L))

Check for
updat

Original Articl

Effect of sequential high-flow nasal cannula oxygen therapy

and non-invasive positive-pressure ventilation in patients with
difficult weaning from mechanical ventilation after extubation on
respiratory mechanics

Shi-Ya Wang'*, Han-Wen Liang”, Guang-Sheng Lu**, Zhen-Jie Jiang', Bao-Zhu Zhang', Qiu-Xue Deng’,
Qing-Wen Sun', Zhi-Min Lin"*, Qiang Chen', Chun Yang', Yuan-Da Xu"*, Ling Sang"*

"National Clinical Research Center for Respiratory Disease, Guangzhou Institute of Respiratory Health, Department of Critical Care Medicine, The
First Affiliated Hospital of Guangzhou Medical University, Guangzhou, China; “National Clinical Research Center for Respiratory Disease, State
Key Laboratory of Respiratory Disease, Guangzhou Institute of Respiratory Health, the First Affiliated Hospital of Guangzhou Medical University,
Guangzhou, China; ‘Department of Critical Care Medicine, First People’s Hospital of Zhaoqing, Zhaoging, China; *Guangzhou Laboratory,
Guangzhou, China

Contributions: (I) Conception and design: YD Xu, SY Wang, GS Lu; (IT) Administrative support: None; (III) Provision of study materials or patients:
YD Xu, L Sang, ZM Lin, Q Chen, C Yang, QW Sun; (IV) Collection and assembly of data: SY Wang, ZJ Jiang, BZ Zhang; (V) Data analysis and
interpretation: HW Liang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Yaan-Da Xu; Ling Sang. National Clinical Research Center for Respiratory Disease, Guangzhou Institute of Respiratory Health,
Department of Critical Care Medicine, The First Affiliated Hospital of Guangzhou Medical University, Guangzhou 510120, China; Guangzhou
Laboratory, Guangzhou 510320, China. Email: xuyuanda@sina.com; sonysang999@aliyun.com.

Background: Patients with difficult weaning who undergo mechanical ventilation are more likely to be
at risk of reintubation and the sequential use of oxygen therapy after extubation is a concern for clinicians.
Therefore, the aim of the present study was to compare the effects of transnasal high-flow nasal cannula
(HFNC) oxygen therapy and non-invasive positive-pressure ventilation (NIV) on respiratory mechanics in
patients with difficult weaning.

Methods: The present study was a single-center, retrospective, observational study. Twenty-nine patients
with difficult weaning off invasive mechanical ventilation from the Department of Critical Care Medicine, The
First Affiliated Hospital of Guangzhou Medical University, from December 2018 to April 2021, were included.
Within 48 h after extubation, alternate respiratory support with HFNC and NIV was provided. Relevant
indicators were recorded after each support mode had been maintained for at least 60 min. These included
esophageal pressure (Pes), gastric pressure (Pga), transdiaphragmatic pressure (Pdi), pressure-time product
of Pes (PTPes), pressure-time product of Pga (PTPga), pressure-time product of Pdi (PTPdi), ratio of the
PTPdi to the PTPes (PTPdi/PTPes), and ratio of the Pes to the Pdi (Pes/Pdi), diaphragmatic electromyogram
(EMGdi), percentage of esophageal pressure coefficient of variation (CVes%),diaphragmatic electromyogram
coefficient of variation (CVEMG),inspiratory time (1), expiratory time (Te) and respiratory cycle time (Ttot).
Results: Of the 29 patients included, 22 were males and 7 were females [age: 63.97£15.34 years, Acute
Physiological and Chronic Health Estimation IT (APACHE II) score: 18.00£5.63]. The CVes% and the Pes/
Pdi were significantly higher in patients with NIV than HFNC using 40 L/min, CVes%: 9 (-6, 20) vs. -7
(=23, 6) and Pes/Pdi: 0.17 (-0.1, 0.53), vs. -0.12 (-0.43, 0.08) (P<0.05). The remaining indicators were not
statistically different.

Conclusions: The sequential NIV and HFNC can be tolerated in patients with such difficult weaning off
mechanical ventilation after extubation, and more patients tend to choose HFNC subjectively. Compared
with HFNC, NIV reduces the work of adjunctive respiratory muscle, but the patient’s Pes dispersion is high

when NIV is used, and it is necessary to pay attention to patient-ventilator coordination in clinical practice.
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We recommend alternating HFNC and NIV during the sequential respiratory therapy after extubation.
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Introduction

The proportion of patients on invasive mechanical
ventilation who have difficult weaning is approximately
20-40% (1,2). These patients have significantly higher
rates of failed extubation and reintubation. Sequential
respiratory support after extubation improves prognosis and
is used to prevent reintubation in critically ill patients (3).
Non-invasive positive-pressure ventilation (NIV) has been
used for many years to avoid reintubation and to improve
prognosis, especially in patients with chronic obstructive
pulmonary disease (COPD), hypercapnia, and acute
cardiogenic pulmonary edema (4). According to the 2017
European Respiratory Society/American Thoracic Society
(ERS/ATS) guidelines, it suggests that NIV be used to
prevent post-extubation respiratory failure in high-risk
patients (5). However, patients treated with NIV often
suffer from aspiration errors, oro-nasopharyngeal dryness,
mask compression, nasal and facial skin damage, difficulty
in expelling sputum, pneumatic injuries, claustrophobic
syndrome, and patient-ventilator dyssynchrony (6-8). More
than 15% of patients develop NIV intolerance for various
reasons, which increases the risk of treatment failure and
reintubation (9,10). In recent years, HFNC has also been
increasingly used to prevent reintubation in patients at
risk of failed extubation (11-13). NIV generates a fixed
pressure support through a variable flow rate, while HFNC
generates a variable pressure support by generating a
constant high flow rate gas that is heated and humidified.
HFNC has higher comfort and tolerance than NIV, but it
provides Pressure support is low. Some studies have shown
that HFNC reduces intensive care unit (ICU) length of stay
compared with NIV (14). There is no difference in ICU
mortality, length of ICU stay, reintubation (15). And HFNC
is not inferior to NIV in preventing respiratory failure
and reintubation in high-risk patients after extubation,
including patients with COPD combined with hypercapnia,
who are intubated for respiratory failure (12,16). A recent
RCT concluded that, in mechanically ventilated patients
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at high risk of extubation failure, the use of high-flow nasal
oxygen with NIV immediately after extubation significantly
decreased the risk of reintubation compared with high-flow
nasal oxygen alone (17). Why is using NIV and HFNC
alternately better than using HFNC alone? And there is no
difference in using NIV or HFNC alone? We try to find the
difference between NIV and HFNC from the perspective
of respiratory mechanics, in order to realize the advantages
and avoid disadvantages in clinical applications. We present
the following article in accordance with the STROBE
reporting checklist (available at https://dx.doi.org/10.21037/
atm-21-3408).

Methods
Patient selection

Twenty-nine patients with difficult weaning from invasive
mechanical ventilation, admitted to the Department of
Critical Care Medicine, The First Hospital of Guangzhou
Medical University from December 2018 to April 2021,
were included.

Difficult weaning was defined as patients who fail initial
weaning and require up to three spontaneous breathing trial
(SBT) or as long as 7 days from the first SBT to achieve
successful weaning (18). According to our clinical protocol,
all patients included met the 2007 ERS/AST weaning

screening criteria.

Exclusion criteria

The exclusion criteria were as follows: (I) patients aged
<18 years or >80 years; (II) hemodynamic instability; (I1I)
contraindications to the placement of a multifunctional
monitoring nasogastric tube, gastric and esophageal
lesions and malformations, severe bleeding and
coagulation abnormalities, post-pyloric feeding, recent
upper gastrointestinal surgery, or esophagogastric fundic
varices; (IV) those who were pregnant; (V) diagnosed with
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bronchopleural fistula; (VI) intra-abdominal hypertension
or a history of abdominal surgery in the past month; (VII)
severe cardiac arrhythmias or pacemaker implants; (VIII)
relative contraindications to NIV, including increased
secretions; (IX) deep sedation or neuromuscular blocking
agents used within 48 h; and (X) patient or family refusal.

Ethics

The study complied with medical ethics standards and was
approved by the Ethics Committee of the First Affiliated
Hospital of Guangzhou Medical University (approval
No.: 2020-159). Informed consent was obtained from
the patient or next of kin for treatment and monitoring.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study has been registered
in the Chinese Clinical Trial Registry (registration No.:
ChiCTR2100044634).

Monitoring

A multifunctional transesophageal monitoring gastric
tube (Guangzhou Institute of Respiratory Health,
Guangzhou, China) was insert through the nasal cavity
of the patient after signing the informed consent form.
The multifunctional transesophageal monitoring gastric
tube (14F) consists of an esophageal sac, a gastric sac,
gastric tube, and 10 electrodes, which is self-contained
with a barium non-developing line, and is left in place to
ensure that the esophageal sac is located in the middle
and lower third of the esophagus by using X-rays. The
versatile transesophageal monitoring of the gastric tube
does not interfere with daily nasal feeding, and therefore
allows dynamic monitoring of the respiratory mechanics of
patients on sequential respiratory support after weaning.

Airtightness check and inflation

When measurement data are required, the airtightness
of the airbag must first be determined. The gastric and
esophageal bursa tubes of the multipurpose gastric tube are
connected to the 2 manometry tubes via a medical three-
way pipe. Connected a 5 mL syringe to the place where the
medical three-way pipe communicates with the atmosphere.
The valve is then rotated so that the manometer tube
is locked in the direction of the syringe, and the gastric
capsule is opened in the direction of the syringe. The
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syringe is drawn to a negative pressure and then relaxed;
it is left to retract naturally and then fixed. Then rotate
the valve until the three sides are locked, remove the
syringe, draw 2 mL of air, connect the syringe again to
the connection between the IV tee and the outside world,
rotate the tee until all three sides are open, inject 2 mL of
air into the gastric sac, draw back 0.8 mL of air and rotate
the tee so that the gastric sac is open in the direction of the
manometer tube and locked in the direction of the outside
air. Repeat for the esophageal sac, but after injecting 2 mL
of air, pump back 1.2 mL of gas.

Conmnections

The DP15 pressure sensor is connected to the
CD280 pressure amplifier (Validyne Engineering
Corp., Northridge, California, USA), the diaphragm
myoelectric signal is converted by the bioelectric
amplifier (ADInstruments, Bella Vista, Sydney, New
South Wales ,Australia) and then input into the Powerlab
16/35 (ADInstruments, Bella Vista, Sydney, New South
Wales ,Australia), and then connected to the Labchart 7
(ADInstruments, Bella Vista, Sydney, New South Wales,
Australia) of the computer.

Measurements and values

Five EMGdi channels were visible in the LabChart
software, as well as 3 pressure curves. The first and fifth
channels had maximum EMGdi signals and the third
channel had the minimal EMGdi signal. The root mean
square values of the EMGdi signals were generated offline
with a time constant of 100 ms and calculated automatically
by LabChart7 software. Of the pressure curves, curve 1
responds to Pga (in response to intra-abdominal pressure),
curve 2 to Pes (in response to intrathoracic pressure), and
curve 3 to Pdi, at the same time. The pressure-time product
(PTP) was calculated as the corresponding area curve
under 1 respiratory period, and the PTP during 5 smooth
breaths was taken and averaged to obtain the corresponding
PTPes, PTPga, and PTPdi. Calculation of the percentage
of coefficient of variation (CV%) was as follows: CV% =
SD/MN x100/%, where SD is the standard deviation and
MN is the mean. We calculated the CV of Pes and EMGdi
according to this formula.

After extubation, the patient was ventilated with
HFNC or NIV in a sequential manner. We monitored
only the respiratory mechanic parameters for 48 h,
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40 patients with difficult weaning from invasive
mechanical ventilation
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\4

36 patients were enrolled within 48 hours after
extubation

=I 4 patients failed extubation

7 patients excluded
¢ 4 patients only used NIV
¢ 1 patient with severe delirium

\4

29 patients used HFNC with flow rate of 40 L/min and NIV
® 7 patients only used HFNC with flow rate of 40 L/min
and NIV
® 22 patients used HFNC with different flow rate
(20 L/min,40 L/min,60 L/min) and NIV

>l 1 patient’s gastric pouch leaked
¢ 1 patient only used HFNC with different flow
rate (20 L/min, 40 L/min, 60 L/min)

Figure 1 Flowchart. HFNC, high-flow nasal cannula; NIV, non-invasive positive-pressure ventilation.

with at least 60 min of continuous ventilation for each
switch of the sequential mode and 2 min of continuous
recording of the relevant data for analysis. The patients
oxygen concentration was set at 35-40% and the HFNC
temperature was set at a uniform 37.0 °C. Patients’ vital
signs were closely monitored during the study period, and
as soon as they became unwell, the original respiratory
support method and parameters were immediately used and
the doctor was promptly informed for further management.

Statistical analysis

All statistical analyses were performed using R version 4.0.4.
There were missing values in the dataset, and the percentage
of missing values was approximately 5%. We performed
multiple interpolations based on predictive mean matching
on the missing values. Shapiro-Wilk test was used to test
whether the distribution of continuous variables was normal,
and Levene’s test for chi-squared. If continuous variables
were normally distributed and satisfied chi-square, they
were expressed as mean + SD and analyzed using analysis of
variance or they were expressed as median and interquartile
range and tested non-parametrically using the Kruskal-Wallis
test. P<0.05 was considered statistically significant.

Results

A total of 40 patients who met the criteria for weaning

© Annals of Translational Medicine. All rights reserved.

were included in the study. Of these, 4 patients had failed
withdraw and 4 were extubated with NIV for respiratory
support only; 1 patient was not able to undergo post-
extraction monitoring because of delirium; 1 patient was not
monitored due to gastric bursa leakage, resulting in partial
loss of data; 1 patient was randomized to respiratory support
with only 20, 40, and 60 L/min of HFNC after extubation; 7
patients were randomized to NIV and 40 L/min HFNC for
respiratory support after extubation, and 22 patients were
randomized to NIV and HFNC with different flow rates (20,
40, 60 L/min) for respiratory support after extubation, as
shown in Figure 1.

Finally, data were collected on 29 patients, including
22 male patients and 7 female patients. Among them,
10 patients with severe pneumonia (34.48%), 9 patients
with AECOPD 31.03%), 8 patients were admitted to
undergraduate (27.59%) after lung transplantation, 1
patient was admitted for lymphangioleiomyomatosis and
post-pleural biopsy (3.45%), 1 case of severe head injury
(3.45%), as shown in Tible 1.

Effect of NIV versus HFNC at 40 L/min on respiratory
mechanics after extubation in patients on invasive
mechanical ventilation

Twenty-nine patients completed the collection of relevant
data. Patients had Pes, Pga, Pdi, PTPes, PTPga, PTPdi,
EMGdi, CVEMG, Ti, Te, Ttot, PTPdi/PTPes were not
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Table 1 Patient characteristics at inclusion

Characteristics Value
Male/female (n) 22/7
Age (years) 63.97+15.34
Body mass index (kg/m?) 22.07+3.61
PBW (kg) 58.72+6.06
APACHE Il score 18.00+5.63
SOFA score 7.86+3.41

Hospital (days) 35.0 (27.0, 49.0)

ICU (days) 25.0 (13.0, 33.0)
Duration of IMV (days) 18.0 (8.0, 29.0)
Duration of NIV (days) 3.0(2.0,7.0)
RSBI (times/min-L) 53.0 (33.36, 62.50)

Main reason for intubation, n (%)

Severe pneumonia 10 (34.48)
AECOPD 9 (31.03)
Lung transplantation 8 (27.59)
Lymphangiomyomatosis 1(3.45)
Severe head injury 1(3.45)

Data are shown as mean + standard deviation or median
(interquartile range). AECOPD, acute exacerbation of chronic
obstructive pulmonary disease; IMV, invasive mechanical
ventilation; PBW, predicted body weight; RSBI, Rapid Shallow
Breathing Index.

significantly difference in respiratory mechanics between
NIV and 40 L/min HFNC (all P>0.05), as shown in Table 2.

Discussion

In recent years, more and more studies have recognized
the utility of measuring neural respiratory drive by EMGdi
substitution (19-24). High neural respiratory drive may lead
to lung or diaphragm injury in patients under mechanical
ventilation. And excessive respiratory drive can also cause
double-triggering and breath-stacking in assist control
modes resulting in higher tidal volumes and injurious lung
stress (25,26). This trial found that when HFNC with a flow
rate of 40 L/min and NIV were used as sequential support
after extubation, there was no statistical difference between
EMGdi and PTPdi in patients, indicating that there was no
significant difference in the neural respiratory drive and the
work of breathing.
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Although both NIV and HFNC are commonly used for
post-extubation sequential therapy, they are not identical
in their mechanisms of action, with NIV producing fixed
positive airway pressure through a relatively airtight
connection and a variable flow rate (27). In contrast, HFNC
creates variable positive airway pressure (between 2 and
8 cmH,0O at the pharyngeal level) by producing a warmed
and humidified high-flow rate of gas, similar to positive
end-expiratory pressure (PEEP) (28,29). Which resembles
PEEP and is proportional to the administered gas flow rate,
and varies with patient breathing pattern (i.e., breathing
with the mouth open or closed).

As shown in Figure 2, the CVes% was significantly
higher and more positive with NIV than HFNC, suggesting
that NIV provides greater support than HFNC, but the
large dispersion and uneven distribution of Pes with
NIV reflects that patients are prone to patient-ventilator
dyssynchrony with NIV. During NIV, the patient has clear
consciousness and spontaneous breathing. The problem of
patient—ventilator dyssynchrony under various reasons is
relatively prominent, which affects the patient’s subjective
feelings and seriously affects the treatment effect. In
COPD, when the patient—ventilator dyssynchrony, it
causes excessive lung inflation, diaphragm dysfunction,
and increased work of breathing, thereby prolonging ICU
stay time and even leading to reintubation. However, no
significant difference was seen in the PTPdi of patients
during the two sequential supports. In a recent study,
Grieco et al. found that compared with HFNC, high
positive end-expiratory pressure helmet reduces inspiratory
effort, reduces Pes and pressure-time product, without
affecting carbon dioxide and comfort (30). We speculate
that two possibilities exist for the difference in results.
First, in that study, the authors used a high positive end
expiratory pressure (PEEP) helmet, which was more
airtight and able to provide a higher PEEP than in our
experiments. Second, because our calculation of PTPdi was
made up of both works done by the diaphragm itself and
by external respiratory support, with the NIV providing
higher support and no significant difference in PTPdi, it
is presumed that the work done by the patient’s diaphragm
is less than that in the HFNC group when the NIV is
used. The reasons for airway non-occlusion due to open
mouth and nasogastric tubes make HFNC less effective
than NIV in providing continuous positive intra-airway
pressure during breathing, even though it can reduce upper
airway resistance and improve lung compliance (19). Only
40 L/min HFNC was used for comparison with the NIV
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Table 2 Effect of HFNC and NIV on respiratory mechanics in patients after extubation

Wang et al. Different effect of sequential HFNC and NIV after extubation

Variables 40 L/min HFNC NIV P value
Pes (cmH,0) -0.42 (-3.5, 2.62) 2 (-0.22, 4.91) 0.1256
Pga (cmH,0) 9.05 (5.44, 10.8) 9.11 (7.1, 20.12) 0.446

Pdi (cmH,0) 8.62 (4.98, 17.9) 8.1 (4.54,19.11) 0.9752
PTPes (cmH,O-s/min) -0.48 (-4.48, 2.85) 2.24 (-0.16, 5.28) 0.1127
PTPga (cmH,O-s/min) 8.86 (6.4, 17.2) 9.82 (7.83, 22.23) 0.4322
PTPdi (cmH,0-s/min) 10.72 (5.76, 19.15) 8.77 (4.35,17.14) 0.8276
EMGdi (uV) 0.04 (0.02, 0.06) 0.03 (0.02, 0.05) 0.8825
CVes% (%) -7 (-28, ) 9 (-6, 20)* 0.03934
CVEMG% (%) 0.07 (0.04, 0.13) 0.12 (0.06, 0.17) 0.1458
Ti (s) 1.27+0.33 1.14+0.25 0.0802
Te (s) 1.58 (1.3, 1.98) 1.6 (1.48, 2.1) 0.3967
Ttot (s) 3.03+0.91 3+0.8 0.899

PTPdi/PTPes -1.73 (-3.78, 1.33) 0.68 (-2.16, 3.39) 0.08714
Pes/Pdi -0.12 (-0.43, 0.08)* 0.17 (-0.1, 0.53)* 0.02091

*, represents NIV versus HFNC at 40 L/min, P<0.05. HFNC, high-flow nasal cannula; NIV, non-invasive positive-pressure ventilation.

in our experiments, and this might not be representative, as
40 L/min HFNC theoretically provides less than 60 L/min of
PEEP. In our previous experiments, we compared the effects
of HFNC at different flow rates (20, 40, 60 L/min) on the
respiratory mechanics of patients and found no difference in
the effects of HFNC at different flow rates on the work of
the respiratory muscles and diaphragm electromyography.
We therefore conclude that HFNC at different flow rates
produces only slight positive airway pressure and does
not produce a significant increase in airway pressure with
increasing flow rate. As approximately 50% of patients
experience coughing, runny nose, and reduced comfort at a
flow rate of 60 L/min, we believe that 40 L/min is the ideal
flow rate to provide the same level of respiratory support as
other flow rates, while providing optimal patient comfort.
The patients in this experiment are breathing spontaneously.
We found that Pes/Pdi is higher when using NIV than
HENC and most of them have a positive relationship, also
supporting our findings that the patients reduced the work
done by the inspiratory-assisted respiratory muscles when
using NIV.

Our trial has some limitations. First, the homogeneity
of the included patients was not high and we had a small
number of cases; more cases will need to be included and
analyzed in subgroups in the future. Second, patients’
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comfort was not adequately assessed and further statistically
analyzed using scales, such as the visual numerical scale,
but was simply recorded by asking patients about their
subjective perceptions of whether they were experiencing
discomfort. Third, NIV and HFNC are performed
consecutively; the sequence is not fixed, and patients are
ventilated for only 1 h when switching between sequential
oxygen therapy modalities. It is possible that prolonging
the ventilation time for each sequential oxygen therapy will
have a different effect on respiratory mechanics, and the
effect of different ventilation times may not be the same.
Fourth, NIV and HFNC are consecutive and the sequence
is not fixed. When using NIV, the time curve comparison of
respiratory waveform, Pes, EMGdi, etc. is not combined to
identify the patient-ventilator dyssynchrony.

Outlook

The effect of different ventilation times on the patient
respiratory mechanics (e.g., 2 and 4 h of continuous
ventilation) should be compared in future studies in order
to provide better sequential support times for clinical
purposes. The incidence and type of patient-ventilator
dyssynchrony should also be compared by combining
airway pressure-time, esophageal pressure-time waveforms,
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Figure 2 Violin diagrams for CVes%, EMGdi, Pes/Pdi, and PTPdi. PTPdi and EMGdi were not statistically different, and Ped/Pdi
and CVes% were statistically significantly different (***, P<0.05). HFNC, high-flow nasal cannula; NIV, non-invasive positive-pressure

ventilation.

and EMGdi.

Conclusions

The sequential NIV and HFNC can be tolerated in patients
with such difficult weaning off mechanical ventilation
after extubation, and more patients tend to choose HFNC
subjectively. Compared with HFNC, NIV reduces the
work of adjunctive respiratory muscle, but the patient’s Pes
dispersion is high when NIV is used, and it is necessary to
pay attention to patient—ventilator coordination in clinical
practice. We recommend alternating HFNC and NIV
during the sequential respiratory therapy after extubation.
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