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Abstract

Background: Weaning from mechanical ventilation is defined as the
process of release of ventilatory support and how the evaluation of this
phase is conducted in the spontaneous breathing trial (SBT). One of
the most used modes of SBT is the continuous positive airway pressure
(CPAP), which applies a continuous positive pressure in both inspira-
tion and expiration. However, together with the mechanical ventilation
modes, the automatic tube compensation (ATC) can be used, which
compensates the resistance imposed by the endotracheal tube. The ob-
jective of this study was to compare oxygen consumption (VO,) and
energy expenditure (EE) during SBT conducted with and without ATC.

Methods: The study was prospective, randomized and crossover. For-
ty mechanically ventilated patients were admitted to an intensive care
unit of a university tertiary hospital. The participants were randomly
allocated in group 1, in which SBT was initiated with CPAP and ATC,
followed by CPAP without ATC or in group 2, in which SBT was ini-
tiated with CPAP without ATC, followed by CPAP with ATC. Indirect
calorimetry helped to measure VO, and EE during SBT.

Results: The differences between VO, and EE obtained during SBT
with ATC and without ATC were -1.6 mL/kg/min (95% CI: -4.36 -
1.07) and 5.4 kcal/day (95% CI: -21.67 - 10.79), respectively.

Conclusions: We concluded that VO, and EE obtained during SBT
with and without ATC were not different.
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Introduction

Weaning from mechanical ventilation refers to the abrupt or
gradual withdrawal of ventilator support; it is better desig-
nated as “discharge” from mechanical ventilation [1]. Delayed
discontinuation of mechanical ventilation might culminate in
complications such as ventilator-induced diaphragmatic dys-
function and atrophy, mechanical ventilation-associated pneu-
monia, and increased morbidity and mortality [2, 3]. On the
other hand, early ventilator withdrawal may result in impaired
gas exchange and the maintenance of airway permeability,
which requires re-intubation [4]. Ventilation discontinuation
and withdrawal of the artificial airway are two important as-
pects of weaning from mechanical ventilation [5]. Evidence-
based guidelines recommend conduction of the spontaneous
breathing trial (SBT) to evaluate endotracheal tube removal
and aptitude of patients for extubation [6].

The SBT can be accomplished with a T piece, in continu-
ous positive airway pressure (CPAP) or with pressure support
ventilation (PSV) [7, 8]. Irrespective of the mechanical ventila-
tion mode, the automatic tube compensation (ATC) test can also
be employed, to compensate for the resistance imposed by the
endotracheal tube. Indeed, this type of resistance can increase the
work for inhalation, the rapid shallow breathing index (RSBI),
and the pressure-time product (an estimation of oxygen consump-
tion by the muscles of respiration) [9, 10]. ATC involves continu-
ous measurement of flow and pressure as well as adequate selec-
tion of tube diameter; it consists of a safe, useful method that can
provide the patient with respiratory comfort [11].

Researchers have studied oxygen consumption (VO,) and
energy expenditure (EE) in mechanically ventilated patients.
It was assessed how the variables VO, and EE change upon
alterations in mechanical ventilation parameters and modes
[12, 13], weaning from mechanical ventilation [14, 15], physi-
otherapy [16], and nutritional therapy [17-19]. Therefore, VO,
and EE constitute gold standard in this field.

Methods

The research protocol was approved by the Research Ethics
Committee of Clinics Hospital, Ribeirao Preto Medical School,
University of Sao Paulo, Brazil (protocol 10872/2011).

This investigation consisted of a randomized, controlled,
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Figure 1. Experimental design used throughout the study.

crossover study conducted in an intensive care unit (ICU) of
Clinics Hospital of Ribeirao Preto Medical School of the Uni-
versity of Sao Paulo.

Weaning from mechanical ventilation involved gradual re-
duction in pressure support to 8 cm H,O. First, the patient or a
next of kin was required to provide an informed consent; then,
the inclusion and exclusion criteria were checked. Following
these procedures, by means of a draw, a nurse withdrew an
opaque, non-translucent, sealed envelope to find out to which
group the patient would belong. Neither the main investigator
nor the patients had any knowledge of the draw until the begin-
ning of the study. After the draw, demographic and prognostic
indices (APACHE 11 [20] and SAPS 3 [21, 22]) data were col-
lected prior to interventions. The airway resistance was meas-
ured at baseline.

Participants

This study included intubated patients under mechanical ven-
tilation for over 24 h who were apt for SBT. Patients met the
following criteria: reversal or control of the event that required

invasive ventilation, partial oxygen pressure in arterial blood
(PaO,) higher than 60 mm Hg, fraction of inspired oxygen
(FiO,) lower than 0.4, positive-end expiratory pressure (PEEP)
lower than 5 cm H,O, good clinical signs of tissue perfusion,
and presence of spontaneous breathing incursions.

The exclusion criteria included hemodynamic instability,
coronary artery diseases, and complex cardiac arrhythmias;
water-electrolyte and acid-base imbalance; body temperature
above 38 °C or below 35 °C; hemoglobin below 7 g/dL; RSBI
under spontaneous breathing higher than 105 cycles/min/L;
age less than 18 years; pregnancy; presence of chest tubes; re-
fusal of patient or next of kin to participate in the study; failure
during SBT; and agitation.

Intervention

Figure 1 illustrates the intervention conducted in this study.
Group 1 underwent SBT in CPAP associated with ATC (CPAP
+ ATC) (experimental intervention) followed by SBT in CPAP
without ATC (CPAP) (control intervention). Group 2 was sub-
mitted to SBT in CPAP without ATC (CPAP), followed by SBT
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in CPAP associated with ATC (CPAP + ATC). Thirty-minute
PSV at 8 cm H,O was accomplished between the modes, to
eliminate the residual effect of the first procedure during appli-
cation of the second procedure (washout). In addition, 15 min
were allowed between modes, to stabilize the gases.

Both groups had PEEP of 5 cm H,O. Oxygen was supplied
at the same concentration that the patient had used before SBT.
The trigger was set at 3 L/min, with a ramp of 0.2 s and heat
and moisture exchanger filter. Before the tests, the patients had
been submitted to bronchial hygiene and had been placed in
the supine position with the headrest at 30°.

If the patient presented an unfavorable outcome, i.e. res-
piratory rate higher than 35 bpm, peripheral oxygen saturation
lower than 90%, heart rate larger than 140% or 20% variation
in basal levels, systolic blood pressure above 200 mm Hg or
below 80 mm Hg, sweating, agitation, signs of increased work
of breathing as paradoxical respiratory standard, or use of ac-
cessory muscles of respiration, the test was interrupted. The
patient was submitted to the initial mechanical ventilation pa-
rameters, and this event was considered a failure. When these
signs did not arise, SBT was deemed successful. If conditions
allowed, the patient was extubated.

Outcome measures

Patients were subjected to VO, and EE measurements with
the aid of a calorimeter (DELTATRAC II Metabolic Monitor;
Datex-Ohmeda, Helsinki, Finland), for 90 min. First, gas and
pressure were calibrated according to the manufacturer’s in-
structions (calibration gas set to O, = 95% and CO, = 5%).
Then, the calorimeter was connected to the mechanical venti-
lator, and the measurements were performed. The steady-state
was defined as 5 consecutive minutes during which oxygen
consumption and carbon dioxide production vary less than
+10% as previously described [23].

Statistical analysis

Data were described through graphic representation of the
median, lower and upper quartile, and interquartile range of
VO,, EE, carbon dioxide production (VCO,), and basal res-
piratory quotient (RQ), with and without ATC. A generalized
linear model helped to analyze the dependent variables and the
estimated values of the mean of the differences of the two-pe-
riod change for each effect [24]. The latter were related to the
differences in values with respect to treatments, groups, and
periods, as follows. Treatment 1 (T1): the SBT was with ATC.
Treatment 2 (T2): the SBT was without ATC. Group 1 (G1):
treatment started with ATC and ended without ATC. Group 2
(G2): treatment started without ATC and ended with ATC. Pe-
riod 1 (P1): period before the washout. Period 2 (P2): period
after the washout.

The level of significance was set at 5%. Statistical analy-
sis was performed using R version 3.0.1 (2013-05-16) (The
R Foundation for Statistical Computing, Vienna, Austria) and
SAS version 9.00 (Cary, NC, EUA).

Table 1. Study Participants Demographics

Variables Values
Gender
Male, n (%) 18 (51)
Female, n (%) 17 (49)
Age (years) (mean + SD) 61.4+16.1
APACHE II (mean + SD) 246+ 8.4
SAPS 3 (mean + SD) 67.7+22
ICU mortality, n (%) 6 (15)
Hospital mortality, n (%) 17 (42.5)
Length of ICU stay (mean + SD) 14.1+8.2
Length of hospital stay (mean + SD) 78 +70.71
Airway resistance at baseline (cm H,O/L/s) 9.02 +2.35
ETT size (mm) 7.85+0.49
Reason to initiate MV
ARF, n (%) 24 (68%)
Septic shock, n (%) 7 (20%)
COPD, n (%) 2 (6%)
Hepatic encephalopathy, n (%) 1 (3%)
Cerebrovascular accident, n (%) 1 (3%)
Cause of ARF
Pneumonia, n (%) 11 (46%)
Post-operative, n (%) 7 (29%)
Acute pulmonary edema, n (%) 3 (12.5%)
Sepsis, n (%) 2 (8.4%)
Cardiac arrest, n (%) 1 (4.1%)
Diagnosis upon admission
Septic shock, n (%) 11 (31%)
Respiratory, n (%) 11 (31%)
Post-operative, n (%) 9 (26%)
Cerebrovascular accident, n (%) 1 (3%)
Others, n (%) 309

SD: standard deviation; APACHE II: Acute Physiology and Chronic
Health Evaluation II; SAPS 3: Simplified Acute Physiology Score 3;
ICU: intensive care unit; MV: mechanical ventilation; ETT: endotracheal
tube or tracheostomy; ARF: acute respiratory failure; COPD: chronic
obstructive pulmonary disease.

Results

Recruitment and data collection occurred between June 2012
and September 2013. Fifty-nine patients were selected for the
study. Nineteen of these patients were excluded prior to the
start of the protocol, six patients had chest tubes, fistula, or
leakage, three patients refused to participate in the study, four
patients presented RSBI larger than 105 breaths/min/L, and
six patients had psychomotor agitation. Five patients were ex-
cluded after the beginning of the study, due to failure during
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Figure 2. Box plot of VO,, EE, VCO,, and RQ at baseline, with and without ATC. The diamonds are atypical values (outliers).

SBT; four of these patients belonged to group 1. Therefore,
35 patients participated and completed the study (Fig. 1). The
same investigator (AFL) made all the procedures in the study.
Eighteen (51%) of the participants were male. The mean
age, the mean APACHE II score, and the mean SAPS 3 score
were 61 years (SD 16), 24 (SD 8.4), and 67 (SD 22), respec-
tively. Six patients (15%) died. The mean length of ICU and
hospital stay was 14 days (SD 8) and 78 days (SD 71), re-
spectively. Table 1 lists the clinical data; Figure 2 illustrates
VO,, EE, VCO,, and RQ throughout the study. The difference
between the averages of the values related during the SBT with
and without ATC, group 1 and group 2, and period 1 pre-wash-
out and period 2 after washout are demonstrated in Table 2.

Discussion

Literature comparing VO, and EE by indirect calorimetry in
different modes of weaning from mechanical ventilation is
scarce. Dos Santos et al [25] compared EE during weaning
from mechanical ventilation. These authors randomly allocat-
ed 40 patients into two different groups. The first group started
weaning in PSV and ended it in T-piece; the reverse order was
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used for the second group. EE in T-piece was 14.4% higher
as compared with PSV. In contrast, in the present study we
did not detect any differences between SBT in CPAP with and
without ATC in relation to EE.

In another randomized study, Oczenski et al [14] investi-
gated 21 postsurgical cardiac patients without lung alterations
under PSV and CPAP with and without ATC. A calorimeter was
used to measure the variables and compare the modes of wean-
ing from mechanical ventilation. VO, was 170 (SD 29) vs. 170
(SD 26) vs. 174 (SD 29) mL/min/m22 in CPAP with ATC, PSV,
and CPAP without ATC, respectively. The authors concluded that
patients submitted to heart surgery demanded normal ventilation
and did not require ventilator compensation during discontinu-
ation of mechanical ventilation. Here, we compared VO,, EE,
VCO,, and RQ not only between treatments (CPAP with and
without ATC), but also between groups and periods, to verify
whether these effects influenced comparison between SBT with
and without ATC. We only verified differences between VO,
and EE values when periods P1 and P2 were compared, the
periods during which we applied treatment 1 and treatment 2,
respectively. Nevertheless, this difference was not clinically rel-
evant, only 3.5 mL/kg/min and 22.8 kcal/day for VO, and EE,
respectively. The treatments, sequences, and periods did not af-
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