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Introduction: Weaning predictors can help liberate patients in a timely manner from mechanical ventilation. Ventilatory equivalent for oxygen (VEqO2), 
a surrogate for work of breathing and a measure of the efficiency of breathing, may be an important noninvasive alternative to other weaning predictors. 
Our study’s purpose was to observe any differences in VEqO2 between extubation outcome groups.
Methods: Employing a metabolic cart, oxygen consumption (V̇O2), minute volume (VE), tidal volume (VT), and breathing frequency were recorded during 
a spontaneous breathing trial (SBT) to calculate VEqO2 and the rapid shallow breathing index (RSBI) in 34 adult participants in the intensive care unit. 
Five-breath means of VEqO2 and the RSBI collected throughout the SBT were examined between SBT pass and fail groups and extubation pass and fail 
groups using the Mann–Whitney U test with p < 0.05.
Results: Data from 31 participants were analyzed between SBT outcome groups. Data from 20 participants were examined for extubation outcome after 
a successful SBT. Median (interquartile range) VEqO2 was not different between extubation groups. Participants who passed the SBT had a higher median 
VEqO2 than those who did not at the midpoint (25.3 L/L V̇O2 [22–33 L/L V̇O2] vs. 23.7 L/L V̇O2 [18–24 L/L V̇O2], p = 0.035) and at the end 
(25.5 L/L V̇O2 [23–34 L/L V̇O2] vs. 21.3 L/L V̇O2 [20–24 L/L V̇O2], p = 0.017) of the SBT.
Discussion: VEqO2 may show differences in SBT outcomes, but not differences between extubation outcomes. VEqO2 may be able to detect differences 
in work during an SBT, but may not be able to predict change in workload in the respiratory system after extubation. The small sample size may also have 
prevented any differences in extubation outcomes to be shown.
Conclusion: VEqO2 was higher in patients that passed their SBT. VEqO2 was not useful in identifying extubation success or failure in adult mechanically 
ventilated patients.
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INTRODUCTION
Prolonged mechanical ventilation comes with many health risks to a 
patient [1, 2], and a failed extubation requiring subsequent reintubation 
significantly increases the risk of nosocomial pneumonia that is associ-
ated with an increased mortality risk [3, 4]. For these reasons, in 2017 the 
American Thoracic Society and the American College of Chest 
Physicians developed guidelines for liberating critically ill adults from 
mechanical ventilation. These guidelines focused on answering ques-
tions regarding the spontaneous breathing trial (SBT), the use of seda-
tion and liberation protocols, and cuff leak tests among other questions. 
Although the group purposefully chose to focus on six key clinical ques-
tions, the guidelines did not make recommendations towards the use of 
any weaning or extubation predictors. The guideline summary quotes 
that “patients at high risk for failure of extubation may include those 
patients with hypercapnia, chronic obstructive pulmonary disease, con-
gestive heart failure, or other serious comorbidities” [5]. Objectively 
identifying patients at higher risk for reintubation and predicting extuba-
tion success or failure is difficult.

The aforementioned guidelines may not recommend any specific 
weaning predictors or indexes because many that have been studied 

show only modest predictive accuracy in weaning and also perform 
poorly in predicting extubation outcomes [6–8]. The McMaster review 
mentions 66 weaning predictors that have been studied, only a handful 
of which showed modest predictive accuracy for weaning. These include 
minute volume (VE), negative inspiratory force (or maximum inspiratory 
pressure (PIMax)), P0.1/maximum inspiratory force, CROP (compliance, 
rate, oxygenation, and pressure) index, respiratory rate (RR), tidal vol-
ume (VT), and the RR/VT or rapid shallow breathing index (RSBI) [1]. 
Those with a higher predictive accuracy at certain thresholds for extuba-
tion outcomes are the RR, RSBI, PIMax, and acute physiology and 
chronic health evaluation (APACHE) II scores at admission [6]. And not 
all are observed during the time of the SBT, as may be the case with 
predictors like PIMax or APACHE scores at admission. Moreover, many 
studies verifying the efficacy of the RSBI, the most commonly used pre-
dictor in conjunction with an SBT to predict extubation outcomes, have 
reported threshold values different from the original study and high 
rates of false positives and false negatives, largely due to differences in 
methods and patient populations [9–11]. The strongest predictors inte-
grate more than a single physiological measure or parameter. The 
Integrative Weaning Index (the product of the static compliance of the 
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respiratory system and the ratio of arterial oxygen saturation to the 
RSBI), the CROP index, and the RSBI are three such indexes that show 
more promise as weaning predictors [1, 12, 13]. Studies examining more 
objective extubation predictors are warranted.

The ventilatory equivalent for oxygen (VEqO2) may be a feasible, 
objective tool to predict the ability to spontaneously breathe or extuba-
tion outcomes. Ruppel defined VEqO2 as “a measure of the efficiency of 
the ventilator pump at various workloads” [14]. Used in cardiopulmo-
nary exercise testing, VEqO2 is the ratio of a person’s minute ventilation 
(VE) in liters to oxygen consumption (V̇O2) in milliliters/minute 
(VE/V̇O2) [14]. Oxygen consumption, or the oxygen cost of breathing 
(OCOB), has been studied to estimate the work of the respiratory mus-
cles using indirect calorimetry. Changes in oxygen consumption and cen-
tral venous saturation at different levels of ventilator support have been 
assessed to predict the ability to spontaneously breathe and the extuba-
tion outcomes, but study results have varied [15–20]. The oxygen cost of 
breathing is closely related to the mean pressure created by the diaphragm 
[21], which is why studies around spontaneous modes of mechanical ven-
tilation, like proportional assist ventilation and pressure support ventila-
tion have included the pressure-time product (PTP) as a measure for 
patient effort at varying levels of ventilator support [21–25]. VEqO2 
includes oxygen consumption as a part of its measurement, but could 
also be used as a surrogate for the PTP or work of breathing (WOB), 
which has also been studied in weaning and extubation outcomes [24, 
26–31]. However, measuring both the PTP and WOB requires the inser-
tion of an esophageal balloon, or other more sophisticated and expensive 
methods such as artificial neural networks [26]. Differences in VEqO2 
have been shown in patients with emphysema and were compared 
between ventilator modes in healthy patients using indirect calorimetry 
[32, 33]. In addition to determining nutritional needs, ventilators that 
incorporate indirect calorimetry technology could be used to determine 
the VEqO2 in intubated patients. Measurement of VEqO2 provides a 
safe, noninvasive way to measure the ventilatory efficiency in patients 
during weaning or prior to extubation. The purpose of this study was to 
determine if there was a significant difference in VEqO2 between patients 
that failed and those that successfully completed a spontaneous breath-
ing trial and extubation in adult mechanically ventilated patients.

METHODS
This pilot study evaluating VEqO2 between patient extubation outcome 
groups recorded during a spontaneous breathing trial was a prospective, 
observational study conducted at Rush University Medical Center, 
Chicago, Illinois, from 2013 to 2016. The protocol was approved with a 
waiver of consent by the Institutional Review Board at Rush University 
Medical Center.

Participants
Thirty-four participants who were ≥18 years of age and met the inclusion 
and exclusion criteria for study were consecutively enrolled. Any partici-
pant who was intubated, on the mechanical ventilator for at least 24 h, 
hemodynamically stable, with adequate oxygenation and ventilation per 
the institutions weaning guidelines (Figure 1) or had a physician’s order 
for an SBT was enrolled into the study. Participants were excluded from 
the study if they had a tracheostomy, high oxygen requirements, neuro-
muscular disease, or large air leaks such as chest tubes, bronchopleural 
fistula, or tracheomalacia.

Measurements
To compare VEqO2 with a previously verified parameter assessed during 
spontaneous breathing, RSBI was also recorded and compared between 
groups. Data pertaining to the determination of VEqO2 and RSBI are 
VE, VT, breathing frequency (f), and V̇O2, which were measured by a 
pneumotachometer (DirectConnect™ Flow Sensor, MedGraphics 
Corporation, St. Paul, MN) used in conjunction with a metabolic cart 
(Ultima CPX, MedGraphics Corporation, St. Paul, MN). The metabolic 
cart recorded these measurements continuously throughout the SBT 
retrieving breath-to-breath data points and displayed them in a table for 

future calculation of VEqO2 and RSBI. No measurements were taken 
from the mechanical ventilator so that all parameters pertaining to the 
calculation of VEqO2 and RSBI were retrieved from the same source and 
time. The equations for VEqO2 and RSBI are as follows:

VEqO2 = VE (L/min) / V̇O2 (L/min) [32]
RSBI = f (breaths/minute) / VT (mL/min)
The pneumotachometer was placed between the “Y” of the ventilator 

circuit and the endo-tracheal tube. All other participant data were 
recorded from monitors and bedside assessment.

Protocol
Before the measurement of VEqO2 and RSBI was initiated, demographic 
data from the Electronic Medical Record were recorded on a flow sheet 
and included: age, weight, gender, reason for mechanical ventilation, the 
number of hours the participant received mechanical ventilation prior 
to the study, the number of failed SBTs prior to the study, the level of 
ventilator support before the study, and the level of ventilator support 
during the SBT. The following data were recorded on a flow sheet 
throughout the study: heart rate, f, blood pressure (if available by contin-
uous monitoring), oxygen saturation by pulse-oximeter, and fraction of 
inspired oxygen. Data pertaining to the determination of VEqO2 and 
the RSBI were recorded continuously by the metabolic cart and recorded 
on the flow sheet as well. The data were analyzed over five breaths (i) 
while the participant was on their usual ventilator support before the 
study, (ii) immediately after the start of the SBT, (iii) at the midpoint of 
the SBT, and (iv) at the end of the 30-min SBT or at failure and subse-
quent stopping of the SBT, whichever came first. Immediately before the 
SBT, a sterile pneumotachometer was placed between the “Y” of the 
ventilator circuit and the ET-tube. As per the institutions weaning guide-
lines, an SBT was initiated for up to 30 min in duration using 100% 
automatic tube compensation or per managing physician’s order. The 
pneumotachometer was removed from the circuit at the end of the SBT. 
The decision to return the participant to ventilator support or to discon-
tinue ventilator support was decided per the institution’s weaning guide-
lines or the managing physician.

Endpoint definitions

Extubation and SBT success
An extubation success was defined as a participant not receiving invasive 
or noninvasive ventilator support for >72 h [34, 35] after extubation. An 
SBT success was defined as passing the SBT according to the institu-
tion’s weaning guidelines (Figure 1).

Extubation and SBT failure
An extubation failure was defined as a participant needing invasive or 
noninvasive ventilator support ≤72 h of extubation. A SBT failure was 
defined as a participant failing the SBT according to the institution’s 
weaning guidelines (Figure 1).

Statistical analysis
The primary endpoint of this pilot project assessed a difference in mean 
VEqO2 between participant groups of SBT pass or failure and, second-
arily, extubation success or failure. A Mann–Whitney U test was used to 
examine differences in the median VEqO2 between the study groups 
using an alpha level of 0.05 and beta of 0.20 with the coinciding inter-
quartile range reported. SPSS statistical software (v.22, SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis.

RESULTS
A total of 34 participants were enrolled into the study. Of those, 31 were 
included in the SBT analysis and 3 were excluded (Figure 2). Of the 31 
study participants, 20 (65%) passed the study SBT and 11 (35%) failed 
the SBT (five received tracheostomy after failing the study SBT). Six par-
ticipants who failed the SBT were not immediately extubated after the 
study SBT completion; therefore, these participants were not included in 
the extubation outcome analysis.
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Out of 20 participants who passed the study SBT, 14 (70%) were 
successfully extubated and six (30%) failed the extubation. Of the six 
that failed extubation, one participant was reintubated for hypercapnic 
respiratory failure, one for hypoxic respiratory failure, two for a proce-
dure, and two for inability to protect airways.

Table 1 depicts the baseline characteristics of the SBT and extuba-
tion group. The median age of the study participants was 58–66 years. 
Males and females represented almost equal number of participants in 
all groups except in the SBT fail group that had a higher proportion of 
females. Median duration of mechanical ventilation was 48 h in the SBT 
fail group and between 82 and 89 h in all other three groups. The pri-
mary reason for initiation of mechanical ventilation was airway protec-
tion followed by respiratory failure and other causes.

SBT outcome
Table 2 depicts the median VEqO2, V̇ O2, VE, and RSBI during the SBT 
in participants who passed and failed the SBT. These variables were mea-
sured continuously throughout the duration of the SBT. Because of the 
difference in the SBT duration among participants, four time points 
were selected for data presentation: before SBT, at start of SBT, at mid 
SBT, and at end of SBT. There was no significant difference in median 

VEqO2 before the SBT and at the start of the SBT between SBT pass and 
failure groups. However, there was a significant difference in median 
VEqO2 among participants who passed the SBT compared with those 
who failed the SBT at the midpoint (25.3 [22–33] vs. 23.7 [18–24] p = 
0.035) and at the end (25.5 [23–34] vs. 21.3 [20–24] p = 0.017) of the 
study SBT (Figure 3). Our results showed no significant difference in 
median VE and median V̇ O2 during the SBT in participants who passed 
or failed the SBT.

RSBI was significantly lower in participants who passed the SBT at 
all four measurement points (before, p = 0.040; start, p = 0.011; mid, 
p = 0.001; end, p < 0.001) of the study SBT as compared with those who 
ended up failing the SBT. This is an auto-correlation because of the use 
of specific RSBI value as a criterion for determining the SBT 
outcome.

Extubation outcome
Table 3 shows median VEqO2, VE, V̇ O2 and RSBI during the SBT among 
participants who passed and failed extubation. As depicted in the table, 
those who were successfully extubated had an increase trend in median 
VEqO2 from the start (22.42 [17.9–30.8]) to the end (24.0.8 [21.1–34.6]) 
of the SBT trial. Similarly, the participants who failed extubation also 

FIGURE 1 
Spontaneous breathing trial and extubation criteria.
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had an increase trend in median VEqO2 from the start (23.28 [19.7–
29.8]) to the end (26.6 [24.4–30.4]) of the SBT trial (Figure 4). However, 
there was no significant difference in median VEqO2 among those par-
ticipants who passed and failed extubation before (p = 0.312), at the start 
(p = 0.904), at the midpoint (p = 0.659), and at the end (p = 0.547) of the 
SBT trial.

There was no significant difference among extubation success and 
failure groups in median VE, V̇ O2, and RSBI.

DISCUSSION
In this study of adult intensive care unit (ICU) patients weaning from 
mechanical ventilation, VEqO2 and RSBI were not different between 
participants that failed extubation and those that successfully extubated. 
VEqO2 was significantly different at mid- and end-SBT between patients 
that passed and failed the SBT, and RSBI was significantly different at all 
four points measured during the SBT between participants that failed 
the SBT and those that passed the SBT.

FIGURE 2 
Flow diagram presenting information regarding study enrollment. SBT, spontaneous breathing trial.

Enrolled in study
(34)

SBT Outcome
(31)

SBT Pass (20)

Extuba�on Fail
(6)

Extuba�on Success
(14)

SBT Fail (6)
Tracheostomy a�er failing SBTs (5)

Withdrawn from the study (3):

- Neurological disorder
  (cerebral Palsy): 1

- Unable to maintain SaO2 >95% (87%)
  at any FIO2 before SBT start: 1

- SBP >180 mmHg (233 mmHg)
   before SBT start: 1

TABLE 1 
Participant characteristics

SBT outcome (n = 31) Extubation outcome (n = 20)

SBT pass (20) SBT fail (11) Extubation success (14) Extubation failure (6)

Age, median (IQR), year 62.50 (36–77.2) 60 (55–69) 58 (36–76) 66.50 (33–81)
Male/female, no. (%) 11 (55)/9 (45) 3 (27)/8 (73) 8 (57)/6 (43) 3 (50)/3 (50)
Weight, median (IQR), kg 79.15 (69–109) 80.90 (69–86) 88.25 (67–112) 76.50 (65–114)
Hours on ventilator before study SBT, median (IQR) 82.50 (37–120) 48 (42–96) 82.50 (33–112) 89 (42–189)
Reason for intubation, no. (%)
  Airway protection 10 (50) 5 (46) 6 (43) 4 (66)
  Respiratory failure 9 (45) 3 (27) 8 (57) 1 (17)
  Others 1 (5) 3 (27) 0 1 (17)
Time from study SBT to extubation, median (IQR), hours 5 (2.4–26.5) 23.50 (18–44.2) 4.50 (2–43) 9.50 (3.5–27)

Note: SBT, spontaneous breathing trial; IQR, interquartile range.
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Since VEqO2 is the ratio of minute ventilation to oxygen consump-
tion, a higher value would represent a greater efficiency of breathing: 
volumes moved at lower oxygen costs when the patient is at rest [14, 15, 
32]. Ruppel [14] defined VEqO2 as the ratio of VE in L to V̇O2 in mL/
min; however, we reported our values in L/L V̇O2 similar to other 
authors [32]. We hypothesized that VEqO2 would be higher in patients 
that successfully extubated since we expected them to be able to breathe 
more efficiently prior to extubation compared with those that would fail 
extubation. However, VEqO2, a measure of the efficiency of breathing 
and a possible noninvasive surrogate for WOB, was not different between 
extubation groups in our study population. One study using artificial 
neural networks, showed that the value of WOB as a predictor for extu-
bation outcome was highly sensitive (0.96) in a surgical ICU population 
of 97 adults [26]. The majority of the patients that extubated successfully 
exhibited a low WOB (<10 J); however, the population in their study was 

from a surgical ICU. Interestingly, the VEqO2 was slightly higher (not 
statistically) in our extubation failure group compared with the success 
group at all four points measured during the SBT. The reason for this 
finding is unclear. A possible reason VEqO2 values were not that differ-
ent between extubation groups may be that there actually was no signifi-
cant difference in WOB between the groups. RSBI values were not 
different between groups either, but a rapid shallow breathing pattern is 
one sign of an inability of the respiratory muscles to meet the workload 
demand. If RSBI values were different (higher in extubation failure 
patients and lower in patients with successful extubation) we might have 
more reason to believe that WOB was different and that VEqO2 would 
be as well. However, as mentioned previously, studies verifying the effi-
cacy of the RSBI to predict extubation had varied outcomes [9–11]. 
Another possible reason VEqO2 was not that different between groups 
could be because of the small sample size.

TABLE 2 
SBT outcome

SBT pass (20) SBT fail (11) p

Before SBT
VEqO2
VE, L/min
V̇O2, L/min
RSBI

22.30 (19–32.8)
8.13 (6–10.3)
0.33 (0.3–0.41)

37.89 (31–59.8)

24.50 (19–31.3)
8.56 (5.1–11.3)
0.36 (0.22–0.43)

56.15 (45–79.3)

0.773
0.670
0.451
0.040

At start SBT
VEqO2 
VE, L/min
V̇O2, L/min
RSBI

23.05 (18–30)
7.29 (6–9.2)
0.33 (0.27–0.37)

48.61 (31.1–65.7)

24.85 (17–26)
7.68 (5.3–9.1)
0.33 (0.3–0.42)

84.94 (47.4–98.1)

0.901
0.611
0.823
0.011

At mid SBT
VEqO2 
VE, L/min
V̇O2, L/min
RSBI

25.35 (22–33)
8.60 (6.9–10.7)
0.33 (0.27–0.38)

58.73 (33.3–66.3)

23.73 (18–24)
8.12 (7.4–9.67)
0.40 (0.26–0.52)

100.74 (70–129.2)

0.035
0.403
0.244
0.001

At end SBT
VEqO2 
VE, L/min
V̇O2, L/min
RSBI

25.53 (23–34)
9.28 (7.5–12.6)
0.35 (0.3–0.43)

46.33 (29.8–71.9)

21.34 (20–24)
8.68 (7.3–9.6)
0.40 (0.31–0.46)

117.64 (82.3–129.6)

0.017
0.261
0.528
0.000

Note: All data are given as the median (interquartile range). Bold values 
indicate significance based on p value of 0.05. SBT, spontaneous breathing 
trial; VEqO2, ventilatory equivalent for oxygen; VE, minute volume; V̇O2, 
oxygen consumption; RSBI, rapid shallow breathing index.

FIGURE 3 
Median VEqO2 during spontaneous breathing trial (SBT) and SBT outcome.
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TABLE 3 
Extubation outcome

Extubation  
success (14)

Extubation  
failure (6) p

Before SBT
VEqO2
VE, L/min
V̇O2, L/min
RSBI

21.11 (18.25–33.6)
8.04 (6.6–10.5)
0.35 (0.29–0.44)

40.63 (28.9–62.9)

23.55 (21.4–27.5)
8.24 (6.4–10.35)
0.32 (0.29–0.41)

35.06 (28.7–61.7)

0.312
1.000
0.718
0.779

At start SBT
VEqO2
VE, L/min
V̇O2, L/min
RSBI

22.42 (17.9–30.8)
6.88 (5.9–11.2)
0.30 (0.27–0.4)

44.86 (24.6–70.5)

23.28 (19.7–29.8)
8.09 (6.54–9.08)
0.33 (0.31–0.35)

50.31 (42.6–60.4)

0.904
0.779
0.779
0.547

At mid SBT
VEqO2 
VE, L/min
V̇O2, L/min
RSBI

24.29 (21.8–34.9)
8.86 (6.7–11.1)
0.33 (0.26–0.39)

57.04 (30.3–64.3)

27.14 (24.2–30)
8.21 (7.1–10.5)
0.33 (0.26–0.38)

61.28 (32.3–71.5)

0.659
0.718
0.841
0.602

At end SBT
VEqO2 
VE, L/min
V̇O2, L/min
RSBI

24.08 (21.1–34.6)
9.28 (7.43–12.9)
0.36 (0.29–0.40)

46.33 (23.8–71.5)

26.60 (24.4–30.4)
10.13 (7.7–12.7)

0.35 (0.29–0.48)
51.42 (33.1–74.2)

0.547
0.779
0.968
0.779

Note: All data are given as the median (interquartile range). SBT, sponta-
neous breathing trial; VEqO2, ventilatory equivalent for oxygen; VE, minute 
volume; V̇O2, oxygen consumption; RSBI, rapid shallow breathing index.
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VEqO2 may show differences in SBT outcomes, but not differences 
between extubation outcomes due to factors that change in the respira-
tory system after the airway has been removed. More recent literature has 
posited that predictors for extubation outcomes should be separated 
from SBT outcomes since they assess different objects [36]. Conclusions 
drawn from predictors for extubation outcomes are complicated by fac-
tors important to the airway itself and variables that change after remov-
ing the endotracheal tube, such as secretions or swelling [1].

In 1990, Shikora et al. [16] estimated WOB as the Δ V̇O2 during 
mechanical ventilation and compared that to spontaneous breathing. 
They found that a WOB (expressed as Δ V̇O2 as a percentage of V̇O2) of 
15% was a reference value below which predicted successful extubation 
and above which predicted failure to extubate with a sensitivity of 100% 
and a specificity of 80%. This study was performed with 20 longer-term 
ventilated patients, 19 of which required greater than 2 weeks of mechan-
ical ventilation. Again, in 1994, Shikora et al. showed that the OCOB 
reliably predicted success in all five patients that successfully extubated 
and predicted failure in 20 of 23 that were extubated with a sensitivity of 
100% and a specificity of 87% [17]. The OCOB had a much higher reli-
ability than the RSBI in their study; the participants in this study were 
long-term mechanically ventilated patients. In the current study, the par-
ticipants in the extubation analysis were only ventilated a median of just 
over 80 h or about 3 days. It is possible that VEqO2 cannot predict out-
comes between groups of these shorter-term mechanically ventilated par-
ticipants. The use of VEqO2 in longer-term mechanically ventilated 
patients still needs to be investigated.

In contrast with extubation outcomes, VEqO2 between SBT out-
come groups measured at the midpoint and at the endpoint of the 
30-min SBT were different. Breathing was more efficient at these points 
among those who passed the SBT according to the criteria shown in 
Figure 1. This difference could be a useful indicator of a patient’s ability 
to sustain spontaneous breathing when weaning patients from the venti-
lator in the clinical setting. In more recent studies, the OCOB, or Δ V̇O2 
from ventilator support to SBT or reduced levels of support, was not 
assessed for extubation outcomes, but was different between patients 
who passed or failed the SBT [18, 19, 20, 37]. However, study results 
varied. Yang [12] found that patients that failed SBTs had higher baseline 
V̇O2 and were less able to increase that value when support was decreased, 
whereas Teixeira [19] and Mitsuoaka [20] showed that decreases in cen-
tral venous oxygen saturation or higher increases in V̇O2 at rest generally 
predicted fatigue. Our patients did not show significant difference in 
V̇O2 values over time between SBT success and failure groups.

A limitation of this study is the small sample size. Study SBTs were 
not assessed serially until the time of extubation where measurements 

could be taken from the SBT directly preceding extubation attempts for 
every study participant. This resulted in a small sample size, particularly 
for the extubation outcome groups as we used only those SBTs measured 
immediately prior to extubation from those that passed their SBTs to 
make the correct comparison between extubation outcome groups. 
Although the sample size is small even in the SBT outcome groups, we 
found a significant difference in VEqO2 between the SBT success and 
failure groups. This finding is similar to RSBI, and there is no trend 
indicating that increasing the sample would lead to a significant finding 
in extubation outcomes. It is also important to note that the institution’s 
weaning guidelines include a RSBI threshold of 105 as a parameter for 
passing or failing an SBT. Therefore, the RSBI was auto-correlated and 
expected to be different between SBT groups in this study since that was 
one of the parameters initially used to classify the groups.

Further study of VEqO2 in long-term mechanically ventilated 
patients may prove beneficial since many of the previous studies showed 
V̇O2 or WOB as a predictor of extubation outcomes [16, 17, 27]. Perhaps 
VEqO2 as an indicator of WOB may be used to recondition the dia-
phragm in these patients. It is worth noting that some predictors applied 
universally across patient populations may actually slow liberation from 
the ventilator and should not be the only variables used when a patient 
is extubated [38–40].

In conclusion, VEqO2 distinguishes between SBT success and failure 
but does not distinguish between extubation success or failure in 
mechanically ventilated patients in our population. Further study of 
VEqO2 is warranted.
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FIGURE 4
Median VEqO2 during spontaneous breathing trial (SBT) and extubation outcome.
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