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Tracheotomy

Tracheotomies have been performed for thousands of years, 
the first of which was carried out in Egypt in 3600 BC (1). 
Aretaeus (2nd century AD) and Galen (2nd to 3rd century 
AD) wrote that tracheostomy was performed by Asklepiades 
around 100 BC (2). Dr. Jackson standardized the currently 
used technique in 1909 (3). Open technique has essentially 
almost remained the same, with development of new 
percutaneous techniques, cannulae and equipment within 
the last several decades. 

Terminology

‘Tracheotomy’ refers to a surgical procedure in which an 
inicison is made into the trachea to allow direct access to 
this tube, typically to maintain a patent airway, provide 
ventilation, and remove secretions by suctioning as needed. 
Tracheostomy is the resulting hole or ‘stoma’ created by 
such an incision. Tracheostomies may be temporary or 
permanent; short- or long-term. The closure of long-
term tracheostomies deserves particular attention, as if not 
closed properly, a tracheocutaneous fistula may develop, 

which prevents closure of the artificially created airway, 
leading to complications such as pneumothorax and 
pneumomediastinum, loss of protective skin integrity, and 
body image issues. Tracheal resection may be required for 
both benign and malignant tracheal conditions. 

The aim of this paper is to discuss surgical tracheotomy 
performance, as well as closure of long-term tracheostomy 
and standard segmental tracheal resection.

Anatomic overview of the trachea

The trachea is one of the organs of the body which rarely 
shows anatomic variation. However, its shape and anatomic 
location may vary with changes in body habitus. Cervical 
flexion and extension also affects positioning; when the 
neck is extended, the trachea is pulled up out of the 
thoracic cavity and when the neck is flexed, it moves to an 
intrathoracic position. 

The trachea is a semiflexible tube 1.5 to 2 cm in width 
and 10 to 13 cm in length. Anatomically, it begins at the 
6th to 7th cervical vertebra and divides at the 4th to 5th 
thoracic vertebra levels, extending from the lower larynx to 
the carina. It generally has 20 cartilaginous inverse U-shaped 
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rings, incomplete posteriorly, embedded in a fibrous 
membrane of elastic tissue. The trachealis muscle connects 
these cartilaginous rings and contains both transverse 
and longitudinal fibers. Tracheal glands are located in the 
connective tissue between epithelium and cartilage. These 
glands lubricate the inner surface of the trachea, which 
consists of pseudostratified columnar epithelium. This 
epithelium contains kinocilia, the motion of which provides 
transport of mucous and other particles to the larynx for 
excretion by coughing. 

The brachiocephalic artery crosses the anterior surface 
of the trachea behind the sternal manubrium, but when the 
neck is hyperextended, it may be located close to the sternal 
notch. In women who are short in stature or overweight, the 
brachiocephalic artery may be completely contained within 
the neck. The esophagus and cervical spine are posterior 
to the trachea. The bilateral recurrent laryngeal nerves 
run along the lateral aspects of the trachea longitudinally. 
The parathyroid glands and carotid arteries run around the 
trachea. The thyroid gland is located around and unites at 
the anterior trachea with an isthmus at the cervical level.

The subglottic space extends from the inferior margin 
of the vocal cords to the lower border of cricoid cartilage; 
this area is the narrowest part of the airway. The subglottic 
space is vulnerable to mechanical trauma, particularly 
intubation of longer duration. The laryngeal nerves enter 
the larynx through the posterior cricoid cartilage ring. The 
resection of the entire cricoid cartilage ring is impossible, 
using the current techniques available, without damaging 
both recurrent laryngeal nerves. Such damage would 
result in total loss of bilateral vocal cord function. These 
characteristics of the trachea pose a challenge to thoracic 
surgeons performing tracheotomies, tracheal closures, or 
resections.

Tracheostomy

A tracheostomy is a temporary or permanent tracheal 
window created in the lower anterior neck, above the 
sternal notch. It bypasses the upper airway. Indications for 
tracheostomy include the need to secure the airway provide 
ventilation, and clear secretions in the event orotracheal 
intubation cannot be performed, or when invasive 
mechanical ventilation will be required for a long duration, 
typically more than 1–2 weeks. It also more enhances 
patient comfort when compared to orotracheal intubation, 
prevents skin breakdown of the face, and allows for more 
facile patient communication and better oral hygiene. 

In contemporary airway medicine, tracheostomy should 
be an elective surgery. If endotracheal intubation is initially 
precluded by stenosis or presence of a mass, dilating the 
trachea with ventilating rigid bronchoscopy or coring out 
a portion of tumor may then allow for performance of 
endotracheal intubation. In acute settings, tracheotomy 
may be reserved for relief of mechanical airway obstruction 
which could not be treated with rigid bronchoscopy and 
endotracheal treatment modalities.

In subacute settings, tracheotomy may be performed to 
resect laryngeal cancer or a long segment tracheal stenosis, 
if the location and characteristics of the lesion are not 
suitable for a surgical reconstruction. In the case of long 
segment tracheal stenosis, tracheotomy should be done 
only by experienced (thoracic or ENT) surgeons, so as not 
to lose a subsequent opportunity for reconstruction. There 
are almost no absolute contraindications to performance 
of tracheotomy, however, some conditions require an 
experienced surgical team and include substernal goiter, 
severe kyphosis, anatomic defects, soft tissue infections, and 
bleeding diathesis.

Concerns about a tracheostomy

Open and percutaneous tracheostomy procedures carry 
different risks. Open tracheostomy, although considered a 
safe procedure, has potential side complications, categorized 
as occurring in immediate, early, or late from the time of the 
index surgery. Immediate complications include bleeding 
and membranous tracheal injury, and tracheal stenosis or 
malacia are late complications (4). Other complications 
related to a tracheostomy include pneumothorax, subglottic 
stenosis, tracheoesophageal fistula (TEF), vocal cord 
dysfunction, stomal granulation, persistent trachea-
cutanous fistula, and scarring. The indications, technique, 
timing, and selection criteria are thought to be reasons in 
for complications in critically ill patients (5). Tracheostomy 
complications can be considered in 3-time frames: 
immediate, early, and late (Table 1) (4,5). 

Optimum timing of tracheostomy in respiratory 
failure

Optimal t iming of tracheostomy based on recent 
randomized controlled trials are controversial. Results of 
two recent multi-center, randomized trials (6,7) found that 
clinicians could not accurately predict which patients would 
require prolonged mechanical ventilation, and that an early 
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tracheotomy did not have more benefits than the standard 
planning. Based on the data obtained until today the 
optimal time to consider tracheotomy is 10 days, although 
every effort should be made to ensure necessity of such a 
surgery, such as conduction of spontaneous breathing trials, 
assessment of the patient’s ability to protect the airway, and 
secretion management (7,8).

Open surgical versus percutaneous 
tracheostomy

It has been generally accepted that in adult ICU patients who 
do not have a contraindication to percutaneous tracheostomy, 
a percutaneous dilatational tracheostomy (PDT) would be 
considered the procedure of choice. In a systematic review 
and meta-analysis of 17 research clinical trials (RCT), it 
was reported that wound infection is reduced in PDT. No 
differences in bleeding, major periprocedural complications 
and long-term complications between PDT and open 
tracheostomy procedures were reported (9). 

In another meta-analysis which includes 15 RCTs and 
nearly 1,000 subjects, comparison of open tracheotomy 
versus PDT demonstrated significantly fewer complications 
in the PDT group in terms of wound infection and 
unfavorable scarring. Authors were unable to show 
significant differences for complications including false 
passage, minor bleeding or major hemorrhage, subglottic 
stenosis, and mortality. It has been shown significantly that, 
a PDT was associated with a higher rate of decannulation/
obstruction which has higher potential for mortality. 
PDT cases takes shorter in duration and associated with 
reduced cost ($456 less) when compared with open surgical 
tracheostomy (10). However, despite these benefits, some 

surgeons still prefer the technique of open tracheostomy. 

High-risk patients and PDT

Complication rates for PDT in high-risk patients with 
coagulopathy, thrombocytopenia, and other bleeding 
diatheses, with or without correction at the discretion of 
the physician performing the tracheostomy have been 
rarely reported (11-13). Correction of coagulopathy is 
recommended in the periprocedural period to allow for safe 
PDT in the coagulopathic patients. Obesity is another risk 
factor which has been reported to be an indication to opt for 
an open surgical tracheotomy over PDT. A number of small 
retrospective studies found no difference in complication 
rates with the PDT procedure in obese patients (14-18). 

In patients with risk factors, the surgeon must consider 
the neck anatomy. In a patient with obesity or coagulopathy 
the decision to do percutaneous tracheostomy should take 
these factors into account such as; the person patient’s 
neck anatomy and experience of the performing physician. 
The practitioner must be prepared to convert to the open 
surgical technique if complications are encountered during 
the PDT procedure.

Preoperative evaluation and points to consider 

The trachea generally meets the sternum at a 45-degree 
angle in the thoracic inlet. In patients with kyphosis this 
angle may increase up to 90 degrees (Figure 1). This angle 
may be underestimated and may cause misplacement of 
the cannulae into the mediastinum. In the usual surgical 
practice, the 2nd and 3rd tracheal rings are selected as 
the tracheostomy site. In the elderly, kyphotic, and obese 

Table 1 Complications of tracheostomy

Immediate complications Early complications Late complications

Apnea Bleeding Bleeding

Injury to nearby tissues (great vessels, esophagus and laryngeal nerves Displacement/dislodging Tracheal stenosis

Bleeding Mucous plugging Trachea cutanous fistula

Tracheostomy placement in mediastinum Subcutaneous emphysema Tracheoesophageal fistula

Pneumothorax Tracheitis Trachea innominate artery fistulas

Postobstructive pulmonary edema Wound infection

Tearing of trachea Myiasis Tracheomalacia

Membranous tracheal injury Wound infection
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patients these rings may be located behind the sternum. 
As the neck is extended, the trachea rises away from the 
sternum. This allows a greater space in which to incise 
for tracheotomy, however, this extension may increase the 
likelihood of encountering the thyroid isthmus.

From a vascular perspective, two vessels are key, the 
thyroid ima and the brachiocephalic trunk. Thyroid ima 
ascends in the neck to supply the blood for the inferior 
thyroid pole and gland. This artery may have anatomic 
differences in origin. It is usually separated from the 
brachiocephalic artery, but in 10% of the population, it 
may also originate directly from the aorta, with risk for 

bleeding. The brachiocephalic artery may be raised up to 
sternal notch in some patients. Pre-operative correction of 
coagulopathy should be considered, with a goal of a platelet 
count of at least 50,000 thrombocytes/mL and the patient 
should not be receiving antiplatelet pharmacotherapy, with 
such medications as clopidogrel, warfarin, or apixaban 
should have an INR less than 1.6 at the time of surgery. 
If the patient is ventilated with an FiO2 greater than 0.60, 
extra care for hemostasis should be given during the 
tracheotomy because repair of a bleeding vessel may require 
seperation from ventilation. A recent sternotomy (in the 
past 10 days) has been always in the middle of the debate 
for tracheostomy opening. However, literature findings do 
not support this claim (19). Special attention may be needed 
for patients who are supported by extracorporeal membrane 
oxygenation (ECMO). This is not different any other 
patient who receives anticoagulation medication. Patients 
who have burns require special consideration. It is generally 
recommended that tracheotomy may be performed either 
through an autograft or more than 10 days after the skin 
grafting procedure to decrease infectious complications (20).

Operative technic for tracheostomy

Grillo describes tracheotomy in his technical summary (21).  
He suggests planning site of the incision based on cricoid 
cartilage. Thyroid isthmus is generally found on the second 
cartilage ring. Division and suture ligation of the thyroid 
isthmus are recommended. This maneuver provides full 
exposure from cricoid membrane to the 4th cartilage. 
Next, a vertical incision through the 2nd to 3rd rings 
should be made anteriorly (Figure 2). Inverse U-shaped 
flap tracheostomy (Figure 3) or removal of a portion of 
tracheal ring to create a trapdoor should be avoided, as 
these maneuvers cause tracheal stenosis, tracheomalacia 
and further complications related to tracheostomy. In the 
current literature, U-shaped incisions (Bjork Flap), H 
shaped incisions or removal of a circular fragment of the 
anterior wall of the trachea are reported to have a high 
incidence of tracheal stenosis and for this reason they are 
generally no longer used. Regardless of the type of tracheal 
incision, the principle rule is leaving the first cartilage ring 
intact and not cutting down to the 3rd cartilage ring due to 
risk of brachiocephalic artery fistula development (21). 

Complications of tracheostomy

The two most common complications of both open and 

Figure 1 Trachea of an elderly kyphotic patient. The angle 
between sternum and trachea is almost 90 degrees.

Figure 2 Vertical tracheotomy over the 2nd and 3rd cartilages. 
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percutaneous techniques are bleeding and dislodgment 
of the tracheostomy cannula. Inadvertent dislodgment 
of a cannula can be fatal due to obstruction in the early 
postoperative period if not corrected. If the dislodged 
cannula cannot be reinserted, then urgent orotracheal 
intubation is required, with replacement of the cannulae 
under safer conditions. 

Infection is another risk. It may be unavoidable due to 
bacterial colonization of the trachea. If the patient develops 
cellulitis or a wound infection around the tracheostomy 
site, a devasting necrotizing pneumonia may develop. 
If this occurs, the patient should be kept intubated and 
debridement of the tracheostomy site should be performed, 
along with the initiation of targeted pharmacologic therapy 
and meticulous wound care.

Tracheostomy complications are adopted and modified 

from Shields TW, 2019 edition (22). Follow-up parameters 
are demonstrated in Table 2.

In analysis of data from a single institution (23) it was 
demonstrated that the complication rate is low when 
tracheotomies are performed by experienced surgeons. The 
most common long-term complication was reported to be 
tracheal stenosis. Authors claim that, stenosis diagnosed 
in their patients may be due to prolonged intubation prior 
to the opening of a tracheotomy. Out of 1,130 patients, 
they reported that tracheal stenosis occurred in 1.8%, 
hemorrhage in 0.8%, tracheocutaneous fistula in 0.5%, 
infection in 0.4%, inadvertent decannulation/obstruction in 
0.3% and tracheo-esophageal fistula (TEF) in 0.08% (23). 

Some late complications of tracheostomy is due to 
necrosis of the surrounding structures, which may occur 
days to years post procedure. There are 3 important types 
of tracheal fistulas: tracheoinnominate artery fistula (TIF), 
TEF, and persistent tracheocutaneous fistula (PTCF). 

TIF a may occur at longer than 1 week post tracheotomy. 
If bright red blood is visualized in or around the stoma, the 
site should be immediately inspected. If TIF is suspected, 
then the patient should be further evaluated in the operating 
room, with immediate ability to repair surgically (Figures 4,5).  
I f  TIF is  unl ikely,  then the examinat ion may be 
performed with fiber-optic bronchoscopy, after temporary 
decannulation.

TEF is generally associated with another foreign body 
positioned inside the esophagus such as a nasogastric tube 
or stent. Assessment of findings associated with TEF 
include bile tinged secretions, massive air leak during 
mechanical ventilation, inflation of nasogastric drainage 
bag in mechanically ventilated patients and recurrent or 
persistent pneumonia. The diagnosis may be confirmed 
by modified barium swallow study, oral contrast-enhanced 
chest computerized axial tomography (CT), esophagoscopy, 

Figure 3 Flap tracheotomies are not recommended due to possible 
long-term complications.

Table 2 Follow-up for different periods of tracheostomy

Early follow-up Intermediate follow-up Late follow-up

End-tidal CO2 Physical examinations during 
cannula replacement, Fiberoptic 
tracheoscopies

Take serious every symptom bleeding and aspiration 

Chest X-ray

Bronchoscopy uses during PDT
Contrast enhanced CT

Barium swallow
Chest CT contrast enhanced

Highly suspicious conditions angiography

Endoscopy, tracheoscopy
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or bronchoscopy. For the treatment of TEF resection 
of destructed trachea, primary closure of esophagus and 
muscle interposition are the mainstem of the treatment 
(Figure 6).

A tracheocutanous fistula is a pathologic complication 
that occurs post decannulation, in which the tracheostomy 
tract does not close spontaneously. If the stoma is still open 
within 6 months after decannulation, despite closure efforts, 
due to epithelization of the tracheostomy tract, this is called 
tracheocutanous fistula. These are two different definitions. 
In the first one, tracheostomy does not close spontaneously. 
In the second, it remains open “despite closure efforts”. 
This situation requires resection of the skin growth along 
the stoma. This condition may need primary closure. 
Closure of PTCF techniques include fistulectomy by 

multilayered closing of the deepithelized local tissue and/or 
major reconstructive surgeries (24-32). Complete closure of 
the tracheal defect may not be possible by simple resection 
and primary closure of layers. When positive pressures are 
generated by coughing or speaking, the sutures may dehisce 
and air may penetrate the layers and become trapped in 
the surrounding tissues in the facial planes of the neck and 
chest, as evidenced by edema and subcutaneous emphysema. 
Infection may follow the spread of contaminated air, blood, 
and secretions (33,34).

Pneumothorax, pneumomediastinum, and respiratory 
compromise may ensue. Other potential complications of 
surgical closure techniques include local wound infection, 
bleeding, hematoma or seroma formation, and suture 
granuloma. Tracheal stenosis and/or malacia may develop 

Figure 4 Surgeon performs most of the procedure with one hand 
compressing the innominate artery and making the required 
dissections with the other hand until everything is under control.

Figure 5 Identification of the defect, closure or division but 
definitely exclusion from trachea is recommended. Some authors 
recommend to leave the fistoulous artery on the trachea by 
dividing the vessel from proximal and distal to the defect. 

Figure 6 For the treatment of tracheoesophageal fistula resection of destructed trachea, primary closure of esophagus and muscle 
interposition are the mainstem of the treatment.
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at the closed tracheostomy site with consequent airway 
obstruction (35-37).

If the PTCF is small, <4 mm in diameter, debridement 
and resection of the fistulous tract and primary closure may 
be effective. For larger defects (= or >4 mm in diameter) the 
closure of PTCF with skin flap techniques is recommended. 
Direct closure or flap closure surgical techniques and 
outcomes may be variable in terms of morbidity and 
mortality. One of the recommended options to prevent 
flap surgery or a possible complication of direct closure has 
been described in a very simple way. In patients with large 
tracheocutaneous fistulas (a defect of the anterior tracheal 
wall of > or =4 mm diameter), excision of the fistula and 
placement of a smaller tracheotomy tube is recommended. 
After healing, a second attempt for decannulating and 
allowing for spontaneous closure could be planned. No 
complications were reported with this approach (36). 

Simple closure techniques may be performed at the 
bedside and under local anesthesia, such as use of a turnover 
skin flap to cover the fistula (36). Since the flap remains 
connected to its original blood supply (as opposed to free 
flap), tissue oxygenation is well maintained. 

Authors used a turnover skin flap to cover the fistula. All 
of the procedures were completed at bedside under local 
anesthesia. The fistulae were successfully closed and well 
healed without complications within 7 to 9 days (38). 

Due to local scar hyperplasia and poor blood circulation, 
an ideal fistula closure is often difficult to achieve. Although 
several fistula-closing methods have been reported in the 
literature, it is the choice of performing surgeon’s eventual 
decision. Some patients may need to undergo more 
complex and difficult surgical closure of the defects. By 
using a turnover flap plasty to repair delayed-healing fistula, 
good results may be achieved. Since the overturn flap is 
taken from fresh tissue, it maintains local blood supply 
very well. These procedures should be reserved for large 
fistulas, but mainly they should be the choice of operation 
for permanent trachea cutaneous fistula closure. They are 
described in the next part of this article.

Closure of long-term tracheostomy

The terms “long-term tracheostomy” or “permanent 
tracheostomy” do not necessarily mean ‘irreversible’. When 
underlying disease is successfully treated, surgical closure 
of a permanent stoma may be an option. For example, a 
stoma may be used as an adjunct to major reconstruction 
for treatment of staged laryngotracheal reconstruction and 

may be surgically closed if the process has been successfully 
completed (39-41).

This part of this manuscript describes a long-term 
tracheostomy and its differences with PTCF. This two 
entities are different and they should be discussed in 
different ways although most of the articles in the literature 
presents combined and undifferentiated experiences. A 
tracheocutanous fistula should be evaluated as a pathologic 
complication of “temporary tracheostomy” resulting from 
failure of the tracheostomy tract to close spontaneously 
when the cannulae is intentionally withdrawn (25-34). 

A tracheostomy may be referred to as “permanent”, 
if it was intentionally performed in a way to shorten the 
distance between the trachea and the skin. This procedure 
involves removing all the tissues between trachea and skin, 
and thus establishes a tight circumferential permanent 
mucocutaneous junction (42-44). Long-term tracheostomy 
(LTT) offers prolonged maintenance of a tube-free, self-
sustaining stoma. These stomas are preferred for neck 
cancer treatments. With the developments in surgery and 
oncology care, these patients survive and they require 
closure of their tracheostomies. Surgical techniques have 
been described in different ways. First of all, surgeons 
dealing with trachea should be aware of meticulous 
execution and proper planning are the landmarks for 
single-staged closure of a wide stoma with large crater like 
depression. 

General principles are as follows

The technique should begin with resurfacing of the inside 
of the trachea with smooth epithelial-lined viable skin. 
This procedure should also provide the integrity of the 
tracheal walls at the level of the stoma. The flap should 
be viable, immediate and has continuous epithelial lining 
of the intraluminal defect in the anterior tracheal wall 
surface. By this way, it prevents future complications such as 
granulation tissue formation and tracheal stenosis. 

It is recommended that the tracheal defect could be 
closed with a well-perfused, randomly vascularized skin 
flap at the site of the stoma. Meticulous hemostasis and 
mini-drains are used to prevent subcutaneous emphysema 
and hematoma formation around the stoma closure. 
Perioperative antibiotics prevent cellulitis, abscess 
formation, wound dehiscence, and septicemia.

Some advancement of viable, randomly vascularized 
muscle or subcutaneous fibroadipose tissue could be used 
over the skin flap to fill the craterlike depression at the 
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stoma site. Primary tension-free closure of the skin results 
in consistently acceptable cosmetic results.

Standard tracheal resection

Postintubation tracheal stenosis (PITS) is the most common 
indication for standard tracheal resection. Excessively high 
tracheal cuff pressure, prolonged intubation and mobile 
tracheostomy tubes are causes of PITS. Injury to the 
tracheal mucosa causes ischemia, inflammation, fibrosis, and 
cicatrices contracture, resulting in tracheal stenosis. The use 
of high-volume, low-pressure tracheal cuffs has mitigated 
this complication, however, the problem still persists. 
Despite these developments and increasing awareness 
tracheal problems, secondary to mechanical ventilation and 
endotracheal intubation remains. The surgical techniques 
developed by Grillo are still the cornerstone of PITS 
treatment today (45). 

Etiology and diagnosis

Dyspnea in a patient who has recently been extubated or 
decannulated should be considered to have PITS, until 
proven otherwise, and should undergo diagnostic evaluation. 
Symptoms may not be noticed for weeks or months. If they 
are severe or acute in onset, the patient should be evaluated 
immediately in the operating room for bronchoscopic 
evaluation and temporary treatment with dilatational 
bronchoscopy. Although it has been recommended to have 
flexible bronchoscopes, balloon dilators, rigid bronchoscopes, 
pediatric bronchoscopes, and instruments to perform an 
emergent tracheotomy, it is the authors of this manuscript 
preference to have rigid bronchoscope of size 3 mm OD to 

8 OD and a ready tracheotomy set available (46). Authors 
prefer to start with pediatric size 5 rigid bronchoscopy and 
increase up to 8.5 gradually. In our experience an emergency 
tracheostomy never required but an emergency tracheal 
resection was performed for a transtracheal injury during 
dilatation (Figure 7). 

Operation planning and strategies

Simply, dilatation is emergency but reconstructive surgery 
is almost never an emergency (47). Emergent bronchoscopy 
allows for direct visualization of tracheal anatomy. With further 
radiologic examinations, i.e., chest CT with three-dimensional 
reconstruction in the axial, coronal, and sagittal plans, the 
extent and location of tracheal injury may be mapped and 
assist with devising a treatment strategy (Figure 8). If it has not 
been performed before the operation, on the day of elective 
surgery, careful bronchoscopic dilation provides an airway for 
intubation with a size 6 ETT (47). Dilation should be done to 
allow intubation with a size of 6 endotracheal tube. It would be 
sufficient to start the procedure. During these bronchoscopies, 
endoscopists should be aware of airway inflammation, quality 
of the airway above and below the injury, presence of purulent 
secretions, and presence of additional or secondary stenosis 
within the trachea. Microbiology cultures taken before the 
surgery might be extremely valuable in the postoperative 
period, especially from patients who were hospitalized in 
other hospital/country ICUs. Measurement from the carina—
the length of the stenosis—to the cricoid and the vocal 
cords define the lesion and the type of the operation to be 
performed. This mapping also helps to understand the risks of 
the procedure. The decision to proceed requires assessment 
of the status of the tracheal mucosa, the length of stenosis, 

Figure 7 Dilatation of a stenosis is the first step of treatment in a patient. A tracheostomy or a reresection should not be performed if 
dilatation achieves success. Perforation of a trachea during dilatation may require an emergent operation.
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location, consideration of body habitus, prior treatments, and 
general overall condition of the patient (46). Four centimeters 
of stenosis can be resected safely, however, for greater length of 
resections, there may be a need to use release maneuvers such 
as the suprahyoid laryngeal release as the first option (45). Half 
of the adult trachea can be resected and reconstructed with the 
help of additional release maneuvers. It should be kept in mind 
that this refers to the ideal patients: healthy, long neck patient 
with addition of suprahyoid, pericardial release maneuvers in 
addition to the division of the carina and reimplantation of the 
major bronchi (45).

Neck extension is provided with a bag placed under 

the shoulders. The patient is prepared from chin to 
xiphoid process keeping in mind that a sternotomy may be 
required. In this operation anesthetists should coordinate 
with surgeons to ensure that patients are extubated before 
leaving the OR. 

Flow of operation

Although the most common incision is a low collar incision, 
division of the manubrium may be required. A small 
sternum retractor may help in separating the manubrium 
and right side of the sternum could be broken to have wider 

Figure 8 Chest CT with three-dimensional reconstruction in the axial, coronal, and sagittal plans, the extent and location of tracheal injury 
may be mapped and assist with devising a treatment strategy.
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exposure. A full sternotomy is rarely required; however, 
it is very helpful for extended release maneuvers, such as 
bilateral pericardial release and separation of diaphragm 

from pericardium and major bronchial releases. It is 
standard start to develop superior skin flap to expose the 
thyroid cartilage. The thyroid isthmus is divided and suture 
ligated and retracted laterally to improve exposure. A 
pretracheal plane is dissected beyond the innominate artery 
as it has been done in mediastinoscopy. Surgeons should 
dissect only in the cartilaginous surface of the trachea 
without causing devascularisation to the cartilaginous-
membranous part, where the feeding vessels enter into the 
trachea. Identification of location of stenosis and calculating 
the resection margins may require pediatric flexible 
bronchoscope. 

The operating rooms light may be turned off so that 
the surgeon could identify the bronchoscopic light in 
the trachea and estimate the resection margins. Every 
millimeter is important in tracheal resections (Figures 9,10). 
The dissection of trachea in a lateral surface is kept on 
trachea, without entering in the paratracheal fatty tissue. 
This allows the recurrent nerves to fall away of the surgical 
site. Surgeons should not make any attempt to identify the 
nerves.

Cautery should be used with bipolar mode during the 
lateral dissection on the trachea wall.

Although some authors recommend to carry out the 
dissection circumferentially around the airway, it is the 
authors’ preference to resect the membranous trachea and 
separate it from the esophagus without any attempt of 
circumferential dissection. 

After the trachea is opened distally, a sterile ETT #8 is 
connected to the ventilatory tubing and handed off to the 
anesthesiologist. Oral ETT tube is pulled back, but still 
keeping in the limits of upper tracheal resection, a silk tie is 
attached to the distal hole of this tube (Figure 11). That silk 

Figure 10  Operating room lights are turned off during 
bronchoscopy. So proper resection line could be planned. 
Remember “every mm is important”.

Figure 11 After the trachea is opened distally, a sterile ETT 
#8 is connected to the ventilatory tubing and handed off to the 
anesthesiologist. Oral ETT tube is pulled back, but still keeping 
in the limits of upper tracheal resection, a silk tie is attached to the 
distal hole of this tube.

Figure 9 Every millimeter is important in tracheal resections. 
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allows easy retrieval of the ETT back in the trachea at the 
end of the procedure.

If the cuff of the tube is injured during the division of the 
trachea, use an aspiration cannula number 10 and place a 
strong silk suture, anesthesiologists pull it back and suture 
this silk to a new ETT #8 Using this method, the intubation 
tube can be exchanged with a larger one. 

The airway incision is performed through the most 
damaged part of the trachea. Resection of the damaged 
portion should be done by taking extreme care with each 
bite of trachea resection. Placement of a nasogastric tube 
may be helpful in identifying the esophagus. Resecting 
the trachea with precisely calculated margins is the most 
economic way to achieve anastomosis. 

Traction sutures may be used both at proximal and distal 
sites (Figure 12). These sutures help to determine whether 
the trachea can be approximated with reasonable tension. If 
there exists a concern regarding excessive tension, release 
maneuvers should be considered. First choice is always a 
suprahyoid laryngeal release. A hyoid release should allow 
additional mobility of 1 to 1.5 cm. 

Recommended anastomotic sutures are 4-0 Vicryl, 4-0 
PDS, or 4-0 Prolene. Currently the most commonly used 
suture is 4-0 PDS. We also have developed a technique with 
intermittent periods of apnea to perform a more secure 
and precisely approximated anastomosis. Our strategy is to 
stop ventilation and resume when pulse oximetry decreases 
to 92%. The sutures are placed 3 to 4 mm deep with 3 to 
4 mm between each suture. Place the first suture at the 
contralateral side of the surgeon at the deepest part and 
the posterior membranous part suture in a continuous way 
while the tube is removed. The rest of the sutures are single 
sutures. Each time a suture is placed, it is kept untied until 
the next suture is placed. Once the next suture is placed 

then the previous one is tied. This prevents unnecessary 
clamps and ties in the operating field.

Before the tying of last 3 to 4 sutures, the ETT cuff is 
deflated and the tube is pulled down towards the distal side 
of anastomosis (47). As the tube is placed distally, residual 
sutures are tied. The airway is carefully suctioned and, 
keeping the cuff deflated, the anesthesiologist is asked to 
close the mouth and obstruct the nasal orifices and perform 
a manual, high pressure ventilation. 

The patient’s neck is flexed until the chin is close to the 
manubrium. That suture should not be overtight. Spinal 
cord ischemia or other pathologies may develop due to 
excessive neck flexion.

Although suggested we generally do not perform control 
bronchoscopies if the patient does not have a symptom 
for any type of complication. The chin stitch is divided on 
postoperative day 5. Patients are cautioned to not extend 
their neck, lift excessive amounts of weight or drive for 3 to 
4 weeks after surgery. Success is measured by adequacy of 
the airway and preservation of the voice. 
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