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Effect of high-flow nasal cannula versus
non-invasive ventilation after extubation
on successful extubation in obese patients:
a retrospective analysis of the MIMIC-IV

database

Yun Ge," Zhenxuan Li,? Ao Xia," Jingyuan Liu," Dongmin Zhou

ABSTRACT

Background The pathophysiological characteristics of
the respiratory system of obese patients differ from those
of non-obese patients. Few studies have evaluated the
effects of high-flow nasal cannula (HFNC) and non-invasive
ventilation (NIV) on the prognosis of obese patients. We
here compared the effects of these two techniques on

the prevention of reintubation after extubation for obese
patients.

Methods Data were extracted from the Medical
Information Mart for Intensive Care database. Patients
who underwent HFNC or NIV treatment after extubation
were assigned to the HFNC or NIV group, respectively.

The reintubation risk within 96 hours postextubation

was compared between the two groups using a doubly
robust estimation method. Propensity score matching was
performed for both groups.

Results This study included 757 patients (HFNC group:
n=282; NIV group: n=475). There was no significant
difference in the risk of reintubation within 96 hours after
extubation for the HFNC group compared with the NIV
group (OR 1.50, p=0.127). Among patients with body
mass index >40 kg/m?, the HFNC group had a significantly
lower risk of reintubation within 96 hours after extubation
(OR 0.06, p=0.016). No significant differences were found
in reintubation rates within 48 hours (15.6% vs 11.0%,
p=0.314) and 72 hours (16.9% vs 13.0%, p=0.424), as
well as in hospital mortality (3.2% vs 5.2%, p=0.571) and
intensive care unit (ICU) mortality (1.3% vs 5.2%, p=0.108)
between the two groups. However, the HFNC group had
significantly longer hospital stays (14 days vs 9days,
p=0.005) and ICU (7 days vs 5days, p=0.001) stays.
Conclusions This study suggests that HFNC therapy

is not inferior to NIV in preventing reintubation in obese
patients and appears to be advantageous in severely obese
patients. However, HFNC is associated with significantly
longer hospital stays and ICU stays.

INTRODUCTION

The main forms of non-invasive respiratory
support after extubation include routine
oxygen therapy, non-invasive ventilation
(NIV) and high-flow nasal cannula (HFNC)

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Few studies have evaluated the impact of high-flow
nasal cannula (HFNC) therapy and non-invasive ven-
tilation (NIV) on the short-term prognosis of obese
patients after extubation.

WHAT THIS STUDY ADDS

= In an obese population, the effects of HFNC thera-
py on the prevention of reintubation after extuba-
tion were not inferior to those of NIV. HFNC therapy
demonstrated a significant advantage for severely
obese patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our study suggests that HFNC therapy is an effective
treatment to prevent reintubation in the obese popu-
lation. It provides further information for clinicians in
making decisions about oxygen therapy modalities.

therapy. In HFNC therapy, oxygen is deliv-
ered through a nasal cannula. This thera-
peutic modality not only ensures a constant
and adjustable concentration of inhaled
oxygen delivered at high flow rates but also
provides low-level continuous positive airway
pressure,1 increases end-expiratory lung
volume® and decreases the work of breathing.
Additionally, the high gas flow velocity has a
flushing effect, reducing the nasopharyngeal
dead space.” The inhaled gas is also humidi-
fied and heated, which increases the patient’s
comfort levels. This may attenuate the airway
inflammatory response® and promote clear-
ance of respiratory tract secretions.” There-
fore, HFNC therapy may serve as an alterna-
tive to non-invasive positive-pressure ventila-
tion.

Previous studies have shown that,
compared with routine oxygen therapy,
HFNC  therapy effectively  enhances
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postextubation oxygenation, thereby reducing the
incidence of respiratory failure recurrence and reintu-
bation rates of critically ill patients and patients with
low reintubation risk.® However, its use in patients with
high reintubation risk, such as obese patients, remains
unsupported.

The rate of obesity among patients in the inten-
sive care unit (ICU) is as high as 20%.” The increased
oxygen consumption and work of breathing in obese
patients result in oxygenation reduction with a body
weight increase. Under resting-state conditions, oxygen
consumption is 1.5 times higher in obese than in non-
obese individuals.®

Obese individuals are also prone to atelectasis, as the
weight of the chest wall and a large amount of abdominal
fat compress the lungs and reduce pulmonary compli-
ance, thereby reducing functional residual capacity
and arterial oxygenation. The supine position, which is
usually adopted by patients during mechanical ventila-
tion, also further aggravates atelectasis.

A case—control study of obese and non-obese patients
receiving mechanical ventilation revealed that obese
patients were at higher risk for difficult tracheal intuba-
tion (15% (obese) vs 6% (non-obese)) and stridor after
extubation (15% (obese) vs 3% (non-obese)).’

The main challenge faced by clinicians after extuba-
tion of mechanically ventilated obese patients is the opti-
misation of postextubation oxygen therapy regimens,
based on the pathophysiological characteristics of the
respiratory system of obese patients, in order to reduce
the risk of reintubation and improve patient outcomes.
In recent years, HFNC therapy has received widespread
attention due to its higher level of comfort than that of
NIV." Some studies have found no significant differ-
ences in effectiveness between HFNC therapy and NIV."!
However, the effectiveness of HFNC therapy compared
with NIV in obese patients remains unclear.

Therefore, we here compared the effects of HFNC
therapy and NIV in preventing the need for reintubation
after extubation in obese patients.

METHODS

Study population and data extraction

Data were obtained from the Medical Information Mart
for Intensive Care (MIMIC-IV) database,'® which is a
critical care database developed and maintained by the
Massachusetts Institute of Technology Laboratory for
Computational Physiology. MIMIC-IV is a large, freely
accessible single-centre critical care database containing
comprehensive and high-quality data of patients hospital-
ised at the ICUs of Beth Israel Deaconess Medical Center
between 2008 and 2019. One of the researchers was
allowed to access and download data from the database
after completing the Protecting Human Research Partic-
ipants training. Data were extracted from the MIMIC-IV
1.0 database using PostgreSQL.

Study design

The data of patients who received invasive mechanical
ventilation and for whom extubation had been planned
were extracted and screened from the downloaded data.
The inclusion criteria were as follows: obese patients
(body mass index (BMI) =30 kg/m2 or patients diag-
nosed with obesity in accordance with the 9th and 10th
revisions of the International Classification of Diseases
(ICD-9, ICD-10)); aged =18 years; who underwent HFNC
therapy or NIV within 6hours after extubation. Given
that clinicians always used to give conventional oxygen
therapy first after extubation, and then switch to HFNC or
NIV immediately after finding that it was not applicable.
If only these patients were recruited, a large portion of
the population would be missed. Therefore, for the real-
world data, we set relatively broad inclusion criteria and
chose to include patients who received HFNC or NIV
within 6 hours rather than just immediately after extuba-
tion. For patients with multiple ICU stays, only the data
of the first hospital admission and first ICU stay were
included. For patients with multiple extubations, only
the data related to the first extubation were included. We
excluded patients with a length of ICU stay <24hours;
tracheotomy and death occurred within 1hour after
extubation without reintubation (ie, patients in whom
treatment had been abandoned).

Patients were grouped as follows: The HFNC group
included patients who received postextubation contin-
uous or intermittent HFNC therapy until improvement
or deterioration (following which conversion to NIV or
reintubation was performed) occurred. The NIV group
included patients who underwent continuous or inter-
mittent NIV postextubation until improvement or deteri-
oration (following which reintubation was performed) of
the patient’s condition.

Baseline data

The following baseline patient data were collected: demo-
graphic data, anthropometric data, comorbidities, Simpli-
fied Acute Physiology Score (SAPS) II on ICU admission
and diagnostic information. Other data collected include
vital signs, inhaled oxygen concentration setting of the
ventilator, tidal volume and arterial blood gases prior
to removal of the tracheal catheter. The arterial oxygen
tension/fractional inspired oxygen (FiO,) ratio was
calculated. The use of vasopressors, such as epinephrine,
norepinephrine, phenylephrine, vasopressin and dopa-
mine, prior to extubation, was also recorded.

Outcomes

The primary outcome was reintubation within 96 hours
after extubation. Secondary outcomes were reintubation
within 48 hours, reintubation within 72hours, in-hospital
reintubation, length of stay in ICU, length of hospitali-
sation, in-ICU mortality and in-hospital mortality. Other
outcomes included the time from extubation to rein-
tubation, the number of patients in the HFNC group
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converted to NIV after deterioration and the number of
HFNC patients subsequently reintubated.

Statistical analysis

Non-inferiority analyses were performed in this study.
According to previous studies, the reintubation rate
was about 10%-15% in obese patients treated with
NIV after extubation,'® '* and about 10%-20% treated
with HFNC."' ' 16 we hypothesised that the preset non-
inferiority margin for the HFNC group was 10% based
on considerations of clinical relevance and previous
studies.” '’ The sample size of 757 patients was deter-
mined sufficient to support the unilateral 95% CI analysis
with a statistical power of 80%), and a maximum tolerated
patient loss rate of 15%.

Statistical analysis was performed using R Studio (R
V.4.2.1). Categorical data were expressed as number and
percentage (no (%)), normally distributed measurement
data were expressed as mean+SD, and non-normally
distributed data were expressed as median (QI, Q3).
Multiple interpolation was used to fill in the missing
values. Intergroup comparisons were performed using
the t-test, % test or Mann-Whitney U test, as appropriate.
Two-tailed tests were adopted, with differences consid-
ered statistically significant when p<0.05.

The doubly robust estimation model was used to
explore the relationships between exposure and the
primary outcome variable. Doubly robust estimation
combines the inverse probability of treatment weighting
(IPTW) model targeted towards exposure and a regres-
sion model targeted towards outcomes to analyse causal
effects. When the two models are used singly, the results
are unbiased only when statistical models are correctly
specified. However, the doubly robust estimation model
only requires one of the two models to be correct for the
generation of unbiased results. A series of sensitivity anal-
yses were performed to assess the robustness of the find-
ings. We also tested the interaction between treatment
and the degree of obesity of the patient and so on.

Propensity scores were calculated using the multi-
variate logistic regression model, with a matching ratio
of 1:1 and a calliper of 0.01. The IPTW model was
constructed using weights based on the propensity scores
and was used for further multivariate logistic regression
analysis of the weighted cohort. Covariates included in
the model were variables with residual imbalance after
IPTW. Standardised mean differences were calculated to
evaluate the validity of IPTW. Propensity score matching
(PSM) was also adopted to balance baseline characteris-
tics between the two groups.

RESULTS

Baseline characteristics

A total of 23337 planned extubation records from the
MIMIC-IV database were screened. Based on the inclu-
sion and exclusion criteria stated above, 757 cases were
ultimately included in this study (figure 1). The included

patients had a median age of 65 (57, 73) years. Overall,
34.4% of the patients were women, and the median BMI
of the patients was 36.8 (33.2, 43.2) kg/mQ. There were
282 patients in the HFNC group and 475 in the NIV
group. The median SAPS II at ICU admission was 39 (32,
47) points. A total of 97 people were eventually reintu-
bated, 52 in the HFNC group and 45 in the NIV group.

Table 1 shows the baseline characteristics of the two
groups of patients. There were statistically significant
differences in BMI, certain comorbidities (hyperten-
sion, coronary heart disease, chronic obstructive pulmo-
nary disease (COPD), diabetes, cancer) and SpO,, tidal
volume, arterial blood gases and PO, /FiO, ratio prior to
extubation. After propensity score-based IPTW." ' The
majority of covariates were balanced between the two
groups, but age remained significantly different (table 2).
Figure 2 shows the comparison of covariate differences
before and after adjustment using IPTW.

Primary outcome

Outcome regression was combined with IPTW using the
doubly robust estimation method® for the construction
of a regression model. Doubly robust estimation indi-
cated that the risk of reintubation within 96 hours after
extubation did not differ significantly between the HFNC
and NIV groups (table 3) (OR 1.50, 95% CI 0.88 to 2.55,
p=0.127 after adjustment for unbalanced covariates;
OR 1.45, 95% CI 0.84 to 2.50, p=0.180 after adjustment
for all covariates). To ensure the robustness of results,
we performed a logistic regression analysis of multiple
models, including post-PSM logistic regression analysis
as well as logistic regression of the original cohort. The
same conclusion was obtained with all models: compared
with the NIV group, the HFNC group did not have a
significantly elevated risk of reintubation within 96 hours
after extubation (table 3). After PSM, the difference in
rates of reintubation within 96 hours after extubation of
the HFNC and NIV groups was not statistically significant
(17.5% vs 14.3%, p=0.533; table 4).

Secondary outcomes and other outcomes

The outcomes of the two groups were compared after
PSM had been performed, which yielded 154 matched
patient pairs. The baseline characteristics of the two
groups after PSM were shown in online supplemental
table S1. The rates of reintubation within the various
time frames after extubation did not differ significantly
between the matched HFNC and NIV groups. Rates of
reintubation within 48 hours after extubation were 15.6%
vs 11.0% (p=0.314), that within 72 hours after extubation
were 16.9% vs 13.0% (p=0.424), while rates of in-hospital
reintubation were 20.1% vs 15.6% (p=0.372). The time
from extubation to reintubation of the HFNC group was
longer than that of the NIV group (13.7hoursvs 9.4 hours,
p=0.002). The length of hospital stay and length of ICU
stay were significantly longer in the HFNC than in the
NIV group. The lengths of hospital stay and ICU stay were
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MIMIC-IV database

23337 planned extubation records screened in the

1171 patients were included:
*  BMI 2 30kg/m? or a definite
diagnosis of obesity

*  Over 18 years old

*  First admission to ICU

*  Planned extubation for first
time

*  Received HFNC or NIV

414 patients were excluded:
. Length of ICU stay < 24 h

A4

A 4

(n=343)
*  Tracheotomy patient (n=25)

*  Given up treatment (n=46)

757 eventually enrolled

HFNC group (n=282)

NIV group (n=475)

A

\ 4

After PSM (n=154)

After PSM (n=154)

Figure 1 Study flow chart. BMI, body mass index; HFNC, high-flow nasal cannula oxygen; NIV, non-invasive ventilation;

PSM, propensity score matching.

14 days vs 9days (p=0.005), and 7 days vs 5 days (p=0.001),
respectively. However, in-hospital mortality (3.2% vs 5.2%,
p=0.571) and ICU mortality (1.3% vs 5.2%, p=0.108) did
not differ significantly between the two groups (table 4).
Forty-two patients of the HFNC group of the original
cohort were converted to NIV. Among these patients, 10
were reintubated, resulting in an in-hospital reintubation
rate of 23.8%.

Subgroup analysis

Figure 3 shows that the presence or absence of COPD
(p for interaction=0.218) and patient age (p for inter-
action=0.233) did not interact significantly with the
primary outcome in either group. However, significant

interactions were found between BMI and the primary
outcome (p for interaction=0.009). Patients with more
severe obesity tended to benefit more from postextu-
bation HFNC therapy and had a lower rate of reintuba-
tion within 96 hours after extubation. For patients with
BMI >40kg/ m?, the risk of reintubation within 96 hours
after extubation was significantly lower in the HFNC
group than in the NIV group (OR 0.06, 95% CI 0 to 0.39,
p=0.016).

DISCUSSION

Critically ill patients usually have complex and varying
health conditions that necessitate the consideration of
many factors during treatment. The same diagnostic and
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Table 1 Baseline characteristics of the original cohort

HFNC group NIV group
Variables (n=282) (n=475) P value
Age, median (Q1, Q3), years 66 (58, 73) 65 (54, 75) 0.464
Female, no (%) 174 (36.6) 87 (31.0) 0.132
Ethnicity, no (%) 0.234
Black 31 (6.5) 11 (3.9)
White 334 (70.3) 196 (69.8)
Other 110 (23.2) 74 (26.3)
BMI, median (Q1, Q3), kg/m? 37.9 (34.3, 44.2) 34.7 (32.1, 38.0) <0.001
Charlson Comorbidity Index, median (Q1, Q3) 5(4,7) 5@4,7) 0.462
Comorbidities, no (%)
Hypertention 402 (84.6) 220 (78.3) 0.035
Coronary heart disease 152 (32.0) 58 (20.6) 0.001
Congestive heart failure 166 (34.9) 101 (35.9) 0.843
COPD 204 (42.9) 98 (34.9) 0.035
Diabetes 219 (46.1) 108 (38.4) 0.048
Liver disease 37 (7.8) 28 (10.0) 0.370
Renal disease 94 (19.8) 46 (16.4) 0.283
Cancer 21 (4.4) 24 (8.5) 0.031
SAPS II, median (Q1, Q3) 39 (31, 46) 39 (32, 46) 0.549
Use of the vasoactive drug, no (%) 0.135
Not used 371 (78.1) 231 (82.2)
Use of a single class 89 (18.7) 47 (16.7)
Concomitant use of two or more 15 (3.2) 3(1.1)
Vital signs before extubation
MAP, median (Q1, Q3), mm Hg 8 (71, 86) 78 (71, 87) 0.829
Heart rate, median (Q1, Q3), times/min 83 (75, 94) 84 (72, 94) 0.975
Respiratory rate, median (Q1, Q3), times/min 0(17,23) 20.00 (18, 24) 0.100
SpO,, median (Q1, Q3), % 98 (96, 99) 96 (94, 98) <0.001
Tidal volume before extubation, mean+SD, mL 480+109 482+112 0.805
Length of mechanical ventilation before extubation, median (Q1, Q3), hour 18 (6, 53) 37 (15, 90) <0.001
Arterial blood gas results before extubation
pH, median (Q1, Q3) 7.38 (7.34,7.42) 7.41 (7.37,7.45) <0.001
PO,, median (Q1, Q3), mm Hg 101 (85, 123) 86 (74, 104) <0.001
PCO,, median (Q1, Q3), mm Hg 43 (39, 48) 41 (36, 45) <0.001

PaO,/FiO, ratio before extubation, median (Q1, Q3), mm Hg

232.5(190.1,285.0) 175.2 (148.3,240.1) <0.001

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FiO,, fraction of inspired oxygen; HFNC, high-flow nasal cannula
oxygen; MAP, mean arterial pressure; NIV, non-invasive ventilation; PaO,, arterial oxygen tension; PCO,, partial pressure of carbon
dioxide; PO,, partial pressure of oxygen; SAPS, Simplified Acute Physiology Score; SpO,, pulse oximetry.

treatment technlques may not apply equally in different
populations.”’ For instance, diagnostic and treatment
techniques that bring benefit to the general population
may not be equally beneficial in specific populations,
such as those with obesity. In this comparison between
the effects of HFNC therapy and those of NIV on the
need for reintubation of obese patients after weaning
from invasive mechanical intubation, the doubly robust
analysis found no significant differences in the need for

reintubation within 96 hours postextubation between the
two groups. However, among patients with BMI >40kg/
m?, those who received HFNC therapy had a significantly
lower risk of reintubation within 96 hours postextubation
than those who received NIV.

We defined reintubation within 96 hours after extuba-
tion as treatment failure because of the following reasons:
if the observation time is excessively short, then extuba-
tion failure is affected to a greater extent by factors such

Ge Y, et al. BMJ Open Respir Res 2023;10:001737. doi:10.1136/bmjresp-2023-001737
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Table 2 Baseline characteristics of the cohort after IPTW based on propensity scores*

HFNC group NIV group
Variables (n=751) (n=738) P value
Age, median (Q1, Q3), year 63 (53, 73) 66 (58, 74) 0.034
Gender, F, % 37.0 37.3 0.952
Ethnicity, % 0.574
Black 3.8 5.7
White 69.3 69.2
Other 26.9 25.0
BMI, median (Q1, Q3), kg/m? 36.0 (32.9, 42.4) 36.6 (33.5, 42.6) 0.389
Charlson Comorbidity Index, median (Q1, Q3) 5(4,7) 5(4,7) 0.198
Comorbidities, %
Hypertention 78.7 81.5 0.484
Coronary heart disease 24.4 27.0 0.525
Congestive heart failure 38.4 33.6 0.287
COPD 41.2 42.2 0.834
Diabetes 42.7 44.9 0.639
Liver disease 10.3 8.8 0.618
Renal disease 13.4 18.7 0.085
Cancer 6.2 5.8 0.824
SAPSII, median (Q1, Q3) 38 (32, 45) 39 (32, 46) 0.381
Use of vasoactive drug, % 0.630
Not used 81.9 80.6
Use of a single class 16.7 16.7
Concomitant use of two or more 1.4 2.7
Vital signs before extubation
MAP, median (Q1, Q3), mm Hg 77 (70, 88) 78 (71, 87) 0.763
Heart rate, median (Q1, Q3), times/min 84 (72, 93) 83 (75, 95) 0.567
Respiratory rate, median (Q1, Q3), times/min 20 (18, 23) 20 (17, 23) 0.468
Sp0O,, median (Q1, Q3), % 97 (95, 98) 97 (95, 99) 0.217
Tidal volume before extubation, mean+SD, mL 470+106 478+107 0.439
Length of mechanical ventilation before extubation, median (Q1, Q3), hour  23(8, 70) 21 (7,72) 0.322

Arterial blood gas results before extubation
pH, median (Q1, Q3)
PO,, median (Q1, Q3), mm Hg
PCO,, median (Q1, Q3), mm Hg
PaO,/FiO, ratio before extubation, median (Q1, Q3), mm Hg

7.39 (7.35, 7.43)
92(78, 112)

42(38, 48)

204.8 (160.0, 276.3)

7.39 (7.35, 7.43) 0.647
95.0 (78, 118) 0.683
42 (39, 47) 0.945
214.5 (168.0, 270.0) 0.652

*Using the estimated propensity scores as weights, the IPTW model was used to generate the weighted cohort.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FiO,, fraction of inspired oxygen; HFNC, high-flow nasal cannula
oxygen; IPTW, inverse probability of treatment weighting; MAP, mean arterial pressure; NIV, non-invasive ventilation; PaO,, arterial
oxygen tension; PCO,, partial pressure of carbon dioxide; PO,, partial pressure of oxygen; SAPS, Simplified Acute Physiology Score;

SpO,, pulse oximetry.

as erroneous indications for extubation and associated
to a lesser extent with the selection of oxygen therapy
measures after extubation, and more than 80% of rein-
tubations occur within 96 hours after extubation.'®?*%* A
multicentre study conducted in the USA showed that the
choice of a time cut-off of 96hours consistently caught
about 90% of reintubation events in the ICU over a
12-year period, indicating that it was a stable indicator,

and the researchers recommended that the 96hours
time cut-off be used as the criteria for reporting reintu-
bation rates.”

Previous research data have shown that the rate of rein-
tubation in ICU patients after weaning from mechanical
ventilation is approximately 10%,?* while the reintuba-
tion rates of patients with a low risk of extubation failure
are within the range of 5%-13%.*** Certain studies have
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SpOq

PO,/FIO,

BMI 4
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Length of mechanical ventilation before extubation 4

PCO, 1

Coronary heart disease 4

COPD A

Cancer q

Hypertention 4

Diabetes 4

Method
—— IPTW

—— Origianl

0.0 02

04 06

Standardized mean difference

Figure 2 Standardised mean difference before and after IPTW. IPTW represents the variables of the cohort weighted by the
inverse probability. Original represents variables of the original cohort. BMI, body mass index; COPD, chronic obstructive
pulmonary disease; FiO,, fractional inspired oxygen; IPTW, inverse probability of treatment weighting; PCO,, partial pressure

of carbon dioxide; PO, partial pressure of oxygen.

reported that patients with a high risk of reintubation,
who receive routine oxygen therapy, have reintubation
rates of up to 22%-24%."” ** Our results indicated that
the overall in-hospital reintubation rate and reintubation
rate within 96hours after extubation in patients in the
HFNC and NIV groups were 12.8% and 11.6%, respec-
tively, in agreement with previous studies.

Our results demonstrated that in an obese popula-
tion, the effect of HFNC therapy in preventing reintu-
bation following extubation was not inferior to that
of NIV. The prophylactic use of NIV after extubation
in obese patients was generally considered beneficial

Table 3 Analysis using different models of the primary
outcome

Methods OR 95%ClI
Doubly robust with unbalanced 1.50 0.88 to 2.55 0.127
covariates*

Doubly robust with all
covariates

PSMt 1.27 0.69102.35 0.436
Multivariate logistic regression 1.38 0.81 to 2.34 0.225

P value

1.45 0.84102.50 0.180

*Only variable that remained unbalanced after IPTW were
included, of which only a single variable, age.

TThe two groups were matched by propensity scores and a
multivariate logistic regression analysis was performed.

IPTW, inverse probability of treatment weighting; PSM, propensity
score matching.

because positive pressure ventilation can prevent alveolar
collapse, improve lung inflation and reduce the inspira-
tory threshold load in obese patients.”” However, poor
patient tolerance has always been a major challenge in
NIV treatment. A previous study found that 29% of NIV
failures were due to treatment intolerance, which was
significantly higher than the 4% rate of HFNC.?’ Patients
often remove the mask or interrupt respiratory support
due to claustrophobia, coughing up sputum, drinking or
eating when treated by NIV.*® However, HFNC can gener-
ally be used continuously for several days because of its
comfort.”’ Compared with NIV, HFNC only creates alower
level of positive airway pressure through nasopharyngeal
and airway resistance to high flow gases.” * Nevertheless,
it provides appropriate temperature and high humidity
gas, which can promote mucociliary clearance, thus
improving small airway function and decreasing airway
resistance in obese patients.Sl % Moreover, Corley et al®
found that HFNC increased end-expiratory volume in
subjects, especially in obese subjects. A post hoc analysis
of alarge trial showed that NIV was not superior to HFNC
in obese patients after thoracic surgery (mean BMI of 34
kg/ m?), with 15% and 13% treatment failure in the NIV
and HENC groups, respectively.”

This study also suggests that HFNC therapy results in
a lower risk of reintubation in severely obese patients
compared with NIV. Previous studies on the application
of high-flow oxygen therapy in severely obese patients
were limited. A randomised controlled trial indicated

Ge Y, et al. BMJ Open Respir Res 2023;10:001737. doi:10.1136/bmjresp-2023-001737
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Table 4 Secondary outcome analysis after PSM

HFNC group NIV group
Outcomes (n=154) (n=154) | P viaue
Reintubation
Within 48 hours, no (%) 24 (15.6) 17 (11.0) 0.314
Within 72 hours, no (%) 26 (16.9) 20 (13.0) 0.424
Within 96 hours, no (%) 27 (17.5) 22 (14.3) 0.533
In-hospital, no (%) 31 (20.1) 24 (15.6) 0.372
Time from extubation to reintubation, median (Q1, Q3), hour 13.7 (7.8,21.5) 9.4 (6.4,15.3) 0.002
Length of stay, median (Q1, Q3), day
Hospital 14 (8, 19) 9 (6, 15) 0.005
ICU 7 (4,11) 5(2, 8) 0.001
Mortality
Hospital, no (%) 5(3.2) 8(5.2) 0.571
ICU, no (%) 2(1.3) 8 (5.2) 0.108

HFNC, high-flow nasal cannula; ICU, intensive care unit; NIV, non-invasive ventilation; PSM, propensity score matching.

that HFNC improves the efficiency of apnea oxygen-
ation in morbid obesity (BMI >40kg/m?),* in the case
of apnea, the flow rate and the proximity of fresh gas to
the airway epithelium both affect the efficiency of respi-
ratory oxygenation.” In addition, we speculated that
severe obesity might be associated with limited treatment
adherence and a higher propensity for NIV intolerance
based on clinical experience. In contrast, HFNC treat-
ment provides a higher level of comfort. However, more
studies are needed to support this idea.

Subgroup OR (95%CI) P

COPD 0218
No 1.75 (0.88-3.51) 0.114
Yes 0.93 (0.38-2.18) 0.861

Age (¥) 0.233
<65 1.25 (0.53-2.97) 0.612
>65 1.67 (0.83-3.36) 0.148

BMI (kg/m?) 0.009
>30&<35 2.19 (1.01-4.87) 0.05
>35&<40 2.18 (0.82-5.93) 0.121
>40 0.06 (0-0.39) 0.016

Oxygen supplementation through HFNC or NIV may
significantly improve the oxygen saturation of patients
compared with conventional oxygen therapy, as a
result, the time from extubation to reintubation will be
prolonged compared with conventional oxygen therapy.
HFNC, in particular, improves patient tolerance to respi-
ratory failure due to its comfort. One study by Sztrymf et
al has stated that patients who are not intubated tolerate
HFNC for long periods.”® A randomised controlled trial
showed that the time from extubation to reintubation

P for interaction

[ I T I T T |

0 1 2 3 4 5 6
<--HFNC Better-- --NIV Better-->

Figure 3 Logistic regression analysis of the primary outcome according to the predefined strata. BMI, body mass index;
COPD, chronic obstructive pulmonary disease; HFNC, high-flow nasal cannula; NIV, non-invasive ventilation.
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was longer in patients receiving HFNC than in those
receiving NIV, which is consistent with our study.

The duration before reintubation of the HFNC group
was significantly longer than that of the NIV group. This
may be due to the higher level of comfort and improve-
ment in blood gas indicators associated with HFNC
therapy, which may have masked the deterioration in
patient condition to a certain extent and thus led to a
delay in reintubation. Previous studies have demon-
strated that delayed intubation may increase the risk of
adverse outcomes, including death,37 but this was incon-
sistent with the results of this study.

The lengths of hospital stay and ICU stay of the HFNC
group were significantly longer than those of the NIV
group in this study. This may be partly attributed to
delayed reintubation in the HFNC group. However,
prolongation of hospital and ICU stay inevitably increases
the costs of hospitalisation, which is an issue that requires
consideration.

This study had certain limitations. The data used in
this study were obtained from electronic health records.
Although the majority of high-risk factors for reintuba-
tion have been included in our analysis, some factors
were excluded due to missing or omitted data. Moreover,
adjustments to the data based on the year of hospitalisa-
tion have not been made. Since the database spans a rela-
tively long period, treatment methods may have evolved,
but this was not taken into consideration. Furthermore,
this was a single-centre retrospective study. Although
biases have been reduced to a certain extent by doubly
robust estimation, future multicentre, prospective studies
with a large sample size are still required to validate our
findings. Also noteworthy, we chose to include patients
who received HFNC or NIV within 6 hours rather than
just immediately after extubation, which means that
a portion of patients might receive the two treatments
because of developing respiratory distress after extuba-
tion, therefore, this study only examined the effects of
HFNC and NIV on the prevention of extubation failure,
but cannot represent the effects of the two treatments on
the prevention of respiratory failure.

This retrospective observational study showed that,
in an obese population, the effect of HFNC therapy in
preventing reintubation after extubation was not inferior
to that of NIV. Additionally, HFNC therapy demonstrated
an advantage in severely obese patients. However, it is
noteworthy that HFNC led to significantly longer hospital
stay and ICU stay than NIV in obese subjects.
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