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Although mechanical ventila-
tion is a life-saving interven-
tion for pediatric patients suf-
fering from acute respiratory

failure, it is associated with numerous
grave complications and should be dis-
continued at the earliest possible time (1,
2). The reported extubation failure rate
ranges from 4.9% (3) to 29% (4). The
capacity of intensive care unit (ICU) prac-
titioners to clinically predict extubation
outcome is limited, and studies have re-
ported a range of success at predicting
extubation failure using a variety of re-

spiratory measurements and/or inte-
grated indexes of respiratory function (4–
10). These studies reveal the intense
clinical effort to choose the appropriate
time to safely extubate pediatric patients
recovering from respiratory failure. This
complex decision making is difficult to
apply consistently at the bedside. Identi-
fying a simple method of accurately pre-
dicting when an infant or child with re-
spiratory failure is ready for extubation
would represent a significant contribu-
tion to care. Currently, there are no sim-
ple and practical bedside tests that en-
hance the clinical prediction of successful
extubation. In adults, a spontaneous
breathing trial (SBT) is often used to help
identify when a patient is ready for extu-
bation, but this is used infrequently in
children (11–15). Studies by Khan et al.
(5) and Venkataraman et al. (9) indicate
that the current practice of extubating
patients from low ventilator settings with
an assumed low level of pressure support
may overestimate the patients’ ability to
breathe independently. To eliminate un-
recognized ventilator support, these re-
sults support the use of a SBT to identify
patient readiness for extubation.

Two pediatric studies by Farias et al. (15,
16) demonstrated that children can be suc-
cessfully weaned from mechanical ventila-
tion after an SBT using either a T-piece or
pressure support. Unfortunately, despite
the successful completion of a breathing
trial lasting 2 hrs, 12–15% of the patients
required reintubation within 48 hrs indi-
cating that the trials did not enhance a
clinician’s clinical prediction of successful
extubation. To date, there are no SBTs us-
ing a flow-inflating bag, which provides
fresh gas flow with a valve that regulates
continuous positive airway pressure (CPAP)
during spontaneous breathing.

In both pediatric and adult studies
performing SBTs, the duration of the tri-
als was set arbitrarily at 2 hrs even
though the optimal duration of a SBT
that would be most predictive of success-
ful extubation is unknown. In addition,
pediatric and adult studies evaluating the
efficacy of SBTs have not systematically
extubated patients who failed the breath-
ing trial. Therefore, the ability of a failed
SBT to predict the need for ventilator
support was not formally assessed.

The primary goal of this study was to
assess the value of a flow-inflating anes-
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Objective: To assess the value of a spontaneous breathing trial
(SBT) using a flow-inflating bag in predicting extubation success.
Secondary goals were to evaluate the positive and negative pre-
dictive accuracy of a 15-min SBT.

Design: Prospective, blinded, clinical study.
Setting: Pediatric intensive care unit (ICU) of a university hospital
Patients: Infants and children intubated for >24 hrs.
Interventions: Patients who met defined criteria for extubation

underwent a 15-min SBT connected to a flow-inflating bag set to
provide 5 cm H2O continuous positive airway pressure.

Measurements and Main Results: Seventy patients underwent
the SBT. Respiratory rate, heart rate, blood pressure, and pulse
oxygen saturations were recorded at baseline and at 5 and 15 mins
into the SBT. The ICU physicians were blinded to the results of the
SBT, and all patients were extubated at the end of the trial. Patients
were observed for the next 24 hrs, and the need for noninvasive
ventilation or reintubation (i.e., extubation failure) was recorded.

Sixty-four patients (91%) passed the SBT with a subsequent
extubation failure rate of 7.8% (only 1.6% required reintubation).
Six of the 70 (9%) patients enrolled failed the trial, but half were
extubated successfully. Successful completion of the SBT has a
95% sensitivity for predicting successful extubation with a posi-
tive predictive value of 92% and an odds ratio of 12 (95%
confidence interval, 1.3, 53.7). The specificity of the SBT was 37%
with a negative predictive value of 50%. Logistic regression
analysis revealed a significant association between passing the
SBT and extubation success (p � .017).

Conclusions: A 15-min flow-inflating bag SBT represents a
practical, reliable bedside test that has 95% sensitivity for pre-
dicting extubation success in pediatric ICU patients. A trial failure
is associated with but does not accurately predict extubation
failure. (Pediatr Crit Care Med 2006; 7:324–328)
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thesia bag; pediatric; positive end-expiratory pressure
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thesia bag SBT with the provision of
CPAP in predicting extubation success.
Secondary goals of the study were to eval-
uate the positive and negative predictive
accuracy of a 15-min SBT.

MATERIALS AND METHODS

Study Population. The study was approved
by the Institutional Review Board at the Uni-
versity of Florida College of Medicine. The
enrollment period extended from October
2003 to January 2005. Informed consent was
obtained from at least one parent or legal
guardian for each patient before enrollment.
In this prospective study, all infants and chil-
dren who received mechanical ventilation for
�24 hrs and were judged by the attending
physician to be ready to undergo extubation
were eligible for the study. Patients were en-
rolled if they met the following criteria: a)
full-term infants (corrected gestational age
�37 wks) to 18 yrs of age; b) improvement or
resolution of the underlying cause of respira-
tory failure; c) adequate gas exchange as indi-
cated by arterial oxygen saturation �94%
while breathing an FIO2 of �0.40 and positive
end-expiratory pressure of �5 cm H2O; d) core
temperature �38.5°C; e) level of conscious-
ness acceptable for extubation; f) gag or cough
with suctioning; g) pH of 7.32–7.5 on most
recent blood gas when available; h) no clinical
need for increased ventilator support in the
last 24 hrs; i) no need for vasoactive agents
except for low-dose dopamine (�5 �g/kg/min;
patients receiving milrinone, epoprostenol, or
nitroprusside were considered for extubation
if other criteria were met); and f) patient was
able to swallow secretions. Patients with a
tracheostomy, unrepaired cyanotic congenital
heart disease, neuromuscular disease, esti-
mated gestational age �37 wks, or known
upper airway obstruction were excluded.

Protocol and Data Collection. Demo-
graphic information included age, gender,
weight, and admission diagnosis. Recorded
clinical information included duration of me-
chanical ventilation, endotracheal tube size
and the presence or absence of a cuff, quality
and quantity of secretions, and the need for
noninvasive ventilation. The physicians deter-
mined extubation readiness using standard
clinical practice including assessment of phys-
ical exam, blood gases, chest radiographs, ven-
tilator settings, and fluid status. Of note, there
was no criterion for a specific ventilator rate to
be considered for a SBT. Children were con-
sidered for extubation on ventilator rates that
ranged from 5 to 20 breaths/min.

Once the team identified a patient who was
ready for extubation, the patient was discon-
nected from the ventilator and allowed to
breathe spontaneously connected to an anes-
thesia bag (Fig. 1, Mapleson bag, Smiths Med-
ical, Keene, NH). The SBT was conducted by a
respiratory therapist and nurse in the absence
of the attending or other physician staff to

blind the medical team of the trial results.
Ideally, a fresh gas flow that is two times
minute ventilation is used to prevent re-
breathing of exhaled carbon dioxide during
spontaneous ventilation. For convenience,
this was achieved by instructing the respira-
tory therapist conducting the SBT to use flow
rates of 3 L/min for infants and 10 L/min in
older children. The leak valve was adjusted to
provide 5 cm H2O CPAP. The following vari-
ables were measured at baseline and at 5 and
15 mins into the SBT: respiratory rate, heart
rate, blood pressure, and pulse oxygen satura-
tion. The trial was terminated and the patient
was reconnected to the ventilator if the patient
experienced a) respiratory rate outside the ac-
ceptable range for their age (for age �6
months 20–60/min; 6 months to 2 yrs, 15–
45/min; 2–5 yrs, 15–40/min; �5 yrs, 10–35/
min); b) signs of increased respiratory work
(i.e., retractions, use of accessory respiratory
muscles, paradoxic breathing); c) heart rate
outside acceptable range for age (for age �12
months, 100–160/min; 1–3 yrs, 90–150; 3–6
yrs, 70–130; �6 yrs, 65–120); d) decrease in
blood pressure below systolic limit defined by
the guidelines in Pediatric Advanced Life Sup-
port (17) or an increase in systolic blood pres-
sure �20% baseline; or e) pulse oxygen satu-
rations �90%.

Regardless of the results of the SBT, all
patients were extubated at the end of the SBT.
For the patients who failed the SBT, vital signs
were allowed to return to baseline before ex-
tubation. Patients were observed for the next
24 hrs, and data noting the need for noninva-
sive ventilation including CPAP or mask bi-
level positive airway pressure or need for re-
intubation were recorded. Extubation failure
was defined as respiratory distress requiring
reintubation or noninvasive ventilatory sup-
port within 24 hrs of extubation. This length
of observation time was chosen because stud-
ies (3, 18) investigating extubation failure in
pediatric ICUs report that �70% of extubation
failures occur within 24 hrs. Reasons for post-
extubation failure included a) respiratory dis-
tress (e.g., tachypnea, accessory respiratory
muscle use); b) hypoxemia defined as pulse
oxygen saturations �90%; c) decreased level
of consciousness leading to inadequate respi-
ratory effort; d) upper airway obstruction (e.g.,
croup and/or inability to handle secretions); e)
cardiovascular insufficiency; and/or f) apnea.

Data Analysis. Statistical analysis consul-
tation was provided by the Biostatistics De-

partment at the University of Florida College
of Medicine. Data were analyzed to determine
the sensitivity, specificity, positive and nega-
tive predictive values of passing or failing the
SBT outcome, and extubation success. The
extubation failure rate for patients who passed
the trial was defined as the number of patients
who failed extubation divided by the number
of patients who passed the SBT. The extuba-
tion failure rate for those failing the trial was
defined as the number of patients who failed
extubation divided by the number of patients
who failed the SBT. Changes in the mean
response of measured vital signs during the
SBT were explored at baseline, 5 mins, and 15
mins using analysis of variance. A p � .05 was
considered statistically significant. Logistic re-
gression analysis was performed on categori-
cal variables related to patient features and
continuous physiologic variables to identify
variables related to extubation outcomes. For
any significant variable, the odds ratio plus the
95% confidence interval was calculated.

RESULTS

Eighty-three children were consented
for the study. Of these, 13 did not un-
dergo the SBT for the following reasons:
one patient died, three patients ulti-
mately required tracheostomies, one pa-
tient was transferred to another hospital,
parents rescinded consent in three pa-
tients, two patients were extubated before
the SBT by omission, one patient was
intubated for �24 hrs, and two patients
were on home bilevel positive airway
pressure at night making them ineligible
for the trial. We enrolled 70 children with
respiratory failure requiring mechanical
ventilation. Their median age was 16.5
months (range, 1–216 months) and me-
dian weight was 9.8 kg (range, 3–100 kg).
Fifty-four percent were female (n � 38)
and 46% were male (n � 32). Eighty-one
percent of patients were intubated sec-
ondary to acute respiratory failure, and
19% required intubation due to neuro-
logic dysfunction. Median duration of in-
tubation was 78.5 hrs (range, 24–504
hrs). Selected specific features of the
study population are summarized in Ta-
ble 1.

There were no significant differences
in respiratory rate, heart rate, systolic
blood pressure, and diastolic blood pres-
sure among baseline, 5-min, and 15-min
responses. Oxygen saturation increased
significantly from baseline to the 5-min
interval (p � .0001). There was no signif-
icant difference between the 5-min and
15-min oxygen saturations (p � .702).

The overall extubation failure rate was
11% (n � 8), of which 4% (n � 3) re-

Figure 1. Mapleson C system. FGF, fresh gas flow;
EV, expiratory valve.
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quired reintubation and 7% (n � 5)
needed noninvasive ventilatory support.
The reasons included respiratory distress
(n � 5), hypoxemia (n � 1), and upper
airway obstruction (n � 2). Sixty-four
patients (91%) passed the Mapleson SBT.
Of that group, five patients failed extuba-
tion (one patient needed reintubation)
and 59 patients experienced successful
extubation. For patients passing the SBT,
the extubation failure rate was 7.8% with
1.6% requiring reintubation. Six of the
70 (9%) patients enrolled failed the trial,
and of those patients, half extubated suc-
cessfully. Successful completion of the
SBT has a 95% sensitivity for predicting
successful extubation with a positive pre-
dictive value of 92% and an odds ratio for
extubation success of 12 (95% confidence
interval, 1.3, 53.7). The specificity of the
SBT was 37% with a negative predictive
value for failed extubation of 50%. The
likelihood ratio for a successful SBT is 1.5
and the likelihood ratio for a failed SBT is
0.14.

Logistic regression analysis (Table 2)
revealed no significant association be-
tween extubation outcome and any of the
following: gender, indication for ventila-
tion, cause of acute respiratory failure,
secretion quantity and quality, and pres-
ence or absence of a cuffed endotracheal
tube. There was a significant association
between passing the SBT and extubation
success (p � .017). Duration of intuba-
tion was significantly associated with ex-

tubation failure (p � .019). For every
10-hr increase in the duration of me-
chanical ventilation, the odds of extuba-
tion failure increased 8% (95% confi-
dence interval, 1, 14). Patients failing
extubation had almost twice the duration
of intubation (failed, 196 � 36 hrs; suc-
cess, 102 � 12 hrs). Increased diastolic
blood pressure at 5 mins from baseline
also was significantly associated with ex-
tubation failure (p � .017). For every
1-mm Hg increase in diastolic blood pres-
sure, the odds of failure increased 9%
(95% confidence interval, 1.6, 17.7). Pa-
tients failing extubation had a larger
change in diastolic blood pressure at 5
mins (failed, 10 � 3.83 mm Hg; suc-
ceeded, 0.23 � 1.37 mm Hg).

DISCUSSION

The present study has three major
findings. First, a high percentage of pa-
tients (92 %) were successfully extubated
after an SBT using a flow-inflating anes-
thesia bag, a figure well above reported
rates of successful discontinuation of me-
chanical ventilation following spontane-
ous breathing trials in both pediatric and
adult studies (11–16, 19, 20). Second, a
15-min trial of spontaneous breathing ap-
pears to be as effective in identifying chil-
dren who could be successfully extubated
as reported in longer spontaneous
breathing trials. Third, failure of the
spontaneous breathing trial by infants

and children judged to be ready for extu-
bation by clinical assessment is associ-
ated with but does not reliably predict
extubation failure.

In our study, the successful comple-
tion of an anesthesia bag SBT resulted in
extubation success in 92% of the pa-
tients. An important advantage of the an-
esthesia bag SBT over the T-piece is that
the anesthesia bag can readily provide
CPAP to maintain functional residual ca-
pacity. The importance of providing
CPAP by the anesthesia bag is under-
scored by the fact that the pediatric chest
wall has low elastic recoil, which predis-
poses children to reduced lung volumes.
The T-piece does not provide continuous
distending pressure and therefore may
promote the development of atelectasis
and increased work of breathing prohib-
iting timely extubation.

The duration of SBT trials in children
and adults has typically been set at 2 hrs
even though the optimal duration of an
SBT that would be most predictive of
successful extubation is unknown. Be-
cause close observation of patients under-
going breathing trials can place addi-
tional demands on already busy staff
members, we decided to test the predic-
tive accuracy of a SBT lasting 15 mins.
The only study evaluating the effect of
shortening the duration of a breathing
trial on extubation outcomes was con-
ducted by Esteban et al. (13). They found
that successful extubation was achieved

Table 2. Logistic regression for selected patient
features

Variable p Value

Gender .72
Age .07
Weight .22
ETT size .06
Cuffed ETT .12
Indication for mechanical ventilation .63
Duration of mechanical ventilation .02
Secretion quality .56
Secretion volume .31
HR at 5 mins .98
RR at 5 mins .85
SBP at 5 mins .88
DBP at 5 mins .02
Oxygen saturations at 5 mins .22
HR at 15 mins .95
RR at 15 mins .48
SBP at 15 mins .72
DBP at 15 mins .17
Oxygen saturations at 15 mins .23

ETT, endotracheal tube; HR, heart rate; RR,
respiratory rate; SBP, systolic blood pressure;
DBP, diastolic blood pressure.

Table 1. Characteristics of the study population

Characteristic
All Patients

(n � 70)

Gender, n (%)
Male 32 (46)
Female 38 (54)

Median age, mos (range) 16.5 (1–216)
Median weight, kg (range) 9.8 (3–100)
Median duration of intubation, hrs (range) 78.5 (24–504)
Reason for mechanical ventilation, n (%)

Neurologic dysfunction 13 (19)
Acute respiratory failure 57 (81)

Cause of acute respiratory failure, n (%)
Pneumonia 4 (7.0)
Bronchiolitis 9 (15.8)
Sepsis 6 (10.5)
Heart failure 9 (15.8)
Trauma 4 (7.0)
Postoperative state 15 (26.3)
ARDS 4 (7.0)
Other 6 (10.5)

Cause of neurologic dysfunction, n (%)
ICP 10 (77)
Encephalopathy 1 (7.6)
Seizures 2 (15.4)

ARDS, acute respiratory distress syndrome; ICP, intracranial pressure.
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equally in patients who passed 30-min
and 120-min trials. In other prospective
studies evaluating the pattern of breath-
ing in patients being weaned from me-
chanical ventilation (12, 21, 22), the au-
thors reported that patients failing an
SBT experienced a decline in pulmonary
mechanics immediately on starting the
breathing trial. Our results confirm these
observations made by other investigators
that patients who fail SBTs will do so
within minutes of resuming independent
breathing, and thus shorter trials appear
to be effective in predicting extubation
outcomes.

Previous pediatric and adult studies
evaluating the efficacy of SBTs have not
systematically extubated patients who
failed the breathing trial. Therefore, the
ability of a failed SBT to predict the need
for ventilator support (i.e., the false-
negative rate for predicting successful ex-
tubation) has not been formally assessed
until this study. We found that the neg-
ative predictive value of the anesthesia
bag SBT was 50%: three of six patients
who failed the SBT went on to breathe
effectively without ventilator support.
The reason for the low negative predictive
value of this SBT may be secondary to
mechanical factors such as endotracheal
tube discomfort leading to tachypnea,
tachycardia, hypertension, and increased
work of breathing during the trial. Thus,
the clinician needs to carefully assess the
infant or child who fails the SBT to de-
termine the etiology of the SBT failure.
Careful auscultation while the patient is
spontaneously breathing will often con-
firm if he or she is breathing adequately.

Another possible cause of SBT failure
is increased work of breathing caused by
the augmented resistive load imposed by
spontaneous breathing through a small
endotracheal tube without pressure sup-
port. Accordingly, an anesthesia bag
based SBT could fail to identify an infant
who would tolerate breathing without
ventilatory support. However, studies by
Esteban et al. (12) in adult patients and a
study by Farias et al. (16) in pediatric
patients revealed that the percentage of
patients who remained extubated after an
SBT with pressure support vs. T-piece
ventilation did not differ, suggesting that
the potential adverse effects from the re-
sistive load did not affect the results of
the test. Furthermore, two adult studies
(23, 24) demonstrated that the work of
breathing is higher in the postextubation
period compared with spontaneous

breathing through an endotracheal tube.
These studies further substantiate the use
of an SBT without pressure support.

An unexpected finding in this study
was the correlation between an increase
in diastolic blood pressure 5 mins into
the SBT and extubation failure. This ob-
servation could represent a stress-
response and needs to be further evalu-
ated before it is used as a marker of
extubation outcome. The statistical dif-
ference between oxygen saturation at
baseline and 5 mins into the SBT is ex-
plained by the use of 100% oxygen during
the trial. The increase in oxygen satura-
tion is clinically insignificant given that
all patients had to have saturations
�94% to qualify for the breathing trial.

Despite the high sensitivity of the an-
esthesia bag SBT in predicting extubation
success, it may not enhance the predic-
tive accuracy of routine clinical assess-
ment by experienced providers of extuba-
tion readiness. A recently published
multiple-center study of extubation fail-
ure in pediatric patients by Kuracheck et
al. (18) revealed an extubation failure rate
of 6.2% in a large cohort of �2,700 pa-
tients. Similarly, the pediatric study by
Edmunds and colleagues (3) reported a
4.9% overall failure rate. Both of these
studies did not characterize the need for
noninvasive ventilation as an extubation
failure, which likely accounts for our
higher extubation failure rate of 11%;
indeed only 4% of children who were
clinically thought to be ready for extuba-
tion in our trial required reintubation.
Nevertheless, with such low rates of rein-
tubation in pediatric patients, an SBT is
unlikely to augment the predictive accu-
racy already imparted by routine clinical
assessment of the patients and degree of
ventilator support.

The goal extubation failure rate in a
pediatric ICU is not known. Unnecessary
delays in extubation increase cost and the
complication rate associated with me-
chanical ventilation; however, aggressive
discontinuation of ventilator support
must be balanced against the possibility
of extubation failure, which carries in-
trinsic patient risks and complications.
Similar to other pediatric studies explor-
ing extubation failure rates (3), our study
revealed a low rate (4%) of reintubation.
This may indicate that our current prac-
tice of extubating children is conserva-
tive. Indeed, the multiple-center study of
risk factors and extubation outcomes by
Kuracheck et al. (18) revealed that 62.5%
of 136 unplanned extubations did not re-

quire reintubation, suggesting that many
of these children could have been extu-
bated earlier than planned. Without a
clear consensus about the “ideal” extuba-
tion failure rate, clinicians must decide
whether the goal is to minimize ventila-
tor days or minimize extubation failures.

Although this study was not designed
to identify those patients who would fail
extubation, half of the patients who failed
the SBT failed extubation; thus, the use-
fulness of this SBT may be linked to its
ability to identify those patients who will
fail extubation rather than those patients
who will succeed extubation. A much
larger trial adequately powered to assess
this purpose is needed.

Pediatric studies have shown that pa-
tients with a longer duration of intuba-
tion, younger age, and chronic respira-
tory and neurologic disorders have
higher extubation failure rates (3, 16).
Longer duration of intubation also was a
risk factor for extubation failure in our
study. In an effort to reduce the likeli-
hood of unsuccessful extubation in this
cohort of patients, a prospective random-
ized study comparing extubation failures
between those patients who receive rou-
tine care and those who undergo system-
atic daily screenings to identify those who
can breathe spontaneously followed by an
SBT may be of benefit.

A potential limitation to our study de-
sign was the use of 100% inspired oxygen
during the SBT. It is unknown whether
adding an oxygen blender and maintain-
ing the same concentration of oxygen as
used during mechanical ventilation
would increase the specificity of the test.
We deliberately decided not to complicate
the SBT and increase the expense of per-
forming the trial to facilitate its wide-
spread use in any pediatric ICU.

CONCLUSION

A 15-min SBT employing an anesthe-
sia bag has a 95% sensitivity for predict-
ing extubation success in pediatric ICU
patients. A trial failure is associated with
but does not accurately predict extuba-
tion failure. Because the anesthesia bag
SBT represents a practical, reliable bed-
side test that requires no special moni-
toring equipment, laboratory tests, addi-
tional expenditures, or complex data
collection, its use can be generalized to
any pediatric ICU.
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