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AC Anterior commissure
CT Computed tomography
ELS European Laryngological Society
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OPHL Open partial horizontal laryngectomies

RT Radiotherapy
SCC Squamous cell carcinoma
SI Saline infusion
TOLMS Transoral laser microsurgery
VLS Videolaryngostroboscopy
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Key Points

• Transoral laser microsurgery (TOLMS) 
is suited for the curative treatment of 
most T1–T2 carcinomas of the glottic 
and supraglottic larynx.

• The main advantage of this mini- invasive 
surgical approach is the minimization of 
perioperative morbidity and hospital 
stay. Tracheotomy is rarely required.

• TOLMS of laryngeal tumors requires a 
meticulous preoperative evaluation in 
order to precisely define their superficial 
and deep extension. The diagnostic 
workup encompasses in-office transna-
sal videolaryngoscopy with the imple-
mentation of bioendoscopic techniques 
like narrowband imaging to obtain an 
“optical biopsy” of the lesion’s nature, 
videolaryngostroboscopy, computed 
tomography and/or magnetic resonance 
in selected cases, preoperative assess-
ment of laryngeal exposure, and rigid 
angled telescope evaluation under gen-
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24.1  Introduction

The higher frequency of laryngeal cancers is 
observed at the glottic level (approximately two- 
thirds), followed by the supraglottic area, while 
purely subglottic tumors are extremely rare. 
Among all laryngeal cancers, 53% are diagnosed 
when still limited to their local extension, when 
5-year relative survival is estimated to be 78% 
(SEER data 2010–2016). Thus, these malig-
nances can be potentially treated at an early stage 
when treatments can offer sound oncological and 
good functional outcomes.

Particularly for glottic cancer, hoarseness is 
often present from the very beginning of the neo-
plastic process, when the delicate multilayered 

structure of the vocal folds can be easily altered 
even by the presence of quite small lesions. 
Moreover, the predilection site for tumor origin 
at the level of the vocal cord is represented by its 
free margin, where the impact of tumor growth 
on mucosal vibration and its undulatory pattern 
may be even greater, causing a quite evident dys-
phonia. This peculiarity of glottic cancers, 
together with their low propensity to nodal 
spreading, means that nearly 75% of them are 
usually diagnosed at an early stage, in contrast 
with patients affected by supraglottic carcinomas 
who have, in the majority of cases, intermediate 
to advanced diseases at their first medical consul-
tation. The distribution of laryngeal cancer bur-
den varies consistently among different countries: 
the highest incidence is observed in Europe (5.45 
new cases per 100,000), especially in the 
Southern and Mediterranean areas where, by far, 
the highest incidence of laryngeal cancer in men 
is reported [1]. Also for this reason, in European 
countries, surgery for laryngeal cancer has a long 
and well-established history, with a ratio between 
death and incidence of this type of cancer reported 
to be one of the lowest in the world (0.47) [2] 
(Fig. 24.1).

In contrast to the multimodal approaches 
usually needed for the management of more 
advanced stages, for early laryngeal carcino-
mas (Tis–T2), unimodal treatment (surgery 
or radiation) is strongly recommended. In the 
past, to preserve speech and swallowing while 
avoiding tracheostomy, early-staged cancers 
were treated by external radiation therapy (RT), 
keeping surgery (mainly total laryngectomy 
and open partial laryngectomies) in reserve for 
salvage. However, over the course of the past 
30 years, advances in technology and instrumen-
tation have offered transoral laser microsurgery 
(TOLMS) as an alternative for the upfront treat-
ment of early laryngeal tumors. With technical 
advances in transoral surgery achieved during the 
1960s by Kleinsasser [3] and his microlaryngo-
scopic technique of endolaryngeal surgery and 
the implementation of medical laser systems by 
Strong and Jako in the 1970s [4], things gradu-
ally changed beginning from the early 1980s. 
Clinical pioneers such as Grossenbacher, Motta, 

eral anesthesia to define the precise 
superficial extension of the lesion.

• Classification systems for glottic and 
supraglottic TOLMS procedures have 
helped to standardize interventions, 
improve outcomes research, and ensure 
reproducible results.

• Dental injuries, mucosal tears, minor 
bleeding, postoperative aspiration fol-
lowing wider resections for supraglottic 
tumors, and glottic synechiae for major 
transcommissural resections are the most 
common complications and sequelae.

• Comprehensive technical equipment, 
including high-performance optical and 
carbon dioxide laser systems, focusing 
devices, operating laryngoscopes, mul-
tiple suction devices, and specifically 
designed instruments are required for 
successful TOLMS.

• TOLMS is not suited for tumors with 
arytenoid fixation. Anterior transcom-
missural tumors with vertical extension 
can be managed by TOLMS but are 
associated with worse oncological and 
vocal outcomes.

• With very rare exemptions, subglottic 
carcinomas are not suited for TOLMS.

C. Piazza et al.
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Fig. 24.1 Incidence and mortality of laryngeal cancer across different geographic areas. (Reproduced from Nocini 
et al. 2020)

Rudert, and Steiner in Europe and Vaughn, 
Davis, and Shapshay in North America were 
able to demonstrate that highly selected malig-
nant lesions of the upper aerodigestive tract could 
now be treated transorally within narrow margin 
to preserve the maximal amount of surrounding 
healthy tissues thus achieving the best possible 
functional outcomes. The data presented in their 
studies demonstrated that carbon dioxide (CO2) 
laser surgery causes minimal morbidity, offers 
good functional results, and provides an onco-
logically sound and cost-effective alternative to 
open surgical procedures and RT. Therefore, CO2 
TOLMS (as defined by Remacle and colleagues 
[5]) is now a widely accepted surgical approach 
to glottic and supraglottic T1–T2 carcinomas [6, 
7]. Nevertheless, CO2 TOLMS for laryngeal can-
cer is far from being worldwide established, as 

it encompasses the integration of specific indi-
vidual clinical expertise and the availability of 
cutting- edge surgical devices. Notwithstanding, 
with the advent of new technological devices, 
CO2 TOLMS is evolving and taking advantage 
of modern 3D exoscopes, capable to provide a 
widescreen 3D-magnified vision of the surgical 
field, that may one day substitute the more tradi-
tional operating microscopes [8].

24.2  Preoperative Diagnostic 
Procedures

A meticulous patient selection is an essential pre-
requisite in order to successfully treat early laryn-
geal cancers by CO2 TOLMS.  A rigorous 
preoperative diagnostic workup allows to cor-

24 Transoral Approach for Early Laryngeal Cancers
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rectly select cases and minimize intraoperative 
unexpected findings. This protocol aims not only 
to define the nature of the lesion but to provide a 
solid preoperative surgical plan by precisely 
delineating its superficial and deep extension. In 
this light, the possibility of intraoperatively tai-
loring the resection based on the endoscopic 
evaluation of the tumor provides the surgeon with 
an additional degree of freedom not conceivable 
with the traditional open-neck approaches.

The first step of preoperative evaluation starts 
in the office by a flexible transnasal videolaryn-
goscopy. The white light endoscopic appearance 
of laryngeal epithelial abnormalities is highly 
nonspecific, and preoperative clinical assessment 
is not reliable in regard to their true final pathol-
ogy. The same macroscopic appearance can in 
fact correspond to a large spectrum of possible 
lesions, ranging from keratosis with or without 
atypia to invasive carcinoma. Therefore, this ini-
tial examination should also encompass a video-
stroboscopy and bioendoscopy by advanced light 
filters to enhance the vascular patterns of the 
lesion. Among the latter, narrowband imaging 
(NBI) is an established optical technique that 
enhances the diagnostic capability of endoscopes 

in characterizing tissues by using narrow band-
width filters. These filters cut all wavelengths of 
white light except two narrow wavelengths cor-
responding to the peak of absorption of hemoglo-
bin and therefore emphasize the darker framework 
of the capillary vessels on a blue-green mucosal 
background. Malignant lesions are identified by 
neoangiogenetic changes in their vascularity, 
shifting from a parallel course to a perpendicular 
one, enriched by the presence of intrapapillary 
capillary loops, designing dark spots that can be 
spotted within the lesion (Fig. 24.2). On the other 
hand, the loss of the vocal fold’s mucosal wave at 
videolaryngostroboscopy (VLS) in a nonprevi-
ously operated/radiated larynx is particularly sus-
picious for an invasive carcinoma that has 
transgressed the basal membrane and invaded the 
underlying vocal ligament, thus impairing the 
vocal fold vibratory properties [9]. Modern high-
definition television devices may deliver clear, 
magnified images providing a superbly defined 
delineation of the superficial extent of the lesion. 
Moreover, this examination, conducted in the 
awake patient, exploits the precious opportunity 
to assess laryngeal mobility and sensibility. To 
date, there is no standard objective measurement 

a b c
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Fig. 24.2 (a) Longitudinal vascular changes parallel to 
the surface of the mucosa, (b) longitudinal vascular 
changes at the margins of a leukoplakia in white light, (c) 
longitudinal vascular changes at the margins of a leuko-
plakia in NBI, (d) development of perpendicular vascular 

changes in neoplasms, (e) glottic erythroplakia in white 
light, (f) intrapapillary capillary loops in the context on 
the glottic erythroplakia. (Reproduced from Arens et al. 
2016)

C. Piazza et al.



367

of vocal fold/arytenoid range of motion; thus, it 
can only be subjectively expressed by generic 
terms ranging from impaired vocal cord mobility 
(due to tumor mass or vocal muscle invasion) to 
arytenoid fixation (for posterior paraglottic space 
invasion, cricoarytenoid joint infiltration, or 
recurrent nerve involvement). Last but not least, 
in this clinical setting, a comprehensive examina-
tion of the upper aerodigestive tract through oral 
examination and with the aid of a transnasal flex-
ible videoendoscopy should be always under-
taken in order to rule out any synchronous 
primary tumor.

The next step of the clinical examination of a 
laryngeal tumor includes rigid endoscopy under 
general anesthesia during microlaryngoscopy. 
With this method, a more detailed multiperspec-
tive endoscopic view of the larynx can be 
obtained by 0° and angled (30°, 45°, 70°, and 
120°) rigid telescopes (Fig.  24.3). In this way, 
particular zones of the larynx and hypopharynx 
(anterior and posterior commissures, bottom and 
roof of the ventricle, subglottis, apex of the piri-
form sinus, and postcricoid area) that are difficult 
to explore during awake transnasal fiber-optic 
laryngoscopy can be adequately visualized. At 

a b

c d

e f

Fig. 24.3 Intraoperative evaluation with rigid telescopes: (a) 0° view in white light, (b) 0° view in NBI, (c) 70° view 
in white light, (d) 70° view in NBI, (e) 120° view in white light, (f) 120° view in NBI

24 Transoral Approach for Early Laryngeal Cancers
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this step, with rigid telescopes, the highest defini-
tion in the visualization of the larynx can be now 
achieved and, with the help of angulated optics 
and NBI evaluation, the superficial margins of 
the lesions can be thoroughly assessed. Adjunctive 
information can be obtained by combining the 
use of angled telescopes with special probes and 
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 arytenoids.

In this setting, another useful maneuver is rep-
resented by saline infusion (SI). In case of glottic 
cancer limited to the true vocal cord, SI using an 
appropriately angled needle allows further con-
firmation of preoperative stroboscopic findings 
(such as impairment of mucosal wave) regarding 
involvement of the lamina propria by the neo-
plastic growth (Fig. 24.4). Complete SI hydrodis-
section of the mucoligamentous plane, with 
consequent ballooning and lifting of the lesion 
from the underlying intermediate layer of the 
lamina propria, suggests purely intraepithelial 
confinement of the neoplastic nests. Moreover, 
the mechanical expansion of Reinke’s space after 
SI facilitates subsequent removal of the lesion 
itself, serving as a plane for laser dissection and 

protecting the vocal ligament by excessive ther-
mal damage when performing a subepithelial dis-
section. On the other hand, an incomplete or 
absent SI mucoligamentous hydrodissection has 
the same implications of a reduced or absent 
mucosal wave at VLS, and it is associated with 
the transgression of the basal membrane by neo-
plastic cells fixing it to the underlying vocal liga-
ment. The results of intraoperative SI should 
always be integrated with those of preoperative 
VLS. If these two tests deliver conflicting results, 
especially in case of NBI-positive vascular pat-
tern, the ensuing 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, adequacy of surgical treatment can be 
obtained in 89% of cases [10].

Applying such a comprehensive pre- and 
intraoperative diagnostic workup makes, in most 
cases, incisional biopsy superfluous in the preop-
erative setting. As a matter of fact, even multiple 
biopsies (with or without frozen section analysis) 
can be frequently inadequate in obtaining a pre-
cise diagnosis. Furthermore, multiple sampling 
may cause undue damage and fibrosis to the mul-
tilayered and delicate microanatomy of the vocal 

a

b

Fig. 24.4 (a) Positive ballooning after saline infusion in the left vocal fold, (b) negative ballooning after saline infusion 
in the left vocal fold

C. Piazza et al.
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cord, forcing the surgeon to subsequently per-
form a wider and deeper resection to excise the 
tumor and surrounding cicatricial tissues. Several 
studies [11] showed not only that an accurate pre- 
and intraoperative diagnostic workup allows to 
avoid any preemptive biopsy, directly treating a 
given glottic lesion by a single-stage CO2 TOLMS 
session, but that it is possible to minimize the 
rates of over- and undertreatments in terms of 
cordectomy extension, adequately treating 90% 
of patients in a single-stage operation [12]. In 
summary, if an accurate preoperative workup is 
conducted, the most adequate extension of sur-
gery is selected so that the tumor can be com-
pletely excised within ultranarrow, free surgical 
margins in a single-step operation. This “en bloc” 
tailored removal of the tumor provides a reliable 
histopathologic diagnosis and a high local con-
trol rate with minimal morbidity and without the 
sacrifice of an undue amount of surrounding 
healthy tissue. This phonomicrosurgical approach 
to early laryngeal cancer has demonstrated its 
efficacy in several case series [9, 10, 12, 13]. 
However, some exceptions may require a preop-
erative histologic evaluation, like in the presence 
of submucosal lesions, doubt of persistence/
recurrence in the irradiated larynx, or unconven-
tional histotypes. Squamous cell carcinoma 
(SCC) is in fact reported to represent around 98% 
of laryngeal malignances [2]: it arises from the 
laryngeal mucosa and is characterized by the 
presence of altered superficial intrapapillary cap-
illary loops, usually well detectable at 
NBI.  Conversely, other histologies, especially 
those arising from submucosal structures such as 
adenocarcinomas and sarcomas, or hematologic 
neoplasm such as lymphomas, can turn out nega-
tive at NBI evaluation and may require different, 
nonsurgical treatments. In case of suspicious 
non-mucosal lesions, tomographic imaging 
should be always required as, in many cases, it 
can orientate towards the correct diagnosis or 
confirm the need for an incisional biopsy.

Integration of endoscopic findings with those 
from radiological imaging is mandatory in some 
cases even for early laryngeal cancer. Magnetic 
resonance (MR) has gradually emerged as the 
preferred method of investigation in such a field 

due to its superior capability of space and tissue 
density resolution. Dedicated laryngeal radiofre-
quency coils may be unavailable in the majority 
of centers; however, standard MR may provide 
additional information to conventional computed 
tomography (CT), especially when cartilage 
invasion is suspected. However, CT presents 
some unique advantages: its reduced examina-
tion time, especially valuable in the presence of 
claustrophobic patients with minimal compli-
ance, and its wide availability make it a sound 
diagnostic tool. When CT findings are unclear, 
such as in the presence of minimal thyroid carti-
lage erosion and/or paraglottic space involve-
ment, further insight by MR can increase 
diagnostic accuracy. The European 
Laryngological Society (ELS) has recently pub-
lished an imaging checklist for the preoperative 
evaluation of laryngeal tumors to be treated by 
CO2 TOLMS [14] (Table 24.1). The evaluation of 
the majority of small-volume early laryngeal 
cancers can rely on the endoscopic preoperative 
workup described above and will not need a 
radiological assessment in the first place. 
However, some locations are more subtle due to a 
higher risk of deeper infiltration that cannot be 
uncovered otherwise. Glottic tumors that infil-
trate the anterior commissure (AC), particularly 
those with vertical transglottic extension, should 
always be evaluated with tomographic imaging 
as the preepiglottic and paraglottic spaces are 
almost virtual here and the thyroid cartilage may 
be infiltrated, therefore excluding the possibility 
of an adequate CO2 TOLMS treatment. For the 
same reasons, a tumor that infiltrates the bottom 
of the laryngeal ventricle may preclude the esti-
mation of its real deep extension at fiber-optic 
transnasal laryngeal endoscopy and should there-
fore undergo proper radiological evaluation. 
Supraglottic cancers, except for limited superfi-
cial tumors (such as those of the free edge of the 
epiglottis), should always be evaluated radiologi-
cally as the risk of arytenoid or thyroid cartilage 
erosion or preepiglottic space invasion is con-
crete. Moreover, CT and MR also allow evalua-
tion of the regional lymph node status. This 
should be assessed before planning the most 
appropriate treatment by simultaneous or delayed 

24 Transoral Approach for Early Laryngeal Cancers
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Table 24.1 ELS checklist for the preoperative evaluation 
of laryngeal tumors with tomographic imaging (Chiesa- 
Estomba et al. 2020)

Parameters Check

CT/MR 
plane(s) of 
evaluation

Vocal fold 
involvement
Anterior third
Middle third
Posterior third

Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____

Axial

Anterior 
commissure 
involvement

Yes: ____ No: ____
Vertical extension:
Supraglottis: ____
Subglottis: ____

Axial and 
sagittal

Laryngeal 
ventricle/false 
vocal fold 
involvement

Yes: ____ No: ____ Coronal

Subglottic 
extension

Yes: ____ No: ____
Lateral: ____ Anterior: 
____

Axial, 
coronal, and 
sagittal

Cartilage(s) 
involvement
Epiglottis
Thyroid
Cricoid
Arytenoid

Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____

Axial, 
coronal, and 
sagittal

Cricoarytenoid 
unit involvement

Yes: ____ No: ____ Axial, 
coronal, and 
sagittal

Posterior 
commissure 
involvement

Yes: ____ No: ____ Axial

Deep extension
Anterior PGS
Posterior PGS
Inferior PGS
PES

Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____
Yes: ____ No: ____

Axial and 
coronal
Axial and 
coronal
Axial and 
coronal
Axial and 
sagittal
Axial and 
sagittal

Extralaryngeal 
extension

PGS Paraglottic space, PES Preepiglottic space

neck dissection. The N category plays a definitive 
role in terms of prognosis of these tumors, par-
ticularly when dealing with supraglottic lesions. 
Combining clinically evident and occult lymph 

node metastases from intermediate T2 supraglot-
tic tumors, around 20% of them can be expected 
to present regional disease at the time of diagno-
sis [15]. Therefore, if tomographic imaging is not 
planned, neck lymph node ultrasound is strongly 
recommended in these patients: if suspicious 
lymph nodes are detected, fine-needle aspiration 
cytology should be complemented. Systematic 
and thorough research of distant metastasis is not 
indicated for early laryngeal cancers. However, 
taking into consideration patient’s history and 
smoking habit, chest CT in these patients may 
rule out the presence of a pulmonary synchro-
nous primary tumor.

Difficult laryngeal exposure represents the 
main limiting factor for CO2 TOLMS, affecting 
the chance to obtain free resection margins and 
consequently adequate tumor control. For this 
reason, when considering CO2 TOLMS, it is 
essential to preliminarily assess appropriate 
visualization of the surgical field through the 
available operating laryngoscopes. The AC is 
the most difficult area to properly visualize 
through the laryngoscope. In 2014, Piazza et al. 
developed the Laryngoscore, a preoperative 
predictive score, aimed at anticipating the 
degree of glottic visualization for each individ-
ual patient [16]. The Laryngoscore took into 
account 11 parameters: the sum of the preoper-
ative score (range, 0–17) was found to be cor-
related with different ways of AC visualization. 
In particular, when the Laryngoscore was <6, 
good laryngeal exposure was obtained in 94% 
of patients. When the Laryngoscore was ≥6, the 
exposure was satisfying only in 60% of cases. 
When the total score was ≥9, a difficult expo-
sure was found in 67% of patients. As stated 
above, complete tumor  visualization is essen-
tial in obtaining an adequate CO2 TOLMS 
resection, and the correlation between laryn-
geal exposure, assessed using the Laryngoscore, 
and the postoperative surgical margin status 
demonstrated that patients with difficult laryn-
geal exposure based on the Laryngoscore had a 

C. Piazza et al.
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Table 24.2 Mini-version of the “Laryngoscore.” 
Possible final scores are associated with the rate of good 
laryngeal exposure (Incandela et al. 2019)

Parameters Scores
Interincisor gap
≥4 cm 0
<4 cm 1
Thyromental distance
>6.5 cm 0
6–6.5 cm 0
<6 cm 1
Upper jaw dental status
Edentulous 0
Partially edentulous 0
Normal teeth 1
Prominent teeth 2
Frequency of good exposure Possible total score
97% 0
85% 1
65% 2
20% 3
<20% 4

higher rate of positive surgical margins [17]. In 
2019, the same group published a mini-version 
of the Laryngoscore, a simplified, less subjec-
tive, three-item evaluation score taking into 
consideration just the interincisor gap, thyro-
mental distance, and upper jaw dental status 
and demonstrating a similar efficacy in predict-
ing adequate laryngeal exposure [18]  
(Table 24.2).

24.3  Surgical Technique

Under general anesthesia, a laser-safe endotra-
cheal tube is inserted in the trachea. Shielding 
the endotracheal tube and cuff by cottonoids 
imbued with saline solution is essential to avoid 
serious airway complications (ignition of oxy-
gen, perforation of the cuff with possible intra-
operative blood inhalation) and a small-caliber 
tube is usually preferred especially for the man-
agement of glottic lesions. For posterior com-
missure and bulky tumors, jet ventilation might 
represent an adequate complementary approach 

[19]. Laryngeal structures are exposed by the 
largest operating laryngoscope available, with a 
built-in smoke evacuator channel. Another suc-
tion device is handled by the surgeon throughout 
the intervention and is used to evacuate mucus, 
saliva, blood, and plume and manipulate endol-
aryngeal tissues. The appropriate choice of 
laryngoscopes should meet the demands of dif-
ferent configurations of larynges and tumor loca-
tions. For easy exposures, large-bore 
laryngoscope (i.e., Dedo) allows a comfortable 
view and use of instruments. Narrow-caliber 
laryngoscopes (i.e., Ossoff-Karlan-Dedo) serve 
the purpose for difficult exposures, at the expense 
of instrument maneuverability and binocular 
vision. Finally, bivalved devices (i.e., Hinni or 
Steiner) offer a comprehensive view of the 
supraglottic region. Moreover, the assistant’s 
external manipulation of the larynx, by mobiliz-
ing it using a hand on the neck, may be necessary 
to reach an appropriate exposure in anteriorly 
located lesions.

The most common laser used is the CO2 laser 
beam, in the infrared region of the light spectrum, 
with a wavelength of 10.6 μm. This straight laser 
beam is directed in the surgical field by pairing 
the micromanipulator with the microscope in a 
coaxial way and offers several advantages, such 
as minimal scatter, minimal reflection, and strong 
absorption by water. The area of surrounding 
necrosis is less than 0.5 μm with an absorption 
depth of 0.2 mm. For these reasons, so far, the 
CO2 surgical laser clearly represents the gold 
standard tool for the oncological surgery of the 
larynx. For this purpose, it is generally set at an 
output power of 2–6 watts in a superpulse, ultra-
pulse, or continuous mode, at a spot size of 
approximately 0.8 mm2.

The principle of laser surgery is complete 
tumor removal, but, unlike open surgery, access to 
the lesion does not require opening of the laryn-
geal framework box with the ensuing risk of sac-
rificing normal tissues such as prelaryngeal 
muscles, neurovascular bundles, and unaffected 

24 Transoral Approach for Early Laryngeal Cancers



372

laryngeal or pharyngeal mucosa. Therefore, tumor 
resection is precisely customized and tailored to 
each individual patient following the specific size 
and pathways of diffusion of the lesion to be 
treated. However, in every case, tumors must be 
resected with sufficiently safe surgical margins (at 
least 1 mm in width at definitive histopathology is 
the generally accepted rule for confirmation of an 
R0 resection). Specimens are excised in one piece 
whenever possible: while the “en bloc” technique 
is ideal for limited superficial lesions, on the other 
hand, due to the small operative field, it is often 
required to transect larger tumors to assess their 
depth of invasion and create the necessary visual-

ization and space for piecemeal (or multi-bloc) 
tumor disassembling and composite resection. 
Removal of a tumor in two or more portions (a 
concept first introduced by Wolfgang Steiner, 
Göttingen, Germany) apparently does not comply 
with the generally accepted basics of oncologic 
surgery but is usually reserved for more advanced 
tumors and has been largely legitimized in other 
endoscopic surgical procedures like transnasal 
skull base tumor resections. After removal, how-
ever, specimens should be carefully oriented and 
marked with ink, to facilitate histopathological 
examination of the most meaningful margins 
(Fig. 24.5). The value of frozen sections in such a 

a b

c d

e f

Fig. 24.5 Scheme of a multiblock excision: (a) trans- 
tumoral incisions are made in order to assess the depth of 
infiltration, (b) the first piece is removed, (c) the deep 
margins of the residual tumor can be assessed, (d) the step 

is repeated with the adjacent blocks, (e) the final result 
after the tumor has been excised completely, (f) the blocks 
are carefully oriented for the pathological evaluation

C. Piazza et al.
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context remains unclear to date, and not all expe-
rienced laser surgeons use them routinely.

In early-stage glottic cancer, elective treat-
ment of the neck lymph nodes is not justified as 
the rate of occult metastases usually does not 
exceed 8%: this makes these lesions particularly 
suitable for one-step CO2 TOLMS. By contrast, 
in supraglottic cancers, treatment of both sides of 
the neck by selective neck dissection or with RT 
is strongly warranted, at least for T2 lesions, due 
to the higher incidence (around 20% of cases) of 
occult metastases detected [15]. However, the 
need for an elective neck treatment does not pre-
clude the chance to manage the primary tumor by 
a transoral approach, possibly associating con-
comitant or 15-day delayed uni- or bilateral neck 
dissection according to the relationship of the 
lesion with the midline.

For what concerns subglottic carcinomas, 
apart from being very rare, they are generally not 
suitable for CO2 TOLMS due to exposure issues, 
being RT or open-neck surgery the preferred 
treatment options.

24.3.1  Classification of Procedures 
for Glottic Carcinoma

In 2000, the ELS Working Committee on 
Nomenclature proposed a classification of endo-
scopic procedures for the treatment of glottic 
dysplasia and carcinoma. They did so intending 
to reach better agreement and uniformity con-
cerning the extent and depth of resection among 
different cordectomies by offering reproducibil-
ity to laryngologists and allow relevant compari-
sons with the literature when presenting/
publishing their oncological and functional out-
comes [20]. The classification described eight 
types of cordectomy: subepithelial (type I), sub-
ligamental (type II), transmuscular (type III), 
total (type IV), and extended cordectomies 
including the extension to the contralateral vocal 
fold and the AC (type Va), one arytenoid cartilage 
(type Vb), subglottic structures (type Vc), or the 
ventricle and paraglottic space (type Vd). This 
classification was subsequently widely used 
internationally by many surgeons to describe 

their endoscopic procedures. A new cordectomy, 
encompassing the AC, the anterior part of both 
true and false vocal folds, and the petiole of the 
epiglottis (type VI), was later introduced by the 
ELS Working Committee on Nomenclature in 
2007 [21]. A synthesis of the 2000 classification 
and its 2007 modification is given here (Fig. 24.6).

24.3.1.1  Subepithelial Cordectomy 
(Type I)

It involves the resection of the vocal fold epithe-
lium, passing through the superficial layer of the 
lamina propria. This surgical procedure spares 
the deeper layers of the lamina propria and thus 
the vocal ligament. Subepithelial cordectomy is 
performed for cases of vocal fold lesions sus-
pected of premalignant transformation. Ideally, 
the lesion intended to be treated by type I cor-
dectomy should not be suspicious for malig-
nancy at NBI and should present an intact 
mucosal wave at VLS.  In this circumstance, SI 
finds its role as it ensures that no infiltration of 
the vocal ligament is present while facilitating 
the individuation of the most adequate resection 
plane. The amount of tissue resected with this 
procedure makes it inadequate for oncologic 
purposes: therefore, the main role of type I cor-
dectomy is diagnostic. It can also play a thera-
peutic role whenever histological results confirm 
hyperplasia, dysplasia, or, at most, carcinoma in 
situ without signs of microinvasion. Indeed, by 
definition, these lesions are in fact limited to the 
epithelium. On the other hand, if microinvasive 
carcinoma is identified, subepithelial resection 
may not achieve safe deep resection margins, 
and thus, a further procedure (e.g., type II cor-
dectomy) is required.

24.3.1.2  Subligamental Cordectomy 
(Type II)

It involves the resection of the epithelium, 
Reinke’s space, and underlying vocal ligament 
up to the very superficial fibers of the vocal mus-
cle. It is performed by cutting along the interface 
between the vocal ligament and muscle. The lat-
ter is however preserved as much as possible. The 
resection may extend from the vocal process to 
the anterior macula flava and may be performed 
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Fig. 24.6 ELS classification for endoscopic cordecto-
mies: (a) type I, (b) type II, (c) type III, (d) type IV, (e) 
type Va, (f) type Vb, (g) type Vc, (h) type Vd, (i) type VI 

coronal view, (j) type VI axial view. (Reproduced from 
Remacle et al. 2000 and Remacle et al. 2007)

bilaterally if needed. This procedure is indicated 
whenever a lesion shows clinical signs of neo-
plastic transformation, especially at NBI, and 
VLS examination indicates deep infiltration, or 
impairment/absence of mucosal wave (“vibratory 
silence”). SI displays no mucoligamentous 
hydrodissection (absent or incomplete balloon-

ing). When palpated, the vocal cord feels thick-
ened and the mucosa cannot be freely moved 
over the underlying structures. At a therapeutic 
level, subligamental cordectomy is indicated for 
microinvasive or invasive glottic carcinoma 
(cT1), the latter being limited to the vocal liga-
ment in 95% of cases [11, 13].
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24.3.1.3  Transmuscular Cordectomy 
(Type III)

It is performed by cutting through the vocalis 
muscle. The resection encompasses the epithe-
lium, lamina propria, and medial portion of the 
vocalis muscle. The resection may extend from 
the vocal process to the AC. Partial resection of 
the ventricular fold may be necessary to expose 
the lateral extent of the entire vocal fold at the 
level of the floor of the ventricle, up to the point 
of its reflection into the bottom and roof of the 
ventricular cavity. Transmuscular cordectomy is 
indicated for bulky T1 of the vocal fold causing 
reduced mobility for a mass effect (without the 
possibility to precisely evaluate a limited vocal 
muscle infiltration) or in true T2 lesions infiltrat-
ing the vocal muscle itself. In the authors’ hands, 
however, type III cordectomy is the ideal tool to 
manage previously biopsied lesions whenever the 
dissection planes and neoplasm margins are dif-
ficult to be ascertained due to the presence of scar 
tissue. In this scenario, the sacrifice of part of the 
vocal muscle, at the expense of the vocal  outcome, 
will result in safer resection margins without the 
need for further reinterventions, which would 
have a higher cost in terms of vocal muscle vol-
ume loss and oncologic outcomes.

24.3.1.4  Total or Complete 
Cordectomy (Type IV)

It longitudinally extends from the arytenoid to 
the AC. The depth of the surgical margins reaches 
the internal perichondrium of the thyroid carti-
lage ala. Sometimes the perichondrium is 
included within the resection. Anteriorly, the 
incision is made in the midline of the AC 
 detaching the macula flava and the Broyle’s liga-
ment from the inner surface of the thyroid carti-
lage. Total cordectomy is reserved for glottic 
cancer infiltrating the vocal muscle with impair-
ment of vocal fold mobility (T2) or with limited 
involvement of the anterior paraglottic space at 
the glottic level (T3). This condition should be 
however clearly differentiated from arytenoid 
hypomobility/fixation due to massive posterior 
paraglottic space encroachment which, instead, is 
considered an absolute contraindication to CO2 
TOLMS.

24.3.1.5  Extended Cordectomy 
Encompassing 
the Contralateral Vocal Fold 
(Type Va)

Extended cordectomies were meant to describe a 
heterogeneous array of possible procedures 
extending beyond the confines of one vocal fold. 
In particular, type Va is a complete cordectomy 
extended to the AC and, according to the extent of 
the tumor, possibly to a segment or the entire 
length of the contralateral vocal fold. This proce-
dure is somewhat controversial because resection 
around the AC may be technically demanding, 
especially in patients with suboptimal laryngeal 
exposure, and usually leads to poor phonatory 
results. In case of intraoperative detection of minor 
thyroid cartilage erosion, CO2 TOLMS should be 
abandoned in favor of an open-neck procedure 
(open partial laryngectomies or total laryngectomy 
according to the different clinical scenarios) or 
nonsurgical organ preservation attempts.

24.3.1.6  Extended Cordectomy 
Encompassing the Arytenoid 
(Type Vb)

It is a complete cordectomy encompassing the aryte-
noid and is indicated for vocal fold carcinoma 
involving the vocal process or superficially extend-
ing to the arytenoid cartilage posteriorly. The carti-
lage is thus partially or totally resected. The posterior 
arytenoid mucosa may be preserved if this decision 
is oncologically sound. The arytenoid should be 
mobile and posterior paraglottic space not infiltrated. 
Otherwise, CO2 TOLMS is usually contraindicated 
for the high risk of positive surgical margins. The 
necessary full exposure of the posterior commissure 
and arytenoid may be reached by either dislodging 
the orotracheal tube anteriorly and intercalating the 
operating laryngoscope in between the tube and the 
posterior commissure or using jet ventilation through 
a small transglottic catheter [17, 19].

24.3.1.7  Extended Cordectomy 
Encompassing 
the Ventricular Fold (Type Vc)

Total cordectomy can be also extended to the 
mucosa of the laryngeal ventricle, ventricular fold, 
and paraglottic fat pad. This procedure is indicated 
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for ventricular or transglottic cancers spreading to 
the bottom and roof of the ventricle (cT2–cT3).

24.3.1.8  Extended Cordectomy 
Encompassing 
the Subglottis (Type Vd)

If necessary, an extended cordectomy can be 
enlarged to include the structures below the glot-
tic plane to expose the cricothyroid membrane 
and cricoid cartilage. In selected cases, this proce-
dure may be indicated for the removal of cT2 car-
cinoma with limited subglottic extension without 
cartilage invasion and/or extension through the 
cricothyroid and crico-tracheal membranes.

24.3.1.9  Extended Cordectomy 
for Cancers Arising 
from the Anterior 
Commissure (Type VI)

Type VI cordectomy is indicated for tumors orig-
inating from the AC, extended (or not) to one or 
both true and false vocal folds, to the petiole of 
the epiglottis and/or anterior subglottis, without 
infiltration of the thyroid cartilage. This proce-
dure includes resection of the AC with the ante-
rior thirds of the true and false vocal cords, 
Broyle’s tendon, and conoid ligament. To remove 
the entire AC area within safe margins, the inci-
sion should be started above the plane of the false 
vocal folds, at the level of the epiglottic insertion 
on the thyroid notch, and then extended 
 downwards through the Broyle’s ligament, at 
least until the inferior margin of the thyroid carti-
lage. Inclusion of the subglottic mucosa and cri-
cothyroid membrane into the surgical specimen 
is justified since AC cancers tend to spread 
towards the anterior subglottic lymphatic vessels. 
This technique is the ideal tool for treating AC 
cancers with vertical extension (anterior trans-
commissural tumors) and properly clear the 
inside aspect of the anterior laryngeal box.

24.3.2  Classification of Procedures 
for Supraglottic Carcinoma

Among the indications of CO2 TOLMS for laryn-
geal cancer, supraglottic laryngectomies for 
early-stage supraglottic lesions definitively play 

a prominent role. This is mainly due to the onco-
logical outcomes described, comparable to those 
obtained by other therapeutic options, and to the 
better functional results (especially when com-
pared to those achieved by OPHL) [22]. Of 
course, there remain various indications for con-
servative open neck approaches like, for exam-
ple, OPHL type I which is, again, a good reason 
why head and neck surgeons should be trained in 
the wide field of transoral and open laryngeal sur-
gery, not focusing uniquely on one treatment 
method, especially when dealing with oncologic 
issues. The main advantage of CO2 TOLMS for 
supraglottic tumors is that the resection can be 
personalized and tailored to the precise extent of 
a given tumor. Moreover, hospitalization times 
are shorter, and morbidity is lower, as it avoids 
tracheostomy in the vast majority of cases [23]. 
“En bloc” resection is mainly possible for small 
(cT1 to small-volume cT2), circumscribed carci-
nomas of the supraglottis. Surgical technique is 
comparable to resection of early glottic cancer 
even though tumors in this area should be resected 
with wider margins since they are well known to 
have a more aggressive biologic behavior than 
glottic tumors, a higher tendency of lymphatic 
spread, and such increased surgical aggressive-
ness usually do not compromise vocal outcomes 
and swallowing. If multi-bloc (or piecemeal) 
resection is needed (especially in large-volume 
cT2–cT3 lesions), it mandates a high accuracy in 
the precise orientation of the specimen, close 
cooperation with the pathologist to accurately 
assess the adequacy of the resection margins, and 
true multidisciplinary teamwork in understand-
ing the three-dimensional tumor volume and 
nature of surgical margins in order to appropri-
ately select those patients needing adjuvant 
treatments.

Tumor extension of infrahyoid epiglottic car-
cinomas is rather difficult to determine preopera-
tively, particularly in the petiolar area. Thus, it is 
often difficult to differentiate between superficial 
T1 and deeper T3 carcinomas before surgery, 
even in the presence of a state-of-the-art imaging. 
However, clinical experience shows that preepi-
glottic space infiltration should be anticipated for 
all tumors of the infrahyoid region. However, in 
the case of the demonstrated deep involvement of 
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such a visceral space, CO2 TOLMS is not contra-
indicated, but the treating surgeon should be pre-
pared to comprehensively manage a cT3 lesion. 
Bleeding of vessels in this area is usually well 
controlled by conventional electrocautery and 
titanium clips, which have proved to be appropri-
ate especially when the superior laryngeal pedi-
cle is encountered at the level of the lateral 
portion of the pharyngoepiglottic fold. Depending 
on the extent of planned resection, unilateral ary-
tenoid sacrifice can be considered, knowing that 
it will cause the highest degree of postoperative 
swallowing difficulties encountered after CO2 
TOLMS [24]. However, resection of both aryte-
noids must be avoided to prevent persistent 
severe postoperative dysphagia with massive 
aspiration.

In contrast to open neck surgery, nasogastric 
feeding tube, when needed, can be maintained 
for a few days only, and temporary tracheostomy 
can be generally avoided. In the authors’ experi-
ence, nasogastric feeding tube is mainly indi-
cated for those procedures involving wider 
supraglottic resections, especially when one ary-
tenoid has been (sub)totally resected. Of course, 
this does not mean that supraglottic partial laryn-
gectomy by CO2 TOLMS is a risk-free method: 
there are cases with significant postoperative 
bleeding or persistent functional deficits such as 
swallowing difficulties with aspiration. Therefore, 
as for every other therapeutic approach, proper 
patient selection with respect to age, functional 
status, and extent of surgical resection should be 
always taken into account, as postoperative reha-
bilitation may be demanding. Regarding the risk 
of postoperative bleeding, it should be ensured 
that patients remain under continuous supervi-
sion, with daily fiber-optic transnasal endosco-
pies, at least during the first 5–6 postoperative 
days, so they can be adequately treated in case of 
an emergency, including rapid intubation if 
required.

Several complications, regarding around 30% 
of the overall procedures, have been reported for 
CO2 TOLMS of supraglottic carcinomas: local 
infection, chondronecrosis, subcutaneous emphy-
sema, salivary fistula, bleeding, respiratory dis-
tress due to stenosis or edema, swallowing 
difficulties, and aspiration pneumonia [25]. The 

complication rate is determined mainly by the 
surgeon’s experience and extent of resection. 
This is the reason why clinical training should 
start with procedures for circumscribed supra-
glottic lesions and, later, after gaining adequate 
experience, the treatment spectrum can be 
enlarged to more extended supraglottic 
carcinomas.

In 2009, the ELS Working Committee on 
Nomenclature proposed a classification for endo-
scopic supraglottic partial laryngectomies [26]. A 
synthesis of this classification is herein discussed 
(Fig. 24.7).

24.3.2.1  Limited Excision (Type I)
This type of supraglottic resection entails the 
excision of small superficial tumors on the free 
border of the epiglottis, aryepiglottic fold, aryte-
noid or ventricular fold, or any other part of the 
supraglottis.

24.3.2.2  Medial Supraglottic 
Laryngectomy with Partial 
Resection 
of the Preepiglottic Space 
(Type II)

In the case of small and superficial T1 tumors of 
the laryngeal surface of the epiglottis, located 
above the hyoid bone, the resection may include 
half of the suprahyoid epiglottis (type IIa). For 
tumors extending below the hyoid bone, a total 
epiglottectomy may be needed (type IIb). The 
section line goes through the preepiglottic space 
without its complete excision. The pharyngoepi-
glottic, aryepiglottic, and ventricular folds are 
preserved.

24.3.2.3  Medial Supraglottic 
Laryngectomy 
with Resection 
of the Preepiglottic Space 
(Type III)

Resection of T2 tumors extending to the petiole 
of the epiglottis must include the preepiglottic 
space (type IIIa). The surgical incision is carried 
along the valleculae until the hyoid bone is 
reached. The dissection then moves caudally 
from the hyoid bone towards the thyrohyoid 
membrane until the upper border of the thyroid 
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Fig. 24.7 ELS classification for endoscopic supraglottic laryngectomies. (Reproduced from Remacle et al. 2009)

cartilage is exposed. From this point, the whole 
entity of the preepiglottic space is removed 
along the inner surface of the thyroid laminae 
together with the epiglottis towards the anterior 
commissure of the vocal folds. T2 tumors of the 
infrahyoid epiglottis extending to the ventricu-
lar fold can be resected with the same technique 
(type IIIb). The ventricular folds can be com-
pletely dissected from the thyroid cartilage 
along the inner surface towards the laryngeal 
ventricle.

24.3.2.4  Lateral Supraglottic 
Laryngectomy (Type IV)

In case of tumors of the three-folds’ region, 
which includes the lateral free edge of the epi-
glottis, the aryepiglottic, and the pharyngoepi-
glottic folds with possible extension to the 
ventricular bands, the resection includes the free 
edge of the epiglottis, the medial wall of the piri-
form sinus, and the ventricular fold (type IVa). In 
case of extension to the arytenoid, the resection 
will encompass the most advanced and aggres-
sive form of supraglottic resection, potentially 

including a significant portion of the adjacent 
piriform sinus (type IVb).

Since its publication, the ELS classification 
system has been cited hundreds of times in the 
literature [27]. Numerous centers in various 
countries have adopted this system to describe 
the type of resection made. This classification 
allows reproducibility of the technique and serves 
to improve the teaching and training of inexperi-
enced surgeons in endoscopic cordectomy and 
supraglottic partial resections.

24.4  Recurrence: Follow-Up, 
Diagnosis, and Management

One essential prerequisite for the transoral man-
agement of laryngeal tumors is ensuring adequate 
patient compliance to a compulsive postoperative 
follow-up. Tailored endoscopic resections are 
often performed within millimetric safe margins 
and such an ultraconservative approach is poten-
tially dangerous if patients escape regular controls. 
Detection of early recurrence is, in fact, important 
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since transoral procedures can still be an option for 
managing recurrences in these patients. Therefore, 
the rationale behind the need for a postoperative 
follow-up includes evaluation of treatment 
response, early identification of recurrence, possi-
ble detection of further metachronous tumors, 
management of complications, and optimization 
of voice/swallowing rehabilitation.

In this context, ventricular fold resection before 
approaching every glottic lesion gives not only the 
advantage to enhance the exposure during primary 
surgery, but it also facilitates subsequent transna-
sal fiber-optic laryngoscopy control during follow-
up. Particularly when dealing with tumors at high 
risk of recurrence (e.g., T2 glottic lesions with 
anterior transcommissural extension, or supraglot-
tic tumors with lateral extension to the bottom of 
the ventricle and paraglottic space), an even closer 
clinical follow-up is strongly recommended. In 
particular, when dealing with such intermediate to 
advanced tumors, a CT and/or MR follow-up 
should be also combined and scheduled twice a 
year for the first 2 years after surgery, even in case 
of a negative clinical evaluation [28].

In 2014, a working group of the Head and 
Neck Cancer Committee of the ELS published a 
paper containing evidence-based recommenda-
tions regarding laryngeal cancer follow-up [29]. 
According to their work, patients should be fol-
lowed up for a minimum of 5  years with pro-
longed surveillance for those with a high risk of 

late recurrence (e.g., active smokers). When the 
risk of locoregional recurrence is high, patients 
should be followed up at least bimonthly in the 
first 2 years and quarterly to every 6 months in the 
subsequent years. However, longer intervals can 
be proposed for smaller lesions (i.e., glottic T1) 
with clear margins. Clinical assessment should be 
conducted by a dedicated otolaryngologist and it 
should include an adequate examination of the 
entire mucosal lining of the upper aerodigestive 
tract (in order to detect possible second primary 
tumors) and neck palpation. Seriated video-
recorded examinations using high-resolution flex-
ible endoscopes are of paramount value for 
sharing opinions between different examiners, 
storing images of individual patients, and making 
comparisons during the entire posttherapeutic 
period. NBI, possibly associated with high-defini-
tion television technology, can enhance the chance 
of detecting superficial persistence/recurrences or 
second primary tumors (Fig. 24.8). A second-look 
microlaryngoscopy should be reserved to selected 
cases, as for uncertain (close or altered for iatro-
genic artifacts) surgical margins, granulomas, 
webs, or other post-excisional abnormal tissue 
growth at the level of the primary resection site, 
and should not be performed before 8 weeks from 
surgery for possible confounding factors due to 
the ongoing healing process.

As previously described in the preoperative 
setting, strict cooperation between the surgeon 

Fig. 24.8 Glottic recurrences enhanced by NBI evaluation
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and an experienced radiologist is mandatory dur-
ing follow-up. The authors’ policy encompasses 
periodic CT and/or MR (even in the absence of 
endoscopic abnormalities) in patients with T2 or 
more advanced glottic and supraglottic tumors. 
Any endoscopic abnormalities deemed not 
related to normal postoperative sequelae and hid-
ing possible deep patterns of disease progression 
should be immediately evaluated by the appropri-
ate imaging modality. Neck monitoring can be 
performed simply with clinical examination for 
early glottic tumors, especially considering their 
low propensity for nodal involvement. An ultra-
sonography every 4  months during the first 
2 years, when not performing CT, is indicated in 
patients with T2 supraglottic tumors submitted to 
a “wait and see” policy of the neck, while longer 
intervals (i.e., once a year) can be adopted for 
patients treated by elective neck dissection. In 
case of suspicious ultrasonographic findings, 

fine-needle aspiration cytology is strongly rec-
ommended. For early glottic cancer, imaging for 
distant metastasis detection may not be required, 
even though monitoring of the chest in the quest 
of metachronous lung tumors is strongly war-
ranted, especially in active smokers. This type of 
surveillance may be also indicated for T2 supra-
glottic cancers, especially if nodal involvement 
was present at the time of treatment.

Recurrences after transoral surgery can follow 
completely different patterns of progression. 
Aside from superficial persistence/recurrence of 
mucosal dysplasia with possible progression to 
invasive cancer, directly detectable by endoscopic 
evaluation, the main concerns of follow- up exam-
ination should always be directed to early diagno-
sis of deep submucosal progression to the visceral 
spaces, laryngeal framework, and/or soft tissues 
of the neck (Fig. 24.9). Symptoms such as wors-
ening dysphonia and progressive dysphagia with 

a b

c d

Fig. 24.9 Examples of glottic recurrence: (a–b) superfi-
cial recurrence on the right vocal fold in NBI endoscopy 
and CT, (c–d) submucosal recurrence of the right vocal 

fold with anterior paraglottic space involvement and ini-
tial thyroid cartilage erosion in WL endoscopy and MR
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associated otalgia should always be taken into 
account, with a prompt, careful search for submu-
cosal laryngo-hypopharyngeal bulging, impaired 
vocal cord and/or arytenoid mobility, or subglottic 
mass. The presence of any of these clinical fea-
tures should require immediate evaluation by 
neck CT or MR.

If local recurrence is detected, a larger number 
of retreatment options are still available after ini-
tial CO2 TOLMS than after initial RT or OPHL. In 
fact, after transoral surgery, no increased rate of 
wound complications was reported for redo-CO2 
TOLMS, different from what was observed after 
previous RT. Moreover, in this case, the laryngeal 
framework is still intact, thus preventing early 
extralaryngeal spread of local failures. These 
characteristics make local recurrences after tran-
soral surgery still manageable either by CO2 
TOLMS again or open surgery: however, when 
detected early, local recurrences can be safely 
treated by organ preservation surgery or radio-
therapy [30]. If superficial recurrence occurs, the 
oncological outcomes are usually not worsened 
in such a salvage scenario, being comparable to 
those observed in the primary therapeutic setting. 
By contrast, a submucosal progression of resid-
ual neoplastic cells towards the deep visceral 
spaces is certainly burdened by worse prognosis, 
even if still manageable by salvage treatments. In 
fact, previous transoral removal of some natural 
barriers to the tumor spread (Broyle’s ligament, 
conus elasticus, vocal ligament, quadrangular 
membrane, and epiglottis) makes the subsequent 
patterns of tumor diffusion somewhat unpredict-
able. However, preservation of the cartilaginous 
laryngeal framework during initial laser surgery 
usually prevents recurrences from spreading 
beyond the larynx for a long time.

24.5  Oncological Outcomes

Oncological data on CO2 TOLMS for T1–T2 car-
cinomas of the larynx are exclusively based on 
retrospective studies and meta-analyses (level III 
and IV evidence). Prospective randomized trials 
comparing oncological outcomes of different 
therapeutic approaches are currently not 
available.

24.5.1  Glottic Cancer

The existing data on T1 glottic carcinomas reveal 
a good 5-year local control ranging from 85% to 
100% after transoral surgery, open partial laryn-
gectomies, or RT with no significant difference 
between these treatment modalities. Slightly 
lower control rates (66%–100%) are reported 
after transoral surgery for T2 glottic carcinomas, 
with results comparable to OPHL and RT as well 
[31, 32]. Similarly, the meta-analyses present in 
the literature do not show a significant difference 
in terms of local control after CO2 TOLMS or RT 
[33, 34]: nevertheless, a trend towards better 
laryngectomy- free survival for transoral surgery 
was observed in some studies [33, 35]. This can 
be explained by the fact that, when RT is used as 
the primary treatment modality, if recurrence 
occurs, patients can only be further treated surgi-
cally, by total laryngectomy as the gold standard 
treatment for salvage. On the other hand, when 
CO2 TOLMS is applied as the first-line treatment, 
in case of recurrence, RT can still be used as sal-
vage therapy. Moreover, one final advantage of 
transoral surgery is that, in contrast to OPHL, age 
does not represent a contraindication.

24.5.2  Supraglottic Cancer

As for glottic carcinoma, when discussing the 
optimal treatment option for supraglottic cancer, 
it must be considered that the primary tumor can 
be successfully treated either by CO2 TOLMS, 
OPHL, or RT in most cases. For what concerns 
transoral surgery, the reported 5-year local con-
trol rates range from 66% to 92% for T1–T2 
supraglottic carcinomas, with laryngeal preserva-
tion obtainable in 85%–90% of cases [23, 36, 
37]. A 2016 meta-analysis by Patel et al. suggests 
that patients undergoing primary organ-preserva-
tion surgery have better survival than those 
treated by primary RT [38]: in this review, OPHLs 
were also included; however, long-term onco-
logic outcomes comparing CO2 TOLMS and 
open surgery suggest that their results are similar 
[39]. From the oncological point of view, one of 
the advantages of transoral surgery combined 
with neck dissection compared to RT is the abil-
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ity of the former approach to identify patients 
with occult nodal metastasis in the neck. This is 
an important consideration given that up to 20% 
of patients with early supraglottic cancer may 
have occult nodal metastasis [15]. Thus, although 
these patients are early staged at the time of 
recruitment, the discovery of positive nodal 
metastases after elective neck dissection can 
result in upstaging and adjuvant therapy may be 
recommended as needed.

24.5.3  Transoral Laser Microsurgery 
Excision Margins

The development of modern laser systems per-
mits laser application with lower power settings, 
so that charring and artifacts at the level of the 
specimen margins are greatly reduced in com-
parison to what was observed in the past using 
older laser systems. Thus, it is nowadays easier 
for pathologists to properly evaluate the resection 
margins. It is widely accepted that ≥1 millimeter 
free resection margins, especially at the level of 
the glottic plane, should be considered as nega-
tive. Below this threshold, a close resection mar-
gin is usually defined [40]. As every narrow 
margin surgery, CO2 TOLMS may present close 
and positive margins in around 50% of the cases 
at the final histopathologic report: nevertheless, 
up to 80% of close and positive margins may 
result negative at a subsequent second-look, 
being indeed false positives [40–42]. Post- 
resection and postfixation shrinkage of the surgi-
cal specimen and artifacts caused by the CO2 
laser thermal effect may alter the histological 
evaluation and are at least partially responsible 
for the high incidence of apparently unsafe surgi-
cal margins. Therefore, contrary to conventional 
open surgery, the report of a final close/positive 
margin after transoral laser surgery may not 
always require a reexcision. Indeed, the impact of 
margin status on survival rates remains contro-
versial: whereas some authors found close and 
positive margins to be independent risk factors 
for recurrence and poorer survival rates, others 
did not find any significant variations compared 
with negative ones.

On a retrospective multi-institutional series of 
634 patients by Fiz and coworkers, close and 
positive single superficial margins did not nega-
tively affect DSS in respect to negative ones 
(98.7%, 100%, and 100%). However, positive 
multiple superficial, as well as positive deep mar-
gins, determined a slight, but significant, reduc-
tion of DSS compared with the negative ones 
(93.6% and 97% vs. 100%, respectively) [43]. 
Therefore, the authors’ policy is to perform a 
watchful waiting in patients with close superfi-
cial and positive single superficial margins. 
Instead, a second-look microlaryngoscopy seems 
preferable in case of deep and positive multiple 
superficial margins. Finally, according to some 
authors, intraoperative assessment of margins by 
means of frozen section can limit the need for 
second-look surgeries. Remacle and colleagues 
assessed the reliability of this method by compar-
ing frozen section outcomes with the results of 
the final histology in 97 patients submitted to 
CO2 TOLMS for glottic carcinomas at different 
stages: 94.8% of the frozen sections were later 
histologically confirmed at definitive examina-
tion after formalin fixation [44]. This surgical 
technique may be indeed time-consuming if 
implemented routinely but offer a reliable aid in 
selected complex cases.

24.5.4  Anterior Commissure 
Involvement and Vocal Fold 
Mobility Impairment

Among early glottic cancers, several tumors with 
different locations and sizes are sometimes 
grouped together. Recent publications have 
underlined that not all sites and subsites of the 
larynx, when involved, share the same prognosis 
when treated by CO2 TOLMS.  As such, we 
designed a 3D map of the larynx characterizing 
diverse zones with different oncologic outcomes 
[45]. According to this approach, there are two 
broad categories of early glottic tumors burdened 
by a potentially worse prognosis: tumors involv-
ing the AC with vertical extension towards the 
supra- and/or subglottis and tumors deeply invad-
ing the vocal muscle.
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The oncological meaning of neoplastic AC 
invasion has been repeatedly debated throughout 
the literature. From the most recent systematic 
review on the theme by Hendriksma and Sjögren, 
no consistent results emerge analyzing the series 
present in the literature, though a trend towards 
poorer outcomes can be observed [46]. This 
might be explained by the fact that no standard 
definition and reporting on AC exist. In the 
authors’ opinion, the AC should not be consid-
ered a single spot in the glottis but, instead, a 3D 
space in close relation with the adjacent visceral 
spaces (i.e., the preepiglottic upwards and the 
anterosuperior paraglottic spaces laterally). 
Several studies have shown that AC involvement 
is a significant variable affecting both local con-
trol and organ preservation rate, and therefore, 
they all propose a more aggressive treatment for 
these kinds of tumor [45, 47, 48]. It is the authors’ 
opinion that particular attention should be paid 
when vertically AC-involving tumors are man-
aged by CO2 TOLMS (Fig. 24.10): in these cases, 
a type VI cordectomy should be used to clear all 
the anterior laryngeal compartment, potentially 
from the mid-true and false cords to the epiglottic 
petiole, cricoid arch, and inner perichondrium of 
the thyroid laminae. To achieve safe oncological 
results, standard requirements should include a 
proper diagnostic workup with optical biopsy (to 
correctly assess the tumor margins) and tomo-
graphic imaging (to exclude cartilage involve-

ment), complete tumor exposure, and adequate 
surgical expertise [49]. The latter has been dem-
onstrated to significantly increase the outcomes 
in this kind of tumors [47, 50]. The slightly worse 
results offered by CO2 TOLMS for AC-infiltrating 
tumors in respect to OPHL may be due to the 
higher difficulty to completely expose the AC in 
many patients and the close proximity of the 
underlying cartilage that, if infiltrated, offers low 
chances to be controlled by laser alone. Therefore, 
in fit patients, supracricoid OPHL may be more 
appropriate for these lesions, as consistent data in 
the literature demonstrate that satisfying local 
control rates can be achieved with this technique 
[51, 52].

Vocal fold mobility impairment should be 
clearly distinguished from vocal fold fixation. 
The latter is, in fact, the result of the arytenoid 
fixation and therefore defines a posterior- invading 
T3 carcinoma not suitable for CO2 TOLMS 
resection. On the other hand, vocal fold hypomo-
bility, which clinically defines a T2 tumor, arises 
when the vocal muscle is deeply infiltrated [53]. 
Nevertheless, also tumors superficially spreading 
to the supraglottis and subglottis are categorized 
as T2 (formerly T2a in older versions of the TNM 
as distinguished from T2b for vocal cord mobil-
ity impairment), but according to some authors, 
these two subsets of patients may still have dif-
ferent outcomes and should be distinguished 
along with all the statistical analysis on the sub-

a b

Fig. 24.10 Patterns of anterior commissure cancer invasion: (a) horizontal invasion, (b) vertical invasion
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ject. According to the latest review on the topic 
[54], the few studies reporting separately onco-
logic outcomes of T2a and T2b demonstrated 
poorer outcomes of the latter category. In this 
regard, T2 for impaired mobility should be 
treated more aggressively with at least a type IV 
cordectomy in order to fully resect all the vocal 
muscle. Moreover, considering that no clear 
boundaries exist between the vocal muscle and 
the paraglottic space as the muscle fibers gradu-
ally fade in the adipose tissue, some authors have 
argued that all the lateral paraglottic compart-
ment up to the vocal process of the arytenoid 
should be surgically cleared for these tumors. 
One of the remaining problems concerning the 
definition of the T2 category in case of vocal cord 
hypomobility is the difficulty in clinically quanti-
fying it in an objective way. During pathological 
evaluation, however, significant invasion of the 
thyroarytenoid muscle (up to its half in depth or 
more) might define a pT2 carcinoma [55], as it 
has been demonstrated that vocal muscle infiltra-
tion is almost absent in the histological evalua-
tion of T1 lesions [13].

24.6  Functional Outcomes

Functional preservation during the treatment of 
early glottic cancer should aim to guarantee the 
best vocal and swallowing outcomes. Swallowing 
is usually not impaired after standard cordecto-
mies. However, an impairment may arise when 
the surgeon embraces more extended (type V and 
VI cordectomies) procedures to treat more 
advanced glottic tumors or those with significant 
supraglottic extension. On the other hand, voice 
quality after CO2 TOLMS mainly depends on the 
grade of glottic gap resulting from the loss of 
vocal fold volume after the operation. However, 
it should be noted that also other areas of the lar-
ynx might work as a glottis substitute after sur-
gery. Thus, voice quality may vary significantly 
despite similar interventions in different patients. 
For early glottic cancer, both CO2 TOLMS and 
RT are recognized as the gold standard treatment. 
While the oncologic outcomes of both modalities 
are similar, controversy exists as to which treat-

ment leads to better functional preservation, 
especially in terms of voice quality. One of the 
historical arguments supporting RT for early 
glottic cancer has always been better vocal func-
tion when compared to cordectomy through thy-
rotomy and vertical partial laryngectomies [56]. 
However, different transoral procedures can vary 
a lot in terms of volume of vocal cord resected 
and thus several studies missed the chance to 
draw precise comparisons between CO2 TOLMS 
and RT regarding vocal outcomes. In this light, 
the ELS classification allows defining and clearly 
distinguishing the extent of excision, which facil-
itates making meaningful comparisons between 
vocal outcomes after different types of cordec-
tomy [58]. Another consequence of such a clas-
sification is the possibility to compare vocal 
outcomes after endoscopic surgery with those 
achieved after RT. The University of Brescia ret-
rospectively analyzed the functional outcomes 
after different types of cordectomy performed for 
early glottic cancer [57, 59]. In those patients, no 
statistically significant difference in the voice 
after type I and II cordectomy compared to a 
group of normal subjects was observed. 
Significant and persistent dysphonia was docu-
mented only after type III, IV, and V resections, 
mainly due to two key factors: anterior commis-
sure synechiae (particularly after type Va cordec-
tomy) and substantial glottic gap after removal of 
a significant amount of vocal muscle (more than 
one-third of its depth), necessitating further pho-
nosurgical procedures in order to improve voice 
quality. For T1b tumors involving the anterior 
thirds of both vocal folds or the AC in a horizon-
tal fashion, a staged surgery separately conducted 
on both sides may be considered for selected 
patients to maximize vocal outcomes reducing 
the risk of anterior synechiae. A silicon keel may 
be also positioned at the glottic level but its 
removal invariably requires a second surgery. 
Revision phonosurgery procedures can be under-
taken in patients with severe dysphonia after the 
histological report with negative margins. Finally, 
when compared to OPHL, CO2 TOLMS offers 
the best advantages in terms of functional out-
comes: tracheotomy is avoided, vocal outcome is 
superior, swallowing function is intact, and the 
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patient can restart oral diet from the day after sur-
gery [60]. Functional preservation for the supra-
glottic larynx aims to maintain airway patency 
and oral feeding. In this regard, functional results 
after CO2 TOLMS are highly satisfactory with 
very rare sequelae [61]. Moreover, especially 
when compared to open surgery, transoral proce-
dures result in a reduced incidence of dysphagia, 
shorter hospitalization, and a low incidence of 
gastrostomies and tracheostomies [60]. However, 
to date, no head-to-head studies are available 
confronting CO2 TOLMS, RT, and transoral 
robotic surgery in terms of functional outcomes 
for supraglottic cancers due to the well-known 
difficulties in the design and performance of pro-
spective randomized controlled surgical trials.

24.7  Conclusions

• CO2 TOLMS is a cost-effective and time- 
sparing treatment providing sound oncologic 
results and favorable functional outcomes 
with low complication rates in early glottic 
and supraglottic carcinomas.

• An accurate preoperative and intraoperative 
workup, including the use of videolaryn-
gostroboscopy and biologic endoscopy tech-
niques, ensure a customized, oncologically 
safe resection with minimal sacrifice of sur-
rounding healthy tissue.

• Adequate laryngeal exposure is an essential 
prerequisite especially for the treatment of 
glottic tumors, and it should be assessed dur-
ing in-office evaluation whenever possible.

• Adequate imaging of the larynx should be per-
formed in the presence of AC-involving glot-
tic lesions and vocal cord mobility-impairing 
carcinomas and most supraglottic lesions, to 
assess the true extent of the tumor before plan-
ning endoscopic surgery.

• In the absence of clinically evident metastasis, 
elective neck dissection is not necessary for 
early glottic carcinoma, while bilateral neck 
dissection is advised for T2 supraglottic carci-
noma involving the midline.

• With rare exceptions, subglottic carcinomas 
are not suited for transoral surgery.

• En bloc resection is feasible in most cases of 
early laryngeal cancer. For bulkier tumors, a 
multi-bloc or piecemeal resection with metic-
ulous orientation for pathological assessment 
is recommended.

• Patient compliance to a compulsive postoper-
ative follow-up is mandatory as CO2 TOLMS 
consists of tailored transoral microsurgery 
often performed within millimetric safe 
margins.

• The incidence of positive margins in CO2 
TOLMS is high but its real impact on onco-
logic outcomes is debated. In this scenario, a 
second-look procedure is the safest option, but 
it may reveal no tumor left in up to 80% of 
cases. A watchful waiting policy can be viable 
for selected cases.

• Tumors arising from the AC, especially on a 
vertical plane, are particularly difficult to 
expose and may offer poorer outcomes if 
treated by CO2 TOLMS especially when not 
properly staged and evaluated. In these cases, 
open partial laryngectomies may be consid-
ered as a sound surgical alternative.
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