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Abstract The aim of this study was to determine the
incidence of laryngotracheal injuries following intuba-
tion and/or tracheotomy in intensive care unit (ICU)
patients and to analyze their prognostic factors. This
prospective study includes the clinical data and endo-
scopic exploration of 654 ICU patients who underwent
oro-tracheal intubation between September 1992 and
February 1999. The prognostic factors for upper airway
injuries were analyzed using a multivariate statistical
study. Endoscopic exploration of the upper airway 6 to
12 months after extubation revealed laryngotracheal
injuries in 30 of the 280 patients examined (11%). The
most important factors influencing the development of
laryngotracheal lesions were the duration of the oro-
tracheal intubation and the length of time in the ICU.
Patients at high risk of developing injuries were those
with pathological background, a non-neurological or
non-surgical (medical) admission or upper-airway inju-
ries at an early stage. The length of oro-tracheal intu-
bation is the most important factor in the development
of laryngotracheal injuries. Consequently, it is essential
to establish a time limit to perform tracheotomy in ICU
patients. Such timing should be adapted to each patient
and pathology.
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Introduction

Endotracheal intubation and tracheotomy in Intensive
Care Unit (ICU) patients may induce complications
[1, 2, 3, 4]. The techniques for maintenance of the upper
airway in intubated patients have improved steadily with
respect to survival and avoidance of complications [1, 5,
6, 7, 8]. However, the policy for the maintenance of the
upper airway is controversial [1, 4, 7, 8, 9, 10]. Although
surgical treatment for complications due to intubation
and tracheotomy has improved significantly [7, 11], the
consensus is that prevention is the best therapy [6, 7, 8].
Knowledge of the predisposing factors will help
establish reliable guidelines for prevention [1, 6]. In
September 1992, we set up a clinical protocol for
patients with prolonged intubation in order to assess the
incidence of laryngo-tracheal lesions and analyze their
prognostic factors.

Materials and methods

Between September 1992 and February 1999, 673 con-
secutive ICU patients with mechanical ventilation by
oro-tracheal intubation or tracheotomy for more than
48 h were studied. A total of 19 cases were excluded: 9
patients because of previous injuries of the upper airway,
5 re-admissions in the ICU, impossibility to explore the
upper airway in 4 patients and tracheotomy performed
in another center in 1 patient. A total of 654 patients
were thus included in this prospective study. The timing
to pass to tracheotomy, for each type of patient, had
been defined previously in a consensus between the ICU
and the ENT departments.

Whenever possible, intubation was carried out under
sedation by the orotracheal route and with silicone tubes
with low cuff pressure. Cuff pressure and tube size were
kept within minimal limits. Sedation was administered
to reduce movement and agitation. Standard procedures
were used for the humidification and aspiration of
secretions.
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ENT Department, Hospital General de Catalunya,
Carrer Gomera s/n. 08190, Sant Cugat del Vallés, Barcelona, Spain
E-mail: esteller@abaforum.es
Tel.: +93-5656000
Fax: +93-5892618
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From 1992 to 1994, the timing from intubation to
tracheotomy was established at 14 days in non-neuro-
logical patients and at 5 days in neurological patients.
After the analysis of the first 125 patients [12], and be-
cause of the obvious relation between the length of
intubation and the injuries developed, especially in non-
neurological patients, this period was reduced from 14 to
8 days in non-neurological patients.

Patient data were recorded in a computer data base:
35 administrative and clinical data and 54 regarding
upper airway access and acute complications. In the first
group of 35 data, we recorded the reason for admission
to the hospital according to the Knauss classification
[13], which distinguishes between medical and surgical
patients, the type of patient (neurological or non-neu-
rological patient) and APACHE index (Acute Physiol-
ogy And Chronic Health Evaluation), which assesses the
severity of the illness in ICU patients. The APACHE II
[13] index was used until June 1994, when we changed to
the APACHE III [14] index. To homogenize the study
population, three different groups in the APACHE in-
dex were established. These groups were validated with a
marginal and mortality homogeneity test, and the same
mortality rate in each group was confirmed (P>0.05)
(Table 1).

Complications occurring during the procedure (intu-
bation; tracheotomy) or during the maintenance of the
tube are defined as acute complications (atelectasis,
acute tube obstruction, hemorrhage, traumatic intuba-
tion, hemorrhage or infection of the tracheotomy
wound, etc.).

Fibroendoscopic exploration was performed in every
patient. The early endoscopic exploration was per-
formed 72–96 h after extubation or tracheotomy and
then repeated at 15 days and at 1 month. A further
endoscopic exploration was performed 6 to 12 months
after extubation.

Injuries were classified as minor or severe. Minor
injuries were edema and/or glottis or supraglottis
inflammation, vocal fold granuloma, non-ulcerated
irritation of tracheal mucosa or arytenoid injury with
normal laryngeal motility. Severe injuries were altera-
tions of laryngeal motility, laryngeal or tracheal stenosis
due to fibrosis or granulomas and subglottic or tracheal
necrosis or ulceration.

All parameters (35 administrative data and 54
regarding upper airway access and acute complications)
underwent statistical analysis. Each variable was studied
according to the univariate form. A multivariate statis-
tical study using multiple logistic regression was carried
out. The estimated proportions were calculated using the
inverse transformation logit of each interesting variable
to obtain the groups at higher and lower risk to develop
later injuries.

Results

Descriptive population

The most important characteristics of the population are
summarized in Table 2.

Airway maintenance

Six hundred fifty patients (99%) underwent intubation,
and 302 patients (46%) tracheotomy (only 4 cases
without previous intubation). The mean length of intu-
bation was 9±5 days. In the 650 cases with intubation,
94 (14%) developed acute complications related to
intubation. There were no deaths due to these compli-
cations. In the 302 cases with tracheotomy, 84 (28%)
developed acute complications related to tracheotomy.
Two patients (0.3%) died of these complications.

Injuries

Of the 473 patients in whom early exploration (72–96 h
after extubation) of the upper airway was possible,
injuries were found in 417 cases (88%), and considered
severe in 220 (46%) of these. Later endoscopic exami-
nation (6–12 months after extubation) was performed in
280 patients (43%), and injuries were found in 30 cases
(11%). These later injuries are summarized in Table 3.

Table 1 Homogeneity of APACHE index

APACHE scores

Original gradation
APACHE II scores

New value Cases (%) Mortality

0–10 0 24 (19.2%) 29.16%
10–18 1 46 (36.8%) 28.26%
>18 2 55 (44%) 60%

Original gradation
APACHE III scores

New value Cases (%) Mortality

0–40 0 64 (11.7%) 14.06%
40–70 1 214 (39.1%) 23.36%
>70 2 270 (49.3%) 57.77%

Table 2 Population characteristics

Parameter Number

Patients 654
Mean age 54.5±20 years
Sex 457 men (70%) and 197 women (30%)
Admission cause 398 medical (61%), 256 surgical (39%)
Pathology 350 dominant neurological pathology (54%)

304 non-neurological pathology (47%)
Pathology
background

445 cases (68%)

APACHE Grade 0:86 cases (13%)
Grade 1:249 cases (38%)
Grade 2:319 cases (49%)

Mean stay in ICU 20±16 days
Mean stay
in hospital

41±42 days

Mortality 265 cases (40%)
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Prognostic factors

For the earlier injuries, the statistically significant vari-
ables in the multivariate analyses were the duration of
intubation (P<0.001) and tracheotomy (P=0.008). For
the later injuries, the statistically significant variables
were the duration of intubation (P=0.002) and the
number of days in the ICU (P=0.03). The risk rates
(odds ratio) are shown in Table 4. These figures were
calculated by analyzing the highest and the lowest risk
situations in relation to the two most important vari-
ables (duration of intubation and number of days in the
ICU): the lowest risk to develop a late lesion (0.004)
corresponds to a female, neurological or surgical patient
without a pathological background and without severe
early lesions, who has been in the ICU for 10 days and
has been intubated for 6 days; and the highest risk
(0.544) is in the case of a non-neurological and non-
surgical male patient with a pathological background
and severe early injuries who has been in the ICU for
26 days and has been intubated for 11 days.

Discussion

The rapid advances in intensive care medicine together
with the high variability and complexity of the cases
makes it difficult to establish standard protocols for the
maintenance of the upper airway in this setting. The
situation is even more complicated if we consider the
extensive variability in the design of reported studies:
the lack of homogeneity, small sample sizes, non-
randomized design, short follow-up and the difficulty in
exploring the upper airway [15, 16]. Another important
factor is that the cause of the development of injuries

at the long term is multifactorial [1, 4, 17, 18, 19]. In
the literature, the individual factors that favor the
development of injuries have been widely discussed: age,
sex, anatomy of the upper airway and the vulnerability
of the mucosa membrane to hypotension, local or sys-
temic infection, diabetes or anemia [4, 9, 20]. Factors
related to the quality of reanimation, such as the
equipment used, having prolonged intubation, the sur-
gical skill for the tracheotomy and having a tracheotomy
after a prolonged intubation, also play an important role
[1, 4, 6, 9, 10, 18, 19, 21].

The duration of intubation was the most important
factor for laryngotracheal injuries in our study. There is
considerable controversy regarding this point in the lit-
erature [2, 3, 16, 18, 22, 23]. Studies in humans are dif-
ficult to assess for several reasons; particularly patients
who are intubated for longer periods are those in the
worst general condition [24]. This was also the case in
the present series. Nevertheless, the conditions and de-
sign of our study, the large sample size and the multi-
variate study allow us to state that the length of
intubation is a decisive factor in predicting the devel-
opment of injury.

The same reasoning can be applied to the second
prognostic factor in the development of late injuries: the
number of days in the ICU. Patients who spend many
days in the ICU are again those in the worst general
condition. Patients with acute or chronic diseases with
disturbance of consciousness, low tissue perfusion and
hypoxia, such as anemia, hypotension and cardiac,
kidney or hepatic failure, present more serious upper
airway injuries after prolonged intubation [1, 19, 25, 26].
In the present study we also found evidence that these
clinical conditions play a role in the development of
injuries.

Table 3 Anatomical locations of late lesions

Anatomical lesion No lesion Mild lesion Severe lesion

Supraglottis 280 (100%) 0 0
Glottis** 271 (96.8%) 6 (2.1%) 3 (1.1%)
Vocal cord immobility*** 267 (95.4%) 0 13 (4.6%)
Subglottic stenosis 276 (98.6%) 1 (0.4%) 3 (1.1%)
Tracheal stenosis 271 (96.8%) 5 (1.8%) 4 (1.4%)

** The six cases of mild lesion were vocal cord granulomas. The three severe cases were posterior glottic stenosis. ***Bilateral in two cases
and unilateral in 11

Table 4 Situations of higher and lower risk to develop later lesions

Variables Risk groups

Days of intubation Days in ICU Low risk (odds ratio) High risk (odds ratio)

Female Male
Non-pathological background Pathological background
Neurological patient Non-neurological patient
Surgical patient Non-surgical patient
No serious early injuries Serious early injuries

6 10 0.004 0.333
7 16 0.006 0.411
11 26 0.010 0.544
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The pathology leading to admission to an intensive
care unit and intubation should also be taken into ac-
count. In our series, the medical and the non-neuro-
logical patients comprised the group at highest risk to
develop late lesions.

Severe injury in the early exploration, observed in
47% of the patients explored, was also a factor for the
development of late lesions, although this is controver-
sial [4, 18, 27]. The wider and deeper the scar was, the
more severe the infection. There is thus more prolifera-
tion of connective tissue, more severe inflammatory
reaction and more severe sclerosis, which is the process
leading to stenosis [1]. Therefore, in case of severe
injuries, the risk of stenosis is highest [3]. However, other
authors do not agree with the idea that early injuries can
predispose a patient to long-term lesions [1, 3, 16, 27].
The question is whether or not these acute injuries will
relate with later injuries, and if so, whether we are able
to differentiate between patients that would benefit from
early tracheotomy after intubation and patients whose
acute injuries would heal spontaneously [16]. The answer
is as yet unknown. In our experience, severe injury at an
early stage must be considered as a potential danger for
late injuries, so any attempt at reducing early injuries
will have a positive effect.

In addition, in view of the significant factors in the
multivariate analysis for early injury (the time of intu-
bation and tracheotomy), it is mandatory to avoid the
association of long intubation followed by tracheotomy.
A consensus is evolving on the negative influence of
prolonged intubation followed by tracheotomy [6, 12,
25, 28]. Although several authors consequently appear
to avoid tracheotomy, we disagree with this approach as
we consider the development of injuries is more influ-
enced by the number of days of intubation [22, 28] than
by the tracheotomy itself. Furthermore, the most se-
verely ill patients are those in the worst general condi-
tion, a factor that can influence the development of late
lesions [6].

The results of our study suggest that the most
important prognostic factors for the development of late
lesions in the upper airway are the length of intubation
and a poor general status. We consider it is thus rec-
ommendable to avoid the association of prolonged
intubation followed by tracheotomy. Performing the
tracheotomy in time, especially in patients in poor gen-
eral condition and in non-neurological patients admitted
for non-surgical reasons, is mandatory.
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