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Larynx and Airway
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1  Introduction

The larynx coordinates a vital role in the various 
functions of the upper aerodigestive tract, includ-
ing speech, swallowing and respiration. 
Squamous cell carcinoma in the head and neck 
frequently develops in the larynx due to repeated 
exposure to carcinogens like alcohol and tobacco.

The larynx is mainly divided into:

• The supraglottic region
• The glottic region
• The subglottic region

These embryologic-based anatomical divides 
have significant clinical ramifications. Compared to 
the sparse lymphatic network in the submucosal 
plane of the genuine vocal cords, the lymphatic 
drainage of the supraglottic larynx is extremely 
rich. Laryngeal cancer’s patterns of regional spread 
are thus influenced by the main tumour’s local size 
and place of genesis. The larynx is separated into 
three different areas or sites. The laryngeal surface 
of the epiglottis, the aryepiglottic folds, the aryte-
noids, the ventricular bands or false vocal cords and 

the ventricles—possible areas between the false and 
real vocal cords—are the locations in the supraglot-
tic region. The right and left vocal cords, together 
with the anterior commissure, are the three speci-
fied places in the glottic larynx. The right and left 
lateral walls of the subglottic area, which is com-
monly regarded as one site, serve as its boundaries.

More than 95% of the primary malignant 
tumours of the larynx are squamous cell carcino-
mas; the remaining tumours come from the small 
salivary glands, neuroepithelial tumours, soft tissue 
tumours and, in rare cases, the cartilaginous laryn-
geal framework. The majority of initial malignant 
tumours in the larynx are found in the glottic area. 
In contrast to almost 70% of patients with supra-
glottic carcinoma, who present with advanced dis-
ease, nearly 75% of patients with glottic carcinoma 
had localised disease at the time of diagnosis.

Laryngeal cancer is the tenth most prevalent 
cancer in India overall, and head and neck cancer 
is the second most common malignancy after 
cancers of the lips and oral cavity, according to 
the GLOBOCAN 2020 statistics. In India, laryn-
geal cancer diagnoses were discovered in 34,687 
instances in the year 2020 [1].

2  Aetiology and Pathology

2.1  Smoking

• Despite alcohol being an independent risk fac-
tor for developing laryngeal cancer in the 
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absence of smoking, smoking remains the 
most frequent aetiological cause for malig-
nancies of the larynx.

• Alcohol and smoking seem to increase the risk 
in different ways [2].

• Smokers are most at risk of getting laryngeal 
cancer, and that risk rises with cigarette 
consumption.

• After quitting smoking and drinking, there is a 
relative risk decrease for laryngeal cancer, 
with the risk reduction reaching the same level 
as never smokers after around 20 years [2, 3].

2.2  HPV Infection

• Although they are strongly associated with 
oropharyngeal tumours, there is less epidemi-
ological evidence connecting them to laryn-
geal tumours [4, 5].

• Existing retrospective studies have not shown 
a favourable prognostic factor for HPV- 
positive laryngeal tumours, in contrast to oro-
pharyngeal cancer [6, 7].

2.3  Other Factors

• Occupational toxicants including asbestos, 
polycyclic aromatic hydrocarbons, wood dust, 
coal dust and cement dust are other recognised 
risk factors [8, 9].

• The chance of having laryngeal cancer is 
increased for people with lower socioeco-
nomic level [8].

• Certain genetic syndromes, such as congenital 
dyskeratosis and [10] Fanconi anaemia [11], 
are also associated with a higher risk of devel-
oping laryngeal tumours in addition to 
tumours in other parts of the body.

The most common type of laryngeal cancer is 
squamous cell carcinoma; however, many other his-
tological types of cancers can be seen in the larynx. 
Optimal pathological assessment of specimens 
requires a coordinated approach between the 
pathologist and surgeon or oncologist. The Royal 
College of Pathologists in the UK has published 
guidelines for the dataset required to report cases. 

Important factors include the type, size and grade of 
the primary carcinoma, the pattern of invasion and 
the proximity of the carcinoma to resection mar-
gins. All are important prognostic features [12]. In 
cases where a total laryngectomy has been per-
formed, whole-organ section analysis is usually 
performed to consider patterns of spread and resec-
tion margins. HPV testing is not considered routine 
but may be important in a subset of patients.

3  Pathway of Cancer Spread

Depending on where it originates, laryngeal squa-
mous cell carcinoma spreads in several ways. The 
lymphatic spread is initially controlled by the bor-
ders between embryological anlagen (arches III–
VI), particularly at the free edge of the glottis, 
although local spread occurs along tissue planes. 
But contrary to long-held ideas, Kirchner’s pains-
taking whole-organ dissections from 1969 showed 
that there is no real physical barrier to restrain the 
spread between the supra- and subglottis [13].

3.1  Anterior Commissure

Because early invasion through Broyles’ ligament 
straight into the cartilage was believed to be 
unavoidable, it was formerly common knowledge 
that glottic cancer might extend to the anterior 
commissure (AC). This was thought to be caused 
by the absence of an inner perichondrium there. 
Recent research has revealed that although the 
ligament serves as a useful barrier, the prognosis is 
worsened by expansion superiorly and inferiorly 
(through the subglottic wedge and, consequently, 
the cricothyroid membrane). Direct spread may 
extend posteriorly to infect the arytenoid cartilage 
or may proceed via the AC to the opposing cord.

3.2  Glottic Tumours

The embryological barrier, located superiorly, 
and the conus elasticus, located inferiorly, may 
constrict glottic tumours to Reinke’s space. 
Tumours must cross both the vocal ligament and 
the vocalis muscle to enter the paraglottic region 
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and then easily migrate cranially and caudally. 
Ossified regions appear to be less resistant to 
invasion than the rest of the laryngeal skeleton. 
However, direct external extension through the 
cartilage is frequently observed. Glottic cancer 
lymphatic dissemination is less frequent than at 
other subsites. It has been proposed that this is 
caused by the absence of submucosal lymphatics. 
Mucosal cell transport has not yet been thor-
oughly studied to support this, though. When the 
spread happens, it affects levels II, III, IV and 
VI.  According to estimates, the incidence of 
macroscopic lymph node metastasis varies 
depending on the stage of the disease: 5% (T1), 
7% (T2), 14% (T3) and 33% (T4) (T4). The so- 
called “Delphian” node, sometimes referred to as 
the midline anterior metastatic node or Poirier’s 
prelaryngeal ganglia node, is extremely uncom-
mon but is believed to be connected to T3 or T4 
tumours with notable subglottic extension.

3.3  Supraglottic Tumours

Even with pre-epiglottic or nodal dissemination, 
supraglottic malignancies typically don’t spread 
beyond their local subsite until rather late. As a 
result, even for large tumours, a supraglottic lar-
yngectomy is frequently a good option. There 
isn’t really an anatomical barrier to inferior 
spread, though, as was already mentioned. 
Indeed, the accurate selection of patients who are 
candidates for supraglottic partial laryngectomy 
is made possible by the routine use of angled 
Hopkins rods during staging procedures to exam-
ine the cavity of the laryngeal ventricle. This 
method reveals a steady transmucosal progres-
sion of tumours similar to those found in other 
subsites. According to a number of studies, over 
50% of supraglottic malignancies move to the 
glottic area.

The epiglottic cartilage is less of a barrier to 
spread than the other cartilages since it has 
foramina inside it. However, since hyoid invasion 
is rather uncommon (2–4%), it is frequently pos-
sible to keep it during surgical clearing. 
“Suprahyoid supraglottic” carcinomas often 
expand mucosally into the pyriform fossae rather 
than the paraglottic space, invading the pre- 

epiglottic region and the deep muscles of the 
tongue.

Additionally, supraglottic tumours are more 
likely to develop bilateral nodal metastases. 
Compared to significantly lower rates of 20% in 
advanced glottic cases, supraglottic carcinoma 
had a positive nodal rate of over 60% in reports of 
advanced illness.

3.4  Subglottic Tumours

Caudally and circumferentially extending sub-
glottic cancer is common. By the time a condition 
is diagnosed, 50% of cases have already invaded 
the cricoid, and 75% have spread outside. 
Although a microscopic incidence of one in three 
places this illness into the category of necessitat-
ing elective nodal dissection, clinically apparent 
nodal metastases is surprisingly rare. The paratra-
cheal/mediastinal nodes should be included in the 
nodal dissection for subglottic carcinoma due to 
the tendency for inferior extension.

Transglottic carcinoma is identified by its pro-
gression across all three laryngeal subsites, both 
superficially and into the paraglottic region. 
Although it is hard to pinpoint the exact origin of 
true primary transglottic cancer in practice, it is 
considered to start in the laryngeal ventricle. By 
definition, it is at least T3 upon presentation; 
therefore advanced malignancies will be taken 
into consideration moving forward.

Thyroid gland invasion has been explored in 
resected tissues, and Kumar et  al. studied the 
incidence of this in a systematic review [14]. This 
study’s analysis of data from 1287 individuals 
revealed that the overall incidence of thyroid 
gland invasion is 10.7% [95% confidence interval 
(CI) 7.6–14.2]. The relative risk of thyroid gland 
invasion is considerably greater in patients with 
initial subglottic tumours [relative risk 7.5; 95% 
confidence interval (CI) 4.3–13.0] and disease 
extension into the subglottis (relative risk 4.3; 
95% CI 2.5–7.2). Other locations did not present 
this increased danger. Since thyroid gland inva-
sion is uncommon overall, thyroidectomy can be 
deferred for instances that are thought to be at 
risk rather than being a standard procedure for all 
total laryngectomies.
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4  Clinical Presentation

Laryngeal cancer, like other malignancies, can 
exhibit local symptoms as well as those brought 
on by metastatic dissemination to nodes or else-
where. Rarely many individuals with laryngeal 
cancer exhibit general systemic symptoms in the 
absence of local symptoms, such as anaemia or 
weight loss. As a consequence, primary care 
practitioners (and the general public) can have a 
pretty accurate understanding of the “warning/
red flag” symptoms that call for an immediate 
referral to an otolaryngologist.

4.1  Glottic Cancer

It is fortunate that even the early glottic malig-
nancy modifies the voice by changing the way the 
vocal cord’s wave pattern behaves. Even cancer 
in situ may cause a considerable alteration in 
voice since regular voice production depends on 
the health of a six-cell thick epithelium and a 
fragile, jelly-like superficial lamina propria.

Therefore, anyone whose hoarseness has per-
sisted for 3 weeks or longer—some even shorter 
time—should be referred immediately for a 
checkup with an otolaryngologist and head and 
neck surgical oncologist.

Maximum phonation time decreases with 
increasing lesion size, and breathiness with vary-
ing degrees of aspiration may be added with the 
commencement of cord fixation. Progressive 
dyspnoea and stridor may result from airway 
obstruction caused by advanced lesions. Larger 
tumours are typically linked to haemoptysis. 
Referred otalgia is a dangerous indication that 
suggests a profound invasion and is detected by 
the vagal complex. In simple glottic malignancy, 
dysphagia and odynophagia are quite uncom-
mon. Rarely are neck nodes the initial complaint; 
when they are, they indicate a severe invasion and 
extension into the supraglottis.

4.2  Supraglottic Cancer

The quality of the altered voice is distinct from 
that associated with glottic and subglottic malig-

nancy. Globus or foreign body feeling and pares-
thesia may be present in small supraglottic 
lesions that do not extend to the glottis. They may 
result in haemoptysis if exophytic. Phonation 
changes as tumour size grows, taking on a “hot 
potato” sound. As with glottic illness, hoarseness 
results if tumours spread to the cords.

Lateral extension that is too far may result in 
genuine dysphagia, referred otalgia and odyno-
phagia. Although tumours may not cause symp-
toms until they are fairly big, it is normal for 
cervical nodal metastases to cause a neck lump to 
be the first symptom to develop.

4.3  Subglottic Cancer

Early symptoms might also be hazy and include a 
sense of a “globus” or foreign mass in the throat. 
Hoarseness comes from any glottis or recurrent 
laryngeal nerve involvement. Diplophonia may 
occur with paralysis and has a shorter maximum 
phonation time. Therefore, especially in high- risk 
situations, this diagnosis should always be taken 
into account while evaluating the potential alterna-
tive causes of “idiopathic” cord paralysis. 
Progressive dyspnoea and stridor are brought on by 
circumferential progression, which also causes 
voice fatigue quickly. A thyroid isthmus lesion may 
be masked by direct extension into the thyroid.

5  Assessment

5.1  Outpatient Setting

The flexible nasal laryngoscope is the ideal tool 
for evaluating the larynx in an outpatient situa-
tion. Endoscopy can provide significant informa-
tion that can help with decision-making. If more 
research is needed, the outpatient endoscopic 
assessment might also point the examiner in that 
direction. For instance, the discovery of salivary 
pooling in the pyriform sinus in the presence of a 
tiny glottic tumour should raise suspicion and 
necessitate a checkup of the upper oesophagus 
and hypopharynx. Laryngeal dysplasia (LD) is a 
condition that often affects the glottis but can 
occur elsewhere in the larynx. The larynx has an 
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erythematous, inflammatory look with leukopla-
kia or erythroleukoplakia. However, histological 
signs of LD are not necessarily present in the lar-
ynx’s clinically aberrant regions, and LD can be 
seen under a microscope in the epithelium that 
seems clinically normal. Cancer can manifest as 
lesions that proliferate, infiltrate or both. These 
are quickly identified during an endoscopic 
examination as abnormalities. Malignancies, 
often non-squamous cancers, can occasionally 
manifest as submucosal tumours. These lesions 
might create minor abnormalities that may go 
unnoticed upon initial observation.

5.2  Imaging

Cross-sectional imaging for all tumour stages 
should be included as a minimum in imaging for 
laryngeal mass lesions. Magnetic resonance 
imaging (MRI) or computed tomography (CT) 
are two options, with the chest also being 
scanned. Comparing cartilage invasion, MRI 
scans are more sensitive than CT scans. Each 
imaging technique has benefits and disadvan-
tages of its own.

5.3  Assessment Under General 
Anaesthesia

This should be carried out by the operating sur-
geon and assessment regarding the feasibility of 
transoral excision to be done in the same sitting. 
Complete laryngoscopic examination should be 
carried out to check for arytenoid fixity, subglot-
tic extension, and to map the extent of the tumor.

6  Management of Laryngeal 
Cancer

6.1  Surgical Anatomy

Anatomically, the larynx extends from the bot-
tom edge of the cricoid cartilage to the tip of the 

epiglottis. It has a continuous lower boundary 
with the cervical trachea. Its anterosuperior bor-
der is the base of the tongue, and its posterolat-
eral border is the hypopharynx and cervical 
oesophagus.

Laryngeal cartilages consist of:

• Thyroid
• Cricoid
• Arytenoid
• Epiglottis
• Corniculate
• Cuneiform cartilages

The height of the anterior midline of the thy-
roid cartilage varies depending on where the 
anterior commissure is located. The anterior 
commissure is often found below the midway in 
men and at or above the midpoint in women of 
the anterior midline of the thyroid cartilage. 
Despite not being a part of the laryngeal struc-
ture, the hyoid bone, which is connected to the 
thyroid cartilage by the thyrohyoid membrane, is 
crucial to the upper aerodigestive tract’s func-
tionality. The laryngeal cartilages can calcify in 
different ways, which might make it difficult to 
diagnose tumour invasion from radiographic 
images.

The larynx’s surface mucosa is made up of 
squamous epithelium with scattered mucous 
glands. Stratified squamous epithelium lines the 
vocal cords. The internal branch of the superior 
laryngeal nerve, which enters the larynx through 
the thyrohyoid membrane, provides the sensory 
nerve supply to the supraglottic larynx. The supe-
rior laryngeal and recurrent laryngeal nerves pro-
vide dual sensory nerve supply to the mucosa of 
the true vocal cords, whereas the subglottic larynx 
receives sensory nerve input from the recurrent 
laryngeal nerve. Except for the cricothyroid mus-
cle, which is innervated by the external laryngeal 
branch of the superior laryngeal nerve, the intrin-
sic musculature of the larynx receives its innerva-
tion from the recurrent laryngeal nerve. The 
superior and inferior thyroid arteries’ branches 
feed the larynx with blood. The superior and recur-

Laryngeal Malignancy



220

rent laryngeal nerves also enter the larynx via 
these arteries. A robust lymphatic network drains 
from the supraglottic larynx into first-echelon 
lymph nodes at levels II and III via the thyrohyoid 
membrane. The glottic larynx has a relatively 
scant lymphatic network, notably around the free 
border of the true vocal cord, which is lymphatic-
free. The cricothyroid membrane is the exit point 
for the lymphatic drainage of the subglottic larynx, 
which drains into the paratracheal and deep jugu-
lar lymph nodes. The larynx also drains the lymph 
to the parathyroid and Delphian lymph nodes.

6.2  Operative Techniques 
and Caveats

For patients with:

 (1) Advanced laryngeal or hypopharyngeal can-
cers (T4a) that have invaded thyroid cartilage 
and extra laryngeal soft tissues.

 (2) Tumours that have not responded to the lar-
ynx preservation treatment programme of 
radiotherapy or chemotherapy/radiotherapy.

 (3) Extensive tumours of minor salivary origin 
and other histologic entities not suitable for a 
partial laryngectomy: a total laryngectomy is 
indicated as the initial definitive treatment.

Wide-field total laryngectomy is the preferred 
procedure if a total laryngectomy is being con-
sidered for primary laryngeal cancer.

This process includes:

• The lymph nodes in the jugular chain (levels 
II, III and IV) on the ipsilateral side as well as 
the lymph nodes in the tracheoesophageal 
groove on the same side. The whole larynx 
with its connected prelaryngeal strap 
muscles.

• To ensure that the ipsilateral tracheoesopha-
geal groove lymph nodes are sufficiently 
cleared, an ipsilateral thyroid lobectomy 
should be done for lesions that include the 
glottic larynx and have extensive subglottic 
extension.

• Bilateral jugular node dissection (levels II, III 
and IV) should be carried out if the laryngeal 

lesion necessitating complete laryngectomy 
extends on both sides of the midline. If palpa-
ble metastatic nodes are present, a modified 
radical neck dissection with accessory nerve 
preservation should be carried out.

The operative procedure is described as 
follows:

• An orotracheal tube is used to administer general 
endotracheal anaesthesia when the patient is 
placed on the operating table. The planned per-
manent tracheostome is a 2.5-cm-diameter cir-
cular patch of the skin in the suprasternal notch. 
If tracheotomy was done before laryngectomy, 
the stoma will be incorporated in the incision.

• To expose the prelaryngeal strap muscles, the 
skin incision is deepened into the platysma.

• Elevate the upper neck flap cephalad to expose 
hyoid bone and suprahyoid muscles. Split and 
ligate anterior jugular veins. Detach muscles 
at the superior end of the hyoid to mobilise 
larynx. Secure the hyoid with Adair clamp, 
and separate the suprahyoid muscles with 
electrocautery up to greater cornua’s tip.

• The lingual artery is at risk of harm if not exer-
cised with care during operation.

• Note the superior thyroid artery’s superior laryn-
geal branch, which must be identified and han-
dled with care to avoid injury during dissection. 
Early detection of the superior laryngeal artery 
reduces haemorrhage during larynx mobility. 
When thyroid lobectomy and laryngectomy are 
planned, the superior thyroid artery is split and 
ligated. The distal stump of the superior thyroid 
artery is then withdrawn with the specimen and 
secured with a haemostat.

• Retract the sternomastoid muscle to view the 
carotid sheath near bulb. Levels II, III and IV 
deep jugular lymph nodes are directed towards 
the specimen.

• Split the superior belly of the omohyoid and 
the sternohyoid/sternothyroid muscles low in 
the neck, retracting the sternomastoid muscle 
laterally. Upon division, their stumps will 
retract cephalad.

• An Adair clamp is used to hold the hyoid bone 
while gently pulling the larynx towards the 
chin.
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• Split and ligate inferior thyroid artery.
• Detach the isthmus from the trachea with 

blunt dissection.
• Divide the isthmus with two Kocher clamps.
• Ligate the left thyroid lobe stump with con-

tinuous interlocking 3-0 chromic catgut 
suture.

• The cervical trachea is visible by dividing the 
thyroid gland’s isthmus and the left strap mus-
cles up to the thyrohyoid membrane.

• Preserve superior thyroid arteries when divid-
ing the left lobe from the trachea.

• The left side’s superior laryngeal nerves and 
arteries are separated.

• Electrocautery used to split the inferior con-
strictor muscle from the thyroid cartilage’s 
posterior margin.

• A knife is used to make the skin incision, and 
electrocautery separates tissues and haemosta-
sis of the skin’s edge.

• An incision is made at the necessary level in 
the tracheal wall; the trachea is split into long 
posterior and short anterior wall and the tra-
cheostome has larger circumference due to the 
trachea’s bevel-shaped stump.

• Nylon sutures attach from the distal trachea to 
tracheostome skin margins, pulling the tra-
chea’s stump up from the larynx.

• Direct endotracheal tubes now used to main-
tain anaesthesia, replacing former orotracheal 
tubes via tracheostome. The tracheal stump’s 
bevel-shaped creates an oval form for the 
tracheostome.

• Separate the trachea and larynx from the 
oesophagus by sharp dissection, apply cepha-
lad tension to the tracheal stump, use electro-
cautery to reduce blood loss and mobilise the 
larynx cephalad in the postcricoid area.

• Electrocautery can separate the larynx and 
oesophageal mucosa with mild traction to the 
tracheal stump. Entry into the pharynx is 
achieved through the vallecula when the 
tumour is endolaryngeal or postcricoid area 
when the tumour is supraglottic and involves 
the aryepiglottic fold/epiglottis.

• Make an incision in the mucosa around the 
larynx to create an opening wide enough for a 
retractor. Remove the larynx by cutting its 
mucosal attachments.

• Evaluate the mucosal margins histologically if 
near the main tumour to rule out a microscopic 
spread.

• At this point, a nasogastric feeding tube is 
placed.

• If tracheoesophageal puncture (TEP) is 
needed, the plane posterior to the tracheos-
tome is dissected. A right-angled haemostat is 
inserted into the cervical oesophagus and 
pushed through the anterior oesophageal wall 
behind the tracheostome at the 12 o’clock 
position, about 8 mm from the tracheocutane-
ous suture line. The membranous trachea is 
cut with a No. 15 scalpel, and the hole is wid-
ened by 3–4 mm. A No. 14 red rubber catheter 
is then inserted into the distal oesophagus. 
Attach the catheter’s outside end to the skin 
under the clavicle with silk suture. From 7 to 
10 days post-op, the red rubber catheter is 
replaced with a vocal prosthesis.

• A suture is placed at the base of tongue and 
the oesophageal wall, converting the circular 
pharyngeal defect into two elliptical ones. 
When not strained, primary closure of the 
pharyngeal defect is usually possible.

• Preferably, the pharynx should be closed 
transversally with a 2-0 chromic catgut suture 
knotted at the midline of the tongue with the 
mucosa and muscle of the anterior wall of the 
oesophagus. Each side of the pharyngeal 
defect should be sealed with an interrupted 
inverting suture, beginning at the lateral bor-
ders and moving towards the midline. Care 
should be taken to flip the mucosal edges and 
avoid inverting and burying them under the 
suture when tying knots. The pharyngeal clo-
sure is complete when done with care.

• Position suction drains lateral to the throat; 
remove them via skin stab incisions. Seal the 
skin and platysma with nylon and Vicryl 
sutures. Avoid tension in closure.

6.3  Case 1

A 56-year-old man who had been a known 
smoker and alcoholic for the past 25 years pre-
sented with hoarseness of voice for 1 month and 
respiratory problems for 1 week. On video laryn-
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goscopic examination, the right true vocal cords 
showed an ulceroproliferative growth with right- 
side vocal cord fixation. On CT scan, the right 
side of the glottic area showed a heterogeneous 
lesion with expansion into the paraglottic space 
and erosion of the thyroid cartilage.

The patient was planned for a total 
laryngectomy.

The operative surgical steps, surgical speci-
men of laryngectomy and follow-up of the same 
patient are depicted in Figs. 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, and 11.

Fig. 1 Marking of skin incision from one mastoid tip to 
the opposite mastoid tip: tracheostoma is included in the 
incision, and the marking for skin excision is made around 
the tracheostoma

Fig. 2 Lateral view of the marking of the skin incision

Fig. 3 Anterior view of the larynx after the elevation of 
the upper and the lower skin flaps with retraction of the 
sternocleidomastoid muscles on both sides laterally

Fig. 4 Entering the pharynx through the vallecula

Fig. 5 Surgical site after removal of the larynx and the 
anterior pharyngeal defect can be visualised
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EPIGLOTTIS
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THYROID 
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Fig. 6 Posterior view of 
the surgical specimen of 
total laryngectomy
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6.4  Post-operative Care

• Nasogastric tube feedings are necessary, and 
they might start within 24 hours.

• When they stop working, suction drains are 
removed.

• In 7 to 8 days, oral fluids and a puréed food 
may be introduced if the skin incision and 
neck flaps are fully healed.

• At 2 weeks, tracheostome sutures are taken 
out.

• Speech therapy for the oesophagus might start 
as soon as 3 weeks following surgery.

• The red rubber catheter is withdrawn on the 
tenth day if an instantaneous TEP is carried 
out, and a vocal prosthesis is put in its place 
(Blom-Singer or Provox).

• As soon as 3 weeks following surgery, TEP 
speech therapy can start.

• To prevent stenosis of the post-laryngectomy 
stoma, a tracheostomy tube must be inserted 
through it.

6.5  Case 2

A 43-year-old male patient, a known smoker and 
alcoholic, presented with a history of change in 
voice; on video laryngoscopic examination, an 
ulceroproliferative growth was present over the 
right true vocal cord. The patient underwent a 
direct laryngoscopic examination and biopsy 
under general anaesthesia. The final HPE report 
was well-differentiated squamous cell carci-
noma. The patient underwent radical radiother-
apy. The patient was disease-free for 8 months, 
following which the patient again presented with 
similar complaints of change in voice. The patient 
had recurrence, and he was planned for salvage 
laryngectomy.

Fig. 7 Posterior view showing the hyoid bone, the epi-
glottis, the aryepiglottic fold and the cut end of the trachea 
of the total laryngectomy specimen

Fig. 8 Superior view of the surgical specimen
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EPIGLOTTIS

HYOID BONE

TRACHEA

THYROID 
CARTILAGE

Fig. 9 Posterior view of 
the total laryngectomy 
surgical specimen after 
the posterior cricoid 
split to visualise the true 
vocal cords showing the 
lesion in the right true 
vocal cords

Fig. 10 Vertical closure of the pharyngeal defect in lay-
ers with the left lobe of the thyroid in the surgical bed and 
bilateral neck drains placed

Fig. 11 Follow-up after 6 months with well-healed lar-
yngectomy stoma
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The operative surgical steps of salvage laryn-
gectomy, surgical specimen and follow-up of the 
same patient are depicted in Figs. 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, and 24.

Fig. 12 Marking for skin incision with marking for 
stoma

Fig. 13 Lateral view of the skin incision

Fig. 14 Elevation of upper and lower skin flaps

Fig. 15 Exposing the strap muscles and the sternocleido-
mastoid muscle with the inferior end of the strap muscles 
cut to expose the trachea

Fig. 16 The arrow shows the recurrent laryngeal nerve 
after retraction of the right lobe of the thyroid

Fig. 17 Entering the pharynx superiorly through the 
vallecula
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Fig. 18 Separating the larynx from the pharynx, 
Pharyngeal defect can be visualised. * is used to show the 
carotid artery

Fig. 19 Post-laryngectomy surgical bed, showing the 
pharyngeal defect along with the preserved left lobe of the 
thyroid

Fig. 20 Connell suturing of the pharyngeal mucosa

Fig. 21 Closure of the pharyngeal defect by suturing the 
pharyngeal mucosa, T-shaped closure done. The pharyn-
geal mucosa closed in two layers

Fig. 22 Post-laryngectomy specimen showing ulcerop-
roliferative growth in the right true vocal cords, and the 
lesion is seen extending to the anterior commissure

Fig. 23 Closure of the total laryngectomy neck wound
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Fig. 24 Third-week follow-up post-salvage laryngec-
tomy with well-healed neck wound and laryngectomy 
stoma

7  Airway Management

7.1  Introduction

Laryngotracheal stenosis care continues to be a 
difficult surgical issue, particularly in the juve-
nile age range. The intricacy of the numerous 
preoperative circumstances suggests that the 
issue cannot be resolved by a single therapeutic 
approach.

One must take this into account:

• The type of the stenosis:
 – Congenital
 – Acquired

• Location:
 – Supraglottic
 – Glottic
 – Subglottic
 – Combined

• Degree of obstruction
• Length in the craniocaudal axis
• Association with vocal cord ankylosis or neu-

rogenic paralysis

Furthermore, significant comorbidities or con-
genital defects in both adults and children, as 
well as the existence of tracheal injury (stenosis 
or localised malacia) connected to the tracheos-
toma or to the tracheotomy cannula, might fur-
ther complicate surgical care.

7.2  Aetiology

7.2.1  Subglottis
Prolonged intubation is the most frequent cause 
of subglottic stenosis (SGS) in children.

The most prevalent laryngeal anomalies in 
infants are listed below in a descending order of 
incidence [15]:

 1. Laryngomalacia
 2. Bilateral vocal fold paralysis
 3. Congenital SGS

Congenital SGS is divided into cartilaginous 
and soft tissue stenoses, according to Holinger 
[16]. When the cricoid region’s lumen is less than 
4 millimetres in diameter in a full-term baby or 3 
millimetres in a preterm baby, it is present. After 
the eighth week of pregnancy, there is incomplete 
recanalization of the laryngeal lumen, which 
leads to the cartilaginous type. The cricoid may 
have different defects such as overall thickening 
of the cricoid ring, a big anterior or posterior 
lamina or an elliptical form, or it may be normal 
in shape but too small for the infant’s size.

A congenital SGS is connected to mediastinal 
abnormalities such cardiovascular, tracheobron-
chial or oesophageal defects in about 50% of 
patients [17]. This suggests that any mediastinal 
malformation necessitates broncho- 
oesophagoscopy before treatment to rule out a 
mild asymptomatic congenital SGS for the oto-
laryngologist, thoracic surgeon and 
anaesthesiologist.

Infants and children are more likely to sustain 
injuries that result in acquired SGS following trau-
matic intubation for resuscitation, after intubation 
for severe cranial injuries, when laryngoscopy is 
challenging due to anatomical issues or when a 
mild congenital subglottic stenosis has been disre-
garded. The subglottic damage brought on by the 
indwelling ET tube, as well as gastroesophageal 
reflux, will be exacerbated by any systemic dis-
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ease that reduces capillary perfusion (e.g. shock, 
anaemia) or increases susceptibility to infection 
(e.g. diabetes, immuno-suppression). Benjamin in 
1993 provided a detailed description of the trans-
formation of acute intubation lesions into cicatri-
cial sequelae of the glottis and subglottis [18]. 
They are comparable in both adults and children, 
although children’s glottis involvement is more 
pronounced. Although many conditions, including 
blunt trauma, inhalation injuries, high tracheoto-
mies, thyroidectomies, Wegener’s granulomatosis 
and idiopathic causes, can result in benign SGS in 
adults, post-intubation injury is still by far the 
most frequent cause of SGS that can be treated 
with resection and primary reconstruction. 
Endotracheal intubation consequences are often 
nonexistent or minor in the supraglottic area. They 
primarily appear as bands of the scar tissue tying 
the vocal cords posteriorly, either with or without 
cricoarytenoid ankylosis, at the level of the glottis. 
This condition is known as posterior glottic steno-
sis (PGS). A fusion of the voice cords is also occa-
sionally seen. Circumferential ulcerations in the 
subglottis can result in the development of granu-
lation tissue, which evolves into contracting scars 
and causes SGS.

Grading System
The Cotton-Myer grading scale is used in the 
paediatric community [19] and is frequently 
employed to grade SGS. SGS is graded using this 
approach in four categories.

Cotton-Myer Grading System for Subglottic 
Stenosis
Cotton came up with the traditional SGS grading 
method, which is used all around the world. The 
updated Cotton-Myer grading system [19] was 
first used in 1994 and is based on the estimation 
of the stenotic diameter obtained by putting an 

endotracheal tube through the stenosis to deter-
mine the percentage of blockage (Table 1).

McCaffrey Grading System for Laryngotracheal 
Stenosis
McCaffrey’s grading scale for laryngotracheal 
stenosis in adults [20] is the most often used, and 
it would categorize laryngotracheal stenosis 
according to severity. It would also serve as a 
foundation for evaluating the outcomes of vari-
ous treatment methods for this ailment and as a 
predictive tool (Table 2).

7.2.2  Trachea
Tracheal stenosis in infants is typically brought on 
by either intrinsic compressions from cardiovascu-
lar defects or congenital deformities of the trachea 
itself (tracheomalacia, web, long- segment stenosis 
with circular “O” rings of cartilage). A localized 
tracheomalacia may require more precise tracheal 
surgery even after the vascular defect is corrected.

Adults may develop benign tracheal stenosis as 
a consequence of cuff lesions brought on by endo-
tracheal or tracheostomy tubes or as a result of tra-
cheostomy complications, such as anterior 
granuloma or stenosis and suprastomal granuloma 
or collapse at the location of the previous stoma.

7.3  History of T-Tube

William Montgomery, a physician at 
Massachusetts General Hospital’s Department of 
Otorhinolaryngology and Harvard Medical 
School, created the T-tube for the first time in 
1962.

After tracheal surgery, the T-tube was initially 
used to prevent tracheal stenosis [21]. The first 
T-tube was made of acrylic, which was too inflex-

Table 1 Cotton-Myer grading system for subglottic 
stenosis

Classification From To
Grade I No obstruction 50% obstruction
Grade II 51% obstruction 70% obstruction
Grade III 71% obstruction 99% obstruction
Grade IV No detectable lumen

Table 2 McCaffrey grading system for laryngotracheal 
stenosis

Stage Location of stenosis
I Subglottic or trachea <1 cm long
II Subglottic within the cricoid ring >1 cm long
III Subglottic + upper trachea
IV Subglottic + glottic (vocal cord fixation or 

paralysis
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ible to be intubated and negatively impacted the 
tracheal cilia’s ability to expectorate.

The “safe-T-tube” was created by Boston 
Medical Products in 1986, and it was subse-
quently made of implantable silicone [22].

The T-tube was first used to temporarily pre-
pare for tracheal repair or tracheotomy and anas-
tomosis as well as to treat acute tracheal injuries 
and stenosis.

Additionally, it was used to transitionally treat 
benign tracheal lesions before surgery and for 
individuals with laryngotracheal stenosis who 
were not candidates for surgical therapy [23].

7.4  Features of T-Tube

These are the design characteristics of the T-tube 
in comparison to other tracheal stent designs:

 (I) When compared to metallic-coated stents, 
T-tubes have smooth inner and outer walls 
and preserve the mucociliary expectoration 
function the most. Additionally, the T-highly 
tube’s polished surface prevents scabbing 
and adhesion, and the connection’s cone- 
shaped design on the edge gives comfort 
without encouraging granulation tissue 
hyperplasia.

 (II) The internal branch of the T-tube is used to 
support and mould the trachea, and the 
exterior branch is utilized to secure the 
T-tube, which overcomes the straight sili-
cone stent’s frequent displacement propen-
sity. According to reports, 6–18% of 
patients who get straight silicone DUMON 
stent insertions experience stent displace-
ment [24, 25]. Additionally, the external 
branch’s ring and groove design makes it 
possible to secure the spacer and utterance 
valve, preventing the T-tube from shifting 
when the patient breathes or speaks.

 (III) Patients with various tracheal thicknesses 
have alternatives thanks to the various mod-
els and widths of the internal branch of the 
T-tube. The length of the stenotic tracheal 
portion and the tracheostomy site, which 
necessitates careful and exact measurement 

and evaluation before putting the T-tube, 
can be used by the operating physician to 
calculate the upper and lower branch 
lengths.

 (IV) When the external branch is opened, venti-
lation and sputum aspiration can be safely 
carried out externally or through the venti-
lator in situations of upper T-tube stenosis 
or a secretion blockage.

It is straightforward and secure to insert and 
remove the T-tube [26], and following implanta-
tion, the patient may speak and breathe normally 
once more.

In summary, the Montgomery T-tube is a 
superior option for subglottic stenosis than the 
traditional self-expanding metal stents and 
straight silicone DUMON stents.

7.5  Laryngofissure and T-Tube 
Insertion

7.5.1  Operative Procedure 
and Caveats

• Since Montgomery first detailed the basic 
technique of insertion, other surgeons have 
developed small adjustments to make the 
insertion process simpler and quicker.

• Here, we describe how to introduce a laryngo-
fissure T-tube using our method.

• The installation of the T-tube requires a tra-
cheotomy opening, which may already exist 
or be made just before the surgery.

• Based on radiographic information, such as 
computed tomography (CT) of the airways 
with exterior (3-D reconstruction) or interior 
(virtual bronchoscopy) depiction, the diame-
ter of the T-tube is determined.

• Alternatively, the diameter can be calculated 
while being directly seen via a bronchoscope.

• The optimal diameter would result in the 
T-tube fitting the airways tightly with the least 
amount of anterior-posterior displacement.

• The distance between the vocal cords and the 
tracheotomy stoma and the length of the tra-
cheal lesion distal to the tracheotomy stoma 
are carefully measured using a bronchoscopic 
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procedure to determine the optimal length of 
the T-tube.

• The intraluminal limb’s edges are polished 
with sandpaper after being cut with a scalpel 
to the required length.

• Midway between the thyroid prominence and 
the cricoid cartilage, a transverse skin incision 
is made.

• In the subplatysmal plane, superior and infe-
rior skin flaps are elevated.

• After locating the midline raphe between the 
sternohyoid muscles, the soft tissue is dis-
sected until the thyroid cartilage is reached.

• The cricothyroid membrane, cricoid cartilage 
and thyroid cartilage are all exposed.

• A midline incision is made over the thyroid 
perichondrium, which is then exposed verti-
cally and removed of its cartilage.

• A midline incision is made over the thyroid 
cartilage to split it vertically.

• The lower end of the stenotic segment is 
reached by extending the incision inferiorly 
over the trachea.

• To reveal the stenotic segment, the trachea and 
incised thyroid cartilage are laterally pulled 
back.

• Either the cold steel technique or the CO2 laser 
is used to carefully dissect the stenotic fibrous 
tissue.

• A laryngofissure is used to implant the vertical 
limb of the T-tube.

• The T-tube is positioned at the level of the 
now-removed stenotic section.

• The tube’s superior end should be positioned 
so that it touches neither the true vocal cords 
nor their lower end at any point.

• Vicryl 3-0 suture is used to seal the 
laryngofissure.

• On either side of the surgical incision, corru-
gated rubber drains or glove drains are 
positioned.

• The horizontal limb of the tube is removed, 
and layers of the skin and soft tissue are closed 
around it.

7.5.2  Case 1
A 64-year-old man who had respiratory problems 
for a month, which worsened for a week, now 

complains that he is unable to engage in intensive 
activities. Due to a lower respiratory tract infec-
tion, the patient had previously had prolonged 
intubation and mechanical ventilator support for 
roughly 25 days. After being extubated, the 
patient had respiratory problems but was still 
able to do daily tasks. The patient received an 
emergency low tracheostomy when he arrived at 
our hospital, and after that, he was thoroughly 
examined to determine the degree and scope of 
the stenosis.

The patient’s laryngofissure procedure was 
then scheduled to include the stenotic segment’s 
removal and the implantation of a T-tube.

Preoperative radiological imaging, intraopera-
tive surgical steps of laryngotracheal fissure and 
insertion of T-tube, follow-up endoscopy and the 
follow-up soft tissue neck are depicted in 
Figs. 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 
37 and 38.

7.5.3  Care of T-Tube
• To maintain phonation and enable appropri-

ate humidification of air entering the respira-
tory tree, the T-tube should always be 
blocked. Dryness of respiratory secretions 
and luminal blockage are encouraged by 
open T-tubes. When the T-tube is blocked, 
breathing becomes difficult, which may be 
an early sign of laryngeal oedema or a later 
sign of the development of subglottic granu-
lation tissue.

• Respiratory secretions can be kept moist if the 
T-tube needs to be left open for a brief period 
of time by using humidified air, mucolytic 
drugs (acetylcysteine) or expectorants 
(Guaifenesin).

• With the first 1 or 2 weeks following surgery, 
it is advised to wipe the extraluminal limb 
with a Q-tip soaked in hydrogen peroxide and 
provide two to three daily instillations of 1 cc 
to 2 cc of normal saline into the T-tube’s 
lumen.

• Similar to this, regular suctioning of the T-tube 
is recommended during the first few days fol-
lowing surgery, but if the tube remains 
blocked, subsequent suctioning is seldom 
required.
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Fig. 25 X-ray 
anteroposterior view 
showing suprastomal 
stenosis in the upper 
tracheal regin

Fig. 26 CT scan sagittal cuts showing stenosis in the upper tracheal region above the level of tracheostomy site

• To help steer the suction catheter up and down, 
the extraluminal limb of the T-tube can be 
angled superiorly and inferiorly.

• To prevent irritating the mucosa, the suction 
catheter shouldn’t be advanced past the intra-
luminal parts of the T-tube.

• To replace the T-tube that is critically 
blocked, the patient should always have 
access to a replacement tracheostomy tube in 
a size chosen to accommodate the tracheot-
omy orifice.

7.5.4  Removal of the T-Tube
• The extraluminal limb can be pulled anteriorly 

with a strong pull to remove the T-tube. Except 
in cases of malpositioning in the initial post- 
operative period, failure to remove residual 
secretions leading to chronic partial blockage 
or acute total obstruction, T-tube removal is 
seldom indicated [27].

• T-tubes have been observed to plug in and 
remain there for extended periods of time 
without frequently needing to be changed.
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Fig. 27 Marking of the skin incision

Fig. 28 Elevation of the upper and the lower skin flaps in 
the subplatysmal plane and stomal freshening

Fig. 29 Exposure of strap muscles and strap muscles 
being retracted laterally

Fig. 30 Laryngofissure: Midline incision over the thy-
roid cartilage and thyroid cartilage being retracted 
laterally

Fig. 31 Intact anterior tracheal wall which is below the 
laryngofissure incision and above the tracheostoma

Fig. 32 Complete exposure of the upper trachea and sub-
glottis after removal of the stenotic segment using CO2 
laser and coblator with T-tube placement
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Fig. 33 Vertical limb of the T-tube is placed in the upper 
trachea, and the anterior wall of the trachea is closed 
around the horizontal limb of the T-tube

Fig. 34 Skin and soft tissue closed in layers around the 
horizontal limb of the T-tube with glove drains on either 
side

Fig. 35 Endoscopy in the immediate post-operative 
period showing the upper end of the T-tube just below the 
level of the true vocal cords but not touching them

Fig. 36 Surgical wound in the immediate post-operative 
period

Fig. 37 Follow-up after 9 months with a well-healed sur-
gical scar, and horizontal limb of the T-tube is plugged

• In benign tracheal disorders, it is advised to 
periodically remove the T-tube and evaluate 
the stenotic tracheal segment beneath it to 
determine if the T-tube still needs to be used as 
a stenting device.

• Unknown is the appropriate time frame for 
such an evaluation. The observations made in 
the T-tube series are consistent with a 6- to 
12-month time frame.
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Fig. 38 X-ray 
anteroposterior and 
lateral view in post- 
operative period 
showing the T-tube in 
place and an adequate 
airway
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