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Tracheal surgery
A. D’Andrilli, E.A. Rendina, F. Venuta

Introduction

Surgical resection and reconstruction of the
trachea can be performed for benign or malignant
diseases (Table 1). The main indications for
surgery include inflammatory (generally post-intu-
bation), congenital or post-traumatic stenoses, de-
generative lesions, benign or malignant neo-
plasms. The vast majority of tracheal resections
are performed for post-intubation lesions.

After intubation or tracheostomy, stenosis may
occur due to an ischemic damage, initially of the
mucosa and then of the complete tracheal wall. Af-
ter extubation this may produce an aberrant scar-
ring process determining a stricture of the airway
lumen up to complete obstruction. Trans-laryngeal
intubation may produce damage at the glottic or at
the sub-glottic level (which is the narrowest part of
the airway) due to the rigidity of the tube or, more
distally, due to the cuff tension. In prospective
studies, the duration of intubation has been found
to be directly related to the incidence of mucosal
damage, but not with the incidence of the perma-
nent stenosis [1].

In patients with tracheostomy, similarly, the
stricture may occur either at the level of the stoma or
at the level of the cuff. In studies on large series of
patients a tracheal stenosis in this site, after a period
of mechanical ventilation with a cuffed tracheostom-
ic cannula, has been reported in 12.5% of cases [2,
3]. The use of high-volume low-pressure cuffs in re-
cent decades has allowed the significant reduction in
the incidences of tracheal stenoses consequent to
cuff hypertension. For the above mentioned reasons
significant developments in tracheal surgery have
been reported following the introduction of mechan-
ical ventilators which were involved in Sweden in
the 1950s and whose use spead thoughout the rest of
Europe and North America in the 1960s.

In some cases, patients with severe stenosis
and life-threatening obstruction of the trachea may
require emergency treatment. Intravenous or in-
haled steroids are immediately administered to re-
duce inflammation and oedema. Rigid bron-
coscopy under deep sedation or general anaesthe-
sia is the life - saving procedure of choice. This
technique is generally effective in restoring a good
respiratory space by mechanical dilation, laser ab-
lation or stent placement. Endoscopic techniques
should never be abused as they can create serious
problems for the subsequent surgical reconstruc-
tion. If possible, emergency tracheostomy should
be avoided as it could extend the inflammatory
disease and complicate the subsequent therapeutic
steps. For this reason, when tracheostomy is un-
avoidable, it is advisable that it is performed
through the damaged segment of the trachea.

Sometimes stenosis may be due to inflamma-
tory granulations developing at the margins of the
tracheostoma or in the area of ulceration deter-
mined by the cuff. These granulations are general-
ly easily managed by endoscopic procedures (laser
ablation, mechanical removal, stenting). Endo-
scopic management has been proposed in recent
years as a possible alternative to surgical resection
for benign stenosis of the trachea. However, results
in this setting usually show that only a thin web-
like stenosis can be successfully treated, while the
benefit for more extended lesions are only tempo-
rary [4, 5].

Segmental resection and reconstruction are
currently the option of choice to treat the vast ma-
jority of benign and malignant stenoses. Con-
traindications to surgery include the permanent re-
quirement of mechanical ventilation, an excessive-
ly long extent of the lesion preventing primary
anastomosis, a neurological impairment that com-
promises the possibility of the patient having con-
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Surgical resection and reconstruction of the trachea
can be performed both for benign and malignant diseases.
The main indications for surgery include inflammatory
(generally post-intubation), congenital or post-traumatic
stenoses, degenerative lesions, benign or malignant neo-
plasms. Success can be pursued only by accurate patient
selection and timing, meticulous surgical techniques, care-

ful follow up and, when required, multidisciplinary coop-
eration.

Although surgical resection has now become part of
our surgical practice, other treatment modalities are ap-
proaching a new clinical application era, in particular tra-
cheal transplantation and bioengineering. These new tech-
niques will certainly offer, in the near future, improved
chances to treat difficult cases.
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trol of his/her body (tetraplegia) or being able to
tolerate neck flexion post-operatively.

Subglottic resections

The subglottic space at the cricoid level is the
narrowest part of the airway. It extends from the
inferior margin of the vocal cords to the lower bor-
der of the cricoid cartilage. Interventional bron-
choscopic treatment modalities including laser and
stenting, whose application in tracheal surgery has
greatly increased in recent years, have a limited
role in subglottic stenosis due to anatomic and

technical reasons [6]. These techniques are there-
fore mainly employed to stabilise the stenosis be-
fore surgery or to achieve an acceptable palliation
in patients who are not suitable for surgery. How-
ever, the benefit is usually temporary and repeated
procedures are often necessary.

When considering surgical treatment, a stenot-
ic disease involving the subglottic region present
increased technical problems, principally due to
the need to extend the resection to the cricoid car-
tilage, next to the vocal cords (fig. 1). Particular
care must be taken when considering resection of
the cricoid cartilage since the laryngeal nerves
have access into the airway wall at the level of its
posterior plate, where the upper border supports
the arytenoid cartilages playing a major role in
correct vocal cord function.

The initial experience of segmental resections
of the cricoid cartilage was reported by Ogura and
Powers in 1964 [7] and included a series of 7 pa-
tients undergoing primary thyro-tracheal anasto-
mosis. However, no attempt to preserve the laryn-
geal nerves was required since they were irre-
versibly damaged on both sides as a result of the
trauma.

In 1974 Gerwat and Brice [8] described an
original technique to preserve the posterior cricoid
plate and the recurrent nerves above the level of
the crico-thyroid joints by using an oblique line of
resection in order to remove only the anterior
cricoid arch. The upper transection line begins at
the inferior border of the thyroid cartilage anteri-
orly and passes below the crico-thyroid joints be-
hind. However, this technique allowed a limited
extent of resection of the posterior subglottic struc-
tures.

Pearson in 1975 [9] proposed a modification of
this technique which allowed transverse resection
of the subglottic airway at any level below the vo-
cal cords, with preservation of a posterior shell of
the cricoid cartilage sparing the laryngeal nerves.
With this technique the line of division passes a

Fig. 1. - Postintubation subglottic tracheal stenosi: endoscopic view.

Table 1. - Tracheal disorders

Malignant Tumours

Adenoid cystic carcinoma
Squamous cell carcinoma
Nonsquamous carcinoma
Mucoepidermoid carcinoma
Sarcoma
Carcinoid
Lymphoma
Melanoma
Metastatic disease
Direct invasion by thyroid or esophageal cancer

Benign tumours

Capillary hemangioma
Chondroblastoma
Chondroma
Fibrous histiocytoma
Glomus tumor
Granular cell tumor
Hamartoma
Hemangiomatous malformation of the mediastinum
Plasma cell granuloma
Leiomyoma
Neurogenic tumours
Paraganglioma
Pleomorphic adenoma
Pyogenic granuloma
Multiple or solitary squamous papilloma
Vascular tumours of borderline malignancy

Congenital

Stenosis
Atresia
Malacia

Post-traumatic

Cervical trauma
Mediastinal trauma

Postintubation stenosis

After endotracheal intubation
After tracheostomy

Infectious/Inflammatory

Idiopathic
Tuberculosis
Histoplasmosis
Sarcoidosis
Amiloidosis
Wegener’s granulomatosis
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few millimetres below the vocal cords. Thus, pri-
mary thyro-tracheal anastomosis can be performed
at less than 1 cm from the vocal cords. This is still
the most frequently used technique to date.

Before resecting the anterior portion of the
cricoid arch, the trachea is sectioned below the
stenotic segment, and the distal airway is intubat-
ed through the operative field by an armoured en-
dotracheal tube. When isolating circumferentially
the diseased segment of the upper trachea there is
generally no need to identify the laryngeal nerves
(which are frequently involved in the surrounding
scar tissue), since maintaining dissection close to
the surface of the trachea can be sufficient to avoid
injuries to these structures. The antero-lateral as-
pect of the cricoid cartilage is then freed com-
pletely from their pericondrial cover and resected.
A discrepancy in diameter between the lumen of
the subglottic airway and the distal trachea at the
time of reconstruction is inevitable. The end-to-
end primary thyro-tracheal anastomosis is usually
performed using interrupted sutures of 3-0 or 4-0
absorbable material (usually PDS). Although Pear-
son and colleagues [9] suggested plicating the pars
membranacea of the distal trachea to reduce this
difference in terms of diameter, this procedure may
be not necessary in many cases, since the elastici-
ty of the distal trachea allows adequate compensa-
tion.

In some patients the post-intubation subglottic
stenosis may be complicated by glottic injury at
the level of the posterior interarytenoid space. In
such cases, when the interarytenoid scar is excised,
a posterior mucosal defect is created. This defect
can be covered by a pedicled flap of pars mem-
branacea fashioned from the distal trachea and cre-
ated by resecting one or two cartilaginous rings on
the anterior aspect.

When the thyro-tracheal anastomosis is per-
formed very close to the vocal cords there is an un-
predictable risk of post-operative glottic oedema.
This complication can be managed by placing, at
the end of operation, a small tracheostomy or a sil-
icone Montgomery T-tube distal to the anstomosis.
These can be left in for a variable period of time:
weeks or even months, depending on the status of
the glottis and of the anastomosis.

In cases of tight stenosis, some problems may
arise at the time of intubation, before the resection;
the stenosis can be dilated by a gum-tipped bougie
or by a rigid bronchoscope. In our experience [10],
a small calibre (4-4.5) endotracheal tube is passed
through the stenosis, and this is usually sufficient
for adequate ventilation until the trachea is ex-
posed and incised allowing cross-field intubation.
Occasionally the tube can be placed immediately
above the stenosis.

Some other reconstruction techniques have
been proposed in recent years to manage laryngo-
tracheal stenosis with the aim of obtaining a per-
manent enlargement of the subglottic airway.
These procedures, principally popularised by
otorinolaryngologists, include the vertical division
of the anterior and posterior wall of the cricoid car-
tilage and the insertion of an autologous tissue

graft between the divided cartilaginous portions.
This is particularly frequent in the pediatric popu-
lation. Free pieces of bone or cartilage have been
used as grafts. McCaffey [11] has reported a series
of 21 patients with subglottic stenosis treated with
the interposition of a costal cartilage graft in the
anterior vertical incision of the cricoid and the thy-
roid cartilage. Although the incidence of satisfac-
tory results was high (76%), there was a 24% rate
of patients that could not be extubated.

The major series of laryngo-tracheal resection
published in the international literature report a high
rate of good or excellent results, with low mortality
(generally under 1-2%), supporting the role of
surgery as the treatment of choice [10, 12-17].

Pearson and colleagues [9, 12] reported the re-
sults of a series including 38 patients treated using
their technique of partial cricoid resection and pri-
mary thyro-tracheal anastomosis. Recurrence of
stenosis occurred in 2 patients and was successful-
ly managed by re-resection in 1 case and by dila-
tion and laser ablation in the other. There was no
mortality. Ultimately, therefore, good results were
achieved in all patients. This series included also
16 patients presenting with combined laryngeal
and subglottic lesions. These complex stenoses
were managed by synchronous subglottic resection
and laryngeal reconstruction. Decannulation and
subsequent stable satisfactory results were
achieved in all the patients but one.

Grillo and coworkers [13] reported the out-
come of 80 patients undergoing subglottic resec-
tion and reconstruction with the use of their modi-
fied technique. Fifty of these patients had a postin-
tubation injury. There was 1 operative death. All
49 survivors of this group presented satisfactory to
excellent results.

One of the largest published experiences of
laryngo-tracheal resection has been reported by
Couraud and colleagues [14], which included 57
patients with post-intubation stenosis involving the
subglottic region alone or in combination with the
larynx out of a total of 217 patients with benign
tracheal stenosis. Results were excellent or good in
98% of the cases. There was one perioperative
death (1.8% overall mortality).

We have recently published our experience of
laryngo-tracheal resection for benign stenosis over
a 16-year period reporting long-term results (mean
follow-up 61 months) [10]. In a series of 35 con-
secutive patients, immediate excellent or good
anatomic and functional results were observed in
85.7% of the cases. Four patients (11.4%) present-
ed with recurrence of stenosis that was successful-
ly treated by endoscopic procedures. One patient
(2.9%) presented with anastomotic dehiscence that
required a temporary tracheostomy closed after
one year with no sequelae. Long-term results were
good or excellent in 94.3% and satisfactory in
5.7% of the patients. This series included 9 pa-
tients with neurological or psychiatric post-coma
disorders. The outcome was good or excellent also
in this group, suggesting that such a condition
should not be considered an absolute contraindica-
tion for surgery any more.



108

A. D’ANDRILLI

The results of the larger experiences of laryn-
go-tracheal resection published since 1995 are re-
ported in table 2.

Tracheal resections

The main indications for tracheal resection and
reconstruction include post-intubation stenosis, idio-
pathic stenosis, and primary tracheal tumours. Less
frequently reconstructive procedures are performed
to repair tracheo-esophageal fistulas. As for the sub-
glottic district, postintubation injuries are the most
frequent lesions amenable for tracheal resection.

Primary tracheal tumours are rare. It has been
estimated that they occur with an incidence of 2.7
new cases per one million population per year in
North America [18]. Squamous cell carcinoma and
adenoid cystic carcinoma account for two thirds of
primary tracheal tumours.

Surgery is the treatment of choice for benign
and malignant neoplasms. Radiotherapy in this
setting is indicated as an adjuvant after resection,
for unresectable or medically inoperable tumours,
and for palliation of severe symptoms [19].

In case of tumours determining life-threaten-
ing obstruction, rigid broncoscopy and endolumi-
nal resection can be used to stabilise the respirato-
ry status before attempting complete resection.
Management with stent or neoadjuvant radiothera-
py is not recommended unless complete resection
is not feasible.

The maximal length of diseased trachea that
can be resected has always been a crucial issue. In
the initial era of tracheal surgery the interest was
principally focused on the experimental use of
prosthetic materials in order to test the feasibility
of long tracheal segment resections [20-24]. A
number of options were employed including
Dacron, Polytetrafluorethylene, glass and stainless
steel meshes. Despite some experimental encour-
aging results, the clinical application of prosthetic
materials proved unsuccessful, with occlusion, in-
fection, vascular erosion or anastomotic dehis-
cence occurring in almost all cases.

Concurrently, there was the evolution of the
primary reconstruction techniques. The earliest re-

ports of tracheal resection and reconstruction de-
scribed only limited resections not exceeding 2 cm
of trachea.

Grillo [25, 26] performed cadaveric studies to
assess the possibility to safely resect longer airway
segments. He found that with a standard tension of
1000-1200 g, it was possible to resect a median
length of up to 4.5 cm of the trachea without pro-
ducing excessive anastomotic tension and compro-
mising the blood supply. In these studies the author
highlighted that the tracheal dissection has to be
conducted only anteriorly and posteriorly to pre-
serve the lateral vascular pedicles that represent
the main vascular supply to the trachea, originat-
ing as anastomotic branches from the inferior thy-
roid artery above and the bronchial arteries below.

Increasing technical experience in this field
has proved that it is possible to resect with end - to
- end anastomosis up to 50% of the length of the
trachea in the adult. Patient’s young age, elasticity
of the tracheal wall, and the absence of previous
treatment may positively influence the potential
extent of the resection.

Before surgery, a clear diagnosis and accurate
pre-operative assessment of the extent and charac-
teristics of the airway lesion is mandatory. These
are achieved by radiologic and bronchoscopic pro-
cedures. High resolution CT scans with three di-
mensional reconstruction offer some advantages
with respect to standard radiological techniques
since it perfectly illustrates the longitudinal exten-
sion of the stenosis and effectively defines the ex-
traluminal component of the lesion, which is a cru-
cial for malignant disorders. Flexible broncoscopy
performed while the patient is awake is mandatory
as it allows direct evaluation of the motility of the
vocal cords as well as biopsy for malignant disor-
ders. Moreover, this is the most effective means to
assess the endoluminal extent of the lesion and the
status of the trachea next to the stenotic segment.
In the case of inflammatory disorders, the presence
of active inflammation of the mucosa on the bor-
der of the stenosis is still considered a major con-
traindication for surgery and requires stabilisation
towards scarring to avoid anastomotic complica-
tions and recurrence of stenosis.

Table 2. - Results of laryngo-tracheal resections for benign stenosis

Author (yr) Pts
Results

Re-sten. Compl. Mortality Re-op Dehiscen
Successes Failures

Grillo15 (‘95) 62 9% 8% 5.5%* 33% 2.4% 3.4% 5.5%*

Couraud14 (’95) 57 98.2% 1.8% 0% 3.5% 1.8% 0% 1.8%

Macchiarini16 (’01) 45 96% 4% 4.4% 41% 2% 2.2% 0%

Ashiku17 (’04) 73 91% 9% 8.3% 8.2% 0% 0% 0%

D’Andrilli10 (’08) 35 Early 85.7% Early 14.3% 11.4% 11.3% 0% 0% 2.9%
Definitive 100% Definitive 0%

* recurrence of stenoses + dehiscences.
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As reported for subglottic resections, a me-
chanical dilation of the stenosis may be indicated
pre-operatively to allow the anaesthesiologist to
introduce the endotracheal tube below the obstruc-
tive lesion. In case of tumours, laser ablation may
be required to restore a sufficiently patent airway
lumen before the operation.

Resection of the cervical trachea can be man-
aged generally through a collar neck incision with-
out requiring partial or total sternotomy. For le-
sions involving the mediastinal trachea, exposure
can be improved by an upper partial sternotomy,
obtaining a T-shaped incision. Since the carina lies
at the level of the Louis angle, this approach may
be sufficient, avoiding the need for a complete me-
dian sternotomy, or carinal resection and recon-
struction. However, resection of the distal trachea,
with or without carinal involvement, is usually ap-
proached through the right thoracotomy.

Intraoperatively, flexible bronchoscopy may
help to precisely localise the lesion. As reported
for subglottic stenosis, dissection close to the tra-
cheal wall helps to avoid injury to the recurrent
nerves which lie in the tracheo-esophageal groove
on both sides. Care must be taken to avoid perfo-
ration of the oesophagus when dissecting circum-
ferentially the trachea.

After isolation of the diseased trachea (fig. 2)
and transection of the trachea distally to the lesion,
the distal trachea is intubated through the operative
field (fig. 3) as previously reported in case of sub-
glottic resections. Some authors [27] prefer to re-
tract the oro-tracheal tube proximally to the airway
division and to pass a high frequency catheter
through the endotracheal tube in the distal part of
the trachea to continue ventilation.

After the resection of the diseased tracheal
segment (fig. 4), circumferential dissection of the
residual proximal and distal airway is limited to
less than 1 cm to protect the segmental blood sup-
ply that enters laterally. Devascularisation of the
remaining trachea to be anastomosed may induce
ischemic problems with potential anastomotic de-
hiscence.

When resection of a long tracheal segment is
required, in order to avoid excessive tension on the
anastomosis, adjunctive release manoeuvres may
add significant technical advantages. The most ef-
fective technique to release tension on the upper
and middle trachea is the suprahyoid release de-
scribed by Montgomery [28]. It consists of a small
horizontal incision dividing the muscles inserting
on the superior aspect of the hyoid bone. This ma-
noeuvre is able to provide 1 to 2 cm of additional
length of trachea. Another laryngeal release, the
crycothyroid release described by Dedo and Fish-
man [29] is more rarely used because it may cause
significant risks to swallowing. Another effective
release technique used to mobilise the distal tra-
chea is the hilar pericardial release that is usually
performed in cases of resection which require right
thoracotomy.

The reconstruction is usually performed with
the use of interrupted sutures of 3-0 or 4-0 ab-
sorbable material (fig. 5) as previously indicated.

Fig. 2. - The stenotic segment is isolated and encircled.

Fig. 3. - After transection the distal airway is intubated through the
operatory field.

Fig. 4. - The stenotic trachea is resected.

Fig. 5. - Stiches are placed circumferentially.
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Once all the anastomotic sutures have been placed,
the cross - field endotracheal tube is removed, the
oro-tracheal tube is re-advanced over the anasto-
mosis and the stitches are tied (fig. 6). Some sur-
geons prefer to extubate the patient in the opera-
tive room at the end of the tracheal reconstruction.
We, as other authors [10, 14] commonly leave a
naso-tracheal tube uncuffed in site, with the distal
end beyond the anastomosis for 24 hours postop-
eratively. This tube allows adequate toilette of the
airway soon after the operation protecting the
anastomosis. Some other authors [30] leave a
small endotracheal tube in place for 48 hours post-
operatively only when a laryngeal oedema is pre-
sent at the moment of extubation. Also protective
tracheostomy has been advocated.

Couraud in 1995 [14], in a series of 217 oper-
ations for non-tumoural laryngo-tracheal or tra-
cheal stenosis, reported 120 resections for lesions
not involving the larynx. Seventy-six percent of
these resections that were at the level of the cervi-
cal trachea and of the cervico-thoracic junction
were approached by a neck incision. The cervical
approach was combined with sternotomy in 23%
of the patients. Only in one case was the resection
performed through a right thoracotomy. The re-
sults were excellent or good in 97% of the cases in
terms of re-establishment of respiratory function
and airway patency. Phonation was equally re-
stored with good to fair results. There were 3 post-
operative deaths: one was due to complete anasto-
motic dehiscence and fatal haemorrhage, one as a
result of cerebrovascular accident and one to res-
piratory failure.

erative mortality was 1.2%. The group of patients
with idiopathic laryngo-tracheal stenosis obtained
the best results (98.8%). This finding may be par-
tially justified by the relatively short segment re-
sected in these patients. The success rate in pa-
tients with tumour and post-intubation injury was
97.1% and 95.2%, respectively. The worst results
were observed, as expected, in the group of pa-
tients undergoing resection for tracheo-esophageal
fistula (90%).

Complications occurred in 18.2% of the pa-
tients with a higher incidence in those with tra-
cheo-oesophageal fistula. Anastomotic complica-
tions occurred in 9% of the cases, ranging between
14.3% in the group with tracheo-esophageal fistu-
la and 2.4% in those with idiopathic tracheal steno-
sis. Significant risk factors for anastomotic com-
plications were: the need to reoperate, diabetes,
length of resection longer than 4 cm, laryngeal in-
volvement and previous tracheostomy.

In the series of 503 patients reported by Grillo
[15] the most frequent complications included
anastomotic dehiscence and recurrence of stenosis,
laryngeal dysfunction and infection. Major com-
plications such as haemorrage from innominate
artery and tracheo-esophageal fistula occurred in
less than 1% of patients. Most perioperative deaths
were related to anastomotic dehiscence.

When considering tracheal resection for tu-
mour, epidemiological studies [32-34] show that in
most patients the malignant disease is locally ad-
vanced at the time of diagnosis and therefore it is
treated with non-surgical modalities. The possibil-
ity of undergoing complete resection significantly
improves the prognosis of these patients.

A national survey in the UK in the early 1990s
reported a 5-year survival rate for squamous cell
carcinoma (which is the most frequent type) of
39% for patients undergoing surgery compared to
7% for patients undergoing medical treatment
(chemo-radiotherapy [35]).

Similarly, a more recent national study con-
ducted in Denmark has reported a 52% 5-year sur-
vival rate in patients undergoing resection for ade-
noid cystic tumours compared to 33% in non sur-
gically treated patients [33].

Operations performed to treat tracheal tumours
include resection of the trachea at any level, of the
laryngo-tracheal district, of the carina and of the ca-
rina and lungs. Contraindications to surgery include
the presence of extensive lymph node involvement,
longitudinal infiltration of more than 50% of the tra-
chea, mediastinal invasion of surrounding (unre-
sectable) organs, previous mediastinal high-dose ra-
diotherapy and distant metastases [36, 37].

Long-term results of worldwide major experi-
ences of surgery for tracheal tumours are reported
in table 3 suggesting a more favourable prognosis
for resectable tumours [36, 38-40].

In the largest published series [36, 41] the
presence of negative tracheal margins, complete
resection and the adenoid cystic histology showed
a favourable impact on long-term survival. Tu-
mour depth and length, and nodal status were not
predictive of survival, but the lack of significance

Fig. 6. - The stitches are tied.

The group from the Massachusetts General
Hospital, which has obtained probably the greatest
experience in the world, has recently reported its
findings from 1975 to 2003 including 901 resec-
tions of the trachea, 281 of which were laryngo-
tracheal resections. Surgery was performed for
postintubation stenosis in most cases (589). Other
indications for resection were tumours (208 pa-
tients), idiopathic laryngo-tracheal stenosis (83)
and tracheo-esophageal fistula (21) [31]. The over-
all success rate was 95%. 4% of the patients had a
permanent tracheostomy or T-tube. Overall periop-
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could be due to the limited numbers and the not
systematically reported lymphadenectomy. Con-
versely, some authors [33, 34] have shown a sig-
nificant correlation between staging and survival
in patients undergoing surgery.

Tracheal transplantation

Tracheal resection with primary reconstruc-
tion, which is currently the only curative treatment
for most benign or malignant diseases, can be per-
formed for a maximal length of 50% of the trachea
in adults. Resection of longer segments would re-
quire the interposition of a fully biocompatible
functional tracheal replacement. Attempts to pro-
vide autologous or synthetic grafts for human ap-
plication have been carried out over recent decades
with disappointing results [42, 43].

Tissue bioengineering has provided functional
human organ replacement in other surgical set-
tings, and this has recently stimulated active re-
search both in vitro and in the animal model for a
potential application in airway reconstruction. En-
couraging results have been obtained in mouse and
pig models with the development of a streamlined
process in which autologous epithelial and mes-
enchimal stem-cell-derived condrocytes are seed-
ed onto a decellularized donor tracheal scaffold
and matured in a novel bioreactor system [44, 45].
The absence of an immunological response to this
tracheal graft observed in the animal model has
promoted the implantation of a tissue engineered
tracheal construct in the human for airway recon-
struction [44, 45].

Macchiarini in 2008 has reported the first case
of implantation in a patient with end-stage airway
disease of a decellularised human donor trachea,
colonised by the recipient’s epithelial cells and
condrogenic mesenchymal stem cells [45]. The re-
cipient was a 30-years old woman with severe
bronchomalacia and the graft was used to replace
the stenotic left main bronchus. No major compli-
cations were reported and immediate improvement
of quality of life was observed after the interven-
tion. Microvascular recording performed by a laser
Doppler probe at 2 months documented a normal

blood flow at the level of the graft. During the
bronchoscopic check-up performed after 4
months, the graft presented normal appearance and
mechanical properties. The patient had no donor
antibodies and was not on immunosuppressive
drugs. A temporary endoluminal stent was placed
8 months after the operation due to a proximal col-
lapse of the graft [44].

This clinical experience has shown that a cel-
lular, tissue engineered airway is free from risks of
rejection and with mechanical properties allowing
normal functioning can be produced. Further clin-
ical application and long-term follow-up will indi-
cate if this technique could be proposed in the fu-
ture as a standardised therapy.

Carinal resections

Resection and reconstruction of the carina is in-
dicated for tumours invading the origin of the main
bronchus, the tracheo-bronchial angle, or the carina
itself, but not extending extensively in the lower
trachea and in the contralateral main bronchus; this
would make the anastomotic reconstruction unfea-
sible due to excessive tension. Carinal resection
can be performed without pulmonary resection, in
association with right or left pneumonectomy (right
or left carinal pneumonectomy), or in association
with lobar resection (right upper lobe).

The safe maximal extent of resection between
lower trachea and main bronchus is generally con-
sidered to be 4 cm. This limit has to be particular-
ly considered in cases of carinal right pneumonec-
tomy which require the anastomosis of the distal
trachea with the left main bronchus whose upward
mobilisation is limited by the aortic arch.

Most carinal resections are performed for right
side bronchogenic tumours since left side tumours
rarely extend up to the carina without infiltrating
the aorta and the subaortic space, thus being unre-
sectable. Increasing experience in surgical and
anaesthetic technique, and more accurate selection
of patients, have contributed in recent years to im-
prove short-term and long-term results. However,
these interventions have still not reached wide ac-
ceptance due to the potentially high risk of com-
plications; in fact, only a few centres worldwide

Table 3. - Survival after resection for malignant primary tracheal tumours

Author(yr) pts Histology Follow-up (years) 5-yr survival 10-yr survival

Regnard38 (1996) 94 Squamous cell carcinoma 23 47% 36%

65 Adenoid cystic tumours 21 73% 51%

Perelmann39 (1996) 66 Squamous cell carcinoma
29 36% 27%

21 Adenoid cystic tumours

Mazrak40 (1996) 32 Adenoid cystic tumours 32 79% 51%

Gaissert36 (2004) 90 Squamous cell carcinoma 39% 18%

101 Adenoid cystic tumours 41 52% 29%
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have obtauined a good level of experience of these
interventions.

Early experiences with carinal resection, with or
without right pneumonectomy, have been reported
at the end of 1940s describing reconstruction tech-
niques either with the use of prosthetic materials or
with a complex tracheo-bronchial anastomosis;
however, at that time the incidence of technical
complications was excessively high. Barclays in
1957 [46] described his technique of carinal recon-
struction by end-to-end anastomosis of the right
main bronchus to the distal trachea and concurrent
end-to-side anastomosis of the left main bronchus to
the bronchus intermedius using interrupted sutures.

In the subsequent years some other authors
[47-49] reported small series of patients undergo-
ing successful resection and reconstruction of the
carina for bronchogenic carcinoma. Grillo and co-
workers in 1963 [50] reported the first large series
of patients undergoing carinal resection. In the
same year Mathey and colleagues [51] analysed
their results on a series of 20 patients concluding
that circumferential carinal resection resulted in a
better outcome when compared with non circum-
ferential excision.

Anaesthetic technique: As for tracheal and
laryngo-tracheal resections, close cooperation be-
tween the surgeon and the anaesthesiologist is cru-
cial; in fact, one of the key factors during the op-
eration is maintaining ventilation while having op-
timal exposure.

In the early days, a long oro-tarcheal tube
passed through the divided trachea into the main
bronchus to be reanastomosed was employed [47].
In 1963 Grillo [50] described for the first time the
use of a sterile tube placed through the operative
field in the distal airway (usually the contralateral
main bronchus in case of carinal pneumonectomy)
once the airway has been divided. This is still the
most frequently used technique. Alternatively, a
high frequency jet ventilation catheter (100-150
per minute) delivering a small tidal volume has
been proposed since the early 1980s [52]. A simi-
lar method using a continuous oxygen delivery
through a high flow catheter has been used [53],
but this technique has the disadvantage of produc-
ing carbon dioxide retention.

Although some authors have emphasised the
role of double lumen tubes [54], they are rarely
employed due to rigidity and diameter limiting
surgical exposure and the difficulty to adapt the
tube to the distal airway.

Surgical approaches: As initially indicated by
Pearson in 1984 [55] median sternotomy is gener-
ally considered the approach of choice for isolated
carinal resection. Although this operation can be
alternatively performed through a right thoracoto-
my, the sternotomic incision offers the advantage
of allowing simultaneous laryngeal release ma-
noeuvres or both right and left pulmonary hilar re-
lease if required intraoperatively, and it provides
adequate exposure for any type of pulmonary re-
section, including left pneumonectomy.

Carinal resection associated with pulmonary
resection is generally approached through an ipsi-

lateral thoracotomy. However on the left side, ex-
posure of the lower trachea and of the left main
bronchus is limited by the aortic arch and the mo-
bilisation of this structure is usually required. For
this reason median sternotomy is the favoured ap-
proach also for left carinal pneumonectomy since
it provides optimal exposure of the tracheo-
bronchial bifurcation and causes less incisional
discomfort. The main disadvantages include the
need for cardiac retraction to expose the left hilum,
and the increased difficulty to dissect pleural ad-
hesions. Alternatively, a clamshell incision (anteri-
or bilateral thoracotomy with transverse sternoto-
my) has been proposed, but it has the disadvantage
of requiring opening of the contralateral pleura and
has the potential risk of a sternal pseudoarthrosis.

Anastomotic technique: The end-to-end tra-
cheo-bronchial anastomosis can be performed us-
ing interrupted sutures of 3-0 or 4-0 absorbable
material. Some authors [56] have described alter-
native techniques with the use of 4-0 absorbable
monofilament running suture on the deepest part
of the airway and interrupted sutures of the same
material in the remaining part of the anastomosis.
If an end-to-side anastomosis has to be performed
the lateral side of the trachea (cartilaginous part) is
incised in an ovoid fashion and the bronchus anas-
tomosed with one of the above described tech-
niques. Careful dissection before anastomosis
avoids devascularisation of the airway and precise
placement of sutures is crucial to avoid size dis-
crepancies.

To allow adequate mobilisation of the airway
and avoid tension on the anastomosis, a pericardial
hilar release at the level of the pulmonary veins
can be added. Additionally, dissection of the pre-
tracheal plane can be performed at the time of me-
diastinoscopy which is usually carried out before
the operation for staging purposes (N2 disease
should be a contraindication to surgery). Laryngeal
release is rarely required for carinal resections.

Carinal reconstruction without pulmonary re-
section is indicated only for tumours limited to the
carina. For very small tumours not involving the
origin of the main bronchi and the distal trachea
the reconstruction can be performed by approxi-
mating the medial wall of the main bronchi in a
“new carina” fashion, and anastomosing this “new
carina” to the trachea. In the case of tumours infil-
trating the distal trachea, end-to-end anastomosis
plus an end-to-side anastomosis with various op-
tions should be preferred.

Barclays [46] described an end-to-end anasto-
mosis between the trachea and the right main
bronchus and an end-to-side anastomosis of the
left main bronchus with the bronchus intermedius.
This technique has a limitation in relation to the
difficultly in accessing the end-to-side anastomo-
sis and is possible only in presence of a long main
bronchus.

The inverted version of this technique was re-
ported by Eschapasse [57]: an end-to-end anastomo-
sis between the trachea and the left main bronchus
and an end-to-side anastomosis of the right main
bronchus into the left main bronchus or into the low-
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er trachea, depending on the length of
the right main bronchus. Grillo and col-
leagues [50] also described an end-to-
side anastomosis of the right main
bronchus with the lower trachea, but
this technique is rarely used because of
its technical difficulty and high rate of
complications at the anastomotic site
due to excessive tension.

Right carinal pneumonectomy is
the most frequent type of carinal re-
section for bronchogenic carcinoma.
After transection at the level of the
distal trachea and at the origin of the
left main bronchus, the left main
bronchus is intubated through the op-
erative field. This is replaced by an
oro-tracheal tube with the tip ad-
vanced in the left main bronchus be-
fore the anastomotic sutures are tied.
After the anastomosis is completed, the tube is
pulled back to check the air-tightness of the anas-
tomosis.

When considering left carinal pneumonecto-
my, additional technical problems related to the
presence of the aortic arch, should be considered.
Complete circumferential mobilisation of the aor-
tic arch is therefore needed for adequate exposure
and mobilisation of the carina and the left main
bronchus.

Occasionally, if cancer extends from the right
upper lobe to the carina, carinal resection is asso-
ciated with upper lobectomy with reimplantation
of the intermediate bronchus. Reconstruction is
generally performed by an end-to-end anastomosis
of the left main bronchus with the trachea and an
end-to-side anastomosis of the bronchus inter-
medius into the left main bronchus or into the lat-
eral wall of the trachea if there is not excessive
anastomotic tension.

Results: Results of carinal resections for bron-
chogenic carcinoma have shown a clear improve-
ment over time. Although technical complexity of
these procedures remains high and only few cen-
tres worldwide have obtained a wide range of ex-
perience, in the last decade the operative mortality
has been reported under 10% with 5-year survival
rates ranging between 33% and 44% (table 4) [56,
58-64].

The largest published experience [56] from the
group at Marie-Lannelongue Hospital in Paris in-
cludes a series of 119 patients undergoing carinal
resection over a 24-year period. Histology was
Non Small Cell Lung Carcinoma in 100 patients,
adenoid cystic carcinoma in 8, carcinoid in 5, mu-
coepidermoid carcinoma in 4 and metastatic renal
cell carcinoma in 2. Most patients (96) underwent
right carinal pneumonectomy. Eleven patients un-
derwent carinal resection without lung resection.
The most frequent reconstruction technique con-
sisted of end-to-end anstomosis of the left main
bronchus with the trachea and an end-to-side anas-
tomosis of the right main bronchus into the tra-
chea. In two patients the right main bronchus and

the carina were partially resected and the left main
bronchus was anastomosed end-to-side to the de-
fect. In 25 patients right carinal pneumonectomy
was associated with Superior Vena Cava recon-
struction. Resection was complete (R0) in 112 pa-
tients. Mediastinal nodal involvement (N2 - N3)
was found in 27 patients. Operative mortality was
7%. Long term survival in patients without medi-
astinal nodal involvement (55% at 5 years; 31% at
10 years) was significantly higher if compared
with patients with mediastinal lymphadenopathy
(15% at 5 years).

Similarly, Mitchell [62] in a recent large series
has also reported a 51% 5-year survival rate in pa-
tients N0 and a 12% 5-year survival in patients
with N2 or N3 disease, indicating the role of me-
diastinal nodes metastasis as the most significant
adverse prognostic factor. Mediastinoscopy is
therefore strongly recommended before resection.
In the series by dePerrot [56] the actuarial 10-year
survival was 100% for carcinoid tumours and 69%
for adenoid cystic carcinoma.
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