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Abstract Purpose: To evaluate
and compare the performance of NT-
proBNP levels, plasma protein con-
centration, hematocrit, and fluid
balance for the preceding 24 h in
predicting the outcome of the two
steps of weaning: (1) spontaneous
breathing trial (SBT), (2) extubation.
Methods: This was a prospective
observational study of 143 patients
who were mechanically ventilated for
more than 48 h (55 % COPD) and
were ready to wean. They underwent
an SBT and were extubated when
they passed the trial. Immediately
before the SBT, we measured the
evaluated diagnosis tools. Results:
Of 143 patients, 80 (56 %) passed the
SBT and were extubated. Of these,
two were reintubated for laryngeal
dyspnea, 57 had no respiratory prob-
lem during the next 48 h, and 21
developed post-extubation respiratory
distress (26 %). Rescue noninvasive
ventilation (NIV) prevented reintu-
bation in 15 (71 %). None of the
tested diagnosis tools predicted the
outcome of the SBT. Patients who
developed post-extubation respiratory
distress were older, had lower values

of plasma protein concentration and
higher values of NT-proBNP than
those who did not. Only NT-proBNP
was an independent predictor of the
occurrence of post-extubation respi-
ratory distress (OR 1.2; 95 % CI
1.09–1.4; p = 0.003); the area under
the ROC curve for NT-proBNP to
predict post-extubation respiratory
distress was 0.78 (95 % CI 0.67–0.89;
p = 0.0001). NT-proBNP was more
accurate to rule out (negative likeli-
hood ratio 0.09 for a cutoff of no
greater than 1,000 pg/ml) than to rule
in the risk of post-extubation respi-
ratory distress (positive likelihood
ratio 3.45 for a cutoff of at least
2,000 pg/ml). Conclusion:
NT-proBNP levels at SBT help in the
prediction of post-extubation respira-
tory distress and could identify the
subgroup of extubated patients
requiring close observation and/or
prophylactic NIV.
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Introduction

Weaning patients from mechanical ventilation (MV)
remains a daily challenge for intensivists [1]. Time spent
in the weaning process represents 40–50 % of the total
duration of mechanical ventilation with evidence

suggesting that weaning tends to be delayed, thus
exposing patients to undue risk of additional morbidity
and mortality [2]. Although most patients (69 %) will
have a simple weaning from MV with a good prognosis
and low ICU and hospital mortality, almost one-third of
patients will have a difficult or prolonged weaning
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process exposing them to the risk of a higher morbidity
and mortality [3].

Weaning failure is usually defined as the failure of the
spontaneous breathing trial (SBT), or the need for rein-
tubation during the 48 h following extubation [4].
Weaning failure occurs in 26–42 % patients with
increased rates (up to 62 %) in chronic obstructive pul-
monary disease (COPD) patients [4–6]. Reintubation is
associated with a high mortality rate because it usually
occurs in high-risk patients and increases the risk of
aspiration, and nosocomial pneumonia [7].

In addition to upper airway obstruction, reintubation
is frequently due to post-extubation acute respiratory
failure (ARF) either from respiratory or cardiac dys-
function. Respiratory failure is traditionally considered
the main cause of weaning failure, but cardiac function
and, more importantly, volume status may play a key
role in this setting [8]. B-type natriuretic peptide (BNP)
and NT-proBNP levels, which are increased in conges-
tive heart failure (CHF) and hypervolemia, have been
suggested as useful indicators of weaning failure [9–12].
Zapata et al. [9] recently demonstrated that either the
natriuretic peptides levels measured immediately before
the SBT, or their increase between the start and the end
of the SBT, can accurately relate weaning failure to
heart rather than to respiratory failure. Several other
accessible markers (fluid balance, plasma protein con-
centration, echocardiographic Doppler indices) have
been evaluated in the prediction of weaning outcome or
for the diagnosis of weaning-induced pulmonary edema
[13–16]. Head-to-head comparison of these indicators is
lacking.

Prediction of weaning outcome might be clinically
relevant because several studies have shown that early use
of noninvasive ventilation (NIV) in extubated patients
(mainly chronic hypercapnic patients) reduces the rate of
post-extubation ARF and that of reintubation, and lowers
the risk of mortality in these patients [17–19]. Conversely,
NIV did not prove effective when used on a curative basis
in patients experiencing post-extubation ARF [20, 21].

The aim of this prospective observational study was to
compare the performance of the serum NT-proBNP,
plasma protein concentration, hematocrit, and fluid bal-
ance in predicting the outcome of the two steps of
weaning: (1) SBT, (2) extubation.

Patients and methods

We conducted a prospective cohort study between Feb-
ruary 2006 and June 2009 in the Intensive Care Unit of
University Hospital Fattouma Bourguiba, Monastir,
Tunisia. This is a ten-bed medical ICU admitting 300–350
patients/year, of whom two-thirds are ventilated either
noninvasively or conventionally.

Inclusion criteria

All patients mechanically ventilated for more than 48 h
were considered for inclusion in the study. Patients
deemed ready to wean from MV were included in the
study. They had to meet all of the following criteria [1]:
resolution or significant improvement in the cause of
respiratory failure, cardiovascular stability, correction of
metabolic disorders, recovery from the effects of sedation,
effective cough, no significant respiratory acidosis, PaO2

greater than 60 mmHg and/or SaO2 greater than 90 %
with FiO2 less than 0.40, positive expiratory pressure
(PEEP) less than 8 cmH2O, respiratory rate (RR) less than
35 breaths/min, spontaneous tidal volume (Vt) greater
than 5 ml/kg, minute ventilation (mV) greater than
15 l/min.

Exclusion criteria

Exclusion criteria were prolonged cardiac arrest with poor
neurological prognosis, renal impairment defined by
either plasma creatinine above 180 lmol/l, plasma urea
greater than 25 mmol/l, creatinine clearance less than
30 ml/min, increase of more than 25 % of plasma creat-
inine in the previous 24 h; pregnancy or breast-feeding,
tracheostomy at baseline, myasthenia gravis or acute
polyradiculoneuropathy, end-stage chronic illness, or a
decision to limit active treatment.

Protocol

The protocol was approved by our institutional ethics
committee, and written informed consent was obtained
from patients or their next of kin. All patients meeting the
inclusion criteria of MV weaning had an SBT on a T-tube
connected to a humidifier and an oxygen flow (FiO2 of
0.4). SBT lasted 120 min. Patients were considered to
have failed SBT if they developed any of the following
signs during the 2 h SBT: agitation or anxiety; altered
neurological status, sweating, cyanosis, contraction of
accessory respiratory muscles, thoraco-abdominal dys-
synchrony, dyspnea, tachypnea (RR greater than
35 breaths/min), heart rate (HR) greater than 140 beats/
min, systolic blood pressure (SBP) greater than
180 mmHg or an increase of over 20 %, SBP less than
90 mmHg, and arrhythmia. Patients who had none of
these features at the end of the SBT were subsequently
extubated. After extubation, the patients were closely
monitored for 48 h. Patients who developed signs of post-
extubation respiratory distress first had rescue NIV and
were eventually reintubated in the case of persisting
respiratory failure. This group of patients, who formed the
‘‘weaning failure’’ group in previous studies, will be
termed the ‘‘post-extubation distress’’ group in this study
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regardless of the final outcome (reintubation or not)
because reintubation was averted by NIV in some of these
patients. Signs of post-extubation respiratory distress
were the following: (1) hypoxemia (SaO2 no greater than
90 % or PaO2 no greater than 60 mmHg breathing at an
FiO2 greater than 0.50), (2) respiratory acidosis (pH no
greater than 7.30 with PaCO2 greater than 50 mmHg),
and clinical signs of respiratory distress including at least
one of the following: retraction of the intercostal spaces,
use of accessory respiratory muscles, and paradoxic
breathing. Patients who required reintubation due to upper
airway obstruction were excluded from further data
analysis.

Data collection and NT-proBNP measurement

Patients’ baseline characteristics, including demographic
data, disease severity, causes of respiratory failure, pre-
existing comorbidity, were recorded at the ICU
admission. Severity of the disease at the ICU admission
was assessed by the Simplified Acute Physiology Score
(SAPS) II score. The following were measured immedi-
ately before the start of the SBT: fluid balance of the day
preceding SBT, biological variables, namely plasma
protein concentration, hematocrit, and NT-proBNP.

To measure plasma NT-proBNP levels, venous blood
samples were drawn into tubes containing EDTA imme-
diately before the beginning of the 2 h SBT. The plasma
was stored at -80 �C and analyzed by the end of the
study. The investigator responsible for the measurements
was unaware of the patients’ baseline parameters and
clinical course. NT-proBNP was determined with the use
of a quantitative electrochemiluminescence assay (Elec-
sys proBNP, Roche Diagnostics, Indianapolis) on an
Elecsys 2010 analyzer (Roche Diagnostics) according to
established methods.

Statistics

Statistical analyses were performed using SPSS 17.0
(SPSS, Inc., Chicago, USA). Continuous data are pre-
sented as medians (interquartile range, IQR). The
association of categorical variables with the two steps of
weaning we evaluated (SBT and extubation outcome) was
assessed using the c2 test. Differences in continuous data
between groups were analyzed using the Mann–Whitney
U test. Two-sided p value no greater than 0.05 was con-
sidered statistically significant. The predictive value of
NT-proBNP was determined using the receiver operator
characteristic (ROC) curve. To evaluate independent risk
factors for post-extubation respiratory distress, a logistic
regression analysis was performed including significant
univariate risk factors.

Results

During the study period 523 patients received ventilatory
support. NIV was applied to 173 patients, whereas 350
were intubated, mechanically ventilated, and considered
for inclusion in the study. Of these, 207 were excluded for
the reasons detailed in Fig. 1. The remaining 143 patients
were included in the study.

Patients’ characteristics and weaning outcome

The included population had a median age of 65 years,
the majority of patients were male (sex ratio 2.25). The
median duration of MV before the spontaneous breathing
test was 6 days (IQR 2–11). The causes of ventilation
were dominated by respiratory causes (70 %, where
COPD exacerbation represented 55 %), cardiovascular
causes (15 %), and neurologic diseases (8 %). Median
SAPS II was 38 (IQR 25–50).

Figure 1 displays weaning outcomes in the study
population. Of the 143 patients who underwent the SBT,
63 failed the SBT (44 %, SBT failure) and 80 passed
(56 %, SBT success).

Table 1 displays clinical and biological parameters
before SBT in the SBT success and SBT failure groups.
Both groups were fairly comparable regarding demo-
graphic characteristics, and causes of ARF which was
dominated by COPD exacerbation. Significant differences
were revealed regarding acute disease severity as mea-
sured by SAPS II at admission, and duration of ventilation
prior to SBT which was longer in patients who failed
SBT. Regarding variables measured shortly before the
performance of SBT, namely fluid balance for the pre-
ceding 24 h, plasma protein concentration, hematocrit,
and NT-proBNP, none was significantly different between
patients who succeeded and those who failed SBT. Two
out of 80 patients who passed the SBT and were extubated
then rapidly developed laryngeal dyspnea (stridor)
imposing reintubation (excluded from further analysis),
57 had no respiratory problem during the next 48 h, and
21 developed post-extubation respiratory distress. Rescue
NIV which was applied in these 21 patients, prevented
reintubation in 15 patients, whereas the remaining six
were eventually intubated.

As compared to patients who were extubated without
subsequent incident, patients who developed post-extu-
bation respiratory distress were older, had lower values
of plasma protein concentration and higher values of
NT-proBNP (Table 2). However, there was no difference
in the rates of history of COPD (55 and 45 % in patients
who developed post-extubation respiratory distress and
those who did not, respectively), or heart disease (16 and
18 %, respectively). Multivariate analysis revealed that
only NT-proBNP levels were an independent predictor of
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the occurrence of post-extubation respiratory distress (OR
1.2; 95 % CI 1.09–1.4; p = 0.003). The area under the
ROC curve for plasma NT-proBNP to predict post-extu-
bation respiratory distress was 0.78 (95 % CI 0.67–0.89;
p = 0.0001; Fig. 2). Overall NT-proBNP dosage was
more accurate to rule out than to rule in the occurrence of

post-extubation respiratory distress. A cutoff value of no
greater than 1,000 pg/ml had a high sensitivity (95 %)
and a negative likelihood ratio of 0.09, providing strong
evidence supporting its use in ruling out post-extubation
respiratory distress. On the other hand, the best cutoff
value to rule in the risk of post-extubation respiratory

Fig. 1 Flow chart of weaning
outcomes in the study
population

Table 1 Clinical characteristics of patients

SBT? (n = 80) SBT- (n = 63) p

Age, years med (IQR) 64 (52–76) 65 (58–72.5) NS
Male gender (%) 52 (65) 47 (74) NS
SAPS II at admission 33 (25–41) 36 (26–46) 0.02
Cause of RF (%)
COPD 40 (50) 38 (60) NS
ARF de novo 23 (29) 13 (21) NS
Coma 1 (1) 2 (3) NS
Other 16 (20) 10 (16) NS

MV duration before SBT, days med (IQR) 4 (1.5–7.5) 6 (2–12) 0.001
Fluid balance day 1 med (IQR) ?200 (140–350) ?300 (250–350) NS
Plasma protein concentration (g/l) 59 (53–65) 59 (54–64) NS
Hematocrit (%) 33 (29–37) 35 (31–39) NS
NT-proBNP pg/ml med (IQR) 1,280 (600–2,050) 923 (200–1,600) NS

SBT? successful spontaneous breathing trial, SBT- failure of spontaneous breathing trial, med median, NS not significant
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distress was at least 2,000 pg/ml whose operative char-
acteristics are considered moderate from a Bayesian
perspective (positive likelihood ratio 3.45, specificity
0.86). Of note, the cutoff value of no greater than
1,000 pg/ml was present in 42 % of patients with a his-
tory of cardiac disease and in 62 % (nonsignificant
difference) of patients without cardiac disease history.

Discussion

The current study, which included 143 ready-to-wean
patients who underwent an SBT, showed that none of the
tested diagnosis tools (fluid balance of the preceding 24 h,
plasma protein concentration, hematocrit, and NT-proB-
NP) accurately identified the outcome of the SBT. Among
the 80 patients who were extubated following a successful

SBT, 21 (27 %) experienced an episode of post-extuba-
tion respiratory distress. In these patients, rescue NIV
averted reintubation in 15 (71 %). Only NT-proBNP
levels measured immediately before the SBT were inde-
pendently associated with the occurrence of post-
extubation respiratory distress. NT-proBNP levels were
more helpful in ruling out than ruling in the risk of post-
extubation ARF. A cutoff value of no greater than
1,000 pg/ml had a negative likelihood ratio (0.09) making
the occurrence of post-extubation respiratory distress very
unlikely in a patient fulfilling the diagnosis test. From a
Bayesian perspective, the application of these figures to a
general ICU population at risk of developing post-extu-
bation respiratory distress (in whom the incidence of the
event was 25 % in the multicenter study by Esteban et al.
[20], a rate that was similar to the 26 % recorded in our
study) means that a negative test (NT-proBNP no greater
than 1,000 pg/ml) would reduce the pretest probability of
developing post-extubation ARF from 25 % to a post-test
probability between 2 and 3 %. The clinical implications
could be very useful by focusing close post-extubation
observation and monitoring merely those patients who do
not meet the exclusion test.

Weaning failure is defined as either the failure of SBT,
or the need for reintubation within 48 h following extu-
bation [4]. However, this definition has been challenged
by the frequent use of NIV in the post-extubation period
because prophylactic or curative NIV may avert intuba-
tion in a substantial proportion of patients who would
have been otherwise reintubated. The consensus confer-
ence on weaning has slightly altered the definition of
weaning success as an extubation that is not followed by
ventilator support (either invasive or noninvasive) during
48 h following the extubation [1]. Because the resump-
tion of any kind of ventilation defines weaning failure, we
found it more clinically sound to predict a clinically rel-
evant event (post-extubation respiratory distress) rather
than the failure of extubation in its old definition based on
the need for reintubation [1]. Nevertheless, the group
‘‘post-extubation distress’’ identified in our study actually
corresponds to the ‘‘weaning failure’’ groups reported in
previous studies where NIV was not used during the
weaning process. Such a pragmatic approach has the

Table 2 Clinical characteristics of extubated patients distributed according to the occurrence of respiratory distress

Post-extubation respiratory
distress (?) (n = 21)

Post-extubation respiratory
distress (-) (n = 57)

p

Age, years med (IQR) 68 (61–75) 60 (48–72) 0.05
Male sex 15 (71 %) 36 (63 %) NS
SAPS II med (IQR) 33 (20–46) 32 (24–40) NS
MV duration med (IQR) 4 (2–6) 4 (2–5.5) NS
Fluid balance day 1 (ml) med (IQR) 200 (35–340) 200 (150–350) NS
Plasma protein concentration (g/l) med (IQR) 54 (49–59) 60 (55–65) 0.02
Hematocrit (%) 34 (28–40) 32 (26–38) NS
NT-proBNP (pg/ml) med (IQR) 1,860 (1,800–1,920) 975 (910–1,040) 0.0001

Fig. 2 Area under ROC curve (AUC) for NT-proBNP levels at
SBT for predicting post-extubation acute respiratory distress (AUC
0.78)
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merit of identifying reliable indicators of a patient-cen-
tered major outcome for which close observation and/or
prophylactic NIV, a therapy that proved effective, could
be proposed.

None of the evaluated diagnosis tools proved accurate
in the prediction of the outcome of SBT. Although pre-
dicting the SBT outcome may spare some patients from
unnecessary testing, we do not usually need to predict in
advance the outcome of a test (SBT); we only have to do
this test. Conversely, among evaluated tools, plasma
protein concentration and NT-proBNP were statistically
different in patients with simple weaning and those who
developed post-extubation respiratory distress. However,
only NT-proBNP was independently linked to the
occurrence of post-extubation respiratory distress.
NT-proBNP baseline levels were more helpful in ruling
out than ruling in the risk of post-extubation ARF.
Likelihood ratios are considered as more useful than
conventional statistics for summarizing the accuracy of a
diagnostic or screening test [22]. Likelihood ratios above
10 and below 0.1 are considered to provide strong evi-
dence to rule in or rule out diagnoses, respectively. In our
study NT-proBNP dosage had a negative likelihood ratio
(0.09) and a positive likelihood ratio (3.45) showing the
greater benefit of this test in ruling out rather than ruling
in the risk of post-extubation ARF. These findings are not
surprising because most studies on the value of natriuretic
peptides in the diagnosis of the cause of dyspnea showed
the superiority of such tests to eliminate rather than to
diagnose heart failure especially when the studied popu-
lations had a low cardiac risk [23]. In a meta-analysis
summarizing the evidence on the accuracy of BNP tests in
the diagnosis of CHF in the emergency department (ED),
Battaglia et al. [23] found a pooled negative likelihood
ratio of 0.18 and a positive likelihood ratio around 6.
These findings suggested that for a typical ED population
whose pretest probability could reasonably be considered
around 20 %, a negative BNP result would give a post
probability test between 3 and 5 %.

Several diagnostic tools have previously been evalu-
ated in the diagnosis of cardiac dysfunction and
hypervolemia that may impact the outcome of the
weaning trial. Anguel et al. [14] showed that changes in
plasma protein concentration during SBT are accurate in
the diagnosis of weaning-induced pulmonary edema. The
same investigators recently showed that variables that
might be obtained noninvasively through transthoracic
echocardiography (E/A and E/Ea ratios) accurately reflect
acute changes of LV filling pressures after a SBT and can
detect a weaning-induced pulmonary edema [15]. Upadya
et al. [13] examined the relationship between fluid bal-
ance and weaning outcome and observed that positive
fluid balance prior to weaning is significantly greater in
weaning failures than successes. Natriuretic peptides are
released into the bloodstream in response to ventricular
increase of volume or pressure. Several studies have

evaluated the utility of BNP and NT-proBNP measure-
ments to predict weaning outcomes or ascribe weaning
failure to cardiac dysfunction [9–12]. Baseline levels of
natriuretic peptides and their change between the begin-
ning and the end of SBT revealed accurate predictors of
weaning failure of cardiac origin [9, 12]. A unique mea-
surement of baseline levels of BNP prior to the start of the
SBT, or the change of natriuretic peptides levels between
the beginning of the SBT and its end (usually increased
levels), accurately predicted weaning outcomes [10, 11].

Some of our findings deserve further attention and
comment. This concerns merely the rates of SBT failure
and that of NIV success in post-extubation ARF. In
studies that examined the role of natriuretic peptides in
the prediction of weaning outcome the rate of SBT failure
varied from 21 % in the study by Chien et al. [11] to 44 %
in our series. One of the variables that could account for
this variation is the type of patients who are being weaned
and COPD patients are generally considered a more dif-
ficult-to-wean group [1]. Whereas COPD patients
accounted for no more than 55 % of the included patients
in our study, they represented 15, 8, and 33 % of the
patients of Zapata, Chien, and Mekontso-Dessap,
respectively [9, 11, 24]. Of note, an associated left heart
dysfunction that could interfere with the weaning process
was present in 31–45 % of the COPD patients who are
usually admitted to our ICU [25]. The duration of the SBT
procedure might also account for the recorded variation in
the SBT failure rate. We and Chien elected to observe
patients during 120 min [11], whereas the test lasted
30–120 min according to the physician’s decision or
patient’s tolerance in Zapata’s study [9], and 60 min in
Mekontso-Dessap’s study [10].

The success rate of NIV in post-extubation ARF was
71 % in our study, a rate that is higher than that reported
by Esteban et al. [20] in their multicenter study on the
efficacy of rescue NIV in post-extubation ARF (52 %).
We cannot readily account for these discrepancies, but we
could speculate that a key difference is that the majority
of included patients had COPD in our study, whereas
acute-on-chronic respiratory failure was present in only
10 % in multicenter Esteban’s study. Acute-on-chronic
respiratory failure is indeed considered an ideal indication
for NIV which has become the first-choice ventilatory
technique in these patients [26]. We could then speculate
that the expertise we have acquired with acute-on-chronic
respiratory failure even in the weaning context contrib-
uted to this performance [27].

Exclusion of patients with impaired renal function in
our study relied on the fact that natriuretic peptides are
usually removed from plasma by the kidney and can be
markedly elevated in severe renal failure without associ-
ation of heart dysfunction [28]. However, we have
recently confirmed that NT-proBNP remains an accurate
biomarker for the diagnosis of LV dysfunction associated
with acute COPD exacerbation even in patients with
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impaired renal function [29]. The thresholds revealed,
however, are higher than those in patients with normal
renal function.

In conclusion, although none of the evaluated diag-
nostic tools (fluid balance of the preceding 24 h, plasma
protein concentration, hematocrit, and NT-proBNP)

helped in the prediction of the outcome of the SBT, NT-
proBNP levels at SBT proved helpful in the prediction of
post-extubation acute respiratory distress. A cutoff value
of no greater than 1,000 pg/ml had an accurate negative
likelihood ratio making the occurrence of post-extubation
respiratory distress very unlikely.
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