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populations that are at high and low risk for reintubation suggest that conditioned high-flow
nasal cannula oxygen therapy after extubation improves oxygenation compared with
conventional oxygen therapy. However, conclusive data about reintubation are lacking.
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OBJECTIVE To determine whether high-flow nasal cannula oxygen therapy is superior to
conventional oxygen therapy for preventing reintubation in mechanically ventilated patients
at low risk for reintubation.

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial conducted
between September 2012 and October 2014 in 7 intensive care units (ICUs) in Spain.
Participants were 527 adult critical patients at low risk for reintubation who fulfilled criteria
for planned extubation. Low risk for reintubation was defined as younger than 65 years;
Acute Physiology and Chronic Health Evaluation Il score less than 12 on day of extubation;
body mass index less than 30; adequate secretions management; simple weaning; O or 1
comorbidity; and absence of heart failure, moderate-to-severe chronic obstructive
pulmonary disease, airway patency problems, and prolonged mechanical ventilation.

INTERVENTIONS Patients were randomized to undergo either high-flow or conventional
oxygen therapy for 24 hours after extubation.

MAIN OUTCOMES AND MEASURES The primary outcome was reintubation within 72 hours,
compared with the Cochran-Mantel-Haenszel x test. Secondary outcomes included
postextubation respiratory failure, respiratory infection, sepsis and multiorgan failure, ICU
and hospital length of stay and mortality, adverse events, and time to reintubation.

RESULTS Of 527 patients (mean age, 51 years [range, 18-641]; 62% men), 264 received

high-flow therapy and 263 conventional oxygen therapy. Reintubation within 72 hours was

less common in the high-flow group (13 patients [4.9%] vs 32 [12.2%] in the conventional

group; absolute difference, 7.2% [95% Cl, 2.5% t0 12.2%]; P = .004). Postextubation

respiratory failure was less common in the high-flow group (22/264 patients [8.3%] vs

38/263 [14.4%] in the conventional group; absolute difference, 6.1% [95% Cl, 0.7% to 11.6%];

P = .03). Time to reintubation was not significantly different between groups (19 hours

[interquartile range, 12-28] in the high-flow group vs 15 hours [interquartile range, 9-31] in the

conventional group; absolute difference, -4 [95% Cl, -54 to 46]; P = .66]. No adverse effects Author Affiliations: Author

were reported. affiliations are listed at the end of this
article.
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Postextubation Oxygen Therapy and Reintubation in Low-Risk Patients

xygenation impairment after planned extubation is

frequent and commonly corrected with conven-

tional oxygen therapy delivered via either nasal prongs
or Venturi masks, with fraction of inspired oxygen (F10,) and
flow targeted to the degree of hypoxemia. Attempts to pre-
vent postextubation respiratory failure have succeeded only
for specific causes of reintubation (laryngeal edema’ and hy-
percapnic respiratory failure in patients with chronic obstruc-
tive pulmonary disease?). Preventive noninvasive positive-
pressure ventilation has failed to mitigate postextubation
respiratory failure in the general population of critically ill
patients, although 2 randomized trials found evidence for its
effectiveness in specific subgroups of patients with high-risk
factors for reintubation.*>

Technological improvements have enabled high-flow oxy-
gen therapy to be delivered through nasal cannula. This mode
now not only allows constant F10, during peak inspiratory flow
but also confers benefits such as a low level of continuous posi-
tive airway pressure® with increased end-expiratory lung
volume” and reduced work of breathing, partly through in-
trinsic positive end-expiration pressure compensation and
dead space washout.® The inspired gases are warmed and hu-
midified, improving comfort and possibly reducing airway
inflammation,® leading to improved drainage of respiratory
secretions.'®

Clinical studies in general populations of critically ill pa-
tients have found that high-flow therapy during the acute phase
of respiratory failure improves oxygenation, survival," toler-
ance and comfort,®!° and ease of respiratory secretions
drainage.'? High-flow therapy after extubation has demon-
strated clinical benefits in specific populations such as pre-
term infants!'® and patients undergoing cardiac surgery.'* Re-
cently, Maggiore et al'® suggested that high-flow therapy after
planned extubation decreased the reintubation rate in a gen-
eral population of critical patients, but the benefits observed
in the general population might be mainly attributable to
improvements in high-risk patients.

This study aimed to determine whether high-flow oxygen
therapy immediately after planned extubation would reduce
the need for reintubation compared with standard oxygen
therapy in patients at low risk for reintubation.

Methods

From September 2012 to October 2014, the randomized clini-
cal trial was carried out in 7 intensive care units (ICUs) in Spain.
The ethics committee at each hospital and the departments of
health of the regional governments with which these hospi-
tals are affiliated (Madrid, Castilla-la Mancha, Catalonia, and
Balearic Islands) approved the study protocol (protocol avail-
able in Supplement 1). All patients or their relatives provided
written informed consent, and none received a stipend.

Patients

All adult patients receiving mechanical ventilation longer than
12 hours were eligible. Patients were recruited when ready for
scheduled extubation after tolerating a spontaneous breath-
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ing trial (eAppendix 1in Supplement 2), provided they met the
criteria for low risk of reintubation: younger than 65 years*:>;
absence of heart failure as the primary indication for mechani-
cal ventilation*°; absence of moderate-to-severe chronic ob-
structive pulmonary disease'®; Acute Physiology and Chronic
Health Evaluation (APACHE) I score less than 12 points on day
of extubation**; body mass index less than 30 (calculated as
weight in kilograms divided by height in meters squared)?¢;
absence of airway patency problems, including high risk of de-
veloping laryngeal edema (eAppendix 2 in Supplement 2)°; abil-
ity to manage respiratory secretions (adequate cough reflex or
suctioning <2 times within 8 hours before extubation)>';
simple weaning (eAppendix 3 in Supplement 2)°; fewer than
2 comorbidities (eAppendix 4 in Supplement 2)°; and no pro-
longed mechanical ventilation, defined as longer than 7 days.'®
Patients who had do-not-resuscitate orders, had tracheosto-
mies, or were accidentally extubated or self-extubated were
excluded. Patients who were hypercapnic during the sponta-
neous breathing trial were also excluded, because most phy-
sicians preferred to use preventive noninvasive ventilation
instead of ordinary oxygen or high-flow therapy.?

Atinclusion, demographic variables (age, sex, APACHE II
score within first 24 hours after admission) and primary diag-
nosis were recorded. At extubation, the following variables
were recorded: arterial blood gas levels, APACHE Il score, and
administration of steroids. In the 72 hours after extubation,
the following variables were recorded: extubation-related com-
plications, nasal septum and skin trauma as surrogates for ad-
verse events, reasons for reintubation, and time to reintuba-
tion in hours. Patients were followed up until discharge from
the hospital. Length of stay in the ICU and in the hospital and
status at discharge from the hospital were recorded.

Weaning Protocol

The clinical weaning protocol included daily screening for wean-
ing readiness according to the following criteria'®: recovery from
the precipitating illness; respiratory criteria (Pao,:F10, ratio
>150 mm Hg with FI0, <0.4, positive end-expiratory pressure
<8 ¢cm H,0, and arterial pH >7.35); and clinical criteria (absence
of electrocardiographic signs of myocardial ischemia, no vaso-
active drugs or only low doses of dopamine [<5 pg/kg/min], heart
rate <140/min, hemoglobin >8 g/dL, temperature <38°C, noneed
for sedatives, presence of respiratory stimulus, and appropri-
ate spontaneous cough). Patients fulfilling these criteria under-
went a spontaneous breathing trial with either T-tube or 7 cm
H,0 of pressure support for 30 to 120 minutes. Standard crite-
ria for failure of the spontaneous breathing trial were used
(eAppendix 1 in Supplement 2). Patients who tolerated the
spontaneous breathing trial were reconnected with the previ-
ous ventilator settings for rest and clinical evaluation of air-
way patency, respiratory secretions, and upper airway obstruc-
tion (eAppendix 2 in Supplement 2).

Randomization

Before scheduled extubation, patients who passed the spon-
taneous breathing trial were randomized to receive conven-
tional oxygen therapy or high-flow therapy by concealed al-
location with a random-number generator (constant permuted
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blocks of 10) through a telephone call center. Randomization
was stratified by hospitals.

Interventions
High-flow oxygen therapy (Optiflow; Fisher & Paykel
Healthcare) was applied immediately after extubation through
nasal cannula. Flow was initially set at 10 L/min and titrated
upward in 5-L/min steps until patients experienced discom-
fort. Temperature was initially set to 37°C, unless reported too
hot by patients, and F10, was regularly adjusted to target
peripheral capillary oxygen saturation (Spo,) greater than 92%.
After 24 hours, high-flow therapy was stopped and, if neces-
sary, patients received conventional oxygen therapy.
Conventional oxygen therapy was applied continuously
through nasal cannula or nonrebreather facemask, and oxy-
gen flow was adjusted to maintain SpO, greater than 92%.
Both groups were treated by the same medical, nursing,
and respiratory therapy staff (excluding the investigators) and
received similar medical management. Assisting physicians
could not be blinded to the study group. To reduce this un-
avoidable bias, investigators did not participate in clinical de-
cisions, and statistical analyses were performed in a blinded
fashion.

Outcomes

The primary outcome was reintubation within 72 hours after
extubation. Predefined criteria for immediate respiratory-
related reintubation included any of the following major clini-
cal events: respiratory or cardiac arrest, respiratory pauses with
loss of consciousness or gasping for air, psychomotor agita-
tion inadequately controlled by sedation, massive aspiration,
persistent inability to remove respiratory secretions, heart rate
less than 50/min with loss of alertness, or severe hemody-
namic instability unresponsive to fluids and vasoactive drugs.
Patients also were reintubated for persistent postextubation
respiratory failure (defined in the next paragraph; see also
eAppendix 5 in Supplement 2) or for nonrespiratory reasons
(ie, without fulfilling postextubation respiratory failure crite-
ria), such as urgent surgery or a low level of consciousness (de-
crease in Glasgow Coma Scale [GCS] score >2 points or GCS
score <9 points) with Paco, less than 45 mm Hg.

Secondary outcomes were postextubation respiratory fail-
ure and respiratory infection (ventilator-associated pneumo-
nia or ventilator-associated tracheobronchitis; see eAppendix
6 in Supplement 2). Postextubation respiratory failure was de-
fined as the presence of any of the following criteria within 72
hours of extubation: respiratory acidosis (pH <7.35 with Paco,
>45 mm Hg), Spo, less than 90% or Pao, less than 60 mm Hg at
FIo, greater than 0.4, respiratory rate greater than 35/min, de-
creased level of consciousness (defined as a decrease in GCS
score >1 point), agitation, or clinical signs suggestive of respi-
ratory muscle fatigue, increased work of breathing (eg, the use
of respiratory accessory muscles, paradoxical abdominal mo-
tion, or retraction of the intercostal spaces), or both.2° Delayed
reintubation was considered the main safety concern, and time
to reintubation was measured as a safety surrogate. Rescue
therapy with noninvasive mechanical ventilation for post-
extubation respiratory failure was strongly discouraged.
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Additional secondary outcomes included sepsis, multior-
gan failure, ICU and hospital length of stay and mortality, time
to reintubation, and adverse effects (study protocol,
Supplement 1).

Statistical Analysis

Based on a previous study, the absolute reduction in reintu-
bation rate was estimated at 8%, from a basal rate 0f13%.2! In
an effort to achieve 80% power to detect that difference, a
sample size of 260 patients in each group of the study was con-
sidered adequate for a 2-sided test, an a level of 5%, and a maxi-
mum tolerated patient loss rate of 15%. All analyses were per-
formed on an intention-to-treat basis. Kaplan-Meier curves
were plotted to assess the time from extubation to reintuba-
tion and compared by means of the log-rank test.

To assess the probability of reintubation, the Cochran-
Mantel-Haenszel 2 test stratified according to recruiting hos-
pital was used. To test whether the marginal odds ratio (OR) of
high-flow therapy was similar to the OR conditioned to cova-
riables, a multivariable logistic regression was used. The inde-
pendent variables tested in the model were high-flow oxygen
therapy, length of mechanical ventilation, hospital, and all the
variables associated with reintubation that had P values less than
.10 (eAppendix 7 in Supplement 2, bottom table). The analysis
of the recruiting center effect included contingency tables ac-
cording to center, analyzing the association between reintuba-
tion and center with the Cochran-Mantel-Haenszel test, and the
OR homogeneity with the Breslow-Day test.

Analysis of secondary outcomes and post hoc analyses
(eAppendix 8 in Supplement 2) used Fisher exact test, t test,
Mann-Whitney U test, or Cochran-Mantel-Haenszel x? tests
(stratified for hospitals) as appropriate. The number needed
to treat was calculated using the Newcombe-Wilson method.
Confidence intervals for comparison of medians were calcu-
lated with the reference method.

The 2-sided level of significance was set at .05. The analy-
sis included a simple sequentially multiple test to adjust for
multiple comparisons for all secondary outcomes.?? SPSS
version 13.0 (SPSS Inc) was used for all statistical analyses.

. |
Results

During the study period, 1739 weanable patients receiving me-
chanical ventilation for longer than 12 hours were identified;
of these, 527 (30%) were randomized: 264 to the high-flow
group and 263 to the conventional group (Figure 1). There were
no dropouts from the study. Demographic and clinical char-
acteristics of patients in the 2 groups were similar (Table 1), ex-
cept for a lower incidence of neurologic comorbidity in the
high-flow group (7.8% vs 12.9%), although mean GCS score at
extubation was similar between groups (13 [SD, 1] vs 13[SD, 1]).

Primary Outcome

All patients were followed up for 72 hours, either in the ICU
or on the ward. Reintubation within 72 hours was lower in the
high-flow group: 13 patients (4.9%) vs 32 patients (12.2%) in
the conventional group (absolute difference, 7.2% [95% CI,
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Figure 1. Flow of Participants in a Study of Postextubation High-Flow Nasal Cannula Oxygen Therapy

and Reintubation in Low-Risk Patients

10347 Patients screened

—>

8608 Excluded (not weanable)

1739 Receiving mechanical ventilation
>12 h assessed for eligibility using
spontaneous breathing test

1212 Excluded

938 High risk for reintubation
116 Hypercapnia at spontaneous
breathing trial
103 Do-not-resuscitate order
30 No informed consent
25 Unscheduled extubation

527 Randomized

264 Randomized to receive high-flow
oxygen therapy
264 Received high-flow therapy
as randomized

263 Randomized to receive
conventional oxygen therapy
263 Received conventional
therapy as randomized

‘ 0 Discontinued or lost to follow-up ‘ ‘ 0 Discontinued or lost to follow-up ‘
‘ 264 Included in primary analysis ‘ ‘ 263 Included in primary analysis ‘

2.5% t0 12.2%]; P = .004). This difference was mainly attrib-
utable to a lower incidence of respiratory-related reintuba-
tion in the high-flow group: 1.5% vs 8.7% in the conventional
group (absolute difference, 7.2% [95% CI, 3.6% to 11.4%];
P =.001) (Table 2 and Figure 2).

In the multivariable analysis, high-flow therapy was in-
dependently and inversely associated with all-cause reintu-
bation (OR, 0.32 [95% CI, 0.16 to 0.66]) (eAppendix 7 in
Supplement 2, top table) and respiratory-related reintuba-
tion (OR, 0.17 [95% CI, 0.06 to 0.51]). The number of patients
needed to treat to prevent 1 reintubation with high-flow therapy
was 14 (95% CI, 8 to 40). The statistical analysis was repeated
after excluding the 7 reintubations secondary to laryngeal
edema (4.9% vs 9.8%, P = .04).

Secondary Outcomes

Postextubation respiratory failure was less common in the high-
flow group: 22 patients (8.3%) vs 38 patients (14.4%) in the con-
ventional group (absolute difference, 6.1% [95% CI, 0.7% to
11.6%]; P = .03). Differences in other secondary outcomes were
not statistically significant between the 2 groups (Table 2 and
Table 3).

After adjusting all secondary outcomes for multiple com-
parisons, only F10, 12 hours after extubation (P < .001), laryn-
geal edema requiring reintubation (P = .02), and respiratory-
causes reintubation (P = .02) remained statistically significant.

Differences in the median time to reintubation were not
statistically significant between the 2 groups, for either all re-
intubations (19 hours [interquartile range {IQR}, 12-28] in the
high-flow group vs 15 hours [IQR, 9-31] in the conventional

jama.com

group; absolute difference, -4 [95% CI, -54 to 46]; P = .66) or
for respiratory-related reintubations (18 hours in the high-
flow group [IQR, 10-28] vs 17 hours [IQR, 9-30] in the conven-
tional group; absolute difference, 7.2% [95% CI, 3.6% t0 11.4%];
P = .10). Figure 2 shows the Kaplan-Meier curves for all-causes-
related reintubations. After the 72-hour follow-up period, pa-
tients were reintubated only for surgical procedures; none of
these patients had respiratory failure or extubation failure.

The difference in the median ICU length of stay was not
statistically significant (6 days [IQR, 2-8]in the high-flow group
vs 6 days [IQR, 2-9] in the conventional group; absolute dif-
ference, 0 [95% CI, —10 to 24]; P = .29).

Compared with reintubated patients, successfully extu-
bated patients had shorter duration of mechanical ventila-
tion (1 [range, 1-2] vs 3 [range, 1-3] days; absolute difference, 2
[95% CI, -2 to 4]; P < .001), shorter ICU stay (2 [range, 1-3] vs
11[range, 3-15] days; absolute difference, 9[95% CI, -28 t0 10];
P < .001), and shorter hospital stay (9 [range, 5-14] vs 13 [range,
8-21] days; absolute difference, 4 [95% CI, —31to 23]; P = .005].
No adverse effects were detected: all patients tolerated the
high-flow nasal cannulae, and no nasal mucosa or skin trau-
mas were reported.

|
Discussion

The main finding of this study was that high-flow oxygen sig-
nificantly reduced the reintubation rate in critically ill pa-
tients at low risk for extubation failure. The reintubation rate
in the control group receiving conventional oxygen therapy
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Table 1. Patient Baseline Characteristics®

Oxygen Therapy, No. (%)

High-Flow Conventional
Characteristic (n = 264) (n=263)
Age, mean (SD), y 51 (13.1) 51.8 (12.2)
Men 164 (62.1) 153 (58.2)
APACHE Il at ICU admission, median (IQR)® 14 (9-16) 13 (9-17)
APACHE Il at extubation, median (IQR)® 7 (6-9) 7 (5-9)
Length of mechanical ventilation before 1(1-3) 2 (1-4)
extubation, median (IQR), d
Corticosteroids >12 h before extubation 6(2.7) 7 (3.2)
Comorbidities®
Arterial hypertension 43 (16.3) 37 (14.1)
Neurologic disease 20 (7.6) 34 (12.9)
Other respiratory disease 24 (9.1) 25 (9.5)
Heart disease 20 (7.6) 23 (8.7)
Cancer 23 (8.7) 18 (6.8)
Body mass index >259 21 (8) 14 (5.3)
Diabetes mellitus 16 (6.1) 14 (5.3)
Hepatic disease 11 (4.2) 9(3.4)
Mild COPD 8(3) 5(1.9)
Renal failure 3(1.1) 4 (1.5)
Other comorbid conditions 15 (5.7) 20 (7.6)
Diagnosis at Admission®
Medical 175 (66.3) 196 (74.5)
Respiratory primary failure 43 (16.3) 44 (16.7)
ARDS' 4 (1.5) 11 (4.2)
Respiratory tract infection 11 (4.2) 10 (3.8)
Exacerbated COPD 3(1.1) 2(.8)
Airway patency problem 10 (3.8) 6(2.3)
Other 15 (5.7) 15 (5.7)
Nonrespiratory primary failure 132 (50) 152 (57.8)
Cardiologic 21 (8) 21 (8)
Neurologic 69 (26.1) 86 (32.7)
Other 42 (15.9) 45 (17.1)
Trauma 44 (16.7) 39 (14.8)
Traumatic brain injury 31 (11.7) 17 (6.5)
Surgical 131 (49.6) 120 (45.6)
Scheduled surgery 45 (17) 35(13.3)
Urgent surgery 86 (32.6) 85 (32.3)

Physiologic Variables From Spontaneous Breathing Trial Prior to Extubation,
Mean (SD)

Pao,:Fio,, mm Hg 227 (25) 237 (34)
Paco,, mm Hg 39 (2.4) 38 (2.9)
Arterial pH 7.4 (.3) 7.4 (.2)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
ARDS, acute respiratory distress syndrome; COPD, chronic obstructive
pulmonary disease; Fi0,, fraction of inspired oxygen; IQR, interquartile range.

2 See also eAppendix 9 in Supplement 2.

b APACHE Il score was calculated from 17 variables. Scores range from 0 to 71
points, with higher scores indicating more severe disease.

¢ Comorbidities were categorized based on the Charlson Comorbidity Index
(see eAppendix 4 in Supplement 2).

d Calculated as weight in kilograms divided by height in meters squared.
€ Patients can have more than 1diagnosis.

f Defined according to the American European Consensus Definition. These
patients are included under current mild ARDS diagnosis.
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(12.2%) was similar to rates from previous reports in general
critically ill populations.?®* However, few data are available
about reintubation rates in selected populations without high-
risk factors for extubation failure; reported reintubation rates
inlow-risk groups range from 5% to 13%,%%2> mainly depend-
ing on the criteria selected to represent high risk for reintuba-
tion. By contrast, the reintubation rate for patients receiving
conventional oxygen therapy in clinical trials in populations
selected to include only patients at high risk for reintubation
(22%-24%)** are higher.

The proportion of patients reintubated for nonrespiratory-
related causes depends mainly on the case mix, which varies
widely among ICUs, and has not usually been reported in clini-
cal studies. In the present study, up to 30% of reintubations
were related to nonrespiratory causes, because the case mix
included high proportions of postsurgical and neurocritical pa-
tients. After excluding these causes, the reintubation rate in
the present study was low enough to be comparable to what
is expected in a low-risk population (1.5% vs 8.7%).

Delaying intubation or reintubation can be deleterious. In
2004, Esteban et al?® reported higher mortality in patients ran-
domized to receive noninvasive mechanical ventilation, mostly
attributable to delayed reintubation, raising concerns that non-
invasive mechanical ventilation might increase the risk of
postextubation respiratory failure. More recently, Kang et al?”
found worse outcomes in patients in whom high-flow therapy
delayed intubation more than 48 hours. However, in the pres-
ent study, preventive high-flow therapy did not delay reintu-
bation (time to reintubation, 19 [IQR, 12-28] hours in the high-
flow group vs 15 [IQR, 9-31] hours in the conventional group).
This lack of delay is probably attributable to the low-risk popu-
lation and the protocol, which limited high-flow therapy to 24
hours after extubation. High-flow therapy increases comfort
and oxygenation'® and may disguise respiratory distress for an
extended period, so the 24-hour limit probably helped physi-
cians appreciate undertreated respiratory distress at an early
stage. The downside of the 24-hour time limit is that improve-
ments in secretions management favored by gas condition-
ing in high-flow therapy may be time-dependent!® (the lon-
ger the time under high flow, the greater the expected
improvement). However, the results confirmed that 24-hour
high-flow therapy was enough to reduce the rate of reintuba-
tion for the inability to clear secretions in low-risk patients.

The use of high-flow therapy was restricted to 24 hours
after extubation because 24 hours is the standard monitoring
time before ICU discharge in the study environment, and at the
time patients were recruited, there were no devices able to ap-
ply high-flow therapy without a source of medical air, which
isnot always available in the ward. However, the optimal length
of high-flow therapy is unknown. Maggiore et al’® random-
ized a general population of critically ill patients to receive
either high-flow therapy or conventional therapy for 48 hours.
They found better oxygenation in the high-flow group start-
ing from 24 hours after initiating treatment and achieved a low
reintubation rate (3.8%) in the high-flow group. On the other
hand, as suggested by Kang et al,?” applying high-flow therapy
up to 7 days according to clinical response could lead to de-
layed intubation associated with worse outcome. Until addi-
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Table 2. Primary and Secondary Outcomes

Oxygen Therapy Difference
High-Flow Conventional  Between Groups
Variable (n =264) (n=263) (95% Cl) P Value
Primary Outcome
All-cause reintubation, No. (%) 13 (4.9) 32 (12.2) 7.2(2.5t012.2) .0042
Secondary Outcomes
Postextubation respiratory failure, 22 (8.3) 38 (14.4) 6.1 (0.7 to 11.6) .03?
No. (%)
Respiratory infection, No. (%) 6(2.3) 13 (4.9) 2.7 (-0.6t0 6.2) .072
Ventilator-associated tracheobronchitis 3(1.1) 7 (2.6) 1.5(-1.0to 4.4) 222
Ventilator-associated pneumonia 3(1.1) 6(2.3) 1.2 (-1.3t0 3.9) 312
Causes of postextubation respiratory
failure, No. (%)
Respiratory acidosis® 1 (4.5) 4 (10.5)
Hypoxia© 7 (31.8) 6 (15.8)
Unbearable dyspnea 9 (40.9) 14 (28.9) .10°
Decreased level of consciousness 2(9) 0
Inability to clear secretions 3(13.6) 14 (36.8)
Reasons for reintubation, No. (%) Abbreviations: ICU, intensive care
S unit; IQR, interquartile range; NA, not
Respiratory causes for reintubation applicable.
Cardiorespiratory arrest 0 1(0.4) 2 Cochran-Mantel-Haenszel 2 test
Agitation 1(0.4) 0 stratified according to recruiting
Inability to clear secretions 0 5(1.9) bh.ospltal. ,
Hemodynamic impairment® 1(0.4) 1(0.4) 02° Fisher exact test or x*.
: ¢ Respirat idosis: pH less th
Persistent postextubation 2 (0.8) 16 (6) 7?;\:;3;2;?;' ;:;thrthzss an
respiratory failure ’ 28
. . . 45 mm Hg; hypoxia: Spo, less than
Nonrespiratory causes for reintubation 90% or Pao, less than 60 mm Hg
Surgery 4 (1.5) 6(2.3) at Flo, greater than 0.4.
Low level of consciousness® 5(1.9) 3(1.1) 9Heart rate less than 50/min with
Sepsis, No. (%) 2(0.7) 1(0.4) -0.4 (2.4 t0 1.5) .99 :?55 O‘;a'eft”?s_& OFE‘?IYQF? .
= = emodynamic instability (systolic
Multiorgan failure, No. (%) 1(0.4) 0 -0.4(-2.1to 1.1) .99° blood pressure <90 mm Hg for
Time to reintubation, median (IQR), h 19 (12t028) 15(9to 31) -4 (-54 to 46) .66f >30 min) unresponsive to fluids and
ICU length of stay, median (IQR), d 6 (2to 8) 6(21t09) 0 (-10 to 24) .29° vasoactive drugs.
Hospital length of stay, 11(6t015) 12(6t016) 4 (-28 to 32) 76° ¢ Criteria for reintubation secondary
median (IQR), d to low level of consciousness:
ICU mortality 3(L.1) 3(L1) 0(-23t02.3) 99° decrease '”tGr:aSg;W _C"tma Scale
- - score more than 2 points or score
Hospital mortality 10 (3.8) 13 (5) 1.2 (-2.5t04.9) .94 less than 9 points with Paco, less
Adverse events, nasal mucosa 0 NA NA NA than 45 mm Hg.

and skin trauma

f Mann-Whitney U.

tional studies using high-flow therapy after extubation be-
come available, the length of high-flow therapy should be
targeted by predefined reintubation criteria, but the efficacy
probably could be increased with longer use of high-flow
therapy after extubation.

High-flow therapy favors successful extubation in differ-
ent ways. High-flow therapy improves oxygenation,!° and the
lower rate of reintubation secondary to hypoxia in the high-
flow group corroborates this finding. High-flow oxygen also
seems to reduce other causes of respiratory failure such asin-
creased work of breathing and respiratory muscle fatigue,®®
which are frequently associated with reintubation secondary
to hypoxia. Another way in which high-flow therapy im-
proves extubation outcome is by conditioning the inspired gas.®
Maggiore et al'® demonstrated that high-flow oxygen im-
proves the management of respiratory secretions, and the lower
rate of reintubations secondary to upper airway obstruction

jama.com

Figure 2. Kaplan-Meier Analysis of Time From Extubation
to Reintubation
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Hours After Extubation
No. at risk
Conventional therapy 263 244 236 231
High-flow therapy 264 256 252 251
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Table 3. Exploratory Outcomes and Between-Group Differences in Physiologic Variables

Oxygen Therapy Difference - )

High-Flow Conventional Between Groups Abb.rewatlons: Fio,. fraction O,f

(n = 264) (n = 263) (95% CI) P Value inspired oxygen; NA, not applicable.
Exploratory Outcomes, No. (%) @ Secondary outcomes with
Respiratory-causes reintubation? 4(1.5) 23(8.7) 7.2 (3.6 to 11.4) .001° Stfat'St';?”Y ?'g”;f'canltfj";fere"_ce_s |

. . . . after adjusting by multiple statistica

Immediate postextubation stridor 2(0.9) 9(4.1) 2.7 (0.1t0 5.7) .04 tests of hypotheses related to
La'rytn%e;i{ edgma requiring 0 7(3.1) 2.7 (0.7 to 5.4) .001¢ secondary outcomes.?2
reintubation
Physiologic Variables, Mean (SD) e et
FI0, 12 h after extubation 0.32 (0.08) 04(0.09  -0.08(-0.09t0-0.07)  <.001¢ hospital.
High-flow oxygen therapy 12 h 30.9 (7.6) NA NA NA < Fisher exact test or X2
after extubation, L/min P :
Pao,:Fi0,, mm Hg® 105 (32) 108 (34) -3(-9t03) 57 ttest.
Paco,, mm Hg® 37 (8) 36 (6) 1(-0.2t02.2) 84 € Analysis including postextubation
Arterial pH° 7.37 (0.3) 7.4 (0.4) -0.3 (-0.09 t0 0.03) 49 respiratory failure and reintubated

patients only.

in the high-flow group in the present study reinforces that re-
sult. Maggiore et al’s'® findings support the idea that gas con-
ditioning probably alleviates inflammation of the tracheal mu-
cosa after transglottic intubation; in the present study, the
application of totally conditioned high-flow oxygen through
anasal cannula at extubation (aimed to block the entrance of
dry and cold air in the patients’ native airway), and the lower
rate of upper airway obstruction, suggests this strategy was ef-
fective, lending weight to this idea. However, given the short
use of high-flow oxygen after extubation in this study, other
possible mechanisms that are not time dependent cannot be
ruled out. To exclude a bias in these results secondary to a dif-
ference in the number of patients with stridor, the statistical
analysis was repeated after excluding these patients, confirm-
ing that there is no heterogeneity in the odds ratio.
Although lower reintubation rates would be expected to
shorten ICU and hospital stays,*!° no differences in these
secondary outcomes were found, probably because the per-
centage of reintubated patients was too low to affect out-
come variables in the entire group. The high rate of non-
respiratory-related reintubation and the high proportion of
neurocritical patients also might account for this lack of dif-
ference in these outcomes. Differences in mortality were not
expected, owing to the low mortality rate in this low-risk popu-
lation. However, the wide confidence intervals observed in the
analysis of secondary and exploratory outcomes—probably re-
lated to an inadequate sample size, not calculated for these out-
comes—limits definite conclusions about these results.

Study Limitations

To select patients at low risk for reintubation, high-risk fac-
tors were selected mainly based on those reported in studies
by Nava et al° and Ferrer et al* using noninvasive mechanical
ventilation to prevent postextubation respiratory failure as well
as those identified in other studies.>'%1728-30 Although a model
to accurately predict extubation failure has not been prospec-
tively validated, mainly because various factors can simulta-
neously influence the outcome of extubation, many risk fac-
tors (eg, abundant secretions, weak cough, low level of
consciousness at the time of extubation, advanced age, un-
derlying chronic cardiac or respiratory disease, and length of
mechanical ventilation)!”-2%-2° have been confirmed in several

JAMA April5,2016 Volume 315, Number 13

studies, including randomized trials.** The protocol exclud-
ing patients who fulfilled any of the 10 criteria for high risk for
reintubation can reasonably be expected to select patients at
low risk for reintubation. The only variables not included in
the definition of high risk were physiologic variables at extu-
bation, and Thille et al®! recently demonstrated again that
physiologic variables at extubation are not associated with the
risk of extubation failure.

The greater proportion of patients with medical diagno-
ses at admission in the control group could have some effect
on the results; however, a sensitivity analysis showed no dif-
ference (eAppendix 8 in Supplement 2). The case mix in the
present study included a high percentage of surgical and neu-
rocritical patients, and this could account for the high propor-
tion of non-respiratory-related reintubations and the great im-
provement in reintubation secondary to inability to clear
respiratory secretions. However, another sensitivity analysis
rejected any significant impact of neurologic diseases in the
results (see eAppendix 8 in Supplement 2). In addition, these
post hoc analyses suggest that the benefit could vary with the
patient’s diagnosis at admission.

The final decision to reintubate was determined by clini-
cal criteria, and the single most relevant reason for reintuba-
tion was recorded. However, reintubation can sometimes be
attributed to simultaneous causes, making it difficult to
interpret these results.

Attending physicians could not be blinded to the study
group. Toreduce this unavoidable bias, investigators were ex-
cluded from clinical decisions. Another limitation is that F10,
was not truly reliable in the control group. Most patients were
receiving oxygen via face mask immediately after extuba-
tion, and many of them were switched to nasal cannulain the
24 hours after extubation; however, the type of oxygen deliv-
ery device was not recorded after 24 hours.

. |
Conclusions

Among extubated patients at low risk for reintubation, the use
of high-flow nasal cannula oxygen compared with conven-
tional oxygen therapy reduced the risk of reintubation within
72 hours.
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