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Abstract 

Cuff leak tests provide clinicians with infor-
mation about upper airway narrowing and may
help predict weaning success. However, most
clinical trials reporting this measurement are
small, and the utility of this test remains uncer-
tain. We identified all clinical studies using
cuff leak tests in the PubMed, Google Scholar,
EMBASE, and Cochrane Central Register of
Controlled Trials databases using multiple
search terms, including cuff leak test, laryngeal
edema, extubation, and stridor, and abstracted
quantitative information on cuff leaks and out-
comes (stridor and reintubation). We reviewed
six studies which included 958 patients with
acute respiratory failure in intensive care
units. Eighty-two patients (8.5%) had postextu-
bation stridor. The weighted mean cuff leak
was 119 (±51) mls in the patients with stridor
and 313 (±24) mls in patients without stridor
(P<0.01). Sixty-six patients required reintuba-
tion. The presence of stridor had a sensitivity of
0.60 (95% CI 0.48-0.72), a specificity of 0.96
(95% CI 0.94-0.97), and a positive likelihood
ratio of 13.4 (95% CI 6.9-25.7) for predicting
reintubation. No single clinical parameter con-
sistently predicted stridor. Patients with pos-
textubation stridor have smaller cuff leak vol-
umes than patients who do not have stridor and
are more likely to require reintubation. Cuff
leak measurements can improve decision mak-
ing with extubation protocols.

Introduction

Evidence-based guidelines published in
2001 recommended that the removal of an arti-
ficial airway should be based on assessment of
airway patency and the ability of the patient to
protect the airway but scored this recommen-
dation a Grade C (expert opinion).1 Extubation
failure requiring reintubation has significant
morbidity and mortality related to both the
reintubation itself and the complications sec-

ondary to prolonged mechanical ventilation.
Some authors have reported that the mortality
in patients requiring reintubation can be as
high as 40%. Most patients requiring early
reintubation have either laryngeal edema or
laryngospasm and develop stridor after extuba-
tion; this occurs in 2 to 38% of intubated inten-
sive care unit (ICU) patients.2-11 The endotra-
cheal tube (ETT) cuff leak test has been stud-
ied as a predictor test for postextubation stri-
dor (PES). This relatively simple, noninvasive
method to identify upper airway edema was
initially described in children using the pres-
ence or absence of an air leak with the cuff on
the endotracheal tube deflated as a prognostic
indicator of PES.12 Miller and Cole reported
better accuracy by quantifying the air leak.2

Most clinical trials reporting this measure-
ment are small and non-randomized. The liter-
ature includes contradictory results, and the
utility of this test remains uncertain. These
differences in results reflect the multiple vari-
ables involved in these studies, including the
patient population, care setting (ICU vs. post-
operative care unit), length of mechanical ven-
tilation, methods used to determine the cuff
leak volume, and the cut-off for an abnormal
cuff leak volume. 
Our goals were to identify clinical trials of

adults with acute respiratory failure and ana-
lyze information using meta-analysis methods
for test accuracy to answer the following ques-
tions: Do cuff leak tests provide valuable infor-
mation about upper airway narrowing in
patients in ICUs recovering from acute respi-
ratory failure? Do the cuff leak tests predict
postextubation stridor and/or reintubation? 

Materials and Methods

Literature search and data sources
We searched the PubMed database to identi-

fy all clinical studies on cuff leak tests done in
ICU patients. We used the following search
terms laryngeal edema (MeSH term), cuff leak
test (text word), extubation (text word), pos-
textubation (text word), stridor (text word),
and combinations of these terms using an
AND in the search query. Limits were set for
human only, adults (19+ years), and English
language. Seven separate searches were done,
and the lists were combined for review (Figure
1). The PubMed related articles algorithm was
used, and the reference lists from articles
selected for full text review were also reviewed
carefully for additional articles. We also
searched Google Scholar, EMBASE, and
Cochrane Central Register of Controlled Trials
databases, but did not identify any additional
articles. We analyzed all the articles that met
the following inclusion criteria: i) Population:
adult patients in ICU with acute respiratory

failure. We eliminated articles reporting cases
with complex airway problems and patients
who were extubated after short intervals fol-
lowing surgery.6,8 ii) Intervention: cuff leak test
performed before extubation with quantitative
information (absolute leak volume or leak vol-
ume expressed as % tidal volume). We elimi-
nated articles reporting audible cuff
leaks.3,6,13,14 iii) Outcomes: successful extuba-
tion, reintubation, or stridor. iv) Study design:
randomized and non-randomized clinical tri-
als. Exclusion criteria included pediatric
patients (children<18 years) and immediately
postoperative patients.8 This literature search
was completed January 20, 2011, and updated
between December 14 and December 18, 2011,
during a revision of the manuscript.

Quality of the evidence
Abstracts were reviewed to identify studies

for additional analysis. Six studies were select-
ed for critical appraisal. The authors’ names
and affiliations were removed from the articles,
and data were retrieved by two reviewers (DG,
KN) using a structured review form. We
extracted information on publication year,
patient setting, number of patients and/or extu-
bations, age, gender, inclusion criteria, length
of mechanical ventilation, primary outcome,
recommendations for optimal cuff leak cut-off
value, and methods for cuff leak measure-
ments. Both reviewers then met and compiled a
final table of information; disagreements were
resolved by discussion. One reviewer (DG) also
evaluated the articles for quality using the
MINORS (Methodological Index For Non-
Randomized Studies) criteria;15-18 two review-
ers (DG, KN) discussed these assignments
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after the initial review. We chose this scoring
system for assessing the quality of the data of
the nonrandomized clinical trials since it is
easy to apply and has good reliability, consis-
tency, and correlation with other scoring sys-
tems. It uses a score from 0 to 2 if the criteri-
on is reported or not and if it is adequate or
not. The maximal score is 24 (12 items) for
comparative studies and 16 (8 items) for non-
comparative studies.15 All studies reported the
method for identifying stridor (an audible high
pitched inspiratory wheeze requiring medical
intervention and often associated with respira-
tory distress). All studies reported the details
for measuring the cuff leak using the method
described by Miller and Cole.2 This method
compares the average exhaled volume with the
endotracheal tube cuff inflated and then deflat-
ed to calculate an absolute leak volume and a
percent leak volume.

Analysis
We used the Meta-DiSc software program to

calculate pooled values for sensitivity, speci-
ficity, positive and negative likelihood ratios,
and diagnostic odds ratio.19 This software was
developed to perform meta-analysis of the
accuracy of diagnostic tests and calculates
weighted mean values with 95% confidence
intervals (95% CI). Heterogeneity among stud-
ies is estimated using the I2 test in which low
P values suggest more heterogeneity than
expected by chance. Numbers with parenthe-
ses in the text and the tables represent the
mean±1 standard deviation. 

Results

Study characteristics
Our searches identified 195 articles possi-

bly relevant to the primary study questions
(Figure 1). Seventy-three abstracts and 18 full
texts were reviewed; six articles were selected
for data abstraction.2,4,5,7,9,10 These six studies
were published between 1992 and 2007; all

were non-randomized clinical trials using
observational cohorts (Table 1). All the studies
were done in ICUs, including two medical
ICUs, one in a combined medical ICU and sur-
gical ICU, two unspecified ICUs, and one trau-
ma ICU. The studies included 958 adult
patients with 970 extubations. The patient
population included 498 men with extubations
and 396 women with extubations with an
average age of 63 years. One study did not
report ages, and one did not report gender dis-

Article

Figure 1. Electronic
search strategy.

Table 1. Study characteristics.

Study Year Study Setting Patients/ Age Male/ Inclusion criteria Mechanical Main
(ref.) type extubations female ventilation length outcome

Miller2 1996 Observational MICU 88/100 63±17$ 42/58* Patients admitted to 5.8±0.5 d$ Stridor
cohort MICU and intubated for

at least 24 hours
Jaber4 2003 Observational ICU 112 61±19 78/34 All patients admitted to 5.5±6.3 d (NoS)# Stridor

cohort ICU with planned extubation 10.9±7.0 d (S)§

Sandhu5 2000 Observational Trauma ICU 110 NR° 80/30 All trauma patients who >24 h Stridor
cohort required intubation

Kriner6 2005 Observational MICU and SICU 462 61±17 246/216 All patients who 4.5±4 d (NoS)# Stridor
cohort required intubation 6.5±4 d (S)§

Wang9 2007 Observational MICU 110 71±13 52/58 All patients admitted to 13±14 d Stridor
cohort ICU requiring intubation

and had planned extubation
De Bast10 2002 Observational ICU 76 67 (51-76) NR° All adult patients (>18 years) <2days (50%) Reintubation

cohort who had been intubated for at >2 days (50%)
least 12 hours and were about

to be extubated
*Total extubations; °NR: not reported; #NoS: without stridor; §S: with stridor; $Numbers represent the mean ±1SD. ICU, intensive care unit; MICU, medical  intensive care unit; SICU, surgical  intensive care unit.
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tribution. Other exclusion criteria listed in the
primary articles included patients with airway
abnormalities, hemodynamic instability, and
failure to meet weaning criteria, but these
were not uniformly applied. The length of
mechanical ventilation ranged from 24 h to
longer than 28 days. The quality scores based
on the MINORS scoring system ranged from 8
to 14 with a maximum of 16 for observational
studies. Five studies had scores of 12 or more.
All the studies clearly stated the research
question and had clinically relevant study
goals for the patient population. All the
patients met the inclusion criteria, which in
general included all patients with planned
extubation. All the studies collected the infor-
mation prospectively and followed the protocol

established at the beginning of the study
(Table 2).

Data synthesis
These six studies reported results from 958

patients and 970 extubations. Eighty-two
patients (8.5%) had stridor postextubation, and
the incidence of stridor ranged from 4.3% to 18%
in these six studies (Table 3). The diagnosis of
stridor depended on bedside criteria. Two stud-
ies reported the management of stridor. The
weighted mean cuff leak volume was 119 (±51)
mls in patients with stridor (n=82) and
313(±24) mls in patients without stridor
(n=876) (P<0.01) (Table 3). The weighted
mean cuff leak expressed as a percent of tidal
volume was 19.7 (±11.4)% in patients with stri-

dor; the weighted mean cuff leak percent was
53.7 (±8.8)% in patients without stridor
(P<0.01). A positive cuff leak test had a sensitiv-
ity of 0.61 (95% CI=0.49-0.73, I2=0.0%, P=0.42)
and a specificity of 0.88 (95% CI=0.86-0.90,
I2=89.5%, P<0.01) in identifying patients with
stridor. Forty-four patients (53.7%) with stridor
required reintubation (Table 4). The presence of
stridor had a sensitivity of 0.60 (95% CI=0.48-
0.72, I2=82.5%, P<0.01) and a specificity of 0.96
(95% CI=0.94-0.97, I2=35.9%, P=0.17) in identi-
fying patients who needed reintubation (Table
5). Sixty-six patients (independent of the stridor
outcome) required reintubation (Table 4). A
positive cuff leak test had a sensitivity of 0.53
(95% CI=0.39-0.66, I2=74.3%, P<0.01) and a
specificity of 0.86 (95% CI=0.84-0.89, I2=88.6%,

Article

Table 2. MINORS criteria.

Study Aims Inclusion Prospective Endpoints Unbiased Follow-up Loss to Power Total
collection assessment period follow-up

Miller2 2 2 2 2 2 2 2 0 14
Jaber4 2 2 2 2 2 2 2 0 14
Sandhu5 2 2 2 2 0 0 0 0 8
Kriner7 2 2 2 2 2 2 2 0 14
Wang9 2 2 2 2 2 2 2 0 14
DeBast10 2 2 2 2 0 2 2 0 12
MINORS, Methodological index for non-randomized studies.

Table 3. Stridor incidence.

Study Patients/ Patients *CLV(mL) - CLV% *CLV(mL) - CLV% °CLV - CLV%
(ref) extubations stridor (incidence) stridor no stridor cut-off

Miller2 88/100 6 (6%) 180±157 mL 360±157 mL <110 mL
-- -- --

Jaber4 112 13 (12%) 59±92 mL 372±170 mL <130 mL
9±13% 56±20% 12% TV

Sandhu5 110 13 (11.8%) 63±74 mL 408±201 mL --
9±10% 57±24% <10% TV

Kriner7 462 20 (4.3%) 148±143 mL 277±149 mL <110 mL
30±27% 55±26% 15.5% TV

Wang9 110 20 (18%) 147±159 mL 271±148 mL --
29±31% 52±27% <88 mL

De Bast10 76 10 (13%) 44-50 mL 232-249 mL --
9.4% TV 33.5% TV <15.5% TV

*CLV-cuff leak volume in mls, numbers represent the mean±1 SD; CLV%- cuff leak volume expressed as percent of tidal volume, numbers represent the mean ±1SD; °Optimal value from authors.

Table 4. Reintubation incidence.

Study Patients/ Reintubation Reintubation Cuff leak test sensitivity
(ref) extubations all causes if PES (+) and specificity to predict reintubation

Sensitivity Specificity PPV NPV

Miller2 88/100 17% (17/100) 50% (3/6) 67% 99% 80% 98%
Jaber4 112 9.8% (11/112) 69% (9/13) 81% 96% 69% 97%
Sandhu5 110 5.5% (6/110) 46% (6/13) 50% 93% 30% 97%
Kriner7 462 1.5% (7/462) 35% (7/20) 50% 84% 12% 97%
Wang9 110 10% (11/110) 55% (11/20) 72% 100% 47% 96%
De Bast10 76 18.4% (14/76) 11% (8/10) 75% 72% 25% 96%
PES, postextubation stridor; PPV, positive predictive values; NPV, negative predictive values.
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P<0.01) for detecting patients requiring reintu-
bation. These results indicate that the cuff leak
test has a higher specificity than sensitivity, and
the I2 tests indicate that there is significant het-
erogeneity among these studies. The cut-off
value for an abnormal (positive) cuff leak test
calculated by the authors of these studies ranged
from 88 mls to 140 mls or 10% to 15.5% of the
tidal volume (Table 3).

Publication bias
We did a regression analysis of the number

of patients in each study against the diagnos-
tic odds ratio for each study calculated by the
Meta-DiSc software to identify possible publi-
cation bias. This analysis did not suggest any
publication bias was present, but studies with
fewer than 10 articles have a low power to
detect publication bias.20

Clinical details
Clinical factors associated with stridor

detailed in the results section of these articles
included prolonged mechanical ventilation, a
large endotracheal tube compared to tracheal
size, female gender, difficult intubations, and
self extubation (Table 6). However, the only
association consistently identified in the studies
was the cuff leak. Several studies did not identi-
fy prolonged intubation or female gender as risk
factors for PES, and only one study used multi-
variate analysis. Wang, et al. reported that corti-
costeroids increased the cuff leak in patients
who had PES and required reintubation.9

Discussion

Our literature review identified six papers,
which evaluated the utility of quantitative cuff
leak measurements for predicting either pos-
textubation stridor or the need for reintuba-
tion in adult patients with acute respiratory
failure in ICUs.2,4,5,7,9,10 These studies included
958 patients in observational cohorts; 6.9% of
these patients required reintubation and 8.5%
had postextubation stridor. The presence of
stridor postextubation had a positive likeli-
hood ratio of 13.4 (95% confidence interval 6.9
to 25.7) for predicting reintubation; the
absence of stridor had a negative likelihood
ratio of 0.3 (95% confidence interval 0.1 to 0.9)
for predicting reintubation. These likelihood
ratios provide very useful information to the
clinician in the ICU. If 6.9% of patients in this
cohort with acute respiratory failure needs
reintubation, and the likelihood ratio for a pos-
itive cuff leak test predicting stridor is 6.8, and
the likelihood ratio for stridor predicting rein-
tubation is 13.4, then the patient who has a
positive cuff leak test and then develops stridor
will have an 87% probability of needing reintu-
bation [(6.9%/93.1%) (6.8) (13.4)=6.7 or 87%,
assuming independent probabilities]. Conver -
sely, a patient with a negative cuff leak test and
no stridor has a probability of 1% of needing
reintubation. 
Two recent studies concluded that cuff leak

tests do not predict postextubation stridor or

successful extubation. Sukhupanyarak report-
ed results in 543 patients in intensive care
units and found that an absent leak did not
predict stridor.13 Cuff leak was detected by aus-
cultation by ICU nurses in this study. Shin, et
al. reported that the cuff leak test did not pre-
dict reintubation in a study involving critically
ill trauma patients.14 However, the four
patients (4/49) requiring reintubation in this
study were reintubated four or more hours
after extubation for increasing respiratory fail-
ure. These differences in outcome likely reflect
the study design and the differences in patient
populations and study endpoints. The studies
we reviewed depended on observational
cohorts of relatively small patient populations.
They included different numbers of patients
and patients from different types of ICUs who
required mechanical ventilation for varying
periods (1 to more than 28 days).
Consequently, these patient cohorts were het-
erogeneous. In addition, these studies did not
use a double blind randomized protocol, and
there was no reference standard. There was no
blinding or allocation concealment, and the
possibility of bias is present, given the main
outcome in most studies was stridor identified
at the bedside using clinical criteria. It is also
possible that some patients with significant
upper airway narrowing do not have stridor if
their respiratory effort is weak and they cannot
generate adequate airflow. The clinical impli-
cation of stridor depends on whether or not the
patient has respiratory distress associated

Article

Table 6. Factors associated with cuff leak.

Study Factors associated with stridor Factors not associated with stridor Analysis

Miller2 Cuff leak ETT size, days intubated # intubations Logistic regression
Jaber4 Cuff leak, female gender, SAPS score ETT size Univariate

traumatic intubation, days intubated
prior self-extubation

Sandhu5 Cuff leak, days intubated ETT size, overall injury score Univariate
Kriner7 Cuff leak, female gender, days intubated Age Univariate
Wang9 Cuff leak, female gender Age, days intubated, prior intubation Univariate
DeBast10 Cuff leak None reported Univariate
ETT, endotracheal tube; SAPS, simplified acute physiology score.

Table 5. Utility of the cuff leak test in intensive unit care patients.

Sensitivity Specificity LR (+)° LR (-)°

Low cuff leak test result predicts stridor 0.61 0.88 6.8 0.5
(0.49 - 0.73)* (0.86 - 0.90) (3.3 - 13.9) (0.4 - 0.7)

I2=0.0%, P=0.42 I2=89.5%, P<0.01 I2=78.2%, P<0.01 I2=0.0%, P=0.42
Low cuff test result predicts reintubation 0.53 0.86 5.5 0.5

(0.39 - 0.66) (0.84 - 0.89) (2.7 - 11.1) (0.2- 1.1)
I2=74.3%, P<0.01 I2=88.6%, P<0.01 I2=71.1%, P=0.52 I2=87.0%, P<0.01

Stridor predicts reintubation 0.60 0.96 13.4 0.3
(0.48 - 0.72) (0.94 - 0.97) (6.9 - 25.7) (0.1- 0.9)

I2=82.5%, P<0.01 I2=35.9%, P=0.17 I2=70.2%, P<0.01 I2=89.2%, P<0.01
*95% confidence interval; °LR (+), LR (-): positive and negative likelihood ratio. Calculated from ref. 1,3,4,6,8,9.
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with it, whether the patient responds to med-
ical therapy, and whether the patient ultimate-
ly requires reintubation. In addition, the cuff
leak test will not identify patients with inade-
quate resolution of their underlying disease
who have persistent respiratory distress pos-
textubation and then require reintubation.
Although quantitative cuff leak measurements
are relatively simple measurements, they do
require attention to details, especially removal
of secretions in the hypopharyngeal area and
the ETT. Respiratory system mechanics also
can influence the result if high resistance or
low compliance increases volume loss during
the delivery of the tidal volume. However, this
result requires an open airway around the ETT
and potentially has the same significance as a
leak during exhalation.21 Respiratory effort
during the inspiratory phase of the tidal vol-
ume may increase the total tidal volume if air
is entrained around the ETT during inspira-
tion. This would potentially overestimate the
fraction exhaled around the ETT. These vari-
ables increase the heterogeneity among these
cuff leak studies. Ochoa and coworkers recent-
ly published a meta-analysis of studies and
concluded that although there was significant
statistical heterogeneity in these studies, a
cuff leak test with no leak should alert the cli-
nician to the possibility of upper airway
obstruction.22 This analysis included patients
immediately post surgery and studies using
qualitative leak tests. We limited our review to
studies of patients with acute respiratory fail-
ure requiring mechanical ventilation who had
quantitative cuff leak measurements but also
found significant heterogeneity in the studies.
However, we think these patients are repre-
sentative of most patients managed in surgical
or medical ICUs.
In summary, studies in patients with acute

respiratory failure in ICUs demonstrate that
low cuff leak volumes or fractions of tidal vol-
ume do identify patients with upper airway
narrowing, most likely secondary to laryngeal
edema related to endotracheal intubation.
These patients with low volumes are more like-
ly to have stridor and to require reintubation.
Patients with normal leak volumes are less
likely to have stridor and to require reintuba-
tion. A low cuff leak volume should be commu-
nicated to clinicians to review whether extuba-
tion is safe and to decide whether or not there
are therapeutic options available to increase
extubation safety. None of the studies reported
to date has used a randomized control design
in which clinicians responsible for extubation
were either given or not given information
about the cuff leak. Any study with this design
would require a large number of patients,
given the low event rates, and would require
multiple ICUs. Wittekamp and coworkers
recently outlined a strategy using patient
assessment for risk factors for upper airway

obstruction and cuff leak tests. They suggest
that patients with risk factors (such as female
gender and large ETT) and no leak should be
given methylprednisolone for 12 h before extu-
bation and should be extubated with an airway
catheter in place.23 Francois has reported that
pretreatment with methylprednisolone pre-
vents postextubation laryngeal edema and
demonstrated that information on cuff leak
could lead to therapeutic interventions.24

Based on our analysis of studies relevant to
ICU physicians, we conclude that cuff leak
tests provide important information and that
volumes below 20% of the tidal volume repre-
sent a concern to the respiratory care team. 
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