10.9 � Tips and Pearls to Avoid 
Complications

Perform a thorough preoperative assessment of the •	
patient’s medical condition.
Establish a precise endoscopy report on extralaryn-•	
geal sites of obstruction, vocal fold mobility and site, 
extent, and degree of airway stenosis.
Address only mature cicatricial stenosis for a defin-•	
itive endoscopic or open surgical treatment.
Do workup studies for gastroesophageal reflux.•	
Carefully respect the indications for the manage-•	
ment of each type of stenosis and for single-stage or 
double-stage procedures.
Use meticulous technique for LTR, PCTR, and seg-•	
mental tracheal resection.
Follow up your patient carefully during the postop-•	
erative period.
Remember that inappropriate initial management •	
of LTS may lead to permanent intractable sequelae 
and that the best chance for the patient lies in the 
first operation.
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11.1  Introduction

Tracheostomy is one of the oldest surgical procedures 
in the history of head and neck surgery. The evolution 
of tracheotomy stretches back over many centuries. It 
has been performed for more than 2000 years, but the 
first successful well documented tracheotomy is 
attributed to Antonio Musa Brasavolo in 1546. In 
1932, Chevalier Jackson [1, 2] standardized the tech-
nique and taught the medical community about a well 
performed tracheotomy and routine surgical care; 
more specifically, he pointed out the side effects of 
“the high tracheotomy.” The procedure is described 
as a potential lifesaving surgery performed some-
times in emergency situations but more often as a 
planned surgery in the operating room or intensive 
care unit.

Tracheotomy is a surgical opening into the trachea. 
It is performed for the purpose of ventilation or/and 
pulmonary toilet. Today, in the English-language litera-
ture the term tracheotomy and tracheostomy are used 
interchangeably. To clarify, tracheotomy is used here 
for the procedure of opening the trachea and tracheos-
tomy as a permanent opening and exteriorizing the tra-
chea to the cervical skin until the opening has become 
epithelialized. Performed under ideal circumstances 
(in an operating room, as an elective procedure, on a 
patient with a slender neck without airway obstruction), 
tracheotomy is a simple, safe, easy procedure.

Successful management of the airway requires a 
complete understanding of the structure and function 
of the upper aerodigestive tract. The goal is to apply 
the appropriate solution for each specific case to avoid 
complications and a life-threatening situation.

Tracheotomy
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Core Messages

The tracheal wall is incised between the second ››
and third tracheal ring. The cricoid should be 
palpated before tracheal incision to determine 
the correct level at which to enter the trachea.
Opening of the trachea with an inferiorly based ››
flap is recommended.
To avoid subcutaneous emphysema, pneu-››
mothorax, and infection, a tracheotomy wound 
is never closed tightly around the tube.
Setting of threads is useful for stoma opening ››
and tracheostomy tube introduction in chil-
dren helpful for the stoma opening and tra-
cheostomy tube reinsertion.
Percutaneous dilatation tracheostomy (PCDT), ››
when performed by experienced surgerons is 
safe and easy to perform with a low complica-
tion rate.
PCDT is suitable only in adult patients with-››
out a midline neck mass and if cricoids carti-
lage can be palpated above the sternal notch.
We strongly recommend this technique with ››
good airway control by anesthetists or inten-
sivists, under direct vision with fiberscopy 

during the procedure.
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This chapter is design to provide information about 
the following.

Indications for tracheotomy•	
Decision making for open neck tracheotomy versus •	
percutaneous tracheotomy
Surgical technique•	
Management of the tracheostomy•	

11.2  Indications for Tracheotomy

Tracheotomy means “making a stoma into the trachea.” 
This temporary or permanent opening of the trachea 
may be necessary when circumstances exist that com-
promise adequate respiration. There are several situa-
tions in which tracheotomy is needed.

Upper airway obstruction•	
Inflammatory disease−−
Benign laryngeal pathology−−
Malignant laryngeal tumors−−
Benign and malignant tracheal tumors−−
Laryngeal trauma or stenosis−−
Tracheal stenosis−−

Need for assisted ventilation over a prolonged •	
period of time
Deficit of lower airway protection against aspira-•	
tion of oral or gastric secretions
Clearance of lower respiratory tract secretions•	

There is no fixed list of circumstances and morpho-
logical or pathological situations for tracheotomy. 
However, there are a variety of alternatives to trache
otomy.

Noninvasive positive-pressure ventilation with a •	
face mask or a laryngeal mask
Endotracheal intubation•	
Endoscopic procedure to remove some foreign •	
bodies

An appropriate decision should be made for each 
patient, taking in account the following facts.

The laryngeal mask airway is not suitable for all •	
patients, particularly for patients at risk for aspira-
tion, and it requires close intensive care 
monitoring.
Endotracheal intubation is not always possible, •	
depending on the patient’s anatomy or pathological 

situation. In case of difficult airway management, 
tracheotomy should be considered according to the 
“Practice Guidelines for Management of the 
Difficult Airway” [3].
Prolonged intubation for more than a week can •	
induce laryngeal and tracheal damage [4].

11.3 � Decision Making for Open 
Neck Tracheotomy Versus 
Percutaneous Tracheotomy

Conventional surgical tracheotomy reported as open 
neck tracheotomy is a safe, less easy procedure when 
performed under ideal circumstances. However, many 
complications following the operation have been 
reported [5]. Since the report by Ciaglia et  al. [6] in 
1985 on percutaneous dilatation tracheostomy (PCDT), 
several studies demonstrated that this technique is safe 
and easy with a low complication rate; furthermore, it 
is superior to the conventional surgical tracheostomy as 
immediate complications as well as complications with 
the tracheostomy tube in situ are fewer and of less 
severity [7].

It must be stressed that PCDT is suitable only in 
adult patients without a midline neck mass and if cri-
coid cartilage can be palpated above the sternal notch. 
All patients below the age of 18 years or with a neck 
deformity or/and unidentifiable anatomy of the neck 
represent a group for whom PCDT is contraindicated.

During PCDT the surgeon is sharing the airway 
with the anesthetist from the start of the procedure. 
The endotracheal tube is deflated and withdrawn above 
the vocal cord. In emergency cases or in patients with 
difficult airway management, this maneuver can result 
in a nonfunctional airway. In such a situation, conven-
tional tracheostomy is more advisable.

11.4  Tracheotomy Techniques

11.4.1 � Conventional or Open Neck 
Tracheotomy

Convention, open neck tracheotomy can be performed 
in various situations: in an emergency or as an elective 
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operation, under general or local anesthesia, in the 
operating room or by the bedside.

Elective tracheotomy is best carried out in the oper-
ating room under general anesthesia, where efficient 
assistance is available with adequate equipment (light, 
suction, electrocautery, different size and shape tra-
cheostomy tubes). The patient is placed on supine 
position, with the head extended using a shoulder roll 
(Fig. 11.1). A horizontal incision is made midway 
between the sternal notch and the cricoid cartilage. A 
sharp dissection is carried down through subcutane-
ous tissue and platysma. The strap muscles are 

identified, and then the dissection is changed to the 
vertical plane (Fig. 11.2). The strap muscles are sepa-
rated in the midline with a retractor until the thyroid 
isthmus is encountered and the anterior wall of the tra-
chea is identified (Fig. 11.3). Inferior and median thy-
roid blood vessels are ligated; the thyroid isthmus is 
transected, and each side is suture-ligated to prevent 
bleeding (Fig. 11.4). The anterior wall of the trachea 
is incised between the second and third tracheal ring. 
The cricoid should be palpated before tracheal inci-
sion to determine the correct level at which to enter 
the trachea. To secure the opening of the stoma, an 

Fig. 11.2.  The strap muscles are identified, and then the dissec-
tion is changed to the vertical plane Fig. 11.3.  Identification of the trachea anterior wall

Fig. 11.1.  The patient is 
placed on supine position, 
with the head extended
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inferiorly based flap consisting of the anterior portion 
of a single tracheal ring is sutured to the inferior skin 
margin (Fig. 11.5).

During surgery, a special curved endotracheal tube 
(Montandon endotracheal tube) is introducing in the 
stoma and replaced by a tracheotomy tube at the end of 
the surgery. The placement begins with the tracheotomy 

tube at right angles to the trachea (Fig. 11.6); then as 
the tube is inserted, it is rotated so its axis is parallel to 
that of the trachea. The tracheotomy tube is sutured to 
the  skin as an added precaution to prevent accidental 
dislodgement of the tube. To avoid subcutaneous 
emphysema, pneumothorax, and infection, a tracheot-
omy wound is never closed tightly around the tube.

Fig. 11.4.  Section of the 
thyroid isthmus
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11.4.2 � Percutaneous Dilatation 
Tracheotomy

Percutaneous dilatation tracheotomy (PDT) is a safe, 
simple, accepted alternative to conventional tracheot-
omy. Some studies [8–10] have demonstrated 
advantages of less cost, infection, bleeding, and oper-
ating time for PDT when compared to traditional open 
neck tracheotomy.

The procedure can be performed under local or gen-
eral anesthesia. Nevertheless, there is no published 
proof in the literature to guarantee the safety of the 
technique in children, emergency situations, and 
patient with difficult airway management.

We strongly recommend this technique with good 
airway control by anesthetists or intensivists, ideally 
under direct vision with fiberscopy during the proce-
dure. The surgery should be carried out by a skilled 
surgeon (or under his or her supervision), with the 
ability to perform a standard tracheotomy.

Anatomical suitability for PDT must be determined 
preoperatively with the patient’s neck extended. A 
contraindication to the procedure is the inability to pal-
pate the laryngeal landmark. The cricoid cartilage 
should be felt above the sternal notch. Similarly, the 
patient with a midline neck mass, a large thyroid gland, 
should be a candidate for conventional tracheotomy.

Patient received appropriate sedation, then posi-
tioned in supine position with the neck extended by 
using a shoulder roll. The patient’s neck and upper 
chest are prepped and draped as for open neck 
tracheotomy.

Fiberoptic tracheobronchoscopy is carried out 
through the endotracheal tube. If needed, 2 ml of 4% 
lidocaine is injected into the trachea through the bron-
choscope, and pulmonary toilet is performed. The dis-
tal extremity of the fiberscope is placed at the tip of the 
endotracheal tube, and the cuff is deflated.

Under fiberoptic vision, the endotracheal tube is 
slowly withdrawn from the trachea just below the level 
of the glottic opening and held securely to prevent 
accidental extubation. Laryngeal and tracheal land-
marks are palpated. The light is visualized through the 
skin, and the tracheal rings are palpated to confirm the 
proper position of the tip of the tube.

A Teflon catheter introducer needle with a syringe 
attached is inserted between the first and second 

Fig. 11.5.  Opening of the tracheal with an inferiorly based flap

Fig. 11.6.  Rotation movement for introduction of the tracheot-
omy tube
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tracheal rings. Aspiration of air bubbles confirms entry 
into the trachea, and the location of the needle is veri-
fied endoscopically until a midline position is achieved 
inside of the trachea without puncturing the posterior 
tracheal wall (Fig. 11.7). The needle is removed and a 
J-tipped guidewire is threaded through the catheter 
into the trachea. The catheter is removed and replaced 
by the introducer dilator. A horizontal skin incision of 
1.0–1.5 cm is then performed at the level of the punc-
ture; a guiding catheter is placed over the guidewire 
after removal of the introducer dilator.

A hydrophilically coated Ciaglia Blue Rhino dila-
tor is now introduced over the guiding catheter into 
the trachea until the 38F marking is identified endo-
scopically (Fig. 11.8). A tracheotomy tube with the 

inner cannula replaced by a corresponding loading 
dilator from the Ciaglia’ set is introduced over the 
guiding catheter into the trachea. The correct intra-
tracheal position of the tracheotomy tube is con-
firmed endoscopically; the guidewire and guiding 
catheter are removed; and the inner cannula is put 
back. The respirator is disconnected from the endo-
tracheal tube and is connected to the tracheostomy 
tube. The latter is fixed and adjusted, and the cuff is 
inflated. Final endoscopic control is performed 
through the tracheostomy tube; and if needed, excess 
secretions and/or blood are aspirated to prevent air-
way obstruction.

Postoperative chest radiography should be per-
formed to ensure the absence of pneumothorax and 
pneumomediastinum.

The tracheotomy tube is first changed 7 days post
operatively.

11.4.3 � Tracheotomy in the 
Pediatric Age Group

To prevent complications, preoperative planning is the 
first step to successful tracheotomy in a child. All 
patients should be examined and the airway secured 
before surgery. The surgical procedure is carried out in 
a manner similar to that in adults—in the operating 
room when possible.

More than in adults, care must be taken to avoid 
excessive dissection lateral to the trachea to prevent 
the possibility of recurrent nerve injury and dissec-
tion of air into the tissues. The thyroid isthmus is 
divided only if it cannot be retracted superiorly. The 
tracheal opening is a simple vertical incision made in 
the second and third tracheal rings. Nylon traction 
sutures are placed on either side of the incision line 
before the incision is performed and then after a sec-
ond pair of traction sutures is placed along the cut 
edge of the trachea (Fig. 11.9). Those sutures will be 
helpful for the stoma opening and tracheostomy tube 
reinsertion. Excision of any anterior trachea wall 
during tracheotomy should be avoided in this age 
group.

Pediatric tracheostomy tubes generally have no 
cuff. The size of the tracheostomy tube is determined 
according to the age of the child with respect to the 
carina.

Fig. 11.8.  Introduction of the Ciaglia dilatators

Fig. 11.7.  Insertion of the needle
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11.4.4  Bedside Open Tracheotomy

Intensive care unit patients are at higher risk for com-
plications than other groups of patients because there 
frequently have multisystem diseases. When trache-
otomy is required for these patients, they are taken to 
the operating room for conventional tracheotomy. 
Operating room time is expensive, in high demand, 

and often in short supply. On the other hand, moving 
critically ill patients is associated with a number of 
risks (e.g., accidental extubation, changes in the vital 
signs).

Open tracheotomy can also be performed at the 
bedside in the intensive care unit setting [11]. In 
such a situation, surgeons must ensure that proper 
lighting, some assistance, and proper equipment are 

Fig. 11.9.  Threads for 
traction are put in place for 
an easy opening
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available. Patients with unfavorable anatomy (mor-
bid obesity, short and fat neck, cervical mass lesions, 
enlarged thyroid gland) should proceed to the oper-
ating room for a standard tracheotomy under ideal 
circumstances.

The surgical technique is the same as describe 
above for conventional open neck tracheotomy. The 
advantages of performing a tracheotomy at the bedside 
is that operating room coast are defrayed, the proce-
dure is generally less expensive than a PDT, and the 
procedure can be performed as soon as the surgeons 
are available. As for main disadvantages, the proce-
dure is more longer compare to PDT, it require trans-
porting electrocautery, instrument trays and extra 
lighting from operating room to intensive care unit. 
Often there are no available trained operating room 
nurses and assistants.

11.4.5  Emergency Tracheotomy

11.4.5.1  Open Tracheotomy

It is widely accepted by head and neck surgeons that 
emergent tracheotomy is a procedure to be avoided. 
Nevertheless, in an acute airway emergency that can-
not be handled by other option, tracheotomy should be 
considered.

Patients are positioned in supine position with the 
neck extended using a shoulder roll. The patient’s 
neck and upper chest are prepared and draped as for 
open neck tracheotomy. A median vertical incision of 
3–4 cm is performed starting at the level of the cri-
coid and extended to the sternal notch. The incision is 
continued through the skin, platysma, and subcutane-
ous tissues. The strap muscles are divided with retrac-
tors, and the thyroid isthmus is pushed inferiorly 
(or superiorly) with the index finger. The trachea is 
palpated and incised at about the second or third tra-
cheal ring. The endotracheal tube or tracheostomy 
tube is introduced inside the trachea; sometimes a tra-
cheal dilator is helpful during the introduction and so 
must be prepared as a part of the equipment for emer-
gent tracheotomy.

The tracheostomy is securely fixed. As soon as the 
patient’s situation allows, the tracheotomy is carefully 
assessed to control hemostasis, determine the exact 

location of the tracheal incision, and if needed perform 
appropriate revisions.

11.4.5.2  Cricothyroidotomy

Cricothyroidotomy is a rapid technique to create an 
opening in the cricothyroid membrane followed by 
placement of a stenting tube. The procedure is a 
good alternative to emergent tracheotomy. Its main 
advantage is that the cricothyroid membrane is near 
the skin surface and much less dissection is neces-
sary. The major disadvantage is possible damage to 
the subglottis area, often because the cricothyrotomy 
tube is too large and/or is left in place for a long 
time.

The surgical technique is simple: The cricothyroid 
space is palpated, and a short, transverse incision is 
performed directly over the cricothyroid membrane. 
The knife is inserted into the cricothyroid membrane 
and twisted vertically to open it (Fig. 11.10). An endo-
tracheal tube is inserted and secured.

When the patient’s condition has stabilized, if respi-
ratory support through the surgical airway is needed 
for more than 2–4 days the cricothyroidotomy should 
be converted to a conventional tracheotomy.

11.5  Complications of Tracheotomy

As for any surgical procedure, complications of tra-
cheotomy may occur even with the use of optimal sur-
gical techniques. Those complications can be generally 
divided into two categories: early and late.

1.	 Early complications (those occurring intraopera-
tively and early in the postoperative period)
(a)	 Hemorrhage
(b)	 Tracheoesophageal perforation
(c)	 Recurrent nerve injury
(d)	 Cricoid cartilage injury
(e)	 Tracheostomy tube obstruction
(f)	 Tracheostomy tube dislodgement
(g)	 Pneumothorax
(h)	 Pneumomediastinum
(i)	 Subcutaneous emphysema
(j)	 Wound infection
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2.	 Late complications (those occurring in the late post-
operative period)
(a)	 Infection
(b)	 Hemorrhage
(c)	 Granuloma
(d)	 Aspiration
(e)	 Laryngotracheal stenosis
(f)	 Subglottic stenosis
(g)	 Tracheoesophageal fistula
(h)	 Tracheomalacia

The best way to prevent complications during trache-
otomy and in tracheotomized patients is a good knowl-
edge of the following.

Potential complications of tracheotomy•	
Variety of strategies available for airway •	
management
Various surgical techniques for tracheotomy and •	
their application
Proper cannula selection based on the patient’s •	
anatomy and pathology
Appropriate postoperative care for each specific •	
situation

As soon as the complication is recognized, it must be 
managed efficiently to achieve the expected positive 
outcome.

11.6  Pearls and Tips

11.6.1  Pearls

Tracheotomy stands out as one of the most helpful •	
therapies in the management of compromised air-
way. In decision making for tracheotomy, appropri-
ate solutions must be taken for each specific case, in 
order to avoid complications and life-threatening 
situations.
The key features in preventing complications are •	
good knowledge of:

The potential complications of tracheotomy.––
The variety of strategies available for  airway ––
management.
The different surgical techniques for trache-––
otomy and their applications.

The proper cannula selection according to ––
the patient’s anatomy and pathology.
Appropriated routine and specific postopera-––
tive care.

Fig. 11.10.  Cricothyroidotomy
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11.6.2  Practical Tips

•	 Conventional or open neck tracheotomy
Secure the airway first before performing the ––
surgical procedure.
Be sure that efficient assistance and adequate ––
equipment are available.
Dissecting in the midline to prevent––

Bleeding from jugular vein, carotid artery, ––
thyroid isthmus, or aberrant innominate 
arteries.
Injury to recurrent laryngeal nerves.––
Pneumothorax or pneumomediastinum.––

Secure the opening of the stoma, by suturing ––
the anterior portion of a single tracheal ring 
to the inferior skin margin, and insert the tra-
cheotomy tube into the trachea under direct 
vision to prevent false passage between the 
trachea and the sternum.
Prevent tracheotomy tube displacement by––

Appropriate selection of the tube accord-––
ing to patient’s anatomy.
Sewing the tracheotomy tube to the peris-––
tomal skin.
Setting the low-pressure cuff pressure ––
under 25 mmHg.

•	 Percutaneous dilatation tracheotomy (PDT)
The principle contraindication to the PDT ––
procedure is the inability to palpate the 
laryngeal landmarks.
Flexible bronchoscopy for endoscopic guid-––
ance  is mandatory to

Visualize the trachea.––
Confirm the proper position of the tip of ––
the endotracheal tube.
Transilluminate for palpation of anatomic ––
landmarks and visualize needle place-
ment through the anterior tracheal wall.
Confirm the safe tracheal dilation and the ––
proper tube placement.

Have a standard tracheotomy tray available.––
Tracheotomy tube should be securely fixed ––
to avoid accidental decannulation.
Never perform unnecessary change of the ––
tracheotomy tube during the first post opera-
tive 3 days. If the tube replacement is inevi-
table, be prepared with:

Endotracheal tube ready for patient ––
re- intubation if need.
A good preoxygenation of the patient.––
Tracheotomy dilatation forceps.––
Fiberscope ready for tracheal assessment.––

When long-term tracheotomy is planed, it is ––
preferable to perform conventional trache
otomy.

•	 Emergency tracheotomy
Depending on the severity and primary cause ––
of the airway impairment.

Other airway management options should ––
be considered.

All information related to the patient must be ––
shared with the operating team and anaesthe-
siologist prior to the procedure.
Avoid ––

Percutaneous dilatation tracheotomy.––
A high tracheotomy through or near the ––
cricoid cartilage.

Cricothyroidotomy should be converted to ––
conventional tracheotomy.

•	 Tracheotomy in pediatric age group
The tracheal opening must be a simple verti-––
cal incision.
Placed nylon traction sutures on either side ––
of the incision line before tracheal opening.
Avoid any anterior trachea wall excision.––
Tracheostomy tube size is determined accord-––
ing to the child’s age.
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Treatment of laryngeal scars is one of the most chal-
lenging topics in laryngology. Vocal fold scars can 
result from voice abuse and misuse, acute, or chronic 
laryngitis especially in combination with reflux dis-
ease, acid ingestion, blunt or sharp trauma to the larynx 
[11, 14], and iatrogenic trauma during intubation [2]. It 
also may result as a sequel to vocal cord surgery for 
dysplasia or carcinoma in situ [16] (Fig. 12a.1).

Supraglottic scars predominantly affect respiration 
and deglutition, whereas glottic scars result in dysphonia 

and dyspnea. Symptoms associated with laryngeal scars 
are predominantly hoarseness, breathiness, voice effort, 
and voice fatigue [2]. In severe cases, aphonia and aspi-
ration may be present sometimes in combination with a 
tracheotomy.

Glottic scars can be divided in four types.

Type I: mucosal, submucosal level—mild to mod-
erate glottic insufficiency, reduced vibration

Type II: glottic insufficiency in a round anterior 
commissure region—anterior moderate defect; scars 
involving the vocalis muscle—no vibration, mild glot-
tic insufficiency

Type III: glottic insufficiency—scar formation 
adherent to the inner perichondrium and the cartilage 
defect up to the supraglottic region, twisted arytenoids
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Core Messages

The vocal fold scar is an injury of variable ››
severity sustained by the vibratory segment of 
the vocal cord.
In many cases glottic scars are accompanied ››
by glottic insufficiencies caused by vocal fold 
defects.
A delay of 6 months is recommended before ››
surgical treatment.
Speech therapy is useful and can be sufficient ››
in case of a minor scar.
The main goal of surgery is to obtain a better ››
closing and from there a better vocal fold 
vibration.
Medialization may help achieve sufficient ››
glottic closure but not a normal voice.

Fig. 12a.1.  Scar of the left vocal cord after intubation
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Type IV: glottic insufficiency—anterior web forma-
tion, round anterior commissure, bilaterally reduced 
vibration

12a.1  Type I Scar of the Vocal Fold

The type 1 scar is an injury of variable severity sus-
tained by the vibratory segment of the vocal cord [4, 6] 
(Fig. 12a.2). It affects Reinke’s space and the vocal 
ligament. Vocal fold scars represent reparative disorga-
nized tissue consisting mainly of fibrocytes producing 
collagen type I in the vibrating layer of the vocal fold, 
particularly the superficial layer of the lamina propria 
[22]. In contrast, the pliability of the vocal fold during 
phonation is guaranteed predominantly by fibers con-
sisting of collagen type III as well as elastic fibers 
reaching into the basal layer of vocal fold mucosa. 
Depending on the severity of a scar, the vibration of the 
vocal fold can be completely impaired, leading to dys-
phonia. Scars can be localized in a single spot or can be 
present throughout the complete vocal fold. In  many 
cases, glottic scars are accompanied by glottic insuffi-
ciencies caused by vocal fold defects.

Benninger et al. presented three rules: (1) The more 
mucosa excised, the more scar-forming activity of the 
lamina propria is stimulated. (2) Mucosal excision 
needs to be limited to precisely what is diseased or 
absolutely required. (3) Because fibroblast collagen is 
highest in the deeper layers of the lamina propria, the 
dissection must be kept superficial.

On stroboscopic examination, amplitude and mucosal 
waves show asymmetrical vibrations. The vocal cord 
defect may be visible. As with sulcus-vergeture, man-
agement is difficult [19].

A delay of 6 months is recommended before surgi-
cal treatment. Speech therapy is useful and can be suf-
ficient in case of a minor scar [16, 20].

Scar surgery of the vocal folds should break up stiff 
scars to restore better elasticity and replace lost vol-
ume to gain complete glottic closure [3]. Laryngeal 
framework medialization, unilateral or bilateral, has 
been proposed [5, 9].

Microphonosurgery, similar to what is proposed for 
sulcus-vergeture can also be realized [18]. The epithe-
lium, frequently atrophic must be freed from the deep 
part of the lamina propria. It is necessary to recreate a 
zone of detachment between the submucosal tissue 
and the epithelium. Hydrotomy or injection of saline 
solution, vasoconstrictors, or steroids can be helpful 
(Fig. 12a.3a, b)

In case of atrophy, injection of homologous colla-
gen or fat is proposed to restore the shape and the vol-
ume of the vocal fold [15, 18]. Hyaluronic acid can 
also be injected to improve the pliability of the vocal 
fold [6, 10] (Fig. 12a.4a, b).

Fig. 12a.2.  Type I. Scar of the vocal fold

b

a

Fig. 12a.3.  Bilateral superficial scar of the vocal cords. (a) 
Before. (b) After hyaluronic acid injection
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These lesions are frequently bilateral and the two 
sides can be operated on at the same time. If the surgery 
has been difficult for one of the sides, it may be advisable 
to wait 6 months before approaching the other side.

Cordotomy is performed laterally. The scar formation 
is dissolved and the sliding flap prepared. Just by loosen-
ing the scars the mucosal flap drifts medially. In case of 
a volume deficit, we implant fat for an improved glottic 
closure leading to better vocal function (Fig. 12a.5).

The CO
2
 laser technique thermal damage must be 

used with great caution to avoid thermal activation. 
This can be prevented by general avoidance of lasers in 
vocal fold surgery. Cold instruments are used to pre-
serve as much mucosa as possible.

Other strategies that have recently shown advances 
include growth factor therapy [8] and cell therapy using 

stem cells or mature fibroblasts [12, 13]. The effects of 
these new treatments have not fully been confirmed 
clinically, but there seems to be great therapeutic poten-
tial in such regenerative medical strategies [7].

The management outcome, as in cases of sulcus-ver-
geture, may not be altogether satisfactory and the patient 
must be warned accordingly. The maximum benefit is 
not apparent until 4–5 months postoperatively [17]. The 
surgical treatment can be supported by antireflux agents.

Postoperative speech therapy is advisable to correct 
the excessive reactive supraglottic contraction. Bit by 
bit, as speech therapy progresses, the voice becomes 
stronger, more “comfortable,” even if the timbre remains 
husky. Most of these patients feel improved because of 
the decreased voice fatigue, voice abuse, and dysthesia 
in the throat and the increased voice sound. Although 
complete restoration of the vocal cord may not be 
achieved, the surgery does improve glottic closure and 
the timbre [15, 17].

12a.2 � Type II Scar  
(After Partial Cordectomy)

With type II cordectomy, the initial surgery leads to a 
mild to moderate loss of volume; it involves the vocalis 
muscle with the rigid scar formation not being able to be 
a sufficient counterpart to the normal vocal fold. This 

ba

Fig. 12a.4.  Bilateral scar of the vocal fold. (a) Before surgery. (b) After microsurgery: elevation of the epithelium, freeing of the 
subepithelial scar, and homologous collagen injection

Fig. 12a.5.  Lateral cordotomy and loosening of the scar
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finding is often accompanied by a moderate anterior 
defect and a round anterior commissure (Fig.  12a.6). 
During videostroboscopy, reduced or absent amplitude 
of vibration with loss of the mucosal wave can be 
detected. Therefore, augmentation and medialization is 
needed to close the glottic gap. During microlaryngos-
copy, a pouch is created and the scar formation dissected. 
During the second step, the vocal fold is augmented with 
septal cartilage or fatty/connective tissue. After implan-
tation of the autologous tissue, the pouch is closed by 
several sutures (Fig. 12a.7). Medialization may help 
achieve sufficient glottic closure but not a normal voice.

Medialization thyroplasty, unilateral or bilateral, 
has been proposed [5, 9].

12a.3 � Scar Type III  
(After Total or Enlarged 
Cordectomy)

With type III cordectomy, scar formation is adherent to 
the inner perichondrium and the cartilage (Fig. 12a.8). 
The huge defect also involves supraglottic structures. The 
arytenoid may be twisted. Glottic closure is impossible. 
These patients with huge defects can be aphonic and 
develop supraglottic phonation.

Therefore, a vocal pouch with its maximum at the 
glottic level has to be created. In these cases, it may be 
difficult to create a sufficient pouch without perforation 
at the subglottic level. Septal cartilage is placed in sev-
eral layers in the pouch. Finally, the pouch is closed with 
5–0 or 6–0 Vicryl sutures (Fig. 12a.9). Reconstruction 
of the anterior commissure and the volume in the poste-
rior third of the glottis can be a problem. Sittel et al. [21] 
described a similar procedure transcervically that can be 
performed under local anesthesia. The cartilage is placed 
in a pocket that has been developed from the upper rim 
of the thyroid cartilage. The result is monitored endo-
scopically, and the patient can be asked to phonate. 
Finally, the cartilage is fixed in the pocked with sutures 
to the thyroid or with fibrin glue.

Benninger et al. [1] recommended medialization for 
glottic gaps of at least 1.5 mm. This procedure may be 
combined with lipoinjection in an attempt to reestablish 
the mucosal wave. In most cases of these huge defects, 
the created counterpart is stiff and immobile.

Laryngeal framework surgery is indicated only if it 
follows optimally managed voice therapy. The surgery 

is advocated only when the posttherapy voice outcome 
does not meet the patient’s requirements. Even when 
not entirely satisfied with their voice, patients often 
decline this complementary functional surgery.

After cordectomy, a minimum 6-month period is 
enforced before proceeding with framework surgery. 

Fig. 12a.6.  Type II glottic scar. Mild to moderate loss of volume 
involving the vocalis muscle with rigid scar formation

Fig. 12a.7.  Type II glottic scar. A pouch is created, and the scar 
is dissected. In the second step, the vocal fold is augmented with 
septal cartilage or fatty/connective tissue 

Fig. 12a.8.  Type III glottic scar. Scar formation is adherent to 
the inner perichondrium and the cartilage
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This surgery-free interval is respected to allow the 
scarring process to take place, to verify the absence of 
early recurrence, and to evaluate the voice rehabilita-
tion achieved by voice therapy alone.

Laryngeal framework medialization is performed 
under general anesthesia. The patient is intubated with 
a no. 6 tube (8.2 mm outer diameter), the standard tube 
in microsurgery. The operation is performed under 
transnasal fiberscopic control. The landmarks used for 
establishing the thyroid cartilage window are standard.

The window is left intact to minimize the risk of 
tearing the fibrous tissue of the vocal cord bed during 
the dissection and positioning of the implant. The dis-
section, between the inner wall of the thyroid cartilage 
and the fibrous tissue that edges the window, requires 
meticulous care and must continue in close contact 
with the cartilage when the inner perichondrium is not 
identified. This undermining must cover a large enough 
area to ensure that the implant is put in place without 
fibrous tissue resistance and consequent tearing. This 
dissection is lengthier and more laborious than the dis-
section required for paralysis of the vocal cord.

The findings suggest that self-assessment scales 
are more significant for the indication of framework 
surgery than perceptual evaluation scales or acoustic 
and aerodynamic measures. The improvements pro-
duced by the latter seem limited, and the perceptual 
evaluation scales fail to cover a long enough listening 
period. In contrast, self-assessment allows the patients 
to examine their entire dynamic speech range. The 
patients in our experience notice improved resistance 
to vocal fatigue and report that phonation requires less 
effort.

Augmentation by collagen injection can be comple
mentary.

12a.4 � Scars Type IV  
(After Bilateral Resection 
Including the Anterior 
Commissure)

Lesions
Glottic insufficiency
Anterior web formation
Round anterior commissure
Bilaterally reduced vibration

Therapy
Resection of anterior web formation or lesions
Anterior mucosal flaps, stents

12a.4.1 � Alternating Mucosal 
Flaps, Type IVa

A mucosal flap is at the surface of one vocal fold and is 
pedicled at the edge of the contralateral vocal fold 
(Fig. 12a.10a).

If necessary a second flap can be prepared 
(Fig. 12a.10b). Upside-down transposition of the flaps 
is achieved, and fixation is completed by suturing with 
6.0 Vicryl (Fig. 12a.10c).

12a.4.2 � Anterior Glottic Web 
Formation Type IVb

Endolaryngeal stent (according to Lichtenberger)

12a.5  Tips and Pearls

Hyaluronic acid can be injected to improve the pli-•	
ability of the vocal fold.
Laryngeal framework medialization is performed under •	
general anesthesia because the dissection, between the 
inner wall of the thyroid cartilage and the fibrous tissue 
that edges the window, requires meticulous care.
The findings suggest that self-assessment scales are •	
more significant for the indication of framework 
surgery than perceptual evaluation scales or acous-
tic and aerodynamic measures.

Fig. 12a.9.  Type III glottic scar. A vocal pouch with maximum at 
the glottic level must be created. Septal cartilage is placed in sev-
eral layers in the pouch
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aFig.  12a.10.  Anterior syne-
chia, alternating mucosal flaps. 
(a) Mucosal flap at the surface 
of one vocal fold, pedicled at 
the edge of the contralateral 
vocal fold. (b) Preparation of a 
second flap. (c) Upside-down 
transposition of the flaps and 
fixation by suturing
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12b.1  Diagnosis

Indirect laryngoscopy or magnifying indirect laryngos-
copy are usually enough to establish the diagnosis in 
adults. Direct microlaryngoscopy may be necessary in 
children and newborns because of a lack of collaboration 
by other means. The final diagnosis can be established 
by direct microlaryngoscopy combined with 0°–25°–
45°–70° telescopes to determine the exact thickness of 
the membrane below the anterior commissure.

12b.2  Preoperative Workup

The preoperative workup may include blood oxygen 
saturation monitoring and pulmonary function tests. In 
acquired cases, there may be an investigation for gas-
troesophageal reflux disease.

12b.3  Therapy

12b.3.1  Conservative Approach

In acute acquired cases, right after the damage is 
revealed, there is a chance to cover the rough deepithe-
lialized surface with fibrin glue in an attempt to prevent 
adhesions. Mitomycin C may also be administered.

Synechia of the Anterior Commissure

György Lichtenberger†

12b

G. Lichtenberger
ORL-HNS, Szent Rokus Hospital & Institutions,  
Gyulai P.u. 2, 1085 Budapest, Hungary

Core Messages

Thin, small webs mostly cause nothing or only ››
mild dysphonia. If the web is big and thick, dys-
phonia and dyspnea may be present.
The final diagnosis can be established by direct ››
microlaryngoscopy combined with 0°–25°–45°–
70° telescopes to determine the exact thickness of 
the membrane below the anterior commissure.
Only very thin anterior commissure webs can ››
be cured by simple endoscopic dissection of the 
membrane using laser or a microscalpel with a 
disposable sharp blade. In other cases, it is nec-
essary, after dissection and division of the web, 
to fix a silicone sheet or keel between the deepi-
thelialized parts of the dissected membrane.
After dissecting the web, the wound surface is ››
painted with mitomycin C to decrease fibroblast 
activity and the risk of recurrence.
The keel is established using the endoextralaryn-››
geal needle carrier of Lichtenberger. To achieve 
a good result, it is important that the keel appro-
priately covers the deepithelialized parts.
After surgery the patient must be given broad-››
band antibiotics at least for 5 days. Administra
tion of steroids during the first 3 days has proved 
advantageous. It is recommended that the posi-
tion of the keel be checked after surgery.

The keel is removed 3 weeks later by micro-››
laryngoscopy after cutting the ends of the 
thread on the neck. The operation may be per-
formed on small children.
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12b.3.2  Surgical Approach

Only very thin anterior commissure webs can be cured 
by simple endoscopic dissection of the membrane using 
laser or a microscalpel with a disposable sharp blade. In 
other cases, it is necessary, after dissection and division 
of the web, to fix a silicone sheet, or keel, between the 
deepithelialized parts of the dissected membrane.

Surgical techniques with outer exposure of the larynx, 
mostly after preliminary tracheostomy, are seldom used 
nowadays. The most frequently used procedure with outer 
exposure was described by Montgomery and Gamble 
[3]. The procedure is done mostly after preliminary tra-
cheostomy. The larynx is opened by means of thyreot-
omy. The cartilage incision is made exactly in the 
midline, and the web is dissected. Afterward, an umbrella-
like T-shaped silicone keel is placed in the anterior com-
missure between the vocal cords (Fig. 12b.1). When the 
keel is in the appropriate place, the soft tissues and skin 
are closed above the larynx. Six weeks later the keel is 
removed after the wound surfaces are healed.

Endoscopic-microlaryngoscopic techniques with fixa-
tion of a keel or sheet in the anterior commissure by 
Nessel for 2–3 weeks without tracheostomy can be done 
using extraendolaryngeal sutures. The anterior commis-
sure web is dissected by performing direct microlaryn-
goscopy. Two thick serum needles are pushed through the 
larynx from outside to inside. One needle is pushed 
through the cricothyroid and the other through the thyre-
ohyoid membrane. Afterward, one thread is pushed 
through the first needle and then the other thread through 
the second needle. The ends of the threads are grasped 
with microforceps, which is not always easy owing to 
bleeding from the stitching canal making it difficult to 
find the ends of the threads. After grasping the ends of the 

threads, they are pulled out and are tightened and knotted 
outside the laryngoscope. A silicone sheet is then fixed on 
the thread. The ends of the thread are pulled back, and the 
sheet is placed between the two parts of the dissected web 
in the anterior commissure. Having positioned the sheet 
in the appropriate place, the ends of the threads are tight-
ened and knotted on a piece of silicone tube placed on the 
skin of the neck [4] (Fig. 12b.2).

Endoscopic-microlaryngoscopic technique with fixa-
tion of a keel or sheet in the anterior commissure for 2–3 
weeks without tracheostomy using endoextralaryngeal 
sutures by Lichtenberger [1, 2] is also available. here, the 
anterior commissure web is dissected by performing 
direct microlaryngoscopy. The web may be dissected 
using laser or a microscalpel holder with a safety lock by 
Lichtenberger with disposable sharp blades (Fig. 12b.3).

Both dissection options have advantages and disad-
vantages. With laser there is less bleeding, but tissue loss 
and delayed wound healing are present. When perform-
ing the same intervention with a disposable sharp blade, 
there is more bleeding but there is no tissue loss and 
more rapid healing occurs. It seems that the laser tech-
nique is indicated if there is a thick web causing not only 

Fig. 12b.3.  Microscalpel holder with safety lock and disposable 
blades by Lichtenberger

Fig. 12b.2.  Endoscopic-microlaryngoscopic technique with fix-
ation of a keel or sheet in the anterior commissure by Nessel

Fig. 12b.1.  Surgical technique with outer exposure of the larynx 
according to Montgomery and Gamble. A T-shaped silicone keel is 
placed in the anterior commissure betwwen the vocal cords
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dysphonia but also dyspnea. In such cases, the most 
important factor is the patient’s breathing, with the voice 
being of only secondary importance. In contrast, when 
there is a thin web that cannot be managed without inter-
position (keel or sheet) and the patient suffers only dys-
phonia, use of a sharp blade may be better because it 
does not cause tissue loss, which is important if the aim 
is to improve the voice of the patient.

After dissecting the web, the wound surface is painted 
with mitomycin C (0.2–0.6 mg/ml), a step that is repeated 
two more times. The introduction of mitomycin C after 
dissection of the web may further improve the results.

A homemade silicon keel is used (Fig. 12b.4). This 
keel is chosen from the series of keels made from a med-
ical grade silicone block. Before fixing the keel on the 
thread, the chosen keel is placed in the anterior commis-
sure without fixation. if the size and shape of the keel are 
appropriate, the thread is then placed through the keel.

Placing the thread through the keel is important for 
two reasons: The first is the safety factor—to prevent the 
thread cutting through the silicone keel. The other rea-
son is that when the thread is placed appropriately it cov-
ers the deepithelialized areas in a craniocaudal direction. 
Afterward, the operation is continued with the endoex-
tralaryngeal needle carrier (Fig. 12b.5).

One end of the fixing thread is led through a specially 
designed curved needle. Then the needle is placed in the 
distal, curved end of the device, and the needle carrier is 
pushed through the laryngoscope. (The use of the Weerda 
or Steiner laryngoscope can be recommended for this 
purpose.)

The distal bent, blunt end of the needle carrier is 
placed below the anterior commissure, and the special 
needle is pushed through the larynx with one end of 
the thread (Fig. 12b.6a). It is important that the thread 

Fig. 12b.4.  Silicone keel for endoscopic management of an 
anterior commissure web

Fig. 12b.5.  Needle carrier instrument by Lichtenberger

Fig. 12b.6.  a–c 
Endoextralaryngeal keel 
fixation technique by 
Lichtenberger
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goes through the thyroid cartilage, ensuring a stable 
position, not through the membranes (as in other tech-
niques), to avoid an unstable position and dislocation 
of the keel with the consequence of re-scarring.

Then the silicone keel is fixed on the thread and the 
same procedure is repeated, but now the stitching occurs 
with the other end of the thread above the anterior com-
missure (Fig. 12b.6b). The ends of the thread are pulled 
after the keel is placed in the appropriate place; the 
thread ends are pulled and tightened on a bent silicone 
tube on the skin of the neck (Fig. 12b.6c). Three weeks 
later, the keel is removed by microlaryngoscopy after 
cutting the ends of the thread on the neck.

The operation may be performed on small children 
(Fig. 12b.7) and newborns. However, in infants < 1 year 
of age, it must be ensured that the anterior edge of the keel 
is not sharp. Otherwise, the keel may cut through the soft 
thyroid cartilage, as happened in one of our first cases.

 To achieve a good result, it is important that the keel 
appropriately covers the deepithelialized parts of the 
larynx. This can be verified by endoscopy (Fig. 12b.8).

It is necessary to have a series of keels from which 
to choose the most suitable one. A silicone sheet can 
also be introduced in some adults. However, in these 
cases it must be taken into consideration that crustation 
may develop around the sheet, narrowing the lumen of 
the larynx temporary. The use of a thin sheet is not rec-
ommended in children because it cannot be fixed 
appropriately and it may move through the stitched 
canal, threatening the results of the surgery.

12b.4  Tips and Pearls

The whole procedure should be done under totally •	
sterile conditions.
It means that not only the devices are sterile as with •	
a simple microlaryngoscopy.
The skin is disinfected, and the patient is covered •	
with drapes before the operation.
The keel of appropriate size is chosen from the •	
series of homemade, medical grade silicone keels.
An atraumatic, thin, specially curved needle is used.•	
The keel should cover the deepithelialized areas in •	
every direction.
The silicone tube placed on the neck should have a •	
bent shape to prevent decubitation of the skin at the 
two ends of the tube.
The keel and the thread must be removed after 20–21 •	
days in adults and after 14 days in children.

Fig. 12b.8.  Endoscopic picture about the keel fixed in the ante-
rior commissure

Fig. 12b.7.  Small child after dissection of the web and fixing a 
keel with the endoextralaryngeal suture technique
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Although the human larynx and hypopharynx are 
considered distinct anatomical entities, this is not 
entirely the case. Their coexistence in the same wide 
anatomical area makes them share their anatomical 
borders to a great extent. Under this context, a 
hypopharyngeal malignancy can easily spread and 
invade the larynx and vice versa. Thus, laryngeal and 
hypopharyngeal cancer share common features and so 
are examined together in this chapter.

13a.1 � Epidemiology of Laryngeal 
and Hypopharyngeal Cancer

Laryngeal cancer constitutes 1–2% of all malignan-
cies diagnosed worldwide. The incidence of laryngeal 
cancer is estimated to be approximately 12,000 annu-
ally in the United States and approximately 2300 
annually in the United Kingdom [52, 77]. Laryngeal 
cancer is seven times more common in men than in 
women [63]. Tables 13a.1 and 13a.2 show the esti-
mates of the age-standardized incidence and mortality 
rates per 100,000 worldwide [62] and the age-adjusted 
incidence, mortality, and survival of patients with 
hypopharyngeal and laryngeal cancer in the United 
States [69].

Treatment Options for Laryngeal  
and Hypopharyngeal Cancer

Anastasios G. Hantzakos
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Core Messages

Accurate staging is of paramount importance ››
for the decision-making process.
Positron emission tomography has been used ››
increasingly for staging and follow-up of 
patients with head and neck cancer
Patient preference, physician expertise, and ››
toxicity issues are important factors when deter-
mining clinical management for individuals.
Surgical treatment remains superior to conser-››
vative treatment in reference to disease con-
trol, but the latter is superior in terms of organ 
preservation.
External radiotherapy alone and/or brachyther-››
apy may offer an excellent outcome in early-
stage disease.
Altered fractionation radiotherapy and con-››
comitant chemoradiation have resulted in 
improved locoregional control of locally 
advanced disease.
For locally advanced disease, concomitant ››
chemoradiation appears to confer a reproduc-
ible survival benefit; the optimal time-dose 
regimen has not yet been defined for this 
approach.
Altered fractionation radiotherapy and chemo-››
radiation increase acute toxicity profile.

Concomitant chemoradiotherapy should be ››
the gold standard after resection in patients at 
high risk of failure or for patients not suitable 
for chemotherapy.
Targeted chemoradiotherapy with monoclonal ››
antibodies appears to be a promising approach, 
with a high therapeutic index
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A recent epidemiological study from the National 
Cancer Institute’s Surveillance Epidemiology and End 
Results (SEER) program in the United States [29] 
showed that there were drops in the incidence of hypo-
pharyngeal and laryngeal cancer by 35% and 26%, 
respectively, from 1975 to 2001. From the same study, 
mortality trends for the period 1990–2001 are also 
encouraging: There were drops of 30% and 6% in 
hypopharyngeal and laryngeal cancer-related deaths, 
respectively. In the case of larynx, where mortality did 
not fall as much as the incidence, these trends suggest a 
decrease in the underlying initiation of the disease and 
either less successful treatment, changing risk factors, 
changing tumor biology, or a combination of the three. 
Another retrospective, longitudinal study of 158,426 
cases of laryngeal squamous cell carcinoma diagnosed 
between the years 1985 and 2001, by review of the 
National Cancer Data Base (NCDB) in the United 
States, revealed that treatment patterns have changed 
with an increase in nonsurgical management with irra-
diation alone and with chemoradiation.  Analysis of the 
NCDB identified a decrease in survival from the 1980s 
to the 1990s. Five-year relative survival for laryngeal 
squamous cell carcinoma recorded in the NCDB ranged 
from a high of 68.1% in 1985 to a low of 62.8% in 
1993. Alarmingly, the increase in nonsurgical manage-
ment parallels the increase in mortality across the years 
of study for which survival analysis was performed 
(1985–1996) [44]. These results have stimulated fur-
ther discussion among the involved medical specialties 

in reconsidering the treatment strategies in laryngeal 
cancer.

Geographic variation of laryngeal and hypopharyn-
geal cancer data may reflect the different habits of 
people of diverse cultures as well as environmental and 
occupational differences. For the male population, the 
incidence varies from 0.3 per 100,000 in Iceland to 17 
per 100,000 in Bas-Rhin, France. Among women, the 
differences are less pronounced [19, 62]. A study ana-
lyzing whether there were any changes in incidence 
and prognosis of hypopharyngeal carcinoma diag-
nosed between 1960 and 1989 in Sweden [80] showed 
a significant decrease in the age-standardized inci-
dence (ASI) for women, with an average decrease of 
2% per year (p < 0.001), which was most evident in 
rural counties. The male patients, on the contrary, 
showed a significant increase of about 1.5% per year 
(p < 0.001). Overall, incidence rates appear to be 
higher among men in urban areas. Interestingly, a 
recent publication from Germany [13] showed a sig-
nificant increase in the mortality rate of laryngeal can-
cer among females, whereas there is a significant 
decrease among males. The latter is being preceded or 
accompanied by a decrease of the corresponding inci-
dence rates, suggesting a lower prevalence of the 
respective risk factors.

Tobacco and alcohol have long been recognized as 
the leading causes of head and neck cancer [85]. 
Although tobacco and alcohol are independent risk fac-
tors, it is often difficult to separate their contribution as 
they usually coexist and appear to act synergistically in 
multiplying the incidence of laryngeal and hypopha-
ryngeal cancer. Accordingly, Tuyns et al. [79] found a 
43-fold increased risk for cancer of the larynx for smok-
ers of more than 26 cigarettes a day and heavy drinkers. 
Possible environmental carcinogens that have been 
implicated in head and neck carcinogenesis include 
polycyclic aromatic hydrocarbons, asbestos, wood dust, 

Site Incidence Mortality

Male Female Male Female

Hypopharynx 3.6 0.7 2.4 0.5
Larynx 5.7 0.7 3.1 0.4

Table 13a.1.  Estimates of age-standardized incidence and 
mortality rates per 100,000 worldwide

Modified from Parkin et al. [62]

Site Annual incidence per 
100,000

Percent of all head and 
neck sites

Incidence ratio 
in males/
females

Mortality per 
100,000

5-Year relative survival 
(1992–1997)

Hypopharynx 0.9   7 1.5/0.4 0.1 32%
3.7

Larynx 3.7 27 6.5/1.4 1.3 64.5%

4.6

Table 13a.2.  Age-adjusted incidence, mortality, and survival of patients with hypopharyngeal and laryngeal cancer in the United 
States

Modified from Ries et al. [68]
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welding fumes, industrial heat, formaldehyde, nickel, 
and chromium. Asbestos exposure has been reported to 
increase the risk of laryngeal cancer by 1.4- to 15.0-fold 
[27, 71]. Gustavvson and colleagues [40] reported an 
approximately twofold increased risk of pharyngeal 
and laryngeal cancer following a more than 8 years of 
exposure to welding fumes.

13a.2  Staging and Workup

Accurate staging is of paramount importance for the 
decision-making process because it allows a uniform 
description and diagnosis, which leads to treatment 
and outcome. Despite its imperfections, the basis 
remains the World Health Organization’s (WHO) TNM 
classification system (Tables 13a.3 and 13a.4), which 
is determined by the size and extent of the tumor and 
the presence of nodal and distal metastases. For glottal 
cancer, the American Joint Committee on Cancer 
(AJCC) clinical staging system is also widely accepted 
in U.S. practice and literature.

Upon clinical suspicion of a lesion in the area of the 
larynx or hypopharynx, indirect laryngoscopy and care-
ful fiberoptic endoscopic examination is of paramount 
importance for further investigation. Inspection of the 
problem initiates further workup. Direct laryngoscopy 
accompanied by pharyngoesophagoscopy under gen-
eral anesthesia permits closer inspection of the lesion 
with its local spread and allows a biopsy. Direct laryn-
goscopy has been routinely applied since the emergence 
of endolaryngeal surgery reported by Kleinsasser [46], 
but newer tools have recently been added to the diag-
nostic armamentarium. Systematic use of rigid endo-
scopes of various angles (0°, 30°, 70°, 120°) can provide 
a more accurate view of the larynx and hypopharynx, 
and it complements topographical assessment of the 
lesion. Contact endoscopy, initiated and mastered by 
Andrea [3], claims to offer in vivo and in situ evaluation 
of the mucosal surface for detection of potential malig-
nant pathology.

Another diagnostic tool, direct autofluorescence lar-
yngoscopy, has been applied to the assessment of sus-
pected precancerous and cancerous laryngeal lesions; it 
is claimed to have a sensitivity rate of 97.3% and a spec-
ificity of 83.8% [55]. The autofluorescence diagnosis is 
based on the ability of oxidized flavin mononucleotide 
(FMN) in normal cells to emit green fluorescence when 

exposed to blue light. Neoplastic cells have a signifi-
cantly lower concentration of FMN and therefore do not 
fluoresce to the same degree [8]. More recently, fluores-
cence spectroscopy, a technique for evaluating the 
physical and chemical properties of a substance by ana-
lyzing the intensity and character of light emitted in the 
form of fluorescence, emerged as a promising refine-
ment of autofluorescence endoscopy [6].

Additionally, optical coherence tomography (OCT), 
a high-resolution optical imaging technique that pro-
duces cross-sectional images of living tissues using light, 
is claimed to identify invasion of the basement mem-
brane reliably in patients with laryngeal cancer [7]. 
Moreover, narrow band imaging (NBI) is a novel optical 
technique that enhances the diagnostic capability of 
endoscopes in characterizing tissues by using narrow 
band width filters in video endoscope system. This filter 
cuts all wavelengths in illumination except two narrow 
wavelengths. One of these wavelengths is of 415 nm 
which corresponds to the peak absorption spectrum of 
hemoglobin to emphasize the image of capillary vessels 
on surface mucosa. Superficial lesions are identified by 
changes in the color tone and irregularity of surface 
mucosa during endoscopic examinations.  This method 
claims to have high sensitivity and specificity in the 
diagnosis of laryngeal superficial cancer on the basis of 
abnormal intraepithelial microvessel changes [81]. 
Although promising, these additional diagnostic tools do 
not yet have documentation with adequate number of 
cases to justify their use in the diagnostic workup today.

13a.3  Imaging

An increasing number of imaging modalities are avail-
able for more accurate assessment. However, they are 
largely dependent on the special interest of the radiol-
ogist. It is therefore important that the most special-
ized available neck radiologist be consulted prior to 
final staging. Computed tomography (CT) with intra-
venous contrast enhancement and magnetic resonance 
imaging (MRI) of the neck in axial and coronal sec-
tions allow more precise imaging of soft tissue involve-
ment (i.e., dissemination of the tumor to the 
preepiglottic and paraglottic spaces) and enlarged 
neck lymph nodes. For better imaging of the endolar-
ynx, CT during inspiration is  preferred as laryngeal 
surface anomalies are more accurately visualized. 
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Stage grouping
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1 T2 N1 M0

T3 N0 N1
Stage IVa T1 T2 T3 N2 M0

T4a N0 N1 N2
Stage IVb T4b ANY N M0

ANY T N3
Stage IVc ANY T ANY N M1

From Barnes et al. [84]

T – Primary tumor

TX   Primary tumor cannot be assessed
T0    No evidence of primary tumor
Tis   Carcinoma in situ

Supraglottis

T1     Tumor limited to one subsite of supraglottis with normal vocal cord mobility
T2   �  Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or region outside the supraglottis (e.g., mucosa of base 

of tongue, vallecula, medial wall of piriform sinus) without fixation of the larynx
T3   �  Tumor limited to larynx with vocal cord fixation and/or invades any of the following: postcricoid area, preepiglottic tissues, paraglottic 

space, and/or with minor thyroid cartilage erosion (e.g., inner cortex)
T4a  � Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx, e.g., trachea, soft tissues of neck including deep/

extrinsic muscle of tongue (genioglossus, hyoglossus, palatoglossus, styloglossus), strap muscles, thyroid, esophagus
T4b   Tumor invades prevertebral space, mediastinal structures, or encases carotid artery

Glottis

T1     Tumor limited to vocal cord(s) (may involve anterior or posterior commissure) with normal mobility
T1a   Tumor limited to one vocal cord
T1b   Tumor involves both vocal cords
T2     Tumor extends to supraglottis and/or subglottis, and/or with impaired vocal cord mobility
T3   �  Tumor limited to larynx with vocal cord fixation and/or invades paraglottic space, and/or with minor thyroid cartilage erosion (e.g., inner 

cortex)
T4a  � Tumor invades through the thyroid cartilage, or invades tissues beyond the larynx, e.g., trachea, soft tissues of neck including deep/

extrinsic muscle of tongue (genioglossus, hyoglossus, palatoglossus, styloglossus), strap muscles, thyroid, esophagus
T4b   Tumor invades prevertebral space, mediastinal structures, or encases carotid artery

Subglottis

T1     Tumor limited to subglottis
T2     Tumor extends to vocal cord(s) with normal or impaired mobility
T3     Tumor limited to larynx with vocal cord fixation
T4a  � Tumor invades through cricoid or thyroid cartilage and/or invades tissues beyond the larynx, e.g., trachea, soft tissues of neck including 

deep/extrinsic muscle of tongue (genioglossus, hyoglossus, palatoglossus, styloglossus), strap muscles, thyroid, esophagus
T4b   Tumor invades prevertebral space, mediastinal structures, or encases carotid artery

N – Regional lymph nodes

NX    Regional lymph nodes cannot be assessed
N0     No regional lymph node metastasis
N1     Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension
N2     Metastasis as specified in N2a, 2b, 2c, below
N2a   Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in greatest dimension
N2b   Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension
N2c   Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest dimension
N3     Metastasis in a lymph node more than 6 cm in greatest dimension
Note:   Midline nodes are considered ipsilateral nodes

M – Distant metastasis

MX   Distant metastasis cannot be assessed
M0    No distant metastasis
M1    Distant metastasis

Table 13a.3.  World Health Organization TNM classification of carcinomas of the larynx
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moreover, for bony or cartilaginous involvement, CT 
appears to be superior to MRI [32].

 Recently, 2-[18F]-fluoro-2-deoxy-d-glucose (FDG) 
positron emission tomography (PET) has been used 
increasingly for the staging and follow-up of patients 
with head and neck cancer [72, 84]. FDG-PET is a 
functional imaging modality that uses abnormal tissue 
metabolism to detect neoplasms. The radioactive glu-
cose analogue FDG is metabolized in normal tissue 
and neoplastic tissues in proportion to the rate of tissue 
glucose metabolism. FDG is metabolically trapped in 
the intracellular space. This occurs more in tumors 
than in normal tissues and can be used to identify 
tumors based on accelerated glycolytic rates using 
PET. A recent study has shown that pretreatment 
tumor FDG uptake in PET represents an independent 
prognostic factor in patients with advanced resectable 
squamous cell carcinoma (SCC) of the larynx and 
hypopharynx [70]. Accordingly, high FDG uptake is 
associated with poor survival of patients with advanced 
laryngopharyngeal SCC. However, there is controver-
sial evidence in the current literature for its value as a 
routine examination for initial staging [41, 57].

13a.4  Treatment Options

13a.4.1  Open Partial Surgery

Complete eradication of the disease and preservation 
of maximum function is the ultimate goal during treat-
ment planning. For a patient with laryngeal and/or 
hypopharyngeal cancer, this would ideally be to pre-
serve phonation, respiration, and deglutition as close 
to normal as possible, regardless of the disease stage.

Histological type, surgical expertise of the physician, 
and patient preference influence treatment planning in 
different ways; however, careful staging is far and 
away the most important factor. It provides the main-
frame in which the physician seeks the best treatment 
options. For late-stage disease, multidisciplinary dis-
cussion is of paramount importance for optimal deci-
sions based on the aforementioned parameters. For the 
past decades, clinical research has been focusing on 

Stage grouping
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1 T2 N1 M0

T3 N0 N1
Stage IVa T1 T2 T3 N2 M0

T4a N0 N1 N2
Stage IVb T4b Any N M0

Any T N3
Stage IVc Any T Any N M1

From Barnes et al. [84]

T – Primary tumor

TX  Primary tumor cannot be assessed
T0   No evidence of primary tumor
Tis  Carcinoma in situ
T1  � Tumor limited to one subsite of hypopharynx and 2 cm 

or less in greatest dimension
T2  � Tumor invades more than one subsite of hypopharynx 

or an adjacent site, or measures more than 2 cm but not 
more than 4 cm in greatest dimension, without fixation 
of hemilarynx

T3  � Tumor more than 4 cm in greatest dimension, or with 
fixation of hemilarynx

T4a  � Tumor invades any of the following: thyroid/cricoid 
cartilage, hyoid bone, thyroid gland, esophagus, central 
compartment soft tissue*

T4b  � Tumor invades prevertebral fascia, encases carotid 
artery, or invades mediastinal structures.

* �Central compartment soft tissue includes prelaryngeal strap 
muscles and subcutaneous fat.

N – Regional lymph nodes
NX	 Regional lymph nodes cannot be assessed
N0		 No regional lymph node metastasis
N1		� Metastasis in a single ipsilateral lymph node, 3 cm or 

less in greatest dimension
N2		 Metastasis as specified in N2a, 2b, 2c
N2a	� Metastasis in a single ipsilateral lymph node, more than 

3 cm but not more than 6 cm in greatest dimension
N2b	� Metastasis in multiple ipsilateral lymph nodes, none 

more than 6 cm in greatest dimension
N2c	� Metastasis in bilateral or contralateral lymph nodes, 

none more than 6 cm in greatest dimension
N3		� Metastasis in a lymph node more than 6 cm in greatest 

dimension
Note: Midline nodes are considered ipsilateral nodes

M – Distant metastasis
MX	 Distant metastasis cannot be assessed
M0	 No distant metastasis
M1	 Distant metastasis

Table 13a.4.  WHO TNM classification of carcinomas of the 
hypopharynx
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organ preservation strategies along with disease eradi-
cation. The resulting evolution of conservative and 
refinement of surgical approaches has enriched our 
treatment strategies but has also made the decision 
process more challenging.

Since the first total laryngectomy was undertaken 
by Billroth in 1873, many surgeons have attempted 
less amputative techniques for less-advanced disease 
stages as otorhinolaryngology–head and neck surgery 
evolved as a surgical subspecialty. Most techniques for 
partial laryngopharyngectomy emerged during the late 
1950s, starting with Alonso [1] and Ogura [58, 59] 
and  were further established during the 1960s by 
Laccourreye, who described the procedure of supracri-
coid hemi-laryngopharyngectomy for selected cases of 
hypopharyngeal and lateral laryngeal wall tumors. The 
outcome of these procedures in carefully selected cases 
was quite promising; 95% local control in the initial 
series by Laccourreye brought up new ideas for treat-
ing selected invasive cancer cases without compromis-
ing laryngeal and pharyngeal function. The concept of 
conservation laryngopharyngectomy was further for-
warded by Piquet during the 1970s, who conceived 
cricohyoidopexy and cricohyoidoepiglottopexy as via-
ble alternatives for the treatment of supraglottic and 
glottic cancers. Based on this concept, Laccourreye 
named it supracricoid partial laryngectomy. Not only 
did this procedure achieve local control of 95% in 
selected T3 and T4 laryngeal cancer cases, [47, 48, 82, 
83], it improved quality of life compared to that 
achieved with total laryngectomy [82].

As for hypopharyngeal carcinoma, historical aspects 
of the surgical treatment of piriform sinus cancer, the 
most common location of hypopharyngeal malignancy, 
include various techniques that have brought varying 
rates of success. I selectively mention the techniques 
of Ogura [59] and, more recently, Barton [9] for tumors 
localized solely in the piriform sinus. Alonso [1] sug-
gested vertical hemi-laryngopharyngectomy for a tumor 
located in the outer wall of the piriform sinus. In a pro-
spective study of seven patients, Iwai [45] proposed 
removing the affected half of the hypopharynx together 
with the affected vertical half of the adjacent supra-
glottic and glottic larynx and the superior two-thirds of 
the cricoid cartilage. Segas et al. [73] described a vari-
ation of Iwai’s technique whereby the cricoid cartilage 
was preserved when not involved, thus reducing the 
possibility of postoperative aspiration. Additionally, 
Hirano [43] proposed partial laryngopharyngectomy 

with preservation of the vocal process of the unilat-
eral true vocal cord and reconstruction of the defect 
with a pectoralis major myocutaneous flap in four 
selected cases where the mass was confined to the 
ipsilateral piriform sinus, arytenoepiglottic fold, ary

tenoid eminence, and paraglottic space at the level of 
the false vocal cord. In a series of 34 patients operated 
on during a 2-year period and followed up for a 
median of 48 months, Barzan [10] suggested a more 
amputative method, consisting of complete removal 
of the affected half of the hypopharynx and larynx, 
starting from the level of the hyoid bone with resec-
tion of its unilateral half and ending with removal of 
the unilateral half of the first two tracheal rings. As a 
general comment, the limited number of patients in 
these studies and the specific indications for their 
application cannot justify any solid conclusions as to 
which technique is best.

13a.4.2  Endoscopic Partial Surgery

With the introduction of endolaryngeal surgery by 
Kleinsasser, its indications have progressed from 
solely glottic tumors to include all laryngeal and hypo-
pharyngeal areas. Its indications and application are 
further discussed in the following section.

13a.4.3  Conservative Treatment

13a.4.3.1  Definitive Radiotherapy

The application of radiotherapy as a treatment modality 
for laryngeal cancer was conceived and first applied by 
Schepegrell in 1903. Since its widespread use, many 
questions have arisen as to its correct application and 
the indications for use of the various modalities and 
combinations that have been attempted from time to 
time. Aiming at improved local control, advances in cell 
biology and cell growth have led to increases in the total 
radiation dose but with lower per-dose fractions (hyper-
fractionation), reductions in overall treatment time 
(acceleration), and a combination of these two strategies 
for the purpose of counteracting tumor clonogenic cell 
repopulation, the latter being a cause of potential failure 
for patients treated with conventional radiotherapy.



13a  Treatment Options for Laryngeal and Hypopharyngeal Cancer 	 189

For example, a split-course accelerated radiother-
apy regimen implements a twice-daily course schedule 
for a reduced overall treatment time (OTT), whereas 
partly accelerated fractionation with a concomitant 
boost integrates a simultaneous radiation boost to 
small volumes, similarly aiming at reducing the OTT. 
The radiotherapy community has been addressed fre-
quently on (1) whether radiotherapy is a treatment 
option only in patients with early disease or is still a 
treatment option for advanced disease, and (2) if altered 
fractionation radiotherapy (hyperfractionation/accel-
erated regimen) is better than conventional radiother-
apy for advanced disease.

 Clinical research has also focused on whether 
altered fractionation could offer better results than con-
ventional radiotherapy and which altered fractionation 
schedule may have an acceptable therapeutic index. A 
recent evidence-based review on radiation oncology in 
head and neck squamous carcinoma [28] concluded 
that external radiotherapy and/or brachytherapy are 
crucial treatment options in patients with early-stage 
disease. However, advanced tumors and small tumors 
with enlarged neck nodes are commonly less well con-
trolled by conventional radiotherapy. The main factors 
that contribute in locoregional failure in more than 
30–50% of cases with an ultimate poor 30% five-year 
survival rate [50] are a high burden of clonogenic cells, 
accelerated repopulation during the irradiation course, 
hypoxic cells with surrounding neoangiogenesis, and 
overexpression of growth factor receptors [5, 11].

 More than 20 randomized trials exploring altered 
fractionation schemes have been published so far with 
more than 17,000 patients included in controlled clini-
cal studies. Two major studies have attempted a com-
parison between the various radiotherapy strategies. 
The four-group Radiation Therapy Oncology Group 
(RTOG) 90–03 trial [37] compared conventional radio-
therapy with hyperfractionation radiation treatment, 
split-course accelerated radiotherapy, and partly accel-
erated fractionation with a concomitant boost. A sig-
nificant benefit was recorded for local control in the 
hyperfractionated and concomitant-boost groups, but 
there was no significant improvement in overall sur-
vival. Moreover, more acute toxic effects were recorded 
but without more late toxic effects.

On the other hand, the CHART (Continuous 
Hyperfractionated Accelerated Radiation Treatment) 
trial [33] compared conventional radiotherapy with the 
continuous strategy giving a total dose of 54 Gy over 

12 successive days. Early reactions in mucosa and skin 
were more severe and more recent in the group with 
continuous radiotherapy than in those who received 
conventional radiotherapy; but after 3 months the tis-
sue reactions did not differ between the groups. 
Moreover, disease-free survival was similar in the two 
groups except for laryngeal tumors, in which signifi-
cantly better 3-year local control was recorded with 
continuous treatment than with conventional treatment—
but only for T3 tumors (70% vs. 47%) and T4 lesions 
(78% vs. 38%).

 Finally, a meta-analysis [21, 22] that included data 
from 6515 patients randomized in 15 trials of altered 
fractionation, including various head and neck primary 
sites, showed that altered fractionation radiotherapy 
produced a significant 3% benefit in 5-year survival. 
This led to the conclusion [53] that altered fractionation 
radiotherapy is undisputedly the treatment of choice 
for  laryngeal cancer, particularly hyperfractionated 
radiotherapy or accelerated radiotherapy with a con-
comitant boost.

 It should also be mentioned that newer radiother-
apy techniques, such as three-dimensional conformal 
radiation therapy (3D CRT) and intensity-modulated 
radiotherapy (IMT) are currently being investigated 
for their potential to increase the therapeutic gain. It is 
being done by escalating the dose to the tumor in all 
three dimensions and avoiding toxic exposure to radia-
tion in the vital organs and structures surrounding the 
tumor, thus improving locoregional control.

13a.4.3.2  Chemotherapy

The role of chemotherapy as a sole definitive treatment 
of hypopharyngeal and laryngeal cancer has been 
questioned. However, at the 1982 American Society of 
Clinical Oncology (ASCO) annual meeting, Decker 
et al. [30, 31]described 34 previously untreated patients 
who received two to three cycles of cisplatin and fluo-
rouracil; 93% showed a clinically objective response, 
and 63% had a complete response. The issue of radio-
sensitivity in chemosensitive tumors was also brought 
up by the same team [34]. This correlation led research-
ers to use induction chemotherapy as a strategy to dif-
ferentiate tumors that needed total laryngectomy from 
those could be treated conservatively in three random-
ized trials. Patients with a good response to chemo-
therapy would receive radiotherapy, whereas those 
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who did not respond well would undergo total larynge-
ctomy [35].

 The VALSG (Department of Veterans Affairs 
Laryngeal Cancer Study Group) trial [76], followed by 
the French group [68] and the EORTC (European 
Organization for Research and Treatment of Cancer) 
[54] were included in a specific meta-analysis by the 
MACH-NC (Meta-Analysis of Chemotherapy on Head 
and Neck Cancer) group [65]. The study revealed the 
superiority of surgery over chemotherapy in terms of 
the 5-year survival rate (6% higher in the surgery group) 
but proved the benefit of laryngeal preservation in 58% 
of the patients in the chemotherapy group. Similar 
results emanated from another study focused on resect-
able hypopharyngeal tumors comparing those randomly 
assigned to receive induction chemotherapy of cisplatin 
and fluorouracil followed by surgery and radiotherapy 
versus those of induction radiotherapy followed by 
radiotherapy but reserving surgery for salvage [12]. 
Comparison with the findings of the EORTC trial fur-
ther supports the belief that tumor chemosensitivity is 
of utmost importance for choosing radiotherapy instead 
of surgery after induction chemotherapy [53].

 A more recent German meta-analysis [26] on 32 
trials with a total of 10,225 patients has proven that a 
large survival benefit of 12 months was observed in 
favor of concomitant chemoradiation, regardless of 
whether conventional, hyperfractionated, or acceler-
ated radiotherapy was used. The enhanced activity of 
radiotherapy, when combined concurrently with plati-
num derivatives and 5-fluorouracil, is thought to occur 
because of inhibition of repair of lethal and sublethal 
damage induced by radiotherapy; radiosensitization of 
hypoxic cells; reduction of tumor burden leading to an 
improved blood supply, synchronization, and redistri-
bution of tumor cells into the more sensitive G

2
-M cell 

cycle phase; and finally induction of apoptosis [51].
Although quite effective, it should be stressed out 

that no larynx-preserving approach offers a survival 
advantage with respect to total laryngectomy and 
appropriate adjuvant therapy. In particular, concomi-
tant chemoradiation may also be used for larynx pres-
ervation in selected patients with stage III cancer when 
total laryngectomy is the only surgical option or when 
the functional outcome with surgery is expected to be 
unsatisfactory [64]. Tumor penetration through carti-
lage into soft tissues, skin, and/or base of tongue 
involvements are clinical evidence of extensive dis-
ease; and therefore such patients are considered poor 

candidates for laryngeal preservation. To achieve the 
best outcome, surgical treatment of the neck can be 
recommended for patients with nodal involvement 
treated with chemoradiation [64]. The RTOG guide-
lines advise surgeons to perform chemoradiation fol-
lowing by a neck dissection in N1 patients with 
incomplete resolution of neck disease and for all 
patients initially staged N2a or N2b (and N2c when the 
node is > 3 cm or persistent) or N3. Pfister et al. [64] 
stated that neck dissection should be performed within 
15 weeks after completing chemoradiotherapy. With 
the popularization of FDG-PET in the posttreatment 
follow-up, some groups [2, 66] are investigating 
whether negative FDG-PET after chemoradiotherapy 
in patients with N2–N3 disease predicts for a high 
pathological complete response rate (> 80%) in the 
neck and a low overall nodal relapse rate (< 10%). 
Moreover, it is claimed that patients with high FDG 
uptake may be better treated by surgical resection fol-
lowed by chemoradiotherapy [70].

In an effort to maximize the therapeutic result, 
researchers are investigating the effect of various sub-
stances compared to the traditional cisplatin-fluorouracil 
regimen. Induction chemotherapy with multiagents, 
including taxanes, might help select patients who may 
benefit from a definitive chemoradiation approach [67]. 
So far, however, the superiority of induction chemother-
apy followed by concomitant therapies over concomi-
tant chemoradiotherapy or targeted therapy combined 
with radiotherapy has not been adequately substanti-
ated. Thus, induction chemotherapy including taxanes 
followed by concomitant chemoradiotherapy should 
remain an investigational approach [28].

The idea of adding radiosensitizers to traditional 
chemotherapy for the purpose of providing enhanced 
radiation-induced tumor cell killing with minimum 
toxicity has been discussed recently. A large Danish 
trial [61] has revealed improved locoregional control 
at 4 years (52% vs. 33%, p = 0.006) and longer 
disease-specific survival in patients with laryngeal and 
pharyngeal squamous cell carcinoma with the addition 
of nimorazole, a radiosensitizer with electron-affinity 
hypoxic action. It proved to be less toxic and clinically 
relevant. At the moment, nimorazole appears to be the 
only hypoxic cell sensitizer with evidence-based 
proven efficacy. ARCON (accelerated radiotherapy 
with carbogen and nicotinamide) and tirapazamine 
have also been tested, but their efficacy as radiosensi-
tizers remains to be further investigated. The former 
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causes vasodilation to reduce transient or acute hypoxia 
and allows breathing of carbogen to overcome chronic 
hypoxia [16]; the latter is a cytoxin-bioreductive com-
pound that has shown a high hypoxic/toxicity ratio in 
preclinical studies [38].

Further developments in molecular biology and 
cancer genetics have drawn the researchers’ attention 
in a different direction. The research for biological pro-
files that can predict chemosensitivity or radiosensitiv-
ity would result in predicting the likelihood of laryngeal 
preservation. The incidence of laryngeal preservation 
was significantly higher in patients whose tumors over-
expressed P53, but this overexpression was not ade-
quate to predict survival [24]. A few years later, the 
same group of researchers concluded that T stage, P53 
overexpression, and an increased proliferating-cell 
nuclear-antigen index were independent predictors of 
successful organ preservation [25]. Furthermore, the 
same team, from the University of Michigan, investi-
gated the expression of Bcl-2 family proteins in 
advanced laryngeal squamous cell carcinoma and con-
cluded that five of seven tumors that overexpressed 
Bcl-2 had a complete response, whereas reduced 
expression of Bcl-2 L1 was associated with laryngeal 
preservation and decreased BAX expression with com-
plete responses [78]. Moreover, angiogenesis seemed 
to be of interest as patients with vessel counts that were 
higher than the mean were three to five times more 
likely to need total laryngectomy than were those with 
counts below the mean [75]. A study from Memorial 
Sloan-Kettering Cancer Center confirmed the predic-
tive value of P53 for an unfavorable outcome in laryn-
geal preservation [60].

The fact that epidermal growth factor receptor 
(EGFR) overexpression has been shown in preclinical 
models to be correlated with radiosensitivity has led to 
a new era of induction chemotherapy [11]. It has been 
shown in cellular and animal models that radiation 
therapy can upregulate EGFR expression and that 
EGFR activation enhances survival of cancer cells 
after radiotherapy. This biological effect may contrib-
ute to the repopulation effect that takes place during a 
conventional course of radiotherapy. Increased levels 
of EGFR expression have been correlated with a poor 
prognosis [39].

The introduction of monoclonal antibodies (cetux-
imab), which block epidermal growth factor (EGF) 
and tumor growth factor-a (TGFa), has added a new 

strategy to induction chemoradiation. Cetuximab is a 
mouse–human chimeric antibody of the immunoglob-
ulin G1 (IgG1) subclass that binds to EGFR (HER-1, 
cERBB1). It acts by binding to EGFR and thereby 
effectively blocks phosphorylation and activation of 
EGFR tyrosine kinase. Cetuximab treatment alone 
demonstrates cytostatic effects on cell growth in most 
of the tumor cell lines that have been studied to date 
[28].

Preclinical and clinical data appear to support the 
hypothesis that EGFR inhibitors effectively radiosen-
sitize cancer expressing high levels of EGFR [11, 49]. 
A large Phase III multiinstitutional study by Bonner 
et al. [20] compared radiotherapy alone with radiother-
apy plus weekly cetuximab in patients with stage 
III–IV squamous cell carcinoma of the head and neck 
for the purpose of comparing locoregional control. 
There was an absolute improvement of 13% in overall 
3-year survival for cetuximab-treated patients (44% 
vs. 57%, p = 0.03). Local toxicity was not increased to 
the point to alter the local therapeutic index. On the 
contrary, this approach offered a higher local therapeu-
tic index than radiotherapy alone, as reflected by the 
higher therapeutic outcome with the same mucosal 
toxicity. Two large studies by the RTOG—RTOG 0522 
(Phase III trial exploring cisplatin radiotherapy with 
and without cetuximab) and RTOG 0234 (Phase II trial 
looking for the outcome and feasibility of cetuximab 
added to weekly cisplatin with irradiation in high-risk 
resected patients) [28]—are currently ongoing, and 
their results are anxiously awaited by the therapeutic 
community.

Corvò [28] has reviewed the various treatment 
modalities and the probability of severe acute and late 
toxicity after altered fractionation radiotherapy and the 
association of irradiation with a radiosensitizer, che-
motherapy, or targeted therapy. The results are shown 
in Table 13a.5. Whereas there was an increased prob-
ability of epidermitis with accelerated radiotherapy 
than with the remaining modalities, mucositis appeared 
with the highest probability after accelerated radiother-
apy and concomitant chemoradiotherapy. The latter 
had also the highest probability for showing hemato-
logical toxicity and systemic side effects. Cetuximab 
targeted radiotherapy showed the highest probability 
of acneiform rash, followed by increased probability of 
systemic side effects and xerostomia with the conven-
tional two-dimensional radiotherapy technique.
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13a.4.3.3  Photodynamic Therapy

Photodynamic therapy is the use of light-sensitive drugs 
to selectively identify and destroy diseased cells. When 
administered, these compounds accumulate and are 
retained to a greater degree in malignant tissues than in 
normal tissues. The drug remains inactive until it is 
activated by laser. The resulting photochemical reaction 
leads to the production of oxygen radicals, thereby 
destroying diseased cells without affecting surrounding 
normal tissues [18].

 This treatment modality for cancer was first 
reported by Manyak et al. [56] in 1988. Several studies 
have shown photodynamic therapy to be effective in 
the treatment of T1 and T2 cancers of the larynx [17, 
74]. In particular, these series demonstrated the effi-
cacy of Photofrin-mediated photodynamic therapy as a 
curative treatment for T1 (85–91% of cases) and T2 
(62% of cases) squamous cell carcinomas of the lar-
ynx. Further advantages of photodynamic therapy are 
no scarring, excellent voice preservation, repeatability, 
minimal side effects, and performance as an outpatient 
procedure.

13a.5  Criticisms and Conclusions

As ongoing research is focusing on accurately specify-
ing the indications for conservative versus interven-
tional treatment, many questions remain to be answered 
and form subjects of criticism among laryngeal and 
hypopharyngeal cancer therapists. More specifically, 
there are no clear indications that the combination of 
irradiation and multiagent chemotherapy is superior to 
irradiation plus high-dose cisplatin [16]. Additionally, 
more data about compliance and late toxicity are needed 
to support whether concomitant chemotherapy with 
altered fractionation can be used safely [16]. Although 
induction polychemotherapy followed by concomitant 
chemoradiotherapy has shown promising results, its 
superiority over concomitant chemoradiation alone is 
yet to be proven. For patients with intermediate-risk 
(T2–T3 N1) disease, further trials are required to answer 
whether chemoradiotherapy is indeed better than inten-
sified radiotherapy alone [15]. Hope is also offered to 
patients with locally advanced carcinoma who are unfit 
for chemotherapy; for those patients, it would be rea-
sonable to attempt altered fractionation radiotherapy or 

Severe toxicity Accelerated RT Hyperfractionated RT Radiosensitizer RT* Concomitant 
CT-RT

Targeted 
therapy - RT**

Epidermitis ++ + + + +
Mucositis +++ ++ ++ +++ +
Hematological 

toxicity
- - - +++ +

Systemic side  
effects

- - + +++ ++

Acneiform rash - - + - +++
Xerostomia with 2D 

technique
++ ++ ++ ++ ++

Xerostomia with 
3D-IMRT 
technique

+ + + + +

Late mucosal  
atrophy

+ + + ++ +

Fibrosis + + + + +

Table 13a.5.  Probability of severe acute and late toxicity after altered fractionation radiotherapy; association of irradiation with 
radiosensitizer, chemotherapy, or targeted therapy

From Corvò [28]
RT, radiotherapy; CT, chemotherapy; IMRT, intensity-modulated radiotherapy; 2D, 3D, two- and three-dimensional, respectively
+, ++, +++: low, increased, and high probability of severe toxicity, respectively; incidence may vary according to radiotherapy tech-
nique, fractionation and total doses, primary site, chemotherapy regimen, and timing
*Nimorazole
** Cetuximab
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targeted therapy-radiotherapy [42]. As for patients older 
than 65 years, the current studies do not prove any 
important outcome benefit from modification by frac-
tionation or chemoradiotherapy [21, 23].

 Molecular biology has provided new data that may 
alter our approach to laryngeal and hypopharyngeal 
cancer. EGFR overexpression in tumors may predict a 
worse prognosis if the patient is treated with conven-
tional radiotherapy [4]; such patients may be more 
likely to benefit from hyperfractionated accelerated 
radiotherapy [14] or moderately accelerated radiother-
apy [36]. Finally, emerging data showing that the pres-
ence of a subset of Human Papilloma Virus (HPV) in 
patients with oropharyngeal cancers is related to a 
favorable prognosis [83], indicate that HPV infection 
could be an important prognostic factor for squamous 
cell carcinoma of the head and neck.
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Two novel approaches to the treatment of laryngeal 
and hypopharyngeal carcinoma have contributed to the 
spectrum of therapeutic options during the past two 
decades: transoral laser surgery, mostly used for early-
stage carcinoma and sequential or concomitant che-
motherapy and radiotherapy for organ preservation in 
advanced stages.

Although transoral approaches to head and neck car-
cinoma are certainly not new, they have long been given 
up for open surgical approaches that seemed more 
promising with regard to surgical radicality and onco-
logical outcome. Transoral approaches were thought to 
be inadequate for oncological interventions because of 
what was believed to be limited visualization of the sur-
gical field, bleeding, difficult manipulation, and inabil-
ity to reconstruct soft tissue defects.

With technical advances in endoscopic surgery dur-
ing the 1960s achieved by Kleinsasser [1] and his micro-
laryngoscopic technique of endolaryngeal microsurgery 
and the implementation of medical laser systems by 
Strong and Jako in the 1970s [2], things gradually 
changed beginning in the early 1980s. Clinical pioneers 
such as Grossenbacher, Motta, Rudert and Steiner in 
Europe and Vaughn, Davis, and Shapshay in North 
America were able to demonstrate that highly selected 
malignant lesions of the upper aerodigestive tract could 
now be operated on endoscopically with promising 
oncological and functional results.

These authors were able to show that transoral laser 
surgery provides advantages relating to its hemostatic 
effects and precision of tissue ablation. They reported 
that laser surgery causes minimal morbidity, offers good 
functional results, and provides a cost-effective alterna-
tive to open surgical procedures and to radiotherapy.

Therefore, transoral laser surgery is now a widely 
used surgical approach to small glottic and supraglottic 
carcinomas [3–6]. Moreover, successful treatment of 
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Core Messages

Transoral laser surgery is suited for the cura-››
tive treatment of most T1–T2 carcinomas of 
the glottic and supraglottic larynx.
The main advantage of this minimal access ››
approach is reduced perioperative morbidity 
and hospital stay. Tracheotomy is usually not 
required, but postoperative monitoring in an 
intensive or intermediate care unit may be 
needed following more extensive procedures.
Shielding the endotracheal tube is essential to ››
avoid serious airway complications (ignition 
of oxygen)
Postoperative aspiration (following surgery ››
for supraglottic tumors or following arytenoid 
cartilage resection), secondary bleeding, den-
tal injuries, and mucosal tears are the most 
common complications and sequelae.
Exhaustive technical equipment, including ››
contemporary CO

2
 laser systems and focusing 

devices, operating laryngoscopes, multiple 
suction devices, and specially designed instru-
ments are required for successful endoscopic 
tumor surgery.
Comprehensive training in head and neck sur-››
gery and specialized instruction in the use of 
medical lasers is mandatory for laryngologists 
performing these procedures.



198	 H. E. Eckel et al.

stage II to IV lesions of the vocal folds, supraglottic 
larynx, oropharynx, and hypopharynx have repeatedly 
been reported in the literature [5–8]. The data presented 
in these studies indicated that transoral laser surgery 
leads to oncological results that are comparable to those 
attained with more conventional treatment modalities 
in selected groups of patients, and the surgical trauma- 
and treatment-related co-morbidites are reduced.

13b.1 � Preoperative Diagnostic 
Procedures

The endoscopic management of laryngeal and hypo-
pharyngeal tumors requires a meticulous preoperative 
evaluation of the patient (in terms of adequate expo-
sure of the surgical field under microlaryngoscopy) 
and of the lesion itself. All available technical tools 
(including both endoscopy and imaging) should be 
employed to define the superficial and deep extension 
of the tumor precisely. Moreover, regional lymph 
nodes should be assessed before planning the most 
appropriate treatment with a simultaneous or delayed 
procedure on the neck.

Endoscopy represents the first-line diagnostic pro-
cedure to be considered as the gold standard for clinical 
tumor staging of the larynx and hypopharynx. Flexible 
and rigid fiberoptic endoscopes coupled to videolaryn-
goscopy allow us to obtain clear, magnified images of 
the superficial extension of the lesion, with the unique 
opportunity to assess laryngeal mobility and sensation. 
With glottic tumors, special consideration should be 
paid to evaluate uni- or bilateral vocal cord involve-
ment, anterior commissure extension, and supra- or 
subglottic spread. With supraglottic and hypopharyn-
geal tumors, the precise evaluation of neoplastic exten-
sion to critical anatomical areas—e.g., the glottic plane, 
ventricle, aryepiglottic folds, piriform sinus, vallecu-
lae, base of the tongue—is of paramount importance to 
modulate the endoscopic surgical resection. In this 
light, the possibility of tailoring the resection intraop-
eratively based on microlaryngoscopic evaluation of 
the tumor allows the surgeon an additional degree of 
freedom not conceivable with the conservative open-
neck approaches. In fact, resection of supraglottic 
tumors (e.g., involving the anterior commissure) are 
best performed by an endoscopic route. Currently, 
vocal cord and arytenoid mobility cannot be evaluated 
by objective measurements, and their function can only 

be expressed by generic terms ranging from impaired 
vocal cord mobility (due to a tumor mass or limited 
vocal muscle invasion) to fixation (for deep muscle 
infiltration or paraglottic space, cricoarytenoid joint, or 
recurrent nerve involvement).

Even though associated with a high degree of intra- 
and interjudge variability because of its subjectivity and 
the possibility of false-positive findings for adjacent 
inflammatory changes, preoperative videolaryngostro-
boscopy (VLS) by 70° or 90° rigid endoscopes allows 
macroscopic evaluation of glottic lesions and patterns of 
mucosal wave correlated with the degree of vocal liga-
ment involvement. In fact, maintenance of the mucosal 
wave is an indirect sign of an intraepithelial lesion (up to 
carcinoma in situ), whereas a reduced or absent mucosal 
wave is suspicious for neoplasms transgressing the basal 
membrane into the lamina propria (ranging from micro-
invasive to frankly invasive carcinomas).

From a clinical point of view, rigid endoscopy under 
local anesthesia for supraglottic and hypopharyngeal 
tumors is not fully reliable owing to the difficulty of 
properly evaluating bulky tumors obscuring the anterior 
commissure and vocal cords, the ventricle, and the piri-
form sinus. In such a scenario, a flexible fiberscope is 
by far the most useful tool to evaluate vocal cord and/or 
arytenoid mobility as well as piriform sinus symmetri-
cal expansion during phonation and swallowing.

Subsequently, a more detailed multiperspective 
endoscopic view of the larynx can be obtained by 0° 
and angled (30°, 70°, 120°) rigid telescopes during 
microlaryngoscopy. In this way, zones of the larynx 
and hypopharynx (anterior and posterior commissures, 
bottom and roof of the ventricle, subglottis, apex of the 
piriform sinus, and postcricoid area) traditionally 
considered “dark” can be adequately visualized 
(Fig. 13b.1). Adjunctive information can be obtained 
by combining the use of angled telescopes with special 
probes or microinstrumentation to evert and palpate the 
free edge of the true vocal cords, lift the false vocal 
folds to inspect the ventricle, and divaricate the aryten
oids. Additionally, accurate palpation of the base of 
tongue and medial wall of the piriform sinus, arytenoid 
mobilization, displacement of the epiglottis to evaluate 
anterior commissure involvement, and exploration of 
the piriform sinus apex and postcricoid region can also 
be performed in the same setting of the intraoperative 
diagnostic workup. Moreover, adjunctive staging infor-
mation can be derived from surgical maneuvers per-
formed at the beginning of the endoscopic resection, 
such as infrapetiolar exploration to evaluate minimal 
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inner thyroid lamina involvement and transtumoral 
resection (e.g., at the level of the mid-suprahyoid epi-
glottis) to exclude preepiglottic space invasion [5].

In cases of glottic cancer limited to the true vocal 
cord, subepithelial saline infusion (SI) by means of an 
appropriately angled needle allows further confirma-
tion of preoperative VLS findings regarding involve-
ment of the lamina propria by the neoplastic growth. 
Complete hydrodissection of the mucoligamentous 
plane, with consequent ballooning and lifting of the 
lesion from the underlying intermediate layer of the 

lamina propria suggests purely intraepithelial confine
ment of the neoplastic nests. Moreover, the mechanical 
expansion of Reinke’s space after SI facilitates subse-
quent removal of the lesion itself, serving as a heat sink 
to protect the vocal ligament from thermal damage in 
the case of a laser procedure. An incomplete or absent 
mucoligamentous hydrodissection after SI has the 
same implications as a reduced or absent mucosal wave 
as detected on the VLS, and it is associated with trans-
gression of the basal membrane by neoplastic cells 
through the vocal ligament (Fig. 13b.2). Even SI in 

Fig. 13b.1.  Intraoperative 
rigid endoscopy by 0° and 
angled (30°, 70°, 120°) 
telescopes of a leukoplastic 
lesion of the middle third of 
the right vocal cord clearly 
defines its superficial 
extension. Lifting the right 
false vocal fold by means of a 
curved suction tip coupled to 
a 70° rigid telescope allows 
exclusion of lateral extension 
to the floor and bottom of the 
ventricle

Fig. 13b.2.  Two similar lesions of the middle third of the right 
vocal fold. (a) Complete mucoligamentous hydrodissection after 
intraoperative saline infusion (SI) into Reinke’s space; the lesion 

is therefore limited to the overlying mucosal epithelium. (b) 
Incomplete ballooning of the epithelial layer due to initial 
involvement of the lamina propria
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Reinke’s space is associated with possible drawbacks, 
mainly concerning false-negative cases in the event of 
limited lamina propria involvement by a few nests of 
neoplastic cells. For this reason, the results of intraop-
erative SI should always be integrated with those of 
preoperative VLS. If the two tests give conflicting 
results, the cordectomy should be tailored according to 

the more pessimistic scenario (i.e., as if they were both 
positive for vocal ligament involvement). Applying 
such a simple diagnostic algorithm in the University of 
Brescia, Italy, the combination of VLS and SI obtained 
specificity, sensitivity, positive predictive values (PPV), 
negative predictive values (NPV), and accuracy of 
89%, 100%, 88%, 100%, and 94%, respectively [9].

Integration of endoscopic findings with those from 
radiological imaging is nowadays an essential prerequi-
site for correct staging and treatment of any neoplastic 
lesion of the larynx and hypopharynx. As a matter of 
fact, relying on the endoscopic information alone can 
lead to clinical underdiagnosis in 40–55% of cases [10] 
with consequent inappropriate therapeutic planning and 
less effective locoregional oncological control. Recently, 
computed tomography (CT) (with particular emphasis 
on the multislice technique) and magnetic resonance 
imaging (MRI) are playing a definite role in imaging 
for preoperative assessment of laryngeal and hypopha-
ryngeal cancer. CT scanning presents some unique 
advantages, making this diagnostic tool the gold stan-
dard in the modern radiological assessment of these 
tumors. Its reduced examination time with minimal 
patient compliance needed and wide availability make 
it a sound diagnostic tool. Only a few elements of 
uncertainty arise, such as in the presence of minimal 
thyroid cartilage erosion and paraglottic space involve-
ment. In such selected cases, subsequent MRI scans can 
increase diagnostic accuracy, even though roughly 20% 
of them display movement artifacts, thereby reducing 
the imaging quality (Fig. 13b.3).

The radiological checklist for the endoscopic surgeon 
should therefore always include an assessment of inva-
sion of the visceral spaces (with particular reference to 
submucosal supracommissural and/or subcommissural 
extension, posterolateral paraglottic space invasion, and 
preepiglottic space involvement), laryngeal framework 
infiltration, and tumor extension beyond laryngeal sites 
(e.g., base of the tongue, soft tissues and major vessels 
of the neck, prevertebral fascia) (Fig. 13b.4).

The N category plays a definitive role in terms of 
prognosis of these tumors, particularly when dealing 
with supraglottic and hypopharyngeal bulky lesions. 
Combining clinically evident and occult lymph nodes 
metastases from intermediate (T2–T3) supraglottic 
and hypopharyngeal tumors, more than 30% can be 
expected to present regional disease at the time of 
diagnosis. In this respect, the gold standard imaging 
technique is ultrasonography examination of the neck 

Fig. 13b.3.  Preoperative axial computed tomography (CT) scans 
after contrast medium administration. (a) Right paraglottic space 
involvement of a tumor extending from the anterior commissure 
(with increased thickness) to the arytenoid cartilage (sclerosed 
and without the normal fat tissue posterolateral to its body). (b) 
Anterior transcommissural lesion involving the preepiglottic 
space and massively eroding the thyroid cartilage at the level of 
its notch, beyond the external perichondrium, with possible initial 
infiltration of the deep layer of the strap muscles



13b  Endoscopic Approach	 201

Fig. 13b.4.  Endoscopic cordectomy. Proposal for a classifica-
tion by the Working Committee, European Laryngological 
Society that is a synthesis of the year 2000 classification and the 
2007 modification. (a) Subepithelial cordectomy (type I). (b) 
Subligamental cordectomy (type II). (c) Transmuscular cordec-
tomy (type III). (d) Total or complete cordectomy (type IV). (e) 
Extended cordectomy encompassing the contralateral vocal fold 

(type Va). (f) Extended cordectomy encompassing the arytenoid 
(type Vb). (g) Extended cordectomy encompassing the ventricu-
lar fold (type Vc). (h) Extended cordectomy encompassing the 
subglottis (type Vd). (i, j) Cordectomy for cancers arising from 
the anterior commissure (type VI). (Reprinted with permission 
(From Remacle et al. [12, 13], with permission)
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combined with fine-needle aspiration cytology of sus-
picious lymph nodes. Such a technique surpasses the 
diagnostic accuracy of CT and MRI, allowing detec-
tion of occult metastatic foci in nodes < 5 mm in great-
est diameter. Precise preoperative assessment of the 
neck status can play a decisive role in choosing between 
an endoscopic procedure alone or an endoscopic pro-
cedure combined with simultaneous or delayed, unilat-
eral or bilateral neck dissection.

13b.1.1  Surgical Technique

The CO
2
 surgical laser is clearly the preferred laser 

system for oncological surgery of the larynx. It is cou-
pled to an operating microscope and is generally set at 
an output power of 2–6 W in a super pulse or continu-
ous mode at a spot size of approximately 0.8 mm2. 
Patients are intubated transorally (using a laser-
shielded tube) for surgery except for those who have a 
preexisting tracheotomy. Various laryngoscopes, 
including bivalved adjustable laryngoscopes, are used 
to expose the larynx. Repeated readjustment and repo-
sitioning of the laryngoscope is frequently required to 
achieve optimal exposition of the surgical field. Two 
suction devices should be available throughout the 
operation: One is mounted on the operating laryngo-
scope, and the other is handled by the surgeon through-
out the intervention and is used to evacuate the plume 
and manipulate the tissue.

Specimens are resected in one piece whenever pos-
sible. In every case, the tumor must be resected with 
sufficient safety margins—which is equally important 
during laser surgery and open approaches—and R0 
resection must be confirmed histologically. The devel-
opment of modern laser systems permits laser applica-
tion with lower power settings so that charring and 
necrosis of specimen margins could be reduced in 
comparison to older laser systems. Thus, the patholo-
gists can accurately evaluate the resection margins.

Dissection of a tumor in two or more portions (a con-
cept introduced by W. Steiner, Göttingen, Germany) 
allows the surgeon to scrutinize the cutting surfaces under 
the microscope and make a more confident assessment of 
the depth of tumor invasion. Up to now, no definitive 
arguments could be found against piecemeal laser resec-
tion even if a higher risk of increased metastasis seems 
possible based on an animal experimental study  [11]. 

However, those examinations were performed in a highly 
aggressive tumor model on lymphogenic metastatic 
spread, so further studies are required. Although the 
question is not yet settled, cutting through malignant 
tumors during surgery does not comply with the gener-
ally accepted basic concepts of oncological surgery. If 
large tumors are to be resected transorally, the surgeon 
has to weigh the advantages of transecting the tumor for 
easier handling of the specimen against the potential dan-
gers of manipulation-related tumor spread.

Specimens should be oriented anatomically after 
removal to facilitate histopathological examination of 
the margins. The value of frozen sections remains unclear 
to date, and not all experienced laser surgeons use them 
routinely.

Patients should receive 250 mg of methylprednisolone 
intravenously during the intervention and 80 mg orally 
during the first 2–5 days after surgery depending on the 
extent of the surgery. Extubation is usually performed 
some 30 minutes after the end of the intervention, and 
patients must be closely observed after extubation for air-
way control.

13b.1.2 � Classification of Procedures 
for Glottic Carcinoma

In the year 2000, the European Laryngological Society 
(ELS) Working Committee on Nomenclature proposed 
a classification of endolaryngeal procedures for the 
treatment of glottic dysplasia and carcinoma. They did 
so with the aim of reaching better agreement and uni-
formity concerning the extent and depth of resection of 
cordectomy procedures (guidelines) by offering repro-
ducibility to laryngologists to allow relevant compari-
sons with the literature when presenting/publishing the 
results of cordectomy [12]. The classification was 
meant to be a synthesis of the categorizations available 
in the literature and the classifications that had been 
previously and separately presented by some authors. 
The aim was not to define or restrict therapeutic indica-
tions. Rather, by means of this common classification, 
the authors hoped to permit comparison of postopera-
tive results achieved by different centers and to improve 
instruction and training of younger surgeons.

The classification described eight types of cordec-
tomy: subepithelial cordectomy (type I); subligamen-
tal cordectomy (type II); transmuscular cordectomy 
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(type III); total cordectomy (type IV); extended cord-
ectomy including the contralateral vocal fold and the 
anterior commissure (type Va); one arytenoid cartilage 
(type Vb); subglottic structures (type Vc); or the ven-
tricle and paraglottic space (type Vd). This classifica-
tion was subsequently used by many surgeons to 
describe their endoscopic interventions. However, the 
classification did not propose any specific manage-
ment for lesions originating in the anterior commis-
sure, which have been included so far among the 
indications for type Va cordectomy. This situation was 
a source of discussion and possible confusion when 
comparing results from different studies.

To resolve this problem, a new cordectomy cate-
gory, encompassing the anterior commissure and the 
anterior part of both vocal folds—type VI cordec-
tomy—was proposed by the ELS Working Committee 
on Nomenclature in 2007 [13]. The members of the 
working committee thought that tumors with invasion 
of the thyroid or cricoid cartilages or arytenoid carti-
lage fixation were not suitable candidates for transoral 
laser surgery. Therefore, the classification does not 
include resection types for these advanced (T3 and T4) 
glottic carcinoma. A synthesis of the year 2000 clas-
sifications and the 2007 modification is given here 
(Fig. 13b.4 a–i ).

13b.1.2.1  Subepithelial Cordectomy (Type I)

Subepithelial cordectomy is resection of the vocal fold 
epithelium, passing through the superficial layer of the 
lamina propria. This surgical procedure spares the 
deeper layers and thus the vocal ligament. Subepithelial 
cordectomy is performed for cases of vocal fold lesions 
suspected of premalignant or malignant transforma-
tion. As the entire epithelium is generally affected in 
various degrees of severity, it is usually necessary to 
resect it completely to avoid leaving in place a dysplas-
tic or even carcinomatous area. In rarer cases where 
epithelial modifications are restricted to a segment of 
the vocal fold, the clinically normal epithelium may be 
preserved. Because subepithelial cordectomy ensures 
histopathological examination of the entire epithelium 
of the vocal fold, the main role of this surgical proce-
dure is diagnostic. It can also be therapeutic if histo-
logical results confirm hyperplasia, dysplasia, or 
carcinoma in situ without signs of microinvasion. 
Indeed, by definition, these lesions are limited to the 

epithelium. If, on the other hand, there are signs of 
invasive tumor spread, a further procedure is required.

13b.1.2.2  Subligamental Cordectomy (Type II)

Subligamental cordectomy is resection of the epithe-
lium, Reinke’s space, and the vocal ligament. It is per-
formed by cutting between the vocal ligament and the 
vocal muscle. The vocal muscle is preserved as much as 
possible. The resection may extend from the vocal pro-
cess to the anterior commissure. At a diagnostic level, 
this procedure is indicated for cases of severe leukopla-
kia when a lesion shows clinical signs of neoplastic 
transformation and stroboscopic examination indicates 
deep infiltration, or “vibratory silence.” When palpated, 
this infiltration feels thickened and the mucosa cannot 
freely be moved over the underlying structures. At a 
therapeutic level, subligamental cordectomy is indi-
cated for cases of microinvasive carcinoma or severe 
carcinoma in situ with possible microinvasion.

13b.1.2.3  Transmuscular Cordectomy (Type III)

Transmuscular cordectomy is performed by cutting 
through the vocalis muscle. The resection encompasses 
the epithelium, lamina propria, and part of the vocalis 
muscle. The resection may extend from the vocal pro-
cess to the anterior commissure. Partial resection of the 
ventricular fold may be necessary to expose the entire 
vocal fold. Transmuscular cordectomy is indicated for 
small superficial cancers of the mobile vocal fold that 
reach the vocalis muscle without deeply infiltrating it.

13b.1.2.4 � Total or Complete Cordectomy 
(Type IV)

Complete cordectomy extends from the vocal process 
to the anterior commissure. The depth of the surgical 
margins reaches the internal perichondrium of the thy-
roid ala. Sometimes the perichondrium is included 
with the resection. Anteriorly, the incision is made in 
the anterior commissure. It is important that the attach-
ment of the vocal ligament to the thyroid cartilage is 
cut. Complete cordectomy is indicated for T1a can-
cer infiltrating the vocalis muscle. Extension of a 
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neoplasm may spread as far as the anterior commis-
sure without involving it.

13b.1.2.5 � Extended Cordectomy Encompassing 
the Contralateral Vocal Fold 
(Type Va)

Extended cordectomy was meant to include the ante-
rior commissure and, depending on the extent of the 
tumor, either a segment or the entire contralateral vocal 
fold. This approach is somewhat controversial because 
resection around the anterior commissure is techni-
cally difficult and leads to poor phonatory results. This 
resection type is now commonly replaced by type VI 
cordectomy.

13b.1.2.6 � Extended Cordectomy Encompassing 
the Arytenoid (Type Vb)

Extended cordectomy encompassing the arytenoid is 
indicated for vocal fold carcinoma involving the vocal 
process or the arytenoid cartilage posteriorly. The 
arytenoid cartilage should be mobile. The cartilage is 
partially or totally resected. The posterior arytenoid 
mucosa may be preserved if this decision seems onco-
logically sound.

13b.1.2.7 � Extended Cordectomy Encompassing 
the Ventricular Fold (Type Vc)

According to certain schools, total cordectomy can be 
extended to the mucosa of Morgagni’s ventricle, the 
paraglottic tissues, and the ventricular fold. This pro-
cedure (type Vc) is indicated for ventricular cancers or 
for transglottic cancers that spread from the vocal fold 
to the ventricle. The specimen encompasses the ven-
tricular fold and Morgani’s ventricle.

13b.1.2.8 � Extended Cordectomy Encompassing 
the Subglottis (Type Vd)

If necessary, cord resection can be continued under-
neath the glottis to expose the cricoid cartilage 
(Fig. 13b.8). In selected cases, this extended cordec-
tomy (type Vd) is suitable for T2 carcinoma with lim-
ited subglottic extension without cartilage invasion.

13b.1.2.9 � Cordectomy for Cancers Arising from 
the Anterior Commissure (Type VI)

Type VI cordectomy is indicated for cancer originating 
in the anterior commissure, extended (or not) to one or 
both vocal folds, without infiltration of the thyroid carti-
lage. The surgery comprises anterior commissurectomy 
with bilateral anterior cordectomy. If the tumor is in 
close contact with the cartilage, resection can encom-
pass the anterior angle of the thyroid cartilage. To remove 
Broyle’s ligament, the incision must be started above the 
insertion plane of the vocal folds, at the base of the epi-
glottic insertion, and is extended through Broyle’s liga-
ment. To achieve this resection, it may be necessary to 
resect the petiole of the epiglottis and the anterior parts 
of the ventricular folds to ensure sufficient visualization. 
Resection of the anterior commissure may include the 
subglottic mucosa and cricothyroid membrane because 
cancers of the anterior commissure tend to spread toward 
the lymphatic vessels of the subglottic area.

13b.1.3  Supraglottic Carcinomas

Among the indications for laser surgery in patients with 
laryngeal cancer, surgical treatment of supraglottic car-
cinoma plays a prominent role. This is mainly due to 
the often better functional results than those achieved 
with open partial resection [14, 15]. Of course, there 
remain indications for open surgery, which is, again, a 
reason why head and neck surgeons should be trained 
in the complete field of laryngeal surgery and not focus 
uniquely on one treatment method [6, 16, 17]. In the 
following, however—and this is the objective of this 
chapter—laser surgery of supraglottic carcinoma is 
described with its main aspects.

The main advantage of transoral laser microsurgery 
is that the resection can be tailored to the extent of the 
tumor [5, 18, 19]. Instead of using an open technique, 
the surgeon can proceed according to the often clear 
delineation between healthy and affected tissue pro-
vided by the operating microscope.

Endoscopic laser surgery is most appropriate for 
resecting carcinomas on the free edge of the epiglottis, 
central suprahyoid carcinomas, and carcinomas located 
on the lingual surface of the epiglottis, on the margins 
of the ventricular fold, or on the aryepiglottic folds.

En bloc resection is mainly possible for small, circum-
scribed carcinomas of the supraglottis; the technique is 
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comparable to resection of early glottic cancer. Laser 
microsurgery can be recommended because carcinomas 
in this area can be resected with more sufficient safety 
margins compared to glottic carcinomas. The postoper-
ative functional results are highly satisfactory.

Tumor infiltration of carcinomas of the infrahyoid 
epiglottis is rather difficult to determine preopera-
tively, particularly in the area of the petiole. Thus, it is 
often also difficult to stage T1 and T3 carcinomas pre-
operatively. However, clinical experience shows that 
infiltration of the preepiglottic space must be consid-
ered with all carcinomas of the infrahyoid region. In 
cases of infiltration, laser surgery is not contraindi-
cated; but this surgery requires complete exposure of 
the tumor after division of the preepiglottic fat pad. 
This goal may best be achieved by cutting through the 
vallecula with the laser. Bleeding of the vessels is con-
trolled with conventional electrocautery or by means 
of titanium clips, which have proved to be appropriate. 
The medial glossoepiglottic fold is divided, requiring 
splitting the suprahyoid epiglottis in the sagittal plane. 
Parasagittal incision must also be considered occa-
sionally if it facilitates exposure of lateral supraglottic 
structures (e.g., the aryepiglottic fold). After exposure 
of the preepiglottic fat and the laryngeal aspect of the 
tumor-bearing infrahyoid epiglottis, the tumor is 
divided in the sagittal direction, and the incision is 
performed vertically. Sometimes the advanced-stage 
tumor requires transverse incision of the lesion. If 
tumor infiltration into the thyroid cartilage or one of 
the arytenoid cartilages is found, these areas can be 
included in the resection. Depending on the extent of 
resection, unilateral arytenoid resection causes more 
or less significant postoperative swallowing difficul-
ties. Resection of both arytenoid cartilages must be 
avoided to prevent persistent severe postoperative dys-
phagia with aspiration. The surgeon must always be 
aware when resecting extensive lesions that the resec-
tion margins may extend from inside the larynx into 
the subcutaneous tissue of the neck.

In contrast to open surgery, nasogastric tube feeding 
can usually be limited to only a few days, and tempo-
rary tracheostomy can generally be avoided. Thus, the 
endoscopic technique can be considered mostly supe-
rior to conventional open surgery with regard to quality 
of life, especially during the first postoperative weeks. 
Furthermore, there is no age limit compared to open 
supraglottic partial laryngectomy. Transoral CO

2
 laser 

surgery can be called the method of choice for tumor 
resection of lesions in the above-mentioned sites and 

stages as the functional results and the obviously better 
oncological results are superior to those attained with 
primary radiochemotherapy.

Of course, this does not mean that supraglottic par-
tial laryngectomy performed with CO

2
 laser is a risk-

free method. The author has seen cases in which there 
was significant postoperative bleeding or persistent 
functional deficits such as swallowing difficulties with 
aspiration. However, this is no criticism of laser surgery 
in itself but should emphasize the risks and make sur-
geons more aware to the importance of careful postop-
erative follow-up. Regarding the risk of postoperative 
bleeding, it must be ensured that patients are under con-
tinuous supervision during the postoperative phase so 
they can be adequately treated in case of an emergency, 
including provision of rapid intubation if required.

At this point, the limitations and complications of 
transoral laser surgery of laryngeal carcinomas must be 
mentioned. Several publications have reported on this 
topic since 1971, and a series of possible complications 
has been identified: local infection, emphysema, fistu
lation, bleeding, respiratory distress due to stenosis or 
edema, swallowing difficulties, and aspiration pneu-
monia [20, 21]. The complication rate is determined 
mainly by the experience of the surgeon. Furthermore, 
it became obvious that the complications are less fre-
quent after laser surgery of early laryngeal cancer than 
after laser treatment of advanced carcinoma.

Large supraglottic tumors can also be resected tran-
sorally when the tumor can be clearly exposed and the 
intervention is performed by an experienced surgeon. 
In these cases, laser surgery is much less limited by the 
technical possibilities than by the functional outcome. 
The patient may, for example, experience postopera-
tive swallowing difficulties depending on the extent of 
the resection in the arytenoid region. It was mentioned 
previously that the resection of both arytenoid carti-
lages should be avoided because it would cause signifi-
cant postoperative dysphagia with inevitable aspiration. 
Similar problems may occur when unilateral resection 
of the arytenoid cartilage is performed together with 
resection of the corresponding base of the tongue.

Even the laryngeal skeleton may be affected by post-
operative complications. Most frequently it is observed 
in patients who have received pre- or postoperative 
radiochemotherapy. Protracted chondritis is sometimes 
seen, including formation of cartilaginous or bony 
sequestra that can often but not always be removed by a 
transoral access. Laser surgical treatment of advanced 
laryngeal carcinomas requires a particularly high degree 
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of experience and technical training of the surgeon. It is 
easy to see that it is difficult to resect advanced supra-
glottic carcinomas through a narrow tube—far more 
difficult than tumor resection by an open approach. If 
piecemeal resection is applied, it requires a high degree 
of concentration by the surgeon and close cooperation 
with the pathologist to assess the adequacy of the resec-
tion margins accurately. Hence, we can understand the 
need for intensive training programs in transoral laser 
microsurgery to achieve excellent results. Clinical train-
ing should start with laser surgery of circumscribed 
supraglottic lesions. After gaining more experience, the 
treatment spectrum can be enlarged to more extended 
supraglottic carcinomas.

Established oncological principles should always 
determine the most suitable treatment concepts of 
supraglottic cancer. This is especially true for advanced 
supraglottic tumors, although carcinomas in their ini-
tial stages must also be taken seriously. There are still 
controversial discussions between the surgery and 
radiooncology departments. This problem should be 
resolved in the future so a substantial interdisciplinary 
discussion in the sense of tumor conferences may be 
established. This objective can be achieved by recog-
nizing the personal and method-specific limitations of 
the various treatment options. Categorical rejection of 
one form of treatment is as wrong as radical advocacy 
of others. This is also true for transoral laser microsur-
gery of the supraglottic larynx. There are definite indi-
cations for laser surgery, but there are also considerable 
anatomical and functional limitations.

When discussing the optimal treatment option for 
supraglottic carcinomas, it must be considered that the 
primary tumor can be successfully treated by surgery 
and/or radiotherapy in most cases. The frequently poor 
prognosis of the patients suffering from laryngeal 
squamous cell cancer is generally based on the lym-
phogenic metastatic spread of this tumor and on the 
occurrence of distant metastases that may be observed 
in the further course of the disease.

To define individual treatment strategies, interdisci-
plinary discussions relating to those issues must be 
pursued from various aspects so a consensus can be 
found. Only by understanding that treatment of oncol-
ogy patients is a specialized discipline and accepting 
that these patients must be treated in specialized cen-
ters can we finally be able to offer patients an opti-
mized, individual treatment concept that is supported 
by an internationally established consensus.

13b.2 � Recurrences: Follow-Up, 
Diagnosis, and Management

The essential prerequisite for endoscopic management 
of laryngeal and hypopharyngeal tumors is ensuring 
adequate patient compliance to a compulsive postop-
erative follow-up. Tailored endoscopic resections often 
are performed within millimetric safe margins and such 
an ultraconservative approach is potentially dangerous 
if the patient escapes regular controls by the same sur-
geon who performed the procedure. Particularly when 
dealing with tumors at high risk of recurrence—T2 
glottic cancer with anterior transcommissural exten-
sion, T3 glottic or supraglottic tumors with lateral 
extension to the bottom of the ventricle and paraglottic 
space, every hypopharyngeal tumor—an even more 
strict clinical and radiological follow-up is strongly 
recommended (Figs. 13b.5 and 13b.6).

Fig. 13b.5.  Videolaryngoscopic examination of a patient affected 
by a verrucous lesion of the middle third of the right vocal cord. 
The patient subsequently submitted to subligamental cordectomy 
(type II) (a). Videolaryngoscopic examinations of the same patient 
9 months after surgery. A superficial leukoplasic lesion, suspi-
cious for recurrence, was detected at the level of the anterior third 
of the residual vocal fold, requiring a second microlaryngoscopic 
procedure (b)
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In the University of Brescia experience, endoscopy 
under local anesthesia should be carried out at least 
every 2 months for the first 2 years after surgery and 
with decreasing frequency in the subsequent years. 
VLS can be added to the evaluation of patients treated 
for early glottic cancer, and the gold standard for all the 
other lesions remains VLS by rigid and/or flexible 
endoscopes. Video-recording and storage of serial post-
operative controls can further assist in comparisons 
among clinical pictures possibly related to the healing 
process (granulomas, synechiae) or to suspicious recur-
rences and second tumors.

As previously described for the preoperative setting, 
strict cooperation between the endoscopic surgeon and 
an experienced radiologist is mandatory during follow-
up. Our policy encompasses periodic CT scans (usually 
once a year during the first 2 years after surgery even in 
the absence of endoscopic abnormalities) in patients 
with T2–T3 glottic and supraglottic tumors. For hypo-
pharyngeal lesions, we usually prefer MRI with the 
same time schedule. Any endoscopic abnormalities 
deemed not related to normal postoperative sequelae 
and with a possible deep pattern of disease progression 
should be immediately evaluated by the appropriate 
imaging examination. Neck monitoring should be per-
formed with a closer attitude (ultrasonography every 4 
months during the first 2 years) in patients with T3 glot-
tic and T2–T3 supraglottic tumors submitted to a “wait 
and see” policy, and it can be used with longer intervals 
(once a year) in patients treated by neck dissection. In 

the case of suspicious ultrasonographic findings, fine-
needle aspiration cytology is always recommended. 
The institutional strategy for postoperative oncological 
surveillance can vary widely depending on the site and 
stage of the primary lesion, local facilities, and popula-
tion variables; but it should at least include evaluation 
of the chest once a year. Moreover, the recent introduc-
tion of positron emission tomography (PET)–CT scan-
ning represents a potential tool for more effective and 
compulsive whole-body oncological follow-up.

Recurrences after endoscopic surgery can follow 
completely different patterns of progression. Aside 
from superficial persistence/recurrence of mucosal dys-
plasia with possible progression to invasive cancer (eas-
ily detected by endoscopic evaluation) (Fig. 13b.7), the 
main concerns of follow-up examination should always 
be directed to the early diagnosis of deep submucosal 
neoplastic progression to the visceral spaces, laryngeal 
framework, and soft tissues of the neck (Fig. 13b.8). 
Symptoms such as worsening dysphonia and progres-
sive dysphagia with associated otalgia should always 
be taken into account, with a prompt, careful search for 
submucosal laryngohypopharyngeal bulging, impaired 
vocal cord and/or arytenoid mobility, and recurrent 
palsy. The presence of any of these clinical features 
should also prompt liberal use of CT or MRI of the 
neck and possibly the chest.

Fig. 13b.6.  Intraoperative rigid endoscopy with a 70° telescope. 
Erythroplasic lesion involves the entire left vocal fold with massive 
extension to the floor, bottom, and roof of the ventricle. AC, ante-
rior commissure; FVC, false vocal cord

Fig. 13b.7.  Superficial recurrence of mucosal dysplasia
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If there is a local recurrence, more re-treatment 
options are available after initial laser surgery than after 
initial radiotherapy or open surgery because wound 
complications as a result of previous irradiation are not 
encountered and the laryngeal framework is still intact, 
preventing early extralaryngeal spread of local failures 
[22]. Therefore, such recurrences allow further organ-
sparing procedures if they are discovered in a timely 
way. In such situations, all treatment options are still 
available, such as further endolaryngeal surgery, con-
ventional partial laryngectomy, radiotherapy, or total 
laryngectomy. Superficial persistence/recurrence either 
in subsites adjacent to the primary tumor or with a mul-
tifocal pattern resembling field cancerization usually 
has a favorable outcome when treated by further endo-
scopic resection. Complementary radiotherapy has a 
beneficial role in the presence of multiple local 

recurrences after more than one surgical attempt and 
whenever the vocal outcome becomes a major issue 
while counseling the patient [23]. Oncological out-
comes are usually not worsened in such a salvage sce-
nario, being comparable to those observed in the 
primary therapeutic setting. By contrast, the situation of 
submucosal progression of residual neoplastic cells 
toward the deep visceral space is certainly much more 
difficult. Previous endoscopic removal of the natural 
barriers to tumor spread (Broyle’s ligament, conus elas-
ticus, vocal ligament, quadrangular membrane, epiglot-
tis), though less important than with open-neck partial 
laryngectomy, makes the subsequent patterns of tumor 
diffusion unpredictable. However, preservation of the 
cartilaginous laryngeal framework during initial laser 
sugery prevent recurrences from spreading beyond the 
larynx.

Fig. 13b.8.  Video
laryngoscopic examination of 
a patient affected by 
erythroleukoplasic lesions 
involving both vocal cords 
(a). The patient submitted to 
an extended cordectomy (type 
Va) encompassing both false 
and true vocal folds. The 
patient was reevaluated 6 
months later by flexible 
endoscope with detection of a 
suspicious area limited to the 
petiolar region. He was 
therefore submitted to CT 
scanning with detection of 
massive thyroid cartilage 
disruption (b). The patient 
underwent total laryngectomy 
(c). Cutting the specimen 
through a sagittal plane 
revealed massive infiltration 
of the preepiglottic space and 
cartilaginous framework (d)
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For this reason, the use of endoscopic laser resection 
usually has been discouraged for infiltrating anterior 
commissure carcinoma because of inadequate exposure 
and the close proximity of underlying cartilage. Supra
cricoid open partial procedures may be more appropri-
ate for these lesions as consistent data in the literature 
demonstrate that local control rates can be achieved 
with this technique that are clearly superior to those 
reported here [22].

13b.3 � Sequelae and Functional 
Outcomes

One of the favorite arguments supporting radiotherapy 
for early glottic cancer has always been better vocal 
function when compared to cordectomy through thyro-
tomy and vertical partial laryngectomies [24]. Perhaps 
the most striking change that has emerged from the 
endoscopic approach is the possibility to precisely 
modulate the deep extent of resections in such a way 
that the term “cordectomy” alone is no longer appro-
priate to describe this procedure. In this light, the ELS 
classification allows one to define and clearly distin-
guish the extent of excision, which facilitates making 
meaningful comparisons between vocal outcomes after 
different types of cordectomy. Another consequence of 
such a classification is the possibility of comparing 
vocal outcome after endoscopic surgery with those 
achieved after radiotherapy.

Even though a truly complete voice evaluation has 
not yet been achieved, a comprehensive vocal analysis 
according to the ELS Working Committee [25] should 
include subjective evaluation using a questionnaire 
such as the Voice Handicap Index (VHI) [26], percep-
tual voice evaluation by a panel of Speech Pathologists 
and Otolaryngologists according to the GRBAS scale 
[27], and objective analysis by computerized systems 
including a number of parameters such as Fundamental 
Frequency, Jitter, Shimmer, and Noise to Harmonic 
Ratio. Following these guidelines, the University of 
Brescia retrospectively analyzed the functional out-
comes after different types of cordectomy performed 
for early glottic cancer [28–31]. In those patients, we 
observed no statistically significant differences in the 
voice after types I and II cordectomy compared to a 
group of normal subjects. However, significant dys-
phonia has been documented only after type III, IV, 

and V resections, mainly due to two key factors: ante-
rior commissure synechiae (particularly after type Va 
cordectomy) and substantial glottic gap after removal 
of a significant amount of vocal muscle (more than 
one-third of its depth), necessitating a further phono-
surgical procedure. Staged phonosurgery may be indi-
cated in patients with severe dysphonia [32].

Fascinating future developments in the area of tis-
sue engineering (e.g., replacement of the lamina pro-
pria by stem cells of autologous fibroblasts) will 
hopefully allow re-creation of the normal pliability of 
the vocal cord “cover” resected by endoscopic proce-
dures. Nonetheless, the present state of the art of pho-
nosurgery is limited to obtaining partial recovery of 
vocal function by purely acting on the medialization of 
the scarred vocal fold to close the glottic incompe-
tence. In our experience, no adjunctive phonosurgical 
treatment was needed after types I and II cordectomy 
owing to the optimal postoperative conversational 
voice obtained after a standard voice therapy protocol 
and vocal hygiene, including voice rest for at least 2 
weeks after surgery and smoking cessation. On the 
other hand, the glottic incompetence arising from 
wider resections could be corrected in different ways.

Our (Brescia) treatment policy is to restore good 
glottic closure immediately after type III cordectomy 
by a primary intracordal autologous fat injection 
(PIAFI) performed at the end of the endoscopic resec-
tion. Abdominal fat tissue is processed, avoiding any 
contact with air, and injected into the residual vocal 
muscle lateral to the vocal process (Fig. 13b.9). The 
increase in the neocord mass likely to be achieved is 
fine-tuned by precise modulation of the injection con-
trolled by 30° rigid endoscopy. In this way, a near-
normal conversational voice is obtained from the day 
after surgery owing to good glottic closure, which 
reduces vocal fatigue and social handicap. In particu-
lar, a comparison of vocal outcomes between patients 
treated by type III cordectomy alone with those sub-
mitted to this procedure followed by PIAFI showed a 
positive trend for the latter patients in terms of VHI 
and objective voice evaluations. Furthermore, a statis-
tically significant improvement was reached in terms 
of the GRBAS scale. No complications or significant 
prolongation of the overall surgical time were observed 
as a result of PIAFI. A potential shortcoming of this 
technique is the variable resorption rate of the injected 
fat. However, this has not been observed to date during 
our short-term follow-up [33].
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Fig. 13b.10.  Intraoperative views during anterior commissure 
laryngoplasty according to Zeitels for correction of an anterior 
“‘keyhole’ gap after right type Va cordectomy. Thyrotomy is 
performed paramedially on the side of the less involved vocal 
cord (left) (a) to displace posteromedially the uninvolved thy-

roid lamina underneath the contralateral one (right). In such a 
way, detension of the left vocal fold combined with reshaping 
the anterior commissure closes the “keyhole” gap. This position 
is then maintained in place by a molded titanium microplate (b)

Fig. 13b.9.  Primary 
intracordal autologous fat 
injection (PIAFI) after 
transmuscular cordectomy 
(type III). Note the glottic gap 
due to endoscopic resection 
(a) and its immediate 
correction after fat injection 
into the residual vocal muscle 
and paraglottic space (b)

Other authors prefer to perform phonosurgical 
voice rehabilitation only following a disease-free inter-
val of at least 6 months to 1 year. After this time, they 
may use standardized thyroplasty or vocal cord injec-
tion techniques [34–37].

After types IV and V cordectomy, a wider glottic 
gap usually reduces the possibility of good glottic clo-
sure, and the fibrotic nature of the neocord prevents 
any mucosal wave. After a mandatory lapse of at least 
1 year, patients who are strongly motivated to improve 
vocal performance can be treated by personally tailored 
phonosurgical procedures, including medialization 
thyroplasty and/or anterior commissure laryngoplasty 
[37–39].

The first procedure is aimed at medializing the 
scarred neocord when a linear glottic gap is interposed 

between the operated side and the contralateral normal 
vocal fold in cases of type IV excision. In such a sce-
nario, the use of autologous cartilage, titanium, or 
Gore-Tex implants allows us to modulate the amount 
of medialization precisely and gradually without any 
risk of mucosal penetration or overcorrection.

On the other hand, the anterior commissure laryngo-
plasty procedure is suggested in cases of “keyhole”-
shaped anterior incompetence secondary to type Va 
cordectomy. Such a defect can be successfully corrected 
only by posteromedial displacement of the contralateral 
thyroid lamina under that of the more affected side. In 
this case, the normal vocal cord loses tension and is 
shortened with subsequent filling of the anterior “key-
hole” gap. The reshaping of the thyroid cartilage is then 
stabilized by means of a rigid microplate (Fig. 13b.10).
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Our preliminary results after such phonosurgical 
approaches to the scarred vocal cord after types IV and 
V cordectomy showed improved glottic closure in 74% 
of patients when comparing the preoperative laryngo-
scopic examination with the postoperative one.

Swallowing is usually not impaired after standard 
types I–V cordectomy as defined by the ELS Classi
fication. However, impairment may arise when the sur-
geon embraces more extended procedures to treat 
bulky T2 and T3 glottic tumors with significant sub-
glottic and/or supraglottic extension, encompassing 
removal of both vocal cords, one or both the false vocal 
folds, the ventricle, and the petiole of the epiglottis 
(procedures that we usually define as endoscopic par-
tial laryngectomy, or EPL, largely corresponding to the 
newly defined type VI cordectomy of the ELS classifi-
cation) (Fig. 13b.11). A retrospective analysis of such 
patients treated at our institution revealed that they 
rarely needed postoperative nasogastric feeding tube 
(< 10% of cases and for a maximum 5 days), never 
required tracheostomy, and stayed in the hospital for a 

mean of 3 days. The postoperative voice after EPL 
turned out to be slightly better than that after supracri-
coid partial laryngectomy (SCPL) in patients matched 
for T category. However, the most important advantage 
of the endoscopic treatment when compared to the 
open-neck partial laryngectomy approach was in regard 
to the swallowing function. As a matter of fact, when 
we studied deglutition of patients treated by EPL, we 
found some kind of neovestibule and/or subglottic 
bolus aspiration in 20% of them by videoendoscopic 
examination of the swallow and in 27% by videofluo-
roscopy. These rates grew, respectively, to 57% and 
71% when these diagnostic tools were applied to eval-
uating the swallow of patients treated by SCPL.

One of the most important advantages of endo-
scopic resection of supraglottic cancer compared to 
both radiotherapy and open-neck horizontal supraglot-
tic laryngectomy is the possibility of excising the 
tumor within millimetric free margins while sparing 
adjacent uninvolved supraglottic subsites and struc-
tures such as hyoid bone, base of tongue musculature, 
prelaryngeal muscles, cartilaginous framework, and 
the external branch of the superior neurovascular pedi-
cle (Fig. 13b.12). Such a cautious approach to laryn-
geal structures has a significantly better functional 
outcome in terms of perioperative morbidity and faster 
postoperative recovery of swallowing than that 
achieved with open-neck surgery.

A retrospective study was performed at our institu-
tion that compared two groups of patients affected by 
supraglottic tumors matched for T category and treated 
with horizontal supraglottic laryngectomy or endo-
scopic resections. A number of advantages become 
evident after endoscopic surgery [31]. All patients 
undergoing open-neck surgery needed both a trache-
otomy and a nasogastric feeding tube compared to only 
14% and 21%, respectively, of those who underwent 
endoscopic procedures. Moreover, when needed, the 
mean duration of tracheotomy and nasogastric feeding 
tube dependence were 35 and 19 days, respectively, for 
the open-neck group versus 4 and 5 days, respectively, 
for the endoscopic group. The mean hospitalization 
time was also significantly shorter after endoscopic 
procedures (10 vs. 26 days). A comprehensive evalua-
tion of swallowing was performed by a subjective 
questionnaire employing the M.D. Anderson Dysphagia 
Inventory [40], videofluoroscopy, and videoendoscopic 
examination during deglutition of a colored gel. Even 
though subjective measurements by the M.D. Anderson 

Fig. 13b.11.  Intraoperative endoscopy of a T2 lesion with ante-
rior transcommissural extension using a 0° rigid telescope (a). 
Laryngeal framework infiltration was ruled out by CT scans. 
Endoscopic partial laryngectomy was performed with exposure 
of the thyroid cartilage, cricothyroid membrane, and cricoid 
arch (b)
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Fig. 13b.12.  Modulation of 
endoscopic supraglottic 
resections from simple 
ventriculectomy (a, b), to 
partial (c, d), and complete 
(e, f) supraglottic 
laryngectomy

Dysphagia Inventory questionnaire showed similar 
results, there was a statistically significant difference 
when comparing the results obtained by the swallow-
ing tests. Patients treated by open-neck surgery showed 
36% and 80% rates of subglottic aspiration as detected 
by videoendoscopic evaluation of deglutition and vid-
eofluoroscopy, respectively, compared to 8% and 21% 
after endoscopic treatment, respectively. Therefore, in 
the case of supraglottic tumors, impaired swallowing 
fundamentally affects patients’ quality of life, whereas 
voice function usually does not represent a major con-
cern. This assumption was confirmed by our compre-
hensive evaluation of the voice by VHI, GRBAS, and 
objective analysis, which showed no statistically sig-
nificant differences between the two groups and a 
matched control population.

Early hypopharyngeal tumors certainly play a minor 
role among the indications for endoscopic surgery. For 
their nature (submucosal spread and early lymph node 
metastases) and late diagnosis (related to the silent 
areas where these tumors grow and the peculiar socio-
economic status of the patients usually affected by 
these lesions), hypopharyngeal malignancies are often 
diagnosed in an advanced stage. However, there is a 
relative paucity of open-neck conservative approaches 
that can be applied to these lesions. Thus, endoscopic 
management can certainly play a definitive role as an 
alternative to the costly, highly morbid organ preserva-
tion protocols in strictly selected early tumors of the 
hypopharynx.

As in the case of supraglottic lesions, the main 
sequels of endoscopic procedures for hypopharyngeal 
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lesions are usually related to swallowing, which can be 
significantly hampered for a prolonged time. A naso-
gastric feeding tube or, more frequently, percutaneous 
endoscopic gastrostomy (PEG) may be needed during 
the long-lasting rehabilitative training protocol of 
swallowing. In Steiner’s experience [5], 27% of 129 
patients regained oral feeding on the first postoperative 
day without the need for a nasogastric feeding tube. In 
the remaining patients, a feeding tube was positioned 
and held in place for a mean of 9 days after surgery 
(range 1–25 days). A definitive gastrostomy tube was 
left in only two patients with severe aspiration but who 
refused total laryngectomy. Tracheotomy is usually 
not an issue so long as resection does not involve 
extensive adjacent supraglottic areas. Voice is gener-
ally not affected at all except in case of tumors involv-
ing the posterior half of the medial wall of the piriform 
sinus. When treating these lesions, in fact, the endo-
scopic surgeon can be forced to cause temporary or 
persistent damage to the recurrent nerve at its point of 
entry in the posterior paraglottic space.

13b.4  Tips and Pearls

Tumors with complete fixation of one arytenoid •	
cartilage are usually not suited for transoral laser 
surgery.
Tumors arising from the anterior commissure are •	
particularly difficult to expose and resect. Perform 
preoperative imaging (CT or MRI) prior to surgery 
and consider open (supracricoid) partial laryngec-
tomy as a surgical alternative to laser surgery.
With rare exceptions, subglottic carcinomas are not •	
suited for transoral surgery.
Perform adequate imaging of the larynx in the pres-•	
ence of supraglottic lesions to assess the true extent 
of the tumor before planning endoscopic surgery.
Use laser-shielded tubes when performing CO•	

2
 

laser surgery for laryngeal tumors.
Use two suction devices—one to evacuate the smoke •	
and one to suction blood and manipulate the tissue 
during surgery.
Administer perioperative antibiotic prophylaxis in all •	
cases that require exposure of laryngeal cartilages.
Insert a feeding tube at the end of the procedure in •	
patients with supraglottic tumors or with resection of 
one arytenoid cartilage.

Use dental protection to avoid dental trauma.•	
Inspect the pharynx and oral cavity at the end of the •	
operation to identify mucosal tears and bleeding.
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13c.1  Introduction

Several surgical options for treating laryngeal carci-
noma can be used that allow resecting the tumor with 
oncologically safe margins and preservation of laryn-
geal function. The quality of the primary treatment is 
crucial for the results of laryngeal tumor therapy and 
the patient’s life. Treatment includes addressing 
regional lymphatic drainage. The treatment strategy is 
based on the primary site of the tumor, its extension 
into the laryngeal structures, and the existence of 
regional and distant metastases.

Transcervical open partial resection for glottic can-
cer found its earliest application in the treatment of 
glottic malignant tumors. As these tumors produce 
early symptoms, the patients often present with local-
ized disease. The first transcervical cordectomy for a 
vocal fold carcinoma was carried out by Brauers in 
1834 [1]. Around the turn of the 19th century, cordec-
tomy was the most frequently practiced procedure, 
and it produced rather good results for certain indica-
tions [2].

Despite some trials on laryngeal preservation as an 
alternative to total laryngectomy, the era of partial 
resection started in the 50th of the last century. Among 
the pioneers of function-preserving laryngeal surgery 
was Leroux-Robert, who advocated frontolateral par-
tial resection [3]. Several modifications of open partial 
resection were described over the following years 
by  Lore, Conley, Ogura, Silver, Mayer, and Piquet. 
It was predominantly Italian and French head and neck 
surgeons who developed and advocated open partial 
resections as extensive as subtotal laryngectomy for 
more advanced glottic cancer.

Open Partial Resection for Malignant 
Glottic Tumors

Christoph Arens

13c

C. Arens
Universitätsklinikum Magdeburg A.ö.R., 
Universitätsklinik für Hals-, Nasen- und Ohrenheilkunde, 
Klinikdirektor, 
Leipziger Str. 44, 39120 Magdeburg, Germany 
e-mail: christoph.arens@med.ovgu.de

Core Messages

The quality of primary treatment is crucial for ››
the results of laryngeal tumor therapy and the 
patient’s life.
Endoscopic resection was not able to replace ››
open partial resection totally.
Patient selection is based on the tumor’s extent, ››
the surgeon’s expertise, and patient’s expecta-
tions and/or demands.
The main indication for open partial resection ››
are glottic cancers with involvement of supra-
glottic or subglottic structures, one-sided 
slightly impaired mobility, or extension into the 
anterior commissure to the other vocal fold.
Contraindications for oncological reasons ››
include invasion of the thyroid cartilage, 
arytenoid fixation, interarytenoid invasion, sub-
glottic extension with involvement of the cri-
coid cartilage, lesions that extend outside the 
larynx, and preepiglottic space invasion.
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Conditions for the development of partial resection 
were the knowledge of tumor spread and laryngeal 
function as well as improved endoscopic diagnosis. 
This led to an exact pretherapeutic classification of 
tumor spread and reliable postherapy follow-up. In 
1962, Kleinsasser introduced the microscope into 
direct laryngoscopy and laryngeal surgery [4, 5].

During the last two decades, open partial resection 
was at least partially replaced by transoral endoscopic 
resection via microlaryngoscopy. After a phase that 
saw endoscopic resection of T3–T4 cancers, endo-
scopic resection became a helpful additional method 
of surgical therapy for laryngeal cancer, but it did not 
push open partial resection completely out of the pic-
ture. Conservation surgery for glottic cancer still 
includes transcervical open partial resection as well as 
transoral endoscopic resection.

13c.2 � Selection of Patients for Open 
Partial Laryngeal Resection

Patient selection is based on the tumor’s extent, the 
surgeon’s expertise, and the patient’s expectations and/
or demands. In 1988, Kleinsasser presented three argu-
ments for performing open partial resection [6]: (1) 
excellent access to the tumor; (2) adaptation of extend-
ing the resection to the tumor size; (3) the possibility 
of immediate reconstruction

 With a T1 vocal fold cancer, the tumor is limited to 
the vocal cord, with normal clinical mobility. In case 
of sufficient tumor exposition through the operating 
microscope, these carcinomas can normally be resected 
by a transoral endoscopic approach. Dysplastic lesions, 
carcinoma in situ, and T1a vocal fold carcinoma are 
the most appropriate lesions for microlaryngoscopic 
transoral resection. Superficial involvement of the 
anterior commissure (bilateral Tis and T1b) is not a 
contraindication for an endoscopic approach. However, 
with deeper invasion of Broyle’s tendon secondary to 
the large anterior defect, the oncological and functional 
results may be unsatisfactory. Therefore, in most cases 
of T1, a vocal fold carcinoma with deep involvement 
of the anterior commissure, and with T1b tumors, we 
prefer an open transcervical approach. We  also per-
form open partial resection for small glottic cancers in 
case of inadequate exposure.

indications for open partial resection are glottic 
cancers with involvement of supraglottic or subglottic 
structures or one-sided, slightly impaired mobility, 
extension into the anterior commissure to the other 
vocal fold or in tumors after resection leading to glottic 
insufficiency and thus to an impaired voice and a 
decreased quality of life.

T2 glottic cancers are an inhomogeneous group 
of  lesions. Due to large tissue defects after endo-
scopic removal of large T1 and T2 tumors transoral 
resection should not be the treatment of choice for 
functional reasons. T2 carcinomas that extend to the 
ventricle or the paraglottic space or that present with 
fixation of the vocal fold posteriorly with highly dif-
ferentiated squamous cell carcinoma and expanding 
borders are suitable for a vertical partial resection in 
carefully selected cases. The craniocaudal diameter 
should not extend more than 2 cm. Open partial resec-
tion of T2 tumors with involvement of the anterior 
commissure should be performed cautiously because 
of possible cartilage infiltration and invasion or even 
penetration of the cricothyroid ligament. Depending 
on the tumor site and grading, neck dissection has to 
be performed.

Similar to large T2 vocal fold carcinomas, T3 tumors 
may require open partial resection in selected cases. 
Arytenoid infiltration and tumor grading are especially 
important to the decision making about whether to per-
form an open partial resection. With T3 glottic carci-
noma, a neck dissection should be performed 
simultaneously.

With T4 glottic carcinomas, vertical partial resection 
is not a therapeutic option. Surgery with total removal 
of the thyroid cartilage, such as cricohyoidopexy (CHP) 
or cricohyoidoepiglottopexy (CHEP), may be indicated. 
These surgical techniques can be used as an alternative 
to laryngectomy. There are many advantages of vertical 
partial resection in comparison to cricohyoidopexy. By 
using vertical partial resection, the patient is able to 
phonate naturally at the glottic level postoperatively. 
Phonation at the supraglottic level remains an excep-
tion after transcervical resection leading to unfavorable 
functional results. Additionally, aspiration is prevented 
by a reconstructed, functioning glottic sphincter. The 
indication for open partial resection with glottic recon-
struction also depends on the patient’s request for an 
immediately sonorous voice with sufficient volume to 
maintain quality of life.
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13c.3  Contraindications

Contraindications for oncological reasons include inva-
sion of the thyroid cartilage, arytenoid fixation, inter
arytenoid invasion, subglottic extension with involvement 
of the cricoid cartilage, lesions that extend outside the 
larynx, and preepiglottic space invasion. As all of the 
patients have to be tracheotomized for several days, the 
surgery is contraindicated in elderly patients and patients 
with severe cardiopulmonary disease.

13c.4  Surgical Techniques

The authors prefer a midline incision from the superior 
thyroid incision down to the trachea in order to per-
form a tracheotomy as the first step. Alternatively, two 
horizontal incisions may be possible but do not pro-
vide the same good overview of the larynx. The medial 
cervical fascia is carefully prepared and the infrahyoid 
muscles pulled aside. The isthmus of the thyroid gland 
with the entire pretracheal and prelaryngeal tissue is 
resected including the prelaryngeal Delphian node. 
The technique of thyreotomy is nearly the same as it 
was during the early 20th century [7–9, 13, 14].

The perichondrium is paramedially incised verti-
cally to ensure good protection of the medial thyrofis-
sure afterward. The cartilage is divided in the midline 
or paramedian with a circular or oscillating saw, ensur-
ing that the underlying tissue is not damaged. Then, 
the spot where the anterior laryngeal artery penetrates 
the cricothyroid ligament is found, indicating the exact 
midline. After medial incision of the cricothyroid 
membrane, the soft tissues of the larynx are incised 
with a blunt curved knife (Herrmann) up to the 
petiolus.

The endolaryngeal surface is now totally exposed 
for examination and resection under the operating 
microscope. Depending on the site and size of the 
lesion in the glottis, a cartilage window can be resected 
with the tumor in a small frame at the upper and lower 
border of the thyroid.

Generally, the vocal fold is not completely resected. 
The tumor resection is adapted to the extent of the 
lesion. If possible, the tumor is resected in one bloc. 
Additionally, we perform circular lateral as well as deep 
resections for free margins. This helps the pathologist 

determine the resection margins more exactly. For 
immediate control, frozen sections can be carried out. 
In any case of positive margins, the patient must undergo 
revision surgery.

According to its volume and extent, the defect is 
reconstructed by a false cord flap including parts of the 
epiglottis if necessary [7, 9–12]. This flap, pedicled 
cranioposteriorly, is fixed as far forward as possible into 
the anterior commissure with respect to the exact inser-
tion of Broyle’s tendon. Sometimes the glottic level of 
the flap has to be filled up with fat or cartilage. The main 
idea of this type of resection is that there is least one 
straight vertical margin to establish a new anterior com-
missure by a flap covered by healthy, well vascularized 
mucosa on at least at one side. For bilateral lesions with 
superficial tumor growth on the contralateral side, cord-
ectomy type I, and if necessary type II, can be applied. 
Exact reconstruction of the anterior commissure is 
important for achieving a good functional result. It 
should be reconstructed in the typical V-shape for good 
glottic closure, especially with advanced resection. The 
functional result of the operation is predominantly influ-
enced by the remaining volume of the vocalis muscle 
and the flap. The thyrofissure is closed with 2–0 Vicryl 
sutures via three pairs of drill holes performed before 
the split of the thyroid.

Before closure we create a so-called Miculicz stent 
(latex glove filled with cotton gauze), which is inserted 
in the laryngeal lumen to prevent bleeding and swell-
ing. The external perichondrium is then closed with 
3–0 Vicryl suture. The stent can be taken out 1 day 
after surgery. The distal end of the stent is led out 
through the cricothyroid ligament and fixed to the 
cuffed tracheal cannula. Only in patients with large 
flaps involving the laryngeal ventricle is a feeding tube 
recommended.

13c.5 � Reconstructive Surgery 
for Glottic Defects

Resection and reconstruction vary depending on the 
site, size, and growth of the tumor. According to the site 
and size of the tumor, there are different thyroid carti-
lage resections. These resections respect the reconstruc-
tion of the anterior commissure, in contrast to most of 
the previously published modifications of laryngeal 
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partial resections, especially the frontolateral resection 
from Leroux-Robert, which results in a round anterior 
commissure with mostly a bad functional outcome. 
Several examples are shown in Figures 13c.1–13c.4.

13c.6  Postoperative Care

The Miculicz stent has to be fixed thoroughly and 
removed on the first postoperative day. The patient 
must be watched closely because the stent may cause 
acute respiratory distress if it is acutely displaced. In most 
cases, the tracheal cannula can be removed within 24 
hours after surgery. With advanced resections, the tracheal 
cannula can stay in place up to 1 week, and a feeding tube 

may be necessary. Temporary swallowing dysfunction 
after extended cordectomy is rare. When present, it is 
mostly caused by edema in the arytenoid region.

Regular follow-up care is required for all patients with 
head and neck cancer, preferably at least every 6–12 weeks 
during the first postoperative year. Additionally, postoper-
ative voice therapy may significantly improve the func-
tional outcome. In some patients the flap becomes atrophic, 
leading to glottic insufficiency and development of 
supraglottic phonation. In these cases, medialization of 
the flap with septal cartilage or fat injection can be car-
ried out after 2 years of tumor-free survival. Secondary 
to the pull-down of the ventricular fold, cystic lesions 
may develop that may mimic a recurrence underneath 
the flap. In these cases, diagnostic microlaryngoscopy 
with adjustment procedures to the flap is mandatory.

Fig. 13c.1.  1–8 Figures present a open partial resection of the right vocal fold with cordectomy in a cadaver larynx. A false cord 
flap is transposed to the glottis level for immediate reconstruction
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Fig. 13c.3.  T2–T3 vocal fold 
carcinoma with involvement 
of the ventricular fold, 
resulting in a large defect 
including major parts of the 
thyroid cartilage. In these 
cases, an epiglottis sliding 
flap can be performed 
[9–11, 15, 16]

Fig. 13c.2.  T2 vocal fold 
carcinoma. Primary glottic 
reconstruction can be 
performed immediately after 
tumor resection during the 
same procedure by recon-
structing the vocal fold or 
creating a counterpart for the 
intact contralateral vocal 
fold. Depending on the 
defect, a ventricular fold flap 
or an enlarged ventricular 
fold flap with parts of the 
epiglottis is transpositioned 
to the glottic level and fixed 
by sutures to create a 
sufficient glottic closure. 
In this case, the carcinoma 
was excised with a cartilage 
window. To create more 
volume for the new vocal 
fold, parts of the upper rim 
of the ipsilateral thyroid are 
placed underneath the flap
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13d.1  Introduction

The larynx and pharynx are both important for swal-
lowing, voice, and breath. Any surgery at this level 
may have a negative impact. Many of these opera-
tions require a temporary tracheotomy and a naso-
gastric tube. Decision making is based on evaluation 
of the patient, the tumor, the local resources and 
expertise, and the possibility of functional salvage, if 
any [15].

13d.2  Specific Assessment

13d.2.1  Direct Pharyngolaryngoscopy

Direct endoscopic examination of the pharynx, larynx, 
and esophagus is performed under general anesthesia. It 
is conducted with rigid endoscopes and 30° and 70° 
rigid telescopes to improve the quality of the mucosal 
assessment, particularly in the case of a small cancer [8]. 
This examination is an indispensable diagnostic tool and 
has several goals.

It allows multiple mucosal biopsies for histological •	
examination.
It provides an accurate evaluation of superficial •	
tumor spread.
Systematic examination of the entire upper aerodi-•	
gestive tract and the esophagus allows detection of 
synchronous cancers.

During this step, careful palpation of the true vocal cord 
and the tumor is important for evaluating the depth of the 
lesion. In addition, drawings, pictures, and/or video record
ing of the tumor are helpful to the clinician for decision 
making at the time of the multidisciplinary meeting.

13d.2.2  Diagnostic Imaging

Imaging techniques are becoming more precise and are 
routinely used to complement the clinical and endo
scopic assessments of patients with laryngeal and hypo-
pharyngal carcinomas.

Surgery for Laryngeal 
and Hypopharyngeal Cancer

Open Neck Approach—Partial and Reconstructive 
Laryngectomy
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Core Messages

Carefull assessment of local extension is ››
necessary 
Open neck approaches are still indicated to ››
treat pharyngeal and laryngeal cancers with 
good oncologic and functional results
Large resection of the larynx is associated with ››
an increase risk of aspiration
post-op rehabilitation and speech therapy are ››
necessary to improve functional results
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Computed tomography (CT) is currently the most 
useful imaging modality [22]. The goal of CT is accurate 
assessment of the location and size of the primary cancer 
and detection of any extension to the neck either directly 
or through lymphatic metastasis. CT examination must 
be performed from the nasopharynx to the upper medi-
astinum with and without intravenous contrast enhance-
ment. In case of a small laryngeal tumor, CT is preferably 
performed before endoscopy and biopsy to avoid inflam-
mation, which may result in overestimating cancer infil-
tration. CT also allows the use of dynamic maneuvers 
such as the Valsalva and phonation.

Knowing the natural course of the tumor, it is impor-
tant to assess carefully the anatomical areas of the larynx 
and hypopharynx. A cancer of the vocal cord or the ven-
tricle may extend into the paraglottic space, and a supra-
glottic cancer can extend into the preepiglottic space. 
Preepiglottic extension is easily detected after image 
reconstruction in the sagittal plane. Laterally, laryngeal 
cancer may extend to the thyroid cartilage, which acts as 
a temporary barrier against extension into the neck. The 
CT scan allows one to explore, in the same session, the 
upper aerodigestive tract and the lung.

Metastatic lymph nodes are frequently encountered 
with carcinoma of the supraglottis. The probability of 
metastatic involvement of a lymph node is associated 
with the following criteria seen on imaging.

Size > 10 mm (12 mm in the subdigastric area)•	
Central necrosis with heterogeneity and peripheral •	
enhancement
Circular shape•	

For evaluating carcinoma of the subglottis, CT scans 
yield important information regarding superior medi-
astinal and retropharyngeal lymph nodes where clini-
cal examination is not feasible.

Magnetic resonance imaging (MRI) is performed 
with the use of an anterior neck coil and application or 
use of a protocol that consists of axial, T2-weighted fast 
spin echo and T1-weighted spin echo images. Then, fol-
lowing intravenous administration of gadolinium, axial, 
sagittal, and coronal T1-weighted spin echo images are 
obtained. MRI is more sensitive for detecting minimal 
neoplastic invasion to the cartilage than CT [4], whereas 
CT is more specific. MRI has superior resolution for 
demonstrating soft tissue details. Nevertheless, because 
of its susceptibility to motion-induced artifact, MRI is 
not routinely performed when staging of cancer of the 
larynx.

Ultrasonography is helpful for assessing cervical 
lymph nodes. It is a simple, noninvasive, rapid, highly 
sensitivity technique for detecting subclinical lymph 
node metastasis, but its reliability is operator-dependent. 
It is a useful method for follow-up and can be com-
bined with fine-needle aspiration to confirm histologi-
cal invasion.

13d.3 � Partial Surgery for Laryngeal 
Cancer

The larynx is divided into three parts.

Supraglottis, which includes the lingual and laryn-•	
geal surface of the epiglottis, aryepiglottic folds, 
arytenoid cartilages, false vocal folds, ventricle
Glottis, which includes the true vocal cords and the •	
anterior and posterior commissures
Subglottis, which is the area of the larynx inferior •	
to the glottis

Many partial procedures have been described, provid-
ing a wide choice of conservative treatments with the 
goal to cure while preserving laryngeal functions. We 
select here the most used frequently used and pub-
lished procedures.

13d.3.1  Cordectomy

Most of the patients who undergo cordectomy are 
treated through an endoscopic approach, which is con-
sidered safe. When an endoscopic procedure is not fea-
sible owing to anatomical or technical considerations, 
the external approach is still possible. The main indi-
cation is T1 glottic cancer involving the true vocal cord 
without extension to the anterior commissure.

 The surgical technique is as follows: After a hori-
zontal incision, the thyroid cartilage is exposed and a 
midline thyrotomy is performed. The larynx is opened 
after section of the cricothyroid membrane and the 
anterior commissure. The inner perichondrium is ele-
vated on the tumor side, and the true vocal cord is 
removed under direct vision. The anterior commissure 
is reconstructed by anchoring the remaining vocal cord 
to the thyroid cartilage, which is sutured on the midline. 
The strap muscles and the external perichondrium are 
closed [10].
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We recommend that the area be carefully assessed 
for local extension. This step is not indicated in cases 
of deep extension into the vocal muscle due to the high 
risk of local recurrence. Patients can swallow easily 
the day after the procedure and be discharged from the 
hospital quickly as no tracheotomy is needed.

Few publications have become available since the 
development of endoscopic procedure. Lefebvre [14] 
reported a 5-year local control rate of 94% and a 5-year 
survival rate of 87%.

The following guidelines can help avoid compli
cations.

The most important point is to confirm the indica•	
tion(s). It is important to be sure that the tumor does 
not involve the vocal muscle because in that case 
there is a high risk of local recurrence.
As no tracheotomy is performed, a small drain is •	
necessary to avoid subcutaneous emphysema.

13d.3.2 � Frontolateral Vertical 
Laryngectomy

Frontolateral vertical laryngectomy, described by Leroux-
Robert, consists in a vertical laryngectomy with removal 
of the anterior commissure. It is performed less fre-
quently than cordectomy. It is considered an alternative 
in cases of exposition failure due to anatomical consid-
erations. This procedure is indicated for surgical treat-
ment of T1b glottic cancer with extension close to the 
anterior commisure but without deep invasion to it.

After a horizontal incision, the thyroid cartilage is 
exposed and a lateral thyrotomy is performed on both 
sides close to the midline The larynx is opened after 
section of the cricothyroid membrane on the tumor-free 
side. The inner perichondrium is elevated on the tumor 
side, and the true vocal cord with the anterior commis-
sure attached to the thyroid cartilage is removed under 
direct vision of the tumor. The remaining vocal cord is 
sutured anteriorly to the thyroid cartilage, which is then 
sutured at the level of the midline. The strap muscle 
and the external perichondrium are closed. It is impor-
tant to suture the petiole of the epiglottis to the thyroid 
cartilage anteriorly to avoid postoperative stenosis.

In our experience, the results are good: The 5-year 
survival rate was 83%, and the local control rate was 
96%. In a recent review, Brumund [3] reported the 
results of a series of 270 patients at the ENT and Head 

and Neck Surgery Department of the Georges Pompidou 
European Hospital and confirmed excellent results. The 
5-year actuarial survival rate was 83.1% for T1 lesions 
and 67.2% for T2 lesions. He found that the actuarial 
local control ranged from 96.2% (T1) to 68.2% (T2).

This surgical technique is safe and can be performed 
without tracheotomy. Therefore, careful hemostasis must 
be done at time of closure to avoid complications.

13d.3.3 � Frontal Anterior Laryngectomy 
with Epiglottoplasty

Bouche [2] and Sedlacek in 1965 and Kambic in 1977 
expressed interest in using the epiglottis to recon-
struct the larynx. In 1979, Tucker [23] published a series 
of patients who underwent “near-total laryngectomy,” 
which was in fact frontal anterior resection of the larynx 
using the epiglottis to close the larynx anteriorly. This 
procedure allowed resection of both false and true vocal 
cords with the anterior part of the thyroid cartilage. The 
reconstruction is done anteriorly to close the remaining 
larynx with the epiglottis. Functional results are usu-
ally good, and the procedure can be performed in the 
elderly.

Frontal anterior laryngectomy with epiglottoplasty 
is indicated to treat glottic cancer classified as T1b or 
T2. It is still indicated in cases of superficial anterior 
commissure extension.

To begin this operation, a tracheotomy is necessary. 
The thyroid cartilage is exposed, and two lateral thyro-
tomies are performed at least 1.5 cm from the midline. 
The larynx is opened superiorly through the petiole of 
the epiglottis. Inferiorly, the cricothyroid membrane is 
transected at the level of the superior border of the cri-
coid cartilage. The inner perichondrium is elevated on 
both sides, and then both false and true vocal cords with 
the anterior commissure attached to the thyroid carti-
lage are removed. The epiglottis is pulled downward, 
and its anterior face is dissected close to the cartilage; 
the hyoepiglottic ligament is transected. The epiglottis 
is sutured laterally to the remaining thyroid cartilage 
and inferiorly to the cricoid cartilage. The strap muscle 
and the external perichondrium are closed. Note that  
the hyoepiglottic ligament must be transected to allow 
suture of the petiole with the cricoid cartilage mucosa 
without tension and both ventricles must be removed 
with the specimen.
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During follow-up, the tracheostomy tube is capped 
if the airway is sufficient. Usually it can be done at 
day 4, but sometimes edema occurs after this time and 
it is wise to keep the tracheotomy tube (smallest size as 
possible) in place until the patients begins swallowing. 
The nasogastric tube is removed when the patient is 
able to swallow liquids, which means at least between 
days 12 and 18.

 Local control and survival rates for this operation are 
excellent. Giovanni [9] reported a 5-year survival and 
local control rates of 86% and 92%, respectively. Mallet 
[17] confirmed those results in a series of 65 patients 
with 5-year survival and local control rates, respectively, 
of 82% and 94%. As with other partial laryngectomies, 
all patients had hoarsness and weakness of the voice. 
Aspiration can occur during the postoperative course, 
and speech therapy is mandatory.

 To avoid complications, it is necessary to suture the 
epiglottis to the thyroid cartilage laterally. If not there 
is a possible risk of stenosis.

13d.3.4 � Supracricoid Partial 
Laryngectomy with 
Cricohyoidoepiglottopexy

After the publications of Majer [16] and Labayle, 
Piquet [19, 20] published the first report of a series of 
patients with glottic cancer who were treated with 
supracricoid partial laryngectomy with cricohyoidoepi-
glottopexy. The aim was to perform a large or subtotal 
resection of the larynx to decrease the local recurrence 
rate of glottic cancer that had been initially treated with 
transcartilaginous techniques. This technique was fre-
quently used in France and Italy and then gained popu-
larity in Europe and other countries. The main problem 
with it consists in the postoperative course and the 
higher risk of aspiration in comparison with other par-
tial laryngectomies.

There are some major points of which to take note. 

This technique allows removal of a large part of the •	
larynx.
Use of the epiglottis can improve functional results.•	
At least one functional cricoarytenoid joint must be •	
preserved.
Subglottic extension is associated with a higher risk •	
of recurrence.

Cricohyoidoepiglottopexy (CHEP) is indicated to treat 
glottic carcinomas with deep invasion into the vocal 
muscle and that are close to the thyroid cartilage but 
without extension through it. CHEP is indicated in 
cases of impaired motion of the true vocal cord, but the 
arytenoid cartilage must be still mobile. The subglottic 
extension must also be carefully assessed; when the 
extension goes farther than the superior border of the 
cricoid cartilage, CHEP is contraindicated. CHEP is 
indicated for bilateral glottic cancer with or without 
anterior commissure invasion but without extension to 
the petiole of the epiglottis. Using the UICC classifica-
tion, CHEP is indicated for T2 and selected T3 glottic 
cancers.

 The surgical technique starts with elevating the 
anterior flap, after which the midline raphe of the strap 
muscles is divided. Sternohyoid and thyrohyoid mus-
cles are transected close to the hyoid bone. The supe-
rior border of the thyroid cartilage is dissected, and the 
inferior constrictor muscles are transected at the poste-
rior border of both thyroid cartilage ala. To avoid injur-
ing the inferior laryngeal nerve, the inferior cornu of 
the thyroid cartilage is transected and left in place 
on the side(s) of remaining arytenoids(s) cartilage(s). 
With the same intent concerning the superior laryngeal 
nerves, both superior cornu are preserved. The superior 
border of the cricoid cartilage is dissected, and on the 
tumor side the mucosa and inner perichondrium can be 
elevated to enlarge the margins during the resection. 
The larynx is opened by transecting the inferior part of 
the epiglottis and that of the preepiglottic space. The 
incision is performed anterior to the arytenoid carti-
lage, and both true and false vocal cords are removed. 
When necessary (T3 lesions), arytenoid cartilage can 
be removed. It is important to spare the posterior 
mucosa, which is then sutured anteriorly and can be 
useful for improving the vocal result. Inferiorly, the 
cricothyroid membrane is transected, and the specimen 
is removed.

Closure is performed by impaction of the cricoid 
cartilage to the hyoid bone using three or four sutures 
(Vicryl no. 2). The needle passes under the cricoid car-
tilage, through the inferior part of the epiglottis, and 
around the hyoid bone with part of the base of the 
tongue. Care must be taken superiorly to avoid injury 
of both hypoglossal nerves. The needle is grasped close 
to the midline of the hyoid bone. The strap muscles are 
then sutured, the skin flap is closed over a drain, and a 
tracheotomy tube is inserted.
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Note that it is important to save at least one mobile 
cricoarytenoid unit. Furthermore, the inferior and 
superior laryngeal nerves must be protected and spared. 
Another important point is that during the resection 
both ventricles must be totally removed to avoid a cyst, 
which can create laryngeal stenosis.

During follow-up, the tracheotomy tube is capped if 
the airway is sufficient. Usually it can be done at day 4, 
but sometimes edema occurs after this time; thus, it is 
safer to keep a tracheotomy tube (smallest size possible) 
until the beginning of swallowing. Some authors advo-
cate early removal, but care must be done to avoid severe 
dyspnea and we think it is better to do it when the risk of 
edema disappears. The nasogastric tube is removed 
when the patient is able to swallow liquids, which means 
between days 12 and 18 at the earliest.

Aspiration frequently occurs and decreases pro-
gressively. Speech therapy is always mandatory and 
should continue after the patient is discharged from the 
hospital.

 As the goal is to decrease the risk of local recurrence, 
it is clear that wide resection of the larynx provides 
excellent oncological results. In our experience, the 
results are good, with a 5-year survival rate of 78% and 
a local control rate of 94.3%. These results have been 
confirmed by other teams, with a local control rate that 
ranges between 90% and 96% [7, 11, 21].

There are certain measures that can help avoid com-
plications: (1) At time of closure, superior stitches should 
encircle the base of the tongue and the hyoid bone. These 
stitches must be close to the midline to avoid injury of 
the hypoglossal nerves and lingual artery. (2) During 
closure, the petiole of the epiglottis must be encircled by 
the needle to avoid stenosis.

13d.3.5 � Supracricoid Partial 
Laryngectomy with 
Cricohyoidopexy

Following the work of Majer and Rieder, supracricoid 
partial laryngectomy with cricohoidopexy was described 
by Labayle. It is similar to the CHEP technique but 
allows total removal of the supraglottis. To date, among 
the partial laryngectomy techniques, it allows the wid-
est resection of the larynx. Because of the risk of aspira-
tion, patient selection is important, and attention must 
be paid to the general status of their health [18].

The three major points to remember about this sur-
gery are (1) The cricohyoidopexy (CHP) technique is 
similar to the CHEP. (2) The preepiglottic space and 
epiglottis are removed. (3) Functional results are less 
good than with other techniques.

The CHP technique is indicated for the following 
conditions.

Supraglottic cancer without extension to the upper •	
part of the preepiglottic space.
Glottic cancer that has invaded the supraglottis, par-•	
ticularly when the site of origin is the anterior com-
missure. In that case, there is a high risk of extension 
to the inferior part of the prepiglottic space, and 
removal of the tumor is mandatory.
Transglottic and supraglottic cancer with vocal cord •	
fixation but without arytenoids cartilage fixation.

The surgical technique is similar to the CHEP tech-
nique, previously described. A neck dissection is rou-
tinely performed prior laryngeal surgery. The main 
difference is removal of the epiglottis with the prepiglot-
tic space. That means that at time of dissection the infe-
rior border of the fat of the prepiglottic space is divided 
from the hyoid bone and is totally removed with the 
specimen. If possible, at least one arytenoid cartilage is 
preserved. For reconstruction, there are no differences 
between the two operations, and the pexy is performed 
with four stiches crossing under the cricoid cartilage and 
the hyoid bone with the base of the tongue.

As the resection is large, aspiration occurs frequently. 
If possible, it is better to spare both arytenoid cartilages. 
Speech therapy must be initiated and continued after 
hospital discharge. The goal are swallowing (first) and 
optimizing voice result (second). Inferior and superior 
laryngeal nerves must be protected and spared.

 As indicated for supraglottic cancer, the oncologi-
cal results are good. Survival at 5 years ranges between 
68% and 84%, and the local recurrence rate is low, 
between 0% and 16% [5, 12].

The follow-up for this operation are similar to those 
for the CHEP technique. The tracheostomy tube is 
capped if the airway is sufficient. Usually, it can be 
done at day 4, but sometimes edema occurs after this 
time, and it is safer to keep a tracheotomy tube (small-
est size as possible) in place until the beginning of 
swallowing.

To avoid complications, one must remember that 
the larynx is very large, and the impaction of the cri-
coid cartilage and hyoid bone must be done at the same 
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level. If the cricoid cartilage is located backward, the 
risk of aspiration is higher.

13d.3.6  Supraglottic Laryngectomy

Supraglottic laryngectomy was described by Alonso [1]. 
It consists in resecting the whole supraglottic portion of 
the larynx, including both ventricular folds and the epi-
glottis. Extensions of this procedure have been described 
(e.g., in the case of superior tumor extension with partial 
resection of the base of the tongue). It should be noted 
that supraglottic partial laryngectomy is the most classic 
technique and is widely performed. It allows resection 
of supraglottic cancer without deep extension into the 
prepiglottic space. Finally, the oncological and func-
tional results are good when it is properly indicated and 
performed.

The main indications are a tumor of the epiglottis 
and the anterior part of the ventricular folds. Contrain
dications are invasion of the glottis and/or the ventri-
cle, thyroid cartilage extension, impaired motion of the 
vocal cord, and tongue base extension.

The surgical procedure starts with incising and ele-
vating the skin, after which bilateral neck dissection is 
performed. The infrahyoid muscles are transected at 
the level of the hyoid bone and reflected inferiorly to 
expose the superior part of the thyroid cartilage. The 
superior cornu is transected. The external perichon-
drium of the thyroid cartilage is elevated and reflected 
inferiorly at the level of the true vocal cords. Then the 
thyroid cartilage is transected horizontally on both 
sides. The larynx is entered superiorly in the valleculae 
after elevating the mucosa from the inferior edge of the 
hyoid bone. The surgeon moves close to the midline to 
have a large view of the operating field, after which the 
incision is enlarged laterally and inferiorly to expose 
the larynx. Both aryepiglottic folds are transected, and 
the incision is continued into the ventricles and anteri-
orly above the anterior commissure and true vocal 
cords. Closure is performed by impaction of the remain-
ing thyroid cartilage to the base of the tongue and, if 
spared, the hyoid bone using three or four sutures 
(Vicryl no. 2). At the end, the perichondrium is sutured 
to the hyoid bone, and infrahyoid muscles are sutured 
superiorly and cover the surgical field.

Note that it is important to save both true vocal 
cords and to avoid injuring them during resection of 

the tumor. Inferior and superior laryngeal nerves must 
be protected and spared as well.

The oncological results are good, with a low recur-
rence rate of 5–15% for T1 and T2 supraglottic carci-
nomas. Survival is excellent as well. One of the main 
causes of failure is a second primary lesion.

During follow-up, the tracheostomy tube is capped if 
the airway is sufficient. Usually it can be done at day 4. 
The nasogastric tube is removed when the patient is 
able to swallow liquids, which means between days 10 
and 16 at the earliest. Aspiration can occur but is less 
frequent than after supracricoid partial laryngectomy.

To avoid complications, during removal of the 
specimen it is important to keep in mind the exact level 
of the glottis. If it is injured, the functional result could 
be worse.

13d.4 � Partial Surgery for 
Hypopharyngeal Cancer

Compared to laryngeal surgery, fewer partial pharynge-
ctomy procedures are available for the surgical treatment 
of hypopharyngeal cancers with preservation of laryn-
geal and pharyngeal function. Because occult cervical 
metastasis is frequent, neck dissection should be per
formed systematically. Only a few patients are amenable 
to partial pharyngectomy. These procedures are associ-
ated with good local control of disease, but the patients 
have a poor prognosis owing to the high incidence of 
second primary tumors, co-morbidities, and metastasis.

13d.4.1 � Posterior Partial 
Pharyngectomy

Important points to remember about posterior partial 
pharyngectomy include the following.

The diagnosis is made late in the disease, as there •	
are few indications it is present.
Small, superficial tumors can be treated with endo-•	
scopic resection.

This procedure is indicated for tumors that are lim-
ited to the posterior and lower wall of the pharynx 
without extension to the piriform sinus or the larynx. 
Such tumors are routinely treated by radiotherapy. 
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During the workup, it is essential to assess the exact 
local extension because if the defect of the posterior 
wall is large it is necessary to perform an immediate 
reconstruction.

For the surgery, the pharynx can be opened anteriorly 
through a transhyoid approach. It is necessary to detach 
the suprahyoid muscles from the hyoid bone. The 
mucosa of the vallecula is then incised to open the surgi-
cal field and provide direct access to the tumor. After 
excising the tumor, the surgical defect is left open and 
the mucosal edges are sutured to the prevertebral fascia 
using resorbable sutures. The pharynx can be opened 
laterally when the tumor is large and reconstruction is 
needed. In this situation, bilateral neck dissection is per-
formed first. The posterior wall of the hypopharynx is 
exposed, and the larynx and the base of the tongue are 
elevated to open the surgical field. The posterior wall 
mucosa is dissected from the prevertebral fascia. After 
opening the pharynx, the tumor is removed under direct 
vision in a monobloc specimen. Reconstruction is then 
performed using either a radial forearm free flap or a 
pectoralis major myocutaneous flap, which is less often 
employed because of its size [24].

13d.4.2 � Partial Lateral Pharyngectomy 
(Trotter)

Using a lateral approach, the posterior two-thirds of the 
thyroid cartilage and the greater cornu of the hyoid 
bone are resected. Then the lateral wall of the piriform 
sinus is resected as along with the deep fascia and the 
thyrohyoid muscle. Primary closure is usually possible, 
but reconstruction with a local muscular flap is some-
times necessary. This procedure is indicated for cancer 
limited to the lateral wall of the piriform sinus.

13d.4.3 � Supracricoid 
Hemipharyngolaryngectomy

Supracricoid hemipharyngolaryngectomy allows sur-
gical treatment of large tumors of the upper part of the 
piriform sinus. The oncologic results are good when 
this surgery is properly indicated. The procedure is 
indicated for tumors of the medial wall of the piriform 
sinus without impaired mobility of the larynx and 

located above the level of the superior border of the 
cricoid cartilage.

The surgery starts with ipsilateral neck dissection. 
Using a lateral approach, the ispsilateral thyroid ala 
and half of the hyoid bone are resected. Infrahyoid 
muscle are reflected inferiorly and the larynx is entered 
trough the vallecula. The preepiglottic space and the 
epiglottis are vertically transected. Resection is contin-
ued inferiorly above the superior border of the cricoid 
cartilage, the vocal cord is removed with the ventricle. 
At this point the lateral margin and the pyriform sinus 
are visualized and the vertical posterior resection is 
performed under direct vision. The defect is covered 
by apposition of the edges, after mobilization of the 
prevertebral muscles insertions that are sutured to the 
posterior border of the infrahyoid muscles.

Superiorly the pharynx is closed by suturing the 
remaining mucosa of the pharyngeal wall to the vallec
ula Then the edges of the previously spared infrahyoid 
muscles are sutured externally to the constrictor mus-
cles. The entire pyriform sinus and the ispsilateral 
hemilarynx above the cricoid cartilage are removed 
with the tumor.

The postoperative course is often marked by slow 
recovery of swallowing ability and a risk of aspiration 
and bronchopulmonary infections. Patients may begin 
oral feeding, with caution, by the 10th postopera
tive day.

Laccourreye [13], in a series of 34 patients with 
cancer of the piriform sinus staged as T2, confirmed 
the reliability of this technique with 5-year actuarial 
local and 5-year actuarial regional control rates of 
96.6% and 93.7%, respectively.

To avoid complications, closure of the pharynx with 
stitches must be accomplished without tension to avoid 
dysfunction of the cricopharyngeal muscle and aspir
ation.

13d.4.4 � Supraglottic 
Hemipharyngolaryngectomy

The supraglottic hemipharyngolaryngectomy is a vari-
ant of the supracricoid hemipharyngolaryngectomy 
only in that both true vocal cords are conserved here. 
Furthermore, the functional results are better than with 
the supracricoid hemipharyngolaryngectomy. The indi-
cation for this operation is a tumor of the upper part of 
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the piriform sinus extending to the aryepiglottic fold, 
particularly in cases with ulceration or infiltration.

The surgery begins with neck dissection. The 
infrahyoid muscles are transected from the lower border 
of the hyoid bone. Half of this hyoid horn is resected. 
The infrahyoid muscles are reflected inferiorly, and the 
thyroid cartilage is exposed. The ipislateral superior 
two-thirds of the thyroid cartilage is resected to allow 
exposure of the ipisilateral vocal cord. The larynx is 
entered through the vallecula, and the preepiglottic 
space and epiglottis are vertically transected. Resection 
is continued inferiorly above the floor of the ventricle, 
sparing the vocal cord. At this point, the lateral margin 
and the piriform sinus are visualized, and a vertical pos-
terior resection is performed under direct vision. 
Superiorly, the pharynx is closed by suturing the remain-
ing mucosa of the pharyngeal wall to the vallecula and 
to the medial laryngeal remnant, taking care not to suture 
the remaining half of the epiglottis. Then, the edges of 
the previously spared infrahyoid muscles are sutured 
externally to the constrictor muscles, medially to the 
contralateral infrahyoid muscles, and superiorly to the 
mylohoid muscle. Closure is achieved by apposing the 
mucosal edges or use of a subhyoid muscle flap.

During follow-up, the tracheotomy tube is plugged 
by the eighth postoperative day. The patient can begin 
to phonate after day 8, and oral feeding can begin by 
the tenth postoperative day.

A high local control rate (97.8%) was reported for a 
series of 45 patients who underwent this procedure in 
association with postoperative radiotherapy [6].

To avoid complications, follow these guidelines.

At time of closure of the pharynx, stitches must be •	
made without tension to avoid dysfunction of the 
cricopharyngeal muscle and aspiration.
If radiotherapy is performed, it is better to keep the •	
tracheotomy in place to avoid obstruction of the lar-
ynx due to edema.
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13e.1  Indications

Total laryngectomy is the gold standard for surgical 
treatment of advanced laryngeal and hypopharyngeal 
tumors. That means that total laryngectomy remains 
the standard against which the cure rates of other treat-
ment modalities must be compared. Total laryngec-
tomy includes removal of all laryngeal and associated 
structures including strap muscles, from the hyoid 
bone and epiglottis superiorly to the tracheal rings 
inferiorly, with varying amounts of the hypopharynx 
and thyroid gland. It can be extended to the base of the 
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Core Messages

Total laryngectomy is the gold standard for the ››
surgical treatment of advanced laryngeal tumors: 
is the standard against which the cure rates of 
other treatment modalities must be compared.
The main indication for total laryngectomy is ››
locally advanced tumors of the larynx or hypo-
pharynx that are not suitable for open or endo-
scopic partial laryngectomy.
Salvage total laryngectomy has an important role ››
in nonsurgical organ preservation protocols.
Prior to surgery, the patient must understand ››
the indication and sign an informed consent, 
including realistic understanding of the total 
laryngectomy state and lifestyle modifications 
after surgery.
The surgeon must have a very precise knowledge ››
of the extension of the tumor prior to surgery (via 
fibroscopy, endoscopy, computed tomography/
magnetic resonance imaging). This information 
can indicate the best way to remove the larynx 
and obtain free margins.
For hypopharyngeal and subglottic primaries, ››
unilateral or subtotal thyroid gland and para-
tracheal node resection may be necessary.
Three main ways to remove the larynx can be ››
used: above-downward approach, below-upward 

approach, and lateral approach. For every tumor, 
the surgeon must analyze the best way to remove 
the larynx. For endolaryngeal tumors, it is to 
use the above-downward approach; for exten-
sions to valecula or when a mechanical closure 
of the pharynx, the best approach is below-
upward; and for extensions to the piriform sinus 
the best approach is the lateral one.
Obtain frozen section specimens of the mar-››
gins if there is any doubt, especially in cases of 
salvage surgery after radiotherapy.
There are many ways to reconstruct the pharynx. ››
Surgeons should be familiar with primary clo-
sure of the defect and free flap reconstruction.
The status of the quality of life after total ››
laryngectomy is highly personal and subjec-
tive. In general, survivors have the perception 
of a good quality of life and most have a high 
level of satisfaction with their decision to 
undergo total laryngectomy.
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tongue, pharynx, trachea, and prelaryngeal soft tissues 
including skin. Total laryngectomy has low cost, low 
mortality, and low morbidity with good oncology 
results. The main disadvantage of total laryngectomy 
is the permanent tracheotomy and loss of the laryngeal 
voice [3, 5, 7, 8, 10, 19, 22, 24, 25].

 Laryngologists and radiation oncologists have been 
searching for alternatives to total laryngectomy to 
avoid this mutilation while preserving local control 
and cure rates documented for radical surgery [9, 10, 
16, 18, 20]. Chemoradiation-based organ preservation 
protocols, laser surgery, and extended open partial sur-
gery are attempts to achieve this goal. For advanced 
laryngeal and hypopharyngeal cancer, induction che-
motherapy followed by radiotherapy in patients with 
objective responses has been shown to allow conserva-
tion of the larynx in nearly two-thirds of individuals 
without having an effect on survival. Concurrent 
chemoradiotherapy also provides high rates of laryn-
geal preservation, again without affecting survival; and 
induction chemotherapy followed by concurrent chemo 
radiotherapy is under investigation. Hence, evidence 
supports the use of larynx preservation approaches for 
appropriately selected patients without a compromise 
in survival; however, no larynx preservation approach 
offers a survival advantage compared with that of total 
laryngectomy and adjuvant therapy. Moreover, salvage 
total laryngectomy plays an important role in those 
preservation protocols in case of persistence or recur-
rence. Therefore, despite all efforts, total laryngectomy 
continues to be highly useful surgery for many patients, 
either as a primary treatment or as salvage surgery.

The main indication for total laryngectomy is a 
locally advanced tumor of the larynx in which partial 
conservative surgery is not feasible. For example, par-
tial surgery may not be possible due to extension of the 
tumor or to the poor general conditions of the patient 
(age, cardiopulmonary condition). The locations in 
which partial surgery is often not recommended are 
the retrocricoid, the interarytenoid, and the posterior 
subglottis as well as multifocal affectation of the lar-
ynx (carcinomatosis). The indications for total laryn-
gectomy differ among teams and surgeons. In general, 
total laryngectomy is indicated for most T3 and T4 
tumors and for some T2 tumors with wide subglottal 
extension. Other indications for total laryngectomy are 
chondronecrosis; recurrent aspiration pneumonia that 
cannot be controlled with more conservative measures, 
especially when it is due to cerebrovascular accident; 
apraxia or degenerative neurological disease.

Contraindications for total laryngectomy include 
lesions too extensive to permit complete resection of 
local disease; when it is associated with unacceptable 
medical risks; and patient refusal.

13e.1.1  Summary of Indications

13e.1.1.1  Oncological Indications

Advanced laryngeal or hypopharyngeal cancer not •	
treatable with partial surgery
Recurrence or persistence of advanced laryngeal or •	
hypopharyngeal cancer after organ preservation 
protocol with any combination of chemotherapy 
and radiotherapy
Recurrence or persistence of the cancer after radio-•	
therapy or partial surgery, not treatable with partial 
surgery
Patients with laryngeal or hypopharyngeal cancer •	
appropriate for conservative surgery whose medical 
status, age, or personal preference does not permit 
temporary aspiration
Massive thyroid cancer (usually recurrent) invading •	
both sides of the larynx or the laryngotracheal 
junction
Palliative local control for advanced, not curable •	
(e.g., due to distant metastases) laryngeal or hypo-
pharyngeal cancer

13e.1.1.2  Nononcological Indications

Chondroradionecrosis with loss of laryngeal function•	
Recurrent and severe aspiration pneumonia not •	
responding to less aggressive treatment

13e.2  Preoperative Assessment

Total laryngectomy requires two basic preconditions.

1.	 The patient must be fit for general anesthesia and 
surgery.

2.	 The patient (and family) must understand the rea-
son to opt for mutilating surgery and give informed 
consent, including realistic understanding of total 
laryngectomy and lifestyle modifications after 
surgery.
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The workup required includes an anesthesia-related 
assessment of the patient’s general health and specific 
assessment relevant to the oncological situation and 
planning the surgery. Clinically assessing the extension 
of the disease is important when planning surgery and 
should include transnasal fibreoptic or indirect laryngo-
scopic assessment of the disease and of vocal cord 
mobility; microlaryngoscopy with panendoscopy for 
histological verification of the diagnosis and to rule out 
synchronous secondary primaries; combination of laryn
geal computed tomography (CT) with ultrasonography 
of the neck; or magnetic resonance imaging (MRI) of 
the neck. Positron emission tomography (PET) or 
PET-CT is useful for detecting subclinical lymph node 
metastasis and dissemination of the disease to distant 
sites, but it is not readily available throughout Europe 
and so remains optional to date.

Before surgery, physical examination with complete 
blood analysis, chest radiography, and electrocardiog-
raphy are undertaken. In addition, if a neck dissection 
is to be performed, 1 or 2 units of typed and cross-
matched blood should be made available.

The patient is not allowed to eat or drink anything 
for 8 hours before surgery. Antibiotic prophylaxis and 
local antiseptic washing of the oral cavity and the phar-
ynx prior to surgery is compulsory. Many surgeons 
routinely advocate additional antibiotic treatment for 
5–7 days after surgery.

13e.3 � Surgical Technique  
for Endolaryngeal Tumors

13e.3.1  Patient Positioning

Patient positioning requires access to the anterior part 
of the neck for both surgeon and assistant. This is con-
veniently achieved by placing the patient on a table 
fitted with a head holder, allowing the head to be can-
tilevered out but well supported, or on a normal table, 
placing a rolled sheet underneath the shoulders to fully 
extend the neck.

In advance of the operation, airway management is 
planned with the anesthesiologist such that a common 
agreement is reached regarding the timing of trache-
otomy and intubation. In the nonobstructed larynx, the 
anesthesiologist can pass an orotracheal tube with anes-
thesia induction, which is left until tracheal transection 

is performed at the end of the laryngectomy. With an 
obstructed airway, or in cases where intubation might 
displace malignant tissue into the lower airway, a 
preliminary tracheotomy with the patient under local 
anesthesia is performed. A precurved or flexible rein-
forced, cuffed tube is then passed into the trachea and 
adequate ventilation confirmed.

13e.3.2  Skin Incision

Although various options exist, the most used incision 
is a broad U-incision because it provides excellent 
exposure and permits comfortable treatment of the 
neck areas (Fig. 13e.1). The incision begins approxi-
mately 3–4 cm below the mastoid, descends to the pos-
terior third of the sternocleidomastoid muscle, and 
curves to the midline approximately 3 cm above the 
internal third of the clavicle to pass parallel 2 cm above 
the sternal pitchfork. It is continued symmetrically 
toward the other side. If only a unilateral neck dissec-
tion is necessary, a J (“hockey stick”) incision can be 
used. If no neck dissection is planned, a U-shaped inci-
sion starting at the level of the greater cornu of the 
hyoid bone and at the anterior margin of the sterno-
cleidomastoid muscle is sufficient.

Another option, also widely used, is a curved hori-
zontal neck incision from the sternocleidomastoid to 
the sternocleidomastoid muscle at or above the level of 
the cricoids such that a 2- to 3-cm bridge of skin is 
preserved between the main incision and the upper 
stoma verge. This configuration avoids diversion of 
pharyngeal contents away from the stoma should a 
pharyngocutaneous fistula complication occur. How
ever, exposition of the surgical field is less extensive. 
In any case, the incision is carried through the skin, 
subcutaneous tissue, and platysma, taking care to avoid 
sectioning the anterior and external jugular veins [3, 5, 
7, 19, 22, 24, 25].

13e.3.3  Flap Elevation

The upper skin flap is retracted superiorly with hooks 
or clamps and is elevated upward in the subplatysmal 
plane. It is carried superiorly past 2–3 cm of the upper 
edge of the hyoid bone in the middle and 2 cm below the 
mandible on the sides. The cervical superficial fascia, 
external and anterior jugular veins, and prelaryngeal 
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node must remain in place. The same is done inferiorly 
until 1–2 cm above the clavicles and sternum.

13e.3.4 � Division of the Infrahyoid 
Muscles

If a neck dissection is necessary, it is performed before 
the total laryngectomy [3, 5, 7, 19, 22, 24, 25]. When 
neck dissection is not needed, the superficial fascia is 
divided in the anterior border or each sternocleidomas-
toid muscle. Then the sternocleidomastoid muscle is 
mobilized, and the internal jugular vein and carotid 
artery are repaired; the omohyoid muscle is clearly 
exposed and divided at the level of this tendon. The 
superficial fascia is open over the strap muscles in the 
supraesternal area, and the sternohyoid muscle is 
exposed (Figs. 13e.2 and 13e.3) and divided as distally 
as possible. The sternothyroid muscle then appears and 
is careful divided distally (taking care of the inferior 
thyroid veins) and softly separated from the thyroid 
gland. The surgeon must be aware of the relation 
between the external part of the sternothyroid muscle 
and the internal jugular vein (Figs. 13e.2 and 13e.3). 
Once all three muscles are divided, they are held supe-
riorly to expose the thyroid gland and the cricoid and 
thyroid cartilages (Fig. 13e.3).

13e.3.5 � Division of the Suprahyoid 
Muscles

After dividing and ligating the upper and lower extent 
of the external jugular veins, the body of the hyoid 

bone is grasped with a clamp and retracted anteroinfe-
riorly. This tenses the suprahyoid musculature and 
exposes the superior surface of the hyoid bone, which 
is then skeletonized by detaching the mylohyoid mus-
cle, geniohyoid muscle, digastric sling, and hyoglos-
sus muscle in sequence in a medial to lateral direction. 
In addition, the stylohyoidal ligament is detached 
from the lesser cornu. Monopolar electrocautery is 
used for this division to limit troublesome bleeding. 
When detaching the hyoglossus muscle, one must be 

Fig. 13e.1.  Two types of incision most often used. (a) Broad U-incision. (b) Two independent incisions

a b

Fig. 13e.2.  Anatomical preparation of the strap muscles, with 
their relations with the internal jugular vein and the carotid 
artery. Note that the inferior insertion of the sternocleidomastoid 
muscle has been cut and the muscle displaced posteriorly to 
expose the great vessels and the inferior part of the strap mus-
cles. 1, omohyoid muscle; 2, sternohyoid muscle; 3, thyrohyoid 
muscle; 4, sternocleidomastoid muscle; 5, internal jugular vein; 
6, carotid artery; 7, hyoid bone; 8, digastric muscle; 9, hypoglos-
sus ansa; 10, scalenus muscle; 11, submandibular gland



13e  Total Laryngectomy	 233

careful to avoid injuring the hypoglossus nerve and 
the lingual artery. The hyoid bone can now be resected 
away from the larynx. For extended supraglottic 
tumors, the sternohyoid and thyrohyoid muscle attach-
ments on the lower border of the hyoid bone remain 
undisturbed, and the hyoid is excised with the larynx 
(Fig. 13e.4).

When the tumor invades the valecula, this division 
is done at the end of the resection, with the tumor under 
the vision of the surgeon (see below-upward approach 
resection).

13e.3.6  Separation of the Thyroid Gland

Regarding the thyroid gland, three situations can occur 
when performing total laryngectomy.

The thyroid gland is completely preserved.•	
The isthmus and the ipsilateral lobe are removed •	
with the larynx, and the contralateral lobe is 
preserved.
The entire gland must be removed with the larynx.•	

The surgeon must decide on the suitable strategy 
depending on the site and size of the tumor. In general, 
for large tumors [2, 3, 11] with subglottic extension and 
for hypopharyngeal carcinoma, the isthmus and the ipsi-
lateral lobe with the paratracheal nodes are removed.

In the case of complete preservation of the gland, 
after division and ligation of the isthmus, both lobes 
are dissected away from the larynx and trachea from 
medial to lateral, preserving all of the blood supply, 
particularly the superior thyroid artery (Fig. 13e.4).

In the case where the isthmus and the ipsilateral lobe 
are removed, they are left attached to the larynx and tra-
chea for en bloc resection. Therefore, the ipsilateral 

Fig. 13e.3.  (a) Exposition of the inferior infrahyoid muscles and their relation to the vascular axis (superficial fascia has been 
removed). (b) After sectioning them, the thyroid gland became exposed

a b

Fig. 13e.4.  When the suprahyoid muscles have been section-
ated and the thyroid gland separated of the larynx, the inferior 
constrictor muscle is well exposed (right side)
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superior and inferior thyroid vascular pedicles are ligated 
and divided, as is the middle thyroid vein. After dividing 
the thyroid isthmus, the contralateral lobe is dissected 
away from the larynx and trachea from medial to lat-
eral, thereby preserving the blood supply to the remain-
ing thyroid and parathyroid parenchyma via superior 
or inferior thyroid vessels. If total thyroidectomy is 
indicated, two or more parathyroid glands should be 
removed from the thyroid and be replanted into a small 
pocket in a muscle (e.g., sternocleidomastoid muscle) 
to prevent postoperative and lifelong hypocalcemia.

13e.3.7 � Division of the Inferior 
Constrictor Muscle

At this moment only the inferior constrictor muscle 
remains inserted in the larynx and must be divided. The 
posterior border of the thyroid cartilage lamina is rotated 
anteriorly by traction with a hook, allowing good expo-
sure of the inferior constrictor muscle. Using scalpel or 
electrocautery, the inferior constrictor is incised 5 mm 
anterior to the posterior edge of the thyroid ala and cri-
coid cartilage (Fig. 13e.5). The muscle is then freed 
from the thyroid ala and cricoid cartilage, trying to pre-
serve it for later reinforcement of the closure.

If the tumor has not invaded the piriform sinus, 
the mucosa of the piriform sinus is separated from 
the thyroid cartilage using a blunt elevator (Tapia’s 
maneuver) [3].

13e.3.8 � Division of the Superior 
Laryngeal Pedicle

The superior laryngeal pedicle can be easily found 
between the cornu superior of the thyroid cartilage and 
the hyoid bone. First, the laryngeal branch of the supe-
rior thyroid artery is identified, ligated, and divided 
before it penetrates the thyrohyoid membrane (if the 
ipsilateral thyroid lobe is removed this is not necessary 
because the superior thyroid artery has been ligated). 
The same is done to the superior laryngeal vein and the 
internal laryngeal nerve. A ligature can be placed on 
the upper stump of the nerve to minimize the risk of a 
painful neuroma.

13e.3.9 � Transection and Division  
of the Trachea

The trachea is usually transacted between the second 
and third ring. In case of subglottal extension, tracheal 
resection must be extended up to obtaining a safe mar-
gin. In case of previous tracheotomy performed some 
days before, it is safe to completely excise the tra-
cheostoma with the surrounding skin in order to 
reduce the risk of peristomal recurrence [11]. Once 
the trachea is open, and after looking into the subglot-
tic space to make sure there is a sufficient inferior sur-
gical margin, the trachea is intubated with a new, 
cuffed endotracheal tube that is inserted into the distal 
trachea for control of the airway. Only then the tra-
cheal division is completed with the incision in the 
posterior tracheal wall that should curve upward 
slightly at its midpoint to optimize the mucosa remain-
ing for tracheostomy.

13e.3.10  Removal of the Larynx

The larynx can be removed in several ways, depending 
on the locations of the tumor and the surgeon’s preference. 

Fig. 13e.5.  The inferior constrictor muscle fibers are incised 
along the posterior edge of the thyroid ala, exposing the piriform 
sinus mucosa underneath
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We use three different ways: from above-downward 
(Gluck-Sœrensen’s), from below-upward (Tapia), or via 
a lateral approach. In most cases, the easiest way is from 
above-downward because it is simpler and the surgeon 
has better control of the tumor. However, in cases where 
the tumor extends to the vallecula, it is advisable to use 
the below-upward approach; we use this approach also 
when a linear stapler will be used to close the pharynx. 
The lateral approach may be useful when the tumor 
extends to one piriform sinus [3, 5, 7, 19, 22, 24, 25].

Above-downward approach (Fig. 13e.6). With 
this approach, the surgeon enters across the vallecula 
glossoepiglottica. The hyoid bone is grasped with for-
ceps and pulled forward. The space between the base 
of the tongue and the vallecula is then progressively 
dissected (usually with an electric knife). Palpating 
this area, the surgeon can note the tip of the epiglottis 
between his or her fingers. Finally, the mucosa of the 
vallecula is opened, and the epiglottis appears. The tip 
of the epiglottis is held with a suture to be pulled ante-
riorly and inferiorly, and a retractor is placed on the 
base of the tongue.

At that moment, the surgeon changes position 
(passes to the head of the patient) to have the best 
vision of the tumor. Removal of the larynx is continued 
along the external part of both aryepiglottic folds. 
When both sides are cut, arriving at the posterior 
arytenoid area, the two cuts are joined below the cri-
coarytenoid joint, where there is a good plane of cleav-
age on the postcricoid area. Dividing the trachea and 
the cricoid cartilage from the esophagus finally joins 

the above incision, and the superior part of the trachea 
and the larynx are excised.

Below-upward approach (Fig. 13e.7). After tra-
cheal division, an easy plane of cleavage is found 
between the posterior wall of the trachea and the ante-
rior wall of the esophagus. The dissection is carried up 
to the inferior edge of the cricoid cartilage, assuming 
that the subglottic carcinoma does not extend too close 
to this area. Then the blunt dissection continues supe-
riorly, exposing the posterior cricoarytenoid muscle.

If a linear stapler will be used for closure, the phar-
ynx is not opened, and the dissection is continued, 
freeing the mucosa of the piriform sinus and vallecula 
to leave only mucosa to be compressed and cut by the 
mechanical device.

In case the pharynx is entered, the point of entry is 
chosen so it is as far as possible from the tumor. 
Generally, the pharynx is opened through the inter-
arytenoid area and to the piriform sinus on the least 
involved side. This is done by retracting the thyroid 
cartilage ala anteriorly with a double hook and placing 
a retractor gently in the mucosa of the piriform sinus 
so the surgeon can control the tumor. Then, progres-
sively the surgeon uses scissors to cut the mucosa fol-
lowing the aryepiglottic folds and extend the cut 
though the vallecular mucosa by placing one blade of 
the scissors into the vallecula and the other blade on 
the outside of the specimen just above the hyoid bone. 
If there is carcinoma in the pharyngoepiglottic fold or 

Fig. 13e.6.  With the above-downward approach, the surgeon 
enters across the valecula, and removal of the larynx is contin-
ued along the external part of both arytenoepliglottic folds 
(right-side view)

Fig. 13e.7.  With the below-upward approach, the surgeon ends 
the resection in the valecula (right-side view)
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in the vallecula, the cut must be directed more laterally 
or cranially with at least 1 cm of surgical margins 
(preferably 2 cm).

Lateral approach (Fig. 13e.8). This approach is 
mainly used when the tumor extends to the piriform 
sinus. It is a combination of the two approaches just 
discussed. On the affected side, the thyroid lobe is left 
attached to the larynx, and the inferior constrictor mus-
cle is not divided. The surgeon begins with the tracheal 
division and blunt dissection from below until expo-
sure of the posterior cricoarytenoid muscle; then the 
dissection moves to the vallecula glosoepiglottica 
where the pharynx is open. Progressively, the surgeon 
cuts the aryepiglottic fold of the unaffected side until it 
reaches the arytenoid. At this moment, the surgeon is 
able to rotate the larynx-pharynx and clearly expose 
the tumor and the involved piriform sinus. The resec-
tion can thus be done under direct visual control, cut-
ting not only the mucosa but also the constrictor 
muscles at the correct level, with a security margin of 
2 cm if possible.

Finally, the specimen is inspected to confirm the 
location of the tumor and evaluate the security mar-
gins. When indicated, frozen section specimens of the 
margins are obtained.

Tracheoesphageal puncture, voice prosthesis 
placement, and cricopharyngeal myotomy can now be 
performed before the pharynx is closed or recon
structed.

13e.3.11  Repair of the Pharynx

Once the tumor removal is completed, it is time to 
irrigate the wound and perform meticulous hemosta-
sis. With a conventional total laryngectomy, it is not a 
problem to close the pharynx; Traditionally, closure 
in three layers—mucosal, fascial, muscular—using 
inverting sutures for the mucosa has been the standard 
technique. Many surgeons now prefer to suture only 
two layers, the first being mucosal/fascial and the sec-
ond being muscle.

With extended laryngectomy (for treatment of 
hypopharyngeal cancer), pharyngeal reconstruction 
must be performed. If direct closure of the pharynx is 
not feasible for oncological reasons (following cir-
cumferential pharyngectomy) or to prevent later pha-
ryngeal stenosis, tissue transfer is needed to reconstruct 
the pharynx.

A direct repair may be horizontally or T-shaped in 
configuration. Selection of closure is based on an 
assessment of the shape and size of the anterior pha-
ryngeal defect and simulated wound approximation 
before suturing. The least tensioned apposition of 
wound edges is the best.

A running or interrupted closure, according to the 
surgeon’s preference, is used, in general trying to 
obtain inversion of the mucosal edges into the phar-
ynx. Some surgeons use linear staplers for uncompli-
cated closure of the pharynx, whereas others prefer to 
rely on traditional suturing techniques.

Horizontal closure. A horizontal straight closure 
is the preferred way to close the pharynx for many 
surgeons. First, the mucosa of the tongue base is 
everted using resorbable material. The suture line then 
starts at both lateral edges and is done in two layers 
(mucosa and fascia). The surgeon then performs a 
third layer, suturing the constrictor muscles to the 
suprahyoid muscles. A tightly constricted muscular 
ring should be avoided. In some cases, the thyroid 
lobe can be used to reinforce closure when the mus-
cles cannot be approximated.

T-suture (Fig. 13e.9). When is not possible to 
achieve a horizontal suture, the inferior part of the pha-
ryngeal defect is closed vertically, forming a T. The 
same layers are used.

In some postirradiated cases, when the neck tissues 
are fibrotic and the resection is large, it is safe to use a 
salivary bypass tube into the pharynx to try to protect 

Fig. 13e.8.  With the lateral approach, the final resection is done 
in the piriform sinus under good direct visual control (right-side 
view)
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the closure line. In some cases, to prevent complica-
tions pectoral muscular flap is used to protect the pha-
ryngeal closure.

Mechanical closure. There are two ways to achieve 
mechanical closure: open and closed. With the open 
technique of stapling, after conventional excision of 
the larynx, the mucosal edges of the defect are aligned 
by evenly spaced holding sutures placed between the 
jaws of the stapler, and the device is activated. The 
open technique, other than time-saving, has no clear 
benefit over traditional suturing [1].

With the closed technique, the stapler is placed 
without opening the pharynx. The indications for the 
closed technique are endolaryngeal tumors without 
suprahyoid vallecular, piriform sinus, or postcricoid 
extension. Once the skeletonization of the larynx is 
properly completed, a single application of the 60- or 
90-mm stapler suffices to close the pharyngeal defect 
without problems. The below-upward approach is used 
for applying mechanical sutures. It is good practice to 
transect the greater cornu of the hyoid bone and thyroid 
cartilage for easier application of the stapling device. 
Special attention is placed on complete visualization of 
the contour of the suprahyoid part of the epiglottis. 
When the laryngeal specimen remains connected only 

to the hypopharynx by a thin mucosal-submucosal 
layer, the surgeon inserts a tracheal hook through the 
tracheal lumen into the larynx and grasps the epiglottis, 
thus everting it and preventing its disruption in the sta-
ple suture line. The stapler is then placed and activated, 
automatically forming a hemostatic double-row suture 
line, and the laryngeal specimen is separated. The 
specimen surgical margins are evaluated and frozen 
sections obtained if necessary. A second layer closure 
of the constrictor muscles is done as with the others 
types of closure.

The advantages of mechanical closure in the closed 
technique are simple, rapid application, watertight clo-
sure with good hemostasis, prevention of field contam-
ination, and a lower fistula rate. Furthermore, the 
mechanical suture is nonstrangulating at the wound 
edges and permits vessels to pass through the staple 
loops with minimal tissue injury; finally, the mechani-
cal suture reduces the operating time.

The main drawback of the technique is that the 
tumor itself is not visualized during resection, which 
carries a potential for oncological compromise if 
applied in unsuitable cases. Tumors that are not entirely 
endolaryngeal are evidently at risk for compromise 
with this technique.

13e.3.12  Tracheostoma and Closure

For tracheostoma and closure, the entire cartilaginous 
portion of the trachea is sutured to the inferior skin 
flap (with a U-incision) with interrupted sutures of 0 
or 2-0 silk to widen the diameter of the tracheostoma. 
The suture line should provide support for the trachea 
and accurate skin-mucosa apposition without carti-
lage exposure. This is best achieved by a modified 
vertical mattress suture that traverses (1) skin (periph-
erally), (2) cartilaginous tracheal wall, and (3) skin 
(centrally). The inferior margin of the U-flap is 
sutured to the posterior (membranous) part of the 
trachea.

When two skin incisions are used, the permanent 
end tracheal stoma is created before or after pharyn-
geal repair. An appropriate shield-shaped skin button 
is removed from the lower neck flap in the midline, 
just above the sternal notch. Any excess adipose tissue 
or bulky sternocleidomastoid muscle/tendon is excised 
deep to the skin flap to minimize tracheal stenosis. 

Fig. 13e.9.  With the T-closure, a combination of horizontal and 
vertical straight lines are used to obtain a nontensioned wound. 
The constrictor muscle is used for reinforcement while avoiding 
a tightly muscular ring
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The tracheal end is then passed through the hole and 
secured with several stay stitches.

After placing suction drains, one on each side, the 
skin is closed in two planes. The platysma and subcuta-
neous tissue are reapproximated with 3-0 absorbable 
suture material. The skin is carefully approximated with 
interrupted dermal sutures or skin clips. Dressings are 
placed according to the preferences of the surgical team.

13e.4  Extended Total Laryngectomy

13e.4.1 � Total Laryngectomy Extended  
to the Tongue Base

Total laryngectomy is an extension of the surgery to 
the tongue base for laryngeal tumors that compromise 
the vallecula or/and the base of the tongue. In those 
cases, we use the below-upward laryngeal resection, 
sectioning the suprahyoid muscles to see the tumor. 
Once the pharynx is open, the larynx is grasped up and 
ahead to expose the epiglottis and the base of the 
tongue. The resection is done trying to leave a free 
margin at least of 1 cm (ideally 2 cm). It is necessary 
to dissect the hypoglossal nerve and the lingual arter-
ies carefully when the resection will be large. The pha-
ryngeal defect can be large, and for this closure it is 
important to evert the lingual mucosa. For very large 
resections some type of flap reconstruction may be 
necessary.

13e.4.2 � Total Laryngectomy Extended  
to the Hypopharynx

When the tumor originates in the hypopharynx or there 
is a clear hypopharyngeal extension of a supraglottic 
carcinoma, a partial or total laryngopharyngectomy 
may be needed. If the extension in the hypopharynx is 
limited, partial pharyngectomy is done, whereas with 
extensions of more than 50% of the hypopharynx it is 
advisable do a total (circular) pharyngectomy. For 
extension to the esophagus, total laryngopharyngec-
tomy with esophagectomy can be performed [4, 24].

Total laryngectomy with partial pharyngectomy. 
The best approach for total laryngectomy with partial 

pharyngectomy is to remove the larynx using a com-
bined lateral approach. The surgeon avoids cutting the 
constrictor muscle on the affected side, and opens the 
pharynx completely on the uninvolved side. The sur-
geon can now clearly see the tumor and excise it with 
the necessary mucosa and constrictor muscle.

The safety margin of 2 cm advisable. We perform 
frozen sections of tissues from the resection edges. 
The pharynx can be closed directly in cases of resec-
tion of less than 50% of the pharyngeal wall, or local 
pedicled flaps may be needed.

Total laryngectomy with total (circular) pharyn-
gectomy. The initial dissection steps for total laryngo-
pharyngectomy are the same as for total laryngectomy 
except that mobilization of the larynx, pharynx and 
cervical oesophagus as a unit is performed by extend-
ing the lateral dissection into the retropharyngeal and 
retroesophageal space. Careful observation is main-
tained for spread beyond the buccopharyngeal and pre-
vertebral fasciae into the prevertebral muscles or 
vertebral bodies. The prevertebral fascia itself is a 
moderately resistant barrier to tumor spread but is 
resected in continuity with the specimen if necessary.

Once the pharynx, larynx, and upper cervical 
esophagus are circumferentially mobilized, the com-
plete thyroid gland or one lobe (the ipsilateral) must be 
dissected free from its vascular pedicles to be removed 
with the specimen in continuity with the surrounding 
paratracheal nodes. The pharynx is entered above the 
hyoid contralateral to the site with the most superior 
spread. The pharyngeal mucosa cuts are then contin-
ued horizontally around and onto the posterior pharyn-
geal wall at least 2 cm above the highest extent of the 
lesion, such that the whole upper pharynx and larynx 
are now free. The trachea is then transected, followed 
by the cervical esophagus at the level appropriate to 
the tumor extent. If total esophagectomy is to be per-
formed, blunt dissection of the esophagus continues 
from above-downward until the inferior esophageal 
dissection is encountered.

Reconstruction. An extensive history and volumi-
nous surgical literature deals with reconstruction of cir-
cumferential pharyngeal defects. The most frequently 
used techniques are a tubed jejunum free flap, tubed or 
semitubed pectoralis major flap, and tubed forearm flap. 
If the esophageal resection extends below the thoracic 
inlet, a visceral transposition (usually gastric pull-up) is 
used, thus avoiding anastomoses in the mediastinum. 
Microvascular tubed jejunum flaps are now clearly the 
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gold standard for hypopharyngeal reconstruction when-
ever this technique is feasible in the individual patient 
and experienced surgeons are available.

13e.4.3 � Total Laryngectomy Extended  
to Prelaryngeal Tissues

Total laryngectomy extended to prelaryngeal tissues is 
indicated for laryngeal tumors with extralaryngeal 
extension to prelaryngeal musculature, subcutaneous 
tissues, and skin and usually extended across the thy-
roid cartilage or the cricothyroid membrane.

The technique consists in the conventional larynge-
ctomy but removing with the larynx the skin and sub-
cutaneous tissues of the anterior cervical area (Fig. 
13e.10). Usually, the skin removed extends from the 
hyoid level to the suprasternal level and from sterno-
cleidomastoid muscle level on each side.

For the nonirradiated neck with limited resection, 
reconstruction can be done with residual neck skin. 
With more extended resections, however, flap recon-
struction (Fig. 13e.10) is needed (deltopectoral flap, 
major pectoral flap, free flap).

13e.4.4  Complications

General complications associated with total laryn-
gectomy are those of any major operation, but the 
incidence of pulmonary embolism is low. Local 
complications are the following [6, 15, 21].

Early hematoma. Although rare, haematoma requires 
prompt intervention to avoid pressure separation of the 
pharyngeal repair and compression of the upper tra-
chea. The patient is returned to the operating room, the 
clot is evacuated, and any detectable bleeding is con-
trolled. New drains are inserted because blockage of 
the original ones with clots is inevitable.

Drain failure. Drains unable to hold a vacuum rep-
resent a threat to the wound. There is usually either a 
leak in the pharynx or the skin/stoma closure that must 
be detected and sealed.

Infection. Increasing erythema and edema of the 
skin flaps, usually at the third to fifth postoperative 
day, indicates a subcutaneous infection. Associated 
odor, fever, and elevated white blood cell count can 

occur. If an infected collection is present, the wound is 
opened under sterile conditions and the pus evacuated 
and cultured. Dead space between the neopharynx and 
skin flap is managed with repeated antiseptic gauze 
packing until healed. Antibiotic coverage is used 
according to culture results. A pharyngocutaneous fis-
tula must be suspected if wound discharge continues or 
increases. A chylous fistula must be ruled out if neck 
dissection was performed.

Pharyngocutaneous fistula. This is the most fre-
quent complication and the one that produces the most 
significant increase in the duration of hospitalization. 
Preoperative irradiation and large resections are asso-
ciated with an increased risk of the incidence and 
severity of pharyngocutaneous fistula. Erythema and 

Fig. 13e.10.  (a) Typical total laryngectomy extended to prela-
ryngeal tissues in a salvage situation. A major pectoral flap was 
used to reconstruct the defect. (b) Long-term result

a

b
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edema around the wound closure, which, on opening, 
drains purulent material and saliva, often heralds its 
existence. Such fistulas usually occur within the first 
5–6 days postoperatively in nonirradiated patients, and 
within 10–11 days in irradiated patients. Communica
tion with the pharynx can be confirmed by a methylene 
blue swallowing test. Initial management is conserva-
tive, by nonoral feeding and local measurements 
including antiseptic gauze fistula-track packing, and 
antibiotic therapy. The fistula eventually closes sponta-
neously. If the conservative approach is unsuccessful 
within 2 weeks in a nonirradiated patient or 3 weeks in 
an irradiated patient, operative closure should be con-
sidered. An excellent option for fistula closure before 
complete epithelialization is a pedicled muscle flap 
(pectoralis mainly) slipped between the pharyngeal 
and skin defects.

Bleeding. Bleeding that takes place 4 days to sev-
eral weeks after the surgery can be attributed to rupture 
of an arterial or venous trunk due to infection, necro-
sis, or wound dehiscence. The most dangerous hemor-
rhage is due to carotid artery rupture with high rates of 
mortality and neurological morbidity. The risk factors 
include radical neck dissection, previous irradiation, 
and pharyngocutaneous fistula. The treatment can be 
by external surgery or by endovascular occlusion.

Wound dehiscence. Wound dehiscence may result 
from skin closure under tension, previous irradiation, 
wound infection, fistula, or poorly designed, ischemic 
neck flaps. Local wound care should suffice for heal-
ing by secondary intention; but if the carotid becomes 
persistently exposed, vascularized muscle flap cover-
age is advisable. The long-term complications include 
stomal stenosis, pharyngoesophageal stenosis, and 
hypothyroidism.

Stomal stenosis. Most patients have a stable tra-
cheostoma for some time after surgery. If stomal steno-
sis occurs, one can consider, as a first option, the use of 
a cannula or a stoma button. If the stomal stenosis con-
tinues to be a source of problems, surgery is indicated.

Pharyngoesophageal stenosis/stricture. In the 
presence stenosis or stricture, tumor recurrence should 
be suspected; but once it is excluded by endoscopy and 
biopsy, outpatient dilation is usually effective. An ade-
quate lumen is necessary not only for swallowing and 
nutrition but also for tracheoesophageal speech pro-
duction. If dilation is unsuccessful, flap augmentation 
(e.g., pectoral major or jejunal free flap) may be neces-
sary for successful rehabilitation.

Hypothyroidism. Preoperative or postoperative 
radiation therapy plus hemithyroidectomy is usually 
sufficient to induce a low thyroid state [17, 23]. Thyroid 
function tests every 6 months after completion of all 
treatment can indicate when supplemental thyroid 
medication is required.

13e.4.5 � Recommendations for the 
Follow-up

Early postoperative care. This includes the general 
care of a patient undergoing major surgery. The patient 
is kept under observation in the postoperative unit for 
at  least 4 hours to observe his/her general conditions. 
Tracheal secretions are suctioned as necessary. The 
drains and all the vital functions must be under control.

After the patient is returned to his regular room in 
the hospital, ambulation is started as early as possi-
ble. Nasogastric tube feeding begins once bowel 
sounds are present, beginning slowly with water. As 
soon as this is tolerated without nausea or vomiting, 
the intravenous line is removed. The drains are 
removed when output is less than 25 ml/day for two 
consecutive days.

Oral intake is usually started on the seventh to 
tenth postoperative day (in nonirradiated patients) if 
there is no sign of wound breakdown, tenderness, or 
flap elevation. In previously irradiated necks is advis-
able to wait until the 12th–14th day postoperatively 
to allow a longer healing time after the pharyngeal 
repair. Some authors have encouraged oral intake 
starting on the first postoperative day, avoiding tem-
porary nasogastric tube feeding, but this is not the 
general practice.

The stomal sutures are removed on the ninth day. 
The nonirradiated patient can be discharged on the 
tenth day if there are no residual problems such as a 
fever, flap tenderness, or discharge.

Long-term care. Follow-up office visits should be 
scheduled at monthly intervals during the first year, 
lengthened to 2-month intervals the second year, 
3-month intervals the third year, and 6-month intervals 
the fourth and fifth years. Follow-up is extended to 
yearly intervals after the fifth year to rule out recur-
rence of cancer in the hypopharynx or the neck, which 
might be effectively treated. The patient undergoes 
chest imaging once a year and a thyroid-stimulating 
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hormone (TSH) assay every 6 or 12 months if the neck 
has been irradiated.

13e.4.6 � Consequences of Total 
Laryngectomy and Quality of Life

The two must evident consequences of total laryngec-
tomy are loss of the laryngeal voice (see Rehabilitation) 
and the permanent tracheostoma, but there are many 
others. First, permanent respiration for the tracheos-
toma changes the quality of the air inhaled: The air 
reaching the lungs is dryer and cooler. This may cause 
respiratory problems, with coughing, excessive phlegm 
production, forced expectoration, and dyspnea. For 
this reason, patients should learn how to take care of 
their stoma (periodic suctioning and cleaning, and use 
of a humidifier). Modern heat and moisture exchang-
ers help diminish these problems.

Second, owing to the lack of glottis closure, there is 
decreased strength in the superior extremities and 
decreased of intrathoracic and intraabdominal pressure 
(less effective cough, tendency to constipation). Deterio
ration of the sense of smell is another consequence of 
total laryngectomy.

Deglutition is not impaired following standard laryn-
gectomy. However, deglutition disorders may arise if 
flap reconstruction of the hypopharynx was used and/or 
postoperative irradiation was applied. Also, owing to 
the tracheostoma, patients cannot swim because of the 
risk of aspirating water via the tracheostoma.

Finally, there are psychological and social conse-
quences; the most important is transient depression, 
which is found in half of the patients. In terms of work-
ing activity, around 50% of the patients stop work 
because of permanent disability. As a consequence of 
these factors, it is estimated than 50% of the patients 
have family problems with difficulties between the 
couple and their sons. Suicide is rare, however. Support 
groups comprising patients who have also had a laryn-
gectomy can provide good help and information.

Despite the functional impairments, the self-assess-
ment of the quality of life (QOL) using questionnaires 
answered by individuals who have undergone a larynge-
ctomy indicates only limited QOL changes that go 
beyond speech and the stoma [26]. The largest QOL 
changes are seen during the first year after the diagnosis, 
with significant deterioration on finishing the treatment 

and slow recovery after that point. Long term, larynge-
ctomy survivors have good global QOL when it is mea-
sured with general health instruments and compared 
with norms. Compared with other chronic diseases, 
patients with total laryngectomy score higher on QOL 
questionnaires than patients with diabetes, heart fail-
ure, hearing impairment, or other types of cancer. Of 
course, QOL is highly personal due to personal psy-
chological adaptation and includes multiple variables 
that contribute to psychological distress.

13e.5  Results

It is not possible to present general results for a surgi-
cal technique used for so many different tumors and 
situations, but we can offer a short summary of our 
experience with total laryngectomy.

Complications. The overall surgical mortality rate 
for total laryngectomy is less than 0.5%. Around one-
third of our patients developed a postoperative compli-
cation after total laryngectomy. Local complications 
are the most frequent (~25%) and pharyngocutaneous 
fistula is the most important one (~20% of patients).

Local control. For T3 glottic and supraglottic can-
cer treated by total laryngectomy as the primary treat-
ment, local control is good, around 92% of local 
control in cases with free margins. For T4a laryngeal 
cancer, the local control is ~80%. The same data (~80% 
local control) are obtained for hypopharyngeal cancer 
(T3–T4a) with total laryngopharyngectomy and post-
operative radiotherapy.

Regional failure. The neck failure is ~10% for 
laryngeal cancer and ~20% for hypopharyngeal cancer 
when treated by radical surgery.

Distant metastasis. Distant metastasis is rare for 
laryngeal cancer (5%) treated by total laryngectomy 
but more common (~ 25%) for hypopharyngeal cancer 
treated by radical surgery [13].

Survival. For laryngeal cancer the adjusted survival 
(disease-related survival) is 80% at 5 years for T3 
tumors treated by total laryngectomy and 50% for T4a 
tumors treated also by total laryngectomy. The observed 
survival (all causes of death) is 60% for T3 tumors and 
40% for T4a tumors. For hypopharyngeal cancer treated 
by radical surgery followed by radiotherapy, the adjusted 
survival at 5 years is ~50%, and the observed survival 
is ~35% [4, 8, 12, 14, 15].
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13e.6 � Tips and Pearls to Avoid 
Complications

Take your time to be sure the patient understands •	
the consequences of total laryngectomy for his/her 
quality of life and the alternative therapeutic options. 
He/she must sign an informed consent.
Discuss voice rehabilitation options with the patient •	
before surgery.
Plan the airway management with the anesthesiolo-•	
gist before surgery (timing of tracheotomy and intu-
bation), especially for advanced tumors.
Prepare the strategy for resection, knowing accurately •	
the extension of the tumor (endoscopy, CT, MRI).
The incision must carry across the skin, subcutaneous •	
tissue, and platysma. Avoid sectioning the anterior 
and external jugular vein at the time of the incision.
When sectioning the infrahyoid muscles, be aware •	
that the internal jugular vein is close to the external 
portion of the sternothyroid muscle.
Pull up the hyoid bone anteroinferioly when detach-•	
ing the suprahyoid muscles. This protects the hypo-
glossus nerve and the lingual artery.
Plan what to do with the thyroid gland. For large •	
tumors with subglottic extension and/or hypopha-
ryngeal extension, at least the isthmus and the ipsi-
lateral lobe with the paratracheal nodes should be 
removed.
For removal of the larynx, try to choose the approach •	
than gives you the best direct view of the tumor. Do 
not work blindly around corners; perform the 
removal work under direct vision.
The specimen should be inspected to confirm the loca-•	
tion of the tumor and to evaluate the safety margins.
In case of any doubt, use the frozen section examina-•	
tion to determine the completeness of tumor resec-
tion before closing.
Prior irradiation makes removal of a laryngeal tumor •	
more difficult because of fibrosis and the lack of 
good definition. Therefore, during salvage surgery it 
is always good to use frozen section analysis.
Selection of the closure method is based on an •	
assessment of the shape and size of the pharyngeal 
defect and simulated wound approximation before 
suturing. The least tensioned apposition of wound 
edges is the best.
In some irradiated necks with a lot of fibrosis asso-•	
ciated with neck dissection (especially if radical), it 
is better to use a salivary bypass tube and a pectora-

lis muscular flap to protect the pharyngeal closure 
and prevent complications.
Use mechanical closure with a stapler (closed tech-•	
nique) only in cases of endolaryngeal tumors with-
out suprahyoid vallecular, piriform sinus, and 
postcricoid extension.
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13f.1  Indication

This chapter is not intended to discuss the indication(s) 
for total laryngectomy (TLE) but to discuss the main 
surgical option for voice restoration once the patient is 
scheduled for total laryngectomy. Ever since its suc-
cessful start in 1980 with the work of Singer and Blom 
[51], tracheoesophageal voice restoration using one of 
the presently commercially available voice prostheses 
can be considered to be the “gold standard.” The main 
reason for this is that any voice prosthesis, essentially 
a one-way valve implanted in a surgical puncture in 
the tracheoesophageal (TE) party wall, enables con-
trolled diversion of pulmonary air into the pharynx 
and prevents aspiration. The pulmonary air produces 
mucosal waves in the pharyngoesophageal (PE) seg-
ment and thus sound, which subsequently is trans-
formed into understandable speech in the speech canal. 
Pulmonary driven tracheoesophageal speech resem-
bles laryngeal voicing most closely and outperforms 
the traditional esophageal and electrolarynx voice in 
many aspects.

 Esophageal voice, which is achieved by injecting 
air into the esophagus and subsequently ejecting this 
column of air into the pharynx is characterized by a 
short phonation time as only 60–80 ml of air is avail-
able for voicing. It is difficult to learn, and it often 
times takes many months to develop a useful voice. 
Electrolarynx voicing, in contrast, is much easier to 
learn but lacks the variation in tone required to be as 
naturally perceived as laryngeal or pharyngeal voicing. 
The latter two voice rehabilitation techniques are still 
relevant as backup methods, and patients should be 
motivated to try to acquire at least one of them. How
ever, they are not further discussed here, and the inter-
ested reader is referred to the relevant speech/language 
pathology literature.
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Core Messages

Surgical prosthetic voice restoration is the best ››
possible option for patients to regain oral com-
munication after total laryngectomy. It is consid-
ered to be the present “gold standard” for voice 
rehabilitation of laryngectomized individuals.
Surgical prosthetic voice restoration, in essence, ››
is always achievable in patients fit enough to 
tolerate total laryngectomy and motivated to 
regain optimal oral communication.
Surgical prosthetic voice restoration requires a ››
multidisciplinary team approach (physician, 
speech therapist, oncology nurse) to obtain 
optimal results.
If a good prosthetic voice deteriorates, the under-››
lying problem most likely requires prompt clini-
cal consultation, and patients should be instructed 
accordingly.
Most of the problems with prosthetic voice ››
restoration are relatively simple and immedi-
ately solvable.
If there is no immediate explanation for the ››
inability to voice, a further search more often 
than not clarifies the cause and shows the way 
to solve the problem.
Reconstruction of the pharynx with, for example, ››
free revascularized or pedicled flaps does not 
preclude surgical p rosthetic voice restoration.
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13f.2 � Specific Assessment/Preoperative 
Workup

Basically, any patient able to tolerate total laryngectomy 
can also tolerate primary surgical voice restoration. 
Prior to total laryngectomy, aside from the regular med-
ical preoperative workup and surgical and nursing coun-
seling, patients especially need counseling by the speech 
therapist and a laryngectomized patient counselor. The 
various possibilities of postlaryngectomy voice reha-
bilitation (prosthetic, esophageal, electrolarynx voice) 
should be discussed, and the motivation of the patient 
should be assessed if prosthetic voice restoration is cho-
sen. The patient has to understand that a voice prosthe-
sis is a semipermanent implant that requires regular 
replacement. Also, the difference between indwelling 
(clinician handled) and nonindwelling (patient handled) 
devices should be explained. If the choice is made to 
apply a nonindwelling device, it is important to estab-
lish whether the dexterity of the patient is good enough 
to guarantee its successful application. Also, the patient 
has to understand that using a nonindwelling device 
makes the start more uncomfortable and requires more 
long-term self-activation than indwelling prostheses.

Voice prostheses can also be employed in a second-
ary fashion (i.e., some time after total laryngectomy 
and, if necessary, postoperative radiotherapy). This 
can be a matter of the surgeon’s preference (although 
there is not much justification for that), being indicated 
by surgical circumstances during the laryngectomy 
(e.g., the need to resect the trachea very low, leading to 
a suboptimal stoma), or if the patient has chosen to try 
one of the other options first and the results are unsat-
isfactory. In this case, preoperative counseling is the 
same as for primary voice restoration, but during this 
workup it is important to establish the anatomy of the 
pharynx and stoma to anticipate possible impeding 
factors, such as pharyngoesophageal stricture, hyper-
tonicity of the constrictor muscles, or stomal stenosis.

To predict the success of secondary tracheoesopha-
geal puncture (TEP) voice restoration, some authors 
advocate carrying out a so-called insufflation test [52]. 
This test consists of inserting a tube and insufflating air 
into the pharynx to determine if a sound can be produced. 
The air is supplied from the patient him/herself, by con-
necting the tube with the stoma, or by the examiner who 
uses an outside source or blows him/herself into the tube. 
A positive test (i.e., production of sound), is predictable 
for success, whereas a negative test is not (the tube might 

irritate or is in the way just enough to block airflow) [13]. 
Hence, this test is not recommended. If the patient after a 
secondary puncture cannot vocalize immediately, mostly 
because of hypertonicity or spasm of the constrictor mus-
cles, that is the proper moment for a diagnostic workup.

13f.3  Surgical Techniques

13f.3.1 � Primary Prosthetic Voice 
Rehabilitation

Primary prosthetic voice restoration, meaning TEP, 
and immediate insertion of a voice prosthesis at the 
time of total laryngectomy (TLE) is presently the method 
of choice for many experienced medical professionals 
[28]. The optimal technique to achieve this is to use an 
indwelling prosthesis (e.g., Groningen or one of the 
Provox prostheses) because such a device has the 
required shape and robustness for reliable retention in 
the freshly created by the TEP [22, 27, 46]. This enables 
the easiest, most comfortable voice rehabilitation 
because the patient is still under general anesthesia 
when the first prosthesis is inserted. Moreover, no 
stenting of the fistula with a nasogastric feeding tube is 
needed as the device itself is used to stabilize the punc-
ture site [30]. Advocates of using a feeding tube in the 
fistula and inserting the first prosthesis after removing 
the feeding tube after 10–12 days underestimate the 
burden this poses on the patient. Realizing that the 
same patient was under general anesthesia just some 
days before should be reason enough not to continue 
this questionable and unfounded custom. Immediate 
insertion of the prosthesis has a good track record, and 
its reliability and low complication rate has been sub-
stantiated in many publications [5, 22, 27, 42, 43, 56].

Additionally, the psychological advantage of the 
possibility to start voicing immediately after removal 
of the feeding tube hardly can be overestimated. Further
more, there is a tendency to start oral intake soon after 
the surgery, in some clinics after 24–48 hours, which 
would require inserting the prosthesis even earlier 
postoperatively [6]. Timing of the TEP almost always 
can be primary, even if most or all of the pharyngeal 
circumference has to be reconstructed, so long as the 
esophagus is still present at the level of the trachea 
[25]. Only when the proximal esophagus is dissected 
off the trachea, as for a gastric pull-up, is the TEP best 
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delayed 4–5 weeks. In those cases, secondary TEP is 
performed after completion of wound healing and prior 
to possible postoperative radiotherapy (see also the 
role of radiotherapy below).

13f.3.2 � Specific Recommendations  
for Surgical Refinements

Prosthetic voice restoration should be compatible with 
standard TLE, and little adjustment of the usual surgi-
cal techniques and standards is necessary to ensure 
optimal worldwide acceptance and applicability. With 
the presently available voice prostheses this is possible 
indeed: wherever in the world TLE is executed, voice 
prostheses (if available and affordable [17, 45, 53, 61]) 
can be applied, irrespective the method of closure of the 
pharyngeal mucosa and pharyngeal constrictor muscle 
defect. However, with a few refinements in the surgery 
of TLE several postlaryngectomy problems can be 
avoided or diminished—more specifically, hypertonic-
ity of the pharyngoesophageal (PE) segment, a too nar-
row stoma, and a too deep stoma.

13f.3.2.1 � Prevention of Hypertonicity  
of the PE Segment

Hypertonicity of the PE segment is the most frequent 
reason for failure to develop fluent prosthetic speech 
(and for that matter also esophageal speech) [9, 15]. 
The cause is too high muscle tonicity in the constrictor 
pharyngeus muscles forming the wall of the PE seg-
ment. This tonicity increases after inflation of air and 
blocks the flow of air through the pharynx, preventing 
mucosal vibrations and thus sound production. Although 
there are several surgical solutions described in the lit-
erature, the best option to prevent this problem is 

to perform a short anterior myotomy of the circular 
proximal upper esophageal sphincter (cricopharyngeus) 
muscle (see Fig. 13f.1) in every patient unless palpation 
during surgery reveals that this muscle is completely 
relaxed [48]. After this myotomy (and prosthesis inser-
tion), the surgeon can still close the pharynx (mucosa 
and constrictor muscles) in the preferred manner.

13f.3.2.2  Prevention of a Too Narrow Stoma

Ideally, the patient has a stable stoma of the same size 
as the trachea or only slightly narrower, providing easy 
access to the voice prosthesis and to avoid the need for 
a tracheal cannula to keep the stoma open wide enough 
for comfortable breathing. The causes of stomal steno-
sis are dehiscence of the trachea from the skin due to 
local infection and traction, disruption of the integrity 
of the cartilage of the proximal trachea “ring,” or con-
traction of the scar between the trachea and the skin.

The best technique, in our hands, is to suture the tra-
chea into a separate fenestra in the lower skin flap (see 
Fig. 13f.2) [19]. The fenestra should be approximately 

Fig. 13f.1.  Myotomy of the cricopharyngeus muscle prevents 
hypertonicity of the pharyngoesophageal segment

Fig. 13f.2.  Left Outline of incisions for TLE and stoma creation. Middle Creation of a stoma in a separate fenestra in the lower skin 
flap, with subsequent meticulous skin-to-mucosa suturing, covering the exposed but intact tracheal cartilage. Right End result
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the same size as the trachea, and the proximal tracheal 
“ring” must stay intact. This is the most important 
aspect of stoma creation: The collagen fibers in the tra-
chea cartilage are distributed in such a manner that the 
cartilage acts as a “spring,” trying to widen the trachea 
[49]. If the cartilage is cut, these “spring” forces are lost 
and the trachea collapses, with stoma shrinkage as a 
result. Obviously, meticulous suturing of the skin to the 
tracheal mucosa, optimally covering the exposed tra-
chea cartilage, is important to prevent local infection 
and thus scarification and potential stenosis. The small 
strip of skin (8–10 mm) cranially is surprisingly vital 
and only rarely breaks down, even in irradiated patients. 
An additional advantage of this method is that there are 
no trifurcations in the wound, which is unavoidable if 
the stoma is created in the TLE skin incision itself. 
Obviously, in some cases in which the trachea has to be 
sectioned deeply, the remaining trachea is not long 
enough to be sutured in a separate fenestra, and the 
entire inferior skin flap is needed to be able to form a 
stoma. Even in these cases, however, with an intact tra-
cheal ring it should be possible to get the patient through 
surgery without a tracheal cannula, which is our pre-
ferred method. The absence of a cannula is beneficial as 
well because there is less irritation of the trachea and 
stoma and thus less coughing, diminishing the need for 
sedation and limiting the chance of suture line damage 
and infection and thus potential stomal stenosis.

13f.3.2.3 � Prevention of a Too Deep  
(Recessed) Stoma

A deep stoma is problematic for the later application of 
additional rehabilitation devices that potentially rely on 
peristomal attachment, such as a heat and moisture 
exchanger (HME) or an automatic speaking valve 
(ASV). Stomas that are called (too) deep can be the 
result of traction of the trachea in a caudal direction in 
case the trachea is cut very inferiorly but can also be 
caused by the fact that the sternal heads of the sterno-
cleidomastoid muscles (SCMM) are protruding relative 
to the stomal level. An easy solution is to leave as much 
trachea as oncologically safe and to cut the sternal attach-
ment of the SCMM, leaving it to sink into the neck 
before skin closure (see Fig. 13f.3). This generally results 
in a flatter stoma without any noticeable functional defi-
cits from the resected SCMM, making peristomal attach-
ment of external devices considerably easier.

13f.3.3 � Secondary Prosthetic Voice 
Rehabilitation

Secondary TEP is a simple endoscopic technique using 
a rigid esophagoscope and a trocar and immediate inser-
tion of a voice prosthesis (also in this case the method 
of choice). The method is essentially unchanged since 
the first description of Singer and Blom [51], although 
some new instruments (e.g., the Provox trocar and 
guidewire) have made the technique even simpler [22]. 
When the Provox system is used, in most cases an 
8-mm prosthesis is long enough for the first insertion, 
although sometimes a longer device is required. 
Palpation in the stoma with the rigid scope in situ eas-
ily reveals whether the standard 8-mm or longer device 
is needed. In any case, one should avoid inserting a too 
short prosthesis because it induces edema by too high 
pressure of the flanges on the tissues and potentially 
tissue necrosis.

 Relative to further prevention of problems with sec-
ondary TEP, there are three issues worthwhile men-
tioning. If the patient is a failed esophageal speaker, 
there is a chance that the cause for this failure is hyper-
tonicity of the PE segment [15]. This means that the 
medical professional and the patient have to anticipate 
further treatment before optimal fluent voicing can be 
achieved (see below regarding secondary hypertonicity 
treatment). With respect to the technique, it is impor-
tant to ensure that the puncture is made high in the tra-
chea (5–10 mm from the mucocutaneous border). This 
makes daily maintenance by the patient (cleaning with 

Fig. 13f.3.  Left Cutting the sternal attachment of the sterno-
cleidomastoid muscle. Right Completed section
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a brush and/or flushing device) and replacement by the 
medical professional in the out patient clinic easier. 
Finally, to prevent local infection, as with all “clean-
contaminated” head and neck surgery, broad-spectrum 
antibiotic prophylaxis should be applied during TEP.

13f.3.4 � Prosthetic Voice Restoration  
and Radiotherapy

Many surgeons have an understandable reluctance of 
applying TEP in patients needing TLE for a recurrence 
after (chemo)radiotherapy or in patients with advanced 
disease needing postoperative radiotherapy. Especially 
in the radiation failures the incidence of complications, 
particularly fistula development, is possibly increased 
(the data in the literature are controversial), and then 
there is an obvious bias for creating a fistula oneself. 
Nevertheless, there is enough evidence in the literature 
that this controlled fistula formation does not increase 
the incidence of wound healing complications; there-
fore, TEP with immediate insertion of a voice prosthe-
sis is a safe, reliable method [5, 24, 42, 47]. The only 
warning to be given is that after radiotherapy one 
should wait 6 weeks to let the radiation side effects 
heal before performing a TEP. Otherwise, the fistula is 
created in a too vulnerable, not yet completely healed 
area, and undoubtedly the risk of complicated healing 
of the TEP is too high.

13f.3.5 � Recommendations for Follow up 
(Postoperative Care)

In case of primary prosthetic voice restoration and 
immediate prosthesis insertion, it is important to 
check the puncture site daily. If the length of the pros-
thesis chosen is sufficiently long, the prosthesis can 
easily be seen. If there is excessive edema, making 
the prosthesis too short for the elongated puncture 
tract, either corticosteroids can be given or the pros-
thesis has to be changed for a longer version. This 
latter solution might be difficult and, in the authors’ 
experience, has never been necessary. During the 
postoperative period, the nursing staff can start famil-
iarizing the patient with the daily maintenance (brush 

cleaning or cleaning with a flushing device) and teach 
the patient to use a plug to prevent possible (later) 
leakage through the device, something that is useful 
to learn early on. Voice rehabilitation instruction by 
the speech pathologist can start after 10–12 days, if 
wound healing is sufficient and oral intake has been 
fully restored.

In case of secondary puncture with immediate pros-
thesis insertion, speech therapy can start the same day, 
as can oral intake.

13f.4  Prosthesis Replacement

13f.4.1  Indications

Silicon rubber voice prostheses, irrespective of the 
brand applied, are semipermanent devices that do not 
have an unlimited lifespan. The life spans of prosthe-
ses show considerable variation; and in the literature 
mean device lives are 4–5 months in the Western world 
but much longer (10–18 months) in the Mediterranean 
areas and the United States [4, 7, 12, 14, 16, 24, 35, 47, 
50, 56, 58]. However, it is more important to look at 
the median device life, which is a better reflection of 
clinical practice, as the mean is often considerably 
influenced by a limited number of patients with an 
unusual long survival of their prosthesis (sometimes 
even several years, with two champions in our institu-
tion with a device life of 11.5 years) [47].

The main reason for replacement is leakage of flu-
ids through the prosthesis, which signals incompetence 
of the valve. Although patients can temporarily apply a 
plug into the prosthesis to prevent aspiration, eventu-
ally replacement is necessary. It is an outpatient proce-
dure that is easy enough nowadays with the availability 
of anterograde replacement procedures. The reason a 
valve starts to leak is mostly the growth of Candida 
species on the valve mechanism, preventing its proper 
closure [40]. Measures to limit this Candida growth 
(e.g., by antifungal drugs such as nystatin or diflucan) 
have been debated, but there is limited clinical evi-
dence about their effectiveness [41, 59]. A better option 
is to check the diet of the patient and advise consump-
tion of probiotics, such as certain yoghurts, which have 
been proven to be effective in both at vitro and in vivo 
studies [10, 11, 18, 57].
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There is a second reason for early prosthesis failure: 
inadvertent opening of the valve due to an underpres-
sure created in the esophagus during deep breathing 
and swallowing. Especially during deep breathing an 
underpressure is created inside the thorax and thus also 
inside the esophagus. Normally, this is of no conse-
quence because the upper esophageal sphincter is pre-
venting the flow of air into the esophagus. But with a 
voice prosthesis present under the level of the sphinc-
ter, the valve can open and air can be drawn in. 
Consequently, these patients often complain of dis-
turbing aerophagia. The easier opening of the valve, 
maybe in conjunction with its delayed closure, makes 
leakage occur more readily. Increasing the airflow 
resistance of the valve could limit this problem but 
would create a voicing problem. Recently a special 
voice prosthesis (Provox ActiValve) became available 
that eliminates both the problem of Candida growth on 
the valve mechanism and the inadvertent opening by 
underpressure [29]. This has been accomplished by 
creating a valve mechanism made of Teflon-like mate-
rial, which is insensitive to Candida growth, with 
built-in magnets to counteract the underpressure in the 
esophagus. With this valve a significant (3–39 times, 
mean 14 times) prolongation of the device life could 
be achieved in a selected group of patients with a mean 
device life of 30 days and a median device life of 25 
days [29].

Internal blockage of the valve itself preventing 
proper voicing is a rare problem, and blockage is 
mostly caused by interference of the mucosa with valve 
function. This issue and other indications for prosthe-
sis replacement, such as leakage around the device and 
local fistula problems, are discussed below.

13f.4.2 � Valve Incompetence: Leakage 
through the Valve

If cleaning the valve with a brush or flushing device does 
not solve leakage through the prosthesis, simple antero-
grade replacement of the device is required [4, 27]. The 
preventive action to be taken with any replacement is 
that the length of the valve always should be checked 
carefully, even if there is no sign of leakage around it. 
By gently pulling at the tracheal flange with a hemo-
stat it is easy to see whether the length is still good or 
if the prosthesis has become too long in relation to the 

mostly gradually decreasing length of the fistula. A 
discrepancy up to 2–3 mm is tolerable because there is 
little or no pressure of the flanges on the mucosa. More 
than 3 mm discrepancy is an indication to downsize 
the prosthesis by one size (e.g., from 8 mm to 6 mm). 
Care should be taken not to create a too tight fit, caus-
ing pressure of the flanges on the mucosa leading to 
edema and an even tighter fit, possibly followed by tis-
sue necrosis. In patients needing frequent replacements 
(on the order of only weeks up to 2 months) one could 
consider application of a Provox ActiValve, as 
described above.

13f.4.3 � Valve Discrepancy: Leakage 
Around a Too Long Prosthesis

Valve-fistula discrepancy leads to leakage around the 
prosthesis. In most instances, it is a result of the natural 
gradual decrease in the thickness of the TE party wall. 
Subsidence of the surgical edema and tissue inflamma-
tion leads to a shorter fistula tract, and a once well fitting 
prosthesis becomes too long. This can result in pistoning 
of the prosthesis inside the fistula and, hence, squeezing 
of fluids around the prosthesis. Because subsidence of 
edema and inflammation is part of a normal healing pro-
cess, we do not consider this a complication and the 
solution is simply to insert a shorter prosthesis [47]. In 
our experience, one should avoid downsizing more than 
one size at a time to prevent a too tight fit, which as men-
tioned above and further discussed below, would cause 
problems of its own.

13f.5  Results (Author’s Experience)

Assessment of the long-term clinical results is impor-
tant to gain insight in the advantages and disadvantages 
of any surgical method. This is also true for postlaryn-
gectomy prosthetic voice rehabilitation [4, 22, 24, 47]. 
Retrospective clinical analysis of 318 patients with 
consistent use of indwelling voice prostheses (Provox 
and Provox2) in a comprehensive national cancer cen-
ter setting was published in 2000 [47]. There were 261 
men and 57 women with a mean age of 62 years treated 
over slightly more than 10 years. Standard wide-field 
total laryngectomy was carried out in 287 patients and 
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total laryngectomy with a circumferential pharyngeal 
resection in 31 patients. During the study period there 
were 2700 prosthesis replacements. Prostheses were in 
situ for an accumulative period of 364,339 days or 
1000 patient-years. The main outcome measures were 
device life, indications for replacement (device- or 
fistula-related), adverse events, and voice quality. The 
median patient–device follow-up was 67 months. The 
mean actuarial device life for all replacement indica-
tions was 163 days (median 89 days). The main indica-
tions for replacement were device-related—i.e., leakage 
through the prosthesis (73%) and obstruction (4%)—
or fistula-related—i.e., leakage around the prosthesis 
(13%) and hypertrophy and/or infection of the fistula 
(7%). Adverse events occurred in 10.7% of all replace-
ments in one-third of the patients, mostly solvable by a 
shrinkage period, adequate sizing, and/or antibiotic 
treatment. Definitive closure of the TE fistula tract 
occurred in 5% of the patients. Significant clinical fac-
tors for increased device life were no radiotherapy (p = 
0.03) and age > 70 years (p < 0.02). Success rate with 
respect to voice quality (i.e., fair-to-excellent rating) 
was 88%, which was significantly influenced by the 
extent of surgery (p < 0.001). The conclusion of this 
study is that the consistent use of indwelling voice 
prostheses shows a high success rate of prosthetic 
vocal rehabilitation in terms of the percentage of long-
term users (95%) and of fair-to-excellent voice quality 
(88% of the patients). Furthermore, adverse events, 
occurring in one-third of the patients and in 1 of 9–10 
replacements, are easily manageable in most cases (see 
next paragraphs).

13f.6 � Tips and Pearls to Troubleshoot 
Adverse Events

As with any surgical and prosthetic method, complica-
tions and adverse events must be taken into account. 
Straightforward diagnostics and solutions can solve 
most of the presently known problems. Patients with 
voice prosthesis problems, which often develop gradu-
ally, tend to postpone the visit to the clinic until “the 
last minute.” Therefore, it is important for any clinic 
seeing these TLE patients to have a comprehensive 
straightforward protocol for dealing with all the known 
complications and adverse events. If such a protocol is 
“in place,” taking care of these occasional problems is 

hardly more time-consuming than dealing with the 
regular replacement procedure needed for a leaking 
valve. It is important to instruct patients that they seek 
attention at the clinic as soon as they notice a change in 
their voicing and not to wait too long because the 
sooner a problem is handled the easier it is to correct.

13f.7 � Most Important Adverse Events 
and Issues to Discuss

Atrophy of the fistula/party wall•	
Infection of the fistula•	
Hypertrophy of the fistula•	
Partial prosthesis extrusion•	
Hypertonicity of the PE segment•	
Hypotonicity of the PE segment•	
Pulmonary rehabilitation and voice restoration•	

13f.7.1  Atrophy of the Fistula/Party Wall

Atrophy of the party wall occurred in our data in 3% of 
the prosthesis replacements in 18% of the patients, 
ultimately leading to temporary fistula closure in 6% 
and to a permanent closure in 1 of 318 patients [47]. 
Gradual thinning of the TE tissues is a natural process 
and in only a small number of cases leads to such a short 
fistula tract that the shortest voice prosthesis (4.5 mm 
length) is still too long to ensure proper sealing of the 
fistula. Thus, most problems of leakage around the 
prosthesis occur in patients with a 4.5-mm prosthesis 
although sometimes in longer fistula tracts. The fol-
lowing algorithm is used by the authors.

13f.7.2 � Algorithm to Solve Atrophy/
Leakage Around the Prosthesis

1(a). Shrinkage. Nowadays shrinkage is seldom 
applied because it is cumbersome for the patient. After 
removing the prosthesis, most fistulas shrink in a few 
days, but a feeding tube and a cuffed cannula is needed 
to prevent aspiration.
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1(b). Silicon sealing ring. A thin ring (outer diam-
eter 18 mm, inner diameter 7.5 mm, thickness 0.5 mm) 
is punched out from a larger piece of silicone sheeting 
using a tailored punch, and this ring is placed behind 
the tracheal flange and around the shaft of the prosthe-
sis with the help of two hemostats (like pulling a but-
ton through a buttonhole). The sealing ring is not 
intended to compensate for a too long prosthesis but to 
adhere to the mucosa by surface tension; hence, it 
should not be thicker than 0.5 mm.

2. Purse-string suture. A purse-string suture using 
3×0 atraumatic Vicryl can be an effective and quick 
physician’s solution. After removal of the prosthesis, 
the suture is started at 12 o’clock with the needle curv-
ing submucosally at a distance of 1–2 mm from the 
edged of the fistula until 6 o’clock; and from there it 
curves submucosally on the other side until 12 o’clock. 
After placing the suture, a new prosthesis is inserted, 
and the suture is gently tightened to pull the mucosa 
against the prosthesis. This procedure is always suc-
cessful for the short term; and by letting the suture 
degrade spontaneously, it can have a tissue-augment-
ing effect, solving the problem also long term.

3. Augmentation of the party wall. Permanent 
augmentation of the party wall with a nondegradable 
product such as Bioplastique is highly successful and 
has been described in several articles [38, 39]. The 
same effect can be achieved with injection of, for 
example, autologous fat or glutaraldehyde crosslinked 
(GAX) collagen, but in our experience Bioplastique 
gives the best permanent effect and is safe to use in 
everyday clinical practice [8, 36]. Another option is the 
use of granulocyte-macrophage colony stimulating 
factor (GM-CSF) to induce a sterile inflammation to 
augment the fistula tract [44].

4. Fistula closure and later secondary puncture. 
If all of the previous measures fail or in case there is a 
too wide fistula with a lack of tissue to be tightened 
around the prosthesis or to be augmented, fistula clo-
sure is unavoidable. Because most fistulas after some 
time (> 6 months) are completely epithelialized, they 
have to be dissected and closed in three tissue layers. 
This can best be achieved by approaching the fistula 
from above, separating the esophagus and trachea until 
just caudal to the fistula, sectioning the fistula, closing 
the esophageal side in two layers and the tracheal side 
in one, and closing the skin also in layers. If the tissues 
are markedly atrophic, one can consider swinging the 
sternal head of the SCMM muscle in between the 

trachea and esophagus or use a dermal graft to enforce 
the esophageal and tracheal suture lines. Generally, 
repuncture with immediate prosthesis insertion can be 
carried out after 6 weeks. Larger fistulas sometimes 
cannot be closed in this way, and some tissue augmen-
tation has to be performed using a properly tailored 
pectoralis major muscle–fascia flap, with occasionally 
using a split skin graft fixed with tissue glue for cover-
age on the tracheal side. Only seldom is more extensive 
surgery required (e.g., free radial forearm flap or gas-
tric pull-up). There is no standard procedure for these 
situations, which always require a tailored approach.

13f.7.3  Infection of the Fistula

Local infection is seen in approximately 10% of the 
patients, and the treatment is mostly simple. Because 
local infection leads to swelling of the tissues, it is 
important to decrease the pressure of the flanges on the 
mucosa. If the prosthesis originally was fitted well, this 
means that in such a case the prosthesis has to be replaced 
for a longer device. In contrast to the down-sizing at 
least between advice of one shaft length, one should 
upsize it with and two steps (e.g., 6 to 10) to allow proper 
fitting in the infected fistula. In case of a local infection, 
removal of the prosthesis should be avoided because it 
would likely lead to permanent closure of the TEP, leav-
ing the patient unnecessarily “speechless” for a period 
of time. Broad-spectrum antibiotic treatment in most 
cases eliminates the infection. It usually takes several 
months for the tissue swelling to subside, making the 
prosthesis too long and potentially prone to leakage 
around it; but by that time the prosthesis likely has to be 
replaced for leakage through it anyway.

13f.7.4  Hypertrophy of the Fistula

There are two forms of hypertrophy of the fistula’s 
tissues.

 Anterior hypertrophy is a mostly fibromatous or 
granulating mucosa excess, potentially leading to com-
plete overgrowth of the tracheal flange. This is most 
often seen in patients requiring a trachea cannula exert-
ing constant pressure on the prosthesis or in case of a 
too short prosthesis, which is drawn inward. Obviously, 
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the prosthesis should be of the correct size, and use of 
a cannula should be avoided; if the latter is not possi-
ble, a stoma plasty should be considered [60]. Some
times it is necessary to remove the excess tissue because 
it bulges too far forward into the trachea, decreasing 
the airway too much. This can be done with any form 
of electrocautery or (laser) resection.

 Posterior hypertrophy or esophageal pocket 
(sometimes incorrectly called separation of the party 
wall) is a more important problem in daily practice 
because it is less obvious and the diagnosis is often 
delayed. These patients typically complain of deterio-
ration of their voice (more strained) and seeing some 
blood on the brush while cleaning the inside of the 
prosthesis. Sometimes even an overt esophageal pocket 
is formed, with eventually complete mucosa over-
growth on the backside of the prosthesis. Once this 
problem is suspected, it is easy to diagnose by careful 
inspection of the fistula with a thin (flexible) endo-
scope through the prosthesis, or after removal of the 
prosthesis it can often be seen directly. The solution is 
also simple: Insert a longer prosthesis (usually at least 
two sizes longer) that encompasses the excess tissue in 
between the flanges; this immediately “gives the 
patient the voice back” and leads to “fistulizing” the 
excess tissue. Anterograde insertion can be accom-
plished in most cases, but it is wise to “overshoot” the 
device (i.e., push the complete prosthesis into the 
esophagus and then pull the tracheal flange in situ with 
a hemostat to ensure the proper position of the esopha-
geal flange on the backside). Only rarely does the tra-
ditional retrograde insertion method [21] have to be 
applied, and even more seldom is this procedure car-
ried out under general anesthesia (only when the fis-
tula tract cannot be found atraumatically).

13f.7.5  Partial Prosthesis Extrusion

The potentially most risky complication is (partial) 
extrusion of the prosthesis. This adverse event has 
been seen only when a too short prosthesis is exerting 
too much pressure on the tissues, leading to local 
necrosis. This too short prosthesis can be the result of 
a too rapid downsizing or a local infection. In any case, 
the too short prosthesis must be removed and a longer 
prosthesis inserted, which usually solves the problem. 
The new prosthesis covers the thickened fistula tract, 

and in all cases we encountered complete spontaneous 
healing. Sometimes some excess tissue had to be 
removed to ensure proper fit of the new, longer pros-
thesis. A course of broad-spectrum antibiotics has 
always been prescribed. Thus, although potentially 
dangerous because of the risk of aspirating the device 
“on its way out,” pressure necrosis with partial pros-
thesis extrusion can be solved by replacing the too 
short prosthesis with a properly sized, longer device.

If the prosthesis is completely extruded and the 
patient cannot indicate its whereabouts, it is important 
to check whether dislodgment has occurred toward the 
trachea or into the esophagus. In this situation, flexible 
endoscopy of the trachea and/or radiological examina-
tion (thorax and/or abdomen overview) is indicated. If 
the prosthesis is trapped in the bronchial tree it must be 
removed endoscopically. If the device is located in the 
alimentary tract, spontaneous passage can be awaited 
in most cases.

13f.8  Non-Prosthesis-Related Problems

13f.8.1  Hypertonicity of the PE Segment

Hypertonicity, although not a “complication” of pros-
thetic voicing, is still worth mentioning here because it is 
considered to be the most important reason for failure to 
develop fluent speech. As already described, performing 
a short myotomy of the upper esophageal sphincter is 
probably the most effective preventive measure to be 
taken during TLE [48]. However, if hypertonicity is still 
present, and intensive speech therapy is not capable of 
solving it, the condition warrants treatment. The easiest 
and least invasive option presently available is chemod-
enervation with botulinum toxin [20, 33, 37, 54]. After 
proper identification of the hypertonic PE segment with 
video-fluoroscopy, marking the segment on the skin, 100 
MU of Botox (the equivalent dose for the other brand, 
Dysport, is 400 MU) is injected into the constrictor pha-
ryngeus muscle area, preferably through using a hollow 
electromyography (EMG) needle. Interestingly, the 
effect is long-lasting if not forever, in contrast to other 
clinical conditions in which Botox is used. Apparently, 
once the patient has experienced fluent speech, through 
some kind of biofeedback, the effect is maintained. This 
phenomenon sometimes is seen even after temporary 
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“denervation” with lidocaine injection, advocated to be 
used as a “diagnostic procedure” in all cases of hyperto-
nicity. Since Botox has become available, surgical myo-
tomy is rarely necessary, although it is still an option. If 
still indicated, care should be taken to perform a myo-
tomy of the complete middle and inferior constrictor and 
cricopharyngeus muscle groups and obviously avoid fis-
tula formation, especially in irradiated patients.

13f.8.2  Hypotonicity of the PE Segment

Although also not a “complication” of the use of voice 
prostheses, hypotonicity of the PE segment can be a 
disturbing condition because the patient is not able to 
produce a good sound and only has a whispering, aph-
onic voice. Mostly, there is no pitch detectable at all in 
the voice of patients with this condition. The some-
times extreme distension of the PE segment is caused 
by inadvertent complete denervation of the constrictor 
muscles. Until recently, only through application of 
some external pressure (digital or with a special pres-
sure band) this problem could be “treated” to some 
extent [15, 47]. However, recently we have described 
an interesting surgical technique in which we have 
successfully applied a sternocleidomastoid muscle sling 
to form an internal “pressure band” [32]. This resulted 
in clear improvement in the voice, especially through 
an increase of the maximum phonation time and the 
dynamic range.

13f.8.3 � Pulmonary Rehabilitation  
and Voice Restoration

Although seemingly not a directly relevant issue in this 
chapter on problem solving during prosthetic voice 
rehabilitation, it is still essential to make a few remarks 
on the importance of pulmonary rehabilitation after 
total laryngectomy. TLE disrupts normal pulmonary 
physiology, and the best option to correct this (in part) 
is the consequent application of a heat and moisture 
exchanger (HME) [1, 22, 62]. All of the  HMEs 
described in the literature help decrease pulmonary 
complaints and diminish the increased phlegm produc-
tion [2, 26, 23]. There is also an indication that regular 
HME use leads to decreased pulmonary infections [34]. 

Additionally, and relevant to this chapter on voice res-
toration, in several studies it was demonstrated that 
consequent HME use improves voice quality [3, 55]. 
Because an HME is applied through special adhesive 
with peristomal attachment or a specialized cannula, it 
prevents direct digital contact with the stoma and the 
voice prosthesis, making voicing also more hygienic.

13f.9  Concluding Remarks

As with any surgical method, the highly successful 
method of surgical prosthetic voice restoration requires 
special considerations to obtain optimal results. This 
chapter has outlined the basic surgical techniques and 
refinements, the daily maintenance aspects, and solu-
tions for the commonly encountered adverse events. 
To obtain optimal results (90% success rate should be 
the norm) a multidisciplinary approach to this impor-
tant form of rehabilitation of laryngectomized individ-
uals is indispensable and a proper protocol to deal with 
these adverse events should be in place in every clinic 
supporting TLE patients.
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Neurolaryngology is a challenge for otolaryngologists. 
Laryngeal neurophysiology depends on neuromuscular 
forces acting on a framework of cartilage, soft tissue, 
and vocal cords. Understanding its pathophysiology 
requires knowledge of specific neurological processes 
that affect voice and airway regulation. It is essential that 
the practitioner becomes familiar with the basics of elec-
tromyography (EMG) as it is the most important diag-
nostic tool in neurolaryngology. This chapter opens with 
practical guidelines on how to use this essential method. 
The technical approach is explained in detail. The clini-
cal significance and the limits of the method are pin-
pointed. Thereafter, a review is given of the most frequent 
neurolaryngological disorders. The most important dis-
eases in daily practice, vocal cord paralysis and laryn-
geal dystonia, are described in detail. Many practitioners 
are not aware that many central nervous disorders may 
cause laryngeal disease. Hence, great importance is 

attached to explaining the relation between central 
nervous diseases and laryngeal pathology. Finally, we 
discuss the important role of botulinum toxin therapy for 
neurolaryngeal disorders and offer some practical guide-
lines for using this medication in neurolaryngology.

14.1  Electromyography

14.1.1  Definition

Laryngeal electromyography (LEMG) comprises a set 
of electrophysiological procedures for diagnosis, prog-
nosis, and treatment of laryngeal movement disorders 
including laryngeal dystonias, vocal fold paralysis, and 
other neurolaryngological disorders. It is performed by 
otolaryngologists, often in collaboration with a neu-
rologist. LEMG requires special skills and equipment 
as well as considerable experience, although no formal 
education exists so far for the laryngeal electromyogra-
pher. LEMG may provide useful information that can-
not be obtained by other techniques, although it is still 
not a routine examination available at every ENT 
department in Europe. Although LEMG has been the 
subject of much investigation over the past decades for 
the management of various laryngological disorders, 
up to today there is much variability in the opinions on 
the use of LEMG among otolaryngologists for man-
agement of unilateral vocal fold immobility [14].

14.1.2  Technique

Electromyography evaluates the integrity of the motor 
system by recording action potentials generated in the 
muscle fibers. Principally all five major laryngeal muscles 
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(thyroarytenoid muscle, lateral cricoarytenoid muscle, 
posterior cricoarytenoid muscle, interarytenoid muscle, 
cricothyroid muscle) lend themselves to electrophysio-
logical examination, with the thyroarytenoid muscle 
being investigated most frequently. This muscle may 
be approached in the awake patient either transcutane-
ously or transorally. For the transcutaneous approach 
bipolar concentric needle electrodes are passed through 
the cricothyroid membrane; then the tip of the needle 
is angled to the affected side laterally and superiorly 
30°–45°. If the patient coughs, indicating penetration 
of the airway space, the needle is withdrawn and repo-
sitioned. Increased LEMG activity while the patient is 
phonating validates correct electrode position. If no 
muscle activity is detectable, electrode displacement 
cannot be discriminated from complete vocal fold 
paralysis using the transcutaneous technique.

For transoral LEMG, bipolar hooked-wire electrodes 
are available. The hooks at the end of these thin flexible 
wires act as barbs, keeping the electrode in place once 
positioned in the muscle. Electrodes are positioned 
using a special device for application, which is inserted 
into the endolarynx under endoscopic guidance with 
the needle tip being secured in the applicator. Surface 
anesthesia of the oropharynx and endolarynx prior to 
the procedure is mandatory. When the applicator is 
positioned correctly above the mediodorsal aspect of 
the vocal fold, the tip of the needle is pushed into the 
thyroarytenoid muscle. Because of the hooks at the dis-
tal end of the wire, the electrode remains in position 
when the applicator is withdrawn. Although this tech-
nique allows better control over electrode positioning, 
it is more time-consuming, significantly more expen-
sive, and technically more difficult.

LEMG recordings are made visible on a monitor 
and made audible through a loudspeaker.

14.2  Other Techniques

Spontaneous needle LEMG provides useful informa-
tion regarding the innervation status of a muscle but 
cannot yield quantitative data for several reasons. 
Sampled recordings from a single site in a muscle may 
not reflect the overall status of innervation of the mus-
cle. Recordings from a single site may be influenced 
by many variables, such as the size and shape of the 
electrodes, slight changes in electrode position relative 

to each motor unit in a muscle, or the variation in vol-
untary effort among trials and among subjects.

In theory, these shortcomings can be overcome by 
employing nerve stimulation instead of voluntary effort 
to evoke a muscular response. In so doing, consistent 
responses in repeated trials would be warranted, and 
maximum stimulation could ensure that all motor units 
comprising the muscle would be activated and poten-
tially contribute to the recorded response. This should 
give a far more representative picture of the innervation 
status of a large portion of the muscle during the initial 
phase of degeneration or the subsequent phase of rein-
nervation, allowing a more accurate diagnosis and prog-
nosis. Recent animal investigations showed the potential 
value of the technique [53]. There have been attempts to 
establish transcutaneously evoked LEMG as a routine 
tool in humans [48–50], but these techniques lack reli-
ability and reproducibility. Applying a sufficient electri-
cal stimulus to the recurrent laryngeal nerve in a way 
acceptable to patients is still an unsolved problem. Invasive 
direct stimulation is not an option for diagnostic use for 
obvious reasons. Transcutaneous stimulation requires 
considerably high voltage to elicit a response from the 
deeply hidden recurrent laryngeal or vagal nerve, making 
the procedure inaccurate and uncomfortable for the 
patient. Magnetic stimulation is not sufficiently focalized 
to activate a target nerve with certainty.

In addition to these technical considerations, an 
alleged superiority of evoked LEMG over spontaneous 
LEMG is far from evident. Both techniques are well 
comparable to facial nerve electroneurography 
(evoked) and needle-EMG of facial muscles (sponta-
neous). Among the abundance of investigations over 
the last decades, yielding often confusing results, there 
are strong arguments casting some shadow on the reli-
ability and accuracy of evoked EMG techniques in the 
facial nerve [41, 42].

14.3  Clinical Significance

14.3.1  Diagnosis

When reduced or absent abductor or adductor move-
ment of the true vocal fold is observed on laryngeal 
examination, laryngeal paresis is suspected, and LEMG 
becomes an important diagnostic tool, especially if 
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performed within 6 months of the onset of the voice 
problem. Normal electrical activity patterns on LEMG 
suggests arytenoid fixation [35], whereas abnormal 
electrical activity, including patterns of denervation or 
reinnervation, suggests unilateral vocal fold paresis/
paralysis [22].

Abnormal activity can include the presence of fibril-
lation potentials, insertional fibrillations (insertional 
activity), complex repetitive discharges, sharp positive 
waves, and nascent and polyphasic motor unit poten-
tials. Specifically, fibrillation potentials are defined as 
low-amplitude, short-duration units; and insertional 
activity is defined as mechanical discharge associated 
with repeated needle movement in a muscle. Polyphasic 
units are large-amplitude units with five or more base-
line crossings of increased duration compared with 
normal units, whereas nascent units are defined as 
low-amplitude units with increased number of baseline 
crossings and do not meet the amplitude or duration 
criteria of polyphasic units. Abnormal activity can also 
be manifested as decrements in the number of normal 
motor unit potentials and a reduction in recruitment 
during volitional activity. Recruitment is defined as 
activation of motor units with increasing strength of 
voluntary muscle contraction and reflects the number 
of motor unit potentials identifiable during increasing 
activation during voicing tasks.

Interpretation of electrophysiological findings is 
based on the following criteria: LEMG allows dis-
tinction between the normal silent resting potential, 
voluntary motor unit potential, spontaneous fibrilla-
tion potential, and polyphasic reinnervation poten-
tial. The absence of any electrical activity either on 
electrode insertion or on attempted voluntary motion 
is called electrical silence. Normal voluntary action 
potentials are diphasic or triphasic and are extremely 
variable in amplitude (Figs. 14.1 and 14.2). Sponta­
neous fibrillation activity is defined as involuntary 
potentials generated by a single muscle fiber, indicat-
ing axonal degeneration (Fig. 14.3). However, this 
symptom of degeneration does not appear earlier 
than 10–14 days after injury. Polyphasic motor units 
have four or more phases and are heralding nerve 
regeneration (Fig. 14.4).

For routine clinical use, it is convenient to classify 
electrophysiological findings, according to Seddon [38], 
into neurapraxy, axonotmesis, or neurotmesis. For 
neurapraxy the diagnostic criteria in LEMG are detec-
tion of a rarefied recruitment pattern or single action 

Fig. 14.1.  Neurapraxy. Note the extremely rarefied firing pat-
tern on phonation but no spontaneous activity at rest

Fig. 14.2.  Neurapraxy. Note the slightly reduced recruitment 
on phonation, with no spontaneous activity at rest

Fig. 14.3.  Axonotmesis. Spontaneous fibrillation activity at 
rest, with minimal recruitment on voluntary action
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potentials on voluntary action without fibrillation activ-
ity and without spontaneous positive sharp waves. 
Axonotmesis is suspected when spontaneous activity, 
indicating neural degeneration, can be detected. Usually 
this is the case not earlier than 10–14 days after onset of 
paralysis. There is an inherent statement on prognosis 
in this classification [32] as neurapraxy is most likely to 
recover completely within 8–12 weeks whereas axonot-
mesis is thought to have only a poor chance of recovery 
to a functional level. If reinnervation occurs following 
axonotmesis, usually it is associated with sequelae such 
as synkinesis due to neuronal misdirection [3, 20, 37]. 
The result is simultaneous activation of adducting and 
abducting intrinsic laryngeal muscles. For the same sit-
uation in facial nerve disorder. the apposite term autopar-
alytic syndrome has been coined [44]. Neurotmesis, 
representing complete destruction of the whole nerve 
structure over its full diameter, apparently cannot be 
expected to recover at all.

14.3.2  Prognosis

The clinical use of LEMG has been advocated for 
diagnosis and prognostication of vocal fold palsy for 
more than two decades [7, 10, 37, 40, 48]. Surprisingly, 
there are only a few reports on the usefulness of this 
technique in terms of reliability and prognostic accu-
racy. Min et al. [29] reported a prognostic accuracy of 
an impressive 89% in patients with unilateral vocal 

fold palsy. This study is seriously flawed for at least 
two reasons: First, the study population comprised 
only14 individuals. Second, criteria for prognostica-
tion were defined very generously: A positive progno-
sis for laryngeal recovery was assumed when motor 
unit waveform morphology was normal and significant 
persistent overall EMG activity as well as no electrical 
silence during voluntary tasks could be found. Obviously, 
this combination of favorable findings should be consid-
ered more an indication of a discrete lesion than an 
actual prognosis. Another study investigating 18 patients 
[34] was not truly focused on the prognostic accuracy of 
LEMG. The authors of that study concluded cautiously 
that LEMG may be of prognostic value.

A more recent study [43] suggested that detection 
of neural degeneration by LEMG allows the prediction 
of poor functional outcome with high reliability during 
an early phase of the disease process: LEMG had been 
used in 98 patients with 111 paralyzed vocal folds: 39 
patients had been diagnosed with neurapraxy, and 72 
laryngeal palsies had been characterized as axonotme-
sis. Neurotmesis was found in no case. Based on these 
data, a positive predictive value (PPV) of 94% for the 
event “defective recovery,” defined as the absence of 
completely free vocal fold mobility, was calculated. 
For the event “complete recovery,” the prognosis was 
accurate in only 12.8% of the cases. The quite accurate 
prognosis of the unfavorable event “defective recov-
ery” at a comparatively early stage of the disease pro-
cess can be valuable for the timing of a definitive 
surgical intervention, most of all in cases of bilateral 
recurrent nerve paralysis.

In a study on patients suffering from bilateral vocal 
fold palsy conducted by Eckel [8], the routine use of 
LEMG was helpful for deciding on posterior cordec-
tomy (for widening the glottic chink) at an compara-
tively early stage. As a consequence, tracheotomy was 
required in only 21% of the study population. On the 
other hand, the absence of degenerative signs may not 
lead to the assumption that complete recovery is to be 
expected automatically. On the basis of data available 
today, it seems safe to say that in patients suffering from 
vocal fold palsy of lower motoneuron-type the detection 
of well defined signs of neural degeneration by LEMG 
allows the prediction of poor functional outcome with 
high reliability at an early phase of the disease process. 
In the presence of signs of neural degeneration detected 
by LEMG the decision for definitive surgical interven-
tions such as thyroplasty or vocal fold augmentation 

Fig. 14.4.  Polyphasic, prolonged action potentials with giant 
amplitudes, indicating reinnervation 4 months after nerve 
injury
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during unilateral or partial cordectomy in bilateral vocal 
fold paralysis can be made safely at an earlier stage of 
the disease process. Thus, LEMG can be helpful for sig-
nificantly shortening the process of voice rehabilitation. 
However, the absence of degenerative alterations in 
LEMG does not necessarily indicate recovery to a nor-
mal or near-normal functional level. Hypothetically, 
these findings may reflect secondary fibrosis of the cri-
coarytenoid joint following prolonged vocal fold immo-
bility of primarily neurogenic etiology.

In summary, LEMG is a valuable tool in the 
workup of patients suffering from vocal fold palsy. 
Because the prognostic accuracy for favorable results 
is comparatively low, LEMG cannot replace clinical 
monitoring over at least 6 months or until complete 
recovery has been reached.

14.4  Neurolaryngological Disorders

Laryngeal physiology depends on dynamic neuromus-
cular forces acting on a basic framework of cartilage 
and specialized soft tissues, the vocal folds. Specific 
neurological processes may affect voice, swallowing, 
or airway regulation. Neuromuscular impairment con-
tinues to be a dominant topic in the study of neurolar-
yngological disorders [46]. Table 14.1 gives an overview 
about the most common neurolaryngological disorders 
and their characteristics. Perhaps the most common 
neuromuscular impairment of the larynx is vocal cord 
paralysis. In most cases this paralysis is caused by a 
lesion of the recurrent or vagal nerve. In these cases, 
the typical signs of a lower motor neurons disease are 
found in the larynx: peripheral neuropathy, isolated 

Disease Laryngoscopic features Electrodiagnostic features

Lower motor neuron vocal  
cord paralysis  
(recurrent or vagal nerve lesion)

Vocal cord paralysis Spontaneous activity in thyroarytenoid 
muscle starts 10–14 days after lesion for 
about 2–3 months. Reduced or no 
voluntary activity. In vagal nerve 
lesions: also features of superior 
laryngeal nerve lesion

Vocal cord synkinesis Vocal cord paralysis Polyphasic reinnervation potentials in 
thyroarytenoid muscle during phonation. 
No spontaneous activity

Isolated lesion of the  
superior laryngeal nerve

Normal vocal cord movement  
but bowing during phonation

Spontaneous activity in cricothyroid muscle 
starts 10–14 days after lesion for about 
2–3 months. Reduced or no voluntary 
activity

Upper motor neuron  
vocal cord paralysis

Vocal cord paralysis No spontaneous activity

Adductor spasmodic  
dysphonia

Symmetrical glottic compression  
during phonation. Normal  
vocal cord mobility

Abnormal bursts of activity in the thy-
roarytenoid muscle during phonation. 
Some patients show enlarged or 
polyphasic potentials

Abductor spasmodic  
dysphonia

Incomplete glottic opening during 
phonation. Normal vocal  
cord mobility

Abnormal bursts of activity in the posterior 
cricoarytenoid muscle during phonation. 
Some patients show enlarged or 
polyphasic potentials

Essential voice tremor No action-induced spasms. Rhythmic, 
periodic glottic spasms

Spontaneous activity in thyroarytenoid and/
or lateral cricoarytenoid muscle tremor 
bursts in thyroarytenoid and/or lateral 
cricoarytenoid muscle

Parkinson’s disease Vocal cord bowing during phonation. 
Delayed movements

Decreased voluntary activity in thy-
roarytenoid muscle. Single-fiber EMG 
may show increased variability of the 
interspike interval of single motor units.

Stroke Signs of lower and/or upper motor  
neuron vocal cord paralysis

Signs of lower and/or upper motor neuron 
vocal cord paralysis

Table 14.1.  Characteristics of the most common neurolaryngological disorders
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flaccid paralysis, decreased agility, muscle atrophy, but 
normal coordination of the laryngeal muscles. In the 
rare case of a disorder of the neuromuscular junction, 
fatigability and fluctuating abnormalities are common 
signs of laryngeal movement. However, vocal cord 
paralysis or other vocal manifestations are frequently 
the primary modes of presentation for neurological 
disease.

 The typical signs of an upper motor neuron disease 
can be found, as in other central nervous diseases, in the 
larynx: Spastic paralysis of muscles groups and decreased 
agility are symptoms of cerebral diseases. Disorders 
affecting the basal ganglia present with a resting tremor, 
dystonia, or rigidity of the laryngeal muscles. In cerebel-
lar diseases, intention tremor and dysdiadokinesis are 
seen during laryngoscopy. Myoclonus and choreatic 
movement in the larynx are unspecific signs of an upper 
motor neuron disease. The most important movement 
disorders affecting the larynx are presented here.

 The major components of the neurolaryngological 
examination of all patients are a detailed history, eval-
uation of the voice, stroboscopy, and EMG of the lar-
ynx [27].

14.4.1 � Vocal Cord Paralysis of the Lower 
Motor Neuron Type: Recurrent  
and Vagal Nerve Lesions

The potential causes of vocal cord paralysis are mani-
fold [15, 33]. Surgical trauma has long been recognized 
as the most common cause of unilateral and bilateral 
vocal cord paralysis. Thyroid surgery still is the major 
risk factor. Carotid endarterectomy or neck dissection 
is seen as another underlying cause. Other causes are 
neoplasms in the neck and mediastinum and traumatic 
and idiopathic conditions. Various neurological disor-
ders, including poliomyelitis, Guillain-Barré syndrome, 
and multiple sclerosis, could lead to direct damage of 
the vagal nerve [17]. Lower motor neuron lesions could 
also be affected by diseases in the brain stem, leading 
to direct damage of the motor neurons in the vagal 
nuclei. Typical examples are Wallenberg syndrome, 
bulbar polio, amyotrophic lateral sclerosis, syringomy-
elia, multiple sclerosis, and encephalitis. When the rea-
sons for unilateral and bilateral vocal cord paralysis are 
compared, there are no significant differences [15].

The major symptom indicating a lower motor neuron 
lesion of the recurrent or vagal nerve is unilateral or 
bilateral vocal cord paralysis. The lesions are caused by 
injuries directly affecting the recurrent nerve or the vagal 
nerve. Localized lesions of the myelin sheath (neurapr-
axy) regenerate without functional deficits. Axonal 
lesions (axonotmesis) or combined damage of axons and 
myelin sheaths (neurotmesis) induces Wallerian degen-
eration of the distal nerve stump to the peripheral target 
muscle. Axon sprouting starts at the first Ranvier node 
proximal to the lesion site on the axon. In consequence, 
the regeneration time depends mainly on the site of the 
lesion. The first clinical signs of nerve regeneration after 
peripheral damage of the vagal nerve or the recurrent 
nerve are typically not seen before 3 months after the 
trauma. The axonal sprouting leads to misdirected rein-
nervation of the laryngeal muscles. Therefore, retrieval 
of muscle tone (e.g., in the vocal cords) is observed after 
some months, but movement does not come back because 
of simultaneous movements of antagonistic laryngeal 
muscles caused by the misdirected reinnervation. Severe 
lesions in the brain stem and some forms of peripheral 
toxic lesions lead to degeneration of the related motor 
neurons at the nuclear level in the brain stem. The 
reduced driving motor neuron pool results in decreased 
muscle strength and limited movements. The therapeutic 
possibilities for transient and permanent vocal cord 
paralysis are described in Chapter ??.

Information on the integrity of the recurrent nerve 
can by obtained by laryngeal EMG of the thyroarytenoid 
muscle [22, 47]. The superior laryngeal nerve is ana-
lyzed by EMG of the cricothyroid muscle. The poste-
rior cricoarytenoid muscle has to be analyzed in special 
situations. Reduced insertion potentials indicate mus-
cle wasting and atrophy. A loss of nerve function dem-
onstrates a decrease or absence in frequency of firing in 
the muscle action potential. If some fibers remain 
intact, the amplitude of the muscle action potential is 
normal. Axonal damage leads to Wallerian degenera-
tion of the distal nerve fibers. In consequence, fibrilla-
tion potentials are seen about 10–14 days later and can 
persist for some weeks. The detection of neural degen-
eration by laryngeal EMG allows the prediction of 
poor functional outcome [43]. Polyphasic reinnerva-
tion potentials indicate an old lesion with definitive 
misdirected reinnervation. The laryngeal synkinesis is 
directly demonstrable by EMG [25]. Depending on the 
site of the lesion, polyphasic reinnervation potentials 
are not seen before 2–3 months after axonal lesion. 
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Increased polyphasic reinnervation potentials are typi-
cally seen up to 6–12 months after the lesion.

Electromyograpy is also an important tool for mon-
itoring the reinnervation and to determine the outcome 
after surgical reconstruction of the recurrent nerve by 
direct nerve anastomosis, cross-anastomosis with the 
ansa cervicalis, or use of a nerve-muscle pedicle. Reinner
vation and maturation of the voluntary action potential 
are typically seen by EMG over the first 1½ years [25].

If the site of the lesion is proximal to the recurrent 
or vagal nerve (i.e., the lesion is affecting the first 
motor neuron or complex cortical structures), sponta-
neous activity is absent during EMG recording despite 
clinically evident vocal cord paralysis. If the vocal 
cord immobility was caused by cricoarytenoid joint 
fixation or interarytenoid scar formation, laryngeal 
EMG shows completely normal activity of the laryn-
geal muscles.

14.4.2 � Vocal Cord Paralysis of the Upper 
Motor Neuron Type

In infants and children, bilateral vocal cord paralysis is 
most often congenital [12]. About half of the congenital 
cases are associated with other anomalies. Even many 
acquired cases are secondary to underlying congenital 
anomalies, particularly meningomyeloceles, midbrain 
or brain stem dysgenesis, Arnold-Chiari malformation, 
and hydrocephalus [17]. Patients with co-morbid fac-
tors, especially severe neurological abnormalities, often 
require tracheotomy to manage the child’s airway [30]. 
After laryngomalacia, vocal cord paralysis is the sec-
ond most common cause of stridor in children. Onset of 
paralysis in children may not be immediate. Age of 
onset may range from birth to 6–8 weeks of age. 
Unilateral paralysis is more common than bilateral 
paralysis. Recovery can be expected in only 20–30% of 
the congenital cases. Other reasons for vocal cord 
paralysis in children are birth trauma, surgical trauma, 
or congenital infection. The acquired cases show a 
higher recovery rate of up to 50–60% [9]. If an older 
child does not present other symptoms, the vocal cord 
dysfunction could be confused with exercise-induced 
asthma because the disease tends to be triggered by 
exercise [51]. Management of vocal cord paralysis in 
children should be directed toward establishing a secure 
airway and treating the underlying disease. Whereas 

tracheotomy is normally not required for unilateral 
paralysis, the rate of tracheotomies is high for bilateral 
disease. The techniques for airway management are 
described in detail in Chapter ??. The same is valid for 
upper motor type vocal cord paralysis in adults. The 
various diseases are described below in more detail. As 
explained above, EMG is an important tool for differen-
tiating an upper motor neuron type lesion from a lower 
motor neuron lesion as the latter shows typical EMG 
alterations.

14.4.3 � Laryngeal Dystonia: Adductor and 
Abductor Spasmodic Dysphonia

Laryngeal dystonia, or spasmodic dysphonia, is a form 
of dystonia, a chronic neurological disorder of central 
motor processing characterized by task-specific action-
induced muscle spasms. Dystonia may be generalized 
or limited to one functional group of muscles. Laryngeal 
dystonia is usually focal. A strained, strangled quality 
to the voice with effortful voicing and voice fatigue is 
typical. Approximately four of five affected individu-
als have adductor spasmodic dysphonia, which causes 
inappropriate glottal closure and consequently stran-
gled breaks in connected speech. A subentity is termed 
adductor breathing dystonia (or breathing dystonia) if 
the patient develops adductor spasms during breathing, 
producing paradoxical vocal cord motion [11]. EMG 
demonstrates bursts of glottic compression in the thy-
roarytenoid muscle during phonation at unpredictable 
intervals. Abductor spasmodic dysphonia, in contrast, 
causes inappropriate glottal opening in one of five 
patients that produces hypophonia and breathy breaks. 
Hence, EMG shows bursts of muscle activity in the 
posterior cricoarytenoid muscle. Because of compen-
satory maneuvers or mixed dystonic features, the voice 
patterns encountered clinically may not always be typi-
cal or easy to discern [46].

 Electromyography is important for treatment plan-
ning. It shows the major muscular source of the dysto-
nia. Only EMG detects the rare cases where the lateral 
cricoarytenoid muscle, the interarytenoid muscle, or 
the cricothyroid muscle is the major focus of the dys-
tonia [16, 21]. Spasms typically do not occur during 
singing. The most important differential diagnoses that 
can cause voice breaks are essential voice tremor, mus-
cle tension dysphonia, and a functional disorder. As 
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spasmodic dystonia is a disorder of the central nervous 
system rather than of the larynx, interventions at the 
end organ do not offer a definitive cure.

 Botulinum toxin (BTX) therapy is the treatment of 
choice. There is a report of 90% overall improvement 
after BTX therapy for adductor spasmodic dysphonia. 
The results of BTX for abductor spasmodic dysphonia 
have been less favorable. Only 20–40% of these patients 
improve after BTX treatment [45]. The BTX applica-
tion technique is described in detail below. Voice ther-
apy may be useful in addition to BTX therapy. In 
patients with contraindications for BTX or if BTX fails, 
surgical treatment should be discussed with the patient. 
Lateralization thyroplasty is an easy but mechanical 
approach to help patients with refractory adductor 
spasmodic dysphonia [18]. Long-term results are often 
disappointing. Alternatively, selective section of the 
distal branches of the recurrent nerve leading to the 
thyroarytenoid and sometimes the lateral cricoarytenoid 
muscle, with immediate reinnervation using a nonla-
ryngeal nerve, generally the sternohyoid branch of the 
ansa cervicalis, is proposed. This was done in an 
attempt to prevent reestablishment of abnormal central 
motor control by connecting the laryngeal musculature 
to a nerve supply not affected by the disorder [1, 46]. In 
patients with refractory abductor spasmodic dysphonia, 
bilateral medialization thyroplasty could be helpful [2, 
31]. Recently it was shown that unilateral posterior cri-
cothyroid myoplasty (i.e., unilateral desertion of the 
muscle) could improve the effect of medialization thy-
roplasty [39].

14.4.4  Stroke

Stroke is a highly prevalent disease that has signifi-
cant potential to affect the voice and swallowing 
adversely. Expressive aphasia due to stroke in the 
frontal cortex (Broca area) and receptive aphasia due 
to stroke in the temporal cortex (Wernicke area) are 
well known clinical signs of a stroke. However, the 
corticobulbar tract and cranial nerves themselves 
could also be affected directly by the cerebrovascular 
accident. Isolated vocal paralysis is an uncommon 
manifestation of stroke. Most often, multiple cranial 
nerves are involved. Clinically, voice quality and 
speech production are affected. Of course, perhaps 
more common than these direct effects of the stroke 

on voice production are the multitude of indirect 
effects on the voice from the general neurological 
characteristics of stroke patients. Hoarseness and 
chronic laryngitis can go along with vocal cord paral-
ysis. Chronic laryngitis is the result of the laryngo-
pharyngeal reflux and/or prolonged nasogastric feeding. 
Therefore, otolaryngological management of most 
stroke patients is dictated by the urgent problems of 
protecting the airway, controlling respiration, and 
finally phonation. The need for prolonged ventilation 
should be recognized early. The patient may be con-
verted appropriately to tracheotomy. Down-sizing the 
tracheotomy tube when appropriate facilitates speech 
therapy for voice and communication.

14.4.5  Essential Voice Tremor

Essential tremor is an idiopathic disorder of involun-
tary movement. The classification of voice tremor is 
controversial. The tremor has also been characterized 
as a separate subtype of laryngeal dystonia [26]. The 
tremor is believed to originate from disordered cere-
bellar control of vocal cord length and tension. Patients 
generally report slowly worsening symptoms over 
months to years. Voicing worsens with anxiety or stress 
and is especially troublesome under more demanding 
acoustical conditions, such as speaking against back-
ground noise. Laryngeal tremor often is not restricted 
to the intrinsic muscles of the larynx. The other mus-
cles of the phonatory apparatus are often and variably 
involved. Tremor in the larynx characteristically is 
seen as bilateral, symmetrical, involuntary, rhythmic, 
periodic spasms of the laryngeal, supraglottic, or pha-
ryngeal muscles. The reliable periodicity of the spasms, 
similar to the ticking of a clock, is the key feature of 
tremor. The tremor frequency has been documented 
between 3 and 6 Hz. Tremors can occur at rest or with 
intention, which in the larynx is seen during sustained 
phonation. Action-induced spasms, which are typical 
for spasmodic dysphonia, are not seen here. The lar-
ynx may be normal at rest. Myoclonus is differentiated 
from tremor in that the spasms seen during myoclonic 
activity are jerky and arrhythmic. EMG shows sponta-
neous activity at rest. Typically, EMG exhibits signs of 
tremor in all laryngeal muscles during phonation. The 
thyroarytenoid and the lateral cricoarytenoid muscle 
are most often involved [26].
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 Propranolol (a b-adrenergic blocker) and primi-
done (a neuroleptic) are the mainstays of treatment. 
BTX treatment does not alleviate the essential tremor 
in any case; generally, it only decreases the amplitude 
of the tremor. The result is severe breathiness of the 
patient, although many patients are content with BTX 
treatment [27]. BTX injections are most effective if the 
dominating tremor muscles (shown by EMG) are 
treated [26].

14.4.6  Parkinson’s Disease

Most patients with Parkinson’s disease complain of 
voice problems characterized by vocal tremor, 
decreased volume, and hoarseness [5]. Vocal fold 
bowing is a common finding during laryngoscopy. 
The source of this bowing has not been fully eluci-
dated, but some patients show dyskinesia of the 
intrinsic laryngeal muscles that might be the result of 
defective basal ganglia control. Often vocal cord clo-
sure is slowed or delayed. Tremor associated with 
Parkinson’s disease present is evident at rest. Most 
important, the speech, although often breathy and of 
low intensity, does not demonstrate the characteris-
tics in a rhythmic fashion as in patients with essential 
tremor. Rather, the characteristic hypophonia is rela-
tively constant. The extrinsic laryngeal muscles (strap 
muscles) could also be affected. The result is a sig-
nificant slowing of vertical laryngeal excursion dur-
ing deglutition [23]. Additionally, poor breath support 
may be present as a result of chest wall rigidity. The 
disease is often exacerbated by articulatory difficul-
ties and sometimes by cognitive and articulatory 
problems. Other findings are pooled hypopharyngeal 
secretions, decreased sensation, diminished cough 
reflex, and aspiration. Laryngeal EMG demonstrates 
a decreased firing rate and, in older male Parkinson’s 
patients, increased variability of the interspike inter-
val of single motor units [24].

 Efficient therapy of the dysphonia in Parkinson’s 
patients is difficult. Vocal fold augmentation is often not 
effective in severely affected patients [19]. Standard 
Parkinson’s treatment with l-DOPA, deep brain stimula-
tion, or neurosurgical interventions have shown only lim-
ited results with the dysphonia. Only behavioral therapy 
has shown sustained beneficial effect on voice and speech 
functions of patients with Parkinson’s disease [52].

14.4.7  Other Central Nervous Diseases

Patients with amyotrophic lateral sclerosis display sev-
eral laryngological symptoms. Adductor type spas-
modic dysphonia has been described as a feature of the 
central motor neuron degeneration [36]. Multiple sys-
tem atrophy encompasses three neurodegenerative syn-
dromes (striatonigral degeneration, olivopontocerebellar 
atrophy, and Shy-Drager syndrome). In addition to the 
typical symptoms of autonomic, cerebellar, and pyrami-
dal dysfunction, stridor occurs in multiple system atro-
phy at different stages. Severe respiratory insufficiency 
sometimes requires tracheotomy. The cause of stridor in 
multiple system atrophy is dystonia of the vocal cords. 
In most cases, laryngoscopy reveals normal bilateral 
movements of the vocal cords. EMG during quiet 
breathing shows persistent tonic activity in both abduc-
tor and adductor vocal cord muscles [28]. Botulinum 
toxin injection into the adductor muscles can be offered 
to patients to reduce the tonic EMG activity.

14.4.8 � Botulinum Toxin Treatment  
in the Larynx

Botulinum toxin has been used successfully in otolaryn-
gology for more than 20 years to treat an increasing 
number of diseases [4]. BTX blocks the release of ace-
tylcholine from nerve terminals and thereby causes flac-
cid paralysis of the muscle starting about 48 hours after 
injection. Its effect is transient and nondestructive. 
Recovery starts after about 28 days and is complete after 
about 90 days, a length of time that correlates with the 
clinically observed duration of effect. Two serotypes of 
BTX, serotype A and B, are available for clinical use. 
Three compounds of BTX type A (Botox, Dysport, 
Xeomin) and a type B compound (NeuroBloc) are com-
mercially available (Table 14.2). To date, BTX treat-
ment in the larynx is still “off-label” use; but due to the 
large experience with the drug in the larynx, the AAO-
HNS considers the laryngeal treatment safe and effec-
tive. The dosage is measured in mouse units (MU). A 
unit is defined by the median lethal intraperitoneal dose 
(LD

50
) in Swiss Webster mice. It is important to be 

aware that a unit of Botox is not equivalent to a unit of 
Dysport, Xeomin, or NeuroBloc. Botox, Dysport, and 
Xeomin require rehydration with normal saline prior to 
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usage. NeuroBloc is directly delivered by the company 
as a solution. We recommend using the BTX type A 
formulation for first-line treatment. BTX type B should 
be reserved for patients with secondary treatment failure 
of BTX type A [13]. The concentration may be varied 
depending on the physician’s need, the involved mus-
cles, and prior experience with the individual patient. 
Treating the small muscles of the larynx, Botox (5 
MU/0.1 ml), Dysport (20 MU/0.1 ml), Xeomin (5 
MU/0.1 ml), or NeuroBloc (500 MU/0.1 ml) may be 
used. A higher concentration may be useful in some 
patients if side effects are seen as the result of diffusion 
of the toxin from the target muscle to adjacent muscles.

In general, multiple small-volume injections may 
have a better effect with less risk of side effects. The 
clinical effect is dose-related, but the range of effective 
doses among patients with the same disease may vary to 
the extreme [6]. The physician finds the correct dose 
only through experience with each individual case. BTX 
should not be used in pregnant women because terato-
genicity and safety has not yet been established. It has 
been used for a long time in children, suggesting that its 
efficacy and side effects are the same as in adult patients. 
In general, BTX should be used carefully in patients 

with neuromuscular disease because of the higher risk 
of systemic muscle weakness. Aminoglycoside antibi-
otics interfere with BTX and may potentiate its effect. 
Therefore, BTX therapy should be avoided during such 
antibiotic treatment.

The amount of toxin used in the larynx is low. Hence, 
an overdose has never been described. Moreover, the 
risk of acquired resistance to BTX by a patient’s pro-
duction of antibodies against the drug is low. To our 
knowledge, immunoresistance in patients with laryn-
geal treatment have not been described. The develop-
ment of immunoresistance seems to occur more often 
in patients treated with large doses and short treatment 
intervals. We recommend starting treatment with the 
smallest effective dose, avoid booster injections, and 
maximize intertreatment intervals.

If possible, we prefer endoscopy-assisted transoral 
injections of BTX into the intrinsic laryngeal muscles. 
If the transcutaneous approach is used, EMG is recom-
mended to prove precisely the placement of BTX. The 
target muscle is identified by the EMG needle first, as 
described above, and the BTX is injected parallel to the 
EMG needle to deliver the toxin into the muscle. 
Alternatively, the BTX is delivered directly through a 

Botox Dysport Xeomin NeuroBloca

Company Allergan, Irvine, CA 
92612, USA

Ipsen Biopharm, 
UK-Wrexham LL13 
9UF, UK

Merz Pharmaceuticals 
GmbH, 60048 
Frankfurt, Germany

Solstice 
Neuroscience,

South San Francisco, 
CA 94080, USA

Neurotoxin type A A A B
Mouse units per vial 100 500 100 2500/5000/10,000
2°–8°C 2°–8°C 2°–8°C 2°–8°C 2°–8°C
Durability 36 months 24 months 36 months 24 months
Solvent 0.9% saline 0.9% saline 0.9% saline Premanufactured 

solution
Labeled  

therapeutic 
indications

Blepharospasm in 
adults, spasmodic 
torticollis in adults, 
hemifacial spasm in 
adults, dynamic 
equines foot 
deformity due to 
spasticity in children 
> 2 years, focal hand 
spasticity of adults 
after stroke, axillary 
hyperhidrosis, 
wrinklesb

Blepharospasm in  
adults, spasmodic 
torticollis in adults, 
hemifacial spasm in 
adults, dynamic 
equines foot deformity 
due to spasticity in 
children older than 2 
years, axillary 
hyperhidrosis

Blepharospasm  
and spasmodic 
torticollis in adults

Cervical dystonia  
in adults

Table 14.2.  Comparison of the four licensed botulinum toxin formulations

aNamed MyoBloc in the United States
bThe commercial name for treatment of wrinkles is Botox Cosmetic in the United States and Vistabel in Switzerland.



14  Neurolaryngology	 267

Teflon-coated needle attached to the EMG machine. If 
both methods, transoral and transcutaneous, fail to 
induce an effect, we recommend reevaluating the indi-
cation. If the indication remains, we recommend repeat-
ing the transoral injection under general anesthesia. 
Guidelines for BTX dosages and injection sites for the 
most frequent indications in patients with neurolaryn-
gological disorders are presented in Table 14.3.

14.4.9  Tips and Pearls

Differential diagnosis between vocal fold paralysis •	
and arytenoids fixation using laryngeal electromyo-
graphy is reliable
Laryngeal electromyography is the method of choice •	
for assessment of neural damage
Prognosis vocal fold paralysis can be assessed reli-•	
ably within 2 weeks after onset
Botulinum toxin therapy is the treatment of choice •	
for laryngeal dystonia
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15.1 � Anatomical and Physiological 
Background

The larynx has two major functions. It acts as a 
sphincter to close the lower airway during degluti-
tion, preventing aspiration of food and saliva; and it 
serves secondarily as the organ of voice. The larynx 
also stabilizes the thorax by preventing exhalation 
and helps to compress the abdomen during coughing. 
Phylogenetically, airway protection is the oldest and 
most essential function of the larynx. Failure to pro-
tect the lower airway is a potentially life-threatening 
condition because it results in chronic aspiration and 
subsequent pneumonia.

To fulfill these physiological needs adequately, 
laryngeal function relies on afferent (sensory) and 
efferent (motor) innervation. The nerve supply to the 
larynx and pharynx is comprised of branches of the 
vagus nerve (cranial nerve X), which exits the skull 
through the jugular foramen and then bilaterally 
branches off the pharyngeal nerve, the superior laryn-
geal nerve, and the recurrent laryngeal nerve. The 
pharyngeal nerve enters the pharynx and divides into 
the pharyngeal plexus to supply all of the muscles 
(m.) of the soft palate and the pharynx except for the 
m. tensor veli palatini and the m. stylopharyngeus 
(which are innervated by cranial nerves V and IX, 
respectively). The superior laryngeal nerve innervates 
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Core Messages

The three main symptoms of dysphagia are ››
obstruction (impaired bolus transport), aspira-
tion (inhalation of food particles or saliva), 
and globus sensation.
Functional endoscopic evaluation of swallow-››
ing is the most important diagnostic tool in the 
practice of laryngology.
For the treatment of most types of deglutition ››
disorders, rehabilitation therapy is the basis of 
therapeutic management.
Functional rehabilitation uses compensatory ››
strategies to reduce the risk of aspiration.
For patients with isolated cricopharyngeal ››
achalasia without diverticulum, endoscopic 
cricopharyngeal myotomy or localized injec-
tion of botulinum toxin can be used.
The treatment of Zenker’s diverticulum has ››
become an established domain of laser sur-
gery, but open cricopharyngeus myotomy 
combined with diverticulectomy through a 
left-sided open approach is still an established 
surgical alternative.
The most common procedure for controlling ››
aspiration is tracheostomy and use of a cuffed 
tracheostomy tube.

For severe aspiration, total laryngectomy, closure ››
of the larynx, or tracheoesophageal diversion 
may be needed.
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the cricothyroid and the inferior constrictor muscles. 
The recurrent laryngeal nerves supply all of the intrin-
sic muscles of the larynx except the m. cricothyroi-
deus. On the right, the recurrent laryngeal nerve 
twines itself round the subclavian artery and then 
turns upward again to the larynx, whereas the left 
recurrent laryngeal nerve passes under the aortic arch 
and then returns upward to the larynx. Parasympathetic 
fibers of the X cranial nerve also innervate smooth 
muscles of the airway and esophagus, providing sig-
nals to open the airway during respiration, produce 
bronchoconstriction, and induce peristalsis of the 
esophagus.

15.2 � Clinical Classification 
of Deglutition Disorders

Difficulty swallowing (dysphagia) is a common com-
plaint in the overall population. It is reasonable to expect 
that, with the growing percentage of older individuals in 
Europe, the numbers will further increase in the future.

Dysphagia may present with any one of three main 
symptoms.

Obstruction (impaired bolus transport)•	
Aspiration (inhalation of food particles or saliva)•	
Globus sensation (vague feeling of fullness in the •	
throat, often perceived subjectively as “difficult 
swallowing” although solid foods and fluids are still 
swallowed normally)

Surgical treatment is an option only for obstruction or 
aspiration-related dysphagia. No sound rationale exists 
for the operative treatment of globus sensation.

15.3  Obstruction

Swallowing of food may be obstructed by various 
factors.

Mass lesions in the oral cavity, oropharynx, hypo-•	
pharynx, or esophagus
External compression of the alimentary tract•	

Disturbed neuromuscular regulation, especially •	
absent or delayed opening of the upper (cricopha-

ryngeus muscle) and/or lower esophageal sphincter 
during swallowing

Pharyngeal masses leading to dysphagia may be due to 
hyperplasia of the lymphatic Waldeyer ring (hyperpla-
sia of the tonsils or lymphatic tissue at the base of the 
tongue) or benign and malignant tumors of the oral 
cavity, larynx, pharynx, and esophagus. Cervical 
osteophytes may cause dysphagia by compressing the 
pharynx, particularly in the elderly.

15.4  Zenker’s Diverticulum

Esophageal diverticula occur at the pharyngoesopha-
geal junction, in the middle esophagus, and immedi-
ately proximal to the lower esophageal sphincter. 
Whereas true diverticula contain all structural layers of 
the pharyngeal/esophageal wall, typical Zenker’s 
diverticula lack a muscular layer and should therefore 
be considered false diverticula. They result from 
endoluminal pressure and structural weakness of the 
posterior pharyngeal wall at the point of Killian’s 
dehiscence in the hypopharynx, proximal to the cri-
copharyngeal muscle. It is an acquired lesion that pre-
dominantly affects persons over 60 years of age. It 
results from delayed relaxation of the cricopharyngeal 
muscle during deglutition. These diverticula develop 
and grow slowly over months and years. The typical 
signs are regurgitation of food and obstruction of the 
alimentary tract.

15.5 � Cricopharyngeus Motility 
Disorders without Diverticula

Delayed relaxation of the cricopharyngeus muscle 
during swallowing occasionally leads to dysphagia, 
often accompanied by secondary aspiration. A diver-
ticulum is not (yet) demonstrable in these cases. As 
with Zenker’s diverticulum, the disorder is more 
common in older individuals. Video-cinematography 
is generally necessary to make a diagnosis. Unlike a 
conventional oral contrast examination, the temporal 
resolution of this technique is high enough to dem-
onstrate the underlying functional disorder. As for 
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Zenker’s diverticula, the recommended treatment is 
endoscopic myotomy.

15.6  Aspiration

Aspiration is defined as entry of material into the air-
way below the level of the true vocal cords. Silent aspi-
ration is defined as aspiration occurring in the absence 
of acute symptoms (i.e., lack of cough or gag reflex as 
the food or liquid bolus passed into the trachea). 
Penetration is the term used to describe the entry of 
material into the larynx but not below the glottic 
level.

Pulmonary aspiration is a serious cause of morbid-
ity and mortality in patients with a depressed senso-
rium, those with neuromuscular incoordination, or 
patients having a structural disorder of the upper 
aerodigestive tract. It is a leading cause of nosocomial 
infection. The most common manifestations of pul-
monary aspiration are pneumonia, pleuropulmonary 
infection, and acute airway obstruction. Aspiration 
may result from loss of substance, especially in the 
larynx (e.g., after supraglottic partial laryngectomy), 
or it may have a neurological cause (e.g., lesions of 
the superior laryngeal nerve or vagus nerve).

Disorders of the laryngeal nerve supply lead to a 
variety of phonatory, respiratory, and deglutition disor-
ders resulting from impaired sensitivity of the larynx, 
movement disorders of the vocal cords, or impaired 
pharyngoesophageal bolus transport during degluti-
tion. Neurological aspiration usually results from the 
loss of laryngeal sensitivity or loss of cough and swal-
low reflexes.

15.7 � Aspiration Due to Anatomical 
Defects

Aspiration frequently occurs in patients following 
larynx-sparing surgical treatment for laryngeal or 
pharyngeal tumors. It is most frequently related to 
impaired sensation but may also be caused by a lack 
of substance, particularly at the level of the arytenoid 
cartilages or the aryepiglottic folds. In contrast, 
resection of the epiglottis may lead to temporary 
aspiration but is usually righted by compensatory 

movements of the base of the tongue, ventricular 
folds, and vocal cords.

15.8 � Aspiration Following Neurological 
Disorders

Vagus nerve paralysis or dysfunction of its laryngeal 
and pharyngeal branches results in loss of vocal cord 
abduction or adduction and in uncoordinated bolus 
transport during deglutition. It may affect phonation 
and respiration; and food, fluids, and saliva may be 
aspirated into the trachea. It may result from lesions in 
the central nervous system (nucleus ambiguous and its 
supranuclear tracts) or the main trunk of the vagus and 
its two laryngeal branches (inferior, or “recurrent,” 
laryngeal nerve and superior laryngeal nerve). 
Intracranial tumors or hemorrhage and demyelinating 
diseases cause central paralysis. Neoplasms at the 
base of the skull and trauma to the neck cause vagus 
paralysis. Isolated paralysis of the inferior or supe-
rior laryngeal nerve is caused by cervical or thoracic 
lesions.

Paralysis of the vagus nerve or, more commonly, 
the inferior laryngeal nerve most frequently occurs 
after surgical procedures in the neck (particularly thy-
roidectomy) and upper mediastinum. It may also be 
caused by malignant tumors invading the larynx, hypo-
pharynx, esophagus, thyroid, or tracheobronchial tree 
and other malignant neoplasms in the lower neck or 
upper mediastinum. Neurogenic laryngeal stenosis 
may also develop during the course of viral inflamma-
tion or as a result of central nervous system processes 
(cerebral or skull-base tumors, injuries, surgical proce-
dures at the lateral skull base). Preoperative recogni-
tion of concomitant unilateral superior laryngeal nerve 
paralysis is important because it is a contraindication 
for surgical measures (especially arytenoidectomy) 
that could result in increased aspiration.

Previous surgery, mostly thyroid surgery, is the 
most common cause of laryngeal nerve paralysis. 
Revision thyroidectomy bears a particularly high risk 
for inferior and superior laryngeal nerve trauma. The 
rate of immediate postoperative unilateral recurrent 
laryngeal nerve paresis following primary thyroid sur-
gery for benign disease is approximately 2–7%, and 
the rate of permanent paralysis has been reported to 
range from 0.5% to 4.0%. During revision surgery and 
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operations for malignant conditions of the thyroid 
gland, unilateral recurrent laryngeal nerve paresis 
occurs in some 10–20% of the interventions. Bilateral 
vocal fold paralysis is seen far less frequently. Surgery 
of the cervical spine via an anterior approach as well as 
surgery of the larynx, pharynx, cervical esophagus, 
upper mediastinum, and carotid artery surgery can 
typically result in laryngeal nerve or even vagus nerve 
injury. Other conditions causing laryngeal nerve pal-
sies include the following.

Lesions of the brain stem•	
Neurovascular disorders (stroke) and other central •	
nervous disorders
Demyelinating disorders of the peripheral nervous •	
system (Guillain-Barré syndrome)
Lateral skull base lesions (trauma, tumor)•	
Sequel of skull base surgery•	
Cervical spine injury or surgery•	
Degenerative motor unit disorders (e.g., amyo-•	
trophic lateral sclerosis)
Infectious diseases of the affected nerves•	
Neurotoxins (e.g., lead)•	
Primary neurogenic tumours (e.g., schwannoma)•	
Malignant tumors of the thyroid, larynx, pharynx, •	
trachea, esophagus, bronchus, and thymus; other 
malignant tumors of the neck and mediastinum
Traumatic lesions of the neck•	
Aortic aneurysm•	

If despite a complete diagnostic workup no etiologi-
cal factor can be found, the paralysis is labeled idio-
pathic. Viral neuronitis probably accounts for most 
cases of idiopathic vocal cord paralysis. However, a 
complete diagnostic workup is needed if the etiol-
ogy of laryngeal nerve impairment cannot readily be 
derived from the patient’s history or obvious medical 
findings.

15.9  Symptoms

Symptoms of deglutition disorders in aware patients 
are easily recognized and freely communicated by the 
patient. In patients with depressed sensorium, impaired 
deglutition is not readily detectable and requires close 
clinical observation. Symptoms of impaired swallow-
ing in these patients include the following.

Weight loss•	
Unexplained fever > 38.0°C•	
Coughing•	
Bronchitis/pneumonitis•	
Impaired voice•	
Witnessed regurgitation/aspiration event at the bed-•	
side accompanied by coughing, choking, and/or 
expectoration of material
Prolonged oral feeding•	
Aversion for oral intake of liquids and solids•	
Disturbed bolus transport•	
Frequent postural changes during oral intake•	
Regurgitation•	

If such conditions are observed in previously intubated 
or neurological patients, a fiberoptic endoscopic evalu-
ation of swallowing (FEES) should be undertaken to 
assess the impaired deglutition.

15.10  Diagnosis

In most patients presenting with laryngeal palsies, the 
underlying condition is obvious from the patient’s his-
tory (e.g., recurrent laryngeal nerve paresis following 
thyroidectomy). In patients with unclear etiology of 
the underlying condition, a complete diagnostic workup 
is compulsory. The diagnostic protocol for these 
patients includes indirect mirror laryngoscopy, zoom 
laryngoscopy and/or transnasal flexible laryngoscopy, 
lung function tests (expiratory peak flow, resistance), 
voice analysis, laryngeal electromyography (EMG), 
tracheobronchoscopy and suspension laryngoscopy 
with tactile assessment of arytenoid cartilage mobility.

Nonspecific methods to assess aspiration are usually 
subjective and inaccurate. Videofluoroscopy has tradition
ally been accepted as the “gold standard” for evaluating 
a swallowing disorder because of the comprehensive 
information it provides (Fig. 15.1). However, it is not 
readily accessible in certain clinical and practical situ
ations.

FEES is the most important diagnostic tool in the 
practice of laryngology (Fig. 15.2). It is a portable 
examination, easily performed at the bedside in inten-
sive care units. Because these patients are usually bed-
ridden, the examination is performed with the head of 
the bed elevated to approximately 70° or with the 
patient sitting on a chair. A fiberoptic laryngoscope is 
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passed transnasally to the oropharynx, where the lar-
ynx and surrounding structures can then be visualized. 
Patients are led through various tasks to evaluate the 
sensory and motor status of the pharyngeal and laryn-
geal mechanism. Stained liquid and semiliquid boluses 
are given to assess pharyngeal deglutition. The larynx 
is examined for evidence of food penetration in the 

laryngeal vestibule and aspiration of food below the 
true vocal folds before and after each swallow. 
Endoscopic assessment includes looking for structural 
changes in the larynx and pharynx as well as noting the 
timing and direction of movement of the bolus through 
the pharynx, the ability to protect the airway and to 
uphold airway protection, the capability to clear the 
bolus during deglutition, the presence of pooling and 
residue of material in the hypopharynx, and the timing 
of bolus flow and laryngeal closure [1].

If the etiology of the condition remains unclear, a 
comprehensive diagnostic workup of the thyroid gland 
is undertaken, including [99mTc]-pertechnetate scin-
tiscanning, ultrasonography of the neck, and related 
laboratory tests [thyroid-stimulating hormone (TSH) 
assay]. If the thyroid assessment remains inconclusive, 
chest computed tomography (CT) scans and a barium 
swallow with fluoroscopy should be done. If additional 
signs of neurogenic disorders are present, magnetic 
resonance imaging (MRI) studies of the brain and 
additional laboratory tests (including a complete blood 
count and cerebrospinal fluid examination) should be 
considered. In patients with a suspected inflammatory 

Fig. 15.1.   Videofluoroscopy shows a small Zenker’s diverticulum and prestenotic dilatation of the hypopharynx

Fig. 15.2.  Functional endoscopic evaluation of swallowing 
(FEES) performed at bedside
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nerve disorder or joint disease, additional laboratory 
tests include white blood cell and differential counts; 
determination of an acute phase indicator (usually 
C-reactive protein); Lyme disease antibodies; tests for 
rheumatoid factor, antinuclear antibodies, anti-neutro-
phil cytoplasmatic antibodies (c-ANCA); and renal, 
liver, and electrolyte studies are sometimes helpful.

The use of laryngeal EMG has been advocated to 
classify the severity of neural damage, establish a 
prognosis for nerve recovery, and differentiate neuro-
genic palsy from vocal fold immobility caused by 
arytenoid fixation. Although it has been helpful in 
many cases, it is not considered a routine diagnostic 
tool by many laryngologists. Its prognostic accuracy is 
limited to cases of neurotmesis.

Delayed relaxation of the cricopharyngeus muscle 
during swallowing occasionally leads to dysphagia, 
which often is accompanied by secondary aspiration. 
A diverticulum is not (yet) demonstrable in all cases. 
The disorder is more common in older individuals. 
Video-cinematography is generally necessary to make 
a diagnosis.

15.11  Therapy

15.11.1  Nonsurgical Treatment

Rehabilitation therapy is the basis of management for 
most deglutition disorders [2]. Following the place-
ment of a nasogastric feeding tube or percutaneous 
endoscopic or open gastrostomy, logopedic rehabilita-
tion uses compensatory strategies to reduce the risk of 
aspiration.

Oral feeding with consistency modifications (thick-•	
ened liquids increase oropharyngeal control and 
decrease difficulties with mastication).
Modifying the volume and tempo of food presen•	
tation.
Head rotation (the ipsilateral pharynx is closed, •	
forcing the food bolus to the contralateral pharynx 
while cricopharyngeal pressure is decreased).
Anteroflexion of the head (chin down) during •	
deglutition, narrowing the airway entrance.
Supraglottic swallow. This technique uses simulta-•	
neous swallowing and breath-holding, closing the 
vocal cords and protecting the airway. The patient 

thereafter can cough to eject any residue in the 
laryngeal vestibule.
Mendelsohn maneuver. This is a form of supraglot-•	
tic swallow in which the patient mimics the upward 
movement of the larynx by voluntarily holding the 
larynx at its maximum height to increase the dura-
tion of the cricopharyngeal opening.

Additional exercises are used to increase muscle tone 
and to improve coordination and strengthening of 
muscles of the jaw, lips, cheek, tongue, soft palate, and 
vocal cords.

15.12  Surgical Treatment

15.12.1  Surgery for Obstructive Disorders

Obstruction of the alimentary tract by tonsillar hyper-
plasia can be treated medically (for acute inflamma-
tion) or surgically (tonsillectomy). In children, laser 
tonsillotomy may be appropriate if the goal is to reduce 
the volume of the tonsils while preserving tonsillar 
remnants for immunological reasons. Obstruction 
related to neoplastic disease is treated by resecting the 
tumor or using nonsurgical oncological approaches. 
Temporary percutaneous endoscopic or open gastros-
tomy may be required to maintain adequate feeding 
during treatment.

Hypertrophic cervical osteophytes (Morbus Fores
tier) can be removed via a left-sided anterolateral 
extrapharyngeal approach or with a transoral, trans-
pharyngeal procedure. The open approach carries the 
risk of recurrent laryngeal nerve paresis, hematoma, 
and Horner’s syndrome, whereas the endoscopic inter-
vention carries the risk of fistulas and local infections 
of the prevertebral space and the vertebrae.

The treatment of Zenker’s diverticulum has become 
an established domain of laser surgery during recent 
years. Until a few years ago, open cricopharyngeus 
myotomy combined with diverticulectomy through a 
left-sided open approach was the standard surgical 
treatment for Zenker’s diverticula (Fig. 15.3). Although 
endoscopic myotomy (division of the posterior part of 
the annular cricopharyngeus muscle) was described as 
early as 1917, the endoscopic approach was abandoned 
later due to excessive complications. Van Overbeek 
showed that endoscopic cricopharyngeal myotomy 
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could be done safely using CO
2
 laser [3]. According to 

the literature, the complications and results of endo-
scopic myotomy appear to be comparable to or better 
than those achieved with open surgery [4]. In any case, 
endoscopic myotomy obviates the need for an external 
neck incision and practically eliminates the risk of 
recurrent nerve paralysis (Fig. 15.4a, b). Generally, the 
myotomy can be done without difficulty when a spe-
cial diverticuloscope (Dohlman type) is used. There is 
disagreement as to whether patients should be fed 
through a temporary nasogastric tube (placed preop-
eratively and carefully protected during laser use) or 
by temporary parenteral nutrition. Opinions also vary 
as to the timing of the initial feeding after endoscopic 
myotomy. An interval of 2–7 days is most commonly 
recommended. In all cases, oral contrast examination 
with a water-soluble medium should be done before 
the resumption of oral intake to exclude paravasation 
into the upper mediastinum. Although endoscopic 
myotomy is technically straightforward, it should be 

emphasized that this procedure is by no means without 
risks. Any complete cricopharyngeal myotomy opens 
the upper mediastinum and consequently carries the 
risk of mediastinitis. This underscores the urgent need 
for preoperative antibiotic prophylaxis. Local mucosal 
antisepsis in the region of the hypopharynx and diver-
ticular sac may also help lower the risk of infection. 
Mild wound pain, leukocytosis, and temperature eleva-
tion are common after the operation, especially during 
the first night. If fever persists beyond the first day or 
does not respond promptly to antipyretic agents, and if 
the patient has respiration-dependent back pain, neck 
emphysema, or other manifestations of a septic sys-
temic process, appropriate imaging studies (CT) should 
be done at once to assess the need for surgical inter-
vention (opening the upper mediastinum through a left 
cervical incision, oversewing an esophageal perfora-
tion, local irrigation, and drainage). The surgeon 
should take note of the potential risks and be prepared 
to manage them.

Fig. 15.3.  Large Zenker’s diverticulum. Open cricopharyngeus 
myotomy combined with diverticulectomy through a left-sided 
open approach is performed

a

b

Fig. 15.4.  Zenker’s diverticulum treated by endoscopic myo-
tomy (division of the posterior part of the annular cricopharyn-
geus muscle). (a) Endoscopic view of the hypopharyngeal pouch 
(P), esophagus (O), and feeding tube (FT). (b) Anatomical situ-
ation following complete transection of the posterior part of the 
cricopharyngeus muscle
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A number of alternatives to laser surgery are avail-
able for the treating Zenker’s diverticulum and cri-
copharyngeal dysfunction. Endoscopic myotomy with 
a stapler has been recommended in recent years. A 
special stapler has been developed for treatment of 
Zenker’s diverticula and can be introduced and oper-
ated through a diverticuloscope. It divides the common 
wall between the diverticular sac and esophagus, 
simultaneously closing the wound surfaces on both 
sides with staples. This technique is supposed to pre-
vent leakage into the mediastinum. Because of the way 
the stapler is designed, part of the wound always 
remains open at the lowest point of the incision.

Open myotomy is available as an alternative to 
endoscopic myotomy in cases where it is important to 
avoid opening the pharynx. The surgery is done through 
a left transcervical approach, like the classic operation 
for treating Zenker’s diverticulum. Following meticu-
lous division of the cricopharyngeus muscle, the diver-
ticulum is not resected, and the pharynx remains 
unopened. There is virtually no risk of infection under 
these conditions (with proper attention to surgical 
asepsis). The procedure can thus provide an alternative 
to endoscopic myotomy and the classic open operation 
for Zenker’s diverticula in all patients considered to be 
at increased risk for mediastinitis (patients with mul-
tiple morbidities, older patients).

For patients with isolated cricopharyngeal achalasia 
without a diverticulum, endoscopic cricopharyngeal 
myotomy has been described as a safe technique that 
does not incur a complication rate higher than that fol-
lowing endoscopic treatment of Zenker’s diverticulum. 
The operative technique is the same as that used for 
Zenker’s diverticulum [5].

An elegant, minimally invasive treatment option is 
to paralyze the cricopharyngeus muscle temporarily 
with a localized injection of botulinum toxin [6]. The 
advantage of this method is that it is practically free of 
complications when carried out correctly. The disad-
vantage is that its effect lasts only a few months, at 
which time the treatment may have to be repeated 
(generally necessitating brief general anesthesia). 
Thus, botulinum toxin injection is not a permanent 
treatment option. It does, however, provide an ideal 
test method in equivocal cases to determine if the pro-
posed surgical division of the cricopharyngeus muscle 
can improve the patient’s symptoms. If the symptoms 
diminish following transient paralysis of the muscle 
with botulinum toxin and then worsen again after the 

effect has subsided, the patient can be scheduled for a 
definitive cricopharyngeal myotomy.

15.13  Surgery for Aspiration Disorders

Aspiration resulting from anatomical defects follow-
ing laryngeal surgery or unilateral neurological condi-
tions (disorders of the superior laryngeal nerve, vagus 
nerve, unilateral lower motor neuron of the brain stem, 
or lower cranial nerves) frequently requires surgical 
treatment in addition to functional management. 
Nonoral enteral feeding options are required for 
patients unable to ingest adequate quantities of liquids 
and nutrients. Nasogastric feeding tubes and endo-
scopically or surgically placed gastrostomy or jejunos-
tomy tubes are available. The most common procedure 
for controlling aspiration is tracheostomy and use of a 
cuffed tracheostomy tube. An epithelialized tracheos-
tomy should always be placed to facilitate daily 
changes of the tube and care of the lower airway.

Laryngeal suspension procedures aim at correcting 
impaired laryngeal elevation during deglutition. 
Nonabsorbable sutures are used to sew the thyroid car-
tilage to the hyoid bone and the thyrohyoid complex to 
the anterior mandible (Fig. 15.5a, b). The procedure 
increases the pharyngeal opening and protection of the 
laryngeal inlet during deglutition [7].

Vocal fold medialization or augmentation is used to 
restore glottic closure during deglutition. Basically, the 
same surgical techniques that are used for phonosur-
gery can be applied. Medialization techniques are gen-
erally more effective than augmentation [8].

Cricopharyngeal myotomy is used to reduce the 
functional obstruction of the alimentary tract induced 
by delayed or inadequate opening of the cricopharyn-
geal muscle during deglutition. The procedure con-
sists of incising the cricopharyngeus muscle (usually 
including the upper inferior portion of the constrictor 
pharynges muscle and the superior part of the esopha-
geal musculature in the midline) down to the level of 
the mucosa, resulting in permanent, complete relax-
ation of the cricopharyngeus muscle and improved 
bolus transport from the hypopharynx into the esopha-
gus [9]. For most patients, some or all of these proce-
dures have to be combined to restore deglutition, and 
additional functional treatment is invariably required 
before the tracheotomy can be closed again.
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For severe aspiration (e.g., following mass lesions 
of the brain stem or bilateral paralysis of the lower cra-
nial nerves), surgery is needed to separate the airway 
from the alimentary tract. Surgical procedures that may 
be used in this context include total laryngectomy, clo-
sure of the larynx, and tracheoesophageal diversion.

 Total laryngectomy effectively separates the air-
way from the alimentary tract. It prevents aspiration 
completely and is generally considered a reliable, 
reproducible standard technique with a low incidence 
of severe complications. The loss of glottic phonation 
is frequently of little importance to the patients whose 
severe neurological disease is the cause of aspiration. 
Separation of the airway from the alimentary tract is 
irreversible.

 Laryngeal closure and tracheoesophageal diver-
sion are potentially reversible. However, laryngeal 
closure is technically difficult and frequently results in 
some kind of residual aspiration. Tracheoesophageal 
diversion is separation of the larynx from the trachea 
at about the fourth tracheal ring. The proximal tra-
cheal stump is anastomosed in an end-to-side manner 
with the esophagus, allowing drainage of aspirates 
from the larynx into the esophagus. The distal end is 
anastomosed to the skin and forms a tracheostomy. 
Complications include tracheocutaneous fistulas, 
wound infections, stenosis at the tracheostomy site, 
and perioperative mortality [10]. As with laryngec-
tomy, phonation is not possible with these procedures. 
With regard to the poor prognosis of severe neurologi-
cal function impairment in most patients, total laryn-
gectomy remains the gold standard for the surgical 
treatment of this condition.

15.14  Tips and Pearls

When performing endoscopic surgery for Zenker’s •	
diverticulum, place a nasogastric tube at the begin-
ning of the intervention under direct vision and 
avoid inserting it through the open wound at the end 
of the procedure.
Administer local antiseptics to the oral cavity and •	
pharyngeal pouch as well as perioperative antibi-
otic prophylaxis.
Perform videofluoroscopy on day 2 or 3 following •	
surgery to rule out paravasation from the cervical 
esophagus. A diverticular sac following endoscopic 
myotomy is frequently seen radiologically.
Fever, pain in the back, and emphysema of the •	
neck may be indicative of mediastinitis. When in 
doubt, obtain a CT scan of the mediastinum and be 
prepared to perform open drainage of the upper 
mediastinum.

a

b

Fig. 15.5.  (a-b) Laryngeal suspension procedure. (a) Anatomical 
situation following fixation of the thyroid cartilage to the hyoid 
bone and the thyrohyoid complex to the anterior mandible (wire 
sutures). (b) Radiographic view after laryngeal suspension (wire 
slings indicate suspension of the thyrohyoid complex to the 
mandible)
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In patients undergoing tracheotomy for severe aspi-•	
ration, dilatation tracheotomy is not adequate. A 
completely epithelialized tracheostomy should 
always be performed.
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16.1  Introduction

Laryngeal nerve lesions are a common occurrence, and 
they have medical or surgical etiologies. Depending on 
the level of the lesion and the unilaterality or bilateral-
ity, the presentation is different as is the treatment.

With unilateral vocal cord paralysis, dysphonia is 
the major problem encountered. Swallowing problems 
are present at the onset of the disease, and they can 
increase pulmonary pathology, especially because the 
cough is not efficient.

With bilateral paralysis, vocal cords are usually in a 
paramedian position, which may result in inspiratory 
dyspnea. However, phonation is satisfactorily pre-
served. Classic modes of treatment for bilateral paraly-
sis are aimed at enlarging the glottis (described in other 
chapters); unpredictable hoarseness and some lack of 
protective closure result with some of the treatment 
modalities. Laryngeal reinnervation can theoretically 
solve these problems.

Laryngeal reinnervation is not a new idea, but it is a 
challenging option. Numbers of animal experiments 
have been performed in the past, but human applica-
tions have been limited. We present techniques that 
have had substantial clinical application. Nevertheless, 
some of them have not been used extensively and must 
be compared to passive palliative techniques.
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Core Messages

Trunk-to-trunk anastomosis of a recurrent ››
laryngeal nerve (RLN) does not allow recov-
ery of vocal cord mobility.
Vocal cord mobility is not necessary to achieve ››
good voice results.
Nonselective reinnervation is the optimal treat-››
ment of unilateral RLN lesion. It can be per-
formed at the time of the injury, or it can be 
delayed.
Dissection of the distal portion of the RLN is ››
always possible by the retrograde intralaryn-
geal approach.
Ansa hypoglossi- to-RLN anastomosis is the ››
optimal technique for unilateral vocal cord 
paralysis.
Nerve transfers have to be long enough to follow ››
the laryngeal movements during swallowing.
Superior laryngeal nerve (SLN) lesions can be ››
sutured with good recovery of laryngeal sen
sation.
In bilateral RLN lesion, with vocal cord in ››
adductory position, treatments must respect 
the vocal cord integrity.
New techniques of bilateral motor selective ››
reinnervation of the larynx should be consid-
ered only in cases when the arytenoids remain 
passively mobile.

Phrenic nerve is the optimal nerve supply for ››
posterior cricoarytenoid muscle reinnervation. 
Preservation of some of its roots can spare 
some diaphragm innervation and function.



280	 J.-P. Marie

16.2 � Anatomical Landmarks 
and Prerequisites

The intrinsic laryngeal muscles, with the exception of 
the cricothyroid (CT) muscle, are all innervated by 
the recurrent laryngeal nerve (RLN). The cricothyroid 
muscle is innervated by the external branch of the 
superior laryngeal nerve (SLN). The RLN and SLN 
are both branches of the vagus nerve. After a thoracic 
or cervical route, the RLN enters the larynx. It always 
proceeds posteromedially to the cricothyroid joint, 
which is an important landmark for its identification. 
Intralaryngeally, it divides into its motor branches. 
Roughly, the posteromedial bundle runs to the poste-
rior cricoarytenoid muscle (PCA) and the inter-
arytenoid muscles. The anteromedial bundle (adductor 
branch) innervates the remaining intrinsic laryngeal 
muscles with the exception of the cricothyroid mus-
cle. One branch of the RLN, usually branching extral-
aryngeally forms a junction with the SLN (the ansa 
galeni). The precise intralaryngeal anatomy is vari-
able and has been studied by several authors [28, 38, 
53, 59]. The intralaryngeal RLN branch for the PCA 
is sometimes unique and sometimes multiple, origi-
nating from the common branch of the adductor mus-
cles. The main trunk of the RLN carries motor fibers 
to both the intrinsic laryngeal adductor and abductor 
muscles and contains 500–1000 myelinated nerve 
fibers. The ratio of adductor and abductor fibers is 
approximately 3:1.

The intraneural structure of the RLN forms no topo-
graphical separation of the adductor and abductor 
fibers. Sunderland and Swaney, in serial sections from 
humans, found a constantly changing pattern with fre-
quent communication between fascicles [63]. This 
plexifom disposition of the axons inside the nerve 
trunk explains the failure of direct nerve anastomosis: 
misdirected regeneration of the axons to the antagonist 
muscles (synkinesis) and subsequent lack of recovery 
of the vocal cord mobility.

The motor units of the adductor muscles are small 
and have 2–20 muscle fibers per motor unit; and the 
muscle fibers have mainly fast contraction times. The 
abductor muscle (PCA) has much larger motor units, 
with 200–250 muscles fibers per motor unit; these are 
mainly fibers with a slower contraction time. Char
acteristics of a muscle fiber (fast or slow contraction 
time) are determined by the axonal supply and can 
change if a new nerve supply is provided.

Nerve lesions, if not too severe, have a strong ten-
dency to recover. It is particularly important for the RLN. 
Several experimental studies have shown nerve regrowth 
through an interrupted RLN [27, 39]. However, synkine-
sis explains why the vocal cord remains immobile.

The position of the paralyzed vocal cord (median or 
lateral position with subsequent symptoms) has been 
the subject of a number of articles. Cricothyroid resid-
ual innervation has been thought to play a role. Residual 
(or recovered) laryngeal innervation is probably the 
main explanation [78, 79]. Consequently, the greater 
the residual nerve supply, the more trophic is the hemi-
larynx, with a vocal cord in a median position allowing 
effective contralateral vocal cord contact and good 
voice [4]. In other words, preservation (or recovery) of 
the viscoelasticity of the larynx is suitable for optimal 
voice results. This is a strong justification for laryngeal 
reinnervation. Moreover, no glottis scar is performed.

Some additional concepts must be understood 
regarding laryngeal reinnervation [17]. First, a nerve 
lesion stimulates axonal sprouting in the vicinity of the 
injured muscle. On the other hand, axon-sprouting 
inhibitor factor is normally found in innervated mus-
cle. Moreover, an innervated muscle does not accept 
additional innervation unless the original or the sup-
plying nerve is injured. For that reason, at the time of a 
reinnervation procedure, it is necessary to remove the 
spontaneously recovered innervation.

Biochemical properties of a reinnervated muscle are 
determined by the nerve transfer. For this reason, the 
phrenic nerve, with slow contraction fibers and firing in 
inspiration, is an ideal nerve graft for PCA reinnervation.

Denervation atrophy hinders reinnervation. Spon
taneous reinnervation by nerves coming from the 
vicinity or regenerated laryngeal nerves prevent severe 
denervation atrophy for a long time (and might induce 
some synkinesis). For these reasons, reinnervation can 
be proposed some years after laryngeal nerve lesions if 
arycricoid ankylosis (a rare occurrence in our experi-
ence) has not occurred.

Surgical reinnervation of the larynx can be performed 
with various surgical techniques: nerve anastomosis or 
implantation of a nerve end or nerve muscle pedicle 
(NMP) into a recipient muscle to allow regenerating 
axons to grow and reinnervate the laryngeal muscles.

Laryngeal reinnervation can be either nonselective 
or selective. Nonselective reinnervation comprises 
anastomosis to the main stem of the RLN, leading to 
reinnervation of both the abductor and adductor 
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muscle groups. It can be performed at the time of an 
acute nerve injury or for chronic vocal cord paralysis. 
It is carried out on unilateral lesions. With selective 
reinnervation, the abductor and/or adductor muscles 
are separately reinnervated, with the main goal of vocal 
cord mobility rehabilitation. (It is essential to enlarge 
the glottis in the presence of bilateral vocal cord 
paralysis.)

Properties of the donor nerve have to be highly simi-
lar to the original nerve, having the same function, mainly 
for selective functional reinnervation. Phrenic nerve and 
branches of the hypoglossal nerves have these properties. 
However, removal of the donor nerve must be well toler-
ated. Questions exist regarding the phrenic nerve, how-
ever. We will see later under which conditions.

Because the larynx is mobile and is elevated during 
swallowing, the nerve graft must be long enough to 
allow these movements without risk of disruption.

Nerve anastomosis is usually performed as follows: 
An epiperineural technique is used with interrupted 
sutures of 9-0 to 10-0, under amplification (an operat-
ing microscope is the most suitable). Biological glue 
may be used to recover the suture line, to avoid axonal 
escape, but mainly to secure the nerves to the muscles.

16.3 � Nonselective Reinnervation  
(In a Unilateral Nerve Lesion)

16.3.1 � Acute Lesions of the Laryngeal 
Nerves

A common question for the laryngologist is what to do 
in case of acute laryngeal nerve resection. The answer 
is simple: always try to fix it by nerve reconstruction 
during the same operating time.

At the cervical level, injury of the recurrent nerve 
can be induced by laryngeal trauma (cricotracheal 
desinsertion) or thyroid surgery. Nerve resection is 
sometimes performed at the time of thyroid cancer 
resection. Optimal rehabilitation can be obtained by 
nerve anastomosis. A direct anastomosis can be car-
ried out between two stumps of the RLN using a free 
nerve graft if it is necessary to bridge the gap between 
them. If the proximal stump for the RLN cannot be 
found, a neighboring nerve can be used, usually the 
ansa hypoglossi, as described by Crumley [22].

No immediate mobility recovery is observed; neverthe-
less, nonselective reinnervation achieves optimal voice 
results after a 4- to 8-month delay. Temporary improve-
ment can be obtained (while waiting for axonal growth) by 
endoscopic medialization, if possible with resorbable 
material (Gelfoam, fat). A contemporary external medial-
ization is proposed based on the fact that a cervical wound 
gives access to the thyroid ala. The usual problem encoun-
tered is general anesthesia and the presence of the endotra-
cheal tube, decreasing the possibility of voice adjustment.

When the RLN is injured at the thoracic level, 
immediate treatment can be undertaken using immedi-
ate passive medialization and/or reinnervation [80]. 
Medialization, associated with adapted nutrition, is 
useful to prevent aspiration and help cough efficacy, 
which are so important to pulmonary healing.

A vagus nerve lesion at the cervical or thoracic level 
can benefit from the same approach. Moreover, a vagus 
nerve lesion at the skull base or intracranial level 
induces vocal cord paralysis (often in a lateral posi-
tion) and sensitive denervation of the homolateral 
hemilarynx. The risk of aspiration is high and justifies 
an early reconstructive method.

Laryngeal closure can be corrected by a vagus-to-
vagus anastomosis, or ansa-to-RLN anastomosis.

Sensitive rehabilitation can be done, in some favor-
able cases, with an SLN anastomosis (directly or using 
a free nerve graft). A new attitude can even be proposed, 
adapted from our animal experiments: anastomosis to a 
sensitive nerve, the superficial cervical plexus [6].

In some rare cases, at the time of injury, division of 
the recurrent nerve can be followed inside the larynx. 
Selective anastomosis can be attempted, although 
functional results are not always achieved (H. Ganz, 
personal communication: 2008).

16.3.1.1  Results

Few results of acute reinnervation by RLN neurorraphy 
alone are reported. No return of motion is expected. 
Chou et al. reported significant improvement in eight 
patients with primarily repair of the RLN compared with 
four similar patients who did not undergo repair but who 
later required thyroplasty [11]. Other authors have shown 
an interest in acute neurorraphy of the RLN whatever the 
technique performed (direct neurorraphy, graft interposi-
tion, or ansa RLN) [52, 80]. Crumley, to avoid synkine-
sis, recommended the ansa RLN in these situations [20].



282	 J.-P. Marie

Time elapsed until recovery depends on the distance 
the axons have to travel. For instance, during cervical 
schwannoma surgery, vagus nerve removal reconstructed 
with a free interposition nerve graft can achieve reinner-
vation within 12 months. An ansa hypoglossi technique 
would have produced faster results (within 4 months).

In our department, we always recommend recon-
struction of the nerve supply at the time of nerve resec-
tion if possible.

16.3.2 � Reinnervation of Chronic 
Unilateral Vocal Cord Paralysis

16.3.2.1 � Lesions of the Inferior Laryngeal Nerve 
(Recurrent Nerve Paralysis)

General Indications

Reinnervation is indicated:

When the nerve lesion is severe, either by known resec-•	
tion, or when the time elapsed has not demonstrated 
any functional and electrophysiological recovery.
When an optimal voice result is required (voice •	
professionals).
When delay before recovery can be expected.•	
When the functional handicap is mainly •	 dysphonia, 
with a breathy voice, or diplophonia induced by lack 
of adduction of the vocal cord.

Recent lesions (less than 3 years) are preferred to old 
lesions; however, poor residual innervation preserves 
trophicity and allows successful reinnervation. A recur-
rent nerve lesion at the entrance of the larynx is not a 
contraindication. An intralaryngeal retrograde dissection 
can easily be done. Reinnervation can be completed by 
passive medialization while awaiting axonal regrowth.

No recovery of the mobility is expected. However, 
there is improved trophicity of the ipsilateral larynx, 
allowing better approximation of the contralateral 
healthy vocal cord in phonation. Passive mobility of 
the arytenoid is not required.

Preoperative Assessment

The previous medical history should be carefully 
assessed, specifically the previous operation report with 
a description of the recurrent nerve lesions (severity, 

level) and the extent of the neck dissection (to anticipate 
the status of the potentially nerve grafts). Physical exam-
ination can verify the lack of vocal cord scars and the 
integrity of the other cranial nerves. Previous radiother-
apy and/or severe neck fibrosis adds some difficulty.

Because the technique of reinnervation usually 
requires recurrent nerve resection, it is necessary to 
make sure via laryngeal electromyography (EMG) that 
only poor or no residual innervation remains in the 
intrinsic laryngeal muscles. A severe neurogenic pattern 
or fibrillation potentials are the most suitable traces. On 
the contrary, fair enrichment in phonation means good 
residual innervation and precludes a good functional 
result (reinnervation does not improve the result).

Certain preoperative voice assessments are required: 
questionnaires (VHI 100 or 10, or others), voice record
ings for perceptual analysis and future comparisons 
(and medicolegal reasons), computerized analysis, and 
videoscopy imaging.

Surgical Technique 
(Including Specific Recommendations)

1.  Ansa Cervicalis-to-RLN Anastomosis (“Ansa 
Technique”) Described by Crumley

The ansa-cervicalis-to-RLN anastomosis is today the 
most frequently used technique [21, 23, 25, 43]. A 
homolateral horizontal incision is made in a skin crease 
at about the level of the lower edge of the cricoid carti-
lage. The platysma muscle is then incised followed by 
prudent incision of the sternocleidomastoid muscle fas-
cia, watching for the ansa cervicalis. The ansa can usu-
ally be found traversing the jugular vein; it can also be 
located by careful examination of the posterior aspect 
of the omohyoid or sternohyoid muscles. Once identi-
fied, the nerve is dissected proximally to the lateral edge 
of the jugular vein and distally into the strap muscles 
(electrical stimulation of the nerve can be performed for 
confirmation). No specific branch is chosen.

The RLN is identified next. In cases of an intact cervi-
cal area (e.g., when the RLN lesion was produced by a 
thoracic lesion), the RLN can be identified inferior to the 
thyroid gland and dissected superiorly. With more fre-
quent cases of cervical injury, a retrograde dissection can 
be performed. A single hook is placed around the poste-
rior part of the thyroid cartilage, permitting its rotation. 
The RLN is found behind the cricothyroid joint, entering 
the larynx. If a scar is present in a previously dissected 
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region, the possible site of the RLN lesion, careful sec-
tion of the inferior constrictor muscle is performed, 
allowing dissection in an usually intact area. The RLN 
trunk (which must be differentiated from the Galen anas-
tomosis) is then dissected several centimeters inferiorly.

Before either nerve is divided, it is necessary to verify 
that there is enough length to allow a tension-free anasto-
mosis. Moreover, the ascending movement of the larynx 
during swallowing must be anticipated. The ansa is cut at 
the point where the diameter is similar to that RLN.

End-to-end anastomosis is performed using stan-
dard microsurgical techniques, under magnification. 
After frank section of the nerves, the extremities are 
prepared by resecting the axonal excess. The epineu-
rium is preserved. Epiperineural anastomosis is per-
formed using four to six sutures of 9/0. The anastomosis 
can be protected and stabilized by biological glue or a 
surrounding vein fragment. Closure is conventional.

2.  XII-Recurrent Anastomosis as Described by 
Paniello

Paniello has reported a technique of unilateral nonselec-
tive reinnervation using the hypoglossal nerve trunk, as it 
is performed during facial rehabilitation with skull base 
surgery. The procedure is similar except that more length 
of the RLN is required to reach the hypoglossal nerve 
[56–58]. The section of the hypoglossal nerve is performed 
distally to ensure that the anastomosis is carried out with-
out tension; a nerve graft to obtain adequate length can be 
used, but the advantage in terms of axonal supply is prob-
ably not better than that with the ansa RLN technique.

The apparent incongruence between two nerves is 
not a problem microscopically because much of the 
hypoglossal nerve diameter is constituted of nonneural 
material that should be removed. Neural anastomosis 
and closure are performed as described above.

3.  Nerve-Muscle Pedicle Implantation of Tucker

Having introduced the nerve muscle pedicle (NMP) 
technique implantation for posterior cricoarytenoid 
reinnervation for bilateral vocal cord paralysis (see 
below), Tucker applied this technique to adductor mus-
cle reinnervation [65, 73] (Fig. 16.1). The omohyoid 
muscle nerve supply is used, assuming that strap mus-
cles contract in phonation during pitch control.

This technique can be performed in cases in which 
the RLN cannot be found. Nevertheless, we have 
observed that a retrograde dissection is always possible.

The incision is performed horizontally in regard to 
the cricothyroid cartilage area. A block of omohyoid 
muscle is dissected and mobilized with the nerve sup-
ply (a branch from the hypoglossal nerve). The strap 
muscles are then retracted and mobilized to expose the 
thyroid cartilage (as for thyroplasty). A posteriorly 
based perichondrial flap is created (Fig. 16.1). A block 
of cartilage is removed with the Striker saw (or the fis-
sure burr) from the lower 50% of the thyroid ala so an 
intact posterior and inferior strut of cartilage is left 
intact. Having incised the internal perichondrium, the 
fibers of the lateral thyroarytenoid muscle are exposed. 
The NMP pedicle is approximated to this muscle and 
sutured in place with two or three 5/0 nylon sutures. 
The wound is closed in a normal fashion.

4.  Combinations

Reinnervation techniques can be performed in addition 
to medialization techniques. This was proposed by 
Tucker, who demonstrated that the long-term results 
after thyroplasty were not particularly good owing to 
supposed muscular atrophy [71, 72].

The ansa-RLN technique can be combined with 
arytenoid adduction [10].

5.  Reinnervation for Unilateral Vocal Cord Paralysis 
in Children

In children, reinnervation can be performed with ansa-
RLN technique and nerve muscle adductor implanta-
tion [69]. A combination of medialization techniques 
and reinnervation can be performed (thyroplasty or 
arytenoid adduction [10]).

Recommendations for Follow-Up  
(Postoperative Care)

The cervical wound is managed in a routine fashion. 
No antibiotic prophylaxis is required. Voice rest is 
unnecessary. With unilateral RLN reinnervation, the 
acute nerve denervation can induce some aspiration 
during the first few days, as does the first recurrent 
nerve lesion. Nasogastric feeding is recommended fol-
lowed by education and thickening of the food, espe-
cially the liquids.

Even if a retrograde intralaryngeal dissection of the 
RLN has been carried out, no hematoma or excessive 
laryngeal edema has been observed in our experience. 
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Consequently, no dyspnea is observed, even if additional 
passive medialization is performed at the same time.

Alteration of the voice can be observed for the next 
few weeks, which is a consequence of removing some 
of the remaining innervation of the hemilarynx. 
Usually resection of the RLN is performed in cases of 
severe larynx denervation.

Voice improvement is not observed before 4 months 
and can be expected at 8–9 months, depending on the 
length of the denervation, the age of the patient, and 
the use of an elongation graft. The patients must be 
previously informed of that situation. Temporary medi-
alization can be performed at the time of surgery, while 

awaiting the efficacy of reinnervation, by Gelfoam 
paste (or fat injection, in our experience).

Results

Ansa-RLN Technique of Crumley

Crumley has published good phonatory results based on 
large series [19, 22, 23, 25], and other authors have 
shown similar good results [36, 55]. We have had expe-
rience with this technique for more than 5 years, and the 
results are consistently excellent with a normal voice. 
Long-term results are excellent, without degradation. 

Fig. 16.1.  Reinnervation of the adductor muscles by the nerve-
muscle pedicle (NMP) technique of Tucker [65, 73] (for unilat-
eral vocal cord paralysis). (a) Isolation of a branch of the ansa 
hypoglossi to the omohyoid muscle. (b) Posteriorly based thy-

roid cartilage perichondrial graft. (c) Removal of cartilage to 
expose adductor muscles. (d) Insertion of a nerve-muscle pedi-
cle into adductor muscles. (e) Closure of thyroid perichondrium
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The technique can be used in case of RLN resection dur-
ing thyroid oncological surgery or thoracic surgery. 
Retrograde dissection is always possible. EMG evidence 
of reinnervation has been achieved in all cases [43].

Personal assessment, built on our ongoing experi-
ence, is that this technique provides optimal long-term 
results—better than with any other medialization tech-
nique. However, a prospective randomized evaluation 
is still lacking.

Hypoglossal Nerve-RLN Technique of Paniello

Paniello studied the morbidity induced by hypoglossal 
nerve temporarily paralysis [56, 57] and found no major 
problem with articulation or aspiration in this condition 
or in reinnervated patients. However, because the 
results are usually excellent with the ansa-RLN tech-
nique, the hypoglossal nerve-RLN method is a second 
option to be undertaken in cases where the ansa cannot 
be used. We think that unfavorable synkinesis is induced 
by such a large amount of regenerated axons [18, 24].

Nerve-Muscle Pedicle Implantation of Tucker

Among the 31 cases reported by Tucker [35, 73], some 
degree of adduction recovery was observed 2–18 
weeks postoperatively. In 12 cases, there was synchro-
nous adductor function and tensing of the vocal cord 
during phonation efforts. Voice was good in 27 cases. 
In four cases, additional Teflon injection was needed to 
achieve a better voice. No comparative evaluation of 
these different techniques was performed.

Combination

Combinated techniques can achieve good long-term 
results of medialization or arytenoid adduction with 
immediate improvement [10, 72]. Finally, no compari-
son between these reinnervation techniques has been 
published.

16.3.2.2  Superior Laryngeal Nerve Lesions

The superior laryngeal nerve (SLN) is responsible of the 
sensitive innervation of the supraglottis area by the inter-
nal branch (iSLN); its external branch supplies the cri-
cothyroid muscle. It can be injured at a high level, during 
skull base surgery for instance, with an associating sen-
sitive deficit and motor paralysis of all the intrinsic 

laryngeal muscles in the ispsilateral side, resulting in 
vocal cord paralysis in an abductory position with 
breathy voice and aspiration (increased by a lack of pha-
ryngeal propulsion). More often, the external branch of 
an SLN lesion can result as a complication of thyroid 
surgery or from a viral isolated disease.

Lesions of the External (Cricoid) Branch of the SLN

Often misdiagnosed is the patient who presents with 
mild dysphonia that becomes worse with pitch control. 
EMG of the cricothyroid (CT) muscle confirms the 
diagnosis.

Spontaneous recovery or speech therapy effects must 
be achieved before surgery. In addition to the framework 
surgery technique (cricothyroid aproximation, thyro-
plasty), some reinnervation can be proposed.

El-Kashlan used the muscle-nerve-muscle reinner-
vation technique with success [30], as described in cats 
by Hogikyan [33]. The principle is to implant a free 
nerve graft in a donor muscle (here the CT muscle) and 
to implant the other stump in the receptor denervated 
muscle. Some reinnervation can be achieved verified 
by electrical stimulation of the contralateral side.

Crumley used the contralateral ansa hypoglossi to 
reinnervate a CT muscle (combined with homolateral 
RLN nonselective reinnervation by the ansa) for reha-
bilitation of a high-level vagus lesion.

Lesions of the Internal Branch of the SLN

A lesion of the SLN internal branch may produce some 
aspiration, mainly if it is associated with a motor nerve, 
such as vagus nerve denervation. Sensory deficit can 
result also from stroke and can induce some severe 
aspiration problems. The diagnosis can be confirmed 
by fibroscopic sensory tests, which test the ability of 
the patient to feel air pressure or fibroscope tip contact. 
Cases of failure of swallowing reeducation can be cor-
rected by reinnervation.

Animal experiments in dogs [5] and rabbits by our 
research team [6], have demonstrated the feasibility of 
laryngeal sensory reinnervation by direct iSLN anasto-
mosis or other nerve transfers, primarily with the great 
auricular nerve (GAN). This type of neurorraphy with 
the GAN was reported by Aviv et al. to be successful 
in two patients [1].
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16.3.2.3  Vagus Nerve Lesion

A vagus nerve lesion can be created at the time of 
schwannoma or vagus paraganglioma removal. A free 
nerve graft is usually required to bridge the gap 
between the two nerve stumps. The superficial cervical 
plexus (great auricular nerve) can be easily used, har-
vested even from the same wound, often by a separate 
incision placed below the external ear. A 5- to 7-cm 
portion can be harvested if the nerve is followed up to 
the parotid gland. Sensory sequelae are slight.

However, the longer the nerve graft required, the 
longer time is needed for recovery and probably the 
axonal escape. For that reason, this technique has to be 
performed in contrast to nonselective reinnervation, as 
described above.

With a high-level vagus nerve lesion (skull base or 
brain stem lesion), cricothyroid and sensory denervation 
is observed. The combination of RLN reinnervation and 
external and internal laryngeal nerve reinnervation can 
be proposed using the above-mentioned techniques. 
Combination with passive medialization techniques can 
also prevent severe aspiration while awaiting recovery 
of the nerve supply. Currently, we have no experience 
with this surgical procedure.

16.4 � Selective Motor Reinnervation 
(Bilateral Nerve Lesion)

Selective reinnervation is defined as reinnervation of 
one or several groups of muscles dedicated to a function 
of adduction or abduction. The ultimate goal of selec-
tive reinnervation is recovery of vocal cord mobility.

In cases of bilateral RLN paralysis, or synkinesis, 
the vocal cords are usually immobile in a paramedian 
position, with dyspnea but fairly good voice. The main 
problem is then to recover the abductive function.

A number of animal experiments have been con-
ducted with some success. The principle was to bring a 
motor supply with an inspiratory trigger to the abductor 
muscle—the posterior cricoarytenoid muscle (PCA)—
often unilaterally but sometimes bilaterally. The motor 
nerve supply was either branches from the hypoglossal 
nerve or roots or the main trunk of the phrenic nerve.

The reinnervation was performed by one of three tech-
niques: nerve implantation into the muscle, nerve-muscle 
pedicle implantation, or selective nerve anastomosis. 

A combination of methods can be performed, and 
selective simultaneous reinnervation of both adductors 
and abductors can be done on one or both sides [39].

We consider here only the techniques used in 
humans. Indications, techniques, follow-up, and results 
are presented with each technique described.

16.4.1  General Indications

These techniques are usually indicated for bilateral 
vocal cord paralysis in an adductory position. Voice is 
fairly well preserved, but severe dyspnea is present. 
Sometimes a tracheostomy has been carried out. 
Reinnervation, the aim of which is to preserve an opti-
mal voice, can be considered only if no previous laryn-
geal surgical treatment has been performed, and no 
scar alters the capacity of vocal cord mucosal vibra-
tion. Passive mobility of the arytenoid should be pres-
ent. The time elapsed between onset of the paralysis 
and reinnervation does not appear critical if residual 
innervation (and usually synkinesis) can be demon-

strated on EMG.

16.4.2  Specific Assessment

The usual phoniatric assessment with voice recording 
and videolaryngoscopy should be performed. EMG is 
critical for evaluating the remaining innervation of the 
laryngeal muscles as well as the lack of atrophy. 
Arytenoid palpation is also crucial for verification, at 
least at the time of reinnervation surgery. Temporary 
tracheostomy must be done, especially when bilateral 
vocal cord reinnervation is performed.

16.4.3  Surgical Techniques

16.4.3.1 � Nerve-Muscle Pedicle  
with the Ansa Hypoglossi

The nerve-muscle pedicle technique described by Tucker 
et al. using an ansa hypoglossi nerve supply was origi-
nally intended to be used as a means for reinnervating the 
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transplanted larynx [64, 74] (Fig. 16.2). It has since been 
modified and used for reinnervation of bilaterally para-
lyzed vocal cords in humans [67, 68, 70]. The method 
was thought to be able to achieve some reinnervation 
rapidly. Adductor reinnervation was not performed 
because of the tendency of the vocal cords to return to the 
paramedian position when not actively abducted [35]. 
Surgery was performed on one side alone.

Technique

A skin incision is made at the lower border of the thyroid 
cartilage followed by incision of the platysma and identi-
fication of the sternocleidomastoid muscle. The anterior 

belly of the omohyoid muscle and the jugular vein are 
identified. The ansa hypoglossi can usually be seen lying 
on or crossing the internal jugular vein. The fascia overly-
ing the ansa hypoglossi is carefully incised, and the nerve 
is traced proximally and distally to the first major branch, 
which is usually the one to the anterior belly of the 
omohyoid. A 2- to 3-mm square block of muscle, just 
large enough to include the point of entry and arboriza-
tion of the nerve, is dissected from the omohyoid. The 
nerve-muscle pedicle is then isolated for a sufficient 
length to reach the larynx. The inferior constrictor muscle 
is then exposed. Blunt dissection and exposure of the 
PCA, whose fibers pass at right angle to those of the infe-
rior constrictor, is performed. Two or three 5-0 nylon 
sutures are placed in the posterior cricoarytenoid muscle 

Fig. 16.2.  Laryngeal reinnervation of the posterior cricoary
tenoid muscle (PCA) by the NMP technique of Tucker [64, 66, 
68, 74] (for bilateral vocal cord paralysis). (a) Isolation of a 
branch of the ansa hypoglossi to the omohyoid muscle. 

(b)  Dissection of the ansa terminating fibers. (c) Separation of 
inferior constrictor muscle fibers and exposition of the piriform 
sinus. (d) Exposure of the PCA. (e) Incision of the PCA. (f) 
Insertion of a nerve-muscle pedicle into the PCA
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and then sutured to the block of muscle that is part of the 
nerve-muscle pedicle (Fig. 16.2). The wound is closed in 
the usual fashion after insertion of a small Penrose drain. 
Postoperatively, the patient may be fed the next morning. 
No antibiotics are necessary.

Results

Tucker has reported a series of 214 patients with a 
nerve-muscle pedicle to treat bilateral vocal cord paral-
ysis. Long-term success has been achieved in 74% of 
these patients. Deterioration was observed in 17% of 
these cases 2–5 years later (due to cricoarytenoid anky-
losis) [70]. Similar success was not reported by other 
authors, and the technique is not done today. Main 
criticisms were the lack of active abduction of the 
arytenoid and the lack of EMG inspiratory activation. 
The procedure was thought to have some efficacy more 
by passive lateralization induced by the PCA scar than 
by efficient reinnervation [17]. Moreover, omohyoid 
and ansa activation during airway obstruction and 
hypoxia induces self-limitation to its action.

16.4.3.2 � Selective Reinnervation Using  
the Phrenic Nerve

The phrenic nerve is able to produce inspiratory firing 
to reinnervated muscles and was considered an ideal 
nerve transfer for PCA reinnervation. Unilateral phrenic 

nerve resection was considered to be well tolerated and 
was used in the past for neurorraphy of the facial nerve 
or brachial plexus. Some effort was exerted to preserve 
some nerve supply to the diaphragm.

Animal experiments and human application were 
performed by Crumley with the split phrenic nerve 
graft PCA reinnervation [14, 15, 26] (Fig. 16.3). The 
phrenic nerve is incised longitudinally on part of the 
circumference, and a free nerve graft is then anastomo-
sed to this harvested portion. The recurrent nerve trunk 
is sectioned to remove the residual innervation of the 
larynx and stimulate the muscle to accept new innerva-
tion. The distal part of the nerve graft is anastomosed 
to the tiny abductor branch of the RLN inside the lar-
ynx (Fig. 16.3).

Good results were observed in animals. The first 
human results were presented in 1983 [15]. Some 
improvement in glottis diameter was observed, but 
there was no active arytenoid abduction.

Some variations of that technique were used in ani-
mals and were described by Rice [61], Mahieu [37], 
and van Lith-Bijl [75, 77]. They performed an extrala-
ryngeal anastomosis of the phrenic nerve; and inside 
the larynx, they sectioned the adductor branch and 
implanted it inside the PCA, guiding all the axons to 
that muscle.

Later, Crumley [16], van Lith-Bijl [76], and Marie 
[40] developed some selective simultaneous reinnerva-
tion of adductor muscles (with the ansa) and abductor 
muscle (with the phrenic nerve graft) in animals, with 
some success.

Fig. 16.3.  Split phrenic nerve 
graft procedure of Crumley [15, 
26] (for bilateral vocal cord 
paralysis). Inspiratory phrenic 
nerve fibers are connected to 
the abductor branch of the 
recurrent laryngeal nerve 
(RLN) (for the PCA), through a 
free nerve graft

RLN abductor branch

Free nerve graft

Recurrent laryngeal n.
transected

Phrenic n.

Galen’s anastomosis

RLN adductor division
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Bilateral PCA reinnervation was performed in 
humans by Zheng at al. [83]: on one side by phrenic 
nerve neurotization (anastomosis of the RLN trunk and 
implantation of the proximal cut adductor branch of the 
RLN in the PCA; on the contralateral side by the nerve-
muscle pedicle technique with the ansa. Arytenoid 
abduction was observed in five of six patients only on 
the phrenic nerve reinnervation side.

16.4.3.3 � Bilateral selective motor reinnervation 
of adductor and abductor laryngeal 
muscles (total motor reinnervation)

We have previously obtained successful results in 
dogs with unilateral selective reinnervation of both 
adductor and abductor muscles using, respectively, the 
ansa hypoglossi and the phrenic nerve [40]. To apply 
this technique in humans, we first studied the effects 
of partial phrenic nerve resection on the respiration of 
rabbits and dogs and demonstrated that resection of the 
upper phrenic nerve root had a slight effect on respira-
tion [45, 49–51]. Later, we studied the possibilities of 
bilateral PCA reinnervation to improve the glottis 
opening, finally performing total motor reinnervation 
of the larynx [39, 41] (Fig. 16.4).

We showed that the results were better with a small 
number of axons for both PCAs provided by just one 
root from one phrenic nerve [39]. Contemporary rein-
nervation of adductors by the thyroid branch of both 
hypoglossal nerves can achieve an optimal supply [46]. 
The technique can be used in a delayed manner, even in 
cases of synkinesis [42]. Therefore, we were prompted 
to begin a clinical prospective trial in humans. Having 
the Hospital’s Ethical Committee approval and grants, 
we started the study in 2003. Today, 12 patients have 
undergone bilateral motor reinnervation with this 
technique.

Indication

The indications for this operation start with bilateral 
vocal cord paralysis in a paramedian position and dys-
pnea. Then, the delay since of the start of the paralysis 
is either (1) short but without signs of recovery or mus-
cle atrophy, or (2) longer and synkinesis is present 
(clinical and EMG diagnosis) without cricoarytenoid 
ankylosis. No previous laryngeal surgery must have 
been done, except tracheostomy or botulinum toxin 
injection (no scar on the vocal cord). Intact pulmonary 
function must be verified. Transient tracheostomy at 
the time of surgery is required.

Technique

Tracheostomy is accomplished via a prior incision (usu-
ally a low neck horizontal scar after thyroidectomy). 
Horizontal cervicotomy is performed at the level of the 
cricothyroid membrane (Fig. 16.4).

Nerves Identification

Right phrenic nerve dissection (convenient for right-
handed surgeons) preserves the left diaphragm in case 
of aspiration and right lung atelectasis. It is prudent to 
identify the root distribution. The upper phrenic nerve 
root is used. The length is variable, sometimes no more 
than 2 cm, and necessitates harvesting a free nerve graft 
to elongate it. The free nerve graft can be provided by 
the superficial cervical plexus—great auricular nerve 
(GAN). The GAN can be harvested until the point of 
intraparotid branching: it will be used as (1) a Y-shaped 
nerve graft for both PCA implantation, and (2) inter

Fig. 16.4.  Total motor reinnervation of the larynx. (a) Both poste-
rior PCA muscles reinnervation by the upper root of one phrenic 
nerve. (b) Both adductor muscles reinnervation by thyrohyoid 
branches of both hypoglossal nerves [39, 41, 42, 47, 48] (for bilat-
eral vocal cord paralysis)
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position between different transplants if necessary. 
Alternatively, a sural nerve graft or some branches from 
the ansa can be used as interposition nerve grafts.

The next step is right and left dissection of the thy-
rohyoid branch of the hypoglossal nerves (TH XII), 
which is found at the upper part of the anterior face of 
the thyrohyoid muscle (coming from the hypoglossal 
nerve, close to the hyoid bone, and anterior to the ansa).

Intralaryngeal dissection of the RLN branches is 
next. Hook on the posterior part of the thyroid ala, 
rotate the larynx, and identify the cricothyroid joint. 
Section the inferior constrictor just behind the joint: 
The RLN distribution can be immediately found. If 
possible, identify the RLN branch for the PCA, which 
is not always possible (in some cases, it originates 
from a common branch of the interarytenoid or from 
the adductor branch). A retrocricoid tunnel is then eas-
ily created between PCA muscles and pharyngeal tube, 
for the next part of the procedure.

Anastomosis

Two situations regarding identification of the RLN 
branch for the PCA and careful dissection at the lateral 
part of the PCA muscle are addressed.

•	 If the PCA branch is found: The anastomosis is per-
formed between the upper phrenic nerve root and the 
ipsilateral RLN trunk (some interposition nerve graft 
should be required). Section the adductor branch of 
the RLN inside the larynx, and anastomose the prox-
imal stump of the adductor branch to an interposition 
retrocricoid free nerve graft, going to the contralat-
eral side (Fig. 16.4). On the contralateral side, if pos-
sible, anastomose the nerve graft to the PCA branch 
if the diameters of the stumps are similar; if not, sec-
tion the RLN trunk and anastomose it to the inter-
position retrocricoid nerve graft. Then section the 
adductor branch the proximal end of which will be 
implanted inside the PCA. Ensure upper transposi-
tion of the distal part of the adductor branches of the 
RLN to be anastomosed with the TH XII on both 
sides. An interposition nerve graft is usually used to 
avoid tension, particularly during swallowing.

•	 If the PCA branch is not found: It is more conve-
nient to use a Y-shaped interposition nerve graft in a 
retrocricoid position. Perform direct implantation 
inside the PCA of the distal part of one branch of 
the Y-shaped nerve graft (secured with thread and 

biological glue). Perform retrocricoid passage of the 
free nerve graft to the contralateral side. Implant it 
inside the contralateral PCA in the same manner.

Perform low section of the RLN trunks if possible (dis-
tal to the previous RLN lesion). There should be trans-
position to the upper part and anastomosis to TH XII 
on both sides. The final step is the anastomosis between 
the upper phrenic nerve root and the interposition 
nerve graft, to bring the inspiratory axonal supply to 
the PCA muscles. Tunneling between the jugular vein 
and carotid artery can be done for shorten distances. 
Anastomoses are performed under an operating micro-
scope, with epiperineural technique and 9/0 or 10/0 
thread usually surrounded by biological glue.

Follow-Up

Aspiration is present for the next first days after sur-
gery, increased by neck and laryngeal dissection. The 
gastric feeding tube and tracheostomy can be removed 
within 10 days after surgery. Resection of the RLN 
removes the paradoxical adduction during inspiration 
and usually decreases laryngeal resistance. Voice 
recovery and improved ventilation should start within 
6 months after the procedure.

Results

Twelve patients were operated on (ten adults and two 
children). Ten cases were postthyroidectomy and 
two  were of congenital origin. The results indicated 
decreased dyspnea in four of six evaluable patients. 
Three of the six have active arytenoid abduction. All are 
decannulated, one after arytenoidectomy. All have an 
improved voice [48].

16.4.4 � Reinnervation of Bilateral Vocal 
Cord Paralysis in Children

Tucker has reported reinnervation by ansa cervicalis 
nerve-muscle pedicle transfer to the posterior cri-
coarytenoid muscle (above-mentioned procedure in 
adults) with some success: 50% decannulation rate in 
children following this procedure in 9 of 18 tracheos-
tomized children under 5 years of age [69]. Some other 



16  Nerve Reconstruction	 291

teams have published the same success with that tech-
nique performed in a fewer number of children [31, 
54]. Failures were attributed to alteration of the passive 
arytenoid mobility.

We performed bilateral selective reinnervation of 
abductor and adductor muscles with upper phrenic 
nerve roots (as described above in adults) in three 
young patients: two under 3 years of age and one under 
17 years. Two cases were of congenital origin and 
associated with PCA trophicity and passive arytenoid 
mobility. One was secondary to cervicothoracic 
removal of a lymphangioma, resulting in bilateral RLN 
and left phrenic nerve paralysis.

The first operated patient (the 17-year-old) recov-
ered bilateral active inspiratory abduction of the 
arytenoids with preservation of a normal voice. The 
patient was decannulated [47]. Three years later, he 
was able to play rugby (3 days a week) [48]. One of the 
younger boys has markedly improved with residual 
stridor during intensive efforts. We are currently wait-
ing for the evaluation of the third patient.

16.5 � Other Techniques Active 
on Laryngeal Innervation

We describe some other techniques that contribute to 
modulation of the nerve supply and are used in neuro-
laryngology [32].

16.5.1  Botulinum Toxin

Botulinum toxin has been extensively used for laryn-
geal dystonia. It can also be used to treat laryngeal 
paralysis and to reduce paradoxal vocal cord adduction 
during inspiration [12, 13, 44, 60, 62].

16.5.2 � Laryngeal Denervation-
Reinnervation in Laryngeal 
Dystonia

During the 1970s, Dedo presented the RLN unilateral 
resection for spastic dysphonia [29]. Berke et al. have 
extensive experience of adductor muscle denervation/

reinnervation in long-term, toxin-resistant laryngeal dys-
tonia [3, 9]. Ansa hypoglossi is used to replace the adduc-
tor muscles by intralaryngeal bilateral anastomosis.

16.5.3  Laryngeal Pacing

Introduced by Bergman [2], nerve stimulation was 
directed to the PCA muscles by implantation [34, 82] 
or through nerve transfer [8]. The RLN or vagus nerve 
can be stimulated by a permanent system developed by 
Broniatowsky [7]. Some success was described by 
Zealer et al. in its human application [81].

16.6  Future of Nerve Reconstruction

In the future, the various techniques may be used in 
combination (reinnervation and pacing). Furthermore, 
the contribution of nerve growth factors and stem cells 
will help improve reconstruction of sensation and 
motor function of the human larynx. Functional recov-
ery improvement, immunosuppressive and antimitotic 
drugs will allow to develop the concept of functional 
laryngeal transplantation.

16.7  Tips and Pearls

Laryngeal reinnervation can be considered if no •	
scar from previous surgery is present on the vocal 
cords and there is no severe muscular atrophy (long-
term severe denervation).
With unilateral vocal cord paralysis, the aim of •	
reinnervation is not recovery of vocal cord mobility 
but correction of muscular tonus; nonselective rein-
nervation is mandatory.
Ansa hypoglossi cannot be used in cases of previ-•	
ous extensive neck dissection. Nevertheless, a con-
tralateral ansa can be used in some cases.
The cricothyroid joint is the main landmark for the •	
RLN. A healthy plane for dissection can usually be 
found behind the cricopharyngeal muscle, which is 
the starting point of the retrograde dissection.
Nerve lengths must be adapted to the ascend-•	
ing  movement of the larynx during swallowing. 
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If  necessary, a free nerve graft can be harvested 
from the superficial cervical plexus (great auricular 
nerve) better than branches for the strap muscles.
After reinnervation, voice therapy is mainly aimed •	
at avoiding incorrect use of the larynx.
With bilateral vocal cord paralysis, selective reinner-•	
vation of the PCA on both sides is done, if possible.
Functional reinnervation necessitates integrity of •	
the cricoarytenoid joints.
The phrenic nerve is the most suitable donor nerve •	
for inspiratory nerve supply, even if only one of it’s 
roots can be used.
Removal of the residual innervation is necessary to •	
replace it by functional nerve transfers.
Temporary degradation of the voice is usual until •	
axonal growth is achieved (within 4–9 months).
Aspiration is an usual temporary complication of •	
reinnervation and must be prevented.
Temporary tracheostomy is necessary for bilateral •	
vocal cord reinnervation.
In cases of failure of the reinnervation, conventional •	
treatments can be undertaken.
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17.1  Steroids

Corticosteroids are in wide use in laryngology through-
out Europe. The main goal is to prevent or reduce postex-
tubation stridor by suppressing mucosal inflammation, 
including inhibition of leukocyte migration, maintenance 
of cell membrane integrity, attenuation of lysosome 
release, and reduction of fibroblast proliferation and tis-
sue swelling [1]. A bolus intravenous injection of dex-
amethasone or hydrocortisone 1 hour before extubation 
seems not to prevent laryngeal edema in adults [2, 3]. In 
contrast, a recent study suggests that a single or multiple 
injections of methylprednisolone 6 hours before extuba-
tion can effectively reduce the incidence of postextuba-
tion stridor in critically ill adult patients [4]. The 
discrepancies observed in these previous studies could 
be due to several factors, including age, inclusion crite-
ria, duration of intubation, dose, timing, and length of 
treatment and risk levels of developing stridor.

A treatment with multiple doses of corticosteroids 
has been shown to reduce the incidence of postextuba-
tion airway obstruction in pediatric patients in a well 
designed prospective, double-blind controlled study 
[5]. There are no data with a similar evidence level for 
the adult population. It should be kept in mind that 
most of the studies investigating this topic are not 
focused on laryngological patients.

In case of reconstructive surgery for laryngotracheal 
stenosis, there is a widespread belief that long-term 
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Repeated treatment with cidofovir is under-››
taken at a high cost and possibly with signifi-
cant co-morbidity.

Core Messages

Corticosteroids may prevent laryngeal edema ››
in adults, and they facilitate extubation in the 
pediatric intensive care unit.
Long-term use of corticosteroids is not a con-››
traindication for reconstructive surgery.
Methylprednisolone and dexamethasone are ››
the substances of choice.
The use of fibrin glue is heterogeneous in ››
Europe, although there is no good evidence of 
potential benefits.
During laryngotracheal reconstructive surgery, ››
sealing the suture line has become a de facto 
standard.
Most frequently recommended concentration ››
of mitomycin C is 2 mg/ml. It is given as a 
topical application only, with an exposure time 
of 2–4 minutes.
Mitomycin C has documented efficacy against ››
granulation tissue and synechia formation. It 
is also probably effective in some cases of air-
way stenosis.
Indications for mitomycin C must be carefully ››
considered owing to its possible side effects.
Cidofovir has shown promising results as ››
adjuvant therapy against recurrent respiratory 
papillomatosis. However, there is limited evi-
dence because controlled studies are lacking.
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use of corticosteroids is associated with anastomotic 
complications due to impaired wound healing and 
increased infectious complications. Therefore, there 
has been a policy to attempt to wean patients from cor-
ticosteroids to very low or zero dosage prior to surgery. 
As a result, an operation was either deferred or can-
celed if a significant dosage reduction was not feasible. 
A retrospective study on a large cohort of patients did 
not support this idea [6]. Today, reduced daily corti-
costeroid intake, though still an aim, is not considered 
a prerequisite for reconstructive surgery of a stenosed 
airway in most centers.

For prophylaxis of postoperative swelling of the 
larynx, a single dose of dexamethasone (4–12 mg) or 
methylprednisolone (100–250 mg) seems to be the 
most popular choice among laryngologists and 
anesthiologists.

17.2  Fibrin Glue

Fibrin sealants have been commercially available for 
more than two decades in Europe. However, it was not 
until 1998 that the first fibrin sealant was approved for 
commercial use in the United States.

The working mechanism basically is activation of 
the clotting cascade. In the presence of thrombin, fibrin-
ogen cleaves peptides A and B, leaving a soluble fibrin 
monomer. Factor XIII, which is also activated by throm-
bin, induces fibrin to crosslink covalently and form a 
network of fibrils. Temperature, pH, and fibronectin 
also have a role. The mechanical strength of the fibrin 
matrix is ultimately determined by the relative concen-
tration of fibrinogen, factor XIII, and adhesive proteins 
in the sealant. A high thrombin concentration forms a 
meshwork more rapidly, whereas a higher fibrinogen 
concentration induces a stronger meshwork [7]. The 
commercially available fibrin sealants show different 
characteristics reflecting these differences.

There are few data on the use of fibrin glue in the 
human larynx. Nevertheless, many laryngologists do 
use fibrin sealants for a variety of indications [8]. Current 
indications for use and agent choice are driven mostly 
by surgeon preference, not by scientific evidence.

Most research has focused on hemostasis as the 
main indication. Across the surgical literature topical 
hemostats, sealants, and glues are generally considered 
effective for decreasing blood loss. Wide variation still 

exists in the reported magnitude and efficiency of 
hemostasis, no doubt due to the heterogeneous mixture 
of agents and clinical conditions among studies. In 
some centers, fibrin glue is routinely used after endo-
scopic laser resection of laryngeal carcinoma. However, 
there are no convincing data showing a benefit. Another 
motivation is to create watertight seals by the induc-
tion of tissue adhesion. Many phonosurgeons are using 
fibrin glue to reposition vocal fold epithelium after 
having raised a microflap or during surgery for Reinke’s 
edema. Again, there are no data to support this effect.

During reconstructive surgery for airway stenosis, 
the use of fibrin glue has become a de facto standard. 
The idea is to prevent air leaks, reinforce the suture 
line of an anastomosis, and provide additional stability 
for grafts brought in to enhance the airway lumen.

In the future, there is a potential role for fibrin glue 
to serve as a vehicle for drug delivery. Several unique 
characteristics make fibrin sealants and matrix agents 
suitable for this role, including a predictable pattern of 
biodegradability due to the natural mechanism of 
action, site-specific application and biocompatibility 
of human components. In addition, drug action can 
potentially be lengthened or shortened as needed by 
modulating the antifibrinolytic agent involved. Fibrin 
sealant embedded with various factors, such as nerve 
growth factor and fibroblast growth factor, has been 
used for nerve regeneration, fibroblast proliferation, 
and angiogenesis in several animal models. Possible 
benefits of these innovative strategies in human laryn-
gology are waiting to be explored.

17.3  Mitomycin C

Mitomycin C, an anthracycline antibiotic isolated from 
Streptomyces caespitosus (also used as an antineoplas-
tic agent), has also an antiproliferative effect on fibro-
blasts: By bonding to DNA, it inhibits DNA-dependent 
RNA synthesis and reduces fibroblastic proliferation 
and collagen bonding. It has been proven to be effec-
tive in reducing scar formation. Therefore, it has been 
widely applied as a treatment option to prevent steno-
sis or adhesion after otolaryngological surgery. In 
laryngology its use is strictly topical. Complications—
ulceration, necrosis, aplasia, alopecia, nausea, 
vomiting—are rare [9] and may be secondary to an 
overdosage or an inadvertent systemic injection. The 
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risk of inducing late carcinoma is being discussed [10]. 
No data exist that indicate the most effective concen-
tration, duration, or frequency of application of mito-
mycin C. Dosage recommendations vary surprisingly 
from 0.2 to 10.0 mg/ml as does the exposure time 
(1–10 minutes).

Diseases of the upper airway have been the main 
focus of investigation. Several animal studies and some 
clinical trials [11, 12] indicate that mitomycin C is an 
effective adjuvant in the prevention of restenosis after 
reconstruction or endoscopic dilatation of laryngotra-
cheal stenosis. In contrast, no such effect could be 
shown in other investigations on the same subject [13]. 
There seems to be a benefit in the treatment of syne-
chia of the anterior and, to a lesser degree, posterior 
commissures [14–16]. It is also being used after surgi-
cal removal of reflux-associated granulomas to 
decrease the risk of recurrence.

With the efficacy of mitomycin C being debatable, 
the potential complications of mitomycin C need to be 
considered thoroughly. Partial cartilage necrosis [17] 
and delayed wound healing through inhibition of fibro-
sis, especially at a laser-induced wound [18], may 
result from the topical use of mitomycin C.

Topical use of mitomycin C seems to be beneficial 
in some laryngological indications, although the evi-
dence is weak. A concentration of 2 mg/ml and an 
exposure time of 2–4 minutes seems to be favored by 
most authors. Because of possible side effects, the 
application of this substance should be restricted to 
selected cases after careful consideration, which seems 
of even greater importance in the pediatric population.

17.4  Cidofovir

Cidofovir is a nucleoside analogue that has antiviral 
activity against the herpesvirus family. It has been 
shown to induce apoptosis in cells positive for the 
human papilloma virus. Off-label use of cidofovir has 
become the most commonly used adjuvant therapy to 
treat recurrent respiratory papillomatosis. A survey of 
the American Society of Pediatric Otolaryngology 
found that 10% of recurrent respiratory papillomatosis 
patients were receiving intralesional cidofovir as an 
adjuvant antiviral therapy [19].

A variety of antiviral therapies have been used to 
treat recurrent respiratory papillomatosis, including 

systemically administered agents (e.g., acyclovir, riba-
virin) as well as others injected into the lesions (e.g., 
cidofovir). The mechanism of action of antiviral com-
pounds is predominantly inhibition of viral nucleic 
acid synthesis. Direct action against the viruses 
involved in recurrent respiratory papillomatosis is the 
likely mechanism for antiviral therapy efficacy. Various 
side effects have been associated with the use of avail-
able antiviral agents. They include nausea, vomiting, 
abdominal pain, acute renal impairment, hepatitis, and 
neutropenia.

In a recent review for the Cochrane Library [20], 23 
articles especially related to antivirals and recurrent 
respiratory papillomatosis were identified; they con-
sisted of 8 nonsystematic review articles, 14 uncon-
trolled trials or case series, and 1 registered but 
unfinished study. It was concluded that, owing to the 
lack of randomized controlled trials on which to base 
reliable conclusions, there is insufficient evidence 
regarding the efficacy of antiviral agents as adjuvant 
therapy in the management of recurrent respiratory 
papillomatosis in children or adults.

However, most of the uncontrolled studies indicate 
a positive role for cidofovir in the treatment of recur-
rent respiratory papillomatosis (RRP). Most authors 
advocate injection of cidofovir in conjunction with 
mechanical debulking, usually with repeated injections 
at a 4- to 12-week intervals. Transoral in-office injec-
tion in the awake patient is an established alternative in 
some centers. In these studies, the concentrations var-
ied from 2.5 to 7.5 mg/ml. Snoeck et al. demonstrated 
a complete initial clinical response in 14 of 17 adult 
patients with laryngeal RRP who had local injection of 
cidofovir, and 10 of the 14 remained disease-free. 
Although Pransky et al. were unable to reproduce these 
results in terms of a complete response, they were able 
to improve the airway markedly and increase the inter-
val time between surgical procedures in 10 children 
severely affected by RRP without the development of 
significant adverse events. In a recent publication, 
Dikkers [21] reported similar results in a group of 18 
adult patients. In this population a case of dysplasia 
possibly induced by cidofovir was observed, underlin-
ing a possible carcinogenic potential, which had been 
observed in animal studies as well. However, based on 
a recent review article [22] a therapy with intralesional 
cidofovir for patients with RRP seems not to increase 
the risk of laryngeal dysplasia. Systemic side effects 
have not been reported in patients who have received 
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intralesional cidofovir. Treatment with intralesional 
cidofovir seems to be safe provided the regulations for 
this therapy are followed. These regulations compre-
hend that the intralesionally injected dose of cidofovir 
in adults should be < 3 mg/kg. It is recommended that 
the use of intralesional cidofovir be suspended during 
pregnancy. Pulmonary involvement of RRP seems a 
justified indication for intravenous administration of 
cidofovir.

Nevertheless, controlled studies seem mandatory 
before the efficacy of intralesional cidofovir can be 
reliably assessed as adjuvant therapy for recurrent 
respiratory papillomatosis.
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This chapter on preoperative and postoperative speech 
therapy builds on European experience and pertinent 
international literature. The organization and application 
of speech therapy for patients undergoing phonosurgery 
varies widely across Europe. The aim of the present sec-
tion is to describe these variations, their background, the 
arguments, and the causes for this diversity. Areas need-
ing further research are identified. A proposal is pro-
vided based on this information to guide phonosurgeons 
to the most efficient use of speech therapy in relation to 
phonosurgery.

18.1 � History of Preoperative 
and Postoperative Speech Therapy

The classic article of Bouchayer and Cornut in 1992 
[1] simply stated that pre- and postoperative speech 
therapy for all laryngeal conditions was indispensable. 
However, until recently there have been no random-
ized controlled studies to support this contention.

18.2  Organization of Speech Therapy

The organization of health care varies considerably 
across Europe. In some countries or areas of the same 
country, speech therapists are employed by the national 
health care system and work intimately with the phono-
surgeon in the examination and treatment of the patients. 
In other countries or areas of the same country, speech 
therapists are employed by the Ministry of Education 
and are only involved in the examination and treatment 
on the demand of the phonosurgeon. This also applies 
for countries where speech therapists work exclusively 
in private practice.

18.3  Educational Programs

There are several schools of speech therapy. The effect 
of these various treatments for the same entity has not 
been validated. A major reason for this is that the per-
sonality and personal skills of the speech therapist 
appear to be important. For details concerning specific 
methods of speech therapy, one is advised to read spe-
cific literature.
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Evidence based medicine has not quite reached ››
the field of pre- and  post-operative speech 
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Spontaneous healing of the vocal folds after ››
surgery using standardized microphonosurgi-
cal techniques is the key to voice restoration.
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18.4 � Evidence for the Effect of Speech 
Therapy Preoperatively and 
Postoperatively

Evidence for the effect of speech therapy pre- and 
postoperatively is sparse. In 2006, van Gogh and col-
leagues [2] showed that there is a beneficial effect of 
voice therapy in patients treated for early glottic carci-
noma, but only 11 and 12 patients were included in the 
two arms of the study.

A major reason for the lack of evidence of a benefi-
cial effect of speech therapy has been that quantification 
of this effect is difficult. This, again, is intimately linked 
to the proposed mechanism of speech therapy. If one 
takes the holistic point of view, any professional care to 
comfort the patient in relation to his or her fear of the 
surgery and the uncertainty of the postoperative result is 
of benefit. This effect must be ascertained by psycho-
logical measures. However, if the mechanism of impro
vement of speech is thought to be based on a specific 
training of the entire mechanism of speech focusing on 
correct use of the laryngeal muscles, the accessory mus-
cles of the neck and thorax, and the remaining muscles 
of the body involved in speech, other measures such as 
glottic closure, phonation time, and breathing parame-
ters are relevant.

The evaluation of the voice quality also remains a 
problem. Attempts at standardizing the auditive as well 
as the acoustical analysis of speech have been made by 
the European Laryngological Society (ELS) [3]. 
Despite this standardization, it is still difficult to estab-
lish reproducible measures of the quality of the voice 
[4] even though it appears simple to conclude whether 
the voice of the individual patient has improved.

18.5 � Relevance of Speech Therapy 
Related to Diagnosis

The presumed causative mechanisms for the condi-
tions requiring phonosurgery are multiple. It is there-
fore necessary to look at the individual conditions.

18.5.1 � Edema of the Vocal Fold Edge 
(Acute Type of Vocal Cord Nodules)

Edema of the vocal fold edge is frequently found in 
rhythmic singers and is localized at the site of vocal cord 

nodules. These bilateral slight edematous lesions best 
seen on stroboscopy, may wax and wane depending on 
the use of the voice. They can be reduced by local ste-
roid inhalation but reappear when treatment is stopped. 
Such edemas are presumed to be due to inappropriate 
technique while singing. It is therefore assumed that 
speech therapy is the treatment of choice. In a number of 
cases, however, such edemas are consistent, and removal 
by surgery is indicated. The evaluation of the effect of 
surgery or speech therapy in these cases is hampered by 
the fact that most patients are professionals and do not 
agree to being in a randomized study.

18.5.2  Vocal Cord Nodules (Chronic Type)

Chronic vocal cord nodules are believed to be caused 
by inappropriate use of the voice. They are most often 
observed in children with hyperfunctional voices. It 
is therefore tempting to speculate that speech therapy 
pre- and postoperatively is indicated for these condi-
tions. However, vocal cord nodules in children often 
disappear during adolescence, more frequently for 
boys than for girls, irrespective of speech therapy. 
The right time for surgery has therefore been a sub-
ject of discussion. At present, speech therapy has 
been used prior to surgery as a rule, but this approach 
has not been validated. This also accounts for “sand-
wich therapy,” in which speech therapy is offered 
before and after surgery.

18.5.3  Reinke Edema

Patients suffering from Reinke edema are frequently 
women around the menopause with heavy smoking 
habits and who have complained of increasing dyspho-
nia over many years. The causative mechanism is 
unknown. The only known factor of importance for 
recurrence after surgery for edema is tobacco smoking, 
indicating that this is an important causative mecha-
nism. Inhaled steroids are not effective.

Speech therapy preoperatively is used by some to 
prepare the patient for operation. It aims at treating the 
hyperfunctionality, which is presumed to represent a 
compensatory mechanism for inadequate glottic closure. 
As the dysphonia is primarily due to the organic condi-
tion, speech therapy usually does not change the quality 
of the voice preoperatively. This makes evaluation of 
the effect of treatment difficult.
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As the patients experience a large benefit from sur-
gery [5], they are frequently less motivated to undergo 
speech therapy postoperatively. Postoperative speech 
therapy has not been shown to influence the rate of 
recurrence of the edema, but treatment of the hyper-
functionality is believed to be of benefit. This has not 
been validated.

18.5.4  Cysts and Polyps

Cysts and polyps are thought to be due to local trauma as 
they frequently appear in relation to a specific situation 
with abnormal and/or forceful use of the voice. In such 
cases, speech therapy seems of little importance, as the 
patient is usually painfully aware of the offense. No vali-
dated evidence exists.

18.5.5  Vocal Cord Palsy

Speech therapy may be applied prior to medialization of 
the paralyzed vocal cord. However, a significant number 
of patients spontaneously compensate for insufficient 
glottic closure without speech therapy, and others do not 
make any progress with speech therapy. Depending on 
the school of speech therapy, an attempt is made at 
increasing the compensatory movement of the contral-
ateral vocal cord and/or increase blood flow to the nerve 
to speed healing. Other schools simply teach the patients 
to have patience and use short sentences. A role for post-
operative training does not seem evident.

18.5.6  Laryngeal Papillomas

Laryngeal papillomas are treated primarily with surgery, 
which frequently has to be performed repeatedly (up to 
several times a year) after the primary episode—possibly 
for the rest of their lives. The quality of voice appears to 
depend entirely on the scarring after surgery. Speech 
therapy seems of little importance.

18.5.7  Precancerous and Cancerous Lesions

Precancerous and cancerous conditions may cause phys-
ical changes in the vocal cords due to surgery and/or irra-
diation. Preoperative speech therapy does not influence 
the decision on further treatment and is therefore of little 

importance unless one takes the holistic point of view 
into consideration. Postoperative speech therapy is lim-
ited by the natural cause of the repair process after sur-
gery and/or irradiation. Speech therapy appears to be of 
value in certain cases with phonastenia because of the 
disease course. It may also be useful with regard to the 
psychological impact of treatment of a life-threatening 
disease and in some cases with undesired counterpro-
ductive compensations such as using the false vocal 
cords. These factors may explain the effect of speech 
therapy shown by van Gogh and colleagues [2].

18.6 � Timing of Speech Therapy 
in Relation to Surgery

Preoperative speech therapy (if indicated) should be 
started so it can have an effect before surgery. This 
depends entirely on the nature of the lesion, of course, 
as discussed above.

Postoperative speech therapy may be started imme-
diately after surgery if the holistic point of view is 
applied. Some argue that patients may start vocal abuse 
immediately after surgery owing to the change of the 
voice after surgery, and therefore speech therapy should 
be started immediately to prevent this. Others find that 
the natural healing process must take place before 
onset of speech therapy and that the previously men-
tioned risk is negligible. This has not been validated.

18.7  Voice Restrictions

In the treatment of acute (soft) as well as chronic (hard) 
vocal cord nodules, speech rest may be recommended. 
Its effect does not appear lasting and is frequently neg-
ligible (especially regarding the chronic nodules).

Postoperatively, it is frequently recommended that 
the patients keep absolutely silent to let the epithelium 
and subepithelial tissue heal. However, others recom-
mend only that patients speak as little as possible using 
their normal voice but refrain from shouting or using 
their voice professionally. The time period for such 
restraints also appears to vary. Some use days and oth-
ers a week, as the integrity of the vocal fold epithelium 
is usually reestablished by then. Even voice rest up to 
3–4 weeks may be prescribed as phonosurgeons 
await  reestablishment of the epithelial wave using 
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laryngostroboscopy. The combination of voice restric-
tions and speech therapy also seems to vary widely.
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Radiosensitizer, 190–192
Radiotherapy, 33, 106, 134, 183, 188–193, 197, 206, 208, 209, 

211, 226, 228–230, 241, 246, 247, 249, 251
Rhabdomyoma, 91, 93, 94, 100–101, 107
Reconstruction, 121–123, 137, 138, 140–142, 144, 146–148, 

153–155, 173, 188, 216–219, 222, 223, 225, 227, 
236, 238–239, 241, 245, 263, 279–292, 297

Reconstructive laryngectomy, 221–228

Recurrence, 52, 87, 93, 97, 98, 100–102, 104, 105, 107, 140, 
145, 174, 177, 206–209, 218, 223–226, 230, 234, 
240, 249, 297, 300, 301

Recurrent respiratory papilloma, 53, 79, 81, 87, 93, 94, 96, 295, 
297, 298

Reinke’s edema, 16, 33, 40, 41, 52–55, 127, 296, 300–301
Reinnervation, 258–264, 279–292
Release

laryngeal, 147, 152–154
pericardial, 152–154

S
Scar, 13, 16, 33, 40, 41, 51–54, 59, 63, 73, 121, 128, 130, 132, 

134, 138, 140, 141, 145, 146, 151, 169–174, 247, 
263, 280, 282, 286, 288, 289, 291, 296
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Subglottal air pressure, 1, 11, 15–16
Substitution voice, 13, 19, 22, 23
Sulcus glottidis, 54, 55, 79, 81, 87–88
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surgical approach, 87, 178
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child, 177, 180
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conventional, 160–162
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emergency management, 118–119
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laryngeal nerve, 120, 121, 123, 126, 271, 272, 281
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T-tube, 122, 123, 141

Tumor
benign, 91–109, 128, 270
giant cell, 93, 105–106
granular cell, 91, 93, 94, 101, 105
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length, 4, 5, 7, 15, 80, 81, 137, 264
morphological anatomy, 2, 41, 51
muscle, 4–6, 63, 66, 262, 265
innervation, 4, 7, 280
Reinke’s space, 2, 40–42, 170, 199
vibrator, 2, 40–42, 169, 170

Vocal fold abduction, 16, 58, 66, 69, 123, 129, 271
Vocal fold lesions, 4, 40–42, 80, 198, 203
Vocal fold scar, 169–171, 282
Voice function, 11, 16, 23, 73, 95, 209, 212
Vocal tract, 6–7, 15, 21
Voice

audio-recording, 12–24
assessment, 11–24, 83, 209, 282, 286
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restoration, 39, 245–254, 299
self-evaluation, 11, 20–21, 73
tracheoesophageal, 245, 246
voice production, 1–8

Voice handicap index, 11, 20–22, 209, 212, 282
Voice dysfunction index, 73, 74
Voice essential tremor, 261, 263–265, 267
Voice prosthesis, 236, 245–248, 250, 251, 254
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primary prosthetic, 246–247
secondary prosthetic, 248–249

Voice rest, 2, 53, 54, 73, 88, 89, 123, 209, 283, 301
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