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Abstract Objective: To quantify the
incidence and degree of endotracheal
tube intraluminal obstruction after
mechanical ventilation and its rela-
tion to time of intubation. Design:
Prospective observational study.
Setting: A 14-bed medical-surgical
intensive care unit at a university-
affiliated teaching hospital. Patients:
Ninety-four endotracheal tubes used
in 80 patients requiring mechanical
ventilation for more than 12 h.
Interventions and results: Acoustic
reflectometry was performed in every
endotracheal tube after patient extu-
bation to measure its volume reduc-
tion. The intraluminal volumes of
used endotracheal tubes in mechani-
cally ventilated patients were signif-
icantly lower than those of unused
tubes of the same size (5.52€0.92 ml3

versus 6.54€0.79 ml3, p<0.05). The
mean difference in endotracheal tube
segment volumes was 15.2% (range
0–66%). Volume reduction was

above 10% in 60.8% of the tubes. In
22% of endotracheal tubes the re-
maining inner diameter was less than
7 mm. Reduction below this figure
was less frequent (9.3%) in tubes
8 mm or more (p<0.05). The per-
centage of endotracheal tube volume
reduction was not associated with the
duration of intubation (r=�0.09, p=
n.s.) Peak pressure measured before
extubation did not predict obstruction
(r=0.11, p= n.s.) Conclusions: Inad-
vertent endotracheal tube obstruction
was common in patients requiring
mechanical ventilation and may be
significant as early as at 24 h. Mod-
erate obstruction in endotracheal tube
lumens should be suspected in cases
of difficulties in weaning, even in
patients who were ventilated for less
than 1 day.
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Introduction

The obstruction of endotracheal tubes (ETTs) is associ-
ated with extra work of breathing and is a well known
emergency if it becomes complete. In addition, it may
interfere in certain forms of mechanical ventilation [1–6].
But the question is when to suspect obstruction and
how to detect it. The study by Wright [7] shows that in
vitro measurements of resistances may be underestimated
compared with measurements in vivo, due to the accu-
mulation of secretions on the tube walls. Induced resis-
tance is also substantially increased in tubes with an in-
ternal diameter of more than 7 mm [8, 9].

Acoustic reflectometry was designed to determine the
airway cross-sectional area as a function of axial distance
and has also been used to detect esophageal intubation in
anesthesia patients [10] and to study the pharyngeal re-
gions in patients with obstructive sleep apnea [11]. The
method can be used to detect and quantify decreases in
ETT volume [6, 10, 12]. Recently, Shah and Kollef [13]
reported that ETT inner diameter decreased with time of
use, but that the occlusion was also determined by a
number of other factors such as the patient’s condition,
the humidification system used and method of measure-
ment.
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The ETT inner diameter is used by respiratory modes
such as automated tube compensation [14] or pressure
support [15, 16] to estimate the force needed to com-
pensate ETT resistance and, thus, to diminish respiratory
workload. The inner diameter used by mechanical venti-
lators with these ventilatory modes is not the real diam-
eter at the time of weaning, because occlusion occurs
during intubation.

Our study objectives were: first, to quantify ETT
volume loss during mechanical ventilation using acoustic
reflectometry and, second, to assess whether this ob-
struction can be anticipated by intubation duration or peak
pressure determination before extubation. Specifically,
we aimed to identify what initial diameter would pro-
tect patients from complications (e.g. increased work of
breathing), maintaining a final measurement more than
7 mm [4, 13]. Our hypothesis was that silent ETT ob-
struction may be a frequent problem and may contribute
to ventilation difficulties in certain patients.

Material and methods

Demography, inclusion and exclusion criteria

The study was conducted in a 14-bed medical-surgical ICU of a
university hospital, during a 5-month period (October 2002-
February 2003). All adult patients requiring mechanical ventilation
longer than 12 h were enrolled. The study was approved by the
institutional research board. Exclusion criteria were: ETT other
than Hi-Lo Mallinckrodt, age below 14, severe hemoptysis, tra-
cheotomy, nasal intubation, enrolment in a clinical trial or use of
special silver-coating devices.

Method

Patients were enrolled in the study trial without any change in
routine airway management: that is, all available ventilators were
used (Puritan-Benett, Servo 900 C, Evita-Dragger). ETTs were
standard high-volume low-pressure cuffed endotracheal tubes
(Hi-Lo Mallinckrodt Medical, Ireland). All tubes were placed oro-
tracheally. There were no differences in the ventilator circuits be-
tween patients and the same ventilator circuit tubing was used
throughout each patient’s course of mechanical ventilation, except
in the case of mechanical problems.

Humidification and air care management

Heat and moisture exchangers (HMEs) (Higroster, DAR Breathing
system, Mallinckrodt Medical, Italy) were routinely used. HMEs
were changed daily and placed behind the medication delivery
device, so they did not have to be removed during the bronchodi-
lator administration. Suctioning was performed by the nurse in
charge of the patient using a standardized open technique as often
as required according to the presence of secretions in the ETT or
increased ventilator airway pressures. No heated-water humidifi-
cation devices were used.

Acoustic reflectometry

The acoustic reflectometry technique was performed within the first
hour after the tube was removed from the patient. The result was
the mean of the three measurements from the same tube. A plastic
mold was used to cut the distal (carinal) portion of endotracheal
tubes to a uniform length (17 cm) with a blade. The proximal
portion was discarded and reflectometry was performed to measure
the occlusion of the distal portion. The operating principle of the
acoustic reflection device [17–21] is that sound pulses emitted by a
horn are transmitted through a wave-tube into the airway device.
Expansions and constrictions along the airway reflect incident
sound waves. A microphone mounted within the wave-tube records
reflected waves.

Acoustic reflectometry profiles were obtained using a cus-
tomized, computer-based acoustic reflectometer (Eccovision Rhi-
nometer, Hoods Labs, Pembroke, MA). The instrument measured
the cross-sectional area to a maximum measurement distance of
13 cm from the distal end of the wave-tube (the instrument’s in-
tegration window was set between 2 and 15 cm, to avoid errors in
the calculation induced by the connector and the distal portion of
the Murphy eye). This technique has been used before to assess the
position and patency of infant endotracheal tubes and to measure
cross-sectional areas of the upper airway in certain laryngological
diseases, as well as to verify proper endotracheal tube placement
[22, 23].

The cross-sectional area can be converted into an effective di-
ameter though the area may not be circular. The total volume of
accretions over a specified length is calculated, as well as the
minimum cross-sectional area over the study length. The minimum
cross-sectional area can be converted into an effective diameter and
the estimated maximum mucus thickness can be used to compare
groups. The theoretical volume of unused ETT was calculated by
obtaining the mean value of serial measurements on five ETTs of
the same size. For each diameter (6.0 mmID, etc), the volumes of
three different, unused tubes were each measured 20 times. These
data show the precision of repeated measurements of the same tube
[24]. The relative standard deviations ranged from 1.0 to 3.3%.

Evaluation criteria

Data were obtained from the ETT after removal from the patient.
The variables recorded for all the study patients were: age, gender,
indication for mechanical ventilation and peak pressures recorded
from the ventilator just before removing the endotracheal tube.
Each intubation episode was considered a separate case regardless
of the number of intubations performed in each patient. The main
criterion was to determine the ETT occlusion level after its use and
the secondary end point was to analyze the association between
occlusion level and intubation time.

Statistical analysis

The data are reported as means € SD. Calculations of sample size:
the minimum number of subjects to obtain a correlation of 50% or
more between days of mechanical ventilation and the reduction of
the intraluminal volume is 45, accepting an alpha risk of 5% and a
power of 95%. Due to the need to analyze other parameters and to
stratify, the sample was increased to 100. Analysis of variance
(ANOVA) was performed to compare the mean values between
groups. To compare the mean values of obstruction of all ETTs
with mean values of equivalent sizes of unused ETTs, analysis of
variance (MANOVA) with repeated measures of one factor was
used. Spearman rank test was used to correlate the time of intu-
bation and ETT volume reduction. A significance level of p of 0.05
or less was accepted. Data analysis was performed with the CIA
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program version 1.2 (Statistics with confidence, Martin J Gardner
and Douglas G Altman, BMJ 1989) and SPSS 6.1.

Results

Ninety-four ETTs were collected from 80 consecutive
patients requiring mechanical ventilation for more than
12 h. Patients with two tubes were considered as inde-
pendent cases. Two of the tubes collected were rejected
due to technical problems with the reflectometry proce-
dure. Data analysis was performed in the ninety-two
remaining tubes. The mean age of the patients was
53.1€20.5 years. Fifty-four were men (58.7%) and 38
(41.3%) were women. The indications for mechanical
ventilation are displayed in Table 1. Causes of extubation

were: 21 tracheostomies, 3 cuff ruptures, 2 self-extuba-
tion, 13 deaths and clinical improvement in the rest of the
patients. Seven of the extubated patients were reintubated
due to respiratory failure (all within 48 h after extuba-
tion).

Patients were intubated for a mean of 7.2€5.8 days
(range 12 h–24 days). Fifteen of them (16.3%) were in-
tubated between 12–24 h. For tubes removed from the
patient airways, we found a statistically significant vol-
ume reduction when compared to the theoretical volume
of the unused tubes of the same size (5.52€0.92 ml3

versus 6.54€0.79 ml3, p<0.01). The mean reduction in
ETT volume was 15.2€12.4% (range 0–66%) and in
60.6% the volume loss was higher than 10%. The effec-
tive inner diameter mean reduction was 7.9€0.4 to
7.3€0.6 mm. Twenty ETTs (21.7%) eventually had an
effective inner diameter of less than 7 mm. (Table 2,
Fig. 1)

The inner diameter narrowing of the ETTs smaller than
8 mm was significantly less than in larger ones. Even
though ETTs 8 mm or larger were associated with major
occlusion, the mean effective inner diameter always re-
mained larger than in ETTs less than 8 mm. There were
no statistical differences in intubation times for any ETT
size.

No significant association was documented between
volume reduction and duration of tracheal intubation
(r=–0.09 p=n.s). This was true for the total number of
ETTs and also when the analysis was performed accord-
ing to ETT size. There were no statistical differences
between the 15 tubes used for 24 h or less and those used
in the 77 patients intubated for longer periods. Nor was
there an association between endotracheal volume re-
duction and mean peak pressures measured from the
ventilator before extubation (r=0.11, p= n.s.). Only in one

Table 1 Etiology of respiratory failure

Trauma patients
Chest trauma 5
Head trauma 9
Multiple trauma 8

Postoperative respiratory failure
Intra-abdominal surgery 9
Vascular surgery 8
Neurosurgery 3

Medical disorders
COPD 10
Pneumonia 3
Acute asthma 5
Neurological disease 11
AMI Killip III-IV 2
Dilated myocardiopathy 6
Septic shock 8
Others 7

COPD Chronic obstructive pulmonary disease, AMI acute myo-
cardial infarction

Table 2 Volume lost according to the tube size

Number Endotracheal
tube size (mm)

Volume in un-
used tubes

Volume after
extubation

Reduction
volumes (%)

Mean effective
diameter

Diameter
<7 mm (%)

Days of intuba-
tion

5 �7.0 4.6€0.3 4.4€0.5 6.2€2.3 6.4 mm 100 8.7€5.6
max 6.6
min 6.2

22a 7.5 5.7€0.3 5.11€5.4 11€8.5 7.0 mm 36 6.7€5.9
max 7.3
min 5.9

36b 8.0 6.5€0.3 5.5€9.1 15.4€10.3 7.3 mm 19 7.3€5.3
max 7.9
min 5.4

26c 8.5 7.3€0.3 5.9€1.1 19.6€13.0 7.6 mm 8 7.8€6.6
max 8.4
min 4.9

3 9.0 8.2€0.3 6.7€0.6 18.7€0.07 8.1 mm 0 5.0€1.7
max 8.5
min 7.7

a 6 tubes <24 h
b 5 tubes <24 h
c 4 tubes <24 h
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patient was the ETT removed due to clinical suspicion of
occlusion (indicated by increased peak pressure and dif-
ficulty on passing the aspiration probe), which was con-
firmed upon removal.

Discussion

Our study confirms the presence of ETT obstruction in
mechanically ventilated patients which may represent an
unsuspected difficulty in weaning. A particularly inter-
esting finding was that this obstruction was documented
within 24 h of intubation.

Prolongation of mechanical ventilation in these pa-
tients does not seem to increase the risk of major ob-
struction. The mean obstruction rate was 15.2%, but in
two-thirds of the patients analyzed the volume loss was
higher than 10%. Moreover, in one out of five patients the
remaining effective inner diameter of the tube was less
than 7.0 mm. In spite of this, only one patient had clinical
suspicion of ETT obstruction. Similarly, we found no
association between peak pressure values registered from
the ventilator previous to extubation and the degree of
intraluminal volume reduction. Peak airway pressure,
which has been used as an index of respiratory resistance
in ventilated patients, is unable to assess the contribution
of the ETT resistance and is highly dependent upon flow
pattern [25]. In addition, monitoring peak pressure, we
cannot distinguish between the resistance caused by the
ETT and the total resistance of the airway.

Loss of volume secondary to ETT narrowing has been
associated with increases in breathing workload and
prolongation of mechanical ventilation as well as failed
weaning efforts [1, 4, 5]. The minimal ETT size that
guarantees adequate work of breathing and prevents
weaning failure is unknown. In the early 1980s, Shapiro et
al. [8] reported that work of breathing increased when
ventilating patients with high volumes through ETTs
narrower than 7 mm in diameter. However, a study in
newborns [15] and another study designed to determine
the ideal pressure support to overcome ETT resistance

[16] stressed the need to adjust this parameter according
to the size of each ETT. The results of our study suggest
that this parameter should be adjusted to the real ETT
inner diameter due to the fact that the final ETT size was
lower than 7 mm in more than 20% of intubated patients.

Studies performed to date using reflectometry [5, 26]
have assessed only a small number of patients. Our trial
and another carried out by Shah [13] enrolled around 100
patients. Both used reflectometry, though with certain
differences: first, in the study performed by Shah [13]
ETT tubes were refrigerated once removed from the pa-
tient and measurements were made within 5 days of ex-
tubation. We measured the ETT inner diameter immedi-
ately (within 1 h of extubation). Second, the humidifica-
tion systems used in the two studies were different. Third,
in contrast to Shah, we did not find a linear relationship
between time of intubation and occlusion rate. Indeed,
obstruction greater than 10% within the first 24 h of in-
tubation was present in 9/15 patients, with no significant
differences being found for longer periods of intubation.
Other differences were case mix, mean ETT size and
intubation period (mean 4.2 vs 7.2 days); all these vari-
ables may have contributed to the differences in the re-
sults.

Heat and moisture exchangers may play an important
role in the decrease of inner tube diameter by impeding
the adherence of mucus to the inner surface of the tube.
The results of studies comparing different HME systems
are controversial. Some authors reported higher occlusion
rates with HME than with heated humidifiers [27, 28], but
others reported differences in moisture level with differ-
ent makes of the same type of HME [29–31]. A recent
study by Jaber et al. [32] demonstrated a higher rate of
ETT occlusion with HMEs than with modern heated hu-
midifiers, but the study by Villefane [27] found no sig-
nificant differences, perhaps because the ventilation times
were shorter. In our study, the same HME system was
used in all patients and throughout the study period. The
HME system used has been validated by previous studies
[31]. Recently published studies have reported that the
continuous use of humidifying systems is safe as long as
they are replaced every 48 h [33]; however, the safety
they offer may not be adequate beyond 48 h. So one
limitation of this study was the use of humidification
systems unable to guarantee 100% moisture.

The reason why ETT occlusion occurs in the early
phases of intubation remains unknown. It may be due to
local inflammatory mechanisms [34] which are respon-
sible for the increased secretion production within the first
24 h after intubation. When analyzing ETT occlusion in
relation to intubation time, we did not find any significant
differences according to diagnosis on admission (COPD,
pneumonia or trauma). In any case, the number of patients
is too small to be able to draw firm conclusions.

Our study has some limitations. First, tube narrowing
is a dynamic rather than a static process, influenced by

Fig. 1 Percent of tubes with diameter 7 mm or less after use
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