
Am J Transl Res 2024;16(8):3510-3518
www.ajtr.org /ISSN:1943-8141/AJTR0156295

https://doi.org/10.62347/URHG8462

Review Article
Influence of high-flow nasal cannulae on  
clinical outcomes in elderly patients with acute  
respiratory failure: a prognostic risk factor analysis

Huili Chen1, Meixue Huang2, Songping Huang1, Xiuyan Zhang1, Biyu Wu3

1Department of Respiratory and Critical Care Medicine, Quanzhou First Hospital, Quanzhou 362000, Fujian, 
China; 2Department of Gastroenterology, Quanzhou First Hospital, Quanzhou 362000, Fujian, China; 3Department 
of Nursing, Quanzhou First Hospital, Quanzhou 362000, Fujian, China

Received March 3, 2024; Accepted June 18, 2024; Epub August 15, 2024; Published August 30, 2024

Abstract: Objective: To explore the clinical effects of high-flow nasal cannulae (HFNC) in elderly patients with acute 
respiratory failure (ARF) and analyze prognostic factors following oxygen therapy. Methods: We enrolled 200 ARF pa-
tients between January 2022 and June 2023, dividing them into an observation group (n=125) treated with HFNC, 
and a control group (n=75) receiving conventional oxygen therapy. We compared vital signs before and after treat-
ment and categorized patients into good and poor prognosis groups to analyze demographic data and prognostic 
factors. Results: Post-treatment, both groups showed improved vital signs, with the observation group experiencing 
significantly greater improvements (P<0.05). However, the observation group had a higher incidence of complica-
tions compared to controls (P=0.001). Patients with a history of endotracheal intubation or high APACHE II scores 
were more prevalent in the poor prognosis group (both P<0.05). Logistic regression identified the APACHE II score 
as a risk factor for poor prognosis, while HFNC emerged as a protective factor. Conclusions: HFNC is a safe and ef-
fective therapy that improves vital signs and alleviates hypoxia in elderly ARF patients. The APACHE II score and type 
of oxygen therapy are significant prognostic factors, with HFNC offering a protective effect.
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Introduction

Acute respiratory failure (ARF) is a severe, often 
sudden condition predominantly seen in older 
adults. It is commonly triggered by complica-
tions such as severe pneumonia, acute exacer-
bations of chronic obstructive pulmonary dis-
ease (COPD), bronchiectasis, and infections 
[1-3]. This critical illness can lead to significant 
ventilation abnormalities or impairments in gas 
exchange, presenting symptoms like dyspnea 
and polypnea that may severely impact patient 
health [4]. Statistical data indicate that millions 
of Americans suffer from ARF annually, with 
associated treatment costs reaching approxi-
mately $2.7 billion, thus significantly impacting 
national medical expenditures [5]. ARF is a fre-
quent cause of hospitalizations and intensive 
care unit (ICU) admissions, emphasizing the 
importance of early detection and intervention 

to improve outcomes and reduce complications 
[6].

Oxygen therapy remains the cornerstone of ARF 
treatment. Approximately half of ARF patients 
require invasive mechanical ventilation, which 
is associated with complications such as venti-
lator-associated pneumonia and laryngospasm, 
thereby extending hospital stays and increas- 
ing costs. The remaining patients are treated 
with nasal oxygen therapies, either convention-
al oxygen therapy (COT) or high-flow nasal can-
nulae (HFNC), based on their specific needs. 
Recent studies indicate that HFNC outperforms 
COT in managing ARF, providing high-flow oxy-
gen through a respiratory humidifier and nasal 
catheter, which alleviates symptoms rapidly 
while ensuring comfort and tolerance [7-11]. 
Reports suggest that HFNC treatment reduces 
the likelihood of intubation, increases ventila-
tor-free days, and lowers 90-day mortality com-
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pared to patients receiving COT or non-invasive 
ventilation (NIV), highlighting its effectiveness 
in reducing dependency on mechanical ventila-
tion and improving clinical outcomes [12, 13].

Despite the promising results, existing resear- 
ch predominantly focuses on general popula-
tions, with limited studies specifically address-
ing elderly patients with ARF. This study aims to 
verify the clinical benefits of HFNC in this age 
group and contribute new evidence-based in- 
sights for optimizing ARF treatment strategies.

Materials and methods

Patient enrollment

A retrospective study was conducted involving 
298 ARF patients admitted to Quanzhou First 
Hospital between January 2022 and June 
2023. After screening, 200 patients met the 
eligibility criteria (Figure 1). These were then 
allocated into two groups: the observation 
group (n=125) treated with HFNC intervention, 
and the control group (n=75) receiving COT 
intervention. The study was approved by the 
Ethics Committee of Quanzhou First Hospital.

Inclusion criteria

(1) Patients were diagnosed with ARF, charac-
terized by an arterial partial pressure of oxygen 
(PaO2) ≤60 mmHg and an oxygenation index 

≤300 mmHg. (2) Patients were candidates for 
oxygen therapy. (3) Patients successfully pass- 
ed a spontaneous breathing test. (4) Patients 
had complete medical records, including cur-
rent and previous data, as well as comprehen-
sive laboratory and imaging results. (5) Patients 
received oxygen therapy during hospitalization 
with documented outcomes. (6) Patients were 
aged 18 years or older.

Exclusion criteria

(1) Presence of conditions like airway obstruc-
tion or spasm. (2) Incomplete clinical data. (3) 
Unstable hemodynamics. (4) Complications 
with infections or severe hematological disor-
ders. (5) Organ dysfunction, sepsis, or neuro-
logical/psychiatric disorders.

Data collection

Treatment protocols for both groups were 
retrieved from electronic medical records. 
Upon admission, all patients received routine 
anti-infective treatments, symptom-targeted 
management, and supportive care. The preva-
lent oxygen therapy methods in clinical practice 
are bubble-type oxygen humidifiers and HFNC. 
The choice of oxygen therapy was guided by 
patient preferences, considering the benefits 
and drawbacks of each method.

Before any endotracheal intubation, each 
patient received NIV for 5 minutes, with set-

Figure 1. Flow chart of the study.
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tings including a positive end-expiratory pres-
sure of 5 cmH2O (1 cmH2O=0.098 kPa), an 
inspired oxygen concentration (FiO2) of 1.0,  
and a pressure support (PS) of 15 cmH2O, to 
maintain arterial oxygen saturation above 90%. 
Subsequently, the control group received COT 
with a bubbler humidifier connected to cen- 
tral oxygen supply equipment. The observation 
group received HFNC, which included adjust-
ments to system temperature (37°C), humidity 
(100%), oxygen concentration (60%-100%), and 
flow rate (40-60 L/min), airway pressure (3-4 
cmH2O) to maintain a targeted SpO2 ≥95% and 
constant oxygen supply for 24 h, which were 
performed three times a day, 2 hours each, and 
adjusted based on patient conditions.

Baseline data such as height, weight, BMI, age, 
and gender were collected for analysis.

Primary outcome measures

Brain natriuretic peptide (BNP) levels were col-
lected before and three days after treatment 
using 5 mL of fasting cubital venous blood, ana-
lyzed by immunoturbidimetry.

Vital signs including heart rate (HR), mean arte-
rial pressure (MAP), and respiratory rate (RR) 
were monitored via electrocardiogram upon 
admission and three days post-treatment.

Blood gasses, such as partial pressure of oxy-
gen in arterial blood (PaO2), partial pressure of 
carbon dioxide in arterial blood (PaCO2), as well 
as their pondus hydrogenii (pH), were assessed 
using a blood gas biochemical analyzer upon 
admission and three days later, following strict 
operational guidelines.

Secondary outcome measures 

The incidence of adverse events such as shock, 
ventricular arrhythmia, severe hypoxemia, and 
sudden cardiac arrest were observed and re- 
corded post-intervention. Criteria for shock in- 
cluded systolic blood pressure <65 mmHg, or 
<90 mmHg for ≥30 min, requiring vasoactive 
drugs after fluid resuscitation. Severe hypox-
emia was defined as SpO2<80% [14].

Statistical analysis

Statistical analysis was conducted using SPSS 
22.0. Measurement data were expressed as 
mean ± standard deviation and analyzed using 

the t-test for normally distributed data, or the 
Mann-Whitney U test for non-normally distrib-
uted data. Paired sample t-tests were used for 
within-group comparisons, and independent 
sample t-tests for between-group comparisons. 
Count data were analyzed using the χ2 test  
and expressed as percentages. Significant vari-
ables from univariate analyses were further 
analyzed using logistic regression to calculate 
odds ratios (ORs) and 95% confidence intervals 
(CIs). A P value <0.05 was considered statisti-
cally significant.

Results

Comparison of baseline data analysis

The baseline data analysis revealed no signifi-
cant differences between groups in terms of 
sex, age, disease duration, etiology, history of 
endotracheal intubation, and APACHE II scores 
(all P>0.05, Table 1).

Comparison of BNP and vital signs

Before the intervention, there were no signifi-
cant differences in BNP levels, HR, MAP, or RR 
between the two groups (all P>0.05). Post-
intervention, these indices decreased in both 
groups, with more pronounced reductions ob- 
served in the observation group compared to 
the control group (all P<0.05, Figure 2).

Blood gas indexes and pH value analysis

Initial comparisons of PaO2 and pH levels 
showed no significant differences between  
the groups prior to intervention (all P>0.05). 
Following treatment, there was a significant 
increase in PaO2 and reductions in PaCO2 and 
pH across both groups (all P<0.05). Notably, 
the observation group exhibited a significantly 
higher PaO2 and lower PaCO2 and pH levels in 
the observation than those in the control group 
(all P<0.05, Figure 3).

Complications analysis

The rate of complications, including shock, ven-
tricular arrhythmia, severe hypoxemia, and sud-
den cardiac arrest, was assessed for both 
groups. The incidence rate was 17.60% in the 
observation and 33.33% in the control (P<0.05, 
Table 2).
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Table 1. Comparison of baseline data analysis
Indicators Observation group (n=125) Control group (n=75) χ2/t P
Sex 0.023 0.880
    Male 78 (62.90) 46 (61.33)
    Female 47 (37.60) 29 (38.67)
Age (years) 57.70±8.47 57.95±6.23 0.222 0.825
Disease course (h) 20.04±2.99 19.25±2.85 1.841 0.067
Etiology 1.386 0.500
    Severe pneumonia 85 (68.00) 56 (74.67)
    Acute exacerbation of COPD 36 (28.80) 16 (21.33)
    Bronchiectasis with infection 4 (3.20) 3 (4.00)
History of endotracheal intubation 0.594 0.441
    Yes 45 (36.00) 23 (30.67)
    No 80 (64.00) 52 (69.33)
APACHE II score (points) 22.73±3.31 23.13±2.91 0.865 0.388
Note: COPD: chronic obstructive pulmonary disease; APACHE II: Acute Physiology and Chronic Health Evaluation II.

Figure 2. Comparison of BNP, HR, MAP, and RR levels. A: The two groups showed reduced BNP levels after treat-
ment, with a significantly lower BNP level in the observation group than that in the control group. B: The two groups 
showed reduced HR after treatment, with a significantly lower HR in the observation group than that in the control 
group. C: The two groups showed reduced MAP after treatment, with a markedly lower MAP level in the observation 
group than that in the control group. D: Both groups showed markedly reduced RR after treatment, with a signifi-
cantly lower RR level in the observation group than that in the control group. Note: BNP: Brain natriuretic peptide; 
HR: heart rate; MAP: mean arterial pressure; RR: respiratory rate. Compared with the observation group, *P<0.05, 
**P<0.01.

Figure 3. Comparison of blood gas indexes and pH values in the two groups. A: The two groups showed an increase 
in PaO2 after treatment, with a markedly higher PaO2 in the observation group than that in the control group. B: The 
two groups showed a reduction in PaCO2 after treatment, with a significantly lower PaCO2 in the observation group 
than that in the control group. C: The two groups showed a decrease in pH after treatment, with a markedly lower pH 
in the observation group than that in the control group. Note: PaO2: arterial partial pressure of oxygen; PaCO2: par-
tial pressure of carbon dioxide; pH: pondus hydrogenii. Compared with the observation group, *P<0.05, **P<0.01.
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Table 2. Comparison of complications

Indicators Observation 
group (n=125)

Control 
group (n=75) χ2/t P

Shock 13 (10.40) 12 (16.00) 1.344 0.246
Ventricular arrhythmia 9 (7.20) 8 (10.67) 0.724 0.395
Severe hypoxemia 0 (0.00) 3 (4.00) 1.000
Sudden cardiac arrest 0 (0.00) 2 (2.67) 1.000
Total 22 (17.60) 25 (33.33) 6.454 0.011

Univariate analysis of poor prognosis in elderly 
ARF patients receiving oxygen therapy

In this study, elderly ARF patients who devel-
oped complications post-oxygen therapy (either 
HFNC or COT) were classified as the poor prog-
nosis group (n=35), while those without com- 
plications were deemed the good prognosis 
group (n=165). Univariate analysis revealed 
that gender, age, disease course, and etiology 
did not significantly influence prognosis (P> 
0.05). However, a history of endotracheal intu-
bation and high APACHE II scores were signifi-
cantly associated with poor prognosis in pa- 
tients undergoing COT (P<0.05, Table 3).

Logistic multivariate regression analysis of 
poor prognosis in elderly ARF patients follow-
ing HFNC

Variables showing statistical significance in the 
univariate analysis were included in a logistic 
regression analysis. The analysis identified a 
high APACHE II score (P=0.003, OR=4.512, 
95% CI: 1.657-12.283) as a risk factor for poor 
prognosis following HFNC treatment, while 
HFNC was a protective factor for elderly ARF 
patients (P=0.001, OR=0.325, 95% CI: 0.112-
0.553) (Tables 4 and 5).

Discussion

High-flow nasal oxygen technology, a recent 
innovation in respiratory support, has gained 
considerable attention for its ability to deliver 
heated and humidified oxygen at high flow rat- 
es via a specialized nasal cannula system. This 
technology not only improves oxygenation and 
alleviates breathlessness but also enhances 
respiratory comfort. HFNC is increasingly uti-
lized as a non-invasive respiratory support in 
emergency departments for ARF patients, serv-
ing as an alternative to COT and NIV. A notable 
advantage of HFNC is its high tolerability and 

minimal interference with patients’ 
daily activities, such as eating and 
communicating, due to its delivery 
of heated and humidified oxygen 
through nasal inhalation, optimiz-
ing the patient experience [15-17].

This study evaluated the clinical 
benefits of HFNC in elderly pa- 
tients with ARF observation con-
trol, revealing significant reduc-

tions in serum BNP levels post-treatment in 
both the groups, with more pronounced de- 
creases observed in the observation group. 
This suggests that HFNC may effectively lower 
serum BNP levels in this patient population. 
BNP is a crucial diagnostic biomarker in emer-
gency settings, valuable for assessing the 
severity and prognosis of ARF and aiding in the 
diagnosis of shock or heart failure in ICU 
patients [18, 19]. Notably, decreases in BNP 
levels have been associated with all-cause 
mortality in patients with acute heart failure 
[20]. The beneficial effects of HFNC may be 
partly derived from its capacity to reduce se- 
rum BNP levels, potentially slowing ARF pro- 
gression.

Furthermore, vital signs such as HR, MAP, and 
RR significantly improved in both groups after 
treatment, with more substantial reductions in 
the observation than in the control group. This 
indicates that HFNC aids in the recovery of vital 
signs, likely due to its ability to control oxygen 
flow and velocity, alongside its continuous posi-
tive airway pressure function, which may reduce 
airway pressure and resistance. Consequently, 
patients required less ventilator-assisted oxy-
gen due to the high-flow oxygen, enhancing the 
recovery rate of vital signs. These findings align 
with previous studies [21, 22].

Additionally, the incidence of hypercapnia was 
lower in the observation group compared to the 
control group, further supporting that HFNC 
improves vital signs in ARF patients, consistent 
with earlier research [11, 23].

This study found significant improvements in 
arterial blood gas indices after treatment with 
HFNC, evidenced by PaO2 in the observation 
group, surpassing that in the control group. 
Conversely, the PaCO2 and pH levels decreased 
more significantly in the observation, suggest-
ing a superior regulation of acid-base balance 
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Table 3. Univariate analysis of poor prognosis in elderly ARF patients after oxygen therapies

Indicators Good prognosis 
group (n=165)

Poor prognosis 
group (n=35) χ2/t P

Sex 0.017 0.895
    Male 64 (62.14) 14 (63.64)
    Female 39 (37.86) 8 (36.36)
Age (years) 0.578 0.447
    ≤58 56 (54.37) 10 (45.45)
    >58 (n=59) 47 (45.63) 12 (54.55)
Disease course (h) 1.052 0.305
    ≤20 58 (56.31) 15 (68.18)
    >20 (n=52) 45 (43.69) 7 (31.82)
Etiology 0.581 0.748
    Severe pneumonia (n=85) 69 (66.99) 16 (72.73)
    Acute exacerbation of COPD (n=36) 31 (30.10) 5 (22.73)
    Bronchiectasis with infection (n=4) 3 (2.91) 1 (4.55)
History of endotracheal intubation 3.986 0.046
    Yes (n=45) 33 (32.04) 12 (54.55)
    No 70 (67.96) 10 (45.45)
APACHE II score (points) 10.643 0.001
    ≤23 71 (68.93) 7 (31.82)
    >23 (n=47) 32 (31.07) 15 (68.18)
Treatment protocol 6.984 0.008
    COT 55 20
    HFNC 110 15
Note: ARF: Acute respiratory failure; HFNC: high-flow nasal cannulae; COPD: chronic obstructive pulmonary disease; APACHE II: 
Acute Physiology and Chronic Health Evaluation II; COT: conventional oxygen therapy.

Table 4. Logistic multivariate regression analysis assignment
Factor Variables Assignment
History of endotracheal intubation X1 Yes =1, no =0
APACHE II score (points) X2 >23=1, ≤23=0
HFNC X3 Yes =1, no =0
Note: APACHE II: Acute Physiology and Chronic Health Evaluation II; HFNC: high-
flow nasal cannulae.

with HFNC. Elevated PaO2 indicates improved 
oxygenation, while unusually high PaCO2 can 
lead to respiratory acidosis and a high pH 
(above 7.45) might induce respiratory alkale-
mia [24-26]. The results indicate that HFNC 
potentially prevents both respiratory acidosis 
and alkalosis [27].

Additionally, the most common complications 
observed were shock and ventricular arrhyth-
mia. Patients in the control group also experi-
enced severe hypoxemia and sudden cardiac 
arrest more frequently. Notably, the overall 
complication rate was significantly lower in the 

observation group, highlighting 
HFNC’s role in control group 
reducing the risk of adverse out-
comes in elderly ARF patients, 
affirming its safety.

The mechanism underlying the 
reduction of arrhythmias involv- 
es the stabilization of the heart’s 
electrophysiological activity, whi- 

ch is normally governed by specific electrical 
signals. High-flow oxygen therapy increases the 
volume and flow rate of inhaled oxygen, enhanc-
ing blood oxygen saturation and overall oxygen-
ation, including that of the heart. This improv- 
ed oxygen delivery stabilizes cardiac electro-
physiological activity, thus mitigating arrhyth-
mia risks. Additionally, the adequate supply of 
oxygen molecules not only improves cardiac 
oxygenation but also reduces cardiac load and 
stress, further stabilizing electrophysiological 
activity. HFNC also diminishes inflammation, 
contributing to the prevention of arrhythmias 
[28, 29].
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The prognostic risk factors for elderly ARF 
patients were evaluated through univariate and 
multivariate analyses. First, a significant num-
ber of patients with a history of endotracheal 
intubation exhibited a poor prognosis. Notably, 
the APACHE II scores were significantly higher 
in the poor prognosis group than in the good 
prognosis group. Second, high APACHE II scores 
and COT were strongly associated with poor 
outcomes post-treatment. COT, while providing 
essential oxygen support, is limited in its ability 
to adjust oxygen flow and concentration. This is 
particularly problematic for ARF patients requir-
ing high oxygen concentrations, as COT often 
fails to meet these demands. In contrast, HFNC 
deliver oxygen at velocities up to 60 L/min,  
surpassing COT’s capabilities. This not only 
ensures an adequate supply of high-concentra-
tion oxygen but also generates a slight positive 
pressure, reducing airway resistance and en- 
hancing gas exchange efficiency. Additionally, 
HFNC improves the respiratory tract’s tempera-
ture and humidity-factors crucial for maintain-
ing mucosal function but often overlooked with 
COT, leading to dryness and discomfort, and 
potentially causing mucosal damage. HFNC 
uses a specialized humidifier to provide body-
temperature, fully humidified oxygen, enhanc-
ing comfort and reducing complication risks. A 
high APACHE II score suggests poor overall oxy-
genation, where non-invasive oxygen therapy 
fails to achieve desired effects. This is corrobo-
rated by previous studies [30, 31]. Further- 
more, respiratory rate two hours post-treat-
ment, and FiO2 and ROX indices eight hours 
post-treatment, have been identified as useful 
prognostic indicators after HFNC treatment 
[29].

The study faces limitations due to the small 
sample size, affecting the logistic regression 
model’s stability. Future research should in- 
clude a larger cohort to strengthen these find-
ings. Additionally, the short follow-up period 

and the self-selection bias in oxygen therapy 
choice during hospitalization were identified as 
limitations; longer follow-up and more rigorous 
research methodologies are recommended to 
address these issues.

In summary, HFNC intervention effectively re- 
duces serum BNP levels, stabilizes vital signs, 
maintains arterial blood gas and pH balance, 
and decreases postoperative complication 
rates in elderly ARF patients. High APACHE II 
scores, however, indicate a poor prognosis with 
HFNC treatment, suggesting that patients with 
severe conditions may not be suitable candi-
dates for this therapy. 
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