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Background: Tracheal surgery is still a challenge for thoracic surgeons, owing to the anatomical features, 
the relative rarity and the technical troubles of surgery of this airway tract. We report our experience over 
the past 30 months.
Methods: From February 2017 to August 2019, the prospectively collected clinical data of 22 patients 
who underwent surgery for idiopathic laryngotracheal stenosis (ILTS), post-intubation laryngotracheal and 
tracheal stenosis, tracheal cancers, tracheoesophageal fistulas (TEF) and post-traumatic tracheal lacerations 
were reviewed and outcomes evaluated.
Results: The mean age of the population was 54 (range, 21–83) years. Fourteen (63.6%) patients were 
male. Thirteen (59.1%) patients presented a laryngotracheal involvement, while 9 (40.9%) patients 
had a tracheal disease localization. Surgical procedures were: 10 (45.5%) Pearson modified subglottic 
laryngotracheal resection and reconstruction (LTRR) according to Liberman-Mathisen, 3 (13.6%) tracheal 
resection with primary anastomosis, 3 (13.6%) single-stage tracheal resection and reconstruction (TRR) 
with direct esophageal closure, 3 (13.6%) direct suture of tracheal defect according to Angelillo-Mackinlay, 
2 (9.1%) Grillo laryngotracheal resection with Liberman-Mathisen plasty and 1 (4.5%) thyroidectomy 
combined to Pearson modified subglottic laryngotracheal reconstruction according to Liberman-Mathisen 
for laryngeal infiltration from thyroid cancer. The mean length of the resected trachea was 32.17±6.15 mm. 
Six (27.3%) patients developed postoperative complications. Perioperative mortality was 4.5% (1 patient). 
No patient had tumour recurrence or recurrent stenosis. The mean follow-up time was 19.68±10.17 months. 
One- and 2-year overall survival (OS) was 95% and 80%, respectively. Post-operative complications and OS 
were not significantly correlated to site of disease, length of tracheal resection or type of surgery.
Conclusions: Tracheal surgery appears feasible, safe and effective, even in the most challenging subset 
of laryngotracheal resections, allowing excellent long-term outcomes. However, it should be performed in 
specialized, high-volume centres, by experienced surgeons, and a careful preoperative patient assessment is 
mandatory.
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Introduction

Tracheal surgery still represents a challenging ground 
for thoracic surgeons, despite the first tracheal resection 
was performed by Belsey in 1950 (1). Since then, the 
development of surgical techniques begun to accelerate (2);  
however the history of tracheal surgery has been 
characterized by a long and slow paced due to the peculiar 
anatomical features of this airway tract. In particular, 
anatomic location of the trachea, its length, structural 
rigidity and blood supply need to be always considered 
when approaching to this organ.

A large variety of indications for tracheal resection and 
reconstruction (TRR) exist, which can be allocated into two 
major groups: neoplastic and non-neoplastic diseases.

Neoplastic diseases are classified as follows:
	Primary tracheal tumours (malignant or benign): 

rare, approximately 0.2% of all tumours of the 
respiratory tract (3). In adults 90% of all tracheal 
tumours are malignant (4,5). The two-thirds of 
tracheal carcinomas are squamous cell carcinoma 
and adenoid cystic carcinoma, followed by non-
squamous bronchogenic carcinoma, mucoepidermoid 
carcinoma, carcinoid tumours, sarcomas, melanomas, 
and lymphomas. Benign tumours are found in 11–
13% of cases and they are represented by granular 
cell tumours, fibrous histiocytoma, chondroma, 
fibroma, hemangioma and papilloma (4,5).

	Secondary malignant tracheal tumours: typically 
arise from locally spread of neoplasms of laryngeal 
structures, thyroid gland, esophagus, lung/bronchi, 
or as metastatic disease (6).

Non-neoplastic diseases are a heterogeneous group 
including:

	Post-intubation, post-tracheostomy or post-
traumatic circumferential tracheal stenosis, which 
originate from high-pressure endotracheal or 
tracheostomy cuffs, inflammation, infection and 
necrosis of the trachea (7,8).

	Idiopathic laryngotracheal stenosis (ILTS): a 
rare condition characterized by an inflammatory 
cicatricial stenosis at the level of the cricoid cartilage 
and proximal trachea, which almost entirely affects 
younger women (9).

	Congenital and post-infectious lesions represent a 
rare and wide spectrum of diseases including short- 
or long-segment stenosis, cartilaginous fibrosis, or 
calcified nodules (10,11).

	Tr a c h e o e s o p h a g e a l  f i s t u l a s  ( T E F )  a n d 
tracheoinnominate fistulas: rare life-threatening 
condit ions due to long-term high-pressure 
endotracheal tube and tracheostomy cuffs, or 
indwelling tracheal or esophageal stents, which cause 
areas of granulation, malacia, and eventual erosion 
into surrounding structures (11,12). Fistulas may also 
be a consequence of caustic ingestion or penetrating 
trauma to the airway (13).

	Tracheal injuries: most causes include blunt trauma, 
penetrating trauma, iatrogenic causes (post-intubation 
and post-tracheotomy), inhalation and aspiration 
of liquids or objects (14). Regardless of its nature, 
these lesions may be life-threatening. Despite early 
recognition and appropriate management, potential 
complications consist of decreased lung function, 
infection, vocal cord paralysis and strictures (15).

To date, surgery remains the mainstay of treatment of 
tracheal diseases.

Taking into account the peculiar anatomical features of 
the larynx and the trachea, the relative rarity of tracheal 
diseases and the technical difficulties of surgery of this 
airway tract, which is burdened by potentially severe 
complications, a careful and extensive preoperative 
evaluation of the patient is mandatory. Furthermore, this 
kind of patients should be managed in high-volume centres, 
with an experienced multidisciplinary medical team.

In the current paper we reported our preliminary 
experience in tracheal surgery, particularly evaluating its 
feasibility, safety and efficacy, through the analysis of short- 
and long-term outcomes.

Methods

Twenty-two patients affected by ILTS, post-intubation 
laryngotracheal and tracheal stenosis, tracheal cancer, TEF 
and post-traumatic tracheal lacerations have been referred 
to us from February 2017. The prospectively collected 
clinical data of these patients were retrospectively reviewed. 
All patients gave full consent regarding data collection and 
its use in clinical studies; moreover, they gave their consent 
to update database information.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
evaluated by the Institutional Review Board (IRB) of San 
Camillo Forlanini Hospital and, as this was a retrospective 
review for service evaluation (within an audit approved by 
our Surgical Department) and there was no modification in 
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patients’ care (no prospective randomized study), we did not 
need the final ethical approval of our IRB. 

All patients underwent preoperative evaluation by 
computed tomographic (CT) imaging, flexible and rigid 
tracheobronchoscopy to assess the length of diseased 
trachea, laryngeal involvement, and vocal cord function, 
as well as presence of secretions, inflammation, laceration 
or obstruction. Any previously placed stents have been 
removed via rigid tracheobronchoscopy. Biopsy was 
performed for any endoluminal lesions. Patients affected by 
tracheal cancer underwent positron emission tomography 
(PET-CT) for stadiation of disease. Esophagoscopy was 
routinely done to complete the assessment of the location, 
extension and size of TEFs.

Laryngotracheal stenosis was classified according to 
McCaffrey clinical stages (16) and Cotton-Myer grading 
system (17).

Morbidity and mortality as well  as data on the 
postoperative hospitalization were recorded.

All the follow-up data (vital status, adverse events after 
discharge, presence of any tumour or stenosis recurrence) 
were collected from medical reports and by phone. No 
patient was lost to follow-up.

Surgical technique

All patients were positioned supine with the neck flexed and 
posteriorly hyperextended. The surgical access was decided 
based on disease localization and extent. A collar cervical 
incision was usually adequate to approach subglottic larynx 
and cervical trachea. A cervical collar incision combined 
with partial or total sternotomy was performed in case of 
middle third tracheal lesions or extensive TEFs to better 
expose the surgical field.

All patients but post-traumatic lacerations were 
treated with a single-staged laryngotracheal resection and 
reconstruction (LTRR) or TRR with primary end-to-
end anastomosis. The release techniques consisted in the 
digitally mobilization of the pretracheal plane to the carena 
or during video-mediastinoscopy and partial Dedo-Fishman 
suprathyroid laryngeal release. We usually limited the 
release to the section of the thyro-hyoid muscles to avoid 
inhalation complication (18).

Pat ients  with  subglott ic  s tenos is  underwent  a 
modification of the standard technique of anterior cricoid 
resection, as described by Pearson and colleagues (19). A 
Pearson modified subglottic LTRR according to Liberman-
Mathisen—tailored cricoplasty—was performed to allow 

increased postoperative lateral luminal airway diameter (20).  
In two cases of infraglottic idiopathic recurrent stenosis 
we performed the Grillo’s procedure consisting in the 
mucosectomy of the cricoid plate resurfaced with a 
membranacea mucosal flap (21).

A single-stage TRR with primary esophageal closure 
has been adopted for TEFs, with or without pedicled tissue 
flaps interposition (22).

A direct suture of the tracheal defect has been performed 
for post-traumatic lacerations.

Regarding anesthesiological principles, the airway was 
intubated under direct visualization distal to the lesion 
with a flexible single-lumen endotracheal tube. A total 
intravenous technique with short-acting muscle relaxants, 
quickly metabolized anaesthetic agents and short-acting 
opioids has been adopted to let spontaneous ventilation 
during the operation and early extubation. The endotracheal 
tube was withdrawn under flexible tracheoscopy to localize 
the exact disease extension before the airway transection. 
Once the trachea was divided below the damaged area, 
ventilation was obtained by a cross-field endotracheal 
tube into the distal tracheal airway. All laryngotracheal 
and tracheal anastomosis were performed under apneic 
hyperoxygenation (preoxygenation with an inspired 
oxygen fraction of 100%. During airway reconstruction a 
nasogastric tube was introduced into the distal airway to 
provide apneic hyperoxygenation via an oxygen flow of 12 
to 15 L/min) (23). After the posterior wall anastomosis, the 
original endotracheal tube was pulled into field distal to the 
suture line.

Perioperative management

All patients were extubated in the operating room under 
bronchoscopic view to assess the mobility of vocal cords. 
They were maintained mild neck flexion for 10 days 
postoperatively; some patients, especially if they were 
affected by neurological disorders, had a “guardian stitch” 
to avoid neck hyperextension. All the patients underwent 
flexible bronchoscopy before discharge to evaluate the 
adequacy of the airway and the integrity of suture line. 
Laryngeal oedema occasionally occurred in post-operative 
course and it was treated by steroids.

F o l l o w - u p  e x a m i n a t i o n  u s u a l l y  i n c l u d e d 
tracheobronchoscopy controls and CT scans, according to 
the benignant or malignant nature of patient’s disease. In 
asymptomatic patients, flexible tracheobronchoscopy was 
performed at 30 days, 6 months, 12 months, every year for 
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the first 5 years after surgery.

Statistical analysis

Descriptive statistics were used to label the patients 
included in the study. Continuous variables were expressed 
as mean and standard deviation. Categorical variables were 
defined as absolute and relative percentages.

Perioperative mortality included all deaths occurring 
within 30 days of surgery and those who died later but 
during the same hospitalization. Overall survival (OS) 
was estimated with Kaplan-Meier analysis with a 95% 
confidence interval (CI). The date of the initial operation 
was the starting point in the survival evaluation and the 
date of death or last follow-up the endpoint. Univariate 
analysis was carried out to assess potential risk factors in the 
development of postoperative complications. Multivariate 
analysis with the Cox proportional hazards model was 
applied to identify predictors affecting the OS. Statistical 
significance was fixed at P value less than 0.05.

Statistical analysis was performed with SPSS software 
Version 26.0 for Windows (SPSS, IBM, Chicago, IL, USA).

Results

Twenty-two patients underwent tracheal surgery during 
a 30-month period. The main clinical characteristics of 
the population are summarized in Table 1. There were 14 
(63.6%) male and 8 (36.4%) female. The mean age of the 
population was 54 (range 21–83) years. Thirteen (59.1%) 
patients presented a laryngotracheal involvement, while 
9 (40.9%) patients had a tracheal disease localization. 
Nineteen (86.4%) patients underwent LTRR or TRR. Nine 
(40.9%) resections were performed for post-intubation 
laryngotracheal/tracheal stenosis, 4 (18.2%) resections for 
TEFs, 4 (18.2%) resections were performed for primary 
or secondary tracheal tumours, 3 (13.6%) operations were 
performed for post-traumatic tracheal injuries and 2 (9.1%) 
resections for ILTS.

Twelve (54.5%) patients were affected by neurological 
disorders of traumatic aetiology. Twelve (54.5%) patients 
have been pre-operatively treated by conservative medical 
therapies, in particular mechanical dilation, laser ablation 
and stenting. One patient (4.5%) underwent neoadjuvant 
chemotherapy for a squamous cell carcinoma of third 
middle of the trachea and the same patient underwent 
post-operative radio-chemotherapy. Among patients 
with laryngotracheal stenosis, 11 (84.6%) had a grade II 

Cotton-Myer stenosis, 1 (7.7%) had a grade I and 1 (7.7%) 
patient had a grade IV Cotton-Myer stenosis; 3 (23.1%) 
patients were stage II, 8 (61.5%) patients were stage III 
and 2 (15.4%) were stage IV McCaffrey classification. Two 
out of 4 patients with TEF had a draining gastrostomy to 
avoid gastroesophageal reflux and a feeding jejunostomy to 
correct nutritional deficits.

All 18 (81.8%) operations were done with a collar 
cervical incision only. The other surgical access included 1 
(4.5%) right posterolateral thoracotomy, 1 (4.5%) partial 
median sternotomy and 2 (9.1%) collar cervical incision 
combined with a total sternotomy. The main intra-operative 
findings are shown in Table 2. Ten (45.5%) patients 
underwent Pearson modified subglottic LTRR according to 
Liberman-Mathisen (20), 3 (13.6%) patients were operated 
on tracheal resection with primary anastomosis, 3 (13.6%) 
patients underwent single-stage TRR with direct esophageal 
closure, 3 (13.6%) patients underwent direct suture of the 
tracheal defect according to Angelillo-Mackinlay (24), 2 
(9.1%) patients were operated on Grillo LTRR (21) with 
Liberman-mathisen plasty and 1 (4.5%) patient underwent 
thyroidectomy combined to Pearson modified subglottic 
laryngotracheal reconstruction according to Liberman-
Mathisen for laryngeal infiltration from thyroid cancer.

The mean length of the resected trachea was 32.17± 
6.15 mm. Two reverse thymic fat pads were performed to 
protect extended cervico-mediastinic trachea resection-
anastomosis. According to the definition of a resectional 
cut-off margin of 4 cm (25), 4 (18.2%) patients underwent 
extended tracheal resections.

The main post-operative outcomes of the population are 
summarized in Table 3. The postoperative hospitalization 
was 19.95±11.69 days, with a median value of 14 days. Six 
(27.3%) patients developed postoperative complications: 
2 (9.1%) patients presented anastomotic leakage (treated 
by Vacuum Assisted Closure, V.A.C.®, therapy), 2 (9.1%) 
patients had dysphagia, one of which with a consequent 
inhalation pneumonia, 1 (4.5%) patient a bleeding with 
consequent cervical haematoma (which required a surgical 
treatment) and 1 (4.5%) patient had a temporary laryngeal 
palsy (treated by steroids). One perioperative death (4.5%) 
occurred after a single-stage extended third superior-
middle TRR with direct esophageal closure. Weaning 
from mechanical ventilation was impossible for bilateral 
pneumonia, culminating in a recurrence of the TEF by 
day 12, complicated by ARDS and septic shock ended 
with death on 60th postoperative day. The incidence of 
postoperative complications was not significantly correlated 
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to any potential risk factor analysed (gender, age, aetiology, 
previous treatment, neurological disorders, length of 
tracheal resection and so on, as showed in Table 4).

The mean follow-up time was 19.68±10.17 months. 
During the surveillance there was no evidence of either 
tumor recurrence or recurrent stenosis. At last follow-up, 
20 (90.9%) patients were alive. Nineteen (86.4%) patients 
presented no evidence of disease while 1 (4.5%) patient was 
alive with a re-tracheostomy performed at 18 months after 
surgery for recurrent inhalation pneumonia. In addition to 
the single perioperative death, only another patient died 
(4.5%) for a cause not related to the underlying disease 
(death due to heart failure at 20 months after surgery for 
post-intubation laryngotracheal stenosis).

The mean OS was 30.16 months (95% CI: 27.51– 
32.81 months) (Figure 1). One- and 2-year OS was 95% and 
80%, respectively. No statistically significant prognostic 
factors affecting OS were found at Cox regression model.

Discussion

Tracheal surgery is a challenge for thoracic surgeons 
even today, despite great progresses have been made in 
anaesthetic management and surgical techniques since the 
1960s (2). The “fear” of tracheal surgery is due not only to 
the technical difficulties in itself, but also and above all to 
the high rate of morbidity and mortality correlated with the 
diseases of this airway tract. Nowadays, tracheal surgery is 
generally performed at high-volume, reference centres, by 
teams of specialized thoracic surgeons, anaesthesiologists, 
pulmonologists and otolaryngologists (11).

To date, in the absence of distant metastasis and if local 
resectability is provided, surgical resection followed by 
primary reconstruction and adjuvant radiotherapy in case of 
microscopic residual disease is the best curative treatment 
for tracheal cancer (3). Patients treated with surgical 
resection have better prognosis than unresected ones, with a 
5- and 10-year survival rates of 50% and 35%, respectively, 
compared to 5–15% and 6–7%, respectively, of patients 
not undergoing surgery (26,27). It has finally passed from 
a “nihilistic attitude based on ignorance”, as reproached by 
Licht and colleagues (26), to a positive overture to surgical 
management of tracheal cancers thanks to a progressive 
acquired knowledge of operative techniques. Gaissert and 
coworkers (4) found that locoregional tumor is the most 
important determinant of resectability. Complete resection, 
negative airway margins, and adenoid cystic histology 

Table 1 Demographic and pre-operative characteristics

Variable Number of patients (n=22) 

Gender

Male 14 (63.6%)

Female 8 (36.4%)

Age (years) 54±21 (mean)

Site of disease

Laryngotracheal 13 (59.1%)

Tracheal 9 (40.9%)

Aetiology

ILTS 2 (9.1%)

Post-intubation stenosis 9 (40.9%)

Cancer 4 (18.2%)

TEF 4 (18.2%)

Post-traumatic injury 3 (13.6%)

Pre-operative treatment

No 10 (45.5%)

Mechanical dilation 10 (45.5%)

Laser ablation 8 (36.4%)

Stenting 3 (13.6%)

Post-traumatic neurological disorders

Yes 12 (54.5%)

No 10 (45.5%)

Draining gastrostomy 2 (9.1%)

Feeding jejunostomy 2 (9.1%)

Neoadjuvant CHT 1 (4.5%)

Cotton-Myer grade (n=13, LT stenosis)

Grade I 0 (0%)

Grade II 11 (84.6%)

Grade III 1 (7.7%)

Grade IV 1 (7.7%)

McCaffrey stage (n=13, LT stenosis)

Stage I 0 (0%)

Stage II 3 (23.1%)

Stage III 8 (61.5%)

Stage IV 2 (15.4%)

ILTS, idiopathic laryngotracheal stenosis; TEF, tracheoesophageal 
fistula; LT, laryngotracheal; CHT, chemotherapy.
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affect long-term survival in a statistically significant way. 
Conversely, survival is independent of the type of resection. 
Our data corroborate this finding, in fact the type of surgery 
did not influence post-operative complications and survival 
in a statistically significant manner.

Controversies are still present among surgeons about the 
length of tracheal resectability. Extended tracheal resections 
are generally considered to be burdened by a greater rate 
of post-operative complications than standard resections, 
whose cut-off margin can be accounted a length of less 
than 4 cm. In our cohort, post-operative complications and 
OS were not related to the length of tracheal resection, 
confirming the importance of careful release maneuvers to 
minimize devascularization and to achieve tension-limited 
anastomosis (25,28). Additionally, the coverage of tracheal 
anastomosis suture line with a vascularized tissue flap to 
prevent erosion of contiguous brachiocephalic vessels is 

still a matter of debate (29). We have protected extended 
cervico-mediastinic tracheal resection with a reverse thymic 
fat pad in two cases, one of which underwent neoadjuvant 
chemotherapy and post-operative chemo-radiotherapy 
for a squamous cell carcinoma (Figure 2A,B). The patient 
had good short- and long-term outcomes, suggesting 
that extended tracheal resection following induction 
chemotherapy could be safely performed. Reverse thymic 
fat pad proves to be a good tool for protecting the suture 
line. It has been demonstrated that omentum enhances 
blood supply, processing an angiogenic factor, and it 
improves healing by new fibroblast growth (30). According 
to the “omentum model”, we suppose that thymic fat flap 
might confer similar biological advantages and thus, add 
an advantage in terms of better throphism of tracheal 
anastomosis suture line.

Conservative medical treatments such as mechanical 

Table 2 Intra-operative results

Variable Number of patients (n=22) 

Surgical approach

Collar cervical incision 18 (81.8%)

Collar cervical incision + total sternotomy 2 (9.1%)

Right postero-lateral thoracotomy 1 (4.5%)

Partial median sternotomy 1 (4.5%)

Tracheal release maneuver

Digitally mobilization of the pre-tracheal plane 21 (95.5%)

Video-mediastinoscopy mobilization of the pre-tracheal plane 1 (4.5%)

Suprathyroid laryngeal release (Dedo-Fishman) 17 (77.3%)

Type of surgery

Pearson modified subglottic LTRR according to Liberman-Mathisen 10 (45.5%)

Tracheal resection with primary anastomosis 3 (13.6%)

Single-stage TRR with direct esophageal closure 3 (13.6%)

Direct suture tracheal defect according to Angelillo-Mackinlay 3 (13.6%)

Grillo LTRR with Liberman-Mathisen plasty 2 (9.1%)

Thyroidectomy + Pearson modified subglottic LTRR according to Liberman-Mathisen 1 (4.5%)

Length of tracheal resection (mm) 32.17±6.15 (mean)

Extended tracheal resection 4 (18.2%)

Anastomosis protection 2 (9.1%)

Guardian stitch 10 (45.5%)

LTRR, laryngotracheal resection and reconstruction; TRR, tracheal resection and reconstruction.
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dilation, laser ablation and stenting have a limited and 
ephemeral role in the treatment of tracheal stenosis due 
to high recurrence rates (31,32). In sight of this, patients 
should be considered for definitive surgical operation. 
Subglottic stenosis provides the greatest challenge for 
single-stage LTRR (33,34). Subglottic larynx represents 
the narrowest segment of airway and it is close to the 
vocal cords and recurrent laryngeal nerve insertion. In 
addition, these lesions are frequently associated with 

side-to-side or lateral narrowing of the subglottic space, 
decreasing the luminal diameter tight after anastomosis, 
with a symptomatic relief often unsatisfactory (20). In this 
case, a tailored cricoplasty added to the standard technique 
of anterior cricoid resection and eventually the cricoid 
plate mucosectomy (Grillo’s procedure) improves short- 
and long-term outcomes of reconstructive subglottic  
stenosis (33) (Figure 3).

We obtained excellent long-term results, in fact none 
of the patients affected by subglottic stenosis developed 
a late stricture recurrence. Only one patient affected by 
neurological disorders operated on LTRR for a first and 
second tracheal ring post-intubation recurrent stenosis has 
needed re-tracheostomy for repeated inhalation pneumonia 
at 18 months after surgery. Our results are in line with 
those reported by other authors, who described good to 
excellent long term outcome in more than 90% of patients 
with perioperative mortality under 1–2% (21,34-36). Grillo 
reported good to excellent results from six months to five 
and one-half years later LTRR in sixteen out of eighteen 
patients operated on for subglottic laryngeal and upper 
tracheal stenosis (21). The reconstruction in a patient with 
burned airway failed and one patient treated for ILTS had 
needed a T tube placement for recurrent stenosis. Marulli 
and colleagues described excellent to satisfactory results 
in more than 90% of patients who underwent single-stage 
LTRR to treat benign laryngotracheal strictures (35). In 
particular, long-term results were excellent to satisfactory in 
36 patients (97.3%) and unsatisfactory in one (2.7%), who 
presented late 40% restenosis with severe hoarseness and 
episodic dyspnoea, requiring frequent laser ablations and 
dilatations. Liberman and Mathisen, in their initial report 
of tailored cricoplasty, stated that none of the 18 patients 
undergoing surgery required reoperation, tracheostomy, 
or readmission to the hospital during the entire follow-up 
period (20). All patients affirmed that they were satisfied and 
would choose surgery again. In one of the largest series ever 
published of patients undergoing LTRR for benign stenosis, 
D’Andrilli and co-authors showed definitive excellent or 
good results in 94.5% of patients (36).

According to Sanchez-Lorente and colleagues (23) 
we performed airway reconstruction under apnoeic 
hyperoxygenation to provide an adequate oxygenation 
during the apnoeic time period of anastomosis by an 
increase of intrapulmonary oxygen storage (37) (Figure 4).

Analysing the whole study cohort, we observed 
no significant correlation between the incidence of 
postoperative complications and any potential risk 

Table 3 Post-operative outcomes

Variable Number of patients (n=22) 

Post-operative complications 6 (27.3%)

Anastomotic leak 2 (9.1%)

Dysphagia 2 (9.1%)

Bleeding 1 (4.5%)

Laryngeal palsy 1 (4.5%)

Inhalation pneumonia 2 (9.1%)

Sepsis 1 (4.5%)

ARDS 1 (4.5%)

Early recurrence of TEF 1 (4.5%)

Late re-tracheostomy (recurrent 
inhalation pneumonia)

1 (4.5%)

Peri-operative death 1 (4.5%)

Post-operative hospitalization 
(days)

19.95±11.69 

Adjuvant RT-CHT 1 (4.5%)

Follow-up time (months) 19.68±10.17 (mean)

Follow-up status

Alive without disease 19 (86.4%)

Alive with re-tracheostomy 1 (4.5%)

Dead of disease  
(early recurrent TEF)

1 (4.5%)

Dead of other causes 1 (4.5%)

Tumor recurrence 0 (0%)

Stenosis recurrence 0 (0%)

Overall survival (months) 30.16 (95% CI: 27.51–32.81)

1-year OS 95%

2-year OS 80%

ARDS, acute respiratory distress syndrome; TEF, tracheoesophageal 
fistula; RT, radiotherapy; CHT, chemotherapy; OS, overall survival.
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factor investigated. However, the very small sample size 
represented a no negligible bias. Patients with the added 
risk deriving from post-coma neuropsychiatric disorders 
showed no increased rates of complication and surgical 
failure. We reported post-operative complications in 
27.3% of patients, a rate even better compared to incidence 
reported in literature of about 35% (35). All complications 
were successfully treated, with no late sequelae, except one 
patient who developed early TEF recurrence, complicated 
by ARDS and septic shock culminating in death.

TEFs are life-threatening conditions which require 
an operative reconstructive management to eliminate the 
fistula and restore a functional airway, because spontaneous 
healing is very rare (38). Several surgical options have 
been proposed, including direct suture closure of both the 
tracheal and esophageal defects with or without pedicled 
muscle flaps (39,40), tracheal closure using an esophageal 
patch (41), segmental tracheal resection and primary 
anastomosis with direct esophageal closure (42,43), a 
combined surgical and endoscopic approach (44), and a 
two-stage approach with esophageal diversion and primary 
closure of the tracheal defect (42,45). Nonetheless, the 
optimal timing and strategy of TEFs repair remain 
controversial. In our practice we generally performed TRR 
or LTRR with primary esophageal closure, according to 
the previous results of Macchiarini and colleagues, which 
reported less common complications (7% vs. 38%) and 
better long-term results (93% vs. 65%) as compared with 
other procedures (43). Moreover, all but one of our patients 
had post-intubation injury, the most common indication 

for tracheal resection. In case of absence of circumferential 
damage and airway stenosis, direct repair of the tracheal 
and esophageal defects, with interposition of robust 
vascularized tissue, is simpler and effective (13). We applied 
the anterior approach as described by Grillo, to avoid 
extensive devascularization and allow a complete exposure 
of the entire tracheoesophageal damage (22). In extensive 
TEFs, a draining gastrostomy might be useful to avoid 
gastroesophageal reflux, as well as a feeding jejunostomy to 
ensure an adequate nutritional support (43). Some reports 
without long-term follow-up support initial management 
of non-malignant TEF with endoluminal stents, usually 
in the esophageal localization (46). Nevertheless, clinical 
experience has shown a large number of failures of this 
technique over the years, particularly a real risk for 
exacerbation is demonstrated, as stents have been involved 
in the creation of giant TEFs (47). Perioperative mortality 
in our series was 4.5%, which is similar to the rates reported 
in literature, between 3.2% to 29.6% (12,39,42-45). 
Therefore, even if technically challenging, we advocate a 
prompt surgical repair of acquired benign TEFs.

Tracheal injuries are life-threating conditions, requiring 
an early diagnosis and a prompt treatment to reduce 
morbidity and mortality (48). Posterior tracheal wall 
lacerations are rare and generally iatrogenic, occurring 
during intubation (49). When the tear involves the third 
distal of the trachea, the best surgical exposition is obtained 
through a thoracotomy, whereas if the laceration is located 
in the superior-middle third of the trachea, a cervicotomy 
should be performed. In our experience we managed only 
three membranous tracheal wall lacerations, two post-
intubation and one caused by a road trauma. According 
to Angelillo-Mackinlay (24), we fashioned a Kocher 
cervicotomy and a longitudinal tracheotomy on the anterior 

Figure 1 Overall survival.
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Table 4 Univariate analysis

Variable P value

Age 0.622

Gender 0.267

Aetiology 0.757

Pre-operative treatment 0.508

Neurological disorders 0.888

Site of disease (LT or TR) 0.373

Cotton-Myer grade 0.873

McCaffrey stage 0.840

Type of surgery 0.428

Length of LT/TR resection 0.584

LT, laryngotracheal; TR, tracheal.
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wall to reach and suture the membranous wall from the 
inside. All the surgical procedures proved effective in 
restoring airway integrity and with no long-term sequelae. 
Several previous larger series had showed similar data, 
confirming the safety, reproducibility and reliability of 
the transcervical-transtracheal endoluminal repair of 
membranous injuries, avoiding the possible complications 
of tracheal posterior dissection (48,50,51).

We observed a 1- and 2-year OS of 95% and 80%, 
respectively. None of the neoplastic patients developed local 
or distant recurrence. However, regarding the prognostic 
factors affecting long-term outcome, none of the pre-,  
intra- and post-operative characteristics have resulted as 
predictors of survival.

This study presents some major weaknesses as well. First 
of all, it is a single centre, retrospective, non-randomised 

Figure 2 Intraoperative view showing an extended tracheal resection for a squamous cell carcinoma after neoadjuvant chemotherapy. (A) 
Anastomosis (arrow) after extended cervico-mediastinal tracheal resection. (B) Anastomosis (arrow) protected with reverse thymic fat pad 
interposed between trachea and brachiocephalic vessels.

Figure 3 Intraoperative view showing a Pearson modified subglottic laryngotracheal reconstruction according to Liberman Mathisen. (A) 
Resection of cricoid anteriorly up to the middle third of the lateral arm. (B) Tracheal dissection below the distal end of the stenosis (C) 
“Tailored cricoplasty”: the exposed cricoid cartilage is resurfaced by advancing the preserved mucosal lateral flap over the cricoid. (D) End-
to-end laryngotracheal anastomosis.
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series affected by selection bias. Secondly, the small sample 
size, due to the low rate of tracheal diseases susceptible to 
surgical treatment. Moreover, an analysis for subgroups was 
not possible due to the great heterogeneity of the diseases 
analysed, with a very small sample size of each subgroup, 
and this may reduce the effectiveness of our results. Finally, a 
longer follow-up would be needed to demonstrate the safety 
and the efficacy of tracheal surgery in terms of long-term 
outcomes. Nevertheless, as far as we know, this is one of the 
largest series reporting a study period of only 30 months.

In conclusion, taking into account the peculiar 
anatomical features of the larynx and the trachea, the 
relative rarity of tracheal diseases and the technical 
difficulties of surgery of this airway tract, which is burdened 
by potentially severe complications, a careful and extensive 
preoperative assessment of the patient is mandatory. It is 
important to emphasize that tracheal surgery should be 
performed by experienced surgeons in specialized, high-
volume centres, where a knowledgeable multidisciplinary 
team consisting of thoracic surgeons, anaesthesiologists, 
otolaryngologists, pulmonologists and intensivists work 
together to manage these patients’ care. Our preliminary 
experience confirm that in skilful hands tracheal surgery 
appears feasible, safe and effective, even in the most 
challenging subset of laryngotracheal resections, allowing 
excellent long-term outcomes.
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