
Introduction

Shifting patients from mechanical ventilation (MV) to
autonomous ventilation is a delicate period in the daily
practice of an intensive care unit physician [1]. The deci-
sion to discontinue MV is generally based on the clinical

appreciation of weanability and the physicians's experi-
ence [2±5]. It is very important to recognize as soon as
possible when the patient is ready to be extubated [1].
For this purpose, several physiological indices have
been employed to predict early and perfect weaning
outcome [1, 2, 4, 6]. Indeed, predictors of weaning out-
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Abstract Objective: To develop a
model able to determine the right
time for extubation and to validate
its performance.
Design: A prospective clinical study.
Setting: 14-bed medical intensive
care unit in a university hospital.
Patients: 101 patients (37 women/
64 men) ventilated over more than
48 h (mean 10.4 ± 10.3 days) and
considered ready to be weaned by
the medical team (February
1996±February 1998).
Methods: This study included two
series: a development series with
53 patients and a validation series
with 48 patients. Before extubation,
a weaning test was performed mea-
suring tidal volume (VT), respiratory
rate (f), f/VT ratio, minute ventila-
tion, vital capacity (VC) and maxi-
mum inspiratory and expiratory
pressures (MIP and MEP). The suc-
cess of extubation was assessed after
48 h. Receiver operating character-
istic (ROC) curves allowed the ana-
lysis of the discriminating power of
each parameter. Threshold values
were determined using the Youden's
index. To create the best predictive
model, we performed a multiple lo-

gistic regression analysis. To assess
the calibration and the discrimina-
tion of the model, the Hosmer-
Lemeshow goodness-of-fit test and
area under ROC curves (AUC)
were adopted.
Measurements and results: In a de-
velopment series, 60 tests were car-
ried out with 38 successful
extubations and 22 extubation fail-
ures. The multivariate analysis
found three significant variables:
VC (threshold value = 635 ml), f/VT
ratio (threshold value = 88 breaths/
min.l) and MEP (threshold va-
lue = 28 cmH2O). The validation
cohort included 59 tests (38 succes-
ses and 21 failures). The validation
series shows a good discrimination
(AUC = 0.855 ± 0.059) and calibra-
tion (goodness-of-fit test C:
p = 0.224) of the model.
Conclusion: VC together with the
f/VT ratio and MEP offer accurate
prediction of early extubation.
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come are numerous and explore gas exchange, respira-
tory mechanics, breathing pattern and cardiovascular
performance [2±4]. But the accuracy of these indices is
poor and there is no consensus on their hierarchical va-
lue nor on their threshold values [2, 3, 7, 8]. The objec-
tive of this study was to develop a model to determine
the right time for extubation and to validate its perfor-
mance. The model was determined from classically re-
commended parameters during a ªweaning testº (WT).

Patients and methods

This prospective study (February 1996±February 1998) included
101 patients (37 women and 64 men) who were ventilated for
more than 48 h and considered ready to be weaned by the intensive
care unit medical team of Avicenne Hospital, Rabat. Their mean
age was 39.9 ± 16.8 years (range 15±80 years) and their Simplified
Acute Physiology Score (SAPS I) was 9.9 ± 4.4 (range 1±22). Pa-
tients were ventilated for 10.4 ± 10.3 days (range 2±60 days). Indi-
cations for MV were: acute respiratory failure in 45 patients
(pneumonia, acute exacerbation of chronic obstructive pulmonary
disease, severe acute asthma, drowning), coma in 36 patients (cen-
tral nervous system infection, stroke, status epilepticus, neurolep-
tic malignant syndrome, malignant hyperthermia), acute
intoxication in 13 patients (paraphenylenediamine, chloralose, or-
ganic phosphate insecticides, carbamates) and a generalized teta-
nus in 7 patients. In 96.6% of cases, the mode of ventilation
support was initially control ventilation or assist-control ventila-
tion. However, 14.7% of these patients were ventilated before ex-
tubation with pressure support (PS). PS was used alone in 3.4%
of patients.

This study included two series, a development series (February
1996±February 1997) with 53 patients (20 women and 33 men) and
a validation series (March 1997±February 1998) with 48 patients
(17 women and 31 men). Patients included in the study had all re-
ceived MV for more than 48 h. Both series of patients were treated
by the same team of nurses and physicians. In both series, the deci-
sion to extubate patients was taken by the medical team according
to a clinical and biological approach which was based on all of the
following criteria of weanability: improvement or resolution of
the underlying cause requiring MV, good level of consciousness
with cessation of all sedative agents, body temperature < 38 �C,
spontaneous breathing rate < 35 breaths/min, arterial oxygen sa-
turation > 90% for a fractional inspired oxygen K 0.4, hemody-
namic stability and no biological anomaly prohibiting
spontaneous breathing (electrolyte disorders, acid-base disturban-
ces, hemoglobin < 10 g%).

Before extubation, after 2 min of spontaneous breathing a WT
measured respiratory frequency (f; breaths/min), tidal volume
(VT; ml and ml/kg), minute ventilation (VE; l/min), vital capacity
(VC; ml and ml/kg), maximal inspiratory pressure (MIP; cmH2O)
and maximal expiratory pressure (MEP; cmH2O). The f/VT ratio
(breaths/min.l) was also determined.

F, VT, VE and VC were measured using a spirometer with tur-
bine captor (Ohmeda). Five values were noted for each parameter
and their mean calculated. Pressures were measured with a man-
ometer connected to the patient's tracheal tube. MIP was obtained
via the one-way valve technique [9]. A unidirectional valve permit-
ting only expiration was attached to the airway to ensure that in-
spiratory efforts were made at a low lung volume (residual
volume). The period of occlusion was maintained for 20 s and the
most negative pressure recorded was taken as the MIP. MEP was

measured during a maximal expiratory effort against an obstructed
airway. This maneuver was recorded with maximum encourage-
ment to approach total lung capacity by a spontaneous deep in-
spiration that significantly decreases intrathoracic pressure and
increases lung volume.

The results were not communicated to the medical team which
decided on the extubation. Extubation was performed in the usual
manner immediately after WT without a T-piece trial. Following
extubation, supplemental oxygen by face mask with chest physio-
therapy was delivered. Patients were considered successfully extu-
bated if, after 48 h, they did not need reintubation. Failure of
extubation was defined as the inability to support spontaneous
breathing for more than 48 h after extubation. The patients could
have several extubations and each extubation, with its WT, was in-
cluded in the study because it was considered as a new event re-
quiring the same criteria of weanability. In the development
series, the set of mean value for the WT parameters was compared
between the successfully extubated group (group 1) and the failed
one (group 2); then their best threshold values were defined. The
hierarchical classification of different parameters has allowed us
to release a model whose discrimination and calibration ability
was assessed in the validation series.

This study was approved by the ethics committee of the Moroc-
can Association of Emergency and Reanimation.

Results are presented as mean ± SD. For univariate analysis,
comparisons of differences in variables between groups were per-
formed using the chi-square test of Fisher's exact test (small sam-
ples) for categorical variables and Student's t -test for continuous
variables. A p value below 0.05 was set for significance. For each
index, predicting successful extubation was assessed according to:
Sensitivity (Se = True success/[True success + False success]), Spe-
cificity (Sp = True failure/[False failure + True failure]), positive
predictive value (PPV = True success/[True success + False fail-
ure]) and negative predictive value (NPV = True failure/[False
success + True failure]).

Threshold values were defined for the different WT variables
with Youden's index (J). This index constitutes an objective ap-
proach to determine the optimal threshold value that offered the
best equilibrium between Se and Sp. Youden's index is given by:
J = Se + Sp � 1, where Se = 1 � b (b = false positive error) and
Sp = 1 � a (a = false negative error). By rearranging the equation,
we obtained: J = 1 � (a + b ). Indeed, J has its maximal value
when (a + b ) has the lowest value. In other words, the optimal cut-
off point must associate low false-positive and low false-negative
errors.

To create the best predictive model, we performed a multiple
logistic regression analysis (SPSS version 7.5, 1996) [10].

Receiver operating characteristic (ROC) curves, formed by the
plot of all possible pairs of false-positive and true-positive rates,
were constructed for all indices. The area under the curves was cal-
culated and compared by the nonparametric method of Hanley
and McNeil [11, 12]. To estimate the discriminative power of the
model, we used the area under the ROC curve. A model was con-
sidered to discriminate well when this area was above 0.80. To as-
sess the calibration of the model, the Hosmer-Lemeshow
goodness-of-fit test was adopted [10]. The model was not calibra-
ted well if the goodness-of-fit statistic was significant (p < 0.05).

Results

During the study period, a total of 157 patients were
ventilated over more than 48 h and 56 among them
were not included in the protocol (accidental extuba-
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tion, death, home mechanical ventilation). All patients
meeting our criteria of weanability were extubated. In
other words, all patients screened were extubated.
The general characteristics of patients in the two ser-
ies are given in Table 1. Comparison between the two
series showed significant differences in age and SAP-
S I.

In the development series, 60 tests were carried out
for 53 patients. The successful extubation group
(group 1, n = 38) and the failed extubation group
(group 2, n = 22) are also comparable in term of age,
sex, SAPS I, MV duration and etiology (Table 2). In
univariate analysis, average values of all parameters of
the WT were statistically different between the two
groups (Table 3). The best couple of Se-Sp was obtained
by placing the threshold value to 28 breaths/min for f;
333 ml and 4.5 ml/kg for VT; 88 breaths/min.l for the f/
VT ratio; 635 ml and 12.5 ml/kg for VC; 9.9 l/min for
VE; � 25 cmH2O for MIP and 28 cmH2O for MEP.
Threshold values and accuracy of the WT indices are gi-
ven in Table 4.

All areas under the ROC curves were above 0.7 ex-
cept for VT (ml/kg) and especially VE (Table 4). The
best areas (> 0.80) were obtained for VT (ml), VC (ml)
and the f/VT ratio. No statistical difference was found
between areas of those indices (p > 0.05).

Among the different weaning indices, the multivari-
ate analysis found three significant variables: VC (ml),
f/VT ratio and MEP (Table 5). If the three criteria were
met, the probability of successful extubation was
96.8 %. On the other hand, 83.3 % of patients were cor-
rectly classified by the model. The performance of the
model was tested on an independent set of 48 patients.
The validation cohort consisted of 59 tests. The success-
ful extubation group (group 1¢; n = 37) and the failed ex-
tubation group (group 2¢; n = 22) were also comparable
in term of age, sex, SAPS I, MV duration and etiology
(Table 2).

The discriminatory performance of the model was
good as reflected by the areas under the ROC curves
(Fig. 1). The Hosmer-Lemeshow goodness-of-fit test re-
vealed a good calibration of the model in the develop-
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Development cohort
(n = 53)

Validation cohort
(n = 48)

p value

Age (years) 43.4 ± 18.1 35.9 ± 14.4 0.02

Sex (women/men) 20/33 17/31 NS

SAPS I 11.2 ± 3.9 8.3 ± 4.5 0.001

MV duration (days) 8.7 ± 8.9 12.1 ± 10.9 NS

Etiology:
Acute respiratory failure 24 21 NS
® (COPD) (12) (5) NS
Coma 19 17 NS
Intoxication 7 6 NS
Generalized tetanus 3 4 NS

Table 1 Characteristics of pa-
tients in the development and
validation series (SAPS I Sim-
plified Acute Physiology Score,
MV mechanical ventilation)

Table 2 Comparison between successful extubation group (group 1, group 1¢) and failed extubation group (group 2, group 2¢) in the de-
velopment and validation series

Development cohort
(n = 60 tests)

Validation cohort
(n = 59 tests)

Group 1
(n = 38)

Group 2
(n = 22)

p
value

Group 1¢
(n = 37)

Group 2¢
(n = 22)

p
value

Age (years) 41.3 ± 17.6 45.8 ± 18.2 NS 36.4 ± 14.3 34.3 ± 14.9 NS

Sex (women/men) 14/24 10/12 NS 12/27 8/15 NS

SAPS I 11.1 ± 3.8 11.7 ± 4.5 NS 8.7 ± 4.4 7.2 ± 4.2 NS

MV duration (days) 7.8 ± 5.9 10.3 ± 12.6 NS 12 ± 9.8 12.8 ± 13 NS

Etiology:
Acute respiratory failure 15 13 NS 17 8 NS
® (COPD) (7) (8) (NS) (3) (2) (NS)
Coma 13 8 NS 13 12 NS
Intoxication 7 0 NS 4 1 NS
Generalized tetanus 3 1 NS 3 1 NS



ment series (C = 2.553; df 4; p = 0.635) and validation
series (C = 8.202; df 6; p = 0.224) (Table 6, Fig. 2).

Discussion

Several indices evaluating the ventilatory pump have
been proposed to predict weaning from prolonged
MV. These indices include: f [13], f/VT ratio [2], VC
[14], MIP [9, 15, 16], VE [15], P0.1 or airway occlusion
pressure at 0.1 s [6, 16±20], work of breathing [21, 22]
and gastric intramural pH [7]. These predictive indices
were evaluated in several studies whose results are con-
flicting because of their methodologic variability and
population differences [2, 4, 23, 24]. Therefore, there
is no consensus on the hierarchical value or threshold

values of these indices [3]. Indeed, none of these para-
meters can predict correctly the capacity of the patient
to support spontaneous breathing due to the fact that
none of them as a high sensitivity or specificity [3, 6, 8,
21]. The poor predictive values of weaning indices
have encouraged some authors to group them in order
to improve their predictive power [3] or to propose in-
tegrated indices such as the CROP index (which in-
cludes compliance, rate, oxygenation and pressure)
[2], a weaning index based on ventilatory endurance
and the efficiency of gas exchange [25], the P0.1/MIP
ratio [20, 26, 27] or again (f/VT). (P0.1) where P0.1
slighty improves the specificity of the f/VT ratio in pre-
dicting weaning [6]; however, the results are not always
reproducible. Del Rosario et al. [27] suggest that para-
meters allowing the assessment of respiratory muscle
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Table 4 Threshold values, accuracy and area under the receiver operating characteristic curve (AUC) of the weaning test parameters in
the development series (f respiratory rate, VT tidal volume, VC vital capacity, VE minute ventilation, MIP maximal inspiratory pressure,
MEP maximal expiratory pressure, Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive value, SE stan-
dard error)

Threshold
values

Se Sp PPV NPV AUC ± SE

f (breaths/min) < 28 64 71.1 56 77.1 0.708 ± 0.072
VT (ml) L 333 81.8 68.4 60 86.7 0.830 ± 0.059
VT (ml/kg) > 4.5 50 92.1 78.6 76.1 0.688 ± 0.074
f/VT (breaths/min.l) < 88 77.3 78.9 68 85.7 0.809 ± 0.062
VC (ml) L 635 76.2 77.8 66.7 84.8 0.812 ± 0.063
VC (ml/kg) L 12 85.7 58.3 54.5 87.5 0.786 ± 0.067
VE (l/min) < 9.9 100 31.6 45.8 100 0.341 ± 0.071
MIP (cmH2O) < � 25 59.1 75 59.1 79.1 0.715 ± 0.072
MEP (cmH2O) L 28 52.4 91.7 78.6 71.7 0.726 ± 0.073

Group 1
(n = 38 tests)

Group 2
(n = 22 tests)

p value

f (breaths/min) 24.1 ± 5.9 28.8 ± 5.8 0.04
VT (ml) 391 ± 131 284 ± 79 0.0011
VT (ml/kg) 6.6 ± 2.4 5 ± 1.8 0.013
f/VT (breaths/min.l) 69.3 ± 29.8 111.3 ± 44 4 10�5

VC (ml) 894 ± 378 550 ± 184 0.0002
VC (ml/kg) 14.7 ± 6.1 9.6 ± 3.4 0.0013
VE (l/min) 9 ± 2.6 7.7 ± 1.5 0.037
MIP (cmH2O) 31.9 ± 9.9 26.9 ± 7.7 0.046
MEP (cmH2O) 52.8 ± 20.1 36.1 ± 23 0.005

Table 3 Comparison of indices
between successful extubation
group (group 1) and failed ex-
tubation group (group 2) in the
development series (f respira-
tory rate, VT tidal volume, VC
vital capacity, VE minute venti-
lation, MIP maximal inspira-
tory pressure, MEP maximal
expiratory pressure)

Table 5 Predictive model by multivariate logistic regression analysis (VC vital capacity, f respiratory rate, VT tidal volume, MEP maxi-
mal expiratory pressure, SE standard error, OR odds ratio, CI confidence interval)

Variable b SE OR 95 % CI p

VC L 635 (ml) 2.185 0.8142 8.89 1.803 to 43.857 0.0073
f/VT < 88 (breaths/min.l) 2.279 0.8290 9.77 1.924 to 49.590 0.0060
MEP L 28 (cmH2O) 2.833 0.9659 16.99 2.560 to 112.860 0.0034
Constant � 3.898 1.1433 0.0007



endurance may help physicians and can facilitate wean-
ing.

The current study analyzes simple weaning criteria to
determine those that are associated with weaning out-
come. We have noted a difference in age and SAPS I be-
tween the development and validation series, but both
groups must not necessarily be identical. In fact, the
strength of a model is greater when it is validated on dif-
ferent populations. The different threshold values found
in this study for the weaning indices are near to thresh-
olds found in the literature. For these threshold values,
this study analyzes the effect of association of indices
whose predictive power is the most important. Indeed,
it is found that the combination of three indices consti-
tutes the best extubation model: VC, which informs on

the patient's reserve to support a supplementary work-
load; f/VT ratio, which is an indicator of rapid shallow
breathing; and MEP, which reflects the capacity to pro-
duce an efficient cough. The performance of this model
is satisfactory with a strong discrimination power and
good calibration in the development and validation ser-
ies.

If the measure of f/VT ratio is independent of the pa-
tient's cooperation [2], it is not so with VC and MEP,
which can sometimes underestimate the real capacities
of the patient. VC is rarely proposed as a reliable pre-
dictive factor [4]. For thresholds of 10 to 15 ml/kg, the
Se varies from 0 to 50 % and the Sp from 72 to 85 %
[24, 28, 29]. In our series, the Se of this index is 86 %
but the Sp is only 58 %; this rate is greatly improved
when VC is not corrected for the patient's weight.

The discrimination power and threshold value of the
f/VT ratio are variously appreciated [7, 16, 20, 24, 30].
Yang and Tobin [2], reported that an f/VT ratio greater
than 105 breaths/min.l was the most accurate predictor
of weaning success with an Se of 97 %, an Sp of 64 %, a
positive predictive value of 78%, a negative predictive
value of 95 % and an area under the curve of
0.89 ± 0.05. The main advantages of this parameter re-
main the facility measure and the exemption of the pa-
tient's cooperation and effort [2]. According to Lee et
al. [31], a low f/VT ratio would not be reliable because
the underlying pathophysiology may be the cause of ra-
pid shallow breathing without giving rise to respiratory
failure.

Few authors have considered the effect of MEP in
the estimate of weaning outcome [4]. The model repor-
ted in this study has the advantage of integrating this
parameter, which reflects a patient's ability to cough.
The cough is a defensive mechanism designed to rid
the conducting air passages of secretions. The pressure
during a maximal expiratory effort against an obstruc-
ted airway reflects the force available for a successful
cough [4]. Despite the presence of an endotracheal
tube, maximal cough pressure of about 80 cmH2O can
still be generated. For Bach and Saporito [32], the abil-
ity to generate a peak cough flow greater than 160 l/
min is necessary for the successful extubation of a pa-
tient with neuromuscular disease.

The rate of reintubation in the current study was
37% (36.7 % in the development series and 37.2% in
the validation series). In several articles, this rate goes
from 0 to 38 % and is generally below 20 % [5, 24,
31±35]. The patients who failed varied considerably
from one study to another one [5]. Three arguments
can explain our reintubation rate. First, this study is
characterized by the variability of population and MV
indications. Besides, the mean duration of MV exceeds
a week and the highest rates of reintubation were ob-
served especially among patients who benefit from pro-
longed MV [16, 31]. The prolonged MV reflected the
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Fig.1 Areas under ROC curves (± SE) of the predictive model

Fig.2 Calibration curves. Correspondence between actual and
predicted chance of successful extubation in the development and
validation series



severity of underlying conditions, the severity of re-
spiratory failure or respiratory muscle atrophy induced
by prolonged inactivity [31]. This situation is essentially
observed among medical patients who are difficult to
wean from MV. Second, it was noted that only criteria
of weanability and medical staff judgment were used
for extubation and that WT parameters were not con-
sidered in the decision to extubate. Third, extubation in
the current protocol was done immediately after WT
without a spontaneous breathing trial (T-piece). More
studies demonstrate that a T-piece was able to yield a
low reintubation rate [33, 35]. It has been shown that
the addition of a T-piece test may make it easier to dif-
ferentiate between patients who can be extubated and
those who need progressive withdrawal from MV. But
in most weaning studies, patients in the failed extuba-
tion group are reventilated prior to extubation, thus
compromising the evaluation of the predictive values
of the weaning indices applied. The duration of a T-
tube trial is variable, often 2 h [1, 4, 5, 8, 18, 24, 31, 33,
35±37], but 30 min is probably as efficacious [35]. For
Leitch et al., it was not demonstrated that the T-tube is

associated with a better chance for successful weaning
[24]. The aim of our study was not to show T-piece use-
fulness, but the results can be assessed with the addition
of a spontaneous breathing test to verify if our model's
performance can be improved.

In conclusion, the study reported here proposed a
practical extubation strategy which can help in with-
drawal from MV. This model offers accurate prediction
of early extubation and indicates the probability that a
patient can tolerate extubation. Our model appears sim-
ple, tolerable, easily measurable and has a high sensitiv-
ity and specificity. It must be extensively evaluated,
especially in association with different weaning techni-
ques. We have started to use these variables in a new
prospective study, with and without a T-piece, to show
that this model could be useful.
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Probability n Successful extubation Failed extubation

Observed Expected Observed Expected

Development cohort
� 0.0199 6 0 0.12 6 5.88
� 0.1654 6 1 0.97 5 5.03
� 0.2564 8 3 2.05 5 5.95
� 0.7540 9 6 6.44 3 2.56
� 0.7710 8 5 6.17 3 1.83
� 0.9677 23 23 22.28 0 0.74
Total 60 38 38.03 22 21.99

Chi-square = 2.5526 df = 4 p = 0.635

Validation cohort
� 0.0199 5 0 0.10 5 4.90
� 0.1654 4 1 0.66 3 3.34
� 0.2564 11 4 2.82 7 8.18
� 0.7540 11 8 7.88 3 2.45
� 0.7710 5 4 3.86 1 1.14
� 0.9677 23 20 22.26 3 0.74
Total 59 37 37.58 22 21.42

Chi-square = 8.2022 df = 6 p = 0.224

Table 6 Hosmer-Lemeshow
goodness-of-fit test C for the
predictive model
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