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The authors observed 42 patients with post-intuba-
tion tracheal stenosis who had been treated surgically.
The report presents late morphological lesions within the
trachea that constituted the causes of such stenosis.

Introduction

Tracheal stenosis often has an iatrogenic origin and
results from artificial ventilation combined with intuba-
tion or tracheostomy employed as a life-saving, emer-
gency procedure. In spite of a considerable improvement
in the conditions of managing patients with life-threaten-
ing conditions, the issue of tracheal stenosis is ever pres-
ent, although investigators both in Poland and abroad are
reluctant to engage in clinical and pathomorphological
discussion on the subject [11]. The incidence of post-in-
tubation tracheal stenosis in patients on prolonged con-
trolled ventilation is estimated as occurring in 0.1 - 20%
of chronic intubation cases [18, 30]. Usually patients
report to a physician when the stenosis involves approxi-
mately 70% of the normal tracheal lumen, and thus the
lower incidence value refers to symptomatic individuals
that usually require surgical treatment, while the remain-
ing ones represent patients with stenosis of lesser degrees
[3, 6]. Other causes of tracheal stenosis may involve a
direct injury or be a consequence of an external compress-
ion of the trachea as a result of a neoplastic or inflamma-
tory process; such cases have been excluded from the
investigated series. 

One should also bear in mind that in numerous
patients, especially in those with lower degrees of ste-
nosis, the establishment of an appropriate diagnosis is
difficult and such individuals are often incorrectly
treated for bronchial asthma, chronic bronchitis or res-
piratory and circulatory insufficiency. This is why in
patients who report intubation in the past the physician
should always consider the possibility of tracheal ste-
nosis [18, 29]. 

Material and Methods

In the period between 1997 and 2000, 46 patients with
post-intubation tracheal stenosis were managed surgically at
the Thoracic Surgery Ward, John Paul II Hospital of Kraków
[25]. In 38 cases the authors succeeded in obtaining complete
clinical information on the course of the disease. The patients
ranged in age from 4 to 71 years of life. The cause of original
intubation was most often multiple trauma (8 cases), head
injury (5 cases), myocardial infarction and circulatory arrest
(5 cases) and acute pancreatitis (3 cases). In addition, intu-
bation resulted from shock (1 case), post-medication shock
(1 case), diabetic coma (1 case), viral meningitis (1 case) and
injuries defined as traffic accidents (13 cases). 

The mean duration of intubation was 17 days, ranging
from 4 to 65 days. The time interval between primary
intubation and resolution of stenosis oscillated between 3
weeks to 2 years (mean, 24 weeks). 

The operation consisted in excision of the stenosed
tracheal segment, 1cm to 4cm in length. The internal
diameter of the stenotic segment was 3mm to 10mm. The
remaining tracheal fragments were anastomosed end-to-end.
The postoperative course was uneventful and the patients
demonstrated a clear improvement in tracheal patency and
resolution of clinical symptoms. 

The excised stenotic tracheal segment was fixed in
formalin; the entire material was embedded in paraffin and
the sections were stained with hematoxylin and eosin.

In histologic examination, the material revealed numer-
ous characteristic lesions. The predominant cause of stenosis
of the tracheal lumen was a considerable thickening of the
mucosa and submucosa, while the surrounding cartilage was
intact. The thickening resulted from a markedly increased
amount of fibrous tissue, which in this location had under-
gone hyalinization. The mucosa, which is normally smooth
within the trachea, showed clear wrinkling, what was inter-
preted by some authors as polyps (Fig. 1). Irrespectively of
the time lapse after intubation, the mucosa demonstrated
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extensive ulceration, with ulceration foci devoid of epithe-
lium and layered with granulation tissue with numerous
small capillary vessels and various infiltrating cells, mostly
neutrophils (Fig. 2). In addition, the tracheal sections showed
old ulceration sites, also devoid of epithelium, which we
defined as decubitus sores characterized by a considerable
proliferation of connective tissue fibers, hyalinization and
the presence of focal clusters of thin-walled blood vessels
layered with endothelium, but showing a scant amount of
inflammatory cells. In the majority of cases, the thin-walled
vessel were sinusoidally distended and resembled cavernous
hemangiomas. Within these lesions, which we termed "de-
cubitus sores", there was observed inflammatory infiltration
predominantly containing infrequent lymphocytes and plas-
ma cells. The margin of ulceration and decubitus sore often
demonstrated squamous cell metaplasia of the stratified
glandular epithelium - in the later phase, the same type of
epithelium often covered the resected segment (Fig. 2) - as well
as regenerative lesions of the re-epithelization type noted at
some locations, within which the glandular epithelium was
flattened and devoid of the cilia. In some cases one could
observe cystic distension of the tracheal mucous glands; the
glands themselves were additionally atrophic (Fig. 3). We
believe the distension of the glands to result from hindered
drainage in consequence of connective tissue proliferation,
edema and inflammatory infiltration. The distended glands,
similarly as the aforementioned sinusoid blood vessels, could
also have contributed to the tracheal stenosis. 

The above-mentioned lesions leading to segmental tra-
cheal stenosis mostly involved the mucosa and submucosa.
Oftentimes, also the deeper elements of the tracheal wall
were involved, mostly the tracheal cartilage and tissues
situated outside the cartilage. The cartilage itself demon-
strated degenerative lesions and ossification, seen mostly in
younger patients in the third decade of life; at times bone
marrow tissue was present within the ossification foci (Fig.
4). In some cases one could also note cartilage wrinkling
resulting from scar contraction, what clearly potentiated the
stenosis of the examined tracheal segment (Fig. 5). 

In some cases the cartilage showed clusters of distended,
thin-walled vessels filled with blood without any concomi-
tant inflammatory infiltration (Fig. 6). Fibrosis, hyalinization
and clusters of sinusoidally distended blood vessels were
seen in some instances also outside the cartilage. The
presence of recent hemorrhages, edema and congestion,
which were often encountered in the investigated specimens,
is difficult to interpret, since some of these lesions may
indicate chronic inflammation or else result from a surgical
injury during tracheal resection.  

Morphological-clinical correlation

Ulcerations with granulation tissue layering their fundus
were seen chiefly in patients, in whom the time interval

between the original intubation and the resection of the
stenotic tracheal segment was short (12 - 18 weeks), but at
times such phenomena were also encountered after a longer
interval (above 30 weeks). Abundant, chronic inflammatory
infiltration was noted within the stenotic segment as late as
two years after the intubation. 

Fibrosis and hyalinization were demonstrated mostly in
patients in whom the time between the onset of tracheal
stenosis and the excision of the stenotic segment was pro-
longed, although in a specimen collected from an individual
operated on 4 weeks following the onset of stenosis (the
shortest interval in the investigated group), the predominant
feature was the proliferation of connective tissue, while the
inflammatory infiltration was scant. 

A more clear association seems to occur between the
duration of intubation itself and the morphological presen-
tation. In patients intubated for longer periods, histology
revealed mostly intense inflammatory infiltration with ulcer-
ation and granulation tissue. 

The presence of distended blood vessels in the investi-
gated material seems to be independent of the duration of
intubation and the interval between intubating the patient and
the surgical resection of the stenotic tracheal segment.
Numerous sinusoidally distended vessels filled with blood
were observed both in cases with predominant recent inflam-
matory lesions and in specimens with predominant fibrosis
and hyalinization. 

Discussion 

Reports on post-intubation tracheal stenosis and its
management describe both isolated cases  [1, 5, 7, 10, 20, 21,
28] and larger series of patients originating from centers
involved in surgical treatment of such complications, also
dealing with pediatric patients [2, 12, 18, 32, 35]. 

The etiology of post-intubation tracheal stenosis is
probed into numerous publications, but to-date has not been
fully elucidated. Various authors consider mechanical dam-
age to the tracheal mucosa, and especially compression and
ischemia-associated necrosis of the stenotic segment, to be
the main cause of stenosis [2, 18]. Nevertheless, also such
issues are taken into consideration as local infections, low
blood pressure in the period of intubation, steroid adminis-
tration, sensitivity of the patient to the employed intubation
materials and chemical agents used to sterilize the intubation
tube, as well as an individual idiosyncratic reaction [7, 16,
17, 24]. Some authors suggest a role played by aspirated
gastric juice, what has been confirmed in experiments per-
formed in dogs [21]. Balluch [4] believes the cause of
tracheal stenosis to be a transient, acquired deficit of fibrin-
stabilizing factor XIII. Fishman et al. [12] emphasize the role
of appropriate patient care in the case of intubated individ-
uals, the use of sterile gloves and catheters, as well as
decreasing the pressure in the intubation balloon for 5
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Fig. 2. Tracheal ulceration with an ex-
tensive, polymorphous inflammatory
infiltration involving the adjacent tra-
cheal cartilage. In the marginal zone
note the epithelial layer showing squa-
mous cell metaplasia. HE. 

Fig. 3. Distended glands within the
tracheal wall are filled with mucus and
surrounded by fibrous tissue. Note a
scarce chronic inflammatory infiltra-
tion in the vicinity of the glands. HE. 

Fig. 1. A polypoid fragment that nar-
rows the tracheal lumen, layered pre-
dominantly with glandular stratified
epithelium with hyalinized stroma
showing numerous thin-walled, sinu-
soidally distended blood vessels. HE.

Post-intubation tracheal stenosis
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Fig. 5. Tracheal cartilage wrinkling
resulting from contraction of a post-ul-
ceration scar (a common cause of tra-
cheal stenosis). HE. 

Fig. 6. A fragment of the submucosa
with numerous thin-walled, sinusoi-
dally distended blood vessels that
grow into the tracheal cartilage. HE. 

Fig. 4. Tracheal cartilage with ossifi-
cation and bone marrow foci. Note
numerous thin-walled blood vessels
adjacent to the deformed cartilage.
HE.  
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minutes every hour combined with controlling the pressure
within the balloon (the value should not be too high). To
explain the etiology of tracheal stenosis numerous ex-
perimental studies have been carried out in animal models
[8, 21, 22, 24, 27, 33, 34], wherein the investigators have
observed similarities between lesions encountered in ani-
mals (dogs and rabbits) and in humans. 

Zagalo et al. [35] performed statistical studies in a series
of 20 patients and demonstrated that there was no statistical
correlation between the length of the stenotic tracheal seg-
ment and the duration of intubation, as well as between the
time lapse since intubation and the onset of stenosis. Dikkers
[10] presented a case of tracheal stenosis developing 20 years
after intubation, but early lesions, occurring after 10 - 12
hours, have been also reported [2]. In the material described
by Zagalo et al. [35] no correlation was demonstrated be-
tween the extent of lesions and the age of the patient, yet the
authors presented 20 patients only and the group seems not
to be sufficiently large to allow for unequivocal statistical
analysis. 

In early post-intubation tracheal lesions one can observe
mostly the mucosa being turned ischemic, as well as edema,
congestion, hemorrhages and traces of fibrinous exudate [2].
In the majority of cases these lesions promptly regress within
12 to 48 hours. According to Stein et al. [31], they are the
most pronounced in the first week, and subsequently under-
go gradual regression. Nevertheless, some patients often
manifest deep focal ulcerations with subsequent healing; the
latter may be asymptomatic, but in a part of patients it may
lead to cicatrical stenosis of the trachea. An undoubtedly
significant issue is the duration of intubation - the longer the
procedure lasts, the greater likelihood of tracheal wall dam-
age and subsequent stenosis; nevertheless, it is impossible to
abandon intubation in patients with life-threatening condi-
tions [2, 31]. Yang [36] described tracheal stenosis that
developed as early as after 24 hours of intubation. Spittle and
Beavis [28] believed that generally each intubated patient
should be taken into consideration and examined as poten-
tially at risk of tracheal stenosis. Numerous morphological
studies on tracheal lesions in intubated patients were also
carried out in autopsy materials [24, 31]; these investigations
revealed that the tracheal damage was similar to early post-
intubation lesions. As it was reported by Stein et al. [31], in
such cases the lesions were more common and affected 79%
of patients. 

According to the literature on the subject, what has been
confirmed by our observations, a morphological determinant
of delayed tracheal stenosis that occurs later after intubation
is the thickening of the mucosa and submucosa. Mucosal
ulceration has been always noted in the stenotic tracheal
segments [2, 12, 35]. 

The presented morphological lesions in the trachea
show a morphological similarity to lesions observed by one

of the authors (BP) in the esophagus and stomach as a
consequence of postchemical stenosis, what seems to indi-
cate similar repair mechanisms in chronic damage to the
mucosa, regardless where the mucosa is situated. 

The investigated material originated from patients who
had been intubated in various centers (only two individuals
from the group in question were intubated in the same ward),
mostly located in the south of Poland (the Małopolskie,
Śląskie and Podkarpackie provinces) and central Poland (the
Mazowieckie and Pomorsko-Kujawskie provinces), and
thus one cannot conclude that only in some hospitals are
post-intubation lesions more common in association with
inadequate patient care. 

The analysis of world literature published within the
past two decades indicates that the number of reports on
post-intubation tracheal stenosis is lower than it used to be.
This fact confirms the improvement of patient care in intens-
ive care units worldwide and in Poland, what allows for
avoiding this serious complication, requiring surgery, at least
in some percentage of cases.

Apart from resecting a post-intubation stenotic tracheal
segment, the management also includes the administration
of corticosteroids in the early stages of the disease, as well
as laser therapy and stenting in more advanced cases, yet it
appears that resection is the best method, although at times
recurrent tracheal stenosis is observed and a repeated surgi-
cal procedure is required. 
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