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IMPORTANCE Daily spontaneous breathing trials (SBTs) are the best approach to determine

whether patients are ready for disconnection frommechanical ventilation, but mode and

duration of SBT remain controversial.

OBJECTIVE To evaluate the effect of an SBT consisting of 30minutes of pressure support

ventilation (an approach that is less demanding for patients) vs an SBT consisting of 2 hours

of T-piece ventilation (an approach that is more demanding for patients) on rates of

successful extubation.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted from January 2016

to April 2017 among 1153 adults deemed ready for weaning after at least 24 hours of

mechanical ventilation at 18 intensive care units in Spain. Follow-up ended in July 2017.

INTERVENTIONS Patients were randomized to undergo a 2-hour T-piece SBT (n = 578)

or a 30-minute SBT with 8-cmH2O pressure support ventilation (n = 557).

MAIN OUTCOME ANDMEASURES The primary outcomewas successful extubation (remaining

free of mechanical ventilation 72 hours after first SBT). Secondary outcomes were

reintubation among patients extubated after SBT; intensive care unit and hospital lengths of

stay; and hospital and 90-daymortality.

RESULTS Among 1153 patients who were randomized (mean age, 62.2 [SD, 15.7] years; 428

[37.1%] women), 1018 (88.3%) completed the trial. Successful extubation occurred in 473

patients (82.3%) in the pressure support ventilation group and 428 patients (74.0%) in the

T-piece group (difference, 8.2%; 95% CI, 3.4%-13.0%; P = .001). Among secondary

outcomes, for the pressure support ventilation group vs the T-piece group, respectively,

reintubation was 11.1% vs 11.9% (difference, −0.8%; 95% CI, −4.8% to 3.1%; P = .63), median

intensive care unit length of stay was 9 days vs 10 days (mean difference, −0.3 days; 95% CI,

−1.7 to 1.1 days; P = .69), median hospital length of stay was 24 days vs 24 days (mean

difference, 1.3 days; 95% CI, −2.2 to 4.9 days; P = .45), hospital mortality was 10.4% vs 14.9%

(difference, −4.4%; 95% CI, −8.3% to −0.6%; P = .02), and 90-daymortality was 13.2% vs

17.3% (difference, −4.1% [95% CI, −8.2% to 0.01%; P = .04]; hazard ratio, 0.74 [95% CI,

0.55-0.99]).

CONCLUSIONS AND RELEVANCE Among patients receivingmechanical ventilation,

a spontaneous breathing trial consisting of 30minutes of pressure support ventilation,

compared with 2 hours of T-piece ventilation, led to significantly higher rates of successful

extubation. These findings support the use of a shorter, less demanding ventilation strategy

for spontaneous breathing trials.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02620358
JAMA. 2019;321(22):2175-2182. doi:10.1001/jama.2019.7234

Corrected on August 20, 2019.

Visual Abstract

Editorial page 2167

Supplemental content

Author Affiliations:Author

affiliations are listed at the end of this

article.

Corresponding Author: Carles

Subirà, MD, Althaia Xarxa Assistencial

Universitària deManresa, Dr Soler 1-3,

08243Manresa, Spain (csubira@

althaia.cat).

Section Editor:Derek C. Angus, MD,

MPH, Associate Editor, JAMA

(angusdc@upmc.edu).

Research

JAMA | Original Investigation | CARING FORTHE CRITICALLY ILL PATIENT

(Reprinted) 2175

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://clinicaltrials.gov/ct2/show/NCT02620358
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.7234&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.7234
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.7234&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.7234
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.7364&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.7234
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.7234&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.7234
mailto:csubira@althaia.cat
mailto:csubira@althaia.cat
mailto:angusdc@upmc.edu


A
mongpatientsreceivingmechanicalventilation,readiness

for extubation and liberation from ventilatory support

is evaluated with a spontaneous breathing trial (SBT).1

Dailyscreeningof respiratory functionbySBTisassociatedwith

ashorterdurationofmechanicalventilation.2Afterasuccessful

SBTandextubation,10%to25%ofpatientsrequirereintubation,

and reintubation is associatedwith highermortality.3,4

The most common modes of SBT are T-piece ventilation

andpressuresupportventilation(PSV), lastingbetween30min-

utes and2hours.5-7There arenodifferences in the rate of suc-

cessful extubation between 2-hour PSV and 2-hour T-piece

ventilation,8 between T-piece ventilation for 30minutes vs 2

hours,9 or between PSV for 30 minutes vs 2 hours.10 Al-

though shorter SBTs are better tolerated, there is no evidence

that they result inhigher successful extubation rates.9,10Some

patients in whom a T-piece SBT failed might have been suc-

cessfully extubated after a PSV SBT.11

Arecentmeta-analysis suggested thatT-pieceSBTsare the

optimal method for evaluating weaning readiness.12 Never-

theless, another meta-analysis found that PSV resulted in

higher ratesof successfulextubationthanT-pieceSBTs.13More-

over, the latestAmericanThoracicSocietyguidelines forwean-

ing recommend PSV SBTs withmoderate-quality evidence.14

Thus, further investigation isneeded todetermine thebest ap-

proach for SBTs.

This study hypothesized that less demanding SBTs could

result inahigher rateof successful extubationwithout increas-

ingthereintubationrate.Totest thishypothesis,2weaningstrat-

egieswere compared: an approach that ismoredemanding for

patients (T-pieceSBT for2hours) vsanapproach that is lessde-

manding for patients (8-cmH2O PSV for 30minutes).

Methods

FromJanuary 2016 throughApril 2017, amulticenter random-

ized clinical trial was conducted in 18 Spanish intensive care

units.Theethicscommitteeofeachhospitalapprovedthestudy,

andallpatientsor their relativesprovidedwritten informedcon-

sent. The study protocol is available in Supplement 1.

Patientsaged18yearsorolderundergoingmechanicalven-

tilation for at least 24 hours who fulfilled the weaning criteria

wereeligible.Theweaningcriteriawere (1) the resolutionor im-

provement of the condition leading to intubation; (2) hemody-

namic stability, defined as systolic blood pressure between 90

and 160 mm Hg and heart rate less than 140/min without va-

sopressorsorwith lowdosesofvasopressors; (3)GlasgowComa

Scalescoreof 13orgreater; (4) respiratorystability (oxygensatu-

ration >90% with fraction of inspired oxygen [FiO2] ≤0.4,

respiratory rate <35/min, spontaneous tidal volume >5mL/kg,

ratio of respiratory rate to tidal volume<100/min per liter, and

maximal inspiratory pressure >15 cm H2O); and (5) noncopi-

ous secretions (<3aspirations in the last8hours). Patientswith

tracheostomies or do-not-reintubate orders were excluded.

Randomization

Patientswere randomized in a 1:1 ratio tooneof the twowean-

ing strategies bymeans of tables of computer-generated ran-

dom numbers in blinded blocks of 4 patients for each center.

A central administrator whowas not involved in the analyses

used an opaque envelope to allocate patients to receive one

of the two treatments. The intervention was not blinded for

the investigators or attending physicians.

Interventions

Patients randomized to undergo a highly demanding SBT

underwent a 2-hour T-piece SBT; patients randomized to un-

dergo a less demanding SBTunderwent a 30-minute SBTwith

8-cmH2OPSVandzeropositive end-expiratorypressure; FiO2

remained unchanged from themechanical ventilation period

leading up to the SBT.

Before randomization, attending physicians had to de-

cide on the extubation strategy (whether to reconnect the pa-

tient to theventilator for 1hourbeforeextubationandwhether

to administer noninvasive ventilation or high-flownasal can-

nula after extubation).

Patients who successfully completed the SBT were extu-

bated. Arterial blood gas analysis was not required, butwhen

it was done, the results were recorded. Physicians were also

recommendedto recorddyspneausing theBorgDyspneaScale

(score range, 0-10; 0 indicates no dyspnea and 10 indicates

maximal dyspnea) at thebeginning andat the endof SBTs and

to ask patients about their confidence in their ability to sus-

tain breathing without a ventilator.

Patients who did not tolerate the SBT were reconnected

to a ventilator. Criteria for failure to tolerate the SBTwere agi-

tation,anxiety, lowlevelofconsciousness (GlasgowComaScale

score <13), respiratory rate higher than 35/min and/or use of

accessory muscles, oxygen saturation by pulse oximetry less

than 90% with FiO2 higher than 0.5, heart rate higher than

140/min or greater than a 20% increase from baseline, sys-

tolic bloodpressure lower than90mmHg, or development of

arrhythmia.Additional SBTswerenotprotocolized, andmode

and duration were left to the discretion of attending teams.

Respiratory failurewithin 72 hours of extubationwas de-

fined as the occurrence of at least 1 of the following: respira-

tory acidosis with pH lower than 7.32 and PaCO2 higher than

45mmHg, oxygen saturation less than 90%with FiO2 higher

than0.5, respiratory ratehigher than35/min, low level of con-

sciousness (Glasgow Coma Scale score <13), severe agitation,

Key Points

Question What is the effect of a less demanding (30minutes

of pressure support ventilation) vs a more demanding

(2 hours of T-piece ventilation) spontaneous breathing trial

on rates of successful extubation?

Findings In this randomized clinical trial that included 1153 adults

receiving mechanical ventilation, the proportion of patients

successfully extubated was 82.3% among those who received

30minutes of pressure support ventilation compared with 74%

among those who received 2 hours of T-piece ventilation,

a difference that was statistically significant.

Meaning These findings support the use of a shorter, less

demanding strategy of 30minutes of pressure support ventilation

for spontaneous breathing trials.
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or clinical signs of respiratory fatigue. Treatment of postex-

tubation respiratory failurewas not protocolized.When non-

invasive ventilation was used, duration, maximum inspira-

tory and expiratory pressures, and maximum FiO2 were

recorded. When respiratory failure was treated with a high-

flow nasal cannula, duration, maximum flow, andmaximum

FiO2 were recorded.

Patients needing reintubation within 72 hours were not

randomized again for weaning, but the need for tracheos-

tomy and the date of final liberation from mechanical venti-

lation were registered.

Outcomes

The primary outcome was successful extubation, defined as

remaining free of invasivemechanical ventilation 72hours af-

ter the first SBT.

Secondary outcomes were rate of reintubation among pa-

tientswhowereextubatedafter theSBT; intensivecareunitand

hospital lengths of stay; and hospital and 90-daymortality.

Exploratory outcomes were time to reintubation and rea-

sonsforreintubation, incidenceoftracheostomy,anduseofnon-

invasive ventilation and high-flow nasal cannula as prophy-

laxis against postextubation respiratory failure and to treat it.

Posthocoutcomeswere intensivecareunitmortality,Borg

Dyspnea Scale score at the end of the SBT, patients’ confi-

dence in their ability to breathewithout theventilator, andar-

terial blood analysis after successful SBT.

Statistical Analysis

Based on previous studies,8,9 a successful extubation rate of

75% and an absolute increase in successful extubation of 7%

were expected. Thus, the required sample for an α=.05 and a

power of 80%was estimated tobe 540patients in eachgroup.

A prespecified interim analysiswas performedwhen 500

patients were enrolled. The results showed a nonsignificant

difference in primary outcome between groups. For this rea-

son, the investigators decided to complete the estimated

sample enrollment.

All patientswereanalyzed in thegroup towhich theywere

randomizedusing the intention-to-treat principle,withnoex-

clusionafter randomization.Patientsextubatedoutsideofpro-

tocolwereanalyzedashavinga failedSBT.Noparticipantswere

excluded from main or secondary analyses because of miss-

ingor incompletedata.Reintubationwas recordedonlyamong

patients who completed the trial.

Categorical variables are presented as absolute and rela-

tive frequencies. Continuousvariables are summarizedasme-

dians and interquartile ranges (IQRs) for nonnormal distribu-

tions. The Mann-Whitney U was used for nonparametric

continuous variables. To compare categorical variables, the

χ2 test was used, except when expected frequencies in con-

tingency tables were less than 5, in which case the Fisher ex-

act test or the Monte Carlo method was used.

Time-to-event outcomes were analyzed with Kaplan-

Meier curves and compared by log-rank test. For the time-to-

event outcome of 72-hour successful extubation, deaths oc-

curringbefore72hourswere introduced in thesurvivalanalysis

as censoreddata. Event or censored times for all patientswere

calculated from the time of randomization. Crude hazard ra-

tios and95%confidence intervalswere calculatedusing auni-

variableCoxproportional regressionmodel to estimate the ef-

fect size of randomization group. Proportionality of hazards

was verified by examining Schoenfeld residual plots.

A post hoc random-effects multilevel logistic regression

modelwasusedtodeterminevariablesassociatedwith72-hour

successful extubation, taking into account the effect of hos-

pital. Patient characteristics thatwereassociatedwith72-hour

successful extubation in the bivariable analysis were intro-

duced in the random-effects multilevel logistic regression

modelas first-levelvariablesandhospitalasasecond-levelvari-

able (random effect). Odds ratios (ORs) andmedian ORswith

95% confidence intervals were used to measure the associa-

tion between each covariate and 72-hour successful extuba-

tion.ThemedianORisameasureof thevariationbetweenrates

of 72-hour successful extubation at different hospitals that

is unexplainedby themodeled risk factors; it is defined as the

median of the set of ORs that could be obtained by comparing

2 patients with identical patient-level characteristics from 2

randomly chosenhospitals. Covariateswere introduced in the

random-effectsmultilevel logistic regressionmodelusinga re-

searcher-controlled backward exclusion strategy.

Post hoc analyses were performed for primary, second-

ary, exploratory, and post hoc outcomes among the following

populations:patients extubatedafter the first SBT,patients ex-

tubatedoutsideof protocol, patients treatedper protocol, and

several subgroups defined by baseline demographic charac-

teristics. Effect sizes were evaluated by computing absolute

risk differenceswith 95%confidence intervals for binary out-

comes and differences in means with 95% confidence inter-

vals for continuous outcomes. Figureswere plotted for unad-

justed risk ratios and95%confidence intervals in the subgroup

analysis by age; days of mechanical ventilation; Acute Physi-

ologyandChronicHealthEvaluation(APACHE) II score;chronic

obstructive pulmonary disease (COPD); and medical, surgi-

cal, or trauma admission. No tests for interaction were con-

ducted for the subgroup analyses.

A 2-sided α=.05 was considered statistically significant.

DatawereanalyzedusingSPSSversion22 (IBMCorp) andStata

version 14 (StataCorp). Subgroup analysis graphswere gener-

ated using R version 3.5.2 (R Foundation for Statistical Com-

puting). There was no adjustment for multiple comparisons.

Therefore, the results of the subgroupanalyses and the analy-

ses for secondary and exploratory outcomes should be inter-

preted as exploratory.

Results

Study Participants

Figure 1 shows participant flow through the trial. During

the study period, 2649 patients received mechanical ventila-

tion for at least 24 hours in the participating intensive care

units; 1501 of these fulfilled the inclusion criteria, and 1153

were included in the study; 578 patients were randomized

to undergo a 2-hour T-piece SBT and 575 patients were ran-

domized toundergoa30-minuteSBTwith8-cmH2OPSV). The
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2 groups were similar in age, sex, APACHE II score on admis-

sion, reason for intensive care unit admission, and length of

mechanical ventilation before the SBT (Table 1). No patients

were lost to follow-up.

Primary Outcome

Successful extubation, defined as remaining free ofmechani-

cal ventilation 72 hours after the SBT, occurred in 473 pa-

tients (82.3%) in the PSV group and 428 patients (74%) in the

T-piece group (difference, 8.2%; 95%CI, 3.4%-13%) (Table 2).

The Kaplan-Meier curves show a significant difference,

with a higher successful extubation rate in the PSV group

(hazard ratio, 1.54; 95% CI, 1.19-1.97; P < .001]) (Figure 2).

Secondary Outcomes

After the first SBT, 532 patients (92.5%) undergoing the

30-minute PSV SBT and 486 patients (84.1%) undergoing

the2-hourT-pieceSBTwereextubated (difference, 8.4%;95%

CI, 4.7%-12.1%; P < .001). Reintubation within 72 hours oc-

curred in 59 patients (11.1%) in the PSV group and in 58 pa-

tients (11.9%) in theT-piece group (difference, −0.8%;95%CI,

−4.8% to −3.1%; P = .63) (Table 2). Themedian intensive care

unit length of staywas 9 days (IQR, 5-17) in the PSV group and

10days (IQR, 5-17) in theT-piece group (meandifference, −0.3

days; 95% CI, −1.7 to 1.1 days; P = .69). The median hospital

length of stay was 24 days (IQR, 15-40) in the PSV group and

24days (IQR, 15-39) in theT-piece group (meandifference, 1.3

days;95%CI,−2.2 to4.9days;P = .45).Hospitalmortality rates

were 10.4% (n = 60) in thePSVgroupand 14.9% (n = 86) in the

T-piece group (difference, −4.4%; 95% CI, −8.3% to −0.6%;

P = .02) (Table 2).

Mortality at 90 days was significantly lower in the PSV

group (13.2%) compared with the T-piece group (17.3%)

(difference, −4.1% [95% CI, −8.2% to 0.01%; P = .04]; hazard

ratio, 0.74 [95% CI, 0.55-0.99]) (eFigure 1 in Supplement 2).

Exploratory Outcomes

In the T-piece group, 58 patients required reintubation, and in

the PSV group, 59 patients required reintubation. Themedian

time to reintubationwas 23 hours (IQR, 9-45 hours) in the PSV

group and 24.5 hours (IQR, 9.8-44 hours) in the T-piece group

(meandifference,0.53hours;95%CI,−7.2to8.3hours).Reasons

for reintubationwerenot significantlydifferent in the2groups;

excessive work of breathing was the most common in both

groups, followedby inability toclear secretionsandhypoxemia

(Table 3). Four patients (3 in the T-piece group and 1 in the PSV

group) had cardiac arrestwithin 72 hours after extubation.

Among reintubated patients, tracheostomy was per-

formed in 41 patients (7.1%) in the PSV group and in 50 pa-

tients (8.7%) in the T-piece group (difference, −1.5%; 95% CI,

−4.6% to 1.6%) (Table 2).

Before randomization, physicians had todecide on an ex-

tubation strategy (standard oxygen, reconnection to the ven-

tilator for a 1-hour rest after the SBT, and/or prophylactic non-

invasive ventilation or high-flow nasal cannula after

extubation). The use of each treatment was not significantly

different in both groups (Table 1).

Postextubation respiratory failure occurred in 110

patients (20.7%) in the PSV group and in 103 patients (21.2%)

in the T-piece group (difference, −0.5%; 95% CI, −5.5% to

4.5%). Among these 213 patients, 117 (11.4%) were reintu-

bated. Respiratory failure was treated by noninvasive ventila-

tion in 91 (42.7%) patients, and 36 (39.6%) of these patients

were reintubated. Respiratory failure was treated by high-

flow nasal cannula in 47 (22.1%) patients, and 20 (42.6%) of

these patients were reintubated. The remaining 75 patients

Figure 1. Flow of Participants in a Trial of Pressure Support vs T-Piece Ventilation Strategies for SBTs

2649 Patients undergoing mechanical ventilation 
for >24 h assessed for eligibility

578 Included in primary analysis575 Included in primary analysis

486 Extubated after first SBT

92 First SBT failed

27 Extubated outside of protocol

532 Extubated after first SBT

43 First SBT failed

9 Extubated outside of protocol

578 Randomized to receive 2-h T-piece 
ventilation SBT

578 Received 2-h T-piece ventilation 
SBT as randomized

575 Randomized to receive 30-min pressure
support ventilation SBT

575 Received 30-min pressure support 
ventilation SBT as randomized

1496 Excluded

1148 Did not meet inclusion or
exclusion criteria

57 Do-not-reintubate order

34 Self-extubation

254 Informed consent was 
not requested

94 Physician refusal

655 Died before SBT

402 Tracheostomy

1153 Randomized

SBT indicates spontaneous

breathing trial.
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(35.2%) received standard oxygen, and 61 (81.3%) of these

patients were reintubated.

Post Hoc Analysis

In patients extubated after the first SBT, the 72-hour success-

ful extubation rate was not significantly different between

groups (eTable 1 in Supplement 2).

The post hoc analysis showed that 29 patients (5%) in the

PSV group and 38 patients (6.6%) in the T-piece group died in

theintensivecareunit (difference,−1.5%;95%CI,−4.5%to1.1%).

Multilevel logistic regression found a hospital-level ran-

dom effect on successful extubation (median OR, 1.56;

P < .001). After adjustment for this random effect, the effect

of the PSV persisted (adjusted OR, 1.64; 95% CI, 1.23-2.20;

P = .001). Other patient characteristics independently associ-

ated with 72-hour successful extubation were length of me-

chanical ventilation before SBT (adjusted OR, 0.96; 95% CI,

0.94-0.98; P < .001) and COPD (adjusted OR, 0.62; 95% CI,

0.44-0.87;P = .006).Multilevel logistic regressiondidnot find

an association betweenhospital and risk of reintubation (me-

dian OR, 1.19; P = .30). After adjustment for this random ef-

fect, reintubation in the PSV group was not significantly dif-

ferent than in the T-piece group (adjusted OR, 0.92; 95% CI,

0.62-1.35; P = .67). The only variable independently associ-

ated with reintubation was length of mechanical ventilation

before SBT (adjusted OR, 1.04; 95% CI, 1.01-1.07; P = .03).

A totalof36patients (3.1%) inwhomtheSBTfailedwereex-

tubated,eitherbecauseofphysiciandecisionorself-extubation

duringtheSBT(eTable2 inSupplement2).Theresultsof theper-

protocol analysiswere similar to thoseof the intention-to-treat

analysis (eAppendix and eTable 3 in Supplement 2).

Subgroupanalysesweregenerallyconsistentwith theover-

all study findings (Figure 3; eFigures 2 and 3 in Supple-

ment 2). eTables 4, 5, and 6 in Supplement 2 report post hoc

analyses of Borg Dyspnea Scale scores at the end of the SBT,

patients’ confidence in breathing without a ventilator, and

blood gas analyses.

During the study, therewere no severe adverse events at-

tributable to the randomizationgroup.Theadverseevents that

occurred after extubation, such as difficultymanaging secre-

tions or excessivework of breathing, are inherent to critically

ill patients.

Discussion

In this randomized trial of patients receivingmechanical ven-

tilation, a 30-minutePSV-SBT resulted ina significantlyhigher

rate of successful extubation than a 2-hour T-piece SBTwith-

out significantly increasing reintubation. The higher ratewas

relatedtomorepatientsbeingextubatedafter thePSV-SBT,sug-

gesting that a lessdemandingSBTbetter allowscritically ill pa-

tients to demonstrated their ability to sustain breathing.

A recentmeta-analysis concluded that breathing through

a Tpiece requires the same amount ofwork as breathing after

extubation, and the authors recommended that SBTs should

be performed with T pieces because this approach better re-

flects the physiologic conditions after extubation.12 Sup-

portedbyanecdotal reports, physiciansmaybeconcerned that

somepatientswhobreathe comfortablywith low levels of PSV

and/or positive end-expiratory pressure could develop respi-

ratory failure immediately after extubation,whichmight even

be followed by cardiac arrest.15 The results of this random-

ized trial designed to study extubation outcomes of opposing

SBT strategies suggest that this concern may not be war-

ranted. The current study found that the T-piece SBTwas less

well tolerated than the PSV SBT, although thework of breath-

ingwith the T piecemayhave been similar to breathing spon-

taneously. Inpatientswhosuccessfully completed theSBT, the

reintubationratewasnot significantlydifferent in the2groups,

and no imminent respiratory failurewas observed after extu-

bation fromPSV.Moreover, the time to reintubationwasabout

24 hours in both groups, and the incidence of cardiac arrest

was very low and even nominally higher in the T-piece group

than in the PSV group.

Table 1. Baseline Participant Characteristicsa

Characteristics
30-min PSV SBT
(n = 575)

2-h T-Piece SBT
(n = 578)

Age, median (IQR), y 65 (52-75) 63 (53-73)

Sex

Men 352 (61.2) 373 (64.5)

Women 223 (38.8) 205 (35.5)

APACHE II score, median (IQR)b 16 (11-22) 16 (11-22)

Comorbidity

Cardiovascular disease 146 (25.4) 162 (28.0)

Diabetes mellitusc 123 (22.0) 147 (25.8)

Chronic obstructive pulmonary
disease

110 (19.1) 118 (20.4)

Neurological disease 107 (18.6) 99 (17.1)

Cancer 87 (15.1) 94 (16.3)

Renal disease 76 (13.2) 68 (11.8)

Liver disease 64 (11.1) 63 (10.9)

Reason for admission

Medical, nonrespiratory 215 (37.4) 206 (35.6)

Medical, respiratory 189 (32.9) 190 (32.9)

Emergency surgery 105 (18.3) 113 (19.6)

Planned surgery 35 (6.1) 29 (5.0)

Trauma 31 (5) 40 (6.9)

Length of mechanical ventilation
before SBT, median (IQR), d

4 (2-8) 4 (2-8)

Reconnection to ventilator
before extubationd

145 (25.2) 158 (27.3)

Prophylactic noninvasive ventilation
after extubationd

51 (8.9) 34 (5.9)

Prophylactic high-flow nasal
cannula after extubationd

91 (15.8) 74 (12.8)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;

IQR, interquartile range; PSV, pressure support ventilation; SBT, spontaneous

breathing trial.

a Data are expressed as No. (%) of participants unless otherwise indicated.

bData weremissing for 8 patients in the 2-hour T-piece SBT group and for 15

patients in the 30-minute PSV SBT group.

c TheAPACHE II score ranges from0 to 71,with higher scores indicating higher

mortality risk. A patientwith a score of 16 has an estimatedmortality risk of 25%.

dAttending physicians decided on the extubation strategy (reconnection to

ventilator and prophylactic noninvasive ventilation or high-flow nasal cannula)

prior to randomization.
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Vallverdú et al16 showed that among patients in whom

a2-hourT-pieceSBT failed,64%of failuresoccurred in the first

30minutes, 12%between30and60minutes,and24%between

60minutesand2hours. Ina recentobservational study includ-

ing 352 patientswhounderwent an SBTwith PSV, Liang et al17

sought to identify the characteristics of the 41 patients (11.6%)

inwhom a 120-minute SBT failed after successful completion

of the first 30minutes. PatientswithSBT failures after 30min-

uteswereolder,hadmorecardiopulmonarydisease,hadspent

more time receiving mechanical ventilation before the SBT,

andhadundergonemorepreviousSBTs.Theauthorssuggested

that patients with these characteristics might need a longer

SBT toensure that their ability tobreathe isnotoverestimated.

Nevertheless, it isunknownwhattheoutcomesofthesepatients

would have been if the SBT had been limited to 30 minutes.

In the present study, the 30-minute PSV SBT was enough to

check patients’ ability to breathe without increasing the rates

of postextubation respiratory failure and reintubation.

Another finding related to tolerance of the 2 SBT ap-

proaches is that self-extubationduring theSBTwasmorecom-

mon in the T-piece group. Tolerance to SBTs in this trial may

be compared with the studies in the late 1990s by Esteban

et al8,9: patients’ tolerance toT-pieceSBTs in thepresent study

was better than in the first trial by Esteban et al (84% vs 78%)

and similar to their second trial (84.6% vs 84.1%). Moreover,

tolerance to the 30-minute T-piece SBT in the second trial by

Esteban et al was worse than tolerance to the 30-minute PSV

in thepresent study (87.7%vs92.5%).However, patients in the

studies by Esteban et al received longer mechanical ventila-

tion before the SBT, and this could contribute to worse toler-

ance and a higher reintubation rate.

In a single-center study comparing a 2-hour T-piece SBT

and a 2-hour PSV SBT,Matić et al18 found a higher rate of suc-

cessful extubationwithPSV thanwith aTpiece (80%vs 73%),

similar to the difference found in the present study despite a

longer duration of the PSV SBT. This suggests that tolerance

is not only about duration but also about the mode of SBT.

Along the same lines, Ezingeard et al11 found that some pa-

tientswhodid not tolerate a T-piece SBTwent on to tolerate a

PSV SBT and had a reintubation rate similar to patients who

underwentaPSVSBTwithouthavingattemptedaT-pieceSBT.

Taken together with these studies, the results of the present

study suggest that a T-piece SBT is not the best way to check

a patient’s ability to breathe.

In this study, the reintubation rate was not significantly

different between the 2 groups (about 11%), which is lower

than the 17% in the first study by Esteban et al8 and similar to

the 13% in their second study.9 Conversely, the reintubation

rate was higher than in a study by Perren et al10 (9% for short

SBTs and 4% for long SBTs), but that study’s single-center

design and small sample size preclude direct comparison.

Table 2. Primary, Secondary, Exploratory, and Post Hoc Outcomes of Patients

WhoUnderwent a 2-Hour T-Piece SBT or a 30-Minute PSV SBTa

Outcomes
30-min PSV SBT
(n = 575)

2-h T-Piece SBT
(n = 578)

Difference, PSV SBT
Minus T-Piece SBT
(95% CI)b

P Value

Primary Outcome

Successful extubation, No. (%)c 473 (82.3) 428 (74.0) 8.2 (3.4 to 13.0) .001

Secondary Outcomes

Extubation after first SBT,
No. (%)

532 (92.5) 486 (84.1) 8.4 (4.7 to 12.1) <.001

Reintubation within 72 h,
No. (%)d

59 (11.1) 58 (11.9) −0.8 (−4.8 to 3.1) .63

ICU length of stay,
median (IQR), d

9 (5-17) 10 (5-17) −0.3 (−1.7 to 1.1) .69

Hospital length of stay,
median (IQR), d

24 (15-40) 24 (15-39) 1.3 (−2.2 to 4.9) .45

Hospital mortality, No. (%) 60 (10.4) 86 (14.9) −4.4 (−8.3 to −0.6) .02

90-Day mortality, No. (%) 76 (13.2) 100 (17.3) −4.1 (−8.2 to 0.01) .04

Exploratory Outcome

Tracheostomy, No. (%) 41 (7.1) 50 (8.7) −1.5 (−4.6 to 1.6) .38

Post Hoc Outcome

ICU mortality, No. (%) 29 (5.0) 38 (6.6) −1.5 (−4.2 to 1.1) .26

Abbreviations: ICU, intensive

care unit; IQR, interquartile range;

PSV, pressure support ventilation;

SBT, spontaneous breathing trial.

a No patients were lost to follow-up.

bDifferences were calculated as

absolute risk differences for

successful extubation, extubated

after first SBT, reintubation within

72 hours, mortality, and

tracheostomy and as difference in

means for length of stay.

c Defined as remaining free of

mechanical ventilation for 72 hours

after first SBT.

dAmong patients extubated after

first SBT.

Figure 2. Probability of Successful Extubation After First SBT

in Each Group
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Logistic regressionanalysis showedthat the30-minutePSV

SBTwas associatedwith successful extubation, whereas lon-

ger duration ofmechanical ventilation before the SBT as well

as COPD were associated with extubation failure. However,

only length of mechanical ventilation was significantly asso-

ciatedwith reintubation. This result lends additional support

to the idea that the concern that PSV SBTs increase risk of re-

spiratory failure and reintubation may be exaggerated.

Hospital mortality and 90-day mortality were signifi-

cantly higher in the T-piece group. This finding cannot be

explained by the reintubation rate, days ofmechanical venti-

lation after a failed SBT, APACHE II score at admission, or

hospital length of stay, whichwere not significantly different

between the 2 groups.

Limitations

This study has several limitations. First, prophylactic use of

noninvasive ventilation andhigh-flownasal cannula after ex-

tubation was not protocolized. In some cases, these ap-

proaches were routinely used based on recent studies, but in

others, theywere used only in patientswithmore comorbidi-

ties, such as heart failure or COPD, or more risk factors for

Table 3. Exploratory Outcomes: Reasons for Reintubation

Outcomes
30-min PSV SBT
(n = 59)

2-h T-Piece SBT
(n = 58)

Difference, PSV SBT
Minus T-Piece SBT
(95% CI)a

Time to reintubation,
median (IQR), h

23.0 (9.0-45.0) 24.5 (9.8-44.0) 0.53 (−7.2 to 8.3)

Reasons for reintubation,
No. (%)b

Excessive work of breathing 23 (39.0) 24 (41.4) −2.4 (−20.2 to 15.4)

Difficulty managing secretions 19 (32.2) 18 (31.0) 1.2 (−15.7 to 18.0)

Refractory hypoxemia 14 (23.7) 11 (19.0) 4.8 (−10.1 to 19.6)

Level of consciousness 6 (10.2) 11 (19.0) −8.7 (−21.5 to 3.9)

Airway obstruction 6 (10.2) 8 (13.8) −3.6 (−15.4 to 8.1)

Surgery 4 (6.8) 4 (6.9) −0.1 (−9.2 to 9.0)

Cardiac arrest 1 (1.7) 3 (5.1) −3.4 (−10.0 to 3.1)

Agitation 4 (6.8) 3 (5.2) 1.6 (−7.0 to 10.2)

Aspiration 1 (1.7) 3 (5.2) −3.5 (−10.1 to 3.1)

Bradycardia
(heart rate <50/min)

0 1 (1.7) −1.7 (−5.1 to 1.6)

Hemodynamic shock 1 (1.7) 1 (1.7) −0.0 (−4.7 to 4.7)

Abbreviations: IQR, interquartile

range; PSV, pressure support

ventilation; SBT, spontaneous

breathing trial.

a Differences were calculated as

absolute risk differences for reasons

for reintubation and as difference in

means for time to reintubation.

bPatients could havemore than 1

reason for reintubation.

Figure 3. Unadjusted Risk Ratios for Successful Extubation After First SBT in Predefined Subgroups
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extubation failure.For this reason, it is impossible todrawcon-

clusions about the use of noninvasive ventilation and high-

flow nasal cannula for postextubation respiratory failure.

Second, patients extubated outside of protocol, although

few,couldbeexpectedto influencethemainresults,butthesen-

sitivity analysis ruled out such bias (eTable 2 in Supplement 2).

Third, investigators and attending physicians were not

blinded to treatment randomization group.

Conclusions

Amongmechanically ventilatedpatients, an SBTconsistingof

30minutes of PSV, comparedwith 2 hours of T-piece ventila-

tion, led to significantly higher rates of successful extuba-

tion. These findings support theuseof a shorter, less demand-

ing ventilation strategy for SBTs.
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