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Abstract: Objective: To evaluate the efficacy of high-flow nasal oxygen therapy (HFNO) vs. non-invasive positive pres-
sure ventilation (NIPPV) in type Il respiratory failure, and analyze their impact on blood gas parameters. Methods: A
retrospective analysis of 110 cases of type Il respiratory failure treated from April 2021 to March 2023 categorized
patients into control (NIPPV, n=50) and observation (HFNO, n=60) groups. Both groups received comprehensive
nursing interventions. Treatment outcomes, respiratory and hemodynamic parameters, blood gas parameters, and
Acute Physiology and Chronic Health Evaluation Il (APACHE Il) scores were compared before and 48 hours after
treatment. Additionally, the complication rates and independent risk factors affecting prognosis were analyzed.
Results: The observation group exhibited superior treatment efficacy compared to the control group (P=0.001).
Both groups showed significant improvements in APACHE |l scores and respiratory, hemodynamic, and blood gas
parameters after treatment (P<0.001), with the observation group experiencing more pronounced improvements
(P<0.001). The observation group also had a lower incidence of complications than the control group (P=0.013).
Logistic regression identified PaCO, and treatment protocol as independent risk factors affecting adverse outcomes
(P<0.05). Conclusion: HFNO demonstrates superior therapeutic efficacy in type Il respiratory failure, significantly
improving blood gas parameters with a high level of safety, supporting its clinical applicability.

Keywords: High-flow nasal oxygen therapy, non-invasive positive pressure ventilation, type Il respiratory failure,
therapeutic effects, blood gas parameters

Introduction exceeding 50 mmHg. This disease is character-

ized by a rapid onset, swift progression, and a

Acute respiratory failure is a multifaceted syn-
drome resulting from severe impairment of pul-
monary ventilation and/or gas exchange attrib-
uted to diverse underlying factors [1]. Patients
manifesting concurrent carbon dioxide reten-
tion are classified as type |l respiratory failure,
commonly denoted as hypercapnic respiratory
failure [2]. Diagnostic criteria for type Il respira-
tory failure include an arterial oxygen partial
pressure (Pa0,) below 60 mmHg and an arteri-
al carbon dioxide partial pressure (PaCO,)

notably high mortality rate, significantly impact-
ing patient survival [3, 4]. Consequently, prompt
and efficacious interventions are imperative in
the management of type Il acute respiratory
failure, with the goal of alleviating clinical symp-
toms and reducing mortality.

Non-invasive ventilation is presently the pre-
dominant method in clinical practice to assist
ventilation in patients with such condition.
Nevertheless, it has certain limitations [5],
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including challenges, such as the absence of
airway control, restricted ventilation pressure,
complexities in sustaining an airtight airway,
insufficient airway humidification and drainage,
inadequate monitoring devices, the potential
risk of aspiration, facial pressure injuries result-
ing from respiratory masks, and patient anxiety
[6]. Consequently, the quest for novel ventila-
tion assistance methods has emerged as a
substantial challenge in clinical practice for the
management of these patients.

In recent years, advancements in medical tech-
nology have led to the gradual incorporation of
high-flow nasal oxygen (HFNO) in the manage-
ment of acute respiratory failure. HFNO, a tech-
nique delivering humidified and heated oxygen
through nasal cannulas, ensures a consistent
oxygen concentration and enhances respirato-
ry function in patients [7, 8]. Globally, HFNO has
become a prevalent ventilation method in clini-
cal practice [9]. While HFNO is gaining traction
in China, comprehensive efficacy assessment
data in patients remain relatively limited.

The primary aim of this study is to observe the
therapeutic effects of HFNO and non-invasive
positive pressure ventilation (NIPPV) in patients
with type Il respiratory failure and to assess
their impact on blood gas parameters, so as to
provide further insights into treatment options
for type Il respiratory failure.

Materials and methods
Clinical data

A retrospective analysis was conducted on 110
patients with type Il respiratory failure treated
at Xi'an International Medical Center Hospital
between April 2021 and March 2023. Patients
were stratified into two groups based on treat-
ment plans: the control group (n=50) received
NIPPV, and the observation group (n=60)
received HFNO. Inclusion criteria: (1) Patients
who met relevant diagnostic criteria for type Il
respiratory failure [2]; (2) Patients with good
compliance and clear consciousness; (3)
Patients with complete clinical data; (4) Patients
who received NIPPV or HFNO with post-treat-
ment outcome assessment. Exclusion criteria:
(1) Patients with coagulation disorders; (2)
Patients with significant organ dysfunction
(e.g., liver or kidney impairment); (3) Patients
with severe infectious diseases or immunodefi-
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ciency; (4) Pregnant or lactating women; (5)
Patients with contraindications to the treat-
ment regimens. This study obtained approval
from ethics committee of Xi'an International
Medical Center Hospital and adheres to the
principles of the Helsinki Declaration. The
research flow chart is shown in Figure 1.

Treatment methods

Upon admission, all patients received standard
treatment for their underlying primary diseas-
es, coupled with mucolysis, anti-infective, and
bronchodilator therapies. In the control group,
patients underwent non-invasive ventilation
utilizing the MAQUET SERVO-S ventilator from
Shanghai Pumow Medical Equipment Co., Ltd.
The ventilator operated in synchronized/timed
mode, delivering positive pressure ventilation
through an oronasal mask. Initial parameters
were set as follows: expiratory pressure of 4-6
¢mH,0 (1 cmH,0 = 0.098 kPa), inhaled oxygen
concentration of 30-50%, respiratory rate of
14-18 breaths/min, expiratory pressure of
10-12 cmH,0, inspiratory-to-expiratory ratio of
1:(1.5-2), and pressure rise time of 0.5-1.0
seconds.

The patients in the observation group received
HFNO using the Maismart HUMID-BM device
(manufactured by Shenyang Maismart Medical
Technology Co., Ltd.). The initial temperature
setting was 34-37°C, and the inhaled oxygen
concentration and flow rate were determined
following the parameters in the control group.
The inhaled oxygen concentration was continu-
ously adjusted to maintain SpO, at or above
92%. If the patient’s respiratory status re-
mained stable, the oxygen flow rate was
reduced to 20 L/min, and simultaneously, the
inhaled oxygen concentration was adjusted to
26-30%. Oxygen was delivered via nasal can-
nula to maintain SpO, at or above 92% for a
minimum of 12 hours.

Primary observation indicators

(1) Assessment of treatment efficacy: The treat-
ment efficacy was evaluated and compared
between the two groups. Patients were catego-
rized into the following groups based on their
response to treatment: markedly effective (sig-
nificant alleviation of respiratory failure symp-
toms with all vital signs recovered to normal),
effective (symptomatic relief with vital signs
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Figure 1. Research flow chart.

showing improvement), and ineffective (pa-
tient’s condition showed no improvement, per-
sisted in progression, or even resulted in fatali-
ty despite the treatment). The overall response
rate was calculated as the sum of marked
improvement and improvement cases divided
by the total number of cases, multiplied by
100%. (2) Arterial blood gas analysis: Arterial
blood samples (5 mL) were collected from
patients before and 48 hours after treatment.
Arterial blood gas parameters, including Pa0,,
PaCO,, and pH value, were measured using an
automated blood gas analyzer.

Secondary observation indicators

(1) Vital signs: The respiratory rate, heart rate,
and mean arterial pressure (MAP) were evalu-
ated and compared before and 48 hours after
treatment in both groups. (2) Acute Physiology
and Chronic Health Evaluation Il (APACHE II)
score [10]: Within 24 hours of admission and
72 hours post-treatment, the APACHE Il score
was assessed, and the acute physiological and
chronic health status of patients were com-
pared. A higher score indicates a more severe
condition and a higher predicted mortality. (3)
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Complications: Incidence of complications
during the treatment period was recorded.
Complications included gastric distension,
nasal bleeding, aspiration, and facial pressure
injuries. (4) Prognostic analysis: Patients were
divided into a good prognosis group and a poor
prognosis group based on whether they experi-
enced treatment failure or death. Logistic
regression analysis was used to identify inde-
pendent risk factors affecting patient pro-
gnosis.

Statistical analysis

Excel tables were used to collect data from the
hospital case database. SPSS 20.0 software
and GraphPad Prism 8 software were employed
for data processing, analysis, and visualization.
Descriptive statistics for continuous data were
presented as mean + SD. Between-group com-
parisons were conducted using independent
samples t-tests, while within-group compari-
sons using paired t-tests. Categorical data were
expressed as percentages (%) and processed
using the chi-square test. A significant level
was set at P<0.05.
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Table 1. Comparison of general data

Observation group

Control group

Variable =60 n=50 X2 P
Gender 0.011 0.917
Male 33 (55.00) 27 (54.00)
Female 27 (45.00) 23 (46.00)
Age (years) 0.005 0.944
>52 32 (53.33) 27 (54.00)
<52 28 (46.67) 23 (46.00)
Body mass index (kg/m?) 0.642 0.423
>23 29 (48.33) 28 (56.00)
<23 31 (51.67) 22 (44.00)
Smoking history 0.185 0.667
Yes 36 (60.00) 32 (64.00)
No 24 (40.00) 18 (36.00)
Hypertension 0.019 0.889
Yes 28 (46.67) 24 (48.00)
No 32 (53.33) 26 (52.00)
Range of disease course (d) 8.35+1.13 8.27+0.86 0.999 0.000
APACHE Il 16.4+0.58 16.32+0.59 0.715 0.476
APACHE I, Acute Physiology and Chronic Health Evaluation II.
Table 2. Comparison of treatment efficacy between the two groups [n (%)]
) Observation grou Control grou
Efficacy ol group n=5% P X2 P
Markedly effective 42 (70.00) 27 (54.00) 0.070 0.791
Effective 16 (26.67) 11 (22.00)
Ineffective 2 (3.33) 12 (24.00)
Overall response rate 58 (96.67) 38 (76.00) 10.49 0.001

Results
Comparison of general data

There were no significant differences between
the two groups in terms of gender, age, body
mass index, and other baseline characteristics
(P>0.05), as shown in Table 1.

Comparison of clinical efficacy

The overall response rate in the observation
group was 96.67%, which was significantly
higher than 76.00% in the control group, with a
statistically significant difference (P=0.001).
See Table 2 for more details.

Comparison of vital signs

Before treatment, there was no statistically sig-
nificant difference in the respiratory rate, heart
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rate, and MAP between the two groups
(P>0.05). However, 48 hours after treatment,
both groups showed a significant reduction in
respiratory rate and heart rate, and a notable
increase in MAP. Importantly, the improve-
ments in the observation group were more pro-
nounced compared to those in the control
group (P<0.001). See Figure 2.

Comparison of blood gas parameters

Before treatment, there was no statistically sig-
nificant difference in the Pa0O,, PaCO,, and pH
values between the two groups (P>0.05). After
treatment, the PaCO, of the two groups were
lower, and the Pa0O, and pH values were higher
than those before treatment in both groups,
with statistical significance (P<0.001). More-
over, the improvements in the observation
group were more significant than those in the
control group (P<0.001). See Figure 3.
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Comparison of APACHE Il scores

Before treatment, there was no statistically sig-
nificant difference in the APACHE Il scores
between the two groups (P>0.05). After treat-
ment, the APACHE Il scores were significantly
reduced in the two groups, but the reduction in
the observation group was more obvious than
that in the control group (P<0.001). See Figure
4.

Comparison of the incidence of adverse reac-
tions

The incidence rate of adverse reactions in the
observation group was 8.33%, which was sig-
nificantly lower than 26.00% in the control
group, and the difference was statistically sig-
nificant (P=0.013). See Table 3.

Analysis of factors affecting patient prognosis

Based on patients’ outcomes, they were divid-
ed into a group with a good prognosis (80
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Figure 2. Comparison of vital signs before
and after treatment between the two groups.
A: Comparison of respiratory rate (RR); B:
Comparison of heart rate (HR); C: Compari-
son of mean arterial pressure (MAP). * indi-
cates P<0.05.

cases) and a group with a poor prognosis (40
cases). Univariant analysis revealed that age,
PaCO,, and treatment program were factors
affecting patient prognosis (Table 4). Subse-
quently, logistic regression analysis identified
PaCO, and the treatment plan as independent
risk factors for adverse patient outcomes
(Table 5, P<0.001).

Discussion

Studies have demonstrated that the onset of
type Il respiratory failure not only induces respi-
ratory dysfunction, impacting blood gas analy-
sis parameters, but also exacerbates local
infammatory responses due to ineffective
secretion clearance. This leads to the persis-
tent accumulation of endogenous pulmonary
secretions, resulting in local atelectasis and an
increased risk of deteriorating lung function
[14, 12]. Hence, a key clinical challenge is how
to effectively address type Il respiratory failure,
enhance respiratory function, regulate blood
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Figure 4. Comparison of APACHE Il scores between
the two groups before and after treatment. * indi-
cates P<0.05. APACHE II, Acute Physiology and
Chronic Health Evaluation Il.

gas analysis parameters, and facilitate the
recovery of pulmonary function in patients.
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Figure 3. Comparison of blood gas pa-
rameters before and after treatment
between the two groups. A: Compari-
son of Pa0,; B: Comparison of PaCO,;
C: Comparison of pH values. * indicates
P<0.05.

Currently, the primary focus in treating patients
with type Il respiratory failure and concurrent
respiratory system diseases revolves around
the rapid and effective improvement of ventila-
tory function, correction of hypercapnia, and
alleviation of hypoxemia within a short time-
frame, thereby attenuating the decline in pul-
monary function [13].

In this study, we conducted an analysis of ther-
apeutic efficacy and the impact on blood gas
parameters in patients with type Il respiratory
failure undergoing HFNO or NIPPV. Non-invasive
ventilation, a conventional approach for man-
aging type |l respiratory failure, necessitates
patient cooperation but is associated with
potential complications, such as gastrointesti-
nal distention. Clinical reports also suggest
that it is associated with an increased risk of
anxiety and depression [14]. HFNO, a relatively
recent auxiliary ventilation method, offers sev-
eral advantages. It allows oxygen humidifica-
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Table 3. Comparison of adverse reaction rates

Observation group

Control group

Adverse reactions n=60 n=50 X2 P
Bloating 2(2.47) 3(7.5) 0.447 0.504
Nasal bleeding 2 (4.38) 3(7.5) 0.447 0.504
Aspiration 1 6 (10.00) 4.887 0.027
Facial pressure injury 0 1(2.5) 1.211 0.271
Overall incidence of adverse reactions 5 (8.33) 13 (26.00) 6.220 0.013
Table 4. Univariate analysis
Factor Cgoub et goup sy P
Gender 0.140 0.709
Male (n=60) 40 (53.33) 20 (57.14)
Female (n=50) 35 (46.67) 15 (42.86)
Age (years) 6.535 0.011
>52 (n=59) 34 (45.33) 25 (71.43)
<52 (n=51) 41 (54.67) 10 (28.57)
Body mass index (kg/m?) 1.376  0.241
>23 kg/m? (n=57) 36 (48.00) 21 (60.00)
<23 kg/m? (n=53) 39 (52.00) 14 (40.00)
Smoking history 0.330 0.566
Yes (n=68) 45 (60.00) 23 (65.71)
No (n=42) 30 (40.00) 12 (34.29)
PaCo, 8.03+0.77 9.61+0.82 9.215 <0.001
Hypertension 0.401 0.526
Yes (n=52) 37 (49.33) 15 (42.86)
No (n=58) 38 (50.67) 20 (57.14)
Treatment programs 33.56 <0.001
Non-invasive positive pressure ventilation therapy (n=50) 20 (26.67) 30 (85.71)
Nasal high flow oxygen therapy (n=60) 55 (73.33) 5 (14.29)
PaCO,, arterial carbon dioxide partial pressure.
Table 5. Multivariate analysis
. 95% C.1.
Variable B S.E. Wald P RR — —
Lower limit Upper limit
PaCO, 0.231 0.072 2.982 0.033 1.083 1.461 1.263
Treatment programs 0.514 0.093 2.964 0.015 1.637 1.318 1.973

PaCO,, arterial carbon dioxide partial pressure.

tion and heating for patient comfort, signifi-
cantly improving respiratory mucociliary func-
tion and facilitating mucus clearance [15].
Moreover, it permits adjustments in inspiratory
flow rates based on the patient’s oxygen satu-
ration levels, meeting the body’s oxygenation
needs. Additionally, it aids in clearing physiolog-
ical dead space in the respiratory system, pro-
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moting carbon dioxide removal and rapidly
improving hypercapnia [16]. Our study revealed
that the treatment outcomes in the observa-
tion group were significantly superior to those
in the control group. Although both groups
showed effective improvements in blood gas-
related parameters compared to their baseline
values, the observation group demonstrated
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more pronounced enhancements compared to
the control group. This suggests that, in
addressing hypercapnia, HFNO outperforms
NIPPV.

For an extended period, NIPPV has been widely
utilized in treating hypoxemic respiratory failure
due to its numerous advantages. This tech-
nique non-invasively delivers oxygen and high-
flow gas into a patient’s airway to assist in
improving ventilation. By providing an adequate
oxygen concentration, NIPPV enhances the cili-
ary clearance function of the airway mucosa,
efficiently removing airway secretions. This
contributes to adjusting the patient’s blood gas
parameters and restoring respiratory function
[17, 18]. However, NIPPV often involves longer
treatment durations and primarily focuses on
oxygen supply, with less attention to maintain-
ing oxygen concentration, gas humidity, and
temperature, potentially affecting treatment
efficacy. In contrast, HFNO is another non-inva-
sive ventilation method, comprising a heated
circuit, air blender, and humidifier. This
approach subjects the delivered gas to physical
heating and humidification before providing it
to the patient. While delivering oxygen, this
method also supplies gas with humidity and
temperature closely resembling those of the
human body, facilitating airway humidification,
secretion thinning, and clearance. This not only
aids in improving inflammatory responses and
hypercapnia, but also enhances patient com-
fort, effectively reducing the incidence of com-
plications and providing substantial benefits for
promoting lung function recovery [19, 20].

After comparing adverse reaction rates be-
tween the two patient groups, we identified a
significantly lower incidence of adverse reac-
tions in the observation group compared to
that of the control group, as anticipated.
Subsequently, to delve into patient prognosis,
we conducted an analysis of factors contribut-
ing to unfavorable outcomes. Existing research
highlights high PaCO, as an independent risk
factor for treatment failure in respiratory failure
patients [21]. Our multifactorial logistic regres-
sion analysis results underscore high PaCO,
and treatment plan selection as independent
risk factors for poor patient outcomes. This
suggests that controlling blood gas-related
parameters during treatment and adjusting
treatment plans can mitigate the risk of treat-
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ment failure. A prior investigation [22] reported
that intolerance resulted in a treatment failure
rate of up to 29% in the NIPPV group, while the
failure rate in the HFNO group was only 4%,
consistent with our observational findings.

In summary, HFNO has a good therapeutic
effect on type Il respiratory failure, and can sig-
nificantly improve the patient’s blood gas
parameters and lung function, with a high safe-
ty profile, thereby worthy of clinical promotion.
However, this study has certain limitations,
such as a relatively small sample size. Although
the results remain internally consistent, further
validation is warranted. Additionally, the study
did not perform subgroup analysis on patients
with type Il respiratory failure due to different
etiologies. Therefore, whether there are effica-
cy differences of HFNO among patients with
type Il respiratory failure caused by different
etiologies requires further in-depth analysis in
subsequent studies.
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