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ABSTRACT: The cuff-leak test was widely used for the prediction of post-extubation stridor, but

controversial results limit its clinical application. The current study used real-time

ultrasonography to evaluate the air-leak and hypothesised that the air-column width, measured

by ultrasonography, may be correlated to the development of post-extubation stridor.

From June 1, 2001 to March 1, 2002, a total of 51 planned extubations in 51 consecutively

intubated patients were included. All of the patients received ultrasonographical examinations of

their vocal cords and larynx in addition to an air-column width measurement within 24 h prior to

extubation.

The overall post-extubation stridor rate was 7.8%. The air-leak volume presented as median

(interquartile range) were 300 (350) mL and 25 (20) mL, respectively, for the nonstridor and stridor

groups. The air-column width during cuff deflation was 6.4 (2) mm and 4.5 (0.8) mm, respectively.

They were found to be statistically significant.

In conclusion, the authors demonstrated that laryngeal ultrasonography could be a reliable,

noninvasive method, in the evaluation of vocal cords, laryngeal morphology and the ease of

airflow, which passed through vocal cords or subglottic area due to laryngeal oedema. The air-

column width during cuff deflation was a potential predictor of post-extubation stridor.

KEYWORDS: Cuff-leak test, laryngeal ultrasonography, post-extubation stridor

E
ndotracheal intubation may generate local
complications, including mechanical
lesions, such as friction and compressions

between the tube and the anatomic structures [1].
Laryngeal oedema occurs in 2–15% of patients
after extubation [2, 3] and manifests as respira-
tory distress and inspiratory whistling called
‘‘stridor’’. Stridor in extubated patients involves
a degree of morbidity and mortality [2, 4]. There
is no good method to identify patients at risk of
post-extubation stridor and laryngeal oedema.

A reduced cuff-leak volume identifies a popula-
tion at increased risk for the development of
stridor after extubation. MILLER and COLE [5]
reported that the cuff-leak test might be a useful
index of clinically significant laryngo-tracheal
narrowing. The cuff-leak test was also widely
used in the evaluation of upper-airway patency,
prior to extubation. However, ENGOREN [6]
reported a high negative predictive value, but a
low positive predictive value, for the cuff-leak
test. Although the cuff-leak test is safe and
simple, the controversial results may cause
physicians to make difficult decisions regarding
extubation if the cuff-leak test is positive.

Examination of the vocal cords (VC) is most
commonly performed by direct or indirect
laryngoscopy, but this may not be readily
approached by some patients, especially infants,
children and intubated patients. Post-extubation
stridor is commonly the result of oedema of the
subglottic area or the VC [7]. The difficulty in
defining the relationship between laryngo-
tracheal injury and post-extubation stridor is that
the presence of the endotracheal tube precludes
direct visualisation of the upper airway, prior to
extubation. Other noninvasive approaches to
examine the VC and the larynx would be helpful
and there have been many ultrasonographical
methods developed for visualising these [8–14].
Moreover, the current authors found that the
motion of the VC, caused by air passage during
respiration, could also be demonstrated using
ultrasound (US).

Therefore, this prospective study was carried out
to evaluate the morphology of the VC and
the larynx by real-time, high-resolution US and
to correlate the ultrasonographical features
with the images detected by fiberoptic broncho-
scopy.
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MATERIALS AND METHODS
Patients
A total of 51 consecutive intubations, on 51 different mecha-
nically ventilated adult patients from June 1, 2001 to March 1,
2002 were studied. All of the patients were admitted to the
medical intensive care unit (ICU) of the National Taiwan
University Hospital (Taipei, Taiwan). The inclusion criteria for
the subjects were admission to the medical ICU and intubation
for a minimum of 24 h for acute respiratory failure, other
various causes, or for airway protection. All of the patients
were intubated with a soft, high-volume, low-pressure cuffed
endotracheal tube (ETT) with an internal diameter size of 6.5–
8 mm. A mechanical ventilator (Nellcor-Puritan-Bennett 7200;
Nellcor-Puritan-Bennett Inc, California, CA, USA) was also
used. The patients were sedated on assist-control ventilatory
support to ensure passive inspiration and expiration during
the cuff-leak test and laryngeal US. The ethics committee of the
hospital approved the study and informed consent was
obtained from all of these patients.

Protocol
Within 24 h prior to the planned extubation, which was
decided by the clinical physicians, the cuff-leak test, laryngeal
US and bronchoscopy were performed. The cuff-leak test was
performed as described by MILLER and COLE [5]. In brief, the
respiratory therapist placed the ventilator in assist-control
mode with 5 cmH2O of positive end-expiratory pressure and
adjusted the tidal volume (VT) until the peak airway pressure
was up to 30 cmH2O. The patients’ endotracheal and oral
secretions were gently suctioned, and then the endotracheal
tube cuff was deflated. The set inspiratory VT, peak airway
pressure and the six subsequent exhaled volumes were
recorded. The lowest three values were averaged.

The cuff-leak volume was defined as the difference between
the preset inspiratory VT and the average of the three lowest
exhaled volumes. The physicians decided the mode of
weaning and the timing of extubation based on their
assessment of gas exchange and respiratory reserve. Each
patient was demonstrated to have an ability to tolerate
o30 min of spontaneous respiration with a T-piece on the
day of extubation. All of the patients were extubated within
4 h after both the cuff-leak test and laryngeal US had been
taken. The results were not made available to the physicians
and the patients were extubated regardless of the results.

The laryngeal US was performed with an Aloka SSD-1400 US
machine equipped with a 5.0 MHz probe for the visualisation
of the VC (ALOKA Co., LTD., Tokyo, Japan). The investigators
performing the US did not know the results of the cuff-leak
tests. The patients were in the supine position, with the neck
hyper-extended. The probe was placed on the cricothyroid
membrane with a transverse view of the larynx (fig. 1). To
avoid the examination bias and artefacts created by different
investigators, the standard scanning plane was predetermined:
it should contain several landmarks, including the VC, false
cords, thyroid cartilage and arytenoids cartilage as demon-
strated in figures 1b, 2a and 2b. This sonographical technique
could make a comparable and complete study possible
through the unanimous anatomical-section plane by different
investigators. It was performed with the balloon cuff inflated,
after the oral and laryngeal secretions were suctioned and all of

the settings were the same as the cuff-leak test. The laryngeal
US was repeated with the balloon cuff deflated.

The vocal cords, surrounding soft tissues and the air passage
through the vocal cords were observed. The laryngeal air-
column width was defined as the width of air passed through
the VC as determined by US (fig. 2). The air-column difference
was the width difference between balloon-cuff inflation (BI;
fig. 2a and 2b) and balloon-cuff deflation (BD; fig 2c and 2d).
Two different physicians recorded the air-column width
during BD and BI over the respiratory cycles for three
consecutive times, the averaged value was recorded.
Bronchoscopic examination was performed in all patients
under sedation, sequentially after the cuff-leak test and
laryngeal US were performed prior to extubation.
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FIGURE 1. a) Transaxial views of the vocal cords (VC). The arrow indicates the

direction of the scanning plane. b) Axial section through the larynx shows the

position of the ultrasound probe (UP) and the VC. A: arytenoid cartilage; C: cricoid

cartilage; E: epiglottis; P: pharynx; T: thyroid cartilage; TR: tracheal ring; VL: vocal

ligament; VM: vocalis muscle.
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Stridor was defined as the presence of a high-pitched
inspiratory wheeze localised to the trachea or the larynx and
was associated with respiratory distress, usually requiring
medical intervention. All of the assessments for stridor,
respiratory distress and the need for re-intubation were made
by the ICU physicians who were blinded to the measurements
obtained by the investigators. The management of stridor
included epinephrine aerosol inhalation, bi-level positive
airway pressure (BiPAP) support and either inhalation or
intravenous steroids. Re-intubation due to post-extubation
stridor was defined as the patient, after extubation, presenting
with stridor, impending respiratory failure and symptoms of
respiratory distress, all of which were immediately relieved
after intubation.

Statistical analysis
Statistics for both basic demographics and all variables
suspected to be correlated to post-extubation stridor were
displayed by the stridor status. Descriptive statistics, such as
median and interquartile values, were shown for all contin-
uous variables, e.g. as age, intubated duration, cuff-leak
volume, air-column difference, air-column width during
balloon deflation and peak-airway-pressure difference
between BD and BI. Comparisons between nonstridor and
stridor groups were made utilising both parametric
and nonparametric approaches; namely, two-sample t- and
two-sample Wilcoxon-rank sum test for continuous variables;
two-sample Chi-square and Fisher Exact tests for categorical
variables. All statistical tests were two-sided and were
evaluated at the 0.05 level of significance with 95% confidence
intervals (CI) provided.

RESULTS
As patients who entered this study would have to undergo the
cuff-leak test, laryngeal US and bronchoscopy, only 51 patients

gave their informed consent. The demographic characteristics
of these patients are shown in table 1.

Ultrasonographical features of the vocal cords and larynx
The VC were delineated, sonographically, in the transverse
plane, through the anterior neck at the level of the cricothyroid
membrane and the air-column was clearly demonstrated. The
air-column was square-shaped and the air-column width could
easily be measured. The arytenoid cartilage was clearly shown
when the cuff balloon was inflated (fig. 2a and b). In contrast,
the air-column became trapezoidal in shape and masked the
arytenoid cartilage when the balloon cuff was deflated (fig 2c
and d). The width of the top of the trapezoidal air-column was
measured. Hence, the air-column width difference could easily
be measured. The false VC were also visualised, using US, as
paired, hyperechoic structures, due to the presence of fibro-
fatty tissues. The true VC appeared as hypoechoic structures
because they consisted of muscles.

Correlation of laryngeal ultrasonography with fiberoptic
bronchoscope images
The laryngeal US had a very good correlation with broncho-
scopic images. Typical US and bronchoscopic images were
demonstrated (figs 2 and 3). The correlation between the US
and bronchoscopy findings could be demonstrated in the
figures. The landmarks seen by the laryngeal US, such as VC
and false cords, could also be seen directly by bronchoscopy.
The air passing through the VC, whether cuff inflation or
deflation, could be shown by the change in the air-column
width. This could be correlated with bronchoscopic images
of oedematous VC adapted from BENJAMIN [15]. In a patient
with post-extubation stridor, necessitating re-intubation, the
bronchoscope examinations of the VC showed swelling,
oedematous change (fig. 4) and little changes of space,

a) b)

d) e)

c)

FIGURE 2. a) A typical ultrasound (US) image of the

laryngeal air-column during ballon-cuff inflation. Square-shaped

air-column with hyper-echoic air-column bands and acoustic

shadows are shown. Paired hypoechoic true cords are over both

sides of the air-column. Hyper-echoic arytenoid cartilages are

behind the true vocal cords and beside the air-column. b)

Drawing of a). c) Typical US image of the laryngeal air-column

during balloon-cuff-deflation (BD) in the same patient as a), who

did not develop post-extubation stridor. The air-column became

trapezoid in shape and the air-column width increased. The

arytenoid cartilage and part of the true cords were masked by

the acoustic shadow. d) Drawing of c). e) The bronchoscopic

image of the vocal cords during BD in the same patient as a). A:

arytenoids cartilage; AC: laryngeal air-column; T; thyroid

cartilage; VC: true vocal cords. Arrow shows air-column width.
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between the VC, resulted from the air passing through the VC
during BD. The US of the VC also revealed increased VC width
and no change in the air-column width (fig. 4). However,
increased air-column difference and air-leak volume were
noted after 10 days and bronchoscope examinations also
showed that the oedema of the VC had subsided and the
space between the VC had increased.

Air-column width during balloon-cuff deflation accurately
predicts the occurrence of post-extubation stridor
Post-extubation stridor occurred in 7.8% of the subjects studied
and the overall re-intubation rate was 9.8% of all extubations.
Comparisons between nonstridor and stridor groups were
made. Age, duration of intubation, and ETT size were
performed individually. All coefficients had p-values .0.05.

This led to a simplified model containing sex, cuff-leak
volume, air-column difference, air-column width during
balloon deflation and peak airway pressure difference, as the
key variables for the prediction of post-extubation stridor
(table 1).

The mean cuff-leak volume was significantly different between
the stridor and the nonstridor groups. The mean air-column
difference was significantly lower in those who developed
stridor, when compared with those who did not. The air-
column width during BD was significantly lower in patients
who developed stridor (table 1).

Four patients presented with post-extubation stridor and they
received aerosol epinephrine inhalation, steroid inhalation, or
BiPAP support (table 2). The stridor of two patients subsided
after this treatment the other two patients required re-
intubation, because the stridor was associated with respiratory
failure. The stridor and symptoms of respiratory distress
subsided immediately after re-intubation. One of these subjects
was extubated successfully 10 days later without stridor.

DISCUSSION
Post-extubation stridor may occur in 2–15% of intubated
patients. It can cause serious complications and even death,
particularly in those patients that need re-intubation [2, 16]. A

TABLE 1 Patient characteristics and variables correlated
to post-extubation stridor

Nonstridor# Stridor" p-value+

Age yrs 71 (20) 67 (10.5) 0.57

Intubated days 6 (7) 7 (6) 0.99

Sex male n (%) 34 (72.3) 1 (25) 0.041

Cuff-leak volume mL 300 (350) 25 (20) ,0.011

Peak airway pressure

difference cmH2O
6 (8) 3.5 (1.8)

0.08

Air-column width on

BD mm
6.4 (2) 4.5 (0.8)

0.011

Air-column

difference mm
1.5 (1.3) 0.35 (0.5)

,0.011

ETT size mm 7.5 (0) 7.5 (0.30) 0.51

6.5 n (%) 2 (4.3) 0 (0)

7.0 n (%) 5 (10.6) 1 (25)

7.5 n (%) 36 (76.6) 3 (75)

8.0 n (%) 4 (8.5) 0 (0)

Data presented as median (interquartile range) unless otherwise stated. BD:

balloon-cuff deflation; ETT: endotracheal tube. #: n547; ": n54; +: using

Wilcoxon-rank sum test ; 1: statistically significant.

a) b)

FIGURE 3. a) The bronchoscopic image of the vocal cords (VC) during

balloon-cuff inflation (BI) in a patient without post-extubation stridor. The motion of

the VC and the space between them are limited during BI. b) The bronchoscopic

image of VC during balloon-cuff deflation in the same patient as a); the distance

between the VC is lengthened.

a) b)

c) d)

FIGURE 4. a) The bronchoscopic image of the vocal cords (VC) reveals the

oedematous VC and the narrow space between them during balloon-cuff inflation

(BI). b) The bronchoscopic image of the VC during balloon-cuff deflation (BD) in the

same patient as part a). It reveals the oedematous VC and the narrow space

between VC, even during BD. Stridor developed in this patient after extubation and

eventually re-intubation became necessary. c) The laryngeal ultrasound (US) of the

same patient as part a) during BI. Typical square-shaped air column with

hyperechoic air-column bands and acoustic shadows are shown. d) The laryngeal

US during BD, in the same patient as part a), demonstrated no change in air-

column width. The shape of the laryngeal air-column was as square as the image

during BI. The true cords and arytenoid cartilage were not masked by the air-

column.
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simple and safe test that can predict post-extubation stridor
should become the standard method in the evaluation of
upper-airway patency before extubation. Although the cuff-
leak test, as defined by MILLER AND COLE [5] is safe and simple
to perform, data from ENGOREN [6] showed great controversy
in its accuracy and low positive predictive value (0%) in the
cardiac surgery population. Moreover, many factors may affect
the cuff-leak volume. It may depend not only on the leak area,
but also on the resistance in the endotracheal tube, the
mechanical ventilator, and the exhaled limb of the breathing
circuit. Tubes that are partially occluded by secretions may
increase resistance to airflow and affect an increase in the cuff-
leak volume. The amount and method of applying positive
pressure to the breathing circuit, the head and neck position
and the presence or absence of sedation and neuromuscular
blockade may all influence the cuff-leak test. Although the
cuff-leak test is widely used in the evaluation of upper-airway
patency, before extubation, its predictive value and accuracy is
still unconvincing for ICU physicians.

Laryngeal US is a new, less invasive, and easily reproducible
method of examining the larynx in infants and children [13].
This method is less invasive than endoscopy. It was demon-
strated by the current authors that US can easily evaluate
laryngeal morphology in intubated patients and that the
laryngeal air column could be clearly seen, especially the
dynamic changes during BI and deflation. The false VC, due to
its increased echogenicity, is readily seen and easily differ-
entiated from the true VC. In the current study, the serial
changes of the VC and the air column were clearly shown
through bronchoscopical and ultrasonographical images in a
patient who developed post-extubation stridor. The BD or BI
didn’t alter the anatomy of the larynx. The change in the air-
column width may reflect the change of air leak and airflow
around the endotracheal tube. The air leak around the
endotracheal tube is lower in those patients who developed
stridor, the lower air column width could simply be the
consequence of a lower airflow around the tube. Thus, the air-
column width during BD measured by US has a potential
ability to predict post-extubation stridor in intubated patients.

In clinical practice, physicians can easily evaluate the weaning
potential in intubated patients, but it is difficult to predict the
extubation failure due to upper-airway obstruction. Although
ETTs with soft high-volume, low-pressure cuffs are used,
laryngeal injury such as laryngeal granuloma, ulcer, necrosis

and laryngeal oedema still occur. Pre-extubation evaluation of
these patients can hardly be achieved because the ETT blocks
direct visualisation of the larynx, trachea and VC. Although the
cuff-leak test has been used for years, its accuracy and
predictive value is still questionable.

In the present study, factors such as intubation duration, ETT
size, and age did not differ significantly between patients with
post-extubation stridor and those without. We found the air-
column difference, air-column width during BD on laryngeal
US correlated with post-extubation stridor. According to the
current study’s authors, the laryngeal US could be correlated
well with the bronchoscopic findings of the motility and
morphology of the VC. It could also evaluate the motion of the
VC during BD. The laryngeal air column represented the air
passing through the VC. With the balloon cuff deflated, the air
passes by a peritubular space and through the VC. If there was
a subglottic oedema or vocal cord oedema, air could hardly
pass out.

The air-column width could be quantified by US and might
represent the space between VC during BI and BD. The air-
column difference represented the motility of the VC and the
amount of air that passed through the VC between BI and BD.
If airway obstruction resulted from subglottic oedema or VC
oedema or paralysis, the air-column difference and air-column
width during BD would be limited. The overall re-intubation
rate was 9.8% while the rate of post-extubation stridor was
7.8%, which is similar to previous reports [2, 16–17]. In the
current study only the air-column width, during BD was found
to be a significant predictor for post-extubation stridor. The
cuff-leak volume used traditionally to predict the post-
extubation stridor was not statistically significant. Because of
the low incidence of post-extubation stridor, a larger patient
group to achieve the optimal cuff-off point of air-column width
during BD is needed.

However, the potential limitations of present study should be
considered. First, airway secretions encrusted on the outer part
of the endotracheal tube beneath the VC may affect the cuff-
leak volume and flow that may influence the air-column width
and difference. The authors tried to reduce this phenomenon
by gentle suction before the measurement. Second, the tracheal
tube size may affect the air-column width. In the present study,
the correct size of endotracheal tube was chosen, as in
general practice. The size of endotracheal tube ranged from

TABLE 2 Medical characteristics of patients with post-extubation stridor

Patient Medical history Indication for intubation Treatment for stridor outcome

1 CAD 3vd, HTN Cardiogenic shock Steroids, BiPAP support Stable#

2 COPD, CHF Pneumonia Epi, steroids, BiPAP support Re-intubation", tracheostomy

3 Guillain–Barré syndrome Pneumonia, respiratory muscle fatigue Epi, steroids Re-intubation+

4 DM, ESRD, HTN UGI bleeding with hypovolaemic shock Epi, BiPAP support Stable#

CAD 3vd: coronary artery disease, with three vessels disease; HTN: hypertension; BiPAP: bi-level positive airway pressure; COPD: chronic obstructive pulmonary

disease; CHF: congestive heart failure; Epi: racemic epinephrine nebulised; DM: diabetes mellitus; ESRD: end-stage renal disease. #: Symptoms subsided after

treatment and need no reintubation within 24 hours; ": re-intubation within 24 h of extubation due to stridor; +: the patient was re-intubated and was extubated

successfully, without stridor, 10 days later.
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6.5–8.0 mm. The same patient may have quite different air-
column width of air leak. It might be impossible to change the
size of endotracheal tube and recheck the air-column width in
the same patient. It is a potential limitation on the prediction
capacity of both tests by the influence of tracheal tube size on
the air-column width and cuff-leak volume. Third, cough
could occur while the cuff balloon is deflating and the leak
volume and the air-column width would increase. To reduce
these influences and achieve the possible steady conditions, all
of the patients were sedated during the measurement and the
data were collected during the period without cough. The
influence by cough could be avoided. However, the validity of
the laryngeal US in awake patients, with or without cough,
cannot be shown in this study. Fourth, the current study was
conducted in a medical ICU, where the population (medical
and surgical patients) factors should also be considered. Lastly,
there is a difference in anatomical structure between the
paediatric and adult airway. The paediatric airway is narrow-
est at the cricoid cartilage while the adult airway is narrowest
at the larynx. Thus, the application of laryngeal US in
paediatric patients needs further study.

Ultrasonography is a useful and non-invasive tool for the
evaluation of vocal cords and laryngeal morphology in
intubated patients. The air-column width measured by US
may potentially identify patients at risk of post-extubation
stridor, in whom caution should be taken after extubation. This
study was a pilot study that suggested a potential diagnostic
tool using air-column width during balloon deflation by
laryngeal ultrasonography for prediction of post-extubation
stridor other than cuff-leak test. Further studies, with larger
patient numbers to overcome the low incidence of stridor, are
needed to achieve an optimal cuff-off point for air-column
width during balloon deflation.
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