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Abstract

Background: Studies of mechanically ventilated patients with a low risk of reintubation have
suggested that the use of high-flow nasal cannula (HFNC) oxygen therapy reduces the risk of
reintubation compared with conventional oxygen therapy (COT). However, the effect of HFNC
following extubation in elderly patients with a high risk of reintubation remains unclear.
Methods: All consecutive medical intensive care unit (ICU) patients aged >6é5years who were
mechanically ventilated for >24h were prospectively registered between July 2017 and June
2018. Control was obtained from a historical database of patients attending the same ICU from
January 2012 to December 2013. A total of 152 patients who underwent HFNC after planned
extubation according to institutional protocols (HFNC group) were compared with a propensity-
matched historical control group who underwent COT (n=175, COT group). The primary
outcome was the proportion of reintubated patients within 48 h after planned extubation.
Results: One hundred patients from the HFNC group and 129 patients from the COT group
were matched by a propensity score that reflected the probability of receiving HFNC, and

all variables were well matched. Post-extubation respiratory failure (41.0% versus 33.3%,
p=0.291) and reintubation rate within 48 (16.0% versus 11.6%, p=0.436) did not differ
between the HFNC and COT groups. However, decreased levels of consciousness as a sign of
post-extubation respiratory failure (27.0% versus 11.7%, p=0.007) were significantly increased
in the HFNC group compared with the COT group.

Conclusion: Among elderly patients who underwent planned extubation, HFNC was not
associated with a decrease in the risk of reintubation. Further prospective study evaluating the
clinical benefits of post-extubation HFNC in elderly patients is needed.

The reviews of this paper are available via the supplemental material section.
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Background

Despite advances in critical care, post-extubation
respiratory failure following planned extubation
has remained relatively unchanged over the last
decade.! In addition, reintubation secondary to
post-extubation respiratory failure is associated
with several adverse outcomes, including increased

nosocomial infections, length of hospitalization,
and mortality.!-3 Therefore, following extubation,
oxygen supplementation via a facial mask with
inspiratory oxygen fraction (FiO,) targeted to
physiological parameters is widely used during the
post-extubation period to correct residual impair-
ment in oxygenation.
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Recent technological improvements have enabled
the delivery of high-flow oxygen therapy via a
nasal cannula (high-flow nasal cannula; HFNC);
this oxygen therapy delivers a low level of contin-
uous positive airway pressure with increased end-
expiratory pressure and decreased work of
breathing.*> Moreover, recent randomized clini-
cal trials have demonstrated that HFNC reduced
reintubation compared with conventional oxygen
therapy (COT) in patients with low risk of reintu-
bation and was not inferior to non-invasive
mechanical ventilation (MV) in patients with high
risk.%7 Therefore, HFNC is emerging as an
important modality in post-extubation patients.%7

The number of elderly patients admitted to inten-
sive care units (ICUs) is increasing.8° Elderly
patients are typically highly vulnerable and acute
exacerbations of chronic conditions result in
increased disability or mortality.!° In addition,
weaning these patients from MYV is challenging,
and the reintubation rate following extubation is
higher than that in younger patients.!! Therefore,
preventing reintubation following planned extu-
bation is critical to reduce mortality and length of
hospitalization. However, the effect of HFNC fol-
lowing extubation in elderly patients with a high
risk of reintubation remains unclear.

Therefore, in the present study, we investigated
the effects of post-extubation HFNC on reintu-
bation in elderly patients compared with COT
using a propensity score matching method.

Methods

Study design and population

All consecutive patients admitted to the medical
ICU and requiring MV for more than 24h
between July 2017 and June 2018 were prospec-
tively registered at Samsung Medical Center, a
1989-bed university-affiliated tertiary referral
hospital in Seoul, South Korea. Patients aged
older than 65 years who underwent a spontaneous
breathing trial (SBT) for weaning from MV and
planned extubation according to the standardized
protocol were enrolled in the present study
(Figure 1). A list of potential control individuals
aged older than 65 years was obtained from a his-
torical database of patients attending the same
ICU from January 2012 to December 2013,
which was included as described in our previous
studies.!?13

The Institutional Review Board of Samsung
Medical Center gave approval for the study to
review and publish information from the patients’
records. Informed consent was waived because of
the observational nature of the study. All patient
records and data were anonymized and de-identified
prior to analysis.

Standardized weaning process and oxygen

therapy after extubation

Since 2010, the medical ICU of our hospital has
utilized a specific protocol-based weaning program
according to the recommendations by Boles ez al. 14
Details of our weaning program were described in
previous reports.!?13:15 In short, respiratory care
practitioners, who are registered nurses specializ-
ing in respiratory care, screened patients daily for
weaning readiness and conducted a 30-min
T-piece SBT according to the protocol. If a patient
failed the SBT, MV was resumed, and the team
reviewed possible reversible etiologies for the fail-
ure. Again, when a patient proved ready for wean-
ing, the SBT was repeated the following day.
Patients who received more than one SBT or pro-
longed weaning underwent a 120-min T-piece
SBT. When a patient passed the SBT, extubation
was performed. Followed extubation, oxygen ther-
apy was continuously administered via a non-
rebreathing facemask at 9-10L/min, with an FiO,
of 40%. Since July 2017, we have modified the
protocol of oxygen therapy following planned
extubation using HFNC (Optiflow, Fisher and
Paykel Healthcare) routinely based on the results
of recent trials.%7 The flow was initially set at 30 L/
min with an FiO, of 40% and was adjusted accord-
ing to patient oxygenation requirements. After 24 h,
the flow was titrated downward to 251/min and
changed to a conventional nasal cannula, if tolera-
ble to the patient. The routine prophylactic steroid
was not taken for prevention of post-extubation
laryngeal edema.

Data collection

The following data were extracted from the medi-
cal records: general demographic information,
underlying disease, reasons for ICU admission and
intubation, and laboratory and clinical data on
extubation day. Additionally, we collected SBT
data, including data for the rapid shallow breath-
ing index, negative inspiratory pressure, confusion
assessment method for the ICU (CAM-ICU),
Richmond Agitation—Sedation scale (RASS),
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Overall cohort
Elderly patients who admitted medical ICU
and mechanical ventilation
between Jan 2012 and Dec 2013
n =468

Overall cohort
Elderly patients who admitted medical ICU
and mechanical ventilation
between Jul 2017 and Jun 2018
n =397

Excluded,

Transfer-in from other hospital after
intubation > 48 h (n = 23)
Tracheostomy prior to mechanical ventilation
(n=17)

Died without weaning trial (n = 77)
Tracheostomy before weaning trial (n = 71)
Unplanned extubation before weaning trial
(n=25)

Not received SBT (n = 9)

Transfer to other hospital before weaning

Excluded,

Transfer-in from other hospital after
intubation > 48 h (n =5)
Tracheostomy prior to mechanical ventilation
(n=4)

> Died without weaning trial (n = 60)
Tracheostomy before weaning trial (n = 112)
Unplanned extubation before weaning trial
(n=3)

Not received SBT (n = 15)
Transfer to other hospital before weaning

trial (n = 14) trial (n=1)

\ 4 A 4
Received SBT Received SBT
n =232 n =197
Excluded, Excluded,
NIV or HFNC applied (n = 41) Conventional O2 applied (n = 28)
Died withdrawing sustaining treatment with >| Died withdrawing sustaining treatment with
extubation (n = 4) extubation (n = 15)
Missing data to weaning index (n = 12) Missing data to weaning index (n =2)
A 4

Extubation and conventional 02
n=175

Extubation and HFNC
n =152

Propensity score matching
HFNC, n =100
Conventional 02, n =129

Figure 1. Flow chart of patient selection from the overall cohort for analysis.
HFNC, high-flow nasal cannula; ICU, intensive care unit; NIV, non-invasive ventilation; SBT, spontaneous breathing trial.

PaO,/FiO, ratio, and vital signs. The primary out-
come was reintubation within 48h following
planned extubation. In addition, we documented
secondary outcomes including post-extubation
respiratory failure within 48h, death or reintuba-
tion within 7days, reintubation during hospital
stay, cause of reintubation, tracheostomy rate,
length of ICU stay and length of hospitalization,
ICU and hospital mortalities, and hospital dis-
charge type. Post-extubation respiratory failure
was defined as the persistent presence of any of the
following criteria: respiratory acidosis (pH <7.35
with PaCO,>45mmHg), SpO, less than 90% or
PaO, of less than 60 mmHg at an FiO, higher than
40%, respiratory rate of more than 35/min,

decreased level of consciousness [Glasgow coma
scale (GCS) >1 point decrease] or agitation, clini-
cal signs suggestive of respiratory muscle fatigue,
or increased work of breathing.1¢

Statistical analysis

To compare the HFNC and COT groups, a pair-
wise matching method was used to reduce the
effects of selection bias and possible confounding
factors between the two groups. A propensity
score was derived from a non-parsimonious logis-
tic regression model that included interval between
hospital admission to intubation, duration of MV
support, clinical features [sequential organ failure
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assessment (SOFA) score, RASS, fluid balance,
and suction frequency] at extubation day and clin-
ical measurement (pH, PaCO, PaO,FiO, ratio,
and mean arterial pressure) before extubation.
Each patient was assigned a propensity score that
reflected the probability of receiving HFNC and
variable ratio-matching was performed for a larger
number of COT group than HFNC group in
order to reduce sample loss and improve study
power. Subjects from the two groups were
matched by variable ratio-matching with their
propensity score in blocks from 1:1 to 1:4 pairs.
The quality of matching was assessed by calculat-
ing the standardized mean difference (SMD)
between selected variables, with an SMD of <0.10
reflecting good matching.!”-1° The matching ratio
of 1:2 was selected for the final analysis. All data
were presented as median values and interquartile
range for continuous variables and as numbers
and percentages for categorical variables.
Continuous variables were analyzed using the
Mann-Whitney—Wilcoxon U test, and categorical
variables were analyzed using the Pearson y? test
or Fisher exact test. Time to reintubation and
time to death were assessed using the Kaplan—
Meier analysis. All analyses were performed using
R Statistical Software (Version 3.2.5; R
Foundation for Statistical Computing, Vienna,
Austria). p values are two-tailed and values of
<0.05 were considered statistically significant.

Results

Study population

Overall, 327 patients—152 in the HFNC group
from July 2017 to June 2018 and 175 in the COT
group from January 2012 to December 2013—
who underwent planned extubation via the stand-
ardized weaning process and received HFNC or
COT in the medical ICU were included (Figure
1). The median age was 73 years, and 67.3% of
the patients were male. The most common
comorbidity was hypertension (52.0%) followed
by malignant disease (48.0%). The most com-
mon reason for ICU admission was respiratory
disease (53.2%), followed by cardiovascular dis-
ease (8.9%).

The baseline characteristics of both groups are
presented in Table 1. Patients who received
HFENC exhibited a higher initial SOFA score,
were less likely to have diabetes, and had fewer
interval days between hospital admission and

intubation. Clinical characteristics on the day of
extubation are presented in Table 2. Clinical fea-
tures, including the SOFA score, fluid balance,
number of suctions per day, PaO, at pre- and
post-extubation, CAM-ICU, and RASS, were
better in the HFNC group compared with the
COT group.

The propensity score analysis matched 100
patients from the HFNC group to 129 patients
from the COT group. After propensity score
matching, the baseline characteristics were well
balanced between the two groups, with the SMD
being <0.10. In the matched HFNC group,
patients were more likely to have increased PaO,
at pre-extubation (100 mmHg wversus 92 mmHg,
p»=0.045) and decreased hemoglobin (9.6g/dL
versus 10.1g/dL, p=0.001) compared with the
matched COT group on extubation day.

Clinical outcomes

Clinical outcomes of the matched patients are
shown in Table 3. The reintubation rate within
48h was 16.0% and 11.0%, respectively, in the
HFNC and COT groups (p=0.436). In addi-
tion, the death or reintubation within 7 days fol-
lowing the extubation was 27.0% and 21.7%,
respectively, in these groups (p=0.439). Post-
extubation respiratory failure within 48h did not
significantly differ between the two groups
(41.0% wersus 33.3% in the HFNC versus COT
groups, p=0.291); however, the decrease in lev-
els of consciousness, one of the signs of post-
extubation respiratory failure, was higher in the
matched HFNC group than that in the matched
COT group (27.0% wersus 11.7%, p=0.007).
Figure 2 shows the Kaplan—Meier curve for rein-
tubation within 48 h. The cumulative reintuba-
tion rate was not different between the two
matched groups (p=0.316, log-rank test). The
reason for reintubation differed between the two
groups (p=0.046). Unbearable dyspnea, one of
the reasons for reintubation, was significantly
increased in the HFNC group. Of all matched
patients, unbearable dyspnea was the most com-
mon cause of reintubation, followed by persistent
hypoxemia.

There was no significant difference in the ICU
mortality between the two groups (8.1% versus
4.5%, p=0.288). In addition, the hospital mor-
tality did not significantly differ between the
two groups (19.8% wersus 19.8%, p=1.000).
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Table 1. Clinical characteristics of the study population at the time of ICU admission.

Characteristics Unmatched cohort Propensity score-matched cohort
n=327 n=229
HFNC group COT group p value HFNC group COT group p value
n=152 n=175 n=100 n=129

Sex, male 97 (63.8) 123 (70.3) 0.260 66 (66.0) 95 (73.6) 0.267

Age, years 75.0 (71.0-78.0) 70.5 (68.0-79.0) 0.175 73.0 (69.0-77.0) 72.0 (69.0-77.0) 0.671

BMI, kg/m? 23.2(20.1-25.1) 22.1(19.3-25.1) 0.165 22.8(19.9-24.9) 22.1(19.3-24.7) 0.461

Current smoker 13 (8.6) 27 (15.4) 0.085 10 (10.0) 21(16.3) 0.237

Underlying disease
Diabetes 42 (27.6) 68 (38.9) 0.043 24 (24.0) 52 (40.3) 0.014
Hypertension 81 (53.3) 89 (50.9) 0.743 52 (52.0) 61 (47.3) 0.566
Malignant disease 0.536 0.503

Hematologic 23 (15.1) 29 (16.6) 16 (16.0) 20 (15.5)

Solid 45 (29.6) 60 (34.3) 30 (30.0) 48 (37.2)
On hemodialysis 13 (8.6) 17 (9.7) 0.864 10(10.0) 12(9.3) 1.000
Liver cirrhosis 8 (5.3) 10 (5.7) 1.000 6(6.0) 7 (5.4) 1.000
Heart failure 25 (16.4) 29 (16.6) 1.000 18 (18.0) 22(17.1) 0.991
COPD 24(15.8) 18(10.3) 0.188 17 (17.0) 13(10.1) 0.179
Asthma 7 (4.6) 4(2.3) 0.394 3(3.0) 2(1.6) 0.773
CVD 18 (11.8) 28 (16.0) 0.358 14 (14.0) 21(16.3) 0.772

Reason for ICU admission 0.181 0.083

Cardiovascular disease 10 (6.6) 19 (10.9) 6 (6.0) 16 (12.4)
Respiratory disease 77 (50.7) 97 (55.4) 52 (52.0) 76 (58.9)
Neurological disease 6(3.9) 8 (4.6) 3(3.0) 5(3.9)

Others 12 (7.9) 4(2.3) 39 (39.0) 32 (24.8)

Reason for intubation 0.112 0.246
Pneumonia 55 (36.2) 64 (36.6) 37 (37.0) 48 (37.2)
Extra-pulmonary sepsis 37 (24.3) 40 (22.9) 25 (25.0) 25(19.4)

Pulmonary edema 19 (12.5) 18 (10.3) 14 (14.0) 17 (13.2)

ARDS 6 (3.9) 14 (8.0) 2 (2.0 11(8.5)

Neurological disease 4(2.6) 11(6.3) 1(1.0) 6 (4.7)

AE of ILD 1(0.7) 6 (3.4) 1(1.0) 3(2.3)

Post CPR 4(2.6) 7 (4.0) 3(3.0) 6 (4.7)

Central airway obstruction 4 (2.6) 4 (2.3) 3(3.0) 4(3.1)

Post-operation 61(3.9) 2(1.1) 4 (4.0) 2(1.6)

COPD AE 5(3.3) 1(0.6) 4 (4.0) 1(0.8)

Asthma AE 2(1.3) 0(0.0) 1(1.0) 0(0.0)

Airway protection 9 (5.9) 8 (4.6) 5 (5.0) 6 (4.7)
Initial SOFA score 9.0 (6.0-11.0) 8.0 (5.0-11.0) 0.027 9.0 (6.0-12.0) 7.0 (4.0-11.0) 0.009
Interval between hospital 0.0 (0.0-3.0) 1.0 (0.0-6.0) <0.001 0.0 (0.0-4.0) 1.0 (0.0-5.0) 0.006

admission and intubation, days

Data are presented as number (percentage) or median (interquartile range).

AE, acute exacerbation; ARDS, acute respiratory distress syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; COT,
conventional oxygen therapy; CPR, cardiopulmonary resuscitation; CVD, cerebral vascular disease; HFNC, high-flow nasal cannula; ICU, intensive
care unit; ILD, interstitial lung disease; SOFA, sequential organ failure assessment.
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Table 2. Clinical characteristics of the study population on the day of planned extubation.

Characteristics Unmatched cohort Propensity score-matched cohort

n=327 n=229
HFNC group COT group p HFNC group COT group p
n=152 n=175 n=100 n=129
Duration of MV, days 2.0(1.0-5.0) 3.0 (2.0-6.0) <0.001 3.0 (2.0-5.0) 3.0 (2.0-5.0) 0.393
Failed on previous SBT 18 (11.8) 39 (22.3) 0.019 15 (15.0) 23(17.8) 0.695
SOFA score 4.0 (2.0-5.0) 5.0 (3.0-7.0) <0.001 4.0(3.0-6.0) 4.0 (3.0-7.0) 0.312
Fluid balance -364.5(-997.0 to +343.5) 35.0 (-658.0 to +850.5)  0.001  -304.0 (-915.0 to +495.5) -60.0 (-689.0 to +697.0) 0.140
Number of suctions 8.0 (6.0-11.0) 10.0 (7.0-12.0) 0.001 8.0 (6.0-11.0) 9.0 (7.0-12.0) 0.418
per day
Pre-extubation BGA
pH 7.5 (7.4-7.5) 7.5 (7.4-7.5) 0.549 7.5 (7.4-7.5) 7.5 (7.4-7.5) 0.790
PaC0,, mmHg 33.7(29.1-40.9) 35.6 (31.1-40.9) 0.104 34.2 (29.2-42.5) 35.7 (30.9-41.3) 0.289
Pa0,, mmHg 100.9 (86.4-121.8) 91.1(81.7-110.2) 0.001 99.7 (83.8-123.1) 91.9(81.8-112.1) 0.045
HCO,3, mmHg 24.1(20.9-28.2) 25.0 (22.3-27.8) 0.127 24.8(20.9-28.4) 24.9 (22.1-27.8) 0.467
Sa0,, 97.7 (96.4-98.3) 97.3(96.0-98.3) 0.220 97.7 (96.3-98.3) 97.5(96.1-98.5) 0.990
Post-extubation BGA
pH 7.5 (7.4-7.5) 7.5 (7.4-7.5) 0.711 7.5 (7.4-7.5) 7.5 (7.4-7.5) 0.475
PaC0,, mmHg 33.8(29.2-40.6) 35.8 (30.4-40.0) 0.235 34.4 (30.5-40.6) 35.7 (29.7-40.4) 0.590
Pa0,, mmHg 98.6(80.8-121.3) 86.9(72.8-111.5) 0.002 92.6(75.7-113.1) 87.9 (73.5-114.0) 0.370
HCO,;, mmHg 24.7(20.6-27.9) 24.5(21.9-27.7) 0.578 24.7(21.6-28.0) 24.5(21.7-27.6) 0.894
Sa0,, 97.3(95.7-98.2) 97.0 (94.9-98.3) 0.587 97.0 (95.0-98.0) 97.3 (95.0-98.4) 0.260
Hemoglobin, g/dL 9.5 (8.4-10.6) 9.9 (9.1-11.1) 0.001 9.6 (8.4-10.2) 10.1(9.1-11.0) 0.001
Albumin, g/dL 2.8(2.6-3.2) 2.7 (2.5-3.0) 0.019 2.8(2.5-3.2) 2.7 (2.5-3.0) 0.375
At the beginning of SBT
RSBI 54.0 (34.0-80.0) 52.0 (34.0-70.0) 0.483 52.0 (30.0-77.0) 52.0 (32.0-70.0) 0.990
NIP, cm H,0 -23.0(-27.0 to -18.0) -23.0(-28.0 to -18.0) 0.836  -24.0(-28.0to -19.0] -22.0(-29.0 to -18.0) 0.307
Positive CAM-ICU 56 (36.8) 95 (54.3) 0.002 41(41.0) 67 (51.9) 0.131
RASS 0.0(-1.0t0 0.0) 0.0(-1.0t0 1.0) 0.001 0.0(-1.0t0 0.0) 0.0(-1.0to 1.0) 0.593
GCS score 15.0 (14.0-15.0) 15.0 (14.0-15.0) 0.068 15.0 (14.0-15.0) 15.0 (14.0-15.0) 0.369
At the end of SBT
Pa0,/Fi0,, mmHg 301.0(230.5-355.5) 258.5 (212.5-320.0) 0.009  282.5(223.0-352.0) 262.0(220.0-327.0) 0.428
Systolic blood 128.0 (114.0-144.0) 131.0 (117.5-138.5) 0.636  131.0 (115.0-145.0) 130.0 (118.0-138.0) 0.690
pressure, mmHg
Respiratory rate 18.0 (15.0-21.0) 18.0 (15.0-21.5) 0.438 18.0 (15.0-21.0) 18.0 (15.0-21.0) 0.535
per min
Heart rate per min 90.0 (77.0-103.0) 90.0 (77.0-99.0) 0.451 92.0 (80.5-106.5) 90.0 (76.0-99.0) 0.140
Mean arterial 83.0(73.5-94.5) 86.0(78.0-97.0) 0.021 85.0(76.0-96.5) 85.0 (78.0-96.0) 0.680

pressure

Data are presented as number (percentage) or median (interquartile range).

BGA, blood gas analysis; CAM-ICU, confusion assessment method for the intensive care unit; COT, conventional oxygen therapy; FiO,, inspiratory

oxygen fraction; GCS, Glasgow Coma Scale; HFNC, high-flow nasal cannula; MV, mechanical ventilation; NIP, negative inspiratory pressure;

RASS, Richmond Agitation-Sedation Scale; RSBI, rapid shallow breathing index; SBT, spontaneous breathing trial; SOFA, sequential organ failure

assessment.
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Table 3. Clinical outcomes of the matched high-flow nasal cannula group and conventional oxygen therapy group.

Clinical outcomes HFNC group COT group p
n=100 n=129
All cause reintubation within 48h 16 (16.0] 15 (11.6) 0.436
All cause reintubation during hospital stay 30 (30.0) 25 (19.4) 0.087
Main reason for reintubation 0.716
Persistent respiratory acidosis 8(26.7) 4(16.0)
Persistent hypoxemia 9 (30.0) 12 (48.0)
Unbearable dyspnea 6 (20.0) 5 (20.0)
Inability clear to secretion 3(10.0) 1 (4.0)
Hemodynamic impairment* 4(13.3) 3(12.0)
Death or reintubation within 7 days following the extubation 27 (27.0) 28 (21.7) 0.439
Post-extubation respiratory failure within 48h 41 (41.0) 43(33.3) 0.291

Sign of post-extubation respiratory failure**

Respiratory acidosis 7 (6.3) 6 (5.4) 1.000

Hypoxia 20 (18.0) 30 (27.0) 0.148

Decreased level of consciousness 30 (27.0) 13 (11.7) 0.007

Respiratory rate >35/min 15(13.5) 18 (16.2) 0.706
Tracheostomy 12 (12.0) 27 (20.9) 0.108
ICU mortality 7 (7.0) 8(6.2) 1.000
Length of ICU stay, days 6.0 (3.5-8.5) 6.0 (4.0-10.0) 0.647
Hospital mortality 19 (19.0) 30(23.3) 0.538
Length of hospitalization, days 17.5(13.0-35.0) 23.0 (15.0-39.0) 0.055
Type of discharge 0.773

Home 47 (47.0) 62 (48.1)

Other general hospital 18 (18.0) 21 (16.3)

Other rehabilitation hospital 6 (6.0) 3(2.3)

Nursing care 4 (4.0) 6 (4.7)

Hospice 5(5.0) 6 (4.7)

Data are presented as number (percentage) or median (interquartile range).

*Heart rate less than 50/min with loss of alertness or severe hemodynamic instability (systolic blood pressure <90 mmHg for >30min).
**One or more signs may be listed. Respiratory acidosis: pH <7.35 with PaC0O, >45mmHg; hypoxia: SP0, <90 or Pa0, <60 mmHg at Fi0,>40;
decreased level of consciousness: Glasgow Coma Scale >1-point decrease; increased respiratory rate: respiratory rate >35/min.

COT, conventional oxygen therapy; FiO,, inspiratory oxygen fraction; HFNC, high-flow nasal cannula; ICU, intensive care unit.

journals.sagepub.com/home/tar 7


https://journals.sagepub.com/home/tar

Therapeutic Advances in Respiratory Disease 14

20

Reintubation, %

Number at risk

HFNC

Conventional Oz

-—
]
]
e ———————— ]
1
-
P=0.316
log-rank test
— HFNC
== Conventional O2
1 N 1 L 1 N 1
0 12 24 36 48
Hours After Extubation
100 90 87 86 84
129 122 121 116 114

Figure 2. Kaplan-Meier analysis of time from extubation to reintubation.
The cumulative reintubation rate was not different between the two matched
groups (p=0.316, log-rank test).

HFENC, high-flow nasal cannula.

The cumulative mortality following post-extubation
was not different between the two matched groups
(p=0.120, log-rank test) (Figure 3). The discharge
type was not different between the two groups
(p=0.633). In all matched patients, home was
the most common discharge destination, followed
by other general hospitals. Also, tracheostomy
rate (12.0% wversus 20.9%, p=0.108), length of
ICU stay (6 days wersus 6 days, p=0.647), and
length of hospitalization (18 days wversus 23 days,
p=0.055) were not different between the two
groups.

Discussion

The present study investigated the effects of post-
extubation HFNC in comparison with COT on
reintubation within 48h following planned extu-
bation and assessed the clinical outcomes in the
elderly patients admitted to the medical ICU
using a protocol-based weaning program. The
HFNC was not associated with prevention of

reintubation and reduction in mortality out-
comes. In addition, HFNC did not reduce post-
extubation respiratory failure within 48h after
planned extubation.

Some controversy exists concerning the effective-
ness of HFNC in post-extubation patients.
Several studies have shown the positive effects of
post-extubation HFNC compared with post-
extubation COT.%20.21 However, these studies
were conducted only in low-risk or postsurgical
patients, and there is no conclusion regarding
high-risk patients. Corley er al. reported that
HFNC did not improve oxygenation, atelectasis,
respiratory rate, or dyspnea, and it did not reduce
rates of allocated therapy failure among patients
with a body mass index =30kg/m? who have
recently undergone extubation.??2 In addition,
Zhang er al. evaluated post-extubation HFNC
patients using electrical impedance tomography
and found that their response to HFNC was vari-
able, with varying degrees of recruitment and
overdistension.??> These results indicate that
HFNC might be of benefit to selected patients
rather than to all patients with safety concerns.

Age is a non-modifiable but important factor with
regard to reintubation following extubation.2*
Considering geriatric frailty, HFNC might be
effective in elderly patients owing to several ben-
efits associated with it. HFNC facilitates the
maintenance of a constant FiO, during peak
inspiratory flow and confers benefits, such as a
low level of continuous positive airway pressure
with increased end-expiratory volume and
reduced work of breathing, partly via intrinsic
positive end-expiration pressure compensation
and dead space washout.#25-27 Moreover, the
inspired gases are warmed and humidified,
thereby improving comfort and improving res-
piratory secretion drainage.?° Previous rand-
omized clinical trials have demonstrated that the
use of HFNC compared with COT in patients
with low risk of reintubation reduced this risk.%28
However, in the present study, HFNC post-extu-
bation did not reduce the reintubation rate com-
pared with COT in elderly patients who were at a
high risk of reintubation.

An important concern of HFNC is that it delays
reintubation, resulting in worse clinical out-
comes.?® However, in the present study, the
Kaplan—Meier analysis revealed that the reintuba-
tion rate was higher in the matched HFNC group
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within 12h compared with the matched COT
group. In addition, hospital mortality did not dif-
fer between the two groups. Therefore, post-extu-
bation HFNC was not associated with delayed
intubation and worse clinical outcomes in this
study. This finding could be attributed to the pre-
defined criteria for extubation failure under the
protocol-based weaning program, which prevents
potentially precarious delays in intubation.

Interestingly, decreased level of consciousness as
a sign of post-extubation respiratory failure within
48h was higher in the matched HFNC group
than that in the matched COT group, although
other potential confounding variables for level of
consciousness, such as RASS, GCS, and pres-
ence of delirium at the time of SBT, were not dif-
ferent between the two groups. It is difficult to
explain this result, but it might be related to
unmeasured bias for level of consciousness rather
than adverse event associated with HFNC. In
addition, this finding could have been generated
by misclassification bias since the CAM-ICU has
relatively low sensitivity to find a change of men-
tal status (delirium) in routine practice.3°

To the best of our knowledge, this is the first com-
parative study evaluating the clinical benefits of
post-extubation HFNC in elderly patients with a
control group. However, there are several poten-
tial limitations to our study that should be
acknowledged. First, considering the observa-
tional nature of the study, a possibility of selection
bias influencing the significance of our findings
exists. However, the propensity score analysis was
used to reduce selection bias. Further, data were
prospectively collected from consecutive patients
admitted to the medical ICU receiving MV sup-
port for more than 24h. The patients were
screened daily for weaning readiness according to
a protocol-based weaning program. Therefore,
our cohort is more likely to reflect the patients
encountered in routine ICU practice and thus can
be readily applicable in similar settings. However,
the present study was conducted at a single insti-
tution with a protocol-based weaning program.
Accordingly, our findings may have limited gener-
alizability. Second, for the convenience of
research, the historical control was the already
available data from the previous published study
collected between July 2010 and September 2013.
Although the patients were managed according to
a protocol-based weaning program, the advances
in medical care for the different time period may

4
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Figure 3. Kaplan-Meier analysis of time from extubation to death. The
cumulative mortality following post-extubation was not different between

the two matched groups (p=0.120, log-rank test).
HFNC, high-flow nasal cannula.

influence the clinical outcome. Finally, although
the data were prospectively collected from all
patients consecutively admitted to the medical
ICU with MV support for more than 24h, no
detailed information on deviation of the weaning
protocol was collected.

In summary, post-extubation HFNC was not
associated with a decrease in the risk of reintuba-
tion in elderly patients who underwent planned
extubation under a protocol-based weaning pro-
gram. However, current evidence does not permit
firm conclusions regarding the role of post-extu-
bation HFNC in elderly patients and further pro-
spective study evaluating the clinical benefits of
post-extubation HFNC in carefully selected
elderly patients with a high risk of reintubation is
needed.
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