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Figura	
  1.	
  Clasificación	
  de	
  estenosis	
  traqueal	
  según	
  Myer	
  et	
  al.	
  	
  
Ulusan,	
  A.	
  (2017).	
  Preoperative	
  rigid	
  bronchoscopy	
  image.	
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INTRODUCCIÓN

La obstrucción de las vías aéreas superiores
(VAS), y en particular la estenosis traqueal, puede
producirse de forma inmediata, tras traumatismo
directo sobre las VAS, principalmente en tráquea o
laringe, o secundariamente a cicatrices estenosan-
tes post-traumáticas. La estenosis traqueal apare-
ce más frecuentemente de forma yatrógena rela-
cionada con intubación oro o nasotraqueal
prolongada, en pacientes con ventilación asistida1.

Existen también otras causas de estenosis la-
ringo-traqueal, como las de origen infeccioso o in-
flamatorio (tuberculosis, sarcoidosis, infecciones
fúngicas...), las provocadas por inhalación de sus-
tancias tóxicas, las de origen tumoral: intrínsecas
o extrínsecas, las producidas como consecuencia
de exposición accidental a radiaciones ionizantes,
tras radioterapia en neoplasias, las provocadas por
reflujo gastro-esofágico y las idiopáticas.

En general, la estenosis traqueal tras intuba-
ción es un problema clínico cuya solución definiti-
va está lejos de ser consensuada, lo que demues-
tra la complejidad de este problema 2 y las
diferentes propuestas para la prevención y el trata-
miento de esta lesión como consecuencia de intu-
bación traqueal prolongada.

OBJETIVOS

1) Nuestro objetivo fundamental es la realiza-
ción de un estudio retrospectivo sobre la experien-
cia en nuestro Centro (Instituto Portugués de On-
cología Francisco Gentil de Lisboa) en el

tratamiento de la estenosis traqueal pura tras intu-
bación endotraqueal, comparando los resultados
obtenidos con otras series publicadas.

2) Demostrar si en nuestra serie la aparición
del segmento traqueal estenosado está en relación
con las siguientes asociaciones:

2.a) Tiempo de intubación/Edad del paciente.
2.b) Tiempo de intubación/Período transcurrido

hasta el inicio de la sintomatología.
2.c) Extensión de la estenosis/Período transcu-

rrido hasta el inicio de la sintomatología.
2.d) Extensión de la estenosis/Edad del pacien-

te.
3) Demostrar si existe dependencia entre las

variables cualitativas: cirugía previa (en un intento
de corregir la estenosis traqueal) y presencia o no
de luz residual en la porción estenótica.

MATERIAL Y MÉTODOS

Realizamos un estudio retrospectivo entre 1996
y 1999 de los casos que presentaban exclusiva-
mente estenosis traqueal pura verificada tras intu-
bación oro o nasotraqueal, excluyendo de nuestro
trabajo aquellos que presentaban extensión este-
nótica a otras áreas anatómicas.

Todos los pacientes incluidos en este estudio
fueron sometidos a endoscopia preoperatoria reali-
zada con endoscopio flexible Olympus® de 4 mm.
de diámetro con canal de aspiración y fuente de
luz fría Storz® con una intensidad de 250W, ha-
ciéndose también registro fotográfico en papel con
máquina fotográfica Olympus® con adaptación al
endoscopio e impresora de vídeo Sony®.

Todos los pacientes fueron evaluados clínica-
mente en el postoperatorio, efectuándose endos-
copia entre el primer y tercer mes tras la cirugía,
utilizándose el mismo método, material y condicio-
nes técnicas que las realizadas en el preoperato-
rio.

Todos ellos también realizaron una tomografía
computarizada (TC) cervical preoperatoria (figura
1); en siete casos se realizó una TC espiral pre-
operatoria, lo que permitió en éstos obtener una
imagen tridimensional de la estenosis. En ocho ca-
sos fue solicitada la realización de pruebas de fun-
ción respiratoria pre y postoperatorias. Tres pa-
cientes realizaron una resonancia magnética (RM)
para esclarecer aspectos etiológicos y morfológi-
cos de la patología (figura 2).

Todos estos exámenes complementarios de
diagnóstico fueron requeridos para una mejor ca-
racterización de la estenosis y orientación terapéu-
tica.
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Figura 1. Estenosis traqueal (T.C. corte axial).
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En los veinte casos referidos se adoptó una ac-
titud quirúrgica como tratamiento, que en todos
ellos fue uniforme, realizada por uno de los auto-
res y consistiendo básicamente en una resección
de la región estenosada y anastomosis traqueo-
t r a q u e a l3. Para la sutura, se utilizó Vy c r y l® 2/0, ya
que, al ser lentamente reabsorbible por hidrólisis,
reduce la posibilidad de formación de granulomas
a nivel de la sutura5.

Posteriormente, para calibrado intraluminal, esta-
bilización de la región reconstruida y para evitar la

estenosis postoperatoria, se utilizó un tubo "T" de ti-
po Montgomery (que funciona como "stent", sirvien-
do su rama vertical como cánula de traqueotomía).
Una vez extraído el tubo de Montgomery, el orificio
de traqueotomía se dejaba cerrar espontáneamente.

Los resultados clínicos obtenidos fueron clasifi-
cados como bueno, satisfactorio o insatisfactorio2:

• Bueno: el paciente una vez descanulado con-
tinuó realizando sus actividades habituales. Los
exámenes endoscópicos y/o radiológicos verifica-
ban la presencia de una vía aérea permeable con
un lumen de buen calibre.

• Satisfactorio: A pesar de ser descanulado, y a
pesar de poder efectuar sus actividades habitua-
les, presentaba disnea de esfuerzo. Se incluyeron
también en este grupo aquellos en los que los
exámenes complementarios revelaban un lumen
insuficiente, a pesar de no presentar síntomas.

• Insatisfactorio: cuando existía persistencia de
la estenosis, obligando a una nueva intervención o
a mantenimiento de la traqueotomía.

Se registraron en cada uno de los casos clíni-
cos los siguientes datos: sexo, edad, etiología, lo-
calización y extensión de la estenosis. Los datos
recogidos fueron introducidos en una tabla de Hoja
de Cálculo, Excel (Microsoft Office 97®), realizán-
dose posteriormente su tratamiento estadístico
mediante programa Estatística®, utilizando el coefi-
ciente de correlación de Spearman para estudio
de la asociación entre tiempo de intubación-edad
del paciente y la prueba de χ2 para la compara-
ción de las variables cirugía previa-existencia de
lumen traqueal, aceptando como nivel de significa-
ción una p<0,05.
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Figura 2. R.M. estenosis traqueal.

Tabla 1: Caracterización de los pacientes sometidos a tratamiento quirúrgico
(edad en años; M: masculino; F: femenino; S: sí; N: no)

y resultados obtenidos (B: bueno, S: satisfactorio, I: insatisfactorio)

Paciente

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Edad 9 19 19 20 20 21 22 24 28 30 35 35 35 36 40 40 43 55 57 68

Sexo M M M M M M M M M M F M M M F M F M M M

Cirugía previa N S N N N N S N N N N S N N N N N S N S

Existencia de lumen S N S S S S N S S S S S S S S S S N S N

Tiempo de intubación (días) 8 21 30 21 90 60 39 19 20 60 12 7 25 11 28 18 45 32 25 18

Extensión de la estenosis (cm.) 3,0 3,7 3,1 2,0 2,2 4,0 2,4 3,4 4,0 2,1 4,0 3,5 3,0 3,8 5,0 3,3 4,1 3,2 2,6 2,8

Resultados (cirugía) B B B B I B B B B B S B B B I B B B B S
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de la región estenosada, siendo imposible su di-
sección. En el resto de los casos, únicamente fue
necesario mantener intubación y alimentación na-
sogástrica durante el período de disfagia postope-
ratoria y por un período en ningún caso superior a
7 días, realización de aspiraciones frecuentes de
secreciones faríngeas y a través de la cánula de
traqueotomía y aplicación de atmósfera húmeda.

La evaluación de los casos clínicos de esteno-
sis laríngea y/o traqueal se basa, principalmente,
en tres clasificaciones propuestas por McCaff r e y
(1993), Cotton (1984) y por Lano (1998)2,13,14.

La clasificación de Cotton fue propuesta para
situaciones pediátricas, aunque es también utiliza-
da para clasificar adultos. En 1998, Lano efectuó
un estudio de las diferentes clasificaciones exis-
tentes concluyendo que la clasificación que él pro-
puso en 1998, y que se basaba en la extensión de
la estenosis, presenta una relación más o menos
precisa en relación a los resultados quirúrgicos. La
clasificación de McCaffrey que se establece en
función del local de la lesión también refleja una
buena correlación entre cirugía y resultados clíni-
cos obtenidos. La clasificación de Cotton, realiza-
da en función de la reducción del lumen traqueal
no es estadísticamente significativa con relación a
los resultados terapéuticos.

Los casos correspondientes a nuestra serie es-
tán todos incluidos en los Grados I de Lano, Gra-
do III y IV de Cotton y Grado III de McCaffrey.

En la evaluación preoperatoria observamos la
fundamental importancia de la historia clínica, don-
de en la generalidad de los casos existía una dis-
nea de instauración progresiva, en algunos casos
interpretada inicialmente como asma bronquial. En
los antecedentes personales contemplamos siem-
pre la existencia de intubación endotraqueal pre-
via.

Por tanto, en el diagnóstico es importante una
historia clínica cuidadosa, averiguando la existen-
cia de antecedentes de traumatismo o intubación
endotraqueal. En el cuestionario debemos incluir el
grado de tolerancia al ejercicio, necesidad de cam-
bio del estilo de vida y dependencia y frecuencia
con que es posible cerrar la cánula de traqueoto-
mía si fuera el caso de paciente traqueotomizado
(durante el día, la noche o nunca). Como general-
mente el inicio sintomático es insidioso, debe exis-
tir un alto grado de sospecha clínica. Dentro de los
exámenes complementarios de diagnóstico fue
fundamental el estudio endoscópico, permitiéndo-
nos caracterizar la localización, límite superior y
gravedad de la obstrucción. Además, como en to-
dos los casos se había realizado traqueotomía
previa al abordaje quirúrgico definitivo, la endosco-

pia realizada a través del orificio de traqueotomía
nos permitió definir con precisión el límite inferior
de la estenosis.

Consideramos también de gran importancia la
TC para constatar la localización y extensión de la
estenosis; la reconstrucción tridimensional permite
incluso una mayor discriminación.

La tomografía linear es, sin duda, un examen
útil y económico11 , 1 5, pero cuya realización es más
difícil al ser prácticamente sustituida por la TC.

La TC espiral y RM muestran una cierta utilidad
en la caracterización de estas lesiones, aunque
desde el punto de vista clínico puedan ser dispen-
sables en la gran mayoría de los casos de esteno-
sis traqueal benigna por intubación endotraqueal.

Las pruebas de función respiratoria, obviamen-
te realizadas antes de que el paciente fuera some-
tido a traqueotomía, nos permiten cuantificar la in-
suficiencia respiratoria obstructiva alta (particu-
larmente la comparación de la FIV

1
pre y postope-

ratoria), lo que sumado a los datos obtenidos de la
clínica y del estudio endoscópico, responden a los
resultados obtenidos en la cirugía.

En lo que se refiere a los datos clínicos obteni-
dos, (90% con resultados buenos o satisfactorios)
están dentro de los parámetros consultados en
otras series publicadas para este tipo particular de
estenosis (Grados I de Lano, y II-III de McCaffrey).
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Tabla 2: Clasificaciones propuestas
para la evaluación de estenosis laríngea

y/o traqueal (*Zonas referenciadas como glotis,
subglotis o tráquea)

Grado Definición

I Una zona*

Lano II Dos zonas*

III Tres zonas*

I < 70% de obstrucción

Cotton
II 70% - 90% de obstrucción

III > 90% de obstrucción

IV Obstrucción total

I Subglotis o tráquea < 1 cm

McCaffrey
II Subglotis > 1 cm

III Subglotis/tráquea > 1 cm

IV Cualquier lesión interesando la glotis
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Figura	
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  Clasificación	
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  evaluación	
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  estenosis	
  laríngea	
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  para	
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or proximal haemorrhage. Rigid bronchoscopy is preferred for 
evaluating stenotic lesions in the trachea and the advantages over 
flexible bronchoscopy for diagnosis and therapy which will be 
discussed further below.

Management

Non-acute airway obstruction

In the non-acute setting, initial management should target 
ongoing tracheal insults such as inflammation or infection, 
to retard disease progression. Inflammator y conditions 
such as collagen vascular disease may respond to steroid or 
immunomodulatory therapies. Airway infection can be difficult 
to control and identification of the pathogenic organism is key. 
Recurrent pathogen isolation may prompt long term antibiotic 
prophylaxis as oral or nebulised therapy. Airway clearance is 
crucial and can be enhanced by the use of mucolytic agents such 
as carbocysteine, nebulised therapy with saline and/or N Acetyl 
Cysteine and chest physiotherapy.

Acute airway obstruction

When patients present acutely with significant upper airways 
obstruction, supportive measures may be necessary and include 
the commencement of an inspired Helium-oxygen (Heliox) 
mixture. Heliox is less dense than oxygen and nitrogen. In 
accordance with Reynold’s equation, reducing the density of the 
inspired gas has the effect of predisposing to laminar flow and 
this can be used to improve airway dynamics in the short term.

Definitive management

Most significant tracheal stenoses necessitate interventional 
bronchoscopy or surgical resection. Definitive management 
should be planned with the input of the multi-disciplinary team. 

It is the nature of patients with tracheal pathology that their 
underlying disease or history of intensive care admission may 
make them high risk surgical candidates; thus, endotracheal 
intervention is often preferable (17). All patients should, 
however, be considered for tracheal surgery.

Interventional bronchoscopy does not preclude future surgery 
in most cases and may optimise potential surgical candidates. 
Lower surgical success rates are evident if the patient has had 
previous tracheal surgery, but previous laser therapy does not 
affect surgical outcome (3).

The most frequent complication of tracheal resection and 
reconstruction is granulation tissue formation at the anastomotic 
site. Since the introduction of novel suture materials in 1978, the 
complication rate has fallen to 1.6% (18). It is possible to treat 
granulation tissue at the anastomotic site with endotracheal therapy. 

Interventional bronchoscopy

Background

Interventional bronchoscopy should ideally be performed in 
specialist centres, with the support of experienced, consistent multi-
disciplinary teams. Globally, interventional bronchoscopy is most 
commonly performed using intravenous awake sedation, local 
anaesthesia and the flexible bronchoscope. Rigid bronchoscopy 
under general anaesthesia has increased in popularity over the last 
two decades (19,20) but widespread adoption of the technique 
is limited by relative operator inexperience and a lack of available 
training. Rarely, if a tracheal stenosis is high, in close proximity to the 
vocal cords, a laryngeal mask and flexible bronchoscopy is indicated 
to visualise and treat the trachea.

Strengths and potential limitations of rigid bronchoscopy

Unlike flexible bronchoscopy, which relies upon the patient’s 
own, potential ly unstable air way and venti lation, r igid 

Figure 2. Virtual bronchoscopy images of the normal proximal (A) and distal (B) trachea and tracheal stenosis (C).
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Figura	
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  Imagen	
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  estenosis	
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Figura	
  3.2	
  Estenosis	
  traqueal	
  (Resonancia	
  magnética)	
  
Acosta,	
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  (2003)	
  R.M.	
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  traqueal.	
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Figura	
  3.3	
  Imágenes	
  de	
  broncoscopia	
  virtual	
  de	
  segmento	
  traqueal	
  normal	
  proximal	
  (A),	
  distal	
  (B)	
  y	
  estenosis	
  traqueal	
  (C).	
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mechanical ventilation was expected. Two weeks later, he
died of multiorgan failure.

Follow-up review
The median follow-up duration was 6 months (range: 2–21
months). Twenty-six patients were asymptomatic and very
satisfied with their results after the procedure. This included
the eight patients who underwent first-line resection for de
novo tracheal lesions. For the two patients with unilateral
vocal cord paralysis, phonation improved over the six-month
follow-up period. The patient with bilateral vocal cord para-
lysis had no airway problems but was unsatisfied with his
phonation. Those three patients were deemed mildly satis-
fied with their surgical results. The patient with a perma-
nent tracheostomy was dissatisfied with his results.

Discussion
Benign postintubation tracheal stenosis is a clinical problem
caused by regional ischaemic pressure necrosis of the air-
way.6 Stenosis can occur anywhere from the level of the ETT
tip up to the glottic and subglottic area but the most common
sites of stenosis are where the ETT cuff has been in contact
with the tracheal wall and at the tracheal stoma site follow-
ing a tracheostomy.7 As a result, tracheal stenosis occurs
most commonly following the two types of airway intuba-
tion: endotracheal intubation and tracheostomy.8

The postulated causative factor for stenosis is loss or
reduction of regional blood flow due to the pressure emitted
through the cuff on the tracheal wall. Fortunately, the advent
of large volume, low pressure cuffs has markedly reduced
the occurrence of cuff related tracheal injury.5

In adults, respiratory symptoms first become apparent
with exertion when the tracheal lumen (internal diameter)
is reduced to approximately 50% or 8mm. Inspiratory stridor
appears at rest when the tracheal lumen is further reduced
to 5–6mm.9,10

The assessment of the degree of tracheal stenosis is an
important step for each patient. Although several grading
systems have been proposed, the universally accepted grad-
ing of tracheal stenosis was devised by Myer et al in 1994
(Table 1).11 The majority (88%) of our patients were grade 3
or 4 and we believe this group of patients would benefit
from surgery more than any other modality.

There is much evidence in the literature suggesting that
for the treatment of benign postintubation tracheal stenosis,

tracheal resection and anastomosis is the best available
modality with regard to long-term results.1,2,4,12 Our study
supports this theory but it is unique in that we attempted to
perform first-line resection for tracheal stenosis whenever
feasible and compared this group of patients with other
patients of ours who had had previous interventions prior to
resection and anastomosis.

The only patient in our series with an anastomotic com-
plication had subglottic stenosis and cricoid chondritis.
These are recognised risk factors for anastomotic complica-
tions. A retrospective review of 901 patients who underwent
tracheal resection for benign or malignant stenosis (includ-
ing 589 patients with postintubation tracheal stenosis) was
conducted.13 Stepwise multivariate analysis revealed that
prognostic factors for anastomotic complications included
reoperation, diabetes mellitus, lengthy resections (≥4cm),
laryngotracheal resections, age ≤17 years and the need for
tracheostomy before operation.

We believe that the contraindications for tracheal resec-
tion and anastomosis are limited. In our series, no patients
were refused surgery for systemic reasons. Among those
patients who were refused surgery, this was mainly because
of glottic stenosis where it was thought the outcome would
not be favourable. Similarly, Grillo and his team opted not to
perform surgery in only very few cases for systemic reasons;
a more common contraindication to surgical repair of
benign postintubation stenosis was the presence of very long
stenosis.4,13 They performed resections with lengths ranging
from 1.0cm to 7.5cm, mostly between 2cm and 4cm.

One of the complications in tracheal surgery is postopera-
tive granulation tissue formation. As this occurs in propor-
tion to the traction at the anastomosis site, choosing an
appropriate type of suture is important. We prefer absorb-
able polydioxanone interrupted sutures. Importantly, suture
tension should be appropriate and the suture knot should be
formed outside the trachea to prevent formation of granula-
tion tissue. Behrend and Klempnauer used three types of
suture material (polypropylene, polydioxanone and poly-
glactin) in tracheal surgery in sheep.14 The results were
similar in all three groups but it was noted that the suture
material should be of high tensile strength and should not
be absorbed in under six months. The authors concluded
that the technical details (especially tension) are more
important than the choice of suture material for postopera-
tive results.

Galluccio et al proposed classifying tracheal stenosis as
either simple or complex.15 They defined simple stenosis as
lesions <1cm in length with no associated tracheomalacia or
loss of cartilaginous support. Complex lesions were >1cm
and had the greatest benefit from surgical intervention. This
is significant for our study as 100% of our patients had com-
plex lesions.

In our series, 56.7% of patients had previous endoscopic
dilation. Dilation is achieved with lubricated bougies of
increasing diameter applying radial pressure circumferen-
tially to the narrowed airway. Balloon dilation is an alterna-
tive method. The flexible then rigid bronchoscope can also
be used to perform blunt dissection and dilation of stenosed
areas under direct vision.

Table 1 Classification of tracheal stenosis according to
Myer et al11

Description

Grade 1 Lesions causing ≤50% obstruction

Grade 2 Lesions causing 51–70% obstruction

Grade 3 Lesions causing 71–99% obstruction

Grade 4 Complete obstruction

428 Ann R Coll Surg Engl 2016; 98: 425–430
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Figura	
  4.1	
  Tipos	
  de	
  estenosis	
  de	
  superior	
  a	
  inferior:	
  gótica,	
  subglótica	
  y	
  traqueal.	
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Figura	
  4.2	
  Apariencia	
  de	
  los	
  cuatro	
  grados	
  de	
  estenosis	
  traqueal.	
  

McCaffrey,	
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  (1993).	
  Diagram	
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  stages	
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  stenosis	
  described.	
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Clinical Staging

The clinical stage of the stenosis was determined
using the criteria previously described.' Stage 1 le-
sions are those confined to the subglottis or trachea
that are less than 1.0 ern long. Stage 2 lesions are
subglottic stenoses longer than 1.0 em that are con-
fined within the cricoid ring and extend to the glottis
or trachea. Stage3 lesionsare subglottic stenoses that
extend into the upper trachea, but do not involve the
glottis. Stage4 lesionsinvolvethe glottis, with fixation
or paralysis of one or both vocal cords (Fig. 2).

Surgical Techniques

Several surgical techniques were used to treat this
series of patients. These techniques were of three
basic types.
1. Endoscopic treatment consisted of multiple
radial incisions of the stenotic area with the
CO2 laser followed by dilatation with the tip of
a bronchoscope. This procedure conserves the
mucosa present at the site of stenosis and
minimizes the chance of restenosis of the di-
lated segment (Fig. 3).

2. Segmental resection was performed at the level
of the trachea or cricoid cartilage and repaired
by primary reanastomosis. For tracheal steno-
sis, a primary reanastomosis of the trachea was
performed after mobilizing the adjacent tra-
chea.' Segmental resection of the cricoid car-
tilage was also performed if the stenosis did not
extend closer than 1.5 em from the vocal cords"
(Fig. 4).

3. Expansion laryngotracheoplasty was per-
formed by anterior and posterior division of
the cricoid and thyroid cartilage and placement
of a cartilage graft in the anterior or both
anterior and posterior division sites' (Figs. 5
and 6).

Treatment Results

Treatment was considered successful if decannu-
lation was accomplished and the patient was able to
resume unrestricted activity.

RESULTS

There were 23 men and 52 women, whose ages
ranged from 15 to 87 years, in the study population.
The mean diameter of stenosis was 3 mm, with a
range of 0.1 mm to 7 mm. The mean length of
stenosis was 2 cm, with a range of 0.2 em to 6 em,
Table 1 shows the distribution of etiologies encoun-
tered in this series. The most frequent etiologies in
the females were idiopathic stenosis and intubation
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•
Fig. 1. Diagram shows the types of stenosis encountered in
thisseries. Subglottic stenosis was confined to the region within
the cricoid ring. Tracheal stenosis involved the trachea below
the lower edge of the cricoid cartilage. Glottic stenosis ln-
volved the interarytenoid space.

trauma, which together made up more than 60% of
the cases. In men the most frequent etiologies were
intubation and external trauma.
Treatment was based on the site and character-

istics of the stenosis. Stenoses of one centimeter or
less in length that did not involve the glottis were
selected for initial endoscopic management by radial
incision and dilatation. These lesions were classified
as stage 1 stenoses. Stenoses longer than 1 em that
did not involve the glottis were treated by laryn-
gotracheoplasty or segmental resection. These were
stage 2 and 3 stenoses. If the upper extent of the
stenosis was more than 1 em below the vocal cords,
segmental resection was the preferred treatment.
Stenoses closer to the vocal cords were treated by
expansion laryngotracheoplasty because of possible
impairment of arytenoid cartilage mobility if the
cricoarytenoid joint was entered. All stenoses that
involved the glottis with or without fixation of the

470 McCAFFREY

Stage 1 Stage 2 Stage 3 Stage 4
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Fig. 2. Diagram illustratesthe generalized appearance of the four stages of stenosis described.

B

A-P
Fig. 3. Treatment of a thin tracheal stenosis. A, Radial inci-
sionsare made in the stenotic shelfusing the CO2 laser; I, the
tip of the bronchoscope is passed through the stenotic seg-
ment to dilate it to the diameler of lhe bronchoscope.

arytenoid cartilages (stage 4) were treated by ex-
pansion laryngotracheoplasty. Table 2 shows the
types of the treatment by site of stenosis. It can be
seen that segmental resection was used primarily for
tracheal stenosis. Table 3 shows the types of treat-
ment by the clinical stage of the stenosis. Here it can
be seen that dilatation was used primarily for thin
lesions (stage 1) and that resection was used pri-
marily for low subglottic and tracheal lesions
(stage 3).
The major determinates of successful decannula-

tion were the diameter, the length, and the clinical
stage of stenosis. Figures 7 and 8 show the effect of
diameter and length of stenosis on the incidence of

Sag.

Fig. 4. Segmental resection of subglottic stenosis. A. Extentof
resection marked wilh doffed (ines; I, reanaslomosis of lra-
chea 10cricoid cartilage completed.

decannulation. There is a definite trend for decan-
nulation to be less likely as the diameter of the
stenosis decreased. The length of the stenosis had a
less consistent relation to the likelihood of decan-
nulation, although thin stenoses had a very high rate
of decannulation. Moreover, the clinical stage of
stenosis accurately predicted the likelihood of de-
cannulation (Fig. 9).

DISCUSSION
This study demonstrates that laryngotracheal ste-

nosis cannot be considered a single entity and that
treatment must be selected to suit the specific ana-
tomic location. There are two primary factors to
consider in planning the treatment of laryngotra-
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in cases without medical contraindications, despite emerging stent or endoscopic procedures.
Endoscopic interventions can be suggested as an alternative to surgery in patients for whom
surgery cannot be performed or who develop recurrence.
ª 2017 Asian Surgical Association and Taiwan Robotic Surgical Association. Publishing services
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Postintubation tracheal stenosis (PITS) is a clinical condi-
tion that frequently occurs due to tracheostomy or long-
term intubation.1 Although its incidence has decreased due
to improvements in intensive care procedures, it continues
to be a bothersome problem. The rate of tracheal stenosis
related to prolonged intubation varies between 0.6% and
21%.1,2 PITS occurs due to overinflation of the endotracheal
tube or the tracheostomy cuff, causing ischemic necrosis
due to the pressure in the trachea.3 The tracheostomy tube
may also cause damage to the cartilage or may cause an
infection at the edge of the stoma, and granulation tissue
may occur accordingly.1 Although stenosis is usually seen in
the tracheal body, it may also be seen in the subglottic
region.4,5

The symptoms are generally insidious. Most arise 1e6
weeks after extubation, and early symptoms are often not
recognized. The most common symptoms include shortness
of breath, cough, recurrent pneumonia, wheezing, stridor,
and cyanosis over time.3 Dyspnea is often the symptom
until the tracheal diameter is 50% smaller than normal.
When the tracheal diameter is 25% of its normal size, dys-
pnea and stridor may occur even at rest. These symptoms
can be confused with other respiratory diseases.6

Despite conservative and palliative interventions,7 the
gold standard treatment for PITS, as described by Grillo, is
tracheal resection and primary end-to-end anastomosis
with reconstruction.2 In literature, studies were primarily
focused on the management of tracheostomy-induced PITS
with limited data on the surgical approaches for PITS due to
long-term intubation.5,8,9 To standardize the surgical
techniques and optimize the outcome, more experience on
PITS due to long-term intubation needs to be published.

Therefore, in this study, we aimed to present the cases
of PITS, all due to long-term intubation and treated surgi-
cally in our center, and to discuss them in light of the
literature. We evaluated these cases with regard to etiol-
ogy, diagnosis, treatment, recurrence, and fatality.

2. Methods

2.1. Setting and patients

The study was conducted at a 1000-bed university hospital
with a well-established and experienced (on tracheal sur-
gery) thoracic surgery clinic.

In this retrospective study, all the patients who were
treated with tracheal resection and reconstruction due to
PITS between September 2006 and March 2015 were

identified consecutively. There was only one inclusion cri-
terion for this study: admission with PITS and treated with
tracheal resection and reconstruction (end-to-end anasto-
mosis). Exclusion criteria of the study were (1) tracheal
resection due to the traumatic, malign, or benign disease of
the trachea and (2) patients with missing data. The study
was approved by the Institutional Ethics Committee and
conducted in accordance with the ethical guidelines of the
Helsinki Declaration. The informed consent was waived for
the retrospective design of the study.

The demographics, intubation characteristics, localiza-
tion of stenosis, surgical technique and material, post-
operative complications, and survival were recorded for all
patients.

2.2. Preoperative evaluation

All patients were evaluated preoperatively with
HugheJones classification, complete routine blood
biochemistry, respiratory function test, bilateral chest
radiography, lateral neck radiography, and conventional
tomography. Patients respiratory performance was varied
between Grade 2 and 3 in the HugheJones classification. All
patients had fixed upper airway obstruction respiratory
function test pattern, which is characterized by flattening
of both the inspiratory and expiratory portions of the flow-
volume loop. Patients had undergone rigid bronchoscopy
and flexible bronchoscopy at least once before the opera-
tion, with at least one tracheal dilatation being performed
in the operating theater (Figure 1).

Figure 1 Preoperative rigid bronchoscopy image.
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2.3. Surgical technique and postoperative follow-
up

The operation technique was applied as described by
Pearson et al10 and Grillo et al11 in 19 cases where stenosis
levels were in the cervical region. Rigid bronchoscopy was
conducted in all cases just before intubation, and dilatation
was performed during the operation to decrease problems
with ventilation. The orotracheal tube was not advanced
past the vocal cords but just proximal to the stenosis level.
A collar incision was applied to cases in which the stenosis
was in the cervical region. The tracheal stenosis region was
determined by fibereoptic bronchoscopy and marked dur-
ing the operation. The trachea was cut horizontally starting
at the healthy tissue, and the distal trachea was intubated
with a second spiral tube as the orotracheal tube was
withdrawn slightly (Figure 2). After the stenotic parts were
excised, solid cartilage was detected. The infrahyoid
release and cervical flexion maneuvers were used in cer-
vical stenosis, and the tracheal release and hilar release
maneuvers were used in distal tracheal stenosis. The end-
to-end anastomosis was initiated from the posterior wall.
The membranous wall was anastomosed with a continuous
suture (vicryl, PDS, PROLENE, and MONOCRYL; Figure 3). In
addition, vicryl sutures were used to support the anterior
wall. All patients were tested for air leaks after recon-
struction, and the operation was completed by placing a
perniosis and Mini Vac drain into the operating region. In
patients who underwent collar incision, the neck was
placed in flexion, and the chin was fixed to the skin tissue
on the sternum using a suture. After completing the oper-
ation, the anastomosis was monitored by fibereoptic
bronchoscopy. All patients were taken to the intensive care
unit and extubated postoperatively. Early follow-ups were
conducted in the intensive care unit. A median sternotomy
incision was added to the collar incision in two cases in
which the stenosis was located at the entrance to the
thorax. In one case, the right thoracotomy incision was
placed close to the carina.

2.4. Statistical analysis

Mean, standard deviation, median, interquartile range,
minimum, and maximum were used as descriptive statistics
to summarize study data.

3. Results

3.1. Demographics and clinical findings

Six female (27.3%) and 16 male (72.7%) patients underwent
surgery during the study period. While most of the patients
(54.5%) were aged between 21 years and 40 years, the
mean age of the patients was 34.73 years with a median of
32.50 years. Half of the patients were intubated from 11
days to 20 days, and the mean intubation duration was
16.95 days with a median of 15.00 days. While the most
common reason of tracheal intubation was trauma (nZ 12,
54.5%), the others were surgical reasons (3 post-
tracheostomy, 1 post-thyroidectomy; nZ 4, 18.2%), heart
attack (nZ 3, 13.6%), respiratory arrest (nZ 2, 9.1%), and
cerebrovascular accident (nZ 1, 4.5%), respectively (Table
1).

The mean distance of stenosis to vocal cord was 3.41 cm
with a median of 3.00 cm (range, 1.50e8.00 cm). The mean
length of the stenosis was 2.14 cm with a median of 2.00 cm
(range, 1.00e4.00 cm; Table 2).

3.2. Operative and postoperative findings

Collar incision was applied in 19 cases (86.4%) because the
stenosis level was in the cervical region; in two cases
(9.1%), a median sternotomy incision was used as the ste-
nosis reached the level of the thorax; and in the remaining
case (4.5%), a right thoracotomy incision was made, as the
stenosis level was in the thorax.

A continuous suture technique was used in the posterior,
anterior, and lateral walls as an anastomosis technique
after resection in all cases. In 17 cases (77.3%), the anterior
walls were supported with 3/0 vicryl (polyglactin) suture

Figure 2 Intubation of distal trachea with a second spiral
tube.

Figure 3 Anastomosis of the membranous wall with a
continuous suture (vicryl, PDS, PROLENE, and MONOCRYL).
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2.3. Surgical technique and postoperative follow-
up

The operation technique was applied as described by
Pearson et al10 and Grillo et al11 in 19 cases where stenosis
levels were in the cervical region. Rigid bronchoscopy was
conducted in all cases just before intubation, and dilatation
was performed during the operation to decrease problems
with ventilation. The orotracheal tube was not advanced
past the vocal cords but just proximal to the stenosis level.
A collar incision was applied to cases in which the stenosis
was in the cervical region. The tracheal stenosis region was
determined by fibereoptic bronchoscopy and marked dur-
ing the operation. The trachea was cut horizontally starting
at the healthy tissue, and the distal trachea was intubated
with a second spiral tube as the orotracheal tube was
withdrawn slightly (Figure 2). After the stenotic parts were
excised, solid cartilage was detected. The infrahyoid
release and cervical flexion maneuvers were used in cer-
vical stenosis, and the tracheal release and hilar release
maneuvers were used in distal tracheal stenosis. The end-
to-end anastomosis was initiated from the posterior wall.
The membranous wall was anastomosed with a continuous
suture (vicryl, PDS, PROLENE, and MONOCRYL; Figure 3). In
addition, vicryl sutures were used to support the anterior
wall. All patients were tested for air leaks after recon-
struction, and the operation was completed by placing a
perniosis and Mini Vac drain into the operating region. In
patients who underwent collar incision, the neck was
placed in flexion, and the chin was fixed to the skin tissue
on the sternum using a suture. After completing the oper-
ation, the anastomosis was monitored by fibereoptic
bronchoscopy. All patients were taken to the intensive care
unit and extubated postoperatively. Early follow-ups were
conducted in the intensive care unit. A median sternotomy
incision was added to the collar incision in two cases in
which the stenosis was located at the entrance to the
thorax. In one case, the right thoracotomy incision was
placed close to the carina.

2.4. Statistical analysis

Mean, standard deviation, median, interquartile range,
minimum, and maximum were used as descriptive statistics
to summarize study data.

3. Results

3.1. Demographics and clinical findings

Six female (27.3%) and 16 male (72.7%) patients underwent
surgery during the study period. While most of the patients
(54.5%) were aged between 21 years and 40 years, the
mean age of the patients was 34.73 years with a median of
32.50 years. Half of the patients were intubated from 11
days to 20 days, and the mean intubation duration was
16.95 days with a median of 15.00 days. While the most
common reason of tracheal intubation was trauma (nZ 12,
54.5%), the others were surgical reasons (3 post-
tracheostomy, 1 post-thyroidectomy; nZ 4, 18.2%), heart
attack (nZ 3, 13.6%), respiratory arrest (nZ 2, 9.1%), and
cerebrovascular accident (nZ 1, 4.5%), respectively (Table
1).

The mean distance of stenosis to vocal cord was 3.41 cm
with a median of 3.00 cm (range, 1.50e8.00 cm). The mean
length of the stenosis was 2.14 cm with a median of 2.00 cm
(range, 1.00e4.00 cm; Table 2).

3.2. Operative and postoperative findings

Collar incision was applied in 19 cases (86.4%) because the
stenosis level was in the cervical region; in two cases
(9.1%), a median sternotomy incision was used as the ste-
nosis reached the level of the thorax; and in the remaining
case (4.5%), a right thoracotomy incision was made, as the
stenosis level was in the thorax.

A continuous suture technique was used in the posterior,
anterior, and lateral walls as an anastomosis technique
after resection in all cases. In 17 cases (77.3%), the anterior
walls were supported with 3/0 vicryl (polyglactin) suture

Figure 2 Intubation of distal trachea with a second spiral
tube.

Figure 3 Anastomosis of the membranous wall with a
continuous suture (vicryl, PDS, PROLENE, and MONOCRYL).
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conducted considering restenosis, and granulation tissue
was observed on the anastomosis line. For these cases,
dilatation was conducted using rigid bronchoscopy, fol-
lowed by the insertion of a tracheal silicon stent (NOVA-
TECH DUMON Stent, Boston Medical Products Inc.,
Westborough, MA, USA). These patients were followed up
periodically. Stent sizes were changed or stents were
removed according to the findings of the rigid bronchoscopy
(Table 3).

Of the 22 patients, two (9.1%) died. One of them died
due to massive hemoptysis caused by a trachealevascular
fistula during the early follow-up period, and the other due
to postoperative renal failure (Table 3).

4. Discussion

In this report, we present a 22-patient series of PITS
managed in our center. This is one of the large series of
surgically treated PITS due to long-term intubation, pre-
sented in the literature so far. In addition to presenting
details about clinical and surgical findings of the patients,
we evaluated the patients’ outcome to show the effec-
tiveness of surgery in PITS.

The probability of PITS development after intubation or
tracheostomy is 10e19%, and less than 1% of patients
develop significant stenosis and become symptomatic.12

The symptom observed in all of our patients was short-
ness of breath, although stridor and wheezing were also
present in patients with advanced tracheal stenosis. Six of
our patients (27.3%) received asthma treatment, and when
they did not improve with treatment, they were admitted
to our clinic.

A study conducted by Carretta et al13 suggested that the
most reliable methods for diagnosing PITS were rigid
bronchoscopy and fibereoptic bronchoscopy. Preoperative
rigid bronchoscopy was performed in all of the cases
operated in our clinic for PITS. In addition to diagnosis, rigid
bronchoscopy provides the opportunity to conduct emer-
gency dilatation in airway stenosis.

The length of the segment to be resected is one of the
major problems in tracheal surgery. As the resection length
increases, the tension on the anastomosis rises, potentially
leading to unwanted results. In a large series by Grillo
et al,2 the mean resection length was 3.3 cm, and the rate
of cases requiring resection longer than 4 cm was 17.6%.
One of the main reasons for determining the anastomosis
length is to decide whether a tracheostomy should be
conducted. One study compared tracheal stenosis associ-
ated with endotracheal intubation and that associated with
tracheostomy.14 Because the stenosis region was excised
with previous tracheostomy, and the surgeons had to resect
the normal trachea between the stoma and stenosis region,
the length of resection was greater. In addition to stenosis
caused by the tracheostomy cuff, stenosis may also develop
at the tracheostomy entrance. This was found to increase
both resection length and duration of surgery. The mean
length of the excised tracheal segment was 2.5 cm in PITS
patients who underwent surgery in our clinic (Figure 4).

Surgical reconstruction is the gold standard treatment
method for PITS.15 Hermes Grillo performed more than 500
tracheal reconstructions for postintubation stenosis with

good or satisfactory results in 93.7% of patients, failure in
3.9%, and a mortality rate of 2.4%.2,16 However, some
studies aimed to assess the results of endoscopic manage-
ment of PITS.17,18 Nouraei et al19 found that the success
rate of endoscopy was lower than surgery, and old patients
and patients with long stenosis length were found less likely
to be cured endoscopically.

Although conservative or diathermic treatment methods
are popular at present, the most effective treatment
methods for tracheal stenosis are surgical resection and
end-to-end anastomosis. Grillo et al2 published a study in
1995 that evaluated 503 patients. The surgical success rate
was reported to be 93%. However, Abbasidezfouli et al20

found the surgical success rate to be 61.5%. In our clinic,
it is thought that the most appropriate treatment method
for PITS is surgical treatment if the general condition of the
patient is suitable for surgery and he/she accepts the
operation. For patients who are admitted to our clinic with
a symptomatic condition, rigid bronchoscopy is planned
first, and then surgery is considered taking into account the
state and length of stenosis and the general condition of
the patient. No recurrence or complication developed
during the long-term follow-up of 15 of the 22 patients
(68.2%) who underwent surgery in our clinic. Two patients
(9.1%) died in the early stages after surgery, and five pa-
tients (22.7%) had a stent inserted due to restenosis. One of
the patients died due to postoperative renal failure. This
patient had also diabetes mellitus, obesity, and hyperten-
sion. In addition, Wright et al16 reported that diabetes
mellitus is an important risk factor of anastomotic compli-
cations presented in over half of the patients who died. The
other patient died due to massive hemoptysis caused by a
trachealevascular fistula, which was formed between
anastomosis and the innominate artery. Trachealevascular
fistula is an unusual but life-threatening complication of
tracheostomy with an incidence of 0.1e1%.16,21e23 Tra-
cheoinnominate fistula forms through an anterior separa-
tion of the anastomosis causing inflammation and infection
that erodes into the innominate artery. Hemoptysis is the
main sign of tracheoinnominate fistula.24

Our success rate was 68.2%, with an unsuccessful inter-
vention rate of 22.7%, which was consistent with other
studies in the literature. These unsuccessful interventions

Figure 4 The excised tracheal cartilage.
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Fig. 1. Categories of reconstruction, a, Trachea to trachea anastomosis after segmental tracheal resection. 
b, Cricotracheal anastomosis where transection is just below the cricoid cartilage or where a portion of 
lower cricoid cartilage, usually anterior, has been resected, c, Anastomosis of tailored trachea to thyroid 
cartilage or cricothyroid membrane anteriorly, where subglottic laryngeal involvement by stenosis required 
laryngoplasty. See text. 

Table III. Results of surgical treatment of  postintubation tracheal stenosis 
Good Failure Death Satisfactory Reoperation 

No. of 
patients No. % No. % No. % No. % No. % 

Ini t ia l  o p e r a t i o n  503 427  84.9 27 5.3 19 3.8 12 2.4 18 3.6 
R e o p e r a t i o n  18 13 72.2 4 22.2 1 5.6 0 - -  - -  - -  
Overa l l  503 440  87.5 31 6.2 20 3.9 12 2.4 - -  - -  

various factors--historical, pathologic, and techni- 
cal--on outcome are considered in the following 
sections. 

Prior treatment. Results in patients who had 
prior tracheal or laryngeal procedures are listed in 
Table IV. In 75.5% of the 53 patients who had 
previous resection and reconstruction, the outcome 
was good; in comparison, 86% of those without 
prior resection and reconstruction had a good out- 
come. The failure rate of this group was 5.6% with 
a 3.8% mortality, comparing unfavorably with 3.6% 
and 2.1% rates, respectively, in the group without 
prior resection. Despite a surprisingly high propor- 
tion of good results (87%), reconstruction after 
tracheal operations other than procedures itemized 
in Table IV led to the highest failure rate (9.7%). 
The extensive and complex nature of these prior 
procedures probably explains this. The procedures 
included insertion of a Marlex tube (Bard Implants, 
Billerica, Mass.), cartilage grafts, hyoid borte grafts, 
staged cutaneous trough procedures, and cutaneous 
grafts with stents. Previous T-tube, laser therapy, or 

TEF repair did not seem to affect outcome ad- 
versely. 

Anastomosis. Results varied slightly depending 
on the level of anastomosis (Table V). The failure 
rate progressively increased with a higher level of 
anastomosis. The failure rates were 2.2% for a 
trachea-trachea anastomosis, 6.0% for a trachea- 
cricoid anastomosis, and 8.1% for a trachea-thyroid 
anastomosis. Minor complications also became 
more prevalent with each level, from 16% to 17.l% 
to 21%, respectively. The major complication rate 
did not seem to change (13.9%, 15.4%, 12.9%, 
respectively). 

Laryngeal releases. Forty-nine patients had a la- 
ryngeal release procedure to reduce tension on the 
anastomosis. The average length of resection in 
these patients was 4.4 cm. Three patients had this 
procedure before referral. Forty-one patients un- 
derwent laryngeal release with their initial opera- 
tion. Five patients required laryngeal release with 
reoperation. The patients who underwent previous 
laryngeal release had a good outcome. Of the 41 



-­‐ Grado	
  en	
  Medicina	
  	
  -­‐	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  

	
  

	
  

	
   40	
  

 

Figura	
  7.	
  Algoritmo	
  terapéutico	
  del	
  manejo	
  de	
  la	
  estenosis	
  traqueal	
  benigna	
  .	
  Galluccio,	
  G.	
  (2008).	
  Therapeutic	
  algorithm	
  for	
  the	
  

management	
  of	
  benign	
  tracheal	
  stenoses..	
  [image]. 

	
  

	
  

2. Methods

2.1. Patients

At the Thoracic Endoscopy Center of Carlo Forlanini
Hospital in Rome we performed, over the past decade (1996—
2006), an average of 4411 flexible bronchoscopies per year
and 216 rigid bronchoscopies per year. Between January 1996
and June 2006 we have evaluated 209 consecutive patients
with benign tracheal stenoses (9.9% of the overall operative
procedures performed in 10 years). All patients enrolled in
the study had clinical signs strongly suspicious for stenosis of
the large airways (e.g. exertional dyspnea, cough, wheezing,
stridor, recurrent pulmonary infections, typical flow/volume
curve at PFT) and, most of them had a previous history of
endotracheal intubation or tracheotomy. There were 105
males and 104 females, ranging in age from 13 to 79 years
(median age 46 years).

All patients underwent a preliminary fiberoptic broncho-
scopy in order to identify the presence, type, characteristics
(e.g. presence of mucosal inflammation, number of rings
involved, calibre) and localization of the stenosis. In a large
number of cases we also used neck CT scan in order to
evaluate a possible involvement of the tracheal wall. These
procedures were useful to classify and stratify the pathology
and helped us to decide the correct therapeutic approach
(Fig. 1).

According to their morphological aspects the stenoses
were classified in two groups, simple and complex. The
simple stenoses included granulomas, web-like and concen-
trical scarring stenosis. All these lesions were characterized
by endoluminal occlusion of a short segment (<1 cm),
absence of tracheomalacia or loss of cartilaginous support.
The complex stenoses were represented by a long lesion
(greater than 1 cm) with involvement of tracheal wall and
subsequent scarring contraction of the latter, in some cases
also associated with malacia.

The etiologies included in 167 cases an orotracheal
intubation, in 34 cases tracheostomy, and in 8 cases other
etiologies (e.g. amyloidosis).

We also classified the lesions, according to their localiza-
tion; in subglottic, upper tracheal and mid/lower tracheal
(Table 1).

Among the 201 patients who needed mechanical ventila-
tion (intubation or tracheostomy) 31% of cases were post-
traumatic, 42% occurred after major surgery and 27% were
necessary for medical causes (e.g. respiratory or acute heart
failure).

The duration of intubation was 12 ! 10 days (1—36 days)
and the stenosis was diagnosed after 2 weeks up to 5 months
(mean 3 ! 1 months) after extubation.

The duration of tracheostomy was 4 ! 3 months (14 days
to 3 years) and the time of stenosis onset was 3 ! 1 months
(10 days to 1 year) after tracheostomy closure.

We had different therapeutic approaches for the two
groups. We treated the simple stenoses first by rigid
endoscopy using laser assisted mechanical dilatation (LAMD)
technique. In case of recurrence, patients were subjected to
a repeated endoscopic treatment (up to a total of three
sessions). For complex stenoses we considered surgery as the
first choice.

After the third recurrence of simple stenoses, or in case of
clinical/surgical contraindications for surgery of complex
lesions, a Dumon silicon stent (Endoxane-Novatech;
Aubagne, France) was placed.

The mean duration of stenting was 1.5 years (ranging from
6 months to 3 years).

All the patients were closely followed-up by fiberoptic
bronchoscopy at 1, 3, 6, 12 and 24 months after the first
treatment.

Patients were considered cured when there was no
recurrence after 1 year from the last therapeutic session.

G. Galluccio et al. / European Journal of Cardio-thoracic Surgery 35 (2009) 429—434430

Fig. 1. Therapeutic algorithm for the management of benign tracheal ste-
noses.

Table 1
Characteristics of the study population.

Type (n) Age (years) Gender (M/F) Etiology Localization

PI PT OE SG UT MLT

Simple (167) 31 ! 11 85/82 133 30 4 16 143 8
Complex (42) 29 ! 12 20/22 34 4 4 5 35 2

Total (209) 105/104 167 34 8 21 178 10

PI: post-intubation; PT: post-tracheostomy; OE: other etiologies; SG: sub-glottic; UT: upper trachea; MLT: mid-lower trachea.


