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BACKGROUND: This was an evaluation of intra-individual variation of the cuff-leak test (ACLT)
immediately post-intubation and pre-extubation, as a predictor of post-extubation stridor. METH-
ODS: Prospective, clinical investigation in the ICU of a non-university hospital. CLTs were per-
formed immediately after intubation (T0) and before extubation (T1) to evaluate the differences in
cuff leak (ACLT = CLy; — CLy,). RESULTS: We included 104 mechanically ventilated subjects
in the study over a 12-month period. The incidence of post-extubation stridor was 6.7 %. Stridor was
more common in females of short stature. ACLT was considered as significant when CL; — CL,
was negative. The sensitivity and the specificity of the test were 86% and 48 %, respectively. When
we tested the pre-extubation CLT alone with a threshold of 130 mL as a predictor of post-extu-
bation stridor, the sensitivity and the specificity of the test were 86% and 76%, respectively.
CONCLUSIONS: The intra-individual variation of CLT immediately post-intubation and pre-
extubation does not improve the accuracy of a standard pre-extubation CLT to predict post-
extubation stridor. Moreover, the standard pre-extubation CLT did not appear in our study to be
an ideal test to detect post-extubation stridor. Larger studies should be performed before gener-
alizing these preliminary results. Key words: cuff-leak test; mechanical ventilation, weaning; post-
extubation stridor; upper-airway obstruction; critically ill patient. [Respir Care 2012;57(12):2026-2031.
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Introduction

Stridor following extubation in the ICU occurs in 2-25%
of all patients, leading to reintubation in approximately 1%
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of the cases.'-¢ In a recent study, corticosteroids were
proposed as a preventive treatment of laryngeal edema
before planned extubation, when administered to subjects
mechanically ventilated for > 36 hours.® Despite the iden-
tification of additional risk factors (female, short stature),
post-extubation laryngeal edema remains a poorly predict-
able complication.

SEE THE RELATED EDITORIAL ON PAGE 2136

In order to select patients who might best benefit
from preventive treatment, the cuff-leak test (CLT) has
been proposed as a simple and noninvasive procedure to
identify high-risk patients.” Despite improvements made
to the original qualitative test, by quantification of the
leak volume (inspired minus exhaled tidal volume dur-
ing mechanical ventilation) or the fraction of the leak
volume,8 the positive predictive value of a failed CLT
remains fairly low in adults. Indeed a recent meta-anal-
ysis looked at 11 prospective studies on CLT, including
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more than 50 patients. It concluded that there was a
possible but limited use for this test for predicting post-
extubation airway obstruction, with a sensitivity of 0.56
(95% CI 0.48-0.63) and a specificity of 0.92 (95% CI
0.90-0.93).°

The ratio of the diameter of the endotracheal tube to
that of the larynx on leak volumes has never been stud-
ied, but might influence CLT accuracy. A negative pre-
extubation CLT might be explained either by a large
endotracheal tube in a small larynx or by laryngeal
edema. To examine these potential confounding factors,
we tested the hypothesis that the intra-individual vari-
ation of the CLT between immediate post-intubation
and pre-extubation periods (ACLT) might be a better
predictive factor of post-extubation stridor than simply
the pre-extubation CLT. A secondary objective was to
compare the accuracy of the ACLT to the accuracy of a
standard pre-extubation CLT in predicting post-extuba-
tion stridor.

Methods

Study Design

This prospective study was conducted over a 12-month
period in a 10-bed medical and surgical ICU at Fleyriat
Hospital, a general hospital in Bourg-en-Bresse, France.
The ICU staff includes 6 intensivist-trained physicians.
There is always at least one of them present in the ICU.
This study protocol was approved by the ethical com-
mittee of the Société de Réanimation de Langue Fran-
caise, which waived the requirement for informed con-
sent.

Study Subjects

The eligibility criteria for the study were: age > 18 years,
necessity for intubation after ICU admission, and planned
extubation during ICU stay. Patients were excluded if they
died before the weaning process was achieved, if they
needed a tracheostomy, if the duration of mechanical ven-
tilation was shorter than 48 hours, or if there was un-
planned extubation.

Procedures

All subjects were intubated and ventilated in accordance
with standard-of-care practices, or at the discretion of the
attending physician. Endotracheal tubes were all of 7-8 mm
internal diameter, and cuff pressure was maintained below
30 cm H,O. For each subject the following characteristics
were recorded: age, sex, height, weight, reason for admis-
sion, severity of illness, organ failure score (Simplified
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Current knowledge

Stridor following extubation in the ICU occurs in 2-25%
of all patients, leading to reintubation in approximately
1% of the cases The cuff-leak test has been proposed as
a simple and noninvasive procedure to identify patients
at high risk for post-extubation stridor.

What this paper contributes to our knowledge

The intra-individual variation of cuff-leak testing im-
mediately post intubation and pre extubation does not
improve the accuracy of a standard pre-extubation cuff-
leak test to predict post-extubation stridor. The standard
pre-extubation cuff-leak test does not reliably detect
post-extubation stridor.

Acute Physiology Score II), duration of intubation, inter-
nal diameter of the cuffed tube, and results of both CLTs
(following intubation and preceding extubation). Evalua-
tion for extubation readiness was made according to na-
tional guidelines, independent of CLT results.! The oc-
currence of post-extubation stridor within 48 hours of
extubation was recorded. Post-extubation stridor was clin-
ically defined as the development of laryngeal dyspnea
after extubation, associated with respiratory distress. Sub-
jects developing post-extubation stridor were first treated
with epinephrine and corticosteroids nebulization before
reintubation was considered by the physicians in charge.
Incidence of reintubation due to post-extubation stridor
was also recorded.

CLT was performed on 2 occasions for each subject
included in the study: the first CLT was acquired within
the hour following intubation (TO) and the second within
the hour preceding extubation (T1). CLT was performed
by all physicians of the unit, as initially described by Miller
and Cole.” The subject was placed in the semi-Fowler
position, oral and tracheal suction were performed, and the
subject was placed on assist-control ventilation mode with
the following parameters: respiratory rate 15 breaths/min,
Fio, 1.0, PEEP 0 cm H,O, and tidal volume 10 mL/kg
ideal weight.!! A few respiratory cycles were needed to
equalize inspired and exhaled volumes with an acceptable
error margin of 20 mL. The endotracheal tube cuff was
then deflated, and the operator waited for a few respiratory
cycles (to allow the subject to cough) before performing
the measurements. The exhaled tidal volume was recorded
over 6 respiratory cycles. The cuff leak (CL) was calcu-
lated as the difference between the mechanical inspired
volume and the average of the 3 lowest exhaled volumes.
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Fig. 1. Distribution of intubated subjects during the study period.

The variation of CLT for each subject, between TO and T1
was defined as ACLT = CL; — CL,,.

Statistical Analysis

Discrete variables were expressed as percentage, and
continuous variables as mean * SD for variables normally
distributed, and as medians with interquartiles for non-
normally distributed variables. Differences between sub-
jects with and without post-extubation stridor leading to
reintubation were compared using the Student 7 test for
continuous and normally distributed variables. The Mann-
Whitney U test was used to compare continuous and non-
normally distributed variables, and the Fisher exact test
was used for categorical data. Subjects presenting with
missing CLT were considered as censored data and were
not included in the statistical analysis. Significance was
reported at a P value of .05 or less.

The variation of CLT was defined as a negative test
when ACLT was positive (ie, when CL was higher at
the time of post-intubation than at the time of pre-ex-
tubation, and positive test when ACLT was < 0). Re-
ceiver-operating characteristic (ROC) curves were cre-
ated for ACLT and single pre-extubation CLT, and
permitted calculation of sensitivity, specificity, positive
predictive value, and negative predictive value and their
95% confidence intervals. Sensitivity, specificity, pos-
itive predictive value, and negative predictive value for
ACLT were calculated with this threshold of O mL. The
single pre-extubation CLT threshold value for optimum
test discrimination was determined by ROC curves.!?
Sensitivity, specificity, positive predictive value, and
negative predictive value of the single pre-extubation
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Table 1.  Characteristics of Subjects
No Stridor Stridor P
(n =97) (n=17)

Age, median (IQR) y 71 (56-77) 82 (66-84) .18

Male/female, no. 71/26 1/6 < .01

Weight, mean * SD kg 74 = 18 69 = 12 34
SAPS II, mean * SD 5113 54 =17 15
Reason for ICU Admission,
no. (%)
Surgical 18 (16) 1(14) .20
Medical 79 (84) 6 (86) 18
Septic shock 909 0(0)
COPD 12 (12) 0(0)
Coma 23 (24) 3 (43)
Pneumonia 21 (22) 1(14)
Other 14 (14) 2 (28)
ETT diameter, mean = SD mm 75 +0.2 73 +04 .36

Days of MV, median (IQR) d 5(3-9) 4 (3-5) 17
ICU stay, median (IQR) d 10 (6-16) 10 (9-12) .30

SAPS = Simplified Acute Physiology Score

CLT were calculated with this threshold. Data were

analyzed with commercially available software (Med-
Calc 10.4, MedCalc Software, Mariakerke, Belgium).

Results

Figure 1 shows the trial profile. During the study
period, 398 subjects were intubated and mechanically
ventilated in the ICU. Reasons for exclusion from the
study included: duration of mechanical ventilation
< 48 hours (n = 225), death before achievement of
weaning process (n = 46), unplanned extubation (n = 5),
tracheostomy (n = 2), and missing data (n = 16). Data
on the remaining 104 subjects were included in the
analysis. Table 1 shows the baseline characteristics of
the study population. The main reasons for admission to
ICU were medical (n = 85). Post-extubation stridor
occurred in 7 cases (6.7%), all within the 12 hours
following extubation. Six subjects required tracheal re-
intubation within the 48 hours following extubation in
the stridor group (n = 7), and 23 subjects in the no-
stridor group (n = 97). Table 1 shows the results of
univariate analysis undertaken to identify risk factors
for post-extubation stridor. Subjects who developed this
complication were mainly women. Duration of mechan-
ical ventilation was similar in both groups, with a me-
dian of 5 days (IQR 3-9 d) in the overall population.

Table 2 shows the main characteristics of the post-ex-
tubation stridor group and their individual pre-extubation
CLT and ACLT values. ROC curves for ACLT and single
pre-extubation CLT are represented in Figure 2. The di-
agnostic abilities of the ACLT and single pre-extubation
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Table 2. Main Characteristics, Values of Pre-extubation Cuff-Leak Test, and Individual Cuff-Leak Test Volume Variations for the 7 Cases of

Stridor
Subject Days Cuff-Leak Test A Cuff-Leak Test
No. Age,y Sex SAPS II of MV Volume, mL Volume, mL
1 91 F 82 2 -68 431
2 85 F 66 5 100 -260
3 65 F 44 5 30 -90
4 82 F 57 4 40 -80
5 82 F 44 2 0 -10
6 68 F 29 10 205 -5
7 61 M 53 4 130 130

SAPS = Simplified Acute Physiology Score
MV = mechanical ventilation
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Fig. 2. Receiver operating characteristic (ROC) curves for variation
in cuff-leak test (ACLT) and single pre-extubation CLT. True pos-
itive and true negative fractions are plotted on the Y axis and
X axis, respectively.

CLT in predicting post-extubation stridor were not similar,
with an area under the ROC curve of 0.63 (95% CI 0.53—
0.72) for the ACLT and 0.86 (95% CI 0.78-0.92) for the
single pre-extubation stridor (P = .01). Sensitivity, spec-
ificity, positive likelihood ratio, and negative likelihood
ratio of ACLT were calculated with the threshold of 0 mL
and were of 86% (95% CI 42-100%), 48% (95% CI 38—
59%), 1.7 (95% CI 1.2-2.4), and 0.3 (95% CI 0.1-1.8),
respectively. Positive predictive value and negative pre-
dictive value raised to 11% (95% CI 4-22%) and 98%
(95% CI 89-100%), respectively.
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As far as single pre-extubation CLT values were con-
cerned, an absolute volume < 130 mL was found to pre-
dict post-extubation stridor and was considered as a pos-
itive CLT, with a sensitivity of 86% (95% CI 42-100%),
a specificity of 76% (95% CI 67-84%), a positive likeli-
hood ratio of 3.6 (95% CI 2.6-5.0), and a negative like-
lihood ratio of 0.2 (95% CI 0.03—1.2). In our study, with
an incidence of post-extubation stridor of 6.7%, the posi-
tive and negative predictive values of a single pre-extuba-
tion CLT were 21% (95% CI 8—-40%) and 99% (95% CI
93-100%), respectively.

Discussion

In this study we evaluated the individual variation of
CLT between post-intubation and pre-extubation as a pre-
dictor of post-extubation stridor. This composite test proved
to be of limited value, with a poor positive predictive value
and a good negative predictive value. A single pre-extu-
bation CLT predicted better which subjects would require
an escalation of care, possibly culminating in reintubation,
which was comparable to previous reports.*>-7-8.13 The in-
cidence of post-extubation stridor in our population was
6.7% (7 subjects out of 104), which was low, although in
agreement with most clinical studies.!-¢ Although CLT
sensitivity was high, its poor specificity and the low inci-
dence of post-extubation stridor explained why the CLT
had a poor positive predictive value. If used at all, the CLT
should therefore be used in a high-risk population to select
patients that may benefit from a preventive treatment. Be-
cause of the limited number of subjects, we could not
make any post-hoc analysis of groups presenting one or
more of the following risk factors: female sex, high organ
failure and severity, prolonged over-inflated cuff, high du-
ration of mechanical ventilation, and history of laryngeal
trauma.*
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We made the hypothesis that measuring CLT immedi-
ately after intubation would demonstrate the possible in-
fluence of the ratio of endotracheal tube diameter to la-
ryngeal size on leak volumes. One reason to explain the
lack of superiority of ACLT over a single pre-extubation
CLT could be the difficulty in achieving a standardized
CLT at 2 different times during the subject’s ICU stay: use
of sedatives and neuromuscular blockade for induction, as
opposed to awareness and active participation of the sub-
ject at the time of the second CLT, could lead to an un-
interpretable ACLT value. Another reason could be changes
in pulmonary compliance between intubation and extuba-
tion. Indeed, Prinianikis et al suggested in 2005 that cuff
leak could be influenced by compliance of the respiratory
system and inspiratory flow.'* As these results were not
released when our study was designed, data regarding com-
pliance were not collected.

Moreover, in our study, the diagnosis of post-extubation
stridor remained clinical and therefore subjective. Laryn-
geal edema documented at laryngoscopy during reintuba-
tion is a more objective end point, with a reported inci-
dence of between 37% and 60%.!>-'° Non-relevant laryngeal
lesions could possibly be clinically undetectable but still
demonstrated by CLT, leading to a false interpretation of
the test.

In addition, 6 subjects were reintubated within 48 hours
after extubation in the stridor group, while one subject
remained free from reintubation in this group. These re-
sults are comparable to those of previous studies.!”-!8 In
the no-stridor group, 23 of the 97 subjects required rein-
tubation within the 48 hours following extubation. The
cause of reintubation was not laryngeal edema, as attested
by laryngoscopy. Lastly, CLT reproducibility has often
been questioned, and may be a limiting factor in our study.
Pettignano et al found that a standardized procedure, per-
formed after sedation and curarization of the patient, guar-
anteed a reliable cuff-leak measure.!® However, these ideal
conditions for measurement can never be obtained in the
hour preceding planned extubation. In an attempt to ex-
clude erroneous values, leak volumes were observed and
averaged over several respiratory cycles, but in clinical
practice pre-extubation CLT may be inaccurate due to ag-
itation and coughing after cuff deflation.

In our population, female sex and short stature were
associated with a higher occurrence of stridor after ex-
tubation, as reported in other studies.!” Yet our results
did not confirm the relationship between post-extuba-
tion stridor and other reported risk factors such as med-
ical admission, traumatic intubation, Simplified Acute
Physiology Score II, and duration of intubation.!*3 This
can be explained by the fact that, in our study, all of the
subjects were intubated according to the same protocol,
and were all mechanically ventilated for longer than
48 hours.
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Conclusions

The intra-individual variation of the CLT between im-
mediate post-intubation and pre-extubation is an unreli-
able predictor of post-extubation stridor and does not
improve the accuracy of the standard pre-extubation
CLT to predict post-extubation stridor. Due to the small
number of stridor cases the standard pre-extubation CLT
does not appear in our study to be an ideal test. Larger
investigations are needed before these results can be
generalized.
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