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BACKGROUND: Successful weaning from mechanical ventilation depends on the patient’s ability
to cough efficiently. Cough peak flow (CPF) could predict extubation success using a dedicated flow
meter but required patient disconnection. We aimed to predict extubation outcome using an overall
model, including cough performance assessed by a ventilator flow meter. METHODS: This was a
prospective observational study conducted from November 2014 to October 2015. Before and after
a spontaneous breathing trial, subjects were encouraged to cough as strongly as possible before
freezing the ventilator screen to assess CPF and tidal volume (VT) in the preceding inspiration.
Early extubation success rate was defined as the proportion of subjects not re-intubated 48 h after
extubation. Diagnostic performance of CPF and VT was assessed by using the area under the curve
of the receiver operating characteristic curve. Cut-off values for CPF and VT were defined accord-
ing to median values and used to describe the performance of a predictive test combining them with
risk factors of early extubation failure. RESULTS: Among 673 subjects admitted, 92 had a cough
assessment before extubation. For the 81 subjects with early extubation success, the median CPF
was �67.7 L/min, and median VT was 0.646 L. For the 11 subjects with early extubation failure, the
median CPF was �57.3 L/min, and median VT was 0.448 L. Area under the curve was 0.61 (95% CI
0.37–0.83) for CPF and 0.64 (95% CI 0.42–0.84) for CPF/VT combined. After dichotomization
(CPF < �60 L/min or VT > 0.55 L), there was a synergistic effect to predict early extubation
success (P < .001). The predictive value of success reached 94.2% for CPF/VT combined. The
overall model including pH before extubation < 7.45 reached a 66.7% predictive value of failure.
CONCLUSIONS: CPF measured using the flow meter of an ICU ventilator was able to predict
extubation success and to build a composite score to predict extubation failure. The results were
close to that found in previous studies that used a dedicated flow meter. This could help to identify
high-risk subjects to prevent extubation failure. (ClinicalTrials.gov registration NCT02847221.) Key
words: cough; weaning; extubation; critical care; respiratory failure; prognosis. [Respir Care 0;0(0):1–•.
© 0 Daedalus Enterprises]

Introduction

Extubation should commonly follow a successful spon-
taneous breathing trial (SBT) in patients mechanically ven-

tilated in the ICU. The success of extubation can then be
affected by several factors, such as cardiogenic pulmonary
edema,1 laryngeal edema, or new acute respiratory distress
requiring re-intubation.2 Furthermore, when the quantity
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de Lyon, Hôpital Neurologique et Neurochirurgical Pierre Wertheimer,
59 Boulevard Pinel , 69500 Bron Cedex, France. E-mail :
gobert.flo@gmail.com.

DOI: 10.4187/respcare.05460

RESPIRATORY CARE • ● ● VOL ● NO ● 1

RESPIRATORY CARE Paper in Press. Published on September 12, 2017 as DOI: 10.4187/respcare.05460

Copyright (C) 2017 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



of respiratory secretions is too great for the spontaneous
cough to expel, this may lead to extubation failure, which
is reported to occur in almost 89% of re-intubation cases,
whereas only 39% of subjects with extubation success
have abundant secretions.3 This has important clinical im-
plications because re-intubation after extubation failure is
associated with clinical status worsening (as assessed by
the increase in daily Sequential Organ Failure Assessment
scores)4 and has been suggested to be associated with a
higher ICU mortality rate (between 25 and 50%).5 To
reach a high early extubation success rate (within 48 or
72 h, depending on the authors), verifying the patient’s
ability to protect the airways before endotracheal tube (ETT)
removal is recommended.6 But the lack of practical and
well-established recommendations is likely to explain the
heterogeneous reported extubation failure rate (from 14 to
23%).7

Rationalizing cough assessment could be one way to
improve medical practice, because it would allow the iden-
tification of the subgroup of patients with an increased risk
of extubation failure. Based on objective cough measure-
ment, one could propose individualized protocols of air-
way management to avoid re-intubation.8 Cough strength
can, for example, be evaluated by cough peak flow (CPF).
A CPF cut-off value of �60 L/min for voluntary and
unassisted cough in a medical ICU population has found
some consensus,8-11 but its accuracy is questionable be-
cause the pre-cough biomechanical thoracic features are
not taken into account. Furthermore, the specificity of CPF
assessment for extubation prediction is not known, be-
cause one study that reported the prognostic value of CPF
did not use a standardized SBT,12 and therefore it was not
possible here to delineate the prediction of successful wean-
ing from mechanical ventilation rather than cough per se
(because the glottis cannot be entirely closed in the pres-
ence of an ETT13). In this case, CPF would reflect the
general performance of the respiratory system.

More generally, CPF is not currently used routinely for
the assessment of extubation ability for several other rea-
sons. For example, it has not been demonstrated that CPF
assessment can be performed by non-specialized caregiv-
ers, and furthermore this requires specific devices.8,9 The
use of a dedicated flow meter has technical limitations for
routine use because it is not available in all ICUs and it
requires connection to a bacterial filter to avoid cross-
contamination. Because generalization is limited, CPF
failed to modify routine care.3,8 In parallel, alternative
methods that aimed to formalize assessment were devel-
oped, such as the semi-quantitative cough strength score
(from 0 to 5), the magnitude of endotracheal secretions
(none, mild, moderate, or abundant), and the white-card
test (presence of secretions propelled onto the card held
1–2 cm from the ETT).

The objective of the present study was to predict extu-
bation outcome in ICU subjects by assessing cough per-
formance before and after SBT in addition to other clinical
and biological parameters available at the time of extuba-
tion. Furthermore, the ability of CPF to predict other end
points, including overall extubation outcome, and mortal-
ity was evaluated.

Methods

Bench Study Validating the Use of the Built-in
Ventilator Flow Meter

The experimental design is described in Figure 1. A
CoughAssist device (Philips Respironics, Murrysville,
Pennsylvania) was used to inflate a pneumatic lung model
(TTL 5601 i, Michigan Instruments, Grand Rapids, Mich-
igan) over a range of nominal pressures (10, 20, 30,
40, and 50 cm H2O). Lung model compliance was set to
30 mL/cm H2O, and airway resistance was set to 5 cm
H2O/L/s. Flow was measured using a linear pneumotacho-
graph (TSD 137 G, Hans Rudolph, Kansas City, Kansas).
Airway pressure and flow were measured using a Biopac
M150 data logger and Acqknowledge software 4.4.2
(BIOPAC Systems, Goleta, California).

Four sizes of ETTs were tested (7.0-, 7.5-, 8.0-, and
8.5-mm internal diameter). For each ETT and inflation
pressure, 2 kinds of passive exhalation to atmosphere were
investigated: through ETT alone (scenario 1 in Fig. 1) and
through ETT, expiratory line, and expiratory valve of the
EvitaXL ventilator (Dräger, Lübeck, Germany; scenario 2
in Fig. 1).

QUICK LOOK

Current knowledge

After a successful spontaneous breathing trial, assess-
ing cough ability is a classic prerequisite before the
medical decision of extubation. Subjective evaluations
of cough effort are currently used in daily clinical prac-
tice, but previous studies have proposed objective cough
peak flow thresholds using a dedicated flow meter re-
quiring the patient’s disconnection from the ventilator.

What this paper contributes to our knowledge

The use of a built-in flow meter to assess cough peak
flow was validated. A previously proposed threshold
(�60 L/min) was confirmed as having a high positive
predictive value for extubation success. The prediction
of extubation failure was increased by a composite score,
including the VT in the preceding inspiration and the
pH before extubation.
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For each condition, 3 consecutive breaths were deliv-
ered, and maximal inspiratory pressure and peak expira-
tory flow were measured and analyzed. Peak expiratory
flow was measured downstream of the ETT for scenario 1
and also downstream of the ETT expiratory valve for sce-
nario 2.

Clinical Study: Population Selection

A 1-y prospective observational study was performed in
a 15-bed medical ICU of the University Hospital in Lyon,

France, from November 10, 2014, to October 30, 2015.
Inclusion criteria were: age � 18 y, intubation � 24 h,
absence of decision to withdraw life-supporting care, eli-
gibility for scheduled SBT and then extubation trial in the
ICU (excluding extubation in the theater for high-risk ex-
tubation in case of difficult intubation and cervical tumors;
or subjects transferred to another ICU while intubated),
mechanical ventilation from an EvitaXL ventilator using
an orotracheal tube (no tracheostomy), neurological status
compatible with cough on demand (Glasgow coma score
� 8; namely eye response � 1, motor response � 6, ver-

Fig. 1. Experimental setup. A: After increasing levels of insufflation pressure in the lung model, passive expiration from the lung model to
atmospheric pressure (through endotracheal tube alone) is recorded 3 times for both pressure and flow assessments. B: After the same
increasing levels of insufflation pressure in the lung model, passive expiration is recorded 3 times (for both pressure and flow assessments)
from the lung model through the endotracheal tube and the expiratory circuit (line and valve).
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bal response � 1), and confirmation of the subject’s agree-
ment to participate. Non-scheduled extubation, patient re-
fusal, and legally incompetent adults were non-inclusion
criteria. The protocol was approved by the local ethics
committee on June 19, 2014 (institutional review board
approval 11263), and informed consent was waived.

Study Protocol

In this ICU, the SBT is routinely standardized as fol-
lows.14 Daily, between 6 and 8 AM, weaning criteria are
checked, and when all are present, the ventilator is set to
pressure support ventilation at predetermined settings (in-
spiratory pressure � 7 cm H2O, PEEP � 4 cm H2O, in-
spiratory trigger � 2 L/min, expiratory cycling � 25%
peak flow, FIO2

� 0.40, with a heated humidifier). These
settings are planned to be applied for 1 h (if no chronic
respiratory failure), 2 h (in the case of chronic respiratory
failure or COPD), or at least 12 h (in the case of neuro-
muscular disease). Some SBTs are prolonged if patients
have not fulfilled the clinical criteria for extubation but do
not require a higher pressure support. During this period,
predetermined criteria are checked every 20 min and are
used to define SBT outcome. SBT success is defined as
all of the following criteria being present: breathing fre-
quency � 35/min, heart rate variation � 20% from pre-
SBT, systolic arterial pressure variation � 20% from
pre-SBT, and no acute respiratory distress (agitation, perspi-
ration, paradoxical thoracic movements during breathing). Oc-
currence of any of these within the time frame described
above defines SBT failure, leading to the resumption of ven-
tilator support before the SBT.15 Medical extubation deci-
sions should be based on arterial blood gas results.

CPF was assessed before and after SBT with the built-in
flow meter (hot wire technology, Spirlog, EvitaXL,
Dräger; flow resolution � 0.1 L/min; temporal resolu-
tion � 25 Hz; precision �8%) incorporated into the ICU

ventilator without disconnection from the ventilator. The
procedure was performed as follows. The subject was
placed in a semi-recumbent position, and the clinician in
charge explained to him/her the goals and steps of the
study. The caregiver in charge (a physician or a physio-
therapist for early [before SBT] and late [before extuba-
tion] assessments; a nurse for early assessments only) en-
couraged the subject to cough as strongly as possible after
having attempted to reach total lung capacity in synchro-
nization with the mechanical breath. The subject was in-
structed to perform 3 consecutive cough efforts. After each
cough effort, the ventilator screen was frozen, and the
cursor was scrolled to record the maximal value of CPF
for each cough effort (Fig. 2). Tidal volume (VT)16 in each
preceding inspiration was also measured and regarded as
an assessment of the lung volume at the end of the in-
spiratory effort. The assessment was scheduled to be per-
formed at 2 time points, immediately after SBT onset and
before extubation, resulting in early CPF, early VT, late
CPF, and late VT. The results of the 3 measurements were
given to one of the authors (FG), who stored these in a file
that was not accessible to caregivers (limiting the influ-
ence of the results on the primary end point through bias).
Routine care was applied during the 48 h after extubation,
with systematic use of noninvasive mechanical ventilation
restricted to hypercapnic COPD,17 hypercapnia after SBT
(PaCO2

� 45 mm Hg), or other selected indications.14 In
the case of secondary acute respiratory failure, re-intuba-
tion was rapidly considered with respect to the literature.2

Clinical and Biological Data Collected

Demographic features, cause of intubation, Simplified
Acute Physiology Score II, and Charlson comorbidity
index at the time of ICU admission, Sequential Organ
Failure Assessment score, number of days under inva-
sive/noninvasive/total mechanical ventilation, weaning fea-

Fig. 2. Ventilator screenshots. After a cough effort, the screen is frozen and the cursor is scrolled up to the value to be recorded. Cough
peak flow (CPF) is shown in gray (A), and VT is shown in black (B).
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tures (number of previous SBTs, duration of the last SBT,
arterial blood gas before extubation), duration of mechan-
ical cough assistance after extubation, and ICU/hospital
admission time were prospectively recorded.

Definition of End Points

The primary end point of the predictive model was early
extubation outcome. The early extubation success rate was
defined as the proportion of subjects who were alive and
not re-intubated 48 h after the scheduled extubation, as
usually proposed in large randomized controlled trials.2

The secondary end points were the SBT success rate, as
defined previously from the absence of intolerance criteria
during SBT; the overall extubation success rate, defined as
the proportion of subjects who were alive and not re-
intubated at any time after scheduled extubation; and the
rate of ICU and hospital mortality.

Assessment of the Performance of CPF and VT to
Predict Outcomes

The mean of the 3 CPF and VT assessment values for
each subject at each time point was calculated. A subject
could not be included twice in the study to avoid repeated
data. Late CPF and late VT were used to predict early
extubation success, overall extubation success, and ICU
and hospital mortality. Early CPF and early VT were used
to predict SBT outcome.

Step-by-Step Building of a General Model for
Extubation Outcome Prediction

For extubation outcome prediction, VT was used in ad-
dition to CPF. The rationale for this strategy is as follows.
The strength of cough depends on different factors, one of
them being the size of VT before the cough effort; the
higher the VT pre-cough, the higher the CPF should be if
all other factors are comparable. Concerning the operating
volume, 2 levels can be reached, either the functional re-
sidual capacity or the total lung capacity.18 The former is
more reproducible because the cough effort starts at the
end of normal expiration but may be difficult to perform at
the bedside in ICU patients with a possible neurological
impairment. The latter is more natural for patients because
they usually breathe deeply before cough to ensure a better
cough performance, which is a better indicator of patients’
ability to prevent excess respiratory secretions after extu-
bation. We therefore first instructed the subject to try to
reach total lung capacity and then to cough, and we re-
corded the VT before cough as a supplementary measure,
demonstrated to be linearly correlated with the cough ex-
piratory volume in healthy subjects.19

A composite cough strength score was defined using
CPF and VT that were dichotomized according to the me-
dian values of the early extubation success/early extuba-
tion failure groups reflecting high/low cough ability. For
CPF only, the accordance of the threshold with the liter-
ature was evaluated post hoc (no comparison available in
literature for VT).

We then analyzed specifically the group of subjects with
a composite cough strength score associating both low
CPF and low VT to further refine extubation prognosis, by
analyzing clinical and biological parameters. For this, para-
metric or non-parametric tests (after the Shapiro-Wilk nor-
mality test) were used in accordance with the technique
proposed for the overall population description (see the
Statistical Analysis section). After having defined conve-
nient thresholds for these selected variables, the extubation
prediction score was then defined as a multimodal crite-
rion to refine the extubation prognosis.

Statistical Analysis

For the bench study, inspiratory pressures and peak ex-
piratory flow were compared using a non-paired Student’s
t test between scenario 1 and 2. For scenario 2, peak ex-
piratory flows at the 2 locations were compared by using
a paired t test. The normal distribution of these variables
was confirmed by the Shapiro-Wilk normality test.

For the clinical study, values are expressed as median of
the mean values of CPF and VT (with associated inter-
quartile range) and counts (percent per group). The coef-
ficient of variation of CPF and VT was computed as the
ratio of the SD to mean value over the 3 measurements in
each subject. The difference between each of the 3 mea-
surements was tested by a mixed linear model. The normal
distribution of continuous variables was assessed using the
Shapiro-Wilk normality test.

Median values were compared using non-parametric
(Wilcoxon-Mann-Whitney test) or parametric (Student
t test) tests between non-paired groups9 at 2 phases of
analysis: total population description and characterization
of the parameters associated with early extubation out-
come among subjects selected to have an increased risk
according to cough performance assessed by the compos-
ite cough strength score.

Qualitative nominal variables (after dichotomization)
were compared using the Pearson chi-square test for the
performance of early CPF/early VT, late CPF/late VT, com-
posite cough strength score, and extubation prediction
score. Sensitivity, specificity, positive predictive value,
negative predictive value, and the area under the curve of
the receiver operating characteristic (ROC) curve together
with 95% CI were assessed. For combined criteria, we first
performed a logistic regression on both parameters and
then applied the ROC method to the final general linear
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model. We used thresholds selected from the median val-
ues of CPF and VT in the present cohort to define the high
or low values of both parameters. Correlation between
each parameter were analyzed by Pearson product-mo-
ment correlation.

Statistical analysis was performed using the Rcmdr pack-
age (RCore Team, 2015, R: A language and environment for
statistical computing, R Foundation for Statistical Comput-
ing, Vienna, Austria). P � .05 was considered as significant.

Results

Bench Study

The bench study demonstrated a coherent increase of
expiratory flow in function of inflation pressure (Fig. 3A).

There was no statistically significant difference in peak
expiratory flows between the 2 scenarios at each ETT size
and inflation pressure tested (Fig. 3B).

Characteristics of the Population

During the study period, 673 patients were admitted to
this ICU, of whom 319 were intubated and 109 were
included (Fig. 4). The main reasons for non-inclusion
(n � 199; 62.4% of the intubated subjects) were: death
before extubation (n � 73; 22.9%), intubation for � 24 h
(n � 30; 9.4%), use of another ventilator (n � 22; 6.9%),
and autoextubation (n � 20; 6.3%). Among includable
subjects, CPF and VT were not recorded for 46 subjects
(14.4%) at the time of early assessments and were not

Fig. 3. A: Relationships of inspiratory pressure to flow for endotracheal tube of 7.0 (circles), 7.5 (triangles), 8.0 (squares), and 8.5 (diamonds)
mm internal diameter when passive expiration happens through the endotracheal tube alone (colored symbols, purple, green, blue, and red,
respectively; scenario 1 of the bench study, see Fig. 1) or through the combination of endotracheal tube and expiratory circuit of the EvitaXL
ICU ventilator (black symbols; scenario 2 of the bench study, see Fig. 1). B: Relationships between expiratory flows pertaining to scenarios
1 and 2 of the bench study.
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recorded for 28 subjects (8.8%) at the time of late assess-
ments.

Among the 92 subjects with late CPF/late VT recordings
available, 81 (88.0%) had early extubation success, and 71
(77.2%) had overall extubation success. Sixteen subjects
(17.4%) died during their ICU stay, and 25 (27.2%) died
during their hospital stay. Among the 74 subjects with
early CPF/early VT recordings, 56 (75.7%) had SBT
success.

Subjects with or without early extubation success are
described in Table 1: Differences were statistically sig-
nificant for the length of ICU stay, hospital and ICU
mortality, and days of noninvasive ventilation (NIV)
after early extubation failure. Among the reasons for
early extubation failure, bronchial overload occurred in
3 cases (Table 2).

CPF and VT Values in the Clinical Study

Individual variations between assessments for late CPF
and late VT according to extubation outcome are shown in
Figure 5. For all late CPF and late VT values, the coeffi-
cient of variation of early CPF was 0.11, and that of early

VT was 0.20; for late CPF, it was 0.13, and for late VT it
was 0.21. No statistically significant difference was ob-
served between triplicate measures (late CPF: P � .95;
late VT: P � .99), confirming the use of mean values for
predictive purposes. For the 92 subjects assessed for
the primary end point, the median late CPF was �67.17
L/min, and median late VT was 0.640 L.

Among subjects with early extubation failure, median
(interquartile range) late CPF was �67.7 (�85.3
to �57.3) L/min, and among those with early extubation
success, this was �57.3 (�84.5 to �42.8) L/min (Fig. 6A
and Table 3). Among those with early extubation failure,
late VT was 0.646 (0.477–0.892) L, and among those with
early extubation success, it was 0.448 (0.362–0.758) L
(Fig. 6B and Table 3).

The thresholds of late CPF and late VT selected for
further analyses concerning early extubation success
and to define the composite cough strength score
were �60 L/min and 0.55 L, respectively. Early extu-
bation success was significantly associated with high
late CPF (P � .03; Table 3) but not with high late VT

(P � .08). The intrinsic performance for early extuba-
tion success prediction by late CPF alone was modest
(sensitivity � 70.4%, 95% CI 60.4 – 80.3%; specific-
ity � 63.6%, 95% CI 35.2–92.1%). The area under the
curve of the ROC curve for late CPF was 0.61 (95% CI
0.37– 0.83), and that of late VT was 0.64 (95% CI 0.42–
0.86; Table 3 and Fig. 7A).

Performance of the Model Predicting the Primary
End Point (Early Extubation Outcome)

Early extubation success was better predicted using the
composite cough strength score (Fig. 7B and Table 3):
Late CPF � �60 L/min or late VT � 0.55 L was signif-
icantly associated with early extubation success (�2 � 12.9,
P � .001), with a better intrinsic performance (sensitiv-
ity � 83.9%, 95% CI 75.9–91.9%; specificity � 63.6%,
95% CI 35.2–92.1%). The composite cough strength score
had a high positive predictive value (94.4%, 95% CI 89.5–
99.4%) for early extubation success but a low negative
predictive value (35.0%, 95% CI 6.8–63.2%), indicating
that weak cough performed poorly to predict early extu-
bation failure. Composite cough strength score remained
more accurate than late CPF alone (negative predictive
value � 22.6%, 95% CI 0–47.3%; Table 3), despite late
CPF and late VT being statistically correlated (R2 � �0.56,
P � .001). The area under the curve value for the ROC
curve for the combined criteria (late CPF and late VT) was
0.64 (95% CI 0.42–0.84).

Among those with an unfavorable composite cough
strength score, the only significant parameter in the overall
model was pH before extubation (normal distribution, mean
value in the failure group � 7.40; mean value in the suc-

Fig. 4. Flow chart. CPF � cough peak flow. SBT � spontaneous
breathing trial.
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cess group � 7.45; one missing value; 2-sided t test:
t � �2.1864, P � .049). This result was specific to this
subgroup (see Table 1 for the pH before extubation for the
overall population stratified by outcome, independently

from cough assessment, indicating that there was a non-
significant difference for pH). There was no statistical
correlation between late VT and pH at the end of the SBT
(R2 � �0.011, P � .91).

Table 1. Characteristics of Early Extubation Success and Failure Groups in the 92 Subjects With Late Cough Peak Flow and Late Tidal Volume
Measurements Available

Characteristics Total (N � 92) EEF (n � 11) EES (n � 81) P

Male sex, n (%) 63 (68) 8 (73) 55 (68) .75
Age, median (IQR) y 69 (60–76) 71 (65–78) 69 (60–75) .53
Body mass index, median (IQR) kg/m2 27 (22–32) 21 (20–26) 28 (23–33) .043
Reason for admission in ICU, n (%)*

Acute abdominal disease 10 (0.9) 1 (9.1) 9 (11.1) .84
Acute cardiogenic oedema 14 (15.2) 2 (18.2) 12 (14.8) .77
Acute renal failure 24 (26.1) 2 (18.2) 22 (27.2) .63
Acute respiratory failure 67 (72.8) 10 (90.9) 57 (70.4) .15
ARDS 22 (27.2) 2 (18.2) 20 (24.7) .63
Cardiac arrest 8 (8.7) 1 (9.1) 7 (8.6) .96
COPD 12 (13.0) 4 (36.4) 8 (9.9) .01
Coma 17 (18.5) 2 (18.2) 15 (18.5) .98
Community pneumonia 25 (27.2) 5 (45.5) 20 (24.7) .15
Digestive hemorrhage 3 (3.3) 0 (0) 3 (3.7) .52
Neuromuscular disease 4 (4.3) 0 (0) 4 (4.9) .45
Nosocomial pneumonia 8 (8.7) 1 (9.1) 7 (8.6) .96
Other restrictive pulmonary disease 8 (8.7) 1 (9.1) 7 (8.6) .96
Sepsis 50 (54.3) 6 (54.5) 44 (54.3) .98
Shock 49 (53.3) 3 (27.3) 46 (56.8) .07

SAPS II at admission, median (IQR) 48 (37–62) 46 (35–53) 48 (38–62) .52
SOFA score at inclusion, median (IQR) 3.5 (2–5) 3 (2–5) 4 (2–5) .56
Charlson comorbidity score, median (IQR) 3 (1–4) 2 (1–2.5) 3 (1–4) .18
Days of invasive mechanical ventilation before weaning, median (IQR) d 5 (3–11) 8 (5–11) 4 (3–11) .19
Use of non-invasive mechanical ventilation after extubation (�48 h),

n (%)
50 (54.3) 7 (63.6) 43 (53.1) .54

Days of noninvasive mechanical ventilation after extubation,
median (IQR) d

0.9 (0.6–1.9) 0.3 (0.1–0.6) 1.0 (0.7–2.5) .02

Use of instrumental cough assistance, n (%) 16 (17.4) 1 (9.1) 15 (18.1) .45
Days of the instrumental cough assistance after extubation,

median (IQR) d
3 (2–5) 1 (1–1) 3 (2–5) .32

Total duration of mechanical ventilation (invasive and noninvasive),
median (IQR) d

7 (4–12) 7 (4–8) 7 (4–19) .24

Length of ICU stay, median (IQR) d 13 (6–26) 22 (19–29) 10 (6–26) .02
ICU mortality, n % 16 (17.4) 6 (54.5) 10 (12.3) �.001
Length of ICU stay for survivors, median (IQR) d 13 (6–26) 22 (19.5–35) 10 (6–26) .02
Length of hospital stay, median (IQR) d 27 (16–44) 23 (21–39) 27 (15–45) .80
Hospital mortality, n % 25 (27.2) 8 (72.7) 17 (21) �.001
Length of hospital stay for survivors, median (IQR) d 29 (16–46.5) 69 (56.5–75.5) 27 (15.8–45.3) .07
Diameter of the endotracheal tube, median (IQR) mm 7.5 (7.5–7.5) 7.5 (7.5–7.6) 7.5 (7.5–7.5) .40
Duration of the SBT before extubation, median (IQR) min 150 (110–660) 220 (110–295) 155 (106–690) .44
Number of previous SBTs, n (%)

0 46 (50.0) 3 (27.3) 43 (53.0) .09
1 25 (27.2) 3 (27.3) 22 (27.1)
2 14 (15.2) 5 (45.4) 9 (11.1)
3 2 (2.2) 0 (0) 2 (2.5)
4 2 (2.2) 0 (0) 2 (2.5)
5 2 (2.2) 0 (0) 2 (2.5)

PaO2
before extubation, median (IQR) mm Hg 83 (72–102) 82 (68–88) 83 (72–107) .25

PaCO2
before extubation, median (IQR) mm Hg 40 (36–46) 39 (36–62) 40 (36–45) .45

pH before extubation, median (IQR) 7.46 (7.43–7.49) 7.43 (7.40–7.46) 7.46 (7.43–7.50) .13

* Several reasons for ICU admission were possible and are not mutually exclusive.
EEF � early extubation failure
EES � early extubation success
IQR � interquartile range
SAPS II � Simplified Acute Physiology Score II
SOFA � Sequential Organ Failure Assessment
SBT � spontaneous breathing trial
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The extubation prediction score was thus built with pH
alone, at a threshold of 7.45. The following combinations
defined the risk of early extubation success: CPF � �60 L/min
or VT � 0.55 L or pH� 7.45; the risk of early extubation
failure: CPF � �60 L/min and VT � 0.55 L and pH � 7.45.
Performance of the extubation prediction score was in-
creased compared with the composite cough strength score
(sensitivity � 96.3%, 95% CI 92.1–100; specific-
ity � 54.5%, 95% CI 25.1– 84; positive predictive
value � 93.9%, 95% CI 88.7–99.2; negative predictive
value � 66.7%, 95% CI 38.8–94.5).

Performance of CPF and VT for the Secondary End
Points

Before Extubation to Predict Overall Extubation Suc-
cess and Mortality. The performance of the composite
cough strength score assessment (but not CPF alone;
Table 3) to predict overall extubation success was also
statistically significant (P � .01, positive predictive
value � 83.3%, 95% CI 75.2–91.4). This composite
criterion was not associated with ICU mortality but was
associated with hospital mortality (P � 0.042, positive
predictive value � 77.4%, 95% CI 68.7– 86.8). Area
under the curve values for both late CPF and late VT for
each secondary end point were below those for the pri-
mary end point (Table 3).

Assessment of CPF and VT Immediately After the SBT
Onset to Predict SBT Outcome. Early CPF and early VT

were higher in case of successful SBT (Table 3). Using the
same cut-off values for early CPF alone (CPF � �60 L/min),
no relationship was found with SBT success. In the ab-

sence of specific arguments in previous studies, cut-off
values were selected from observed median values
(CPF � �65 L/min and early VT � 0.55 L). No signifi-
cant association was found between early CPF and SBT
success (P � .14), and this had low performance (sensi-
tivity � 53.6%, specificity � 66.7%). Positive predictive
value (83.3%) was higher than negative predictive value
(31.5%) but was lower than the performance of late CPF
to predict early extubation success.

Discussion

The novelty of this approach comes from the measure-
ment of CPF by using the built-in ventilator flow meter
without disconnecting the patient from the ventilator to
estimate cough performance. The use of such a device
without the need of a dedicated spirometer should increase
the rate of routine assessment of cough performance and
help clinicians in the decision making process at this stage.
In this study, we measured experimentally the expiratory
flow expelled from different inflationary lung volumes
through an ETT alone and through an ETT attached to the
expiratory circuit and valve of the ventilator used in this
ICU. Cough performance assessment was also introduced
to the clinical setting to define cut-off values predicting
extubation outcome. Because our SBT is done at a low-
pressure support level, we also assessed the volume at the
end of the inspiration immediately preceding the cough as
another indication of the respiratory system’s ability to
tolerate the extubation in increasing cough performance.

The first important finding of the present study was that
CPF could be assessed with the built-in flow meter of an
ICU ventilator, as demonstrated experimentally and con-

Table 2. Cause of Early Extubation Failure Along With Baseline Clinical Features in Subjects With High Cough Peak Flow and Low Cough Peak
Flow

Subject Age (y) Sex
SAPS II Score at

Admission
SOFA Score at

Inclusion
CPF � �60 L/min Extubation Failure Causes

1 45 Male 38 5 Yes Hypoxemia
2 68 Male 30 2 Yes Hypoxemia
3 62 Female 49 2 Yes Surgery without quick extubation
4 72 Female 45 3 Yes Pulmonary edema or bronchial overload
5 69 Female 50 2 No Pulmonary edema
6 74 Male 48 5 No Hypoxemia and acute respiratory failure
7 62 Male 46 6 No Pulmonary edema, vomiting, and inhalation
8 78 Female 36 2 No Bronchial overload and acidosis
9 53 Male 37 5 No Bronchial overload with NIV failure
10 57 Male 62 6 No Hypercapnic acidosis
11 28 Female 27 2 No Acute respiratory failure and early hypercapnia

SAPS II � Simplified Acute Physiology Score II
SOFA � Sequential Organ Failure Assessment
CPF � cough peak flow
NIV � noninvasive ventilation
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firmed clinically. Indeed, this is the first study measuring
CPF using the flow meter of an ICU ventilator and dem-
onstrating that it was as accurate to predict early extuba-
tion success as previously reported with a dedicated spi-
rometer,9,20 and it is of note that the threshold was similar.
More important, however, is the finding that early extu-
bation success is more accurately predicted by a synergic
analysis of several parameters, including CPF, VT, and pH
before extubation.

CPF assessment has never been recommended in guide-
lines6,14 and was not an identified target of improvement in
the quality of care in protocols.21 However, objective as-

sessment has been called for13,22 because some publica-
tions assessing the clinical consequences of extubation fail-
ure were usually limited by the absence of objective
assessment of cough strength.4 Furthermore, when objec-
tive assessments were employed, a variety of measurement
conditions were used (spontaneous and voluntary cough15;
spontaneous but involuntary cough10; manually assisted
cough12; and inclusion or not of neurosurgical subjects
with oral endotracheal tubes or tracheostomy23,24 with pos-
sible severe cognitive impairments preventing an adequate
response to cough instruction). This has also led to a wide
range of cut-off values (�80 L/min was most adapted for

Fig. 5. Plot of individual variations of triplicate assessments. A: Between the first, second, and third assessment for late CPF, separated
between early extubation failure and early extubation success, illustrating the absence of a significant trend with time for most subjects. B:
Between the first, second, and third assessment for late VT, separated between early extubation failure and early extubation success,
illustrating the absence of a significant trend with time for most subjects.
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reflex cough in the specific context of neuro-ICU24; �35 L/
min was proposed in a medical ICU15; �29 L/min was
proposed for decannulation23). However, in the medical
ICU context, a CPF threshold of around �60 L/min was
the most consensual; the intrinsic performance initially
observed for a threshold of ��60 L/min (sensitivity 69.0%,
specificity 74.0%, relative risk 5.1, area under the
curve � 0.7)9 was later confirmed with cut-off values
of �58.5 L/min (sensitivity � 71.4%, specificity � 68.0%,

Fig. 6. Comparison of physiological results before extubation ac-
cording to extubation outcome. Shown are box plots of late CPF
(A) and late VT (B) in subjects who succeeded and in those who
failed a scheduled extubation. The center line shows median value,
the box denotes interquartile range between the first and third
quartile, whiskers represent 1.5 times the interquartile range above
the upper quartile and below the lower quartile, and dots represent
outliers.
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positive predictive value � 0.16, negative predictive
value � 0.94)11 and �62.4 L/min (sensitivity � 85.0%,
specificity � 64.2%, area under the curve � 0.74).8,10 This
objectively assessed threshold has been retained in a re-
view25 and was then used to select subjects for further

interventional studies.20 The present study confirms pre-
vious results regarding the accuracy of CPF assessment
and may lead to an increased use in routine care.

The lack of homogeneity in the literature regarding the
primary end point (eg, late decannulation success after 2
weeks12; early extubation success after 72 h9,22) led us to
test the timing of the cough measure12 (before SBT or
extubation) as secondary end points. According to the pres-
ent study, the absence of weaning prediction (SBT out-
come) by early CPF and early VT suggests that cough
performance is specific to extubation outcome when mea-
sured before extubation (late CPF and late VT). Another
interesting point to note is that VT before cough has been
previously reported with a comparable result: The higher
the tidal volume, the greater the probability of extubation
success.10 Nevertheless, this feature was never combined
with other criteria to predict extubation outcome as it was
herein in the composite cough strength score, which was
found to be more significantly correlated with early extu-
bation success. It is also important to note that this mea-
sure is easily performed at the bedside and is also associ-
ated with long-term clinical outcomes (overall extubation
success and hospital mortality). However, we found no
association between ICU mortality and CPF alone, which
is in accordance with certain studies,8,10,15 although a re-
lationship between extubation failure and Sequential Or-
gan Failure Assessment worsening4,5 or between low CPF
and mortality9 has been reported. These results may illus-
trate the need for composite measures, such as the com-
posite cough strength score, but also that mortality is mul-
tidimensional and that prognostic scores should consider a
wider variety of potentially informative variables.

The contribution of the pH value before extubation to
early extubation success prediction seems to be in line
with the general knowledge in respiratory physiology. The
protective effect of a higher pH could be considered an
indicator of (relative) hyperventilation during SBT with
minimal inspiratory pressure support (7 cm H2O) that re-
flects ventilation capacity over a longer period of time
than VT (which is measured for only one inspiration).
Furthermore, the absence of correlation between pH and
late VT indicates that both should be considered for early
extubation success prediction. This has not been reported
in previous studies: For example, higher pH was not cor-
related with outcome by Thille et al,4 but objective cough
assessment was not considered in their study, and when
studies that were focused on predicting extubation by cough
did investigate pH, they failed to perform an analysis in
the subgroup with low cough strength.8,10 Taken together,
this may explain the absence of recommendations to take
into account higher pH in extubation decisions5 (abnor-
mally low pH only being used as an SBT failure crite-
rion14).

Fig. 7. A: Receiver operating characteristic curves and area under
the curve values for late CPF (0.61, 95% CI 0.37–0.83) and late VT

(0.64, 95% CI 0.42–0.86) regarding early extubation outcome. B:
Bivariate distribution of subjects according to late CPF and late VT

for a visual validation of the thresholds previously defined (late
CPF � �60 L/min and late VT � 0.55 L). The population present-
ing a reduced cough strength according to the composite cough
strength score is defined by a blue square, defining a cluster of
early extubation failure cases (negative predictive value � 35.0%
among this group). The population presenting a high cough per-
formance (defined by 1 or 2 parameters above the threshold) had
a high probability of early extubation success (positive predictive
value � 94.4%).
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Limitations of This Study

The study has several limitations. It is of note that the
use of NIV could reduce the pertinence of comparison
with studies previously mentioned. Even if a longer dura-
tion of NIV in case of early extubation success was ob-
served, this result is spurious because each subject in the
early extubation failure group had, by definition, � 48 h
of NIV. Most importantly, though, the use of NIV was the
same in both groups, reducing the risk of bias. In a recent
study26 based on a larger population (356 ICU subjects),
the use of NIV was associated with a lower risk of re-
intubation only for subjects with a low cough strength
(defined as under the median value of 70 L/min). This
value was notably close to the median value of late CPF
that we found (67.17 L/min) but was not discriminate for
extubation outcome.

The cough assessment was restricted to 2 dimensions
(CPF and VT) because the study was merely a pragmatic
one, aiming at direct application. However, it cannot be
completely ruled out that several other markers (eg, the
cough volume instead of the pre-cough inspiratory vol-
ume)19 could also be predictive. A physiological study
including fully cooperative ICU subjects could address
this point further. In the same vein, the comparison be-
tween CPF assessed with a dedicated spirometer and that
assessed with the built-in ventilator flow meter may have
been interesting. However, it would have been redundant
with the bench study result.

An aspect that was not investigated herein is the semi-
quantitative cough strength score (from 0 to 5) proposed to
bypass the lack of practical application of CPF. It has been
reported to be equivalent to CPF assessed with a dedicated
flow meter to predict a reduced rate of early extubation
failure within 72 h. However, as CPF was measured at the
same time as subjective cough assessment, this measure-
ment was not blinded.8 More generally, the consequences
for clinical application remain uncertain because the pre-
dictive value depends more on clinician experience than
the results of the test itself and therefore requires frequent
training sessions.

Another limitation is the single-center design because
this affects the generalizability of the results, in particular
because the study was conducted in a medical ICU dedi-
cated to respiratory care. This also affected the sample
size, which could explain the nonsignificant association
between late CPF and overall extubation success/hospital
mortality (contrary to a previous study)9 or between early
CPF and SBT success. The lack of statistical significance
for ROC results could also be related to this issue. How-
ever, these are secondary end points. Another point is that
statistical correlation made by repeated non-parametric tests
was not controlled for multiple comparisons.

The study results were also affected by the low early
extubation failure rate in the cohort, which is a paradoxical
limitation because it may have reduced the power of sta-
tistical analysis through the reduction in the number of
events. In particular, the low number of subjects in the
early extubation failure group may explain the wide CI
observed for all assessments of specificity and negative
predictive value and consequently area under the curve, in
particular without a proper sample size calculation. This
limitation is shared by other studies,9,15 because the closer
one gets to the objective of 5–10% extubation failure,7 the
more difficult it is to demonstrate the efficacy of a novel
strategy to challenge high-quality standard care. However,
the WIND study27 (the most recent large observational
cohort in France to be published) found that the usual
extubation failure rate was 18.4%, confirming that the pres-
ent cohort is an outlier in this regard. This could be ex-
plained by the inclusion criteria of the present study rather
than a center effect, because those without CPF assess-
ment before extubation could have had a higher extubation
failure rate than those included, and therefore the extuba-
tion failure rate of the study ICU could be closer to that
reported previously. A difference in the overall manage-
ment in this ICU could explain why the area under the
curve value for late CPF was lower than in previous stud-
ies (0.68,8 0.7,9 and 0.7410) and was not significant; how-
ever, the statistical significance of area under the curve
values using the ROC method was provided in only one
study,10 and none of these used a built-in ventilator flow
meter.

Another limitation is that nearly two thirds of intubated
subjects were not included for the primary end point anal-
ysis. However, other than the subjects who were not in-
cluded due to omission (who represent � 10% for the
primary end point), the reasons for non-inclusion were in
accordance with the protocol. It is also worth noting that
this information has rarely been reported in previous stud-
ies8-11,24; the only study that seems to have provided these
data was an investigation of a non-ICU decannulation pro-
tocol for which 38.5% of subjects were not included.23

This study was not restricted to a particular group of
subjects according to the complexity of their weaning pro-
cess. However, although the population was not formally
described according to the more recently published “sep-
aration attempt,”27 an indirect comparison can be made.
Half of the population had a CPF assessment for the first
separation attempt, and the median value of mechanical
ventilation was 5 d, indicating that at least half were part
of the group 2 (�1 week of weaning process). However,
the third percentile value was 11 d, indicating that at least
a quarter of subjects would have been classified in group
3 (prolonged weaning process � 1 week).
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Strengths of This Study

Despite a certain number of limitations, the study also
has many strengths, the main one being that the approach
was comprehensive, by assessing 2 features (CPF and VT,
rather than CPF alone) at 2 time points (early and late,
instead of only before extubation), and included several
secondary end points (including long-term extubation out-
comes and mortality, rather than early extubation success
alone).

Introducing VT to increase prognosis accuracy indicates
that a single assessment cannot capture the complexity of
the subject state before extubation, although both param-
eters are correlated. Consequently, combined scores (com-
posite cough strength score associating CPF with VT; ex-
tubation prediction score if pH before extubation is added)
increased the predictive value for success and failure. The
composite cough strength score reached statistical signif-
icance to predict overall extubation success and hospital
mortality, and, for extubation prediction score, the absence
of statistical correlation between late VT and pH at the end
of the SBT rules out a confounding effect of an overall
increased minute ventilation on both parameters. Further-
more, CPF remained related to extubation prediction rather
than the prediction of SBT success. Most importantly, this
study indicates that CPF can be translated into routine ICU
practice using built-in flow meters with the cut-off value
CPF � �60 L/min. It is also of note that, since each
measure was made by physicians, physiotherapists, or
nurses, CPF assessment is not investigator-centered. Thus,
learning curves in each ICU should be favorable.

Perspectives for Therapeutic Strategies

The results of the present study could encourage a wide-
spread use of CPF measurement, which could reinforce the
clinical confidence in extubation decisions. This study has
demonstrated the validity in routine practice of previous
thresholds and increased the performance of cough assess-
ment by aggregating several measurements into composite
predictive scores. Thanks to the high prediction of success,
one could identify patients able to be extubated without
complication. Conversely, it seems unwise to postpone
extubation in case of low cough ability due to the lower
predictive value of extubation failure. However, because
patients most at risk have to be extubated anyway, the
identification of these patients allows specific strategies
preventing re-intubation to be targeted, and this should be
tested in randomized interventional studies. Given the low
number of early extubation failures, these studies must
also confirm in a multi-center approach, and with a suffi-
cient number of re-intubations, that prediction of extuba-
tion outcome remains after stratification on re-intubations
required by bronchial overload. Furthermore, such studies

that implement systematic cough assessment should then
confirm the causal relationship between cough strength
and outcome. To date, this kind of relationship has only
been suggested in the subgroup of COPD with an invasive
intervention postextubation (systematic fibroscopy) in the
case of low cough.20 It has also been indirectly explored
by an open-labeled study suggesting that systematic NIV
might be useful in the case of low cough strength.26 How-
ever, such interventions based on cough assessment must
be validated with rigorous methodology and in a general
ICU population.

Conclusions

CPF measured using the flow meter of an ICU ventila-
tor was able to predict extubation success and build a
composite score to predict extubation failure. The results
were close to those found in previous studies that used a
dedicated flow meter. This could help to identify high-risk
patients to prevent extubation failure.
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