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A comparison of two methods to
perform a breathing trial before
extubation in pediatric intensive care

patients

Abstract Objective: To compare
the percentage of infants and chil-
dren successfully extubated after a
trial of breathing performed with ei-
ther pressure support or T-piece.
Design: Prospective and random-
ized study.

Setting: Three medical-surgical pe-
diatric intensive care units (PICUs).
Patients: Two hundred fifty-seven
consecutive infants and children
who received mechanical ventila-
tion for at least 48 h and were
deemed ready to undergo a breath-
ing trial by their primary physician.
Interventions: Patients were ran-
domly assigned to undergo a trial of
breathing in one of two ways: pres-
sure support of 10 cmH,O or T-
piece. Bedside measurements of re-
spiratory function were obtained
immediately before discontinuation
of mechanical ventilation and within
the first 5 min of breathing through
a T-piece. The primary physicians
were unaware of those measure-
ments, and the decision to extubate
a patient at the end of the breathing
trial was made by them.
Measurements and main results: Of
the 125 patients in the pressure sup-
port group, 99 (79.2 %) completed
the breathing trial and were extu-
bated, but 15 of them (15.1 %) re-
quired reintubation within 48 h. Of

the 132 patients in the T-piece
group, 102 (77.5 %) completed the
breathing trial and were extubated,
but 13 of them (12.7 %) required re-
intubation within 48 h. The percent-
age of patients who remained extu-
bated for 48 h after the breathing
trial did not differ in the pressure
support and T-piece groups (67.2 %
versus 67.4%, p =0.97).
Conclusions: In infants and children
mechanically ventilated, successful
extubation was achieved equally ef-
fectively after a first breathing trial
performed with pressure support of
10 cmH,O or a T-piece.
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indices - Pressure support
ventilation - T-piece
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Introduction

Mechanical ventilation is frequently used to support
critically ill children and, although lifesaving, it is associ-
ated with numerous serious complications [1]. There-
fore, every effort should be made to discontinue ventila-
tor support at the earliest possible time and to extubate
the patient. Determining the optimal time for extuba-
tion is based on a clinical evaluation of the patient’s
ability to sustain spontaneous breathing when mechani-
cal ventilation is discontinued. We have recently report-
ed that ventilator support can be discontinued in three-
quarters of ventilated children after a trial of breathing
through a T-piece lasting 2 h [2].

Pressure support, continuous positive airway pres-
sure (CPAP) and T-piece are the most common meth-
ods used to test the readiness for liberation from me-
chanical ventilation. The advantage of pressure support
over the T-piece and the CPAP is that pressure support
may compensate the additional work of breathing
caused by the endotracheal tube and the ventilatory cir-
cuit [3, 4]. The level of pressure support necessary to
counteract the imposed work of breathing varies consid-
erably from patient to patient. Brochard et al. [3] re-
ported, in 11 adult patients, that the level of pressure
support that reduced the work of breathing to its postex-
tubation value varied from 3.4 to 14.4 cmH,O. In a
study on 15 patients (11 adult and 4 pediatric) intubated
with endotracheal tubes sized between 6.0 and 9.0 mm,
Banner et al. [4] found that pressure support levels rang-
ing from 5 to 22 cmH,O were necessary to decrease the
imposed work of breathing to zero. The effect of pres-
sure support on breathing pattern and work of breathing
in children was first investigated by Tokioka et al. [5].
These authors studied six children, aged from 3 to
5 years and intubated with endotracheal tubes between
4.5 and 6.0 mm in internal diameter, and found that the
work of breathing decreased by 48 % with pressure sup-
port of 5 cmH,O and by 73 % with pressure support of
10 cmH,0. Jarreau et al. [6] studied six intubated pre-
term infants and found that patient-triggered ventila-
tion with peak inspiratory pressure of 10 cmH,O re-
duced the work of breathing by 40 % compared with its
level in intermittent mandatory ventilation, and that
peak inspiratory pressure of 15 cmH,O did not produce
a greater decrease in work of breathing than the one ob-
served with 10 cmH,0.

Pressure support might be more efficacious than T-
piece in breathing trials performed before extubation
in children because of its ability to reduce the work of
breathing. With this in mind, we conducted a prospec-
tive and randomized study to compare the percentage
of infants and children who remained extubated for
48 h after discontinuation of mechanical ventilation in
two groups of ventilated patients who were assigned to
undergo breathing trials with either T-piece or pressure

support ventilation. Neither the level of pressure sup-
port that is required to compensate for the work of
breathing imposed by narrow endotracheal tubes nor
the level of pressure support at which the endotracheal
tube can be removed have been reported in infants, we
therefore arbitrarily chose a level of 10 cmH,O for this
study.

Methods

Patients

The study was conducted between May 1997 and November 1998 in
three medical-surgical pediatric intensive care units (PICUs) locat-
ed at three tertiary-care hospitals. All infants and children admitted
to the PICUs who received mechanical ventilation for at least 48 h
and were judged by the primary physician as ready to undergo a
breathing trial were eligible for the study. Patients were enrolled if
they met all of the following conditions: (1) age between 1 month
and 15 years; (2) improvement or resolution of the underlying
cause of acute respiratory failure; (3) adequate gas exchange as in-
dicated by a partial pressure of arterial oxygen (PaO,) higher than
60 mmHg while breathing with a fractional inspired oxygen (FIO,)
of 0.40 or less and a positive end-expiratory pressure (PEEP) of
5 cmH,O or less; (4) a core temperature below 38.5°C; (5) alert
mental status after removal of sedatives agents; (6) a hemoglobin
level above 10 g/dl; (7) no further need for vasoactive agents. Pa-
tients with tracheostomy (n = 5) or audible air leak around the en-
dotracheal tube (n = 12) were excluded from the study.

Protocol

When a patient was enrolled in the study, mechanical ventilation
was stopped and the patient breathed through a T-piece with the
FIO, set at the same level as used during mechanical ventilation.
The absence of an audible air leak was confirmed by two investiga-
tors (staff respiratory therapists) by using a stethoscope placed
over the patient’s neck.

The following measurements were taken within the first 5 min
of breathing through the T-piece: respiratory rate, exhaled minute
volume and maximal inspiratory pressure (Py,,,)- Exhaled minute
volume was measured with a Wright Infant Spirometer (Ferraris
Medical, London, UK) over 1 min. Tidal volume was calculated by
dividing exhaled minute volume by respiratory frequency and was
indexed to body weight. Py, was measured by occluding the airway
using a one-way valve and the most negative value of three efforts
was selected. Frequency-to-tidal volume ratio (f/Vyratio) was cal-
culated by dividing respiratory rate by tidal volume indexed to
body weight. The respiratory therapists caring for the patients col-
lected the above data and all of the physicians in the PICUs were
unaware of the results of each patient’s respiratory measurements.

Through the use of a random number table, patients were ran-
domly assigned to undergo a trial of breathing with either pressure
support ventilation of 10 cmH,O or a T-piece lasting up to 2 h. Pa-
tients were allocated to the two groups in a blinded fashion
through the use of opaque, sealed, numbered envelopes, which
were opened only when a patient fulfilled all the inclusion criteria.
Randomization was done through the permuted block method ac-
cording to study center. In patients of the pressure support group
a positive end-expiratory pressure up to 5 cmH,O could be ap-
plied.
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Table 1 Characteristics of the

h . Characteristic Pressure support T-piece P
study population at baseline (n = 125) (n=132) value
according to the method used
to perform the weaning trial. Males/females (n) 52/73 52/80 0.81
Values are median (25th per- Age (months) 12 (5, 49) 10 (3,31) 0.15
centile, 75th percentile) (ARDS  Body weight (kg) 8.8 (6, 16) 7.5(4.9,12.1) 0.03
acute respiratory distress syn- PRISM score on PICU admission 13 (10, 17) 12 (9, 16) 0.07
drome) Duration of ventilator support before weaning trial (days) 6 (4, 10) 6(4,11) 0.97

Reason for the initiation of mechanical ventilation, n (%)

Neuromuscular disease 2(2) 1(1) 0.85
Coma 15 (12) 19 (14)

Acute on chronic pulmonary disease 16 (13) 15 (11)

Acute respiratory failure 92 (73) 97 (73)

Cause of acute respiratory failure, n (%)

Pneumonia/bronchiolitis 42 (45) 41 (42) 0.78
Postoperative state 19 (21) 22 (23)

Heart failure 7(8) 10 (10)

Septic shock 9 (10) 10 (10)

ARDS 3(3) 6 (6)

Pulmonary contusion 6 (6) 2(2)

Other 6 (6) 6 (6)

Endotracheal tube size 45(4,5) 4 (3.5,4.5) 0.57

The primary physicians terminated the trial if a patient had any
of the following signs of poor tolerance: (1) respiratory frequency
higher than the value corresponding to the percentile 90 for a given
age [7, 8]; (2) signs of increased respiratory work: use of accessory
respiratory muscles, intercostal-suprasternal-supraclavicular re-
traction, a paradoxical breathing pattern; (3) diaphoresis and anxi-
ety; (4) heart rate higher than the value corresponding to the per-
centile 90 for a given age [7]; (5) change in mental status (agitation
or somnolence); (6) blood pressure lower than those values corre-
sponding to the percentile third for a given age [9]; (7) oxygen sat-
uration lower than 90% while measured by pulse oximetry; (8)
partial pressure of arterial carbon dioxide higher than 50 mmHg
or an increase of more than 10 mmHg; (9) arterial pH lower than
7.30. If a patient had any of the above signs at any time during the
breathing trial, mechanical ventilation was reinstituted. From this
point forward, the methods for mechanical ventilation and/or
weaning were freely chosen by the primary physician and neither
was specified by protocol. Patients who had no signs of poor toler-
ance at the end of the breathing trial were immediately extubated
and received supplemental oxygen by face mask.

Weaning was considered successful if extubation was perform-
ed after the breathing trial and reintubation was not required with-
in 48 h of extubation. The primary physicians decided the need for
reintubation according to clinical examination, blood gases or
both. The reason for reintubation was prospectively recorded as:
(1) upper airway obstruction; (2) hypoxemia (oxygen saturation
below 90 % measured by pulse oximetry or partial pressure of oxy-
gen lower than 60 mmHg while breathing with a F1I0,20.5); (3) re-
spiratory acidosis (arterial pH < 7.30); (4) atelectasis; (5) de-
creased level of consciousness; (6) clinical signs of increased respi-
ratory work. If another cause was responsible, it was listed.

All patients were followed-up until discharge from the hospital
or death. The institutional ethics committees of the hospitals ap-
proved the study and parents provided informed consent.

Statistical analysis

We have previously reported that 75 % of ventilated pediatric pa-
tients can be successfully extubated after a 2-h trial of spontaneous
breathing performed with a T-piece [2]. We calculated that 113 pa-
tients were needed in each group to detect a 20 % difference in the
percentage of successfully extubated patients (from the expected
75% to 90%) at a power of 80 % with a two-tailed type I error of
0.05.

Data are shown as medians with 25th—75th percentile range or
percentages as appropriate. All categorical variables were ana-
lyzed with the chi-square test, except where small size required
the use of Fisher’s exact test. Comparison of continuous variables
among the two groups was made with Student’s ¢ test for variables
with normal distribution, and the Mann-Whitney U test for vari-
ables with abnormal distribution.

Results

Two hundred fifty-seven patients were enrolled in the
study. At the time of enrollment, patients were being
ventilated in assist-control ventilation (n = 118), syn-
chronized intermittent mandatory ventilation (SIMV)
(n=280) or SIMV plus pressure support (rn=59) with
any of the following ventilators: Dréger Evita (Driger,
Germany), Driger Evita 4 (Drédger, Germany), New-
port Wave E200 (Newport Medical Instruments, New-
port Beach, Calif.). Of those patients, 125 were assigned
to a breathing trial with pressure support ventilation of
10 cmH,0, and 132 were assigned to a breathing trial
with a T-piece. Demographic data of patients in the
two studied groups are presented in Table 1. The two
groups were similar with respect to the indications for
mechanical ventilation but patients in the T-piece group
were smaller and younger than patients in the pressure
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Table 2 Respiratory functional indices measured during the first 5 min while breathing through a T-piece after discontinuation of me-
chanical ventilation. Values are median (25th percentile, 75th percentile)

Respiratory functional indices Pressure support (n = 125) T-piece (n = 132) p value
Pa0,/FIO, ratio 278 (227, 351) 283 (215, 367) 0.92
Respiratory frequency (breaths/min) 37 (24, 49) 40 (28, 52) 0.11
Tidal volume (ml/kg) 6.5(5,8.1) 5.9 (4.8,7.6) 0.09
f/Vratio (breaths/min per ml per kg) 6(4,9) 7 (4, 10) 0.06
Maximal inspiratory pressure (cmH,O) -25 (=30, -40) -30 (=30, —40) 0.14

Table 3 Rates of successful extubation, reintubation within 48 h and breathing trial failure according to the reason for the initiation of

mechanical ventilation

Successful extubation Reintubation Trial failure

PSV T-piece PSV T-piece PSV T-piece
Acute respiratory failure, n (%) 61 (65) 63 (68) 13 (15) 12 (12) 18 (20) 22 (20)
Acute on chronic pulmonary disease, n (%) 10 (64) 9 (58) 0(0) 1(8) 6 (36) 5(33)
Coma, n (%) 12 (86) 16 (81) 1(7) 0(0) 2(7) 3(19)

Table 4 Mortality and lengths
of stay in the two study groups.

Pressure support T-piece (n = 132) p value

Values are median (25th per-
centile, 75th percentile)

(n=125)
Length of stay in the PICU (days) 11 (7,18) 12 (7,20) 0.66
Length of stay in the hospital (days) 21 (16, 34) 22 (16, 34) 0.67
In-unit mortality, n (%) 16 (13) 15 (11) 0.87
In-hospital mortality, n (%) 21 (17) 20 (15) 0.85

support group. Respiratory functional parameters mea-
sured while breathing through a T-piece before random-
ization to the two study groups are shown in Table 2. Pa-
tients of the T-piece group had a trend toward higher
f/Vy ratio indexed to body weight but such a difference
was not clinically relevant.

Of the 125 patients in the pressure support group, 26
(20.8 % ) patients were reconnected to the ventilator be-
cause of poor tolerance of the breathing trial after a me-
dian duration of 30 min (25th and 75th percentiles: 30
and 90 min, respectively). The remaining 99 (79.2 %) pa-
tients successfully completed the breathing trial and
were immediately extubated, but 15 of them (15.1%)
were reintubated within 48 h. Of the 132 patients in the
T-piece group, 30 (22.7 % ) patients were reconnected to
the ventilator because of poor tolerance to the breathing
trial after a median duration of 30 min (25th and 75th
percentiles: 20 and 45 min, respectively). The remaining
102 (77.3 %) patients successfully completed the breath-
ing trial and were immediately extubated, but 13 of the
them (12.7 %) were reintubated within 48 h.

The percentage of patients who remained extubated
48 h after the breathing trial did not differ in the pres-
sure support and the T-piece groups (67.2% versus
67.4 %, respectively, p = 0.97). In the pressure support
and T-piece groups, neither the reintubation rates
(15.1% versus 12.7 %, respectively, p = 0.62) nor the

trial failure rates (20.8% versus 22.7 %, respectively,
p = 0.81) were different.

The percentages of patients successfully extubated,
reintubated within 48 h or failing the breathing trial ac-
cording to the indication for mechanical ventilation are
presented in Table 3. Among all 28 patients who re-
quired reintubation, it was necessary in 5 (17.8%) pa-
tients solely because of signs of upper airway obstruc-
tion, and in the remaining 23 patients because of one or
more of the following conditions: signs of increased re-
spiratory work in 18 patients, decreased level of con-
sciousness in 14, hypoxemia in 6, respiratory acidosis in
5 and atelectasis in 2 patients.

There were no statistically significant differences
among the two study groups with respect to the PICU
and hospital lengths of stay and with respect to in-unit
mortality or in-hospital mortality (Table 4). Table 5
shows the mortality rates according to the outcome of
the breathing trial in patients of the T-piece and the
pressure support groups. Both the in-unit mortality and
the in-hospital mortality were significantly higher
among patients who required reintubation when com-
pared with successfully extubated patients (in-unit mor-
tality: 39.3 % versus 2.9 %, p < 0.001; in-hospital mortal-
ity: 46.4 % versus 6.3 %, p < 0.001). The in-unit mortali-
ty rate among patients who failed the breathing trial
was 26.8 %.
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Table 5 Mortality in the two study groups according to the out-
come of the breathing trial

Pressure sup- T-piece p value
port (n=125) (n=132)
Successful extubation
In-unit mortality, n (%) 3(3.6) 2(22) 0.94
In-hospital mortality, n (%) 7 (8.3) 4(4.5) 0.30
Reintubation
In-unit mortality, n (%) 6 (40) 5(38.4) 0.93
In-hospital mortality, n (%) 6 (40) 7 (53.8) 0.46
Reinstitution of mechanical ventilation
In-unit mortality, n (%) 7 (26.9) 8 (26.6) 0.98
In-hospital mortality, n (%) 8 (30.7) 9 (30.0) 0.95

Discussion

Our study produced two main findings. First, the pres-
sure support ventilation of 10 cmH,O is as effective as
the T-piece for performing a breathing trial before ex-
tubation. Second, the reintubation after 48 h of extuba-
tion is associated with a significant increase in mortality
rate.

We have demonstrated, in a population of children,
that neither success in breathing trial nor the reintuba-
tion within 48 h of extubation are different when a
breathing trial is performed with pressure support of
10 cmH,O or T-piece. At the moment this study was
planned, no reports existed in the literature evaluating
what level of pressure support reduced the work of
breathing in intubated infants to that after extubation,
so we arbitrarily chose a level of 10 cmH,O. It might be
possible that this level of pressure support both com-
pensated for the resistive work imposed by the endotra-
cheal tube and the ventilatory circuit and also reduced
the total work of breathing. In such a case, the clinical
tolerance during the breathing trial would had been bet-
ter in the group of pressure support as compared with
that of T-piece and, consequently, the percentage of pa-
tients passing the breathing trial would have been high-
er in the pressure support group. In our study popula-
tion, both the percentage of patients that successfully
completed the breathing trial and the percentage of pa-
tients that were reintubated within 48 h were virtually
the same in the pressure support and the T-piece groups,
so it is unlikely that a pressure support level of
10 cmH,O underestimated the patient’s ability to sus-
tain spontaneous breathing.

Takeuchi et al. [10] have recently reported, in seven
infants aged 1-11 months and intubated with endotra-
cheal tubes between 3.5 and 4.5 mm in internal diame-
ter, that the work of breathing at a pressure control lev-
el of 4 cmH,0O was similar to that after extubation. Bro-
chard et al. [3] showed, in adult patients, that the level
of pressure support necessary to compensate for the ad-

ditional work of breathing caused by the endotracheal
tube is higher in patients with chronic lung disease
(12.0 £ 1.1 cmH,0) than in those free of intrinsic lung
disease (5.7 +2.2cmH,0). Since the infants in the
study by Takeuchi et al. [10] had near-normal lung me-
chanics and gas exchange, the extrapolation to our
study population that a level of pressure support of
4 cmH,0O mimics the work of breathing observed after
extubation may be inadequate, because around 10%
of our patients had chronic pulmonary disease and
70 % were recovering from an acute episode of respira-
tory failure.

Using the T-piece for breathing trials instead of pres-
sure support is more expensive because the former re-
quires a humidification system as well as connectors.
Contrarily, a major problem when using pressure sup-
port in small children is air leakage from the uncuffed
endotracheal tubes. Positive inspiratory pressure per-
sists if an air leak is present and massive air leakage
may lead to autotriggering. Fortunately, air leak from
the tube is not frequent with less than 10 cmH,O of air-
way pressure.

Extubation failure, defined as reintubation and rein-
stitution of mechanical ventilation, has been reported
to occur at rates of 11-29 % in infants and children [2,
11, 12, 13, 14, 15, 16]. Several studies have reported
that adult patients requiring reintubation have a signif-
icantly higher mortality than patients who are success-
fully extubated [17, 18, 19]. This is the first study re-
porting that reintubation is also a poor prognostic fac-
tor in infants and children. There are several reasons
that might explain why the need for reintubation is as-
sociated with an adverse outcome. One of these rea-
sons is the relatively invasive nature of the procedure
of intubation per se, but this seems unlikely because it
has been reported that mortality is not greater among
patients developing complications at the time of reintu-
bation than in patients without complications during
the procedure [19]. A second possible reason is that re-
intubation is not a direct etiologic contributor to poor
outcome but rather an independent marker of severity
of illness. A third reason is that, between the time of
extubation and reintubation, patients may have devel-
oped a new problem, unrelated to the disease that ini-
tially precipitated their need for mechanical ventila-
tion. The appearance of such a problem means a new
course of ventilatory assistance and, accordingly, the
mortality rate of reintubated patients in the studies of
Epstein et al. [17] and Esteban et al. [18, 19] is very
similar to that reported in an cohort study on 5183 pa-
tients who received mechanical ventilation for more
than 12 h [20].

In summary, our findings agree with those reported
by others in adult patients [18] and show that a trial of
breathing is a useful approach to identify those infants
and children who are ready for extubation, and trials
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