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Effect of high-flow oxygen versus T-piece i

ventilation strategies during spontaneous
breathing trials on weaning failure
among patients receiving mechanical
ventilation: a randomized controlled trial

Hong Yeul Lee', Jinwoo Lee? and Sang-Min Lee'*

Abstract

Background: A spontaneous breathing trial (SBT) is used to determine whether patients are ready for extubation,
but the best method for choosing the SBT strategy remains controversial. We investigated the effect of high-flow oxy-
gen versus T-piece ventilation strategies during SBT on rates of weaning failure among patients receiving mechanical
ventilation.

Methods: This randomized clinical trial was conducted from June 2019 through January 2022 among patients
receiving mechanical ventilation for > 12 h who fulfilled the weaning readiness criteria at a single-center medical
intensive care unit. Patients were randomized to undergo either T-piece SBT or high-flow oxygen SBT. The primary
outcome was weaning failure on day 2, and the secondary outcomes were weaning failure on day 7, ICU and hospital
length of stay, and ICU and in-hospital morality.

Results: Of 108 patients (mean age, 67.0£ 11.1 years; 64.8% men), 54 received T-piece SBT and 54 received high-flow
oxygen SBT. Weaning failure on day 2 occurred in 5 patients (9.3%) in the T-piece group and 3 patients (5.6%) in the
high-flow group (difference, 3.7% [95% Cl, — 6.1-13.6]; p =0.713). Weaning failure on day 7 occurred in 13 patients
(24.1%) in the T-piece group and 7 patients (13.0%) in the high-flow group (difference, 11.1% [95% Cl, — 3.4-25.6];
p=0.215). A post hoc subgroup analysis showed that high-flow oxygen SBT was significantly associated with a lower
rate of weaning failure on day 7 (OR, 0.17 [95% Cl, 0.04-0.78]) among those patients intubated because of respiratory
failure (p for interaction =0.020). The ICU and hospital length of stay and mortality rates did not differ significantly
between the two groups. During the study, no serious adverse events were recorded.

Conclusions: Among patients receiving mechanical ventilation, high-flow oxygen SBT did not significantly reduce
the risk of weaning failure compared with T-piece SBT. However, the study may have been underpowered to detect
a clinically important treatment effect for the comparison of high-flow oxygen SBT versus T-piece SBT, and a higher
percentage of patients with simple weaning and a lower weaning failure rate than expected should be considered
when interpreting the findings.
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Clinical trial registration This trial was registered with ClinicalTrials.gov (number NCT03929328) on April 26, 2019.
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Introduction

A spontaneous breathing trial (SBT) is used widely to
determine whether a patient is ready for extubation and
liberation from mechanical ventilation [1]. Because both
premature and delayed extubation are associated with
increased morbidity and mortality, timely liberation from
mechanical ventilation is crucial in critically ill patients
[2, 3]. The most common strategies used during SBT
are T-piece ventilation and low-pressure support ven-
tilation (PSV) [2]. One systematic review of studies that
compared different methods for SBT found that T-piece
ventilation seems to reflect more accurately the physio-
logical conditions after extubation, whereas PSV reduces
respiratory effort compared with T-piece ventilation [4].
A recent randomized controlled trial (RCT) found that
the use of a shorter, less demanding SBT strategy led to
significantly higher rates of successful extubation [5].
However, although the latest guideline suggests the initial
SBT be conducted with low PSV based on limited data
[6], choosing the best ventilation strategies during SBT
remains a challenging task [4, 7, 8].

High-flow oxygen therapy offers several physiological
advantages and may lead to improved comfort and clini-
cal outcomes in patients with hypoxemic respiratory fail-
ure [9, 10]. High-flow oxygen therapy is used increasingly
for several indications in critically ill patients, including
de novo hypoxemic respiratory failure, postextubation,
postoperative respiratory failure, and palliative care [9].
Based on the results of RCTs, use of prophylactic high-
flow nasal cannula (HFNC) and/or noninvasive venti-
lation (NIV) after extubation is now used widely and is
considered as the first-line prophylactic respiratory sup-
port option in patients at risk for reintubation [11-14].
However, there is limited evidence on the efficacy and
safety of the high-flow oxygen ventilation strategy during
SBT. Moreover, the physiological effects of high-flow oxy-
gen therapy via tracheostomy (HFOT g xcear) are lower
than HENC, likely because the tracheostomy connection
interface is completely open system [15]. To date, only
one recent pilot RCT of patients at high risk of weaning
failure showed that the high-flow oxygen SBT neither
increased the reintubation rate nor accelerated mechani-
cal ventilation weaning compared with T-piece SBT [16].

In this study, we hypothesized that the high-flow oxy-
gen ventilation strategy during SBT might reduce the
rate of weaning failure compared with T-piece ventila-
tion during SBT. Here, we investigated the effect of high-
flow oxygen versus T-piece ventilation strategies during

SBT on rates of weaning failure among patients receiving
mechanical ventilation.

Methods

Trial design

From June 2019 through January 2022, a single-center,
open-label, parallel-group RCT was conducted in a medi-
cal intensive care unit (ICU) at Seoul National University
Hospital, which is a 1778-bed tertiary care referral hos-
pital in South Korea. The Institutional Review Board of
Seoul National University Hospital approved the study
and protocol (approval number H-1904-150-1029). This
trial was registered with ClinicalTrials.gov (number
NCT03929328). All patients or their legally authorized
representatives provided written informed consent to
participate in the study.

Participants

All consecutive adult patients admitted to the medical
ICU who required endotracheal intubation and mechani-
cal ventilation underwent screening before enrollment.
Patients who were at least 18 years of age were eligible for
inclusion if they were receiving mechanical ventilation
for at least 12 h, had recovered from the precipitating
illness, and had fulfilled the weaning readiness criteria
according to international guidelines (Additional file 1:
Appendix S1) [1, 17]. The exclusion criteria were trache-
ostomy and the decision to stop life-supportive therapies.

Randomization

Patients who were enrolled by the ICU attending phy-
sician were randomized in a 1:1 ratio to undergo either
the T-piece ventilation strategy or high-flow oxygen ven-
tilation strategy during SBT. T-piece SBT was selected
as control group, because it is most commonly used in
clinical practice regardless of current guideline and this
clinical trial was designed to demonstrate the superior-
ity of high-flow oxygen SBT over T-piece SBT in reduc-
ing weaning failure among strategies without using a
mechanical ventilator support during SBT [6, 18]. We
used a permuted block randomization scheme with com-
puter-generated randomly selected block sizes of 2—6. An
independent research nurse maintained the randomiza-
tion list using sequentially numbered, opaque, sealed
envelopes that were inaccessible to clinical investigators.
Because the method of ventilation strategy during SBT
could not be masked, blinding of the clinical investigators
and participants was impossible.
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Interventions

In patients assigned to receive the T-piece ventilation
strategy during SBT (T-piece group), the ventilator was
disconnected from the endotracheal tube and the T-piece
was connected to the endotracheal tube. T-piece venti-
lation was powered by air entrainment nebulizer, which
can deliver FiO, of 0.21-1.00. The air entrainment nebu-
lizer was set at a flow of 8 L/min to provide FiO, of 0.4
(Additional file 1: Fig. S1). In patients assigned to receive
the high-flow oxygen ventilation strategy during SBT
(high-flow group), the ventilator was disconnected from
the endotracheal tube and a high-flow oxygen device
(Optiflow; Fisher & Paykel Healthcare) was connected
to the endotracheal tube through a specific tracheos-
tomy connection interface (Fisher & Paykel Healthcare)
(Additional file 1: Fig. S2). FiO, was set as 0.4, and flow
was set at 60 L/min to gain the maximum benefit from
high-flow oxygen device [15, 19]. To minimize the effects
of oxygenation on the weaning failure, FiO, level was
set at 0.4 in both groups [1, 17, 20]. In both groups, SBT
was performed for 30—60 min (or less in case of clinical
intolerance). Failure of SBT was defined by international
guidelines [1] (Additional file 1: Table S1). All patients
who successfully completed SBT were protocolized to be
reconnected to mechanical ventilation using the previ-
ous ventilatory parameters for at least 1 h rest and then
directly extubated in both groups [21]. Patients who did
not tolerate the SBT were reconnected to mechanical
ventilation and received once-daily SBT using the same
method according to the assigned group within 72 h after
starting the first SBT. Patients who did not complete the
SBT successfully within 72 h after the first SBT were clas-
sified as weaning failure. According to previous studies,
the prophylactic use of HFNC and/or NIV after extuba-
tion was considered for all patients for at least 48 h, but
was not protocolized and remained at the discretion of
ICU attending physician (more details in Additional
file 1: Appendix S1) [11-13].

Outcomes

The primary endpoint was the rate of weaning failure
on day 2, which was defined as either the failure of SBT
within 72 h after starting the first SBT or the need for
reintubation or death within 48 h following extubation
[1]. The secondary endpoints included weaning failure
on day 7 (defined as either the failure of SBT within 72 h
after starting the first SBT or the need for reintubation or
death within 7 days following extubation) [2], successful
SBT within 72 h after starting the first SBT, extubation
after the first SBT, reintubation within 48 h after extuba-
tion, reintubation within 7 days after extubation, length
of stay (LOS) in the ICU and hospital, ICU mortality, and
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in-hospital morality. The exploratory endpoints included
use of HENC and NIV within 48 h after extubation, time
to the need for HFNC and NIV, and reasons for weaning
failure. Although the trial was originally designed to eval-
uate the outcome of weaning failure on day 2 according
to prespecified subgroups, due to lower event rate than
planned, we evaluated the outcome of weaning failure on
day 7 according to prespecified subgroups (Additional
file 1: Appendix S1).

Statistical analysis

Considering the weaning failure rates of our medical ICU
from 2016 to 2018 and a previous study [22], we expected
a weaning failure rate of 42% in patients with T-piece SBT
and an absolute decrease in weaning failure rate of 27% in
patients with high-flow oxygen SBT. Further details are
provided in Additional file 1: Appendix S1, Tables S2 and
S3. To achieve 85% power to detect this difference, a sam-
ple size of 54 patients in each study group was considered
to be adequate for a 2-sided test, an alpha level of 5%, and
a maximum dropout rate of 10%.

All analyses were conducted according to the inten-
tion-to-treat principle. Continuous variables are reported
as mean and standard deviation or median and inter-
quartile range (IQR). Categorical variables are reported
as frequency and percentage. Between-group differences
in baseline characteristics and clinical outcomes were
assessed using the Mann—Whitney U test or Student’s
¢ test for continuous variables and the chi-square test
or Fisher’s exact test for categorical variables. Time-to-
event outcomes were estimated by the Kaplan—Meier
method and compared using the log-rank test. Post hoc
analyses were performed for univariable Cox propor-
tional-hazards regression and subgroup analyses using
the outcome of weaning failure on day 7 due to lower
event rate of primary outcome than planned. A univari-
able Cox proportional-hazards regression analysis was
used to identify independent variables associated with
weaning failure on day 7. In addition, among patients
with T-piece SBT, we further analyzed the differences in
baseline characteristics and extubation strategies (recon-
nection to ventilator and prophylactic HENC and/or
NIV) that may be associated with SBT and/or extuba-
tion failure between our previous cohort and RCT cohort
(the population of the present study). The results are pre-
sented as hazard ratio (HR) with 95% confidence inter-
val (CI). To assess whether the treatment effects differed
between subgroups, a test for interaction was performed.
Repeated-measures analysis of variance was used to com-
pare differences in the changes in the physiological vari-
ables from baseline to 1 h after extubation. There were
no missing values for any of the variables included in the
analyses. All analyses were 2-tailed, and p values<0.05
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were considered to be significant. All analyses were con-
ducted using IBM SPSS Statistics for Windows (version
25.0; IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

During the study period, a total of 494 patients were
assessed for eligibility (Fig. 1), and 108 patients were
enrolled and randomly assigned to either the T-piece
ventilation strategy (54 patients) or high-flow oxygen
ventilation strategy (54 patients) during SBT. There
were no dropouts after randomization. The demo-
graphic and clinical characteristics of the patients at the
baseline did not differ between the two groups (Table 1
and Additional file 1: Table S4). The mean age was
67.0+11.1 years, 64.8% of the patients were men, mean
body mass index was 22.3+3.9 kg/m? median duration
of mechanical ventilation before the SBT was 4.0 (IQR,
2.6-6.1) days, primary reason for mechanical ventilation
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was respiratory failure (63.8%), 16% had cardiovascular
disease, 26.9% had chronic respiratory disease, and 46.2%
were diagnosed with solid malignancy.

The results of arterial blood gas analysis and the venti-
lator settings before the SBT did not differ between the
two groups (Table 1 and Additional file 1: Table S4). At
the baseline, all patients received pressure support ven-
tilation; the median PaO,/FiO, ratio was 307 (IQR, 249—
388) mm Hg, the mean PaCO, was 36.7+6.0 mm Hg,
and the median P, (change in airway pressure during a
brief [100 ms] airway occlusion at the initiation of patient
inspiratory effort) [23] was 1.3 (IQR, 0.8-1.9) cm H,O.
The median duration of the first SBT did not differ signif-
icantly between the T-piece group (32 [IQR, 30—35] min)
and high-flow group (34 [IQR, 31-39] min) (p=0.082).

Primary endpoint
Weaning failure on day 2, defined as either the failure of
SBT within 72 h after starting the first SBT or the need

494 Patients receiving mechanical ventilation
for >12 hours assessed for eligibility

386 excluded
145 Tracheostomy
119 Did not meet inclusion criteria
67 Died before weaning
40 Decision to stop life-supportive

therapies
13 Informed consent was not
requested
2 Declined to participate

108 were enrolled and underwent
randomization

54 Randomized to receive T-piece ventilation
strategy during SBT
54 Received allocated intervention

54 Included in follow-up
Discontinued intervention due to
1 Did not extubate within 72 hours

54 Included in intention-to-treat analysis

Fig. 1 Enroliment, randomization, and follow-up of the study participants. SBT =spontaneous breathing trial

54 Randomized to receive high-flow oxygen
ventilation strategy during SBT
54 Received allocated intervention

k.

54 Included in follow-up
Discontinued intervention due to
1 Did not extubate within 72 hours

54 Included in intention-to-treat analysis
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Table 1 Demographics and clinical characteristics of the patients at the baseline

Characteristics T-piece SBT High-flow oxygen SBT
(n=>54) (n=>54)
Age, years 66.3+£12.1 67.8+£100
Male sex 32(59.3) 38 (704)
Body mass index, kg/m? 229442 218436
Length of MV before SBT, days 40(2.6-6.9) 3.9 (2.5-6.0)
APACHE Il score at ICU admission 207 18+7
Sequential Organ Failure Assessment score 62+34 6.0£39
Reason for intubation
Respiratory failure 31(574) 38 (704)
Nonrespiratory, cardiogenic 10(18.5) 7(13.0)
Nonrespiratory, sepsis 7(13.0) 4(74)
Nonrespiratory, others 6(11.1) 5(09.3)
Comorbidity
Cardiovascular disease 7(13.0) 10 (18.5)
Chronic respiratory disease 12(22.2) 17 (31.5)
Diabetes mellitus 18 (33.3) 19(35.2)
Solid malignancy 26 (48.1) 24 (44.4)
Hematologic malignancy 16 (29.6) 8(14.8)
Neurologic disease 3(5.6) 8(14.8)
Chronic kidney disease 6(11.1) 7(13.0)
Chronic liver disease 7(13.0) 11 (204)
Charlson comorbidity index 58426 64127
Baseline physiological variables
Arterial blood pH 747 £0.05 746+0.04
PaO,/FiO,, mm Hg 321 (258-386) 294 (218-390)
PaCO,, mm Hg 359454 376+64
Lactate, mmol/L 19(14-2.5) 14(01.1-2.2)

Data are reported as n (%), mean =+ standard deviation, or median (1st-3rd quartile)

APACHE Il Acute Physiology and Chronic Health Evaluation, ICU Intensive care unit, MV Mechanical ventilation, SBT Spontaneous breathing trial

for reintubation or death within 48 h following extuba-
tion, occurred in 5 patients (9.3%) in the T-piece group
and 3 patients (5.6%) in the high-flow group; this differ-
ence was not significant (difference, 3.7% [95% CI, — 6.1—
13.6], p=0.713) (Table 2).

Secondary endpoints

Weaning failure on day 7, defined as either the failure of
SBT within 72 h after starting the first SBT or the need
for reintubation or death within 7 days following extu-
bation, occurred in 13 patients (24.1%) in the T-piece
group and 7 patients (13.0%) in the high-flow group; this
difference was not significant (difference, 11.1% [95%
CI, —3.4-25.6], p=0.215) (Table 2). The Kaplan—Meier
curves for reintubation within 7 days after extubation are
shown in Fig. 2. After starting the first SBT, 53 patients
(98.1%) in the T-piece group and 54 patients (100%) in
the high-flow group passed the SBT within 72 h (dif-
ference, —1.9% [95% CI, —5.5-1.7], p>0.999). Of the

patients extubated after the SBT, reintubation within 48 h
and 7 days occurred in 4 patients (7.5%) and 12 patients
(22.6%) in the T-piece group and 2 patients (3.8%) and
6 patients (11.3%) in the high-flow group, respectively.
These differences were not significant: The differences
were 3.7% (95% CI, — 5.0-12.5, p=0.674) and 11.3% (95%
CI, —2.8-25.4, p=0.196), respectively.

The LOS in the ICU and hospital did not differ
between groups. The ICU LOS was 3 (IQR, 1-7) days
in the T-piece group and 2 (IQR, 1-5) days in the
high-flow group (p=0.107). The hospital LOS was 22
(IQR, 12-44) days in the T-piece group and 25 (IQR,
16-46) days in the high-flow group (p=0.435). The
ICU mortality rate was the same in both groups (5.6%
or 3 of 54 patients in each group, p>0.999). The hospi-
tal mortality rates were 38.9% (21 of 54 patients) in the
T-piece group and 35.2% (19 of 54 patients) in the high-
flow group (difference, 3.7% [95% CI, —14.5-21.9],
p=0.842).
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Table 2 Primary, secondary, and exploratory outcomes
Outcomes T-piece SBT High-flow oxygen SBT Risk difference p value
(n=>54) (n=54) (95% CI)
Primary outcome
Weaning failure on Day 2, no. (%)° 5(9.3) 3(5.6) 3.7(=6.1-136) 0.713
Secondary and exploratory outcomes
Weaning failure on day 7, no (%)P 3(24.1) 7(13.0) 11.1 (—3.4-256) 0.215
Successful SBT within 72 h, no. (%) 3(98.1) 54 (100) —19(=55-17) >0.999
Extubation after first SBT, no. (%) 51 (94 4) 53(98.1) —3.7(—=10.8-34) 0.610
Reintubation within 48 h, n/total (%) 4/53(7.5) 2/53 (3.8) 3.7 (=50-125) 0.674
Reintubation within 7 d, n/total (%)° 12/53 (22.6) 6/53 (11.3) 11.3(—2.8-254) 0.196
Apply NIV within 48 h after extubation, no. (%)° 11/53(20.7) 13/53 (24.5) —38(—19.7-12.1) 0816
Apply HFNC within 48 h after extubation, no. (%) 40/53 (75.5) 42/53(79.2) —37(=19.7-12.1) 0.816
ICU length of stay, d 3(1-7) 2 (1-5) 0.107
Hospital length of stay, d 22 (12-44) 25 (16-46) 0435
ICU mortality, no. (%) 3(5.6) 3(5.6) 0.0 (—8.6-8.6) >0.999
Hospital mortality, no. (%) 21(389) 19 (35.2) 3.7(—14.5-21.9) 0.842

HFNC High-flow nasal cannula, ICU Intensive care unit, NIV Noninvasive ventilation, SBT Spontaneous breathing trial

2 Defined as either the failure of SBT within 72 h after starting the first SBT or the need for reintubation or death within 48 h following extubation

® Defined as either the failure of SBT within 72 h after starting the first SBT or the need for reintubation or death within 7 days following extubation
€ Among patients extubated after successful SBT within 72 h

T-piece SBT
20 A
xX
g
= —
& High-flow oxygen SBT
o
c
€ —
3
s 10
Unadjusted hazard ratio for weaning failure, 0.51 (95% ClI, 0.20-1.27)
0 A P = 0.14 by log-rank test

0 1 2 3 4 5 6 7

Time since extubation, days
Numbers at risk

T-piece SBT 54 50 49 46 45 42 42 41
High-flow oxygen SBT 54 51 51 51 48 48 47 47
Fig. 2 Kaplan-Meier analysis of reintubation within 7 days after extubation in each group. Cl = confidence interval; SBT = spontaneous breathing
trial
Exploratory endpoints [95% CI, —19.7-12.1], p=0.816). NIV within 48 h after

HENC within 48 h after extubation was applied in 75.5%  extubation was applied in 20.7% (11 of 53 patients) in the
(40 of 53 patients) in the T-piece group and in 79.2% (43 T-piece group and 24.5% (13 of 53 patients) in the high-
of 53 patients) in the high-flow group (difference, —3.7%  flow group (difference, —3.8% [95% CI, —19.7-12.1],
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p=0.816) (Table 2). The median time to the use of
HFNC or NIV after extubation did not differ significantly
between the two groups: 1 (IQR, 1-1) min in the T-piece
group and 1 (IQR, 1-6) min in the high-flow group
(p=0.938). Overall, the median duration of prophylactic
use of HFNC or NIV after extubation was 2.0 (IQR, 0.3—
5.2) days and did not differ significantly between the two
groups: 2.5 (IQR, 0.1-4.0) days in the T-piece group and
1.9 (IQR, 0.7-5.8) days in the high-flow group (p=0.717).
More detailed data regarding the settings of prophylactic
use of HFNC or NIV and patients’ characteristics associ-
ated with prophylactic use of HFNC or NIV after extuba-
tion are provided in Additional file 1: Appendix S2 and
Table S5.

Among the 8 patients with weaning failure on day 2,
inability to clear secretions (3 of 8 patients) was the most
common primary reason, followed by persistent postex-
tubation respiratory failure (2 of 8 patients) (Additional
file 1: Table S6). Among patients with weaning failure on
day 7, inability to clear secretions (7 of 20 patients) was
also the most common reason, followed by persistent
postextubation respiratory failure (5 of 20 patients) and
hemodynamic impairment (3 of 20 patients) (Additional
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file 1: Table S6). During the study, no adverse events
led to withdrawal from the trial, and no serious adverse
events were recorded.

Post hoc analysis

The HRs for weaning failure on day 7 in subgroups are
shown in Fig. 3. Compared with the group given the
T-piece SBT, the HRs for weaning failure on day 7 for the
group given high-flow oxygen SBT were 0.17 (95% CI,
0.04—0.78) among patients intubated because of respira-
tory failure and 1.83 (95% CI, 0.49—6.84) among patients
intubated because of nonrespiratory failure (p for inter-
action=0.020). No significant interactions were found
for other subgroup comparisons. A detailed description
of the differences in baseline characteristics and extuba-
tion strategies between T-piece SBT and high-flow oxy-
gen SBT groups among patients intubated because of
respiratory failure is provided in Additional file 1: Appen-
dix S2 and Table S7.

In the univariable Cox analysis, the use of the high-
flow oxygen ventilation strategy during SBT (HR, 0.51
[95% CI, 0.20-1.27]) was not significantly associated
with weaning failure on day 7. Duration of mechanical

T-piece High-flow P value for
Subgroup No. of patients (%) Hazard ratio (95% Cl) SBT oxygen SBT interaction
No. of events/No. of patients (%)
Overall 108 (100) F=— 13/54 (24.1) 7/54 (13.0)
Age, years 0.435
=65 73 (68) - 8/38 (21.1) 5/35(14.3)
<65 35(32) H—— 5116 (31.3) 2/19 (10.5)
Gender 0.108
Male 70(65) Hm—i 7/132(219) 2/38(5.3)
Female 38 (43) i 6/22 (27.3) 5/16 (31.3)
Body mass index, kg/m2 0.34
2222 54 (50) HE—i 10/31 (32.3) 3/23 (13.0)
<222 54 (50) t = i 3/23 (13.0) 4/31 (12.9)
Length of MV before SBT, days 0.675
=4 53 (49) —— 10/27 (37.0) 6/26 (23.1)
<4 55(s1) +HA——F/——7 3/27 (11.1)  1/28 (3.6)
SOFA score 0.936
=6 56 (52) - 9/31 (29.0) 4/25 (16.0)
<6 52 (48) —— 4/23 (17.4) 3/29(10.3)
Reason for intubation 0.02
Respiratory 69 (64) Hm— 9/31(29.0) 2/38(5.3)
Nonrespiratory 39 (36) I & 1 4/23(17.4) 5/16 (31.3)
Baseline PaO2:FiO2 ratio, mm Hg 0.139
=300 57 (53) H—d 9/34 (26.5)  1/23 (4.3)
< 300 51 (47) A 4/20 (20.0) 6/31 (19.4)
Baseline PaC0O2, mm Hg 0.358
=36 55(51) Fe— 7/25(28.0)  3/30 (10.0)
<36 53 (49) rl_._—|| | | ; | | 6/29 (20.7) 4/24 (16.7)
0 1 2 3 4 5 6 7
High-flow oxygen T-piece SBT Better
SBT Better
Fig. 3 Unadjusted hazard ratios for weaning failure on day 7 in subgroups. MV =mechanical ventilation; SBT = spontaneous breathing trial; and
SOFA = Sequential Organ Failure Assessment
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ventilation before the SBT (HR, 1.37 [95% CI, 1.21-1.55])
and body mass index (HR, 1.14 [95% CI, 1.04-1.25])
were significantly associated with weaning failure on day
7 (Additional file 1: Table S8). There were no significant
between-group differences in all physiological variables
from baseline to 1 h after extubation. Additionally, there
were no significant interactions in all physiological varia-
bles between time and group, indicating no change in the
between-group differences over time (Additional file 1:
Appendix S2 and Table S9). A detailed description of
the differences in baseline characteristics and extubation
strategies between our previous and RCT cohorts among
patients with T-piece SBT is provided in Additional file 1:
Appendix S2, Tables S10 and S11.

Discussion

In this randomized trial of patients receiving mechani-
cal ventilation, the high-flow oxygen ventilation strategy
during SBT did not reduce the risk of weaning failure
on days 2 and 7 significantly when compared with the
T-piece ventilation strategy during SBT. However, the
high-flow oxygen ventilation strategy during SBT was
significantly associated with a lower rate of weaning fail-
ure on day 7 among those patients intubated because of
respiratory failure. The ICU and hospital LOS and mor-
tality rates did not differ significantly between the two
groups.

Previous studies have shown inconsistent results
regarding which ventilation strategy during SBT is the
most appropriate for extubation and liberation from
mechanical ventilation [18, 24, 25]. In a post hoc analysis
of the HIGH-WEAN trial that included 641 patients at
high risk of extubation failure, the initial SBT using PSV
was significantly associated with a higher rate of success-
ful extubation compared with the initial SBT using the
T-piece [18]. One meta-analysis showed that patients
undergoing PSV SBT were more likely to be extubated
successfully than those undergoing T-piece SBT (risk
ratio, 1.06 [95% CI, 1.02—1.10]; 11 trials, 7= 1904) [24].
However, a more recent meta-analysis that included 10
RCTs (n=3165) found no significant difference in the
successful extubation rate between the T-piece and PSV
SBTs (odds ratio, 0.99 [95% CI, 0.78-1.26]) [25]. Thus,
further research is warranted to determine the best venti-
lation strategies during SBT.

One recent pilot RCT of patients at high risk of wean-
ing failure showed that the high-flow oxygen SBT neither
accelerated mechanical ventilation weaning nor increased
the reintubation rate compared with T-piece SBT [16].
Interestingly, the probability of reintubation over time
was significantly higher for T-piece SBT than for high-
flow oxygen SBT (p=0.04). However, these results must
be interpreted carefully because the prophylactic use of
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HEFNC and/or NIV after extubation was not protocolized
and patients with high-flow oxygen SBT were more likely
to receive prophylactic use of HFNC (odds ratio, 3.7 [95%
CI, 1.3-10.9]). In the present study, the rates of weaning
failure on days 2 and 7 did not differ between the T-piece
and high-flow oxygen ventilation strategies during SBT.
However, our post hoc subgroup analyses showed that
patients intubated because of respiratory failure had a
significantly lower risk of weaning failure on day 7 with
the high-flow oxygen SBT.

There are some plausible explanations for the cur-
rent findings. First, prolonged mechanical ventilation
and comorbidity involving chronic respiratory disease
increase the risk of ICU-acquired weakness [26, 27]. The
effort induced by SBT may be exhausting for critically ill
patients with these risk factors. A previous RCT showed
that a 1 h rest after a successful SBT significantly reduced
the rates of reintubation and postextubation respiratory
failure in critically ill patients [21]. Although another
recent RCT showed that a 1 h rest after a successful
SBT did not reduce the rate of reintubation, a positive
effect for reintubation was observed when the duration
of mechanical ventilation was>72 h before extubation
[28]. Moreover, another RCT reported that the use of a
shorter, less demanding SBT strategy produced a sig-
nificantly higher rate of successful extubation [5]. In the
present study, patients intubated because of respiratory
failure had a longer duration of mechanical ventilation
before the SBT (4.1 [2.9-6.2] days vs. 2.8 [2.0-5.6] days,
p=0.046) and greater comorbidity involving chronic res-
piratory disease (36.2% vs. 10.3%, p=0.007) and were,
therefore, more likely to have decreased physiological
and respiratory reserve. There are several methods for
diagnosis of ICU-acquired weakness, such as 6-grade
Medical Research Council sum score, electrophysiologi-
cal studies, and nerve and muscle biopsies [26]. However,
our study did not measure these outcomes and need fur-
ther studies to better understand the underlying patho-
physiological mechanisms.

A second possible explanation is that high-flow oxygen
therapy has physiological advantages over conventional
oxygen therapy, including improved clearance of secre-
tions, decreased inspiratory effort and work of breathing,
reduced dead space ventilation, improved lung com-
pliance, provision of a modest positive end-expiratory
pressure effect, and improved ventilation and oxygena-
tion through alveolar recruitment [9, 10, 29]. Accord-
ingly, high-flow oxygen SBT may be a less demanding
SBT strategy than T-piece SBT and may be beneficial
for patients with decreased physiological and respiratory
reserve. One previous study showed that HFOT 1y schEaL
improved oxygenation compared with T-piece ventilation
[30]. However, mean airway pressure was only slightly
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different (mean difference,+0.7 ¢cm H,O, p=0.01)
between HFOT 1y acnear, and T-piece ventilation. In addi-
tion, there were no significant differences in other out-
comes including end-expiratory lung volume, respiratory
rate, heart rate, and subjective dyspnea. Moreover, the
physiological effects of HFOT g ocppar, may differ from
HENC. A recent crossover study showed that a mini-
mum gas flow of 50 L/min HFOT tyscnpar is needed to
limit the inspiratory airway pressure swing, reduce res-
piratory rate, and improve oxygenation, as compared
to standard oxygen [15]. Interestingly, at same gas flow,
HENC produces higher tracheal expiratory pressure than
HFEOT rrachear, suggesting that the physiological effects
of HFOT rrachear, are milder than HENC. These findings
may be explained by the fact that the HFOT 1y ochpar 1S
open-circuit system and the tracheal oxygen delivery
bypasses the larynx and upper airway. Accordingly, all
these aforementioned factors may potentially contribute
to the lack of differences in the primary outcome between
high-flow oxygen SBT and T-piece SBT. A further larger
RCT is warranted to confirm these possibilities.

Our study has several limitations. First, our study may
have been underpowered to detect a clinically important
treatment effect for the comparison of high-flow oxy-
gen SBT versus T-piece SBT, and a higher percentage of
patients with simple weaning and a lower weaning failure
rate than expected should be considered when interpret-
ing the findings. According to the WIND classification,
the percentage of patients with simple weaning in our
trial (96%) is higher than percentages observed in our
previous cohort (76%) and in previous studies (ranging
from 68 to 88%) [2, 5, 18]. In clinical practice, the deci-
sion to liberation from mechanical ventilation is made on
an individualized basis. Some patients who do not meet
all the criteria of weaning readiness or SBT success may
be ready for attempts at the liberation from mechanical
ventilation and those patients undergo extubation [17].
On the other hand, these attempts can potentially lead
to premature extubation which may require reintubation.
There are several risk factors associated with SBT and/or
extubation failure, including advanced age, hypoxemia,
hypercapnia, chronic cardiovascular disease, reason
for intubation, and duration of mechanical ventilation
[31]. Extubation strategies (reconnection to ventilator
and prophylactic HENC and/or NIV) may significantly
lower the rates of reintubation [11-13, 21]. In the pre-
sent study, all the patients satisfied the criteria of wean-
ing readiness and/or SBT success. Moreover, our strict
inclusion criteria might have introduced a selection bias
in the study with a high pretest probability of success-
ful weaning and, therefore, could not detect a clinically
important treatment effect for the comparison of high-
flow oxygen SBT versus T-piece SBT. Although this could
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mitigate the risk of premature extubation, it could poten-
tially lead to delayed extubation which might contribute
to a worse outcome [31]. However, our RCT cohort had
similar clinical characteristics, such as age and sequential
organ failure assessment (SOFA) score, compared to pre-
vious studies, whereas the median duration of mechani-
cal ventilation before the SBT in our RCT cohort was
similar to or shorter than that of previous studies [5, 18].
Moreover, the median duration of mechanical ventilation
before the SBT did not differ between our previous and
RCT cohorts. Compared to our RCT cohort, our previ-
ous cohort more frequently had cardiovascular disease,
had a lower PaO,/FiO, ratio, had a higher PaCO, level,
and had a lower compliance rate of extubation strate-
gies. Accordingly, these distinct baseline characteristics,
extubation strategies, compliance of the criteria of wean-
ing readiness or SBT success, and percentage of patients
with simple weaning would potentially contribute to a
lower than expected rate of weaning failure. Ultimately,
these findings suggest a need for a fully powered trial to
understand the effects of high-flow oxygen SBT on wean-
ing failure.

Second, given the nature of the ventilation strategy
during SBT, we could not blind the participants or ICU
attending physicians. Third, we included only patients
admitted to the medical ICU to ensure a study popula-
tion as homogeneous as possible, although this may have
limited the generalizability of our results. In addition,
this study was a single-center RCT, possibly affecting the
generalizability of our results. Fourth, the compliance of
extubation strategies may significantly affect the rates of
reintubation [11-13, 21]. In the present study, all patients
who successfully completed the SBT were protocolized to
be reconnected to mechanical ventilation for at least 1 h
rest and then directly extubated in both groups. Although
the decision was left to the discretion of the ICU attend-
ing physician, there were no significant differences in the
rates and the duration of prophylactic use of HENC or
NIV after extubation between the two groups. Moreover,
the median time to the use of HFNC or NIV after extuba-
tion did not differ significantly between the two groups.
However, there may be unidentified or unmeasured vari-
ables that possibly could have influenced the outcome.
In addition, the results of our subgroup analysis should
be considered exploratory and interpreted with caution,
given that the analysis was performed post hoc. Fifth, our
study could not provide any information on the effec-
tiveness of high-flow oxygen SBT compared to PSV SBT
which is less demanding SBT strategy than T-piece SBT
and warrant further studies. Finally, it is currently una-
vailable to measure esophageal pressure in our country.
Therefore, the physiological variables, including pres-
sure time product and work of breathing, could not be
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measured in the present study. A better understanding
of the physiological effects of different SBT strategies will
assist in selecting the optimal SBT strategies [4]. There-
fore, future study is needed to investigate the physiologi-
cal effects of different SBT strategies.

Conclusions

Among patients receiving mechanical ventilation, the
high-flow oxygen ventilation strategy during SBT did not
significantly reduce the risk of weaning failure compared
with the T-piece ventilation strategy during SBT. How-
ever, the study may have been underpowered to detect
a clinically important treatment effect for the compari-
son of high-flow oxygen SBT versus T-piece SBT, and a
higher percentage of patients with simple weaning and a
lower weaning failure rate than expected should be con-
sidered when interpreting the findings.
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