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Preface
Tracheostomy is a life saving procedure with which every doctor should be familiar with.
This book attempts to demystify the entire surgical process. It dwells deep in to the
post-operative care of patients who have under gone tracheostomy. The surgical
procedure along with its indications and contraindications are dealt with in detail.
Post-operative care of these patients is discussed. One chapter has been devoted to
various types of tracheostomy tubes and their uses.
As with any other surgical procedure tracheostomy has its own set of complications
which are also discussed. One chapter is devoted to the decannulation procedure that is
to be followed in patients who have under gone tracheostomy.
Tracheostomy tube comes with many useful appendages which make their use safer.
These appendages are also discussed in detail.
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Introduction
Attempts to save a life from suffocation has been made since ancient days. Portrait of
tracheostomy has been found on Egyptian tablet. It was Homer around 1000 BC who
described that Alexander the Great saved the life of his soldier from suffocation by
opening up the trachea with the tip of his sword.
Early tracheostomies were performed for respiratory obstruction, but the spectrum of
indication expanded to include respiratory failure, respiratory paralysis and removal of
retained secretion from respiratory tract and reduction of anatomical dead space.
Majority of tracheostomies are performed under emergency settings and they are all
open procedures. Currently percutaneous tracheostomy is gaining importance. This
surgery is known to have complications also. The operating surgeon should weigh the
risk benefit ratio before advising the patient to undergo this procedure.
This basic life saving procedure should be taught to all practitioners of modern medicine.
It only this procedure was in vogue during the first world war many a life could have
been saved.
The timing of tracheostomy is usually controversial. That is the reason behind Mosher’s
indication for tracheostomy which states that “one should perform tracheostomy the
moment he thinks about it”. Many surgeons swear by this Mosher’s dictum. Advances
in surgical techniques and intubation procedures have managed to decrease the risks
involved in performing tracheostomy.
Ideally all tracheostomies should be performed under controlled conditions using the
theatre facilities available. Performing this surgery under sub optimal conditions / on
bed side is fraught with dangers. It is always better to shift the patient to the theater
and perform the surgery there.
The staff of ICU should be adequately trained to handle these patients. Tube care is
most important in these patients. Majority of the post-operative complications of this
procedure arise from the fact that tube care is not proper in these patients. The
tracheostomy tube should be removed, cleaned and replaced at least once a day.

History of Tracheostomy
As mentioned above Tracheostomy happens to be an old surgical procedure. Description
of this procedure could be seen in old Egyptian tablets dating back to 3600 BC.
Asclepiades of Persia has been credited with the first tracheostomy way back in 100 BC.
The famous warrior Alexander is known to have performed tracheostomy on his soldier
in order to save his life. This happened during one of the drinking binges following a
victory. A soldier had aspirated a mutton piece following which started chocking.
Alexander the great famously used his sword to open up the neck so that he could start
breathing again. Mention about tracheostomy procedure could be found in ancient
Hindu texts written in 2000 BC.

Hippocrates (460-377 BC) knew pretty well the disastrous effects of carotid artery injury.
He hence criticized the procedure to be too dangerous to be practiced. Aretaeus of
Cappadocia (today’s Turkey) condemned this procedure because the infection that
followed the procedure was nearly always fatal.

The first properly documented tracheotomy was performed by Antonio Musa Brasavola
of Italy in 1546 1. It was performed successfully on a patient who was suffering from
laryngeal abscess.
Habicot in 1620 2 reported four patients on whom he performed tracheostomy. He also
authored a book on tracheostomy.

George Martin of Scotland was the first Briton to carry out this procedure successfully.
He also recommended the use of double lumen tube. He also documented that the
wound closed normally and spontaneously when the tracheostomy tube as withdrawn.

The first tracheostomy in a child was first performed by Caron in 1766 3. He performed
this procedure to remove a foreign body (I.e. a bean) from the child’s airway. His pupil
Trousseau had performed nearly 200 tracheotomies on children with diphtheria. It was
Trousseau who brought legitimacy to this procedure as a lifesaving one. He was also the
first to design a retractor to open up the soft tissue before trachea could be exposed.
This dilator is known as Trousseau’s dilator.

This procedure became rather common during the latter half of 19th century. It was
usually performed at a high level. This gave rise to may complications like subglottic
stenosis etc. It was Jackson in 1921 who standardized the procedure with clear cut
documented indications for the surgery.

Lots of literature in 20th century was generated on this topic which centered around
recognition of clinical signs of laryngeal obstruction, development of safe surgical
technique and after care of the patient.

Galloway 1943 4 proposed another use for tracheostomy – To clear the airway off its
secretions. He commonly performed this surgery on patients with Bulbar polio who
suffered from aspiration of their own oral secretions. This turned out to be an eye
opener for almost all surgeons. He has identified another use for this procedure.

Carter and Giuseffi 5 advocated this life saving procedure for patients with badly crushed
chest. Many patients owe their lives to them because it really tilted the balance of
survival in favor of the patient. Many a life could have been saved during the second
world war if only this procedure was commonly performed.

Another indication for tracheostomy got evolved fairly late in Scandinavia. In 1952 – 53
there was a polio epidemic there. Bulbar polio was nearly fatal because of respiratory
arrest. Tracheostomy was performed in these patients to take control of their airway 6.
Positive pressure ventilation via tracheostome was practiced those days. Norlander
advocated early tracheostomy in these patients so that air way could be maintained
better and more effectively. Norlander and his associates had treated more than 500
patients of bulbar polio by performing tracheostomy.

The entire history of tracheostomy could be summarized under three headings:

1. Ancient period – The procedure fraught with many risks. Many surgeons did not
undertake this procedure because of sheer fear of losing the patient in the process. This
phase covered nearly 3000 years (1500 BC to 1500 AD). Tracheostomy was performed in

Greece way back in 3600 BC as evidenced by neck wounds in Egyptian mummies. Rig
Veda the Hindu text describes spontaneous healing of tracheostomy wound. Despite the
warnings of Hippocrates Antyllus advocated tracheostomy in children with adeno
tonsillar hypertrophy (second century AD). He was also the one who suggested that this
procedure is best performed between the second and third rings of trachea. 20 years
later Galen described the anatomy of larynx in detail.

2. Period of Acceptance – During this phase the entire procedure gained acceptance as a
lifesaving procedure. It was accepted as a last life saving method in certain conditions. It
was George Martin who developed a double cannula tracheostomy tube. He suggested
that the inner tube can be safely removed and cleaned and reinserted.

3. Period of rationalization – This period started from 1965. The entire procedure got
standardized with clear cut indications, ideal surgical procedure to be followed and post
operative care that should be provided. It was during this phase that the entire
procedure was considered to be an acceptable risk and many surgeons practiced it
without hesitation.
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Applied Anatomy of Trachea
A complete knowledge of surgical anatomy of the larynx and trachea is a must for all
otolaryngologists. Their ability to perform life saving surgical procedures like the
tracheostomy and coming out successful depends on this aspect. All possible
anatomical variations and knowledge of adjacent crucial anatomical structures is a must.
Trachea serves as a conduit between the lungs and atmospheric air. The patency of this
structure is rather paramount for life to survive. Oxygen from the atmosphere travels to
the lungs and carbon dioxide from the lungs flows back to the atmosphere via the
trachea.

Cartilage is a tubular structure which is partially made up of cartilage and partly
membranous. It connects the larynx superiorly (cricoid cartilage of larynx to be precise)
and the two main bronchi inferiorly. Cricoid cartilage is the only complete cartilage of
the entire human airway. Even the tracheal cartilages are incomplete posteriorly and is
closed by tracheal membrane.
It is the lower edge of cricoid cartilage that defines the beginning of the trachea. This is
the most critical area of the entire airway. Cricoid cartilage is signet ring shaped
cartilage. The mucous membrane lining the interior of cricoid cartilage is highly sensitive
to injury and irritation. Significantly irritation / injury in this area causes fibrosis leading
on to stenosis of the airway at the subglottic level.
The lower end of the trachea is known as the carina. At this level the right main
bronchus takes off at a steep angle and the left main bronchus takes off at a more
horizontal direction. Right main bronchus could be considered crudely as a continuation
of trachea. Foreign bodies in the trachea usually migrates to the right main bronchus
since it is in direct continuity to the trachea.
The beginning of trachea (cricoid level) is at the level of 6th cervical vertebra and the
carina is at the level of T4 vertebral body. The length of trachea on an average is about
11 cm. Normal range being 10-13 cms in males. It is a little shorter in females.

Image showing upper portion of trachea attached to cricoid cartilage

Image showing lower end of trachea

In human adults the trachea lies anteriorly in the neck. It then dives posteriorly in to the
mediastinum as it traverses towards the carina which happens to be its lower end. The
angle of descent is more acute in children. It tends to become more horizontal with age
due to the presence of kyphosis of spine and the tethering effect of the left main
bronchus under the aortic arch. This change needs to be considered while positioning
the patient for tracheostomy. In elderly patients the length of the trachea tends to be
constant and does not increase with neck extension. In young persons the cervical
portion of the trachea tends to lengthen when the neck is extended.

Tracheal tube support / Scaffolding:
Tracheal lumen is supported by 18 – 22 D shaped “rings”. The anterior and lateral walls
of these rings are made of C shaped cartilage and the posterior wall of the trachea is
membranous connecting the two arms of the C. Trachealis muscle run longitudinally on
the posterior aspect of the membranous posterior portion of trachea. This muscle also
abuts the anterior wall of oesophagus. An intercartilagenous membrane connects the
inferior edge of the upper cartilage to the superior edge of the cartilage below.

There are approximately two rings of cartilage per centimeter of trachea. Each tracheal
ring on an average is about 4 mm in height. The tracheal wall is about 3 mm thick. The
average external diameter of trachea is about 2.3 cm in coronal dimension and1.8 cm in
sagittal dimension.
At birth the cross-sectional lumen of trachea is more or less circular. As the child grows
into an adult the lumen takes an ovoid form. If the lumen is circular even in an adult it
should be considered as an adult variant. The luminal diameter of trachea varies with
alterations in the intraluminal pressure. These alterations are known to occur during:
1.
2.
3.
4.

Normal respiration
Ventilation
Valsalva maneuvers
Coughing narrows the lumen of trachea by causing the trachealis muscle of the
posterior wall of trachea to pull the cartilaginous C arms together.

As the individual ages or in the presence of obstructive air way disorder, the lateral
diameter of the lumen tends to narrow, while the anteroposterior diameter increases.
This causes the classic “saber sheath” trachea. The walls of this tracheal formation may
show tracheal wall calcification.
In chronic obstructive pulmonary disease there is ring softening causing anteroposterior
narrowing of the lumen. In addition, if the posterior tracheal wall is thickened then
luminal obstruction could result during coughing or while the patient breaths out.

Histology of luminal mucosa:
The lumen of trachea is lined by ciliated pseudostratified columnar epithelium. This
epithelium contains mucous secreting Goblet cells. This mucosa also has ducts that
connect mucous glands in the submucosa to the surface of tracheal lumen. The surface
mucous and cilia act in unison to trap and expel particles / microbes that could enter the
airway. Sometimes air borne irritants can cause temporary / permanent damage to this
muco ciliary clearance mechanism.
In long term cigarette smokers there is increased mucous production and defective
ciliary function. These individuals are more dependent on effective cough mechanism to
clear their airways (the classic smokers cough).
Tracheal blood supply:
Successful tracheal dissection requires a complete and thorough understanding of its
blood supply. Any inadvertent disruption to its blood supply would cause tracheal
ischemia and necrosis. This is airway surgeon’s nightmare. One important aspect that a
surgeon has to bear in mind is that arteries feeding the trachea approaches the tracheal
wall laterally and vascularizes it in a segmental fashion along its longitudinal axis. As the

segmental arteries supplying the trachea reaches the lateral wall of trachea they branch
superiorly and inferiorly in a longitudinal fashion forming anastomoses with segmental
arteries above and below. It is within the intercartilagenous ligaments the tracheal
arteries branch into anterior and posterior branches that travel circumferentially within
the tracheal wall where they anastomose with the corresponding tracheal arteries from
the contralateral side. This segmental arrangement of blood supply limits
circumferential tracheal dissection to no more than 1-2 cm on either side of a tracheal
anastomosis due to devascularization and ischemia.

Diagram showing blood supply of trachea and oesophagus

The arterial supply divides trachea into the Upper (cervical) and lower (thoracic) trachea.
The tracheo-oesophageal branches of inferior thyroid arteries supply blood to the
cervical trachea from the right and left thyrocervical trunks that branch off the subclavian
arteries. The first tracheo-oesophageal branch supplies the lower cervical trachea, the
second branch supplies the middle cervical trachea and the third branch supplies the
upper cervical trachea. The superior thyroid artery does not directly supply the trachea
but forms an anastomosis with the inferior thyroid artery where fine branches supply the
thyroid isthmus and the adjacent anterior tracheal wall.

The thoracic trachea and the carina receive blood supply from the bronchial arteries that
arise directly from the aorta. The superior, middle and inferior bronchial arteries supply
blood to rest of the trachea and carina. The superior bronchial artery arises from the
anteromedial aspect of the descending thoracic aorta lateral to the carina and posterior
to the left main bronchus. This vessel supplies blood to the anterior portion of the
carina. The principal and posterior branches of the superior bronchial artery pass behind
the posterior wall of the oesophagus to supply the proximal right main bronchus.
The middle bronchial artery arises from the aorta distal to the superior bronchial artery.
It travels posterior to the medial aspect of the left main bronchus to supply the carina as
it anastomoses with anterior branch of the superior bronchial artery.
The inferior bronchial artery arises off the right posteromedial ascending thoracic aorta
to supply the left main bronchus. The patterns of branching of bronchial artery are
highly variable. In majority of cases the left bronchial tree receives blood from the left
sided aortic branches and right main stem bronchus is supplied by one right sided aortic
branch.
Anatomical relationships of trachea:
The thyroid gland is rather intimately related to the trachea. The two lobes of thyroid
gland sit anterolateral to the proximal cervical trachea. Isthmus a thin strip of midline
thyroid tissue connects the two lobes of thyroid across the anterior wall of trachea.
Isthmus usually covers the anterior tracheal wall between the second and third tracheal
rings. The inferior thyroid artery in addition to supplying the proximal trachea also
supplies the inferior thyroid gland. The isthmus of thyroid gland will be encountered
during tracheostomy and it needs to be either pushed away / resected and tied before
exposing the trachea. Improper dealing with this thyroid tissue will cause torrential
bleeding to occur on the table endangering the life of the patient.
The oesophagus is in close relationship with the trachea throughout its entire course. It
begins at the level of cricoid cartilage (c6 vertebra level) and runs downwards towards
the stomach. It joins the stomach at the gastro oesophageal junction which lies along
the left posterior border of the trachea. Fibroelastic membranes and rare muscle fibres
lie between the longitudinal muscle of outer oesophagus and the trachealis muscle. The
right posterior border of trachea runs along the anterior aspect of the vertebral bodies.
Rarely the oesophagus may be found more laterally on the left side making it more
vulnerable to injury during mediastinoscopy.
The right and left vagus nerves travel distally through the neck in a position
posterolateral to the corresponding common carotid arteries. The right and left
recurrent laryngeal nerves are branches of vagus nerves and they go on to innervate the
true vocal cords. They enter the larynx between the thyroid and cricoid cartilages under
the inferior horn or cornua of thyroid cartilage.

The origin of left recurrent laryngeal nerve differs from that of the right one. The left
recurrent laryngeal nerve originates distal to the aortic arch where it dives and courses
posterolaterally just lateral to ligamentum arteriosum. At this point it recurves and
ascends toward the cricoid cartilage within the left tracheo oesophageal groove. The
right nerve branches off the right vagus nerve just distal to the right subclavian artery
where it recurves and ascends towards the cricoid cartilage in the right tracheo
oesophageal groove. A non-recurrent laryngeal nerve is a rare variant runs from the
right vagus directly towards the larynx. Surgeon should be aware of the course of this
nerve as injury to it would cause paralysis of vocal folds.

Course of recurrent laryngeal nerves as seen laterally

Diagram showing the course taken by both right and left recurrent laryngeal nerves

A number of large blood vessels lie in close proximity to the trachea and should always
be respected during tracheal surgeries. The brachiocephalic artery / innominate artery is
the first branch of the aortic arch. The innominate artery runs from left to right along the
anterior surface of trachea. This occurs at the right anterolateral portion of the distal and
middle third of trachea.
The left common carotid artery is the next branch of the aorta. It starts to the left of the
trachea’s midline and runs superiorly from right to left over the left anterolateral trachea.
The superior vena cava courses towards the right atrium along the right anterior aspect
of the trachea. The azygos vein courses superiorly along the right anterior aspect of
trachea. This vein courses superiorly along the right side of the thoracic vertebral
column before bending anteriorly to join the superior vena cava lateral and just superior
to the right tracheobronchial angle. During mediastinoscopy this landmark should not
be confused with that of an enlarged node because inadvertent attempt at biopsy in this
area would lead to torrential bleeding.

Image showing the relationship between large blood vessels and trachea

The main pulmonary artery lies anterior and to the left of the carina. It branches namely
right and left pulmonary artery run laterally and anterior to the corresponding main stem
bronchi before they branch into the lobar arteries of the right and left lungs. This
positioning of the pulmonary arteries to the main stem bronchi should be remembered
when attempts are made to mobilize the subcarinal and tracheobronchial lymph nodes is
attempted during mediastinoscopy. Excessive traction on the right sided lower

paratracheal nodes causes massive blood loss as these nodes are in close proximity to
the first branch of the right pulmonary artery.

Indications of Tracheostomy
Even though tracheostomy is a life saving procedure it has its own indications. Surgeons
are tempted by the Mosher’s adage which states the best moment to do tracheostomy is
“when you think about it”.

Indications for tracheostomy can be classified under these headings:
1. In upper airway obstruction (obstruction above the level of larynx). Tracheostomy
is indicated in all cases of upper airway obstruction irrespective of the cause as an
emergency life saving procedure. It is also indicated in impending upper airway
obstruction as in the case of angioneurotic oedema of larynx.
2. For assisted ventilation: In comatose patients who do not have the required
respiratory drive. Air way in these patients can be secured by performing a
tracheostomy and the patient can be connected to a ventilator for assisted
ventilation. In these patient’s metal tube cannot be used. Only cuffed portex
tube can be used.
3. For bronchial toileting: Chronically ill patients who do not have sufficient energy
to couch out bronchial secretions may have to undergo tracheostomy with the
primary air of sucking out the bronchial secretions through the tracheostome.
4. In patients on prolonged intubation: Tracheostomy will have to be done on these
patients to prevent subglottic stenosis from developing.

In addition to these broad indications specific indications are as below:
1. Congenital anomalies involving upper airway (laryngeal hypoplasia / vascular web
etc.).
2. Upper airway foreign body that cannot be dislodged with Heimlich and other
basic cardiac life support maneuvers
3. Trauma to neck causing injury to thyroid / cricoid cartilages / hyoid bone / great
vessels
4. Subcutaneous emphysema when air way is threatened
5. Facial fractures that could cause upper airway obstruction (comminuted fractures
of midface and mandible)
6. Oedema of upper airway due to trauma, burns, infection or anaphylaxis
7. As a prelude to major head and neck surgical procedures where air way needs to
be secured for better post-operative management.
8. Severe sleep apnea not amenable to CPAP devices / other less invasive surgeries.
This should be considered as a last-ditch effort when everything else fails.

9. When permanent tracheostomy is needed after total laryngectomy
10. After partial laryngectomy procedures
11. Failed extubation – If extubation following surgery fails for some reason then
tracheostomy may be performed to secure the airway.
12. Anticipated intubation difficulties in patients with anteriorly placed larynx and
with a very short neck
13. In patients with bilateral abductor paralysis when airway needs to be secured on
an urgent basis.

Difficult intubation scenario should be identified fairly early to facilitate elective
tracheostomy on the table. Elective tracheostomy has fewer risks when compared to
that of emergency tracheostomy. When the anesthetist is not confident of securing the
airway via orotracheal / nasotracheal route then it becomes an indication for
tracheostomy.
When performed in critically ill patients who require prolonged mechanical ventilatory
support, tracheostomy reduces dead space and airway resistance, and improves
clearance of Broncho pulmonary secretions. This makes the patient more comfortable
and co-operative as less sedation is needed. Since the glottic reflexes are intact, there is
less likelihood of aspiration occurring. There is a general improvement in the clinical
status of the patient following tracheostomy.
It is also easy to wean the patient from the ventilator if the patient is under tracheostomy
when compared to endotracheal intubation because of lesser airway resistance. This
enables the patient to breath freely through the tracheostomy tube.
Airway resistance is determined by two factors:
Resistive components of lung dynamics – The best indicator for this factor is peak airway
pressure and dynamic compliance.
Elastic components of lung dynamics – The indictor being plateau pressure and static
compliance.
In patients on tracheostomy the peak airway pressure and static compliance improves
because of the shorter length of the tracheostomy tube compared to that of
endotracheal tube. This manifests as lower resistance to breathing.

Types of Tracheostomy
1. Temporary tracheostomy: This life saving procedure is usually performed as a
temporary measure to secure the airway while performing complex head and
neck surgical procedures which involve airway sharing with the anesthetist.
Securing the airway electively also helps in preventing post-operative airway
obstructions.
Indications:
a. Prior to any complex head and neck surgeries where airway is under threat
b. To tide over problems caused by impending airway obstruction due to
oedema involving mucosal lining of supraglottis / glottis / subglottis areas.
c. When airway is threatened due to the presence of Foreign bodies
d. In ICU setting where the patient needs to be kept on ventilator for more than
7 days.
e. In patient’s with altered sensorium / coma to keep the lower airway free of
secretions
In this procedure decannulation is ideally performed within a span of 2 weeks. A
small modification in the surgical procedure where in instead of removing a small
portion of anterior tracheal wall cartilage an inferior based cartilage flap (Bjork flap) is
created. This flap can be anchored to the skin of the stoma to keep the stoma open.
When it is time to decannulate all that needs to be done is to remove the stay suture
anchoring the cartilage flap to the skin of the stoma. The flap will fall back on to the
anterior wall of the trachea closing off the stoma.
In 1952 Bjork created this inferior based cartilage flap through the 2nd 3rd and 4th tracheal
rings and anchored it to the stomal skin using silk 1.
Bjork’s flap can safely be created only in elective tracheostomies and not under
emergency setting. This flap can be created with minimal complications but needs some
amount of patience on the part of the operating surgeon to perform.

Contraindications for performing Bjork’s flap:
1. In pediatric tracheostomies. The amount of cartilage present in the trachea of
children is so less that adjacent vital structures could well be damaged when this
flap is attempted.
2. This procedure is best avoided when tracheostomy is performed to secure air way
in patients with laryngeal malignancies because it is usually performed as an
emergency procedure.
3. Ideally not performed in an irradiated neck because the skin would be thickened
and the tracheal cartilage would have undergone fibrotic changes. Any attempt
to create cartilage flap in these patients would invariably result in a failure.
4. In obese patients the neck is short and it would be difficult to create a Bjork flap
of sufficient size 2.
5. If a surgeon is alone performing tracheostomy then Bjork’s flap is ideally avoided
Surgical technique:
This procedure can be performed either under local anesthesia or general anesthesia.
Ideally any neck surgery should be performed under good lighting conditions. The same
goes with tracheostomy also. Different sized tracheostomy tubes should also be
available.
Position:
Supine with neck extended by placing a small sandbag under the shoulder blades of the
patient. The shoulders should be symmetrically placed to ensure that the trachea stays
in the midline always. The area where surgery is going to be performed should be
painted with povidone iodine liberally and the patient draped.
Key landmarks should be marked over the skin. They include Hyoid bone, thyroid
cartilage and cricoid cartilage. Transverse skin incision is usually placed at half way
between the lower border of cricoid cartilage and the supra sternal notch. This area is
infiltrated with 2% xylocaine mixed with 1 in 100000 adrenaline. About 5 ml of the local
anesthetic can be used. Some amount of infiltration should also be given along the
medial border of lower third of sternomastoid muscles on both sides.
Before start of surgery the patient should be premedicated with sedatives and
anxiolytics. This will ensure better co-operation on the part of the patient.
The incision is usually transverse in elective tracheostomy and vertical in emergency
setting. The incision is given at the half way mark between the lower border of cricoid
cartilage and the suprasternal notch. The incision is usually 3 cm long and may even be
extended if needed. The skin and subcutaneous fat are dissected out and are held away
from the field by using retractors. Langenbeck retractors are used for this purpose. If
the surgeon is performing the surgery alone then self-retaining retractor is ideal.

Image showing Langenbeck retractor

Image showing self-retaining retractor

Blunt dissection is performed along the midline of neck pushing away the strap muscles
from midline. The isthmus of thyroid gland comes into the field when the soft tissues
and muscles are retracted from the midline. The isthmus is divided and tied using
diathermy and silk. The anterior wall of trachea becomes visible. Trachea can easily be
identified by its rings. The pretracheal fascia should be peeled away from the anterior
wall of trachea.
At this stage it would be useful to identify the cricoid cartilage to assess where exactly
trachea should be opened. Tracheostomy is usually performed between the 3rd and the
4th tracheal rings. A small amount of 2% xylocaine with 1 in 100000 adrenaline is
infiltrated into the trachea to suppress the cough reflex if the surgery is being performed
under local anesthesia.
In order to perform Bjork’s flap, the tracheal incision should be inverted U shaped one.
The transverse portion of the U incision is made in the intercartilagenous zone between
the second and third tracheal cartilages. This step is usually performed using a 15 blade.
The downward vertical incisions are then performed ideally using scissors. The vertical
limbs of the incision go through the 3rd and 4th tracheal rings. The first tracheal ring
should be avoided because of the fear of subglottic stenosis.
The cartilage flap is stitched to the subcutaneous tissue. Suction is applied through the
tracheostome to clear the secretions. Appropriate sized portex cuffed tracheostomy
tube is introduced. The tube is anchored by tying the tape. Cuff is inflated.

Figure showing Bjork’s flap anchored to the skin of stoma

The main advantage of Bjork’s flap tracheostomy is during post-operative management
of these patients. The tracheostomy tube can easily be removed cleaned and replaced
without fear of airway occlusion. There is virtually no chance of false track creation while
reinserting the tracheostomy tube after cleaning it.

During decannulation the fistula may close rather slowly which is in fact beneficial in
some patients in weaning them out of the tracheostomy.

Indications include prophylactic and therapeutic indications.

Prophylactic indications:

After abdominal / thoracic surgical procedures the cough reflex is blunted predisposing
to development of pneumonia. A mini tracheostomy in these patients will help in
preventing pneumonia.

Therapeutic indications:

To clear sputum in patients with COPD, or in other conditions where there is sputum
retention.

Contraindications:

1. Must be performed only by trained personal

2. If landmarks in the neck are not clear then this procedure should not be performed.

3. Should not be performed under extreme airway emergencies

2. Permanent or end tracheostomy - This is done in patients who have underwent
total laryngectomy. This is also known as the end tracheostomy. Here after the
removal of larynx, the proximal end of trachea is anchored to the skin. Patient
needs to live the entire duration of the life by breathing through the
tracheostome.
Major draw back in these patients is the loss of speech. Voice rehabilitation
procedures need to be performed in them in order at least to restore partial
speech function.

3. Mini tracheostomy – This procedure is one type of cricothyroidotomy. This is
commonly performed as an emergency procedure to secure the airway as well as
to prevent aspiration. Cricothyroid membrane is incised through a vertical
incision and the tracheostomy tube is introduced through it to secure the airway.
In mini tracheostomy a small cannula is passed through the incision made in the
cricothyroid membrane. A separate kit known as mini tracheostomy kit is
available for this very purpose. This procedure was popularized by
neurosurgeons. It involves use of a specialized kit.
The kit contains:
1.

A special scalpel

2.

Canula

3.

Obturator

4. Suction tube

5. A tape to anchor the tube

No sedation may be needed for this procedure as this would invariably be performed
in dire emergency settings. More over patients would already be hypoxic and hence
sedation is contraindicated for fear of respiratory depression. To perform this procedure
an assistant is always needed. This is not a procedure to be performed by a single
surgeon. An assistant is necessary to hold the head steady as these patients are
invariably restless due to hypoxia. This is a bed side procedure and can be performed
while the patient is supine in the bed. The head of the patient is usually inclined up. It is
ideal to place a pillow under the shoulder blades of the patient while the head is
stretched over the back of the pillow. This position keeps the trachea stretched in the
midline preventing its lateral movement. The oxygen mask is fixed to the patient’s face
upside down in order to avoid the tubing coming in the way during surgery.
The thyroid cartilage is identified next. It is usually easy to identify it in males than in
females. The cricoid cartilage would be just below the thyroid cartilage. If there is any

doubt it is better to go low into the trachea than high above the level of vocal cords.
Risk of injury to isthmus is a strong possibility. If a guide wire and dilator is used then
this would be a minimal problem only. If knife is used then there is a distinct possibility
of bleeding from injury to isthmus of the thyroid gland.
The thyroid cartilage is fixed between two fingers. It ensures that the trachea is kept in
position till the cannula is inserted. Local anesthetic (2% xylocaine with 1 in 100000
adrenaline) is injected over the site of incision. The needle can be inserted through the
cricothryoid membrane and a small amount of the anesthetic can be infiltrated. Patient
should start coughing if the needle is in the correct position. A vertical incision is made
over the skin long enough to ensure that there is no resistance at the level of skin. This
will ensure better palpation of the trachea. A guarded knife can be used to cut through
the skin subcutaneous tissues and the cricothyroid membrane. A dilator can be
introduced to dilate the opening and the tracheostomy tube can be introduced and
actually be guided by the dilator.
In Seldinger’s technique a special needle known as the Tuohy needle is used to perforate
the cricothyroid membrane instead of the knife. This needle is introduced through the
skin incision at right angles to that of the trachea. A pop could be felt as the needle
passes through the anterior wall of the trachea. The needle is kept still and a syringe
filled with water is connected to it and aspirated to ensure that the needle is inside the
trachea. If unsure it is best to incise the cricothyroid membrane with a knife and dilate it
using a mosquito forceps.
The syringe is removed while the needle is still inside the trachea. A guide wire (using its
flexible end) is passed through the needle into the trachea. Ideally before this procedure
it is better to point the needle towards the carina. A dilator is passed over the guide wire
repeatedly to dilate the opening. Then tracheostomy tube is introduced using the guide
wire to guide it into position.

4. Percutaneous tracheostomy - Since the advent of open tracheostomy efforts were
made to devise a procedure which will enable access into the trachea without a surgical
incision or a minimal surgical incision. Percutaneous tracheostomy was devised with just
this purpose in mind.
Advantages of percutaneous tracheostomy:

1. It is a simple procedure

2. Very easy to perform under emergency situations

3. Can be performed easily on the bed side

4. Can be performed by paramedics

Evolution of percutaneous tracheostomy:

The first tracheostomy technique that did not require neck dissection was first described
by Sheldon in 1957. He used a specially designed slotted needle to blindly enter the
tracheal lumen. This needle served as a guide for the introduction of a stillete and a
metal tracheostomy tube.

In 1969 Toyee refined this technique making it incisional rather than dilational. In this
technique after the trachea was cannulated using a needle, the tracheostomy tube was
loaded on to a stiff wire boogie that contained a small recessed blade. This boogie along
with the tracheostomy tube was advanced through the needle tract thereby placing the
tracheostomy tube inside the trachea. This procedure was fraught with risks and para
tracheal insertions occurred commonly and hence did not become popular.

In 1985 Ciaglia perfected the technique of percutaneous tracheostomy which is currently
gaining popularity. He named this procedure dilational subcricoid percutaneous
tracheostomy. (PDT). This technique has undergone three significant modifications:

1. The tracheal interspace for cannulation has been moved down by two rings caudal to
the cricoid cartilage. This was done to prevent the development of subglottic stenosis.

2. Routine use of fibreoptic bronchoscopy has been advocated.

3. The use of single beveled dilator has been substituted by the use of multiple dilators.

Ciaglia's procedure:

The vital signs of the patient are continuously monitored during the procedure. The
patient is ventilated with 100% oxygen during the whole procedure. The patient is
sedated using a narcotic analgesic, and often a non depolarising neuromuscular blocker
is used. The neck of the patient is extended to bring up the trachea closer to the skin.
The vertex of the patient is properly supported.

A 2 cm skin incision is located at the level of 1st and the 2nd tracheal rings. The wound is
then dissected bluntly using artery forceps. The existing endotracheal tube is then slowly
withdrawn to a level just above the first tracheal ring, the needle is then inserted through
the incision to penetrate the trachea between the second and the third tracheal rings.
The J tipped guide wire is inserted through the needle till it hits the level of carina. The
needle is then withdrawn. Bevelled plastic dilators are introduced over this guide wire
and the opening is dilated to create a tracheostome. When the dilatation is adequate a
special tracheostomy tube is inserted over the guide wire. The dilators can be used as
obturators. In properly performed precutaneous tracheostomy the tracheostomy tube
will pass through the isthumus of the thyroid, there will not be any significant bleeding
because the procedure is purely dilatational.

Paul's modification of Ciaglia technique:

This modification was introduced in 1989. Paul advocated the use of fibreoptic
bronchoscope through the endotracheal tube to facilitate percutaneous tracheostomy.

The advantages of this modification are:

1. Use of bronchoscope allows for correct placement of tracheostome.

2. It ensures that the guide wire is introduced in a midline position.

3. It prevents damage to posterior tracheal wall during introduction of needle.

4. It helps in video recording the whole procedure for instructional purposes.

The major disadvantages of this modification are:

1. It involves more time.

2. More trained personal and special equipment are needed.

3. The procedure is more expensive.

To reduce the operating time a single curved dilator (Blue rhino dilator) is utilized
instead of multiple dilators. Since this dilator is soft and has a more physiologic curvature
it does not cause extensive damage to the soft tissues and the tracheal walls.
Rapitrach technique: This was first introduced in 1989 by Sachachner with an intention in
facilitating a rapid tracheostomy. A special Rapitrach dilator was used. A rapitrach has
two sharp blades designed in such a way that it slides over the guide wire and an
opening is made when it is dilated. This procedure had a high incidence of damage to
the membranous posterior tracheal wall. To avoid this complication in 1990 Griggs used
custom-made forceps known as the Howard Kelly forceps. The tip of the forceps can be
opened to create a tracheostome. In fact, in all these methods the basic steps are the
same but for modifications in the dilatation technique.

6. Translaryngeal tracheostomy: This was first described by Fanconi etal. The major
aim of this procedure is to prevent damage to the posterior membranous wall of
the trachea. The dilatation in Ciaglia technique is directed in a downward
direction causing significant anteroposterior compression of the tracheal wall.

Sometimes this compression is sufficient to cause rupture of the membranous
posterior tracheal wall. In this technique this excess anteroposterior pressure is
avoided since the tracheostomy tube is pulled upwards through the larynx in an
inside out manner. The procedure is similar to Ciaglia technique till the
introduction of a guide wire through the first and the second tracheal interspaces.
The similarity ends here. The guide wire is passed through the needle into the
larynx in a retrograde fashion, in fact it traverses coaxially alongside the
endotracheal tube till it reaches the oral cavity from where it is pulled out using a
Magill's forceps. The aim of the next step is to create a room for the
tracheostomy tube to traverse the larynx since an endotracheal tube is already in
position. To achieve this the existing endotracheal tube in position is replaced
with a smaller endotracheal tube using the same guide wire as a guide. The J tip
(oral cavity end) of the guide wire is then attached to a special trocar and
tracheostomy tube assembly. The guide wire is pulled through its neck end. This
pulls the trocar along with the tracheostomy tube through the larynx into the
trachea. Here excessive tension to the posterior tracheal wall is avoided. When
the trocar causes tenting of skin in the neck a small incision is made over this
tenting and the trocar is delivered out along with the tracheostomy tube. The
endotracheal tube is removed, and the tracheostomy tube is anchored in place.
Since these procedures involve an already intubated patient it calls for excellent
coordination between the surgeon and the anesthetist.

Routine pre-operative ultrasound examination of the neck is a must because it
will identify the site of an unusually large inferior thyroid veins which could cause
troublesome bleeding during the procedure.

Contraindications:

1. A patient already in intense stridor.

2. Laryngeal malignancies

3. Short neck individuals

4. When proper trained personal is not available

5. Large thyroid gland

6. When ultrasound reveals an abnormally large inferior thyroid vein.

Figure showing Blue Rhino dilator

Figure showing Rapitrach dilator

7. Cricothyroidotomy:
This is an emergency procedure performed to secure the airway in the even of
failure of other conventional methods of securing the same. Another important
aspect that should be borne in mind that in these patients performing
conventional tracheostomy should be considered to be too dangerous.
Indications:
Trauma causing oral / pharyngeal / nasopharyngeal bleeding.
Facial muscle spasm / Laryngospasm
Uncontrollable emesis
Upper airway stenosis / congenital deformities
Clenched teeth
Oropharyngeal oedema
Maxillo facial injuries
Cervical spine immobilization secondary to injury spine
This procedure is contraindicated in children

The procedure is the same as described under mini tracheostomy. Incision is
made in the Cricotracheal membrane and a appropriate sized tracheostomy tube
is introduced thereby securing the airway.
Types of Cricothyroidotomy:
There are three main approaches to cricothyroid membrane penetration.
Needle Cricothyroidotomy: This is ideally performed under real emergency
scenario. Patient is positioned in supine. The neck is extended by placing a small
sand bag / towel roll under the shoulder blades of the patient. Patient’s neck
should be in the centre and the head should be held in a straight vertical position.
This ensures that the trachea always stay in the midline. Vital structures in the
neck are usually present lateral to the midline. It is very easy for the surgeon to
get lost in the neck if the head is not held straight. Trachea should be palpated
during every stage of the procedure.

The surgical field is sterilized by using povidone iodine paint. Sterile towels are
used to drape the neck of the patient. Local anesthesia is commonly used to
anesthetize the area of surgery. 2% xylocaine with 1 in 100000 units adrenaline is
used to infiltrate the area. The use of adrenaline ensures that the operating field
is relatively blood free.
Identification of anatomical landmarks: This is the next step in the procedure.
The thyroid cartilage should be first identified. This is the most prominent
landmark in the neck. In males it is represented by the prominent Adam’s apple.
It may be a little difficult in females, yet can be palpated accurately. The cricoid
cartilage is next identified. The cricothyroid membrane lies between these two
cartilages. The area is stabilized by holding the thyroid cartilage with three
fingers of the non-dominant hand (thumb, middle and index fingers). The index
and middle fingers are placed lateral to the thyroid cartilage while the middle
finger is used to palpate the structures.

Figure showing the landmarks in the midline of neck

With the dominant hand a large bore needle / angiographic catheter is
introduced. The needle is attached to a syringe filled with 1 ml of 2% xylocaine.
The needle is directed caudally at 45-degree angle. While the needle is being
advanced negative pressure is applied to the syringe. If it is in the air space air
bubbles could be seen inside the syringe. A few drops of xylocaine is infiltrated
on verifying the position of the needle by the presence of air bubbles. This is
done to prevent the cough reflex.

If angiographic catheter is used the needle is withdrawn allowing the catheter to
be in situ. In the event that this catheter is not available then a 3 ml syringe can
be used to perforate the cricothyroid membrane. After the needle is ensured to
be in position the piston of the syringe can be withdrawn and the syringe with its
needle attached and in place within the airway can be connected to oxygen
supply using appropriate adapters.

Syringe is seen being used to perforate the cricothyroid membrane.
Note: Green line – Hyoid bone
Brown line – Thyroid cartilage
Orange line – Cricothyroid membrane
Percutaneous Cricothyroidotomy:

Image showing piston pulled out of the 3 ml syringe and airway adapter is
introduced into the syringe barrel as shown

Image showing oxygen source connected to the airway adapter
Jet ventilation device is the ideal way to deliver oxygen via cricothyroidotomy.

Percutaneous cricothyroidotomy: (Seldinger Technique)
This procedure is more or less similar to that of needle cricothyroidotomy with
some minor differences. Angiographic catheter is used in this procedure. Once
the needle is verified to be at the correct spot a guide wire is passed through the
needle. The needle is removed as soon as the guide wire reaches its destination.
A 15-blade scalpel is used to make an incision in the skin close to the guide wire.
The incision is more or less a stab incision.

A dilator and catheter are inserted together through the stab incision close to the
guide wire. In fact, they need to be inserted through the wire. The guide wire
and the dilator are removed once the airway catheter is inside the airway and is
secured properly.

Surgical Cricothyroidotomy:
The position of the patient is similar as for any other type of tracheostomy. This
surgery is ideally performed under local anesthesia. With the non-dominant hand
stabilizing the thyroid cartilage, a 15-blade knife is held in the dominant hand and
a vertical incision (usually skin deep) is given between the thyroid and cricoid
cartilage. There may be a small amount of venous bleeding.
The cricothyroid membrane is palpated through the incision using the index
finger of the non-dominant hand. A horizontal stab incision is made through the
membrane using a 11-blade scalpel. A distinct pop could be felt as the scalpel
breaches the cricothyroid membrane and enters the trachea.
A tracheal hook should be inserted at the superior end of the incision retracting
the skin and the cricothyroid membrane upwards. This process is ideally
performed by the assistant. The scalpel should be in place till the hook is
inserted. If the incision is lost then it can easily be identified by means of bubbles
coming out the created opening. The incision is dilated using Trousseau ’s
tracheal dilator.
Using the dominant hand, the tracheostomy tube is introduced into the airway
between the two blades of the tracheal dilator. Once the tube gets through the
membrane it should be rotated 90 degrees in a caudal direction. The obturator is
removed and the tracheostomy tube is anchored to the neck.
Rapid 4 step technique:
This can be performed under dire life-threatening situations. The steps include:
Palpation
Stab incision
Inferior traction
Tube insertion
This process is really rapid when compared to other techniques. It is also
dangerous because of the higher complication rates.

Complications of Cricothyroidotomy:
Early complications:
Bleeding
Incorrect placement of tracheostomy tube leading on to formation of false
passage
Subcutaneous emphysema
Obstruction of airway
Oesophageal / mediastinal perforation
Aspiration
Vocal fold injury
Pneumothorax
Laryngeal injury
Perforation of posterior tracheal wall which is membranous in nature
Thyroid injury
Hypercarbia (common in needle cricothyroidotomy)

Late complications:
Dysphonia
Infections
Hematoma
Persistent stoma
Scarring
Glottic / Subglottic stenosis
Laryngeal stenosis

Tracheo oesophageal fistula
Tracheomalacia

8.

High tracheostomy – Is usually performed only during dire emergencies. It is
performed between the 1st and 2nd tracheal rings. This procedure is not being
performed these days because of the high incidence of subglottic stenosis in
these patients. This is ideal in patients with carcinoma larynx because the larynx
can be resected along with the tracheostoma there by facilitating creation of neo
stoma in virgin tissue.

7. Low tracheostomy – is usually performed in patients with tracheal stenosis. It is
performed between the 4th and the 5th tracheal rings.

8. Elective tracheostomy – This is the commonly performed tracheostomy. This is
performed invariably to secure the airway during the threat of impending airway
obstruction.

Surgical procedure:

Anesthesia: Under emergency situations it is performed under local infiltration
anesthesia. Under elective conditions it is performed under general anesthesia.

Position: Supine with neck hyperextended.

Incision: Emergency tracheostomy is performed with a vertical incision extending
from the lower border of cricoid cartilage up to 2cm above supra sternal notch.
This area is also known as the Burn's space and is devoid of deep cervical fascia.

Elective tracheostomy is performed through a horizontal incision at 2cm above
the sternal notch.

If performed under emergency settings local anesthesia is preferred. The drug
used is 2 % xylocaine with 1 in 100000 adrenaline. 2 ml of this solution is
infiltrated in to the Burns space.

Through a vertical incision extending from the lower border of cricoid cartilage up
to 2cm above the sternal notch the skin, platysma, and cervical fascia are incised.
Branches of anterior jugular vein if any are ligated and divided. Sternohyoid and
Sternothyroid muscles are retracted using langenbachs retractors. The anterior
wall of trachea is exposed after splitting the pretracheal fascia. The tracheal rings
are clearly identified. Few drops of 2% xylocaine is instilled into the trachea
through a syringe. This process serves to desensitize the tracheal mucosa while it
is being incised. Incision over the trachea is sited between the second and the
third tracheal rings. If the tracheostome is planned for a long duration then it is
better to excise a portion of the tracheal ring completely. If tracheostomy is
planned for a short duration of less than a month then the cartilage is not
completely removed but partially excised creating a flap based either superiorly
or inferiorly. This is known as the Bjork flap. This flap can be sutured to the skin to
keep the tracheostome open. Tracheostomy tube is inserted into the opening and
the wound is closed with silk.
During dissection when one approaches the trachea in the midline it is found to
lie under the following structures:

1. Platysma muscle

2. Superficial cervical fascia

3. Branches of anterior jugular vein

4. Sternohyoid, and Sternothyroid muscles.

5. Thyroid isthmus at the level of second tracheal ring

6. Pretracheal pad of fat through which inferior thyroid veins may wander, and
sometimes thyroidea ima artery may be found in this plane.

Tracheal cartilage being incised between the second and third tracheal rings

Stoma created in the anterior wall of trachea

Fuller’s biflanged metal tracheostomy tube seen being inserted into the stoma

Tracheostomy tube seen being anchored in the neck

A wet gauze is placed over the tracheostome in order to moisturize the inspired
air.

If the patient is to be connected to a ventilator, then a portex tube is used. If the
tracheostomy is performed to relieve acute airway obstruction then a metal
tracheostomy tube like the Fuller or Jackson is preferred.

Advantages of metal tracheostomy tube:

1. It is cheap

2. Easy to maintain

3. Patient will be able to speak by occluding the tube. This is possible in Fuller's
tube because of the presence of speaking valve.

4. It is not irritating to the tracheal mucosa

5. Makes decannulation procedure easy.

Decannulation procedure:

The process of weaning the patient from the tracheostomy tube is known as
decannulation. This process varies in adults and pediatric age groups.

Decannulation in adults:

If the patient is on portex tube then it should be changed into a metal one.

The opening of the tracheostomy tube is occluded using a spigot. Initially this
spigetting is done during day time for 2 days. If the patient tolerates spigetting
during day time for this duration then it is kept spigetted for full period of 24
hours. If the patient tolerates spigetting of this duration then the tube can be

removed and the wound can be approximated and plastered. There is also the
option of surgical closure of the tracheostome wound.

Decannulation in children:

Children easily get accustomed to tracheostome. They also become dependent
on tracheostome, this is due to the fact that a small child has a very poor
respiratory reserve. So proper care must be taken while decannulating them. In
children the tracheostomy tube is replaced by smaller and smaller sized tubes in
48-hour duration till the smallest size is reached after which complete
decannulation is possible. The whole process could take at least a week to
complete.

References:
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Tracheostomy under Challenging situations
Tracheostomy is really a challenge when the anatomy of the neck is not conducive. In
obese individuals the neck could be so short adequate extension is not possible and the
trachea will be buried deep inside the neck. The presence of excessive soft tissue in the
neck of these patients makes identification of trachea difficult in these individuals. The
increased distance between the skin and tracheal wall adds to the complication rates.
This creates difficulty with placement of tracheostomy tube because the length of
standard sized tracheostomy tubes may not be sufficient to reach the trachea. During
insertion neck extension could have shifted the trachea closer to the skin. When the
extension is removed there is every chance of tube slipping away from the trachea
causing accidental decannulation.
The following procedures may be followed in obese patients while performing
tracheostomy:
1. Caudal distraction of shoulder. This enables some portion of thoracic trachea to
get into the neck thereby increasing the length of cervical trachea
2. Taping of submental skin. Submental skin bulge could obscure the surgical field
in obese patients. Taping this tissue will ensure better exposure of the area
3. Elevating the head of the patient by 30-45 degrees
4. Use of larger incision
5. Routine use of cricoid hook to exert traction on cricoid cartilage in order to pull
the thoracic portion of trachea upwards into the neck
6. The isthmus of thyroid gland should always be identified, clamped and cut.
7. Use of long sized tracheostomy tubes to prevent accidental decannulation
In obese individuals the trachea has a posteroanterior slant. Normal tracheostomy tubes
will not match this unique curvature and hence accidental decannulation is a significant
risk in these patients.

Extended length tracheostomy tubes should ideally be used in obese patients. These
tubes can have extra proximal length of extra distal length. Extra proximal length tube
with adjustable flange that can be fixed at varying depths will be really helpful. Extra
distal length tubes will be really helpful in patients with tracheomalacia and other
congenital tracheal abnormalities. The extra distal length would help in bypassing the
anomaly

Differences between proximal and distal lengths:
Proximal extended length refers to the distance between the flange and the bend of the
tracheostomy tube.
Distal extended length refers to the distance between the bend and the tip of the
tracheostomy tube.

Image showing tracheostomy tube with extra length

Difficulties in performing tracheostomy in a patient with intense stridor:
Patients who are on intense stridor are difficult candidates for tracheostomy for the
following reasons:
Due to hypoxia these patients are restless and are not co-operative. It will be very
difficult to make them lie still on the operation table. It is always better to oxygenate
them using oxygen mask prior to preforming the surgery. It is also useful to keep the

oxygen mask during the entire period of surgery as it would alleviate the anxiety of the
patient. A less anxious patient would be more co-operative.
The next problem would be that the lung apex in these patients tend to reach up to the
level of lower neck. Pleural injury is common in these patients if tracheostomy is
resorted to without considering this anatomical fact.
The vascularity of the neck also is higher in these patients and they tend to bleed more.
This bleeding almost instantly stops as soon as the airway is secured. Patient in acute
stridor will not tolerate too much of next extension. Extra neck extension will also bring
the apical pleura of the lungs into the neck exposing it to dangers of injury during the
procedure.
To avoid these problems only a minimal amount of next extension needs to be given in
these patients. Head up position could also be preferred.

Performing tracheostomy in the presence of huge neck swelling (i.e. Thyroid swelling):
This is another challenging scenario sometimes even scary for a surgeon. The presence
of a neck mass (like thyroid) will come in the way during dissection. Anatomy of trachea
will invariably be distorted and trachea may not even lie on the midline. It could be
pushed to either sides. Finding the trachea in the neck of these patients itself is really
challenging. Anaplastic carcinoma of thyroid gland is notorious to cause acute stridor
because of its rapidly proliferating nature. In patients with this type of tumor
tracheostomy sometimes need to be performed through the mass. There is always the
danger of stomal metastasis. Hence this should be considered only as a palliative
surgery. Awake tracheostomy under local anesthesia is preferred in these patients.
Fortunately, the need to perform tracheostomy in patients with thyroid swelling is very
rare. In majority of cases it is a palliative procedure performed with an intention to
secure the airway in the presence of tracheal involvement by the tumor tissue.
In rare cases percutaneous cardiopulmonary support (ECMO) may be provided before
actually indulging in the surgical procedure. This could be useful in patients with huge
retrosternal thyroid swelling, where sternal tracheostomy needs to be performed.
It would be rather simple to perform tracheostomy in patients with bilateral abductor
palsy following total thyroidectomy because it is easy to access trachea in these patients
in whom the overlying thyroid gland and its isthmus have been removed during the
previous surgery.
Tracheostomy in patients with Ludwig’s angina:
Ludwig’s angina is rapidly spreading cellulitis involving the tissues of the neck.
Performing tracheostomy in these patients is a huge ask. Considering the fact inflamed

tissues are highly vascular and there will be lot of bleeding while the procedure is being
performed. Bed side tracheostomy should be avoided in these patients. Ideally these
patients should be shifted to the operation theatre and the procedure must be
performed under controlled conditions. After surgery these patients should be put on
antibiotic cover in order to prevent infection of tracheostoma. A number of other airway
securing techniques are available currently. They could be preferred to conventional
tracheostomy in these patients.

Pediatric tracheostomy:
Tracheostomy is a challenging procedure in the pediatric age group because of
variations in the neck anatomy in comparison with that of the adult. The differences
include:
1. Dome of the pleura extends right into the neck and is exposed to injury during
tracheostomy
2. The trachea is so pliable it is difficult to identify by palpation
3. Trachea can easily be retracted to one side even while applying minimal traction
so care should be taken not to apply excessive traction during surgery
4. The size of the trachea and carotid arteries are more or less similar in children and
hence should be differentiated during the surgical process
5. Since the neck in children is very short the working space is reduced thus
increasing the risk of injury to vital structures during surgery
6. Cricoid cartilage is prone to injury if not carefully identified. Injury to this
cartilage will lead to subglottic stenosis of the air column
Children are usually apprehensive. They may not co-operate during the surgical
procedure. It is always better to intubate them before proceeding with the surgery.

The key aspect of pediatric tracheostomy is the selection of appropriately sized
tracheostomy tube. Both diameter and length of the tube should be taken into
consideration. If a large diameter tube is used then it could interfere with the vascularity
of the tracheal mucosa causing necrosis to occur. This ultimately leads to stenosis of
that particular tracheal ring.
Over inflation of the tracheostomy tube for prolonged duration should also be
prevented because again it could cause necrosis of tracheal mucosa. The currently
available tracheostomy tubes are low pressure high volume cuffed. In other words, the
cuff of the tracheostomy tube inflates more with minimal air insufflation. This just causes
occlusion of the lumen without transmitting pressure on to the tracheal mucosa. Older
generation tracheostomy tubes had high pressure low volume cuffs and were notorious
in causing tracheal mucosal injuries.

If tracheostomy is performed in a child for ventilation purposes then a tube just large
enough to allow appropriate deliver of inspired gas without leak should be selected.
Pediatric tracheostomy tubes are usually cuffless in order to avoid unnecessary injury to
tracheal mucosa. The chosen tube should be long enough to allow adequate air entry,
easy suctioning and clearance of accumulated secretions.

Wetmore’s recommendation on the size of pediatric tracheostomy tubes based on
patient’s age and weight:
Premature neonates / Babies who weigh less than 1000 g - 2.5 mm
Babies weighing 1000-2500 g - 3 mm
Neonates aged 0-6 months – 3-3.5 mm
Infants between 6 months – 12 months – 3.5-4 mm
Infants between 1-2 years – 4-4.5 mm
Children older than 2 years – This formula can be used (Age [years]+16)/4
One another problem in pediatric age group is that when prolonged duration
tracheostomy is needed, the tube size requirement also changes as the child grows. The
inner diameter of the tube should steadily increase with the child’s increasing age.
Behl & Watt formula for calculating the appropriate inner and outer diameter of the
tracheostomy tube to be used:
Inner diameter (mm) = (age [years]/3) +3.5
Outer diameter (mm) = (age [years]/3) +5.5

Formula for calculating the size of the tracheostomy tube in relation to the weight of the
child:
Inner diameter (mm) = (weight [kg] x 0.08) +3.1
Outer diameter (mm) = (weight [kg} x 0.1) +4.7
As the child grows the size of the tracheostomy tube should also be increased by
planned surgical procedure once every 2 years. If not done it would cause nocturnal
desaturation.

Studies reveal that sex is not a factor in deciding the tracheostomy tube size.
Too long sized pediatric tracheostomy tubes when used can abrade the carina. If too
short sized tube is used then accidental decannulation is a real possibility. In some
cases, custom sized tubes can be cut out of endotracheal tube the size which has already
been used for intubating the child. Infant and neonatal tracheostomy tubes are available
in two lengths for each size.
Since pediatric tracheostomy tubes are small in size it cannot hold another inner tube
because the diameter could become so reduced that adequate air passage becomes
rather difficult. Hence all pediatric tracheostomy tubes are single lumen ones.

Picture showing various types of pediatric tracheostomy tubes

After creation of stoma in the trachea Non-absorbable 4-0 vicryl stay sutures are placed
on both sides of the tracheal rings and brought out through the neck. It should be left
in place so that in cases of accidental decannulation the trachea can be brought forwards
by just pulling the suture material and the tube can easily be reinserted again.

Decannulation in children:

Children easily get accustomed to tracheostome. They also become dependent on
tracheostome, this is due to the fact that a small child has a very poor respiratory
reserve. So proper care must be taken while decannulating them. In children the

tracheostomy tube is replaced by smaller and smaller sized tubes in 48-hour duration till
the smallest size is reached after which complete decannulation is possible. The whole
process could take at least a week to complete.

Precautions to be taken while performing pediatric tracheostomy:
1. The procedure is carried out as much as possible with the endotracheal tube or
bronchoscope in place. This will ensure that trachea is easily identified on
palpation thereby avoiding inadvertent paratracheal dissection which could lead
to disastrous complications because of the large blood vessels present close by.
2. Surgeon should stay close to the midline and should never deviate from it.
Inferior dissection should be limited because of fear of damaging apical pleura.
Since the neck of the child is so short that there is space constraint for the
surgeon during the procedure.
3. Tracheal stay sutures should be used to anchor the trachea to the neck.
4. A pediatric tracheostomy tube is available in two lengths for a given diameter.
The longer one should be used in children and the shorter one in infants. The
choice of tracheostomy tube is very important in children.
Complications in pediatric tracheostomy:
Complication rate following tracheostomy is very high in children when compared to
adults. Complications are still more in children under the age of 2. Common
complications in these infants include:
Pneumonia
Post op sepsis
Pneumothorax due to injury to apical pleura
Complications following tracheostomy could be divided into:
Early complications:
Pneumomediastinum is one of the potential early complication following injury to apical
pleura of lung. The apical pleura of right lung extends into the neck in children and
could easily be injured during the procedure. This can be avoided by staying close to
the midline during the surgery.
Pneumothorax is another complication following tracheostomy due to rupture of lung
due to high pressure ventilation. Chest radiograph is mandatory on the first postoperative day to rule out this complication.

Acute bleeding from isthmus of thyroid. This can be avoided by use of electrocautery to
section the isthmus. Carotids are almost of the same size as trachea. It should not be
mistaken for trachea.
Accidental decannulation is one of the early complications. Repeated attempts to
reinsert the tube would lead to false passage close to the anterior tracheal wall.
Presence of stay sutures will help the surgeon in recannulating the patient.
Instead of using conventional tracheal dilators which could be too large for a child’s neck
a small curved mosquito artery forceps can be used to dilate soft tissues to expose the
anterior wall of trachea.
Tubal block is rather common during the early post op period because of dried up
secretions blocking the tube. This can be avoided by periodical suction through the
tube.
Subcutaneous emphysema another early complication can be prevented by using a
tight-fitting tracheostomy tube. The pretracheal fascia should be dissected fully from
the site of tracheostome. Wound suturing should not be too tight.

Intermediate complications:
Stomal infection and granulation formation may complicate tube change during
intermediate phase. Keeping the wound clean with proper suction and dressing will
prevent this complication.
Late complications:
Decannulation difficulties. Children are difficult to decannulate because they easily
develop dependence to the tracheostomy.
Presence of trachea granuloma. This is caused more due to physical factor like irritation
to tracheal mucosa by improper sized tube. Infection also could play a role in this
process.
Subglottic stenosis. This is one of the common complications of prolonged intubation /
tracheostomy. Constant irritation to the tracheal mucosa by the tube can accentuate this
process. This is more so if the child is connected to a ventilator, because the vibrations
of the ventilator will be transmitted by the tracheostomy tube to the tracheal mucosa
causing ulceration, granulation and later stenosis. This complication is commonly caused
by inserting the tracheostomy tube too high and too close to the cricoid mucosa.

Persistent tracheocutaneous fistula:
Closure of tracheostoma spontaneously occur as soon as the tube is removed. In some
patients the stoma may not close spontaneously causing persistent tracheocutaneous
fistula. The persistent air leak via the fistula can impair proper speech. Surgical closure
should be performed in these cases.
Impairment of speech and language development:
This is another important complication that could occur in infants and neonates on
tracheostomy. Early decannulation should always be considered in this age group to
ensure that normal speech development takes place.

References:

1. de Trey L, Niedermann E, Ghelfi D, Gerber A, Gysin C. Pediatric tracheotomy: a 30year experience. J Pediatr Surg. 2013 Jul. 48(7):1470-5.
2. McMurray JS, Prescott CAJ. Tracheotomy in the pediatric patient. Cotton RT
(ed). Practical Pediatric Otolaryngology. Philadelphia: Lippincott-Raven Publishers;
1999. 575-594.
3. Behl S, Watt JW. Prediction of tracheostomy tube size for paediatric long-term
ventilation: an audit of children with spinal cord injury. Br J Anaesth. Jan 2005.
94(1):88-91
4. Prescott CA. Peristomal complications of paediatric tracheostomy. Int J Pediatr
Otorhinolaryngol. Mar 1992. 23(2):141-9
5. Genther DJ, Thorne MC. Utility of routine postoperative chest radiography in
pediatric tracheostomy. Int J Pediatr Otorhinolaryngol. 2010 Dec. 74(12):1397-400

Advantages of Tracheostomy
Improved patient comfort:
Decreased requirement of sedation 1 – Patients who are tracheostomized require lesser
sedation than those who have been intubated. Intubated patients usually don’t tolerate
endotracheal tube. They fight the ventilator. Another reason for discomfort if
endotracheal tube is present is the stimulation of gag reflex.
Patient on tracheostomy can communicate better:
Coupled with reduced sedation and the use of speaking valves would allow patients on
tracheostomy to communicate verbally.
Patient can assume varying positions of comfort:
Lack of heavy sedation makes it easier for the patient to assume positions of comfort
including reclined / sitting positions etc. This constant change in position prevents bed
sores from developing.
Avoidance of complications related to prolonged intubation:
Very minimal vocal cord damage: It has been documented that the duration of
endotracheal intubation always increased the risk of damage to larynx. This could range
from ulceration to cord paralysis which could even last for weeks. 2

Image showing the common place of intubation injury
As shown in the figure above ulcerations and scarring are common in the posterior
glottis i.e. between the arytenoid cartilages. This may eventually lead to laryngeal
stenosis. This is best avoided by performing tracheostomy.
Better voice quality: Hoarseness tend to develop following intubation. This even gets
worse with prolonged intubation. Long term hoarseness in intubated patients are
caused by vocal fold paralysis / formation of granuloma at the ulcerated edges of the
vocal folds.

Risk of laryngeal stenosis is reduced: Laryngeal stenosis 3 is caused during prolonged
intubation due to scarring in the posterior glottis commissure between the arytenoid
cartilages.
Minimal damage to lips and tongue: Endotracheal tube cause pressure and oedema in
the tongue and lips. This may take quite sometime to reduce following extubation. This
complication is unknown if tracheostomy is performed at the earliest.
Improved mechanics of ventilation: Ventilation is actually an intense energy consuming
activity. Tracheostomy is known to reduce airway resistance which is one single factor
that hinders ventilation. Studies reveal that airway resistance following tracheostomy
got reduced by nearly 33% 4. This can be attributed to the reduced resistance of
tracheostomy tube in comparison to the thermoliable endotracheal tube which could
become deformed in the upper airway. More over any physical damage to the
endotracheal tube lumen due to secretions, formation of crust could increase resistance
to breathing exponentially.
Decreases anatomical dead space: This has been often quoted as one of the major
advantages of tracheostomy and has been parroted down the generations. It has been
calculated that normal trachea has a volume of about 75ml, and the tracheostomy tube
has a volume of about 5 ml. The difference in volumes between normal endotracheal
tube and tracheostomy tube is less than 20 ml 5. This value is rather insignificant. These
results prove that change in dead space volume (anatomical) does not cause significant
improvement of ventilation mechanics following tracheostomy. Studies involving
calculation of differences in work of breathing following intubation and tracheostomy
reveal that there is a slight reduction in values following tracheostomy because of the
rigid nature and shorter length of the tube. This difference is very minimal and
statistically insignificant. When compared to normal oral / nasal breathing tracheostomy
causes significant reduction in anatomical dead space. Whereas due to its smaller
volume endotracheal tube increases dead space only by 20 ml when compared to
tracheostomy tube ventilation.
Decreased work of breathing: Work of breathing was marginally reduced in patients with
tracheostomy when compared to those on endotracheal intubation.
Improved respiratory function parameters: Studies reveal that tidal volume, rapid
shallow breathing index and the MEP/MIP values improved 6 following tracheostomy.
Rapid weaning of patients from mechanical ventilation: Tracheostomy offers a real
advantage in terms of weaning the patient from mechanical ventilation. Patients who
underwent early tracheostomy could be weaned from ventilatory support nearly 30%
faster than patients on endotracheal tube 7.

Better airway care and secretion control:
•

•

•

•

Lower incidence of tube obstruction: Patients with tracheostomy have lower
incidence of tube obstruction. The tracheostomy tubes commonly used has an
inner cannula which can be removed and cleaned. On the other hand, the
endotracheal tube is a single tube and can easily become obstructed by
secretions and crust formation.
Better oral hygiene: Since endotracheal tube passes via the oral cavity it could
prove a major hinderance in brushing the teeth. The tracheostomy tube does not
cause any such problems.
Better suction clearance: Tracheostomy provides an advantage in this aspect
because the secretions need to travel only short distance to find their way out.
Patients will hence be easily able to cough out accumulated secretions.
Lower incidence of ventilator associated pneumonia: Pneumonia is rather
common in patients who are on mechanical ventilation. It is more common in
patients on endotracheal ventilation due to the following causes:
Difficulty in removing secretions
Endotracheal tube allows aspiration of contaminated oral secretions into the lung
on the contrary cough reflex is intact in patients with tracheostomy thereby
minimizing the chances of aspiration.
Since the inner tube of tracheostomy tube is periodically removed and cleaned
easily formation of biofilms is prevented. Formation of biofilm on the surface of
the tube where bacteria can colonize has been attributed to be one of the factors
for increased incidence of pneumonia in these patients.
Early weaning from ventilator is possible in patients on tracheostomy there by
reducing the chances of pneumonia occurring in these patients.
Advantages of upper airway function:

•
•
•

Better preservation of swallowing
Early oral feeding is possible with patients on tracheostomy
Glottic competence and cough reflex are intact in patients on tracheostomy. This
obviously reduces the risk of aspiration.

Other pragmatic advantages:
•
•
•

Tube insertion and maintenance does not need any special skill. Even patient’s
attendant can be effectively be trained to manage the tube.
Tube care is not all that complex and difficult.
Patient can be shifted out of the ICU after rapid weaning process following
tracheostomy.
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Disadvantages of Tracheostomy
Tracheostomy also has its own set of disadvantages. The major one being that it
involves a surgical procedure. Surgery has its own attendant complications. Major
intraoperative complication and disadvantage could be failure to secure the airway
following which the patient may even lose his life. Highly vascular organs like the
thyroid gland need to be handled during the surgical procedure.
Tube dislodgement: This is a real time risk a surgeon needs to face. It is common in
patients who are agitated, stressed and restless. Risk factors for tube dislodgement
include:
Short neck
Obesity
Neck oedema (Ludwig’s angina)
Use of short sized tube which may just lie close to the stoma not actually entering it.
Depth of the pretracheal tissue should always be considered before deciding on the size
of the tube.
Inadequate Humidification:
When air passes through nasal cavity it is conditioned properly by addition of moisture
to it. This process is known as humidification. Tracheal secretions are not adequate to
humidify inspired air. In patients on tracheostomy the inspired air does not pass through
the nasal cavity and hence humidification is not possible. Dry inspired air causes
increased secretions in the lung. The secretions will impede effective oxygen exchange
process. This necessitates use of passive humidifiers. These passive humidifiers are
known to increase the work of breathing.
Inadequate humidification can cause secretions to crust inside the lumen of the tube.
This could impede breathing. Crusts are known to be very difficult to remove. Adequate
humidification is a must to prevent crusts from forming.
Complications pertaining to emergency airway management: If a patient on
tracheostomy happens to lose the airway created then management becomes really
tricky. The only way out would be to reinsert the tube. It is not possible to mask and
bag the patient because the pumped air would come out through the tracheostome.

Harried attempts to reinsert the tube in amateur hands would cause the tube to slip into
a false passage. This is more common if the tract has not fully formed (during the early
phases of post tracheostomy). Usually it takes 48 hours for track to form. The is the
reason why the first tracheostomy tube change should be performed by the surgeon
under controlled conditions. If for some reason false track forms then classic
endotracheal tube intubation from the top should be resorted to in order to secure the
airway. Skilled man power should be available for this to happen. This can cause
subcutaneous emphysema in the neck region.
The best way to reinsert a dislodged tracheostomy tube would be to put the patient in
tracheostomy position again by placing a sand bag / towel roll under the shoulder,
thereby extending the neck. This position brings the trachea closer to the skin. It also
ensures the cervical tracheal is lengthened by pulling up the thoracic trachea. A tracheal
dilator is used to dilate the skin and soft tissues. The stoma should clearly be visualized
before reinsertion of tracheostomy tube could be attempted.
Weaning issues: Even though studies suggest that it is easier to wean a patient from
tracheostomy tube than from an endotracheal one. Still weaning could be a problem. It
is more common in elderly and pediatric age group. When patients get used to the
comfort of tracheostomy breathing then it will be difficult to wean them out of it. On
top of it they may feel that their entire life depends on this tube and would refuse
weaning at all. Before attempting to wean a patient, they should be clearly explained
about the process involved. Ideally the tube should have a nasal breathing hole. If it
does not have a nasal breathing hole then the tube should be replaced with the one that
has it. The tracheostomy tube should be spigetted for varying durations of time during
day time. It is this period of spigetting that helps the patient to get accustomed to
normal nasal breathing. It usually takes a weak to wean a patient out of it. After 4 days
of day time spigetting, night time spigetting is begun. This is the most crucial phase of
weaning process because it is during the night time patient could become desaturated.
After successful spigetting during night time for a couple of days the tube can be
entirely removed and the skin over the stoma is strapped back into position closing the
stoma.
In children the decannulation procedure is slightly different. Before attempting to
spigot, the tube, smaller sized tubes are inserted after removing the larger one. This
process is continued till the smallest tube size is reached. Then only the spigetting
process should start. The rest is almost the same as in an adult.
Persistent tracheo cutaneous fistula: The stoma could fail to close completely even after
weeks of strapping causing a persistent tracheo cutaneous fistula. These patients should
be taken up for surgery to perform surgical closure of the stoma. This is more common
among elderly.

Laryngeal complications following prolonged intubation
Endotracheal tube intubation has its own set of complications. It was William McEwen of
England who first performed orotracheal intubation in 18781. The tube which was used
for this purpose was made of brass. Endotracheal intubation to administer general
anesthesia became really common during the first world war. Magill and Macintosh
further refined the process of general anesthesia. It was in 1964 PVC cuffed
endotracheal tube was introduced. Initial tubes used were low volume high pressure
cuffed tubes. These tubes took in lot of air to inflate the cuff. This increased the cuff
pressure which traumatized the laryngeal mucosa leading on to various complications.
High-volume low-pressure cuffs were introduced in 1970. These tubes to some extent
reduced the complications of endotracheal intubation.
Ischemic changes occur in the tracheal mucosa if the pressure exerted by the cuff of
endotracheal tube exceeds the capillary perfusion pressure. In high-volume lowpressure cuff, the cuff inflates at a low pressure. The inflation rate is more for the given
amount of pressure exerted. The incidence of tracheal ischemia can be reduced by
maintaining the intracuff pressure lower than that of the capillary perfusion pressure.
The cuff is usually inflated until it just prevents an air leak during mechanical ventilation.
This is also known as the just seal pressure.
This just seal pressure increases linearly 2 as the peak inflation pressure in the airway
increases. There is considerable variation in the just seal pressure particularly under high
air way pressures. As the cuff of the tracheal tube is inflated the airway pressure
proximal to the cuff decreases towards the atmospheric pressure, while the pressure
distal to the cuff remains unchanged. This causes air to move away from distal to the
proximal portion of the cuff. This redistribution of air inside the cuff creates a selfsealing action despite its lower cuff pressure.
Two factors could cause the cuff pressure to exceed the airway pressure. They are:
Overstretching of the cuff – The intracuff pressure of high-volume, low pressure cuff may
act as a low-pressure cuff when the diameter of the cuff is equal to or larger than that of
the tracheal diameter. The cuff may not at as low-pressure high volume one if the
diameter of the trachea is larger than the cuff diameter 3. This scenario is common
during positive pressure ventilation when the tracheal diameter increases during
inspiration. The cuff in this scenario needs to overstretch by high cuff pressure to
maintain air seal.

Wrinkles present in the cuff – Cuff of endotracheal tube may contain wrinkles which
could create channels for air to escape around the cuff. The cuff pressure in this case
needs to be increased in order to obliterate all these wrinkles to create a better air seal.
Prolonged intubation:
Endotracheal intubation lasting for more than 2 weeks can be considered as prolonged
intubation. The first long term sequelae due to prolonged intubation was described by
Bergstrom in 1962. His observations came from managing patients with Barbiturate
poisoning.

Pathogenesis off intubation injuries:
The endotracheal tube lies in the posterior portion of larynx. The structures vulnerable
to injuries in this area are:
1. Mucous membrane and muco perichondrium covering the medial surface of
arytenoid cartilages and their vocal processes
2. Cricoarytenoid joints and adjoining parts of cricoid cartilage below
3. Posterior glottic and Interarytenoid regions
4. Supraglottic structures (false vocal cords may be oedematous) reversible
5. Over inflation of cuff of the endotracheal tube may cause mucosal injury and
ciliary loss in the trachea
6. Subglottic stenosis
Classification of intubation injuries:
Acute intubation changes:
General / Nonspecific – Inflammation / edema / protrusion of ventricular mucosa
Pressure necrosis / loss of mucosa / cartilage loss / injury to muscles
Glottic:
Flaps of granulation tissue
Ulceration of vocal process
Ulcerated troughs and intact median strip
Posterior ulceration without intact median strip

Subglottis:
Bilateral posterolateral mid cricoid ulceration
Annular inferior cricoid ulceration

Image showing endotracheal tube occupying posterior glottis

Figure showing various types of laryngeal injuries

Types of granulations seen in intubation injuries

Chronic long-term complications:
General:
Submucosal fibrosis
Scarring
Stenosis
Ductal cysts
Glottic:
Granuloma

Healed fibrous nodule
Healed furrows
Posterior glottic adhesion
Posterior glottic stenosis
Subglottic:
Posterior subglottic stenosis
Circumferential subglottic stenosis
Factors responsible for laryngeal injuries:
1. Diameter / shape / contour of endotracheal tube: Safe sizes of endotracheal
tubes that can be used are 8 mm in males and 7 mm in females.
2. Plastic tubes of siliconized rubber tubes are smooth walled and less irritating
3. Duration of intubation – adults 5-7 days children 7-14 days
4. High volume low pressure cuffed tubes minimize risk of laryngeal trauma
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Complications of tracheostomy
Like any other surgical procedure tracheostomy also has its own set of risks and
complications. In the field of surgery there is nothing like simple, easy and complication
free surgical procedure. The only thing surgeon will have to ensure before embarking on
a surgical procedure is to ensure that all precautions have been taken to get over the
known complications that could arise as a result of the procedure.
Complications following tracheostomy can be divided into:
Early complications
Intermediate complications
Delayed complications
These complications are known to arise during the procedure itself or immediately after
in the post-operative period.
1. Bleeding: As with any surgical procedure bleeding is one of the immediate
complications. Neck is a highly vascular area. Large vessels are known to occupy
positions just lateral to the trachea. Isthmus of thyroid gland lies directly anterior
to 2nd and 3rd tracheal rings. While operating surgeon should ensure the
operating field is reasonably bleeding free to ensure precision does not take a
back seat. All these patients due to hypoxia will have more than normal
vascularity in the neck area due to dilatation of blood vessels. In emergency
setting securing the airway takes precedence over hemostasis. In this scenario a
surgeon should focus on securing the airway instead of securing hemostasis. As
soon as the tracheostomy tube is inserted bleeding miraculously stops in most of
these cases. Typically, the bleeding is from the anterior jugular venous system. If
these veins are encountered during surgery then it should be divided and ligated.
Small bleeders can be controlled by using cautery. If the surgeon deviates away
from the midline then injury to great vessels is also possible. In children the size
of the trachea and carotids are more or less similar and hence should not be
mistaken one from the other.
2. Subcutaneous emphysema: This is a minor complication. This is known to occur
if pretracheal fascia is not completely stripped away from the trachea. If too small
a tube is used then it could cause subcutaneous emphysema.
3. Pneumothorax – This involves air leakage into the mediastinum. This is a serious
complication which is caused due to inadvertent damage to apical pleura of the
lung. Right lung lies at a higher level than the left. When the patient is
hyperventilating the apex of right lung will occupy lower portion of the neck. It
could be damaged if the patient is restless on the table. This complication is

more common in children. Intercoastal drainage should be resorted to in order
to tide over the acute crisis.
4. Damage to oesophagus. This is always associated with trauma to the posterior
wall of trachea. This will cause the patient to aspirate whenever food / liquid is
swallowed.
5. Sudden apnea immediately on opening the trachea because of carbon dioxide
wash out which could reduce the respiratory drive. In this scenario using
carbogen inhalation could help. This problem can be avoided by gradually
opening up the trachea by dilating the opening slowly. This will prevent sudden
carbon dioxide washout.
6. Tracheostomy tube block due to inspissated secretions / blood clot.
Intermediate complications:
1. Dislodgement of tracheostomy tube. This accidental decannulation is common in
obese patients with a short neck. This happens because the pretracheal tissue
thickness is increased in these patients due to accumulation of fat. While
insertion the neck would have been in a hyperextended position bringing the
trachea closer to the neck. After surgery when the patient assumes normal
position there is every chance of tube slipping out of the stoma because the
trachea will slip back to its normal position. Reinsertion of the tube in the
immediate post-operative period will be a little difficult because the track
between the tracheal stoma and skin would not have formed. Hurried attempts
to reinsert the tube would cause it to go through a false passage. The ideal way
to reinsert the tube in these patients is to put them in neck extended position
bringing the trachea forwards. The trachea can then be visualized after retracting
the soft tissues with tracheal retractor. The stoma should clearly be visualized
before attempting to reinsert the tube.
2. Infection in the trachea around the tracheostome. (Tracheitis).
3. Development of granulation tissue close to the stoma. This will cause bleeding
from around the tube. The granulation tissue should be removed surgically
before decannulation could be attempted.
4. Tracheal mucosa could be damaged due to pressure from the tracheostomy tube,
friction from the tube, infections.

Delayed complications:
These complications are due to long term presence of tracheostomy tube inside the
trachea. This is more common when the tube is present inside the trachea for more than
16 weeks.
1. Thinning of trachea due to the tracheostomy tube rubbing against the tracheal
mucosa. This condition is known as tracheomalacia.
2. Development of tracheo oesophageal fistula

3. Supra stomal collapse. This condition requires additional surgical procedure to
repair it.
4. Persistent tracheo cutaneous fistula after decannulation.
5. Pneumonia due to infection
6. Dislodged tube entering the airway. This is common if the same tube is used for
prolonged duration of time. This is an emergency. This condition could cause
acute symptoms like air hunger, bouts of explosive cough (if the flange comes
into contact with carina). Xray chest is usually diagnostic as all these tubes are
radiopaque. Immediate bronchoscopy is indicated in these patients.

X-ray chest showing broken flange of tracheostomy tube in the airway

Ideal way to prevent late complications occurring include:
1. Clean tracheostomy site
2. Good tracheostomy tube care
3. Regular airway examination

High risk groups who are more prone to develop complications:
1. Children / new borns / infants
2. Smokers

3.
4.
5.
6.
7.

Obese individuals
Diabetics
Immunocompromised patients
Persons with chronic respiratory diseases
Persons on steroids

Types of Tracheostomy Tubes
Various types of tracheostomy tubes are used depending on the clinical scenario. They are
available in a variety of lengths / diameter. They are also available with varying attachments
to meet the needs of each patient. The size of the tracheostomy tube is defined as per the
age group of the patient (neonate, pediatric, and adult). This chapter will enumerate some
of them along with their advantages and disadvantages.
Functions of tracheostomy tubes:
1.
2.
3.
4.
5.

To keep the airway patent
To allow for prolonged positive pressure ventilation
To protect airway from aspiration
To bypass an upper airway obstruction
To allow aspiration of secretions from the bronchopulmonary tree.

Features of an ideal tracheostomy tube:
1.
2.
3.
4.
5.

It should be rigid enough to maintain an airway
Should be reasonably flexible to limit tissue damage
It should be comfortable for the patient to use
It should not irritate the tracheal mucosa
The tube should be shaped in such a manner that it enters the trachea at the correct
angle to facilitate ventilation and clearance of secretions. Tracheostomy tube
entering at an incorrect angle may endanger ventilation. It may also irritate and
traumatize tracheal mucosa
6. Ideal tube should be arc shaped. This arc or curve is also known as the Jackson’s
curve

Classification of types of tracheostomy tubes;
1.
2.
3.
4.
5.
6.

Single lumen tubes
Double lumen tubes
Uncuffed tubes
Cuffed tubes
Fenestrated tubes
Tubes with adjustable flanges

Single lumen tubes:
A single lumen tube has the maximum inner lumen size and hence ventilation is
sufficient. The air way resistance is also least when compared to double lumen tubes
because of its greater effective lumen diameter. There are two types of single lumen
tubes i.e. with cuff and without cuff.

Portex tube is the classic example of a single lumen cuffed tracheostomy tube.

Image of portex tracheostomy tube along with its parts named
Portex tracheostomy tubes are provided with high volume cuff (barrel shaped) which
inflates at a lower pressure. This reduces the risk of tracheal stenosis. Recommended
cuff pressure is 10-18 mmHg. This will ensure that the tracheal mucosa is not damaged
due to cuff pressure. Tracheal capillary pressure measures between 20-30 mm Hg.
Vascularity is impaired at 22 mm Hg and is totally occluded at 37 mm Hg.
Complications of continued over inflated cuff include:
1.
2.
3.
4.
5.

Tracheal stenosis
Tracheomalacia
Tracheoesophageal fistula
Tracheoinnominate fistula
Desensitization of larynx causing loss of cough reflex

Image showing the difference between low and high-volume cuffs

Advantages of Portex tube:
1. It does not irritate the tracheal mucosa
2. It has a high-volume cuff and hence does not cause tracheal stenosis
3. It is provided with an obturator which facilitates easy insertion into the
tracheostome. This obturator is provided with a special clip which could minimize
its movement during insertion
4. Pilot balloon indicates the level of inflation of the cuff
5. Can be connected to a ventilator for assisted ventilation
The cuff should just be inflated to seal off the airway from oropharyngeal secretions.
Before connecting to a ventilator, the cuff should be inflated in order to provide effective
positive pressure ventilation.
Disadvantages of cuffed single lumen portex tube:
1. Tube can be blocked by secretions. This is a real danger faced because it is not
easy to remove and clean the tube.
2. Removing the tube for cleaning purposes is a bit cumbersome.
3. Classical portex tube does not have a speaking valve. In order for the patient to
speak an inner tube and speaking valve attachment need to be inserted. When
speaking valve is desired then the cuff should be deflated.

Single lumen uncuffed tube:
The classic example of this type of tube is Romson’s tube. This tube is made of nonirritant plastic. This tube is suitable for emergency purposes when airway needs to be
secured in a hurry. Since this tube does not have a cuff aspiration is a real threat. This
tube (uncuffed) cannot be used with a ventilator. This tube is not finding favor among
surgeons these days.
All pediatric tracheostomy tubes are of this variety because of the small size of pediatric
trachea it is not possible to incorporate a cuff in these tubes. The presence of inner tube
would reduce the internal diameter by 1-1.5mm and hence it is not possible to reduce
the inner diameter of pediatric tracheostomy tube.

Image showing Romson’s single lumen tracheostomy tube with obturator
Specifications of uncuffed tubes:
-

Plain
Fenestrated
With speaking valves attached
With or without 15 mm hub

Indications for use of un cuffed tubes:
1.
2.
3.
4.
5.

Vocal cord palsy
Head and neck tumors
Respiratory insufficiency
Neuromuscular disorders
Pediatric / neonatal tracheostomy

Contraindications of uncuffed tube:
1. Patients on positive pressure ventilation
2. Patients with significant risk of aspiration
3. Newly formed trachesotomy
Double lumen tubes:
This type of tube has two tubes (one outer which has a larger diameter and one inner
tube which has a smaller diameter). The major advantage is that the inner tube which is
slightly longer than that of the outer tube can be removed, cleaned and reinserted
without any risk of compromising the patient airway. Tracheostomy tube cleaning does
not need any expertise in these tubes. Since the inner tube is slightly longer than the
outer tube crusting occurs close to the tip of the inner tube and can be cleaned easily.
Double lumen tracheostomy tubes can safely remain in place for a maximum period of
one month.
Double lumen tubes are of two types:
Metal tracheostomy tubes – The classic example being Fuller’s biflanged tracheostomy
tube and Jackson tracheostomy tube.
Plastic tracheostomy tubes – variant of portex tube (with speaking valve).
Ideal size of tracheostomy tube:
The size of the tracheostomy tube is chosen keeping in mind the diameter of the
trachea. It is recommended as the rule of thumb that the external diameter of the
tracheostomy tube should be no more than 2/3 – ¾ of the size of the tracheal lumen of
the patient. The chosen size is smaller than the size of the trachea in order to reduce
contact of the tube with the tracheal walls. Repeated contact between the tracheostomy
tube and tracheal mucosa could cause damage to tracheal mucosa due to shearing
forces. In some rare instances a longer tube length could help (tracheomalacia, obesity).
If the tube is too short or lies at a wrong angle inside the trachea then there is always a
danger of accidental decannulation, especially during early post-operative phase.
Indications for cuffed tube use:
1.
2.
3.
4.

When there is risk of aspiration
Newly formed stoma
Positive pressure ventilation
Unstable patient condition

Contraindications for cuffed tube:
1. Child less than 12 years of age

2. When there is risk of tracheal tissue damage due to inflated cuff

Foam cuffed tracheostomy tubes:
These tubes are rarely used. It may be beneficial in some rare scenario. In the foam cuff
instead of air filling the cuff it is foam filled. It is capable of spontaneous inflation on
insertion. It spontaneously inflates to atmospheric pressure. It has a tendency to remain
inflated consistently and hence there is no risk of over inflation. The use of standard
speaking valve / occlusion cap is contraindicated. These tubes on the other hand use
talk attachments. Examples of these tubes (Fome-Cuf, Bivona). This cuff will be useful
for patients who need to be kept on ventilator for a long duration. It is also helpful in
ventilating patients with damaged tracheal mucosa. Since once this cuff gets inflated it
cannot be deflated and hence could traumatize the mucosa when attempts to
decannulate is made.
Tight to shaft cuff:
In this type of tracheostomy tube the cuff when deflated has the profile of an uncuffed
tube. This really helps during insertion of the tube as it causes less trauma when
compared to that of normal cuffed tube. The same analogy holds good even during
removal of the tube. This is ideally suited for pediatric tracheostomy tubes.

Image showing tight to shaft cuffed tube
In some tubes additional suction port is provided. Blue line ultra suction aid portex
tracheostomy tube. In these tubes additional suction port is provided. This helps in
removing collected material from above the level of the cuff. The cuff can be safely
deflated after sucking out secretions using this portal.

Image showing portex tube with additional suction portal which can be used to suck out
secretions from above the level of the cuff.
Double cuffed tracheostomy tubes:
These tubes enable alternate inflation and deflation of cuff there by minimizing the
chance of injury to tracheal mucosa. These tubes are very useful in ventilating trachea
which is already damaged (tracheomalacia). Portex has this double cuff variant.

Double cuffed tracheostomy tube

Tracheostomy tubes with Lanz system cuff:

This cuff system automatically controls and limits the cuff pressure for the entire
duration of intubation. These tubes are very useful in managing patients on prolonged
ventilatory support. Examples of this type of tube include Tracheosoft Lanz and
Mallinckrodt tubes.

Picture showing Lanz type cuff inflation system

Cuffed talking tubes:
This type of tubes is useful in patients who cannot tolerate the use of speaking valve /
cuff deflation procedures. Cuffed talking tubes have additional airflow line attached to
the outer cannula. This will deliver air from an external source above the cuff. This air
can pass through the vocal folds there by allowing phonation.

Image showing cuffed talking tube

Fenestrated tracheostomy tubes:
These tubes have single / multiple holes on the outer curvature of the tube. If the tube
has an inner cannula then it will be supplied with a plain / fenestrated inner cannula.
Patient with a small trachea or with a marginal respiratory status would benefit from this
type of tubes. This additional airflow through these fenestrations in the tube can
increase the tolerance of a speaking valve / occlusion cap. This plays a vital role in the
weaning process.
It is not advisable to apply suction via a fenestrated single lumen tube as the catheter
could always pass through the fenestra causing damage to tracheal mucosa. This would
cause granulation tissue at the site of fenestration. If a dual cannula is used then a plain
inner cannula without fenestration should be inserted prior to application of suction to
avoid this complication.
These tubes are contraindicated in patients who require positive pressure ventilation as
significant leakage could occur via these fenestrae compromising the ventilation.

Metal tracheostomy tubes:
Two types of these tubes are famous. They include:
Fuller’s tracheostomy tube:
This has an outer and inner tube. The outer tube is biflanged. The inner tube is
completely tubular. The inner tube has a small fenestra at its shoulder. This fenestra
serves as a speaking valve and the patient will be able to speak normally by just
occluding the tracheostoma. This tube is easy to maintain. The inner tube can safely be
removed and cleaned while the outer tube is in situ. The biflanged nature of the outer
tube ensures that the outer tube does not get obstructed by secretions and crust
formation. The inner tube is slightly longer than the outer tube. Crust formation
commonly occur at the tip of the inner tube.

Fuller’s tracheostomy tube. Outer tube is above and the inner tube is below.

Parts of Fullers tube
The diameter of this tube is indicated as FG (French gauge).

Jackson’s tracheostomy tube:
This is the oldest tracheostomy tube that has survived till date. The major advantage of
this tube is its cost effectiveness. Major disadvantage of this tube is that it cannot be
connected with ventilator circuit.
The parts of Jackson’s tube include:
The outer cannula which fits directly into the tracheal stoma. The proximal portion of the
cannula is provided with a flange which could be used to fix the tube in place as well as a
mechanism to lock the inner cannula. It has no cuff. A fenestra may be present in some
times to be used as speaking valve. This fenestra is usually seen over the shoulder area
of the outer tube. There is also a matching fenestra in the inner tube in the same area as
the outer. In the presence of this fenestra speech is possible by just occluding the
tracheostome.
The inner cannula that snugly fits into the outer cannula. There is a mechanism to lock
the inner cannula to the flange of the outer cannula.
The obturator which is provided as a kit can be inserted into the outer cannula to
facilitate insertion into the trachea. Since this obturator occludes the outer cannula
completely it should be removed as soon as insertion is completed. The outer tube is
inserted as soon as the obturator is removed.

Image of Jackson’s tube assembled with the obturator
Tracheostomy tubes that are extra-long / adjustable flange:
Standard tracheostomy tubes have a standard arc known as the Jackson’s curve.
Dimensions of standard tubes are:
Length
-

60-90 mm (adult)
39-45 mm (pediatric)
30-36 mm (neonates)

These tubes are not safe for patients with increased soft tissue in front of trachea or in
the presence of an enlarged thyroid gland. In these patients a standard-length
tracheostomy tube may not enter the trachea properly or at an optimal angle. They can
even cause posterior tracheal wall erosion by shearing on the posterior tracheal wall.
These patients will benefit by the use of longer tracheostomy tubes with adjustable
flanges. These tubes can also by pass distal tracheal obstructions.

Tracheostomy tube with adjustable flange

Indications for extra-long tube use:
Increased distal length:
1. Tracheal obstruction (tumor growth)
2. Tracheomalacia
3. Low level tracheal stenosis
Increased Proximal length
1.
2.
3.
4.

Increased pretracheal space from obesity / oedema
Enlarged thyroid gland
Kypholordosis
To allow easy wound care around stoma

Armored tubes:
These tubes have embedded spirals / stainless steel rings within the main shaft of the
tube. These rings help in maintaining the shape of the tube. It prevents the tube from
kinking / compression.
Materials used in the manufacture of tracheostomy tubes:
1.
2.
3.
4.
5.

PVC (Polyvinylchloride)
Silicone
Siliconized PVC
Silver
Silastic

Complications caused by indwelling tracheostomy tube
1. Complications caused by the length of the tube – The length of the tracheostomy
tube should be optimal and should not traumatize the tracheal mucosa in any
manner. Too long a tube will cause trauma to tracheal mucosa. Trauma could be
due to irritation caused by the tip of the tube or by suction catheter tips. Suction
catheter tips can cause trauma in the carina area.
Too long tracheostomy tube:
If the tracheostomy tube is so long it could even preferentially ventilate one lung
causing the other to collapse. This usually occurs when the tracheostomy tube
inadvertently enters the bronchus.
Long sized tracheostomy tube will make the patient feel uncomfortable in the
presence of the tube. If the tip of the tube irritates mucosa lining the carina of
the tracheal it could cause excessive coughing due to stimulation of cough reflex.
Ulceration / erosion of the posterior tracheal wall can cause tracheo oesophageal
fistula.
Too short tracheostomy tube:
Short tubes have a tendency to get displaced as it is not properly situated inside
the trachea. Accidental decannulation is common during the immediate postoperative period. In the event of the tube getting dislodged hasty attempts to
reinsert the tube could cause the tube to enter into false passage leading to
complications like respiratory arrest or death. If the tube gets dislodged during
the immediate post-operative period then it is ideal for a doctor with expertise to
attempt reinsertion. The patient should first be put in tracheostomy position with
the neck extended by placing a sand bag / towel roll under the shoulder blades.
This will bring the trachea forwards and closer to the skin. A tracheal dilator is
used to dilate the soft tissue away from the stoma. The stoma should clearly be
visualized before attempt is made to reinsert the tube.
Sometimes tube displacement could be partial. This could lead to air leak into
the pretracheal space leading to formation of surgical emphysema of the neck.
Poorly positioned tube cannot ensure proper ventilation of lung and hence it
would cause ineffective ventilation.

2. Complications caused by the width of the tube – The width of the tracheostomy
tube should by 2/3 to ¾ the width of the tracheal lumen. Too wide or too narrow
cuffs could lead to various problems.
Problems caused by use of Too wide tracheostomy tubes:
Tracheal ulceration
Tracheal necrosis
Granulation tissue caused by shearing effect of the tube in the tracheal mucosa
Discomfort due to the presence of a wide tube
Difficulty in swallowing due to prevention of upward and downward movement of
trachea and larynx

Inability to tolerate a speaking valve – To benefit from the use of speaking valve
there should be a minimal leak present between the tracheostomy tube and
tracheal lumen. If the tracheostomy tube is very wide then it could cause
complete occlusion causing difficulty in the use of speaking valve.
Stenosis of stoma site
Tube changes become really difficult with the use of large caliber tubes
Subcutaneous emphysema (collection of air in the subcutaneous tissue) due to
shearing and tearing of the tracheal wall
Tracheoesophageal fistula caused by a large caliber tube creating pressure in the
posterior tracheal wall causing necrosis and fistula to occur

Problems caused by use of too narrow tracheostomy tubes:
If the tube diameter is small and suboptimal then it could lead to inadequate
ventilation of the patient.
Small lumen tubes can increase the respiratory effort
If the patient is on ventilator then air leak could occur via nose and mouth
Clearance of secretions could be inadequate

There is always an increased risk of aspiration if small lumen tubes are used

3. Complications caused by the cuff of the tube
Complications due to over inflated cuff:
Tracheal mucosal ischemia resulting in ulceration and erosion.
Tracheoesophageal fistula due to cuff pressing excessively on the posterior
tracheal wall.
Tracheoinnominate fistulae leading to potentially fatal bleed. This is caused due
to necrosis of tracheal mucosa and wall of innominate artery.
Laryngotracheal stenosis
Difficulty in swallowing because the upwards and downward movement of
trachea and larynx is prevented by overinflated cuff. This movement is important
for the swallowing process to occur optimally.

Complications caused by under inflated cuff of tracheostomy tube:
Insufficient seal for ventilation causing problems in patients who need positive
pressure ventilation
Aspiration of saliva and gastric contents into the tracheo-bronchial tree

These complications can be prevented by:
Choosing the right tracheostomy tube:
The width of the chosen tube should be guided by the height, age and weight of
the patient and in particular the diameter of the patient’s trachea.
The tube used should be no larger than 2/3 the diameter of the trachea. This size
will allow adequate ventilation and minimize tissue abrasion due to shearing
effects caused by the tube on tracheal mucosa.
The correct placement of the tube should always be confirmed by performing a xray chest immediately after surgery. The tip of the inserted tube should be 6-20

mm above the level of carina to prevent mucosal damage to the area and
coughing.
The correct length of the tube will ensure safe entry into the trachea. It will also
minimize the risk of tube misplacement with patient movement.

Tracheostomy tube accessories
Tracheostomy tubes can be made more functional by using various accessories
available. Some of the accessories enable the patient to speak despite having a
tube in the airway. Some of the accessories improve the safety of the patient
while on tracheostomy by preventing accidental decannulation by slipping of the
tube away from the tracheal stoma.
Speaking valves:
It is hard to speak with a tracheostomy tube in situ. There are certain
tracheostomy tube accessories that enables the patient to speak with the tube in
place. One such accessory is the speaking valve. It is a button like equipment
placed on the outer hub of the tracheostomy tube. These valves are one-way
valves that can be attached to the outer end of the tracheostomy tube. These
valves allow air to enter through the tube and exit through the mouth and nose.
This will enable the patient to speak without needing to use the finger to block
the tracheostomy tube in order to generate speech.

Image showing a speaking valve
When the valve is properly positioned the patient will inhale through the
tracheostomy and when they exhale, the valve is forced shut causing air to pass
around the tube to exit via vocal cords thereby vibrating it. For this to happen
there should be some space for air to escape between the tracheostomy tube and
the tracheal lumen. If cuff is used then it should carefully be deflated in order for
the patient to speak. If the cuff is not deflated then the patient will not be able to
exhale.

Patients who can be provided with speaking valve include:
1. Adult patients on tracheostomy (even those patients who are on mechanical
ventilation).
2. Patients who are awake
3. Patients who are relaxed and responsive
Contraindications of speaking valve include:
1.
2.
3.
4.
5.
6.

Patients with severe upper airway obstruction
Patients with risk of aspiration
Patients with diminished cognitive status
Patients who are unable to tolerate cuff deflation
Patients on foam cuffed tracheostomy tubes
Patients who vomit

Procedure to be followed for placing one-way speaking valve:
The airway should be cleared of all secretions.
The patient should be placed comfortably in a chair or in a high Fowler position.
This ensures optimal diaphragmatic movement and expansion. The tracheostomy
tube should be a non-fenestrated one. If fenestrated tube is in place then an
inner tube with fenestra at the same place as that of the outer tube is introduced.
In order to avoid trapping secretions within the fenestra suction should not be
applied to patients on fenestrated tracheostomy tubes. The patient should be
encouraged to cough and clear all the secretions.
If the patient is using a cuffed tube then the cuff should be deflated or else the
patient could suffocate if the speaking valve is introduced. Deflation can always
be checked by inspecting the pilot balloon which would be in a collapsed state.
Patient’s ability to exhale during cuff deflation should be checked for by placing a
stethoscope over the patient’s neck for listening to air lead sound during
respiration. If air leak sound is not heard then speaking valve should not be used
at all.
On auscultation over the neck after cuff deflation, if escaping air sound is heard
then the speaking valve is placed over the outer hub of the tracheostomy tube. It
should snugly fit without being too tight. Oxygen can also be administered as
usual through the tracheostomy tube. Ventilator settings needs to be adjusted to
factorize the increased airway resistance these valves are known to cause.
Since some amount of positive pressure needs to be used to open the valve for
air entry, some patients may not tolerate it. They would take some time to get

used to this process. Time for acclimatization should be allowed for such
patients.

Diagram illustrating the function of speaking valve

Occlusion caps:
These are solid pieces of plastic which can be placed at the end of a tracheostomy tube.
When placed it blocks all airflow via the tracheostomy and is used as a weaning tool. It
should be placed t the end of a 15 mm tracheostomy tube. On being placed it blocks all
airflow via the tracheostomy tube allowing the patient to breath through the fenestra in
the tracheostomy tube. This cap can easily be removed if the patient becomes fatigued
or needs suctioning.

Image showing occlusion cap

In the weaning process periodical closure of the tracheostomy tube using occlusion cap
is a crucial step. It helps the patient to get used to normal breathing so that
tracheostomy tube can be removed at the earliest.
Tracheostomy decannulation is a planned intervention involving removal of the
tracheostomy tube once the underlying indication for tracheostomy has been resolved /
corrected.
Preparation for decannulation:
1. The patient should be assessed whether air way can be maintained adequately
without the presence of tracheostomy tube. Towards this end bronchoscopy
needs to be performed to ensure the air way is adequate to meet the ventilatory
requirements of the patient. Bronchoscopy will identify factors that could impede
successful decannulation of the patient like presence of granulation tissue or
suprastomal collapse.
2. If Bronchoscopy proves to be normal then actual decannulation process starts. It
is a staged process which can be commenced in the outpatient clinic. The
tracheostomy tube is capped using occlusion cap. Before capping presence of
breathing fenestra in the tracheostomy tube should be ensured. Capping may
continue for increasing duration of time till such time patient would feel
comfortable even if the tracheostomy tube is capped for 3-4 days. Then the
tracheostomy tube can be removed and the skin around the wound is strapped
closed.
3. In children downsizing of tracheostomy tube should be combined with capping
to identify whether the child would tolerate decannulation. This process cannot
be performed as a outpatient procedure. Patient needs to be admitted in the
hospital for a minimum period of 3 days during which time the tracheostomy
tube is removed and replaced by progressively smaller sized tubes along with
capping procedure. This is continued till the minimum sized tube is introduced
and the patient is still tolerating capping then the tube can be removed and
wound strapped closed using plaster.
Patient signs to be noted during decannulation procedure:
Breathlessness
Stridor
Tachycardia
Chest retraction
Change of color in children
Pulse oximeter showing oxygen desaturation

Restlessness / anxiety
Decreased voice quality.

Patient should be monitored:
Once every 15 mins during the first hour
Once every 30 mins for the next 4 hours
Hourly for next 24 hours
Continuous pulse oximetry should be performed for 24 hours following decannulation.
As soon as the patient is fully comfortable and confident the patient can be discharged.
Discharge can be performed after 4 complete days of hospitalization in children. In
adults of course, the entire process of decannulation can be completed as an outpatient
procedure.

Stomal care:
Following decannulation the primary care giver of the patient should be trained on
tracheostomy stomal wound care. They should clean the wound and apply fresh
dressing till the wound heals. It usually takes up to 2 weeks for tracheostomy wound to
heal. The care giver should alert the physician if
1. There is redness around the stoma
2. Swelling around the stoma
3. Discharge from stoma
If the stomal wound does not heal / close on its own within a period of 2 weeks then
surgical closure of the wound should be resorted to.

Disconnection wedge:
This wedge prevents disconnection of a circuit from the tracheostomy tube. This is very
useful during the immediate post-operative care of the patient when tube disconnection
is common. This wedge prevents accidental decannulation when ventilator circuit is
disconnected from the tracheostomy tube.

Tracheostomy tube holder:
This appendage is used to stabilize and hold the tracheostomy tube in situ.

Image showing tracheostomy tube wedge

Image showing wedge being applied before disconnecting the circuit from the
tracheostomy tube
Tracheostomy tube holder:
This helps to hold the tracheostomy tube preventing accidental decannulation. It is used
to anchor the tracheostomy to the neck.

Image showing tracheostomy tube holder

Tracheostomy pad:

This soft spongy material inserted between the neck of the tracheostomy tube and
patient’s neck helps in minimizing skin trauma due to tracheostomy tube. It also serves
to soak secretions coming out of the tracheostomy site.

Heat moisture exchanger: (Also known as artificial nose).
This is used in mechanically ventilated patients who are on tracheostomy. The inspired
air in these patients don’t pass through the nasal cavity and hence they are not
moistened and warmed. This appendage helps to perform this function. This is attached
to the tracheostomy tube outer port. The basic components of heat moisture exchanger
(HME) are foam, paper or some substance that acts as a condensation and absorption
surface. It is often impregnated with hygroscopic salts such as calcium chloride which
helps it to retain water.

Image showing Heat moisture exchanger

