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1. Abstract 

1.1. Purpose: To investigate the effects of high-flow nasal cannula 

oxygen therapy (HFNC) combined with Acapella PEP treatment 

on pulmonary function, blood gas analysis, mMRC, and serum 

inflammatory factor levels in elderly community-acquired pneu- 

monia (CAP) patients and to assess the clinical therapeutic effect 

of this method. 

1.2. Methods: This study included 100 elderly CAP patients treated 

at our hospital from November 2022 to November 2023, randomly 

divided into control and observation groups, with 50 patients in 

each group. The control group received routine anti-infective, anti- 

tussive, expectorant treatment and HFNC therapy after admission. 

The observation group received Acapella PEP treatment in addi- 

tion to the treatment provided to the control group. Both groups 

underwent a 7-day treatment. The therapeutic effects of the two 

groups were assessed, including blood gas analysis, mMRC score, 

pulmonary function, infection indicators, and inflammatory fac- 

tors such as WBC, PCT, CRP, IL-6, IFN-γ, and TNF-α. 

1.3. Results: After treatment, compared with the control group, 

patients in the observation group showed an increase in the oxy- 

genation index PaO2/FiO2 ratio, an elevated mMRC score for res- 

piratory distress (P<0.05), and a significant decrease in PaCO2 lev- 

els (P<0.05). The observation group also demonstrated improve- 
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ment in pulmonary function indicators, including FVC, FEV1, and 

PEF, compared with the control group (P<0.05). Compared with 

the control group, the observation group exhibited a significant 

decrease in infection indicators WBC, PCT, and CRP, as well as 

inflammatory factor levels of IL-6, IFN-γ, and TNF-α (P<0.05). 

1.4. Conclusion: HFNC combined with Acapella PEP treatment 

effectively alleviates respiratory distress, improves pulmonary 

function and oxygenation index, reduces infection indicators, and 

lowers levels of inflammatory factors in elderly CAP patients, re- 

sulting in better clinical therapeutic outcomes. 

2. Introduction 

Community-acquired pneumonia CAP is one of the serious infec- 

tious diseases affecting the health of the elderly population [1]. 

This disease is often characterized by clinical symptoms such as 

cough, sputum production, and respiratory distress. Despite the 

widespread use of various antitussive and expectorant medica- 

tions, excluding deep bronchial sputum remains a clinical chal- 

lenge for most elderly patients, especially when deep-seated spu- 

tum cannot be promptly cleared, directly impacting the effective- 

ness of anti-infective treatment. Therefore, effectively promoting 

sputum clearance becomes a crucial clinical issue in treating elder- 

ly CAP patients. High-flow nasal cannula HFNC oxygen therapy 

is an innovative respiratory support treatment technique that deliv- 

ers high-concentration humidified oxygen, effectively improving 
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ventilation efficiency and respiratory patterns. HFNC can partially 

replace the function of non-invasive ventilators while enhancing 

ciliary function, demonstrating high tolerance, ease of use, and ad- 

aptability, and has been widely applied in clinical practice in recent 

years. Its main features include improving oxygenation and facili- 

tating sputum clearance [2, 3]. The Acapella PEP vibratory positive 

expiratory pressure (PEP) therapy system, abbreviated as Acapella 

PEP, operates on the principle of loosening mucus through airflow 

vibrations. Expiratory resistance generates positive pressure in the 

lungs, thereby expanding the airways and promoting sputum clear- 

ance through airway vibration [4]. This device is simple to use, 

and patients can self-administer the treatment without assistance. 

Previous studies have indicated that HFNC-assisted therapy can 

improve the clinical outcomes of elderly CAP. However, there are 

no reports on whether the combined application of Acapella PEP 

based on HFNC can achieve better treatment results. Therefore, 

this study aims to explore this scientific question, and the clinical 

for using Acapella PEP were as follows: a. Clean hands and set 

the resistance level according to the medical order. b. Take a deep 

breath and hold for 2-3 seconds. c. Close the mouth tightly, com- 

pletely enclose the mouthpiece, and exhale continuously for 3-4 

seconds, completing one breath. d. Hold the mouthpiece between 

the teeth, take another deep breath for 1 second, and exhale for 3-4 

seconds, completing the second breath. e. Every 20 breaths con- 

stitute one set, taking approximately 3-5 minutes. After comple- 

tion, the patient can remove the breathing device and perform 2-3 

forceful exhalations, coughing, and sputum clearance. Complete 

4-5 sets of breathing training daily in the morning, afternoon, and 

evening. 

3.3. Observational Indicators: (a) Comparison of Blood Gas 

Analysis: Arterial blood samples (3 mL) were collected from fast- 

ing patients before and after treatment in the morning. After cen- 

trifugation (radius 15 cm, speed 3000 r/min, 10 min), the serum 

was stored at -20°C. A fully automatic blood gas analyzer was 
research results are reported below. used to measure PaO , SaO , and PaCO levels. (b) Comparison 

2 2 2 

3. Research Methods 

3.1. General Information: The study focused on elderly patients 

with Community-Acquired Pneumonia CAP, admitted for treat- 

ment from November 2022 to November 2023 at Tinglin Hospital 

in Jinshan District, Shanghai. According to the research design, a 

total of 100 patients were included in the study, evenly divided into 

two groups: the study group and the control group, each compris- 

ing 50 patients. The study group consisted of 28 males and 22 fe- 

males, with an average age of 65.58±9.86 years, while the control 

group included 30 males and 20 females, with an average age of 

65.48±10.12 years. The clinical diagnosis of CAP strictly followed 

the definition reported by Modi AR et al [5]. This includes clinical 

symptoms such as fever (temperature>38°C), purulent respirato- 

ry secretions, and peripheral blood leukocyte count >10×10^9/L 

or <4×10^9/L. Chest X-ray or CT should show new or progressing 

infiltrates, consolidation, and ground-glass opacities, with or with- 

out cavities and pleural effusion. All enrolled patients needed to 

meet any two of the criteria in the first condition and the require- 

ments of the second condition. Exclusion criteria included pulmo- 

nary embolism, atelectasis, pulmonary edema, drug-induced lung 

injury, underlying diseases affecting the lungs, and ARDS. 

3.2. Treatment Methods: Patients received routine anti-infec- 

tive and antitussive expectorant treatments upon admission. The 

control group received High-Flow Nasal Cannula HFNC therapy 

(MaiSi, HUMID-BM) with an oxygen concentration of 30%-50%, 

a 30-40 L/min flow rate, and a temperature of 31-37°C. Parameters 

were adjusted based on the patient’s condition, with HFNC ad- 

of Pulmonary Function Indicators: A portable pulmonary function 

detector (Saike, X2 model) was used before and after treatment 

to record forced vital capacity (FVC), forced expiratory volume 

in one second (FEV1), and peak expiratory flow (PEF). (c) Com- 

parison of respiratory distress severity: The Modified Medical 

Research Council Dyspnea Scale (mMRC) was used before and 

after treatment to compare and analyze the severity of respirato- 

ry distress in patients. (d) Comparison of Infection Indicators and 

Inflammatory Factors: Fasting venous blood samples (5 mL) were 

collected from patients before and after treatment. Infection indi- 

cators, including White Blood Cell (WBC), procalcitonin (PCT), 

and C-reactive protein (CRP), were tested. Additionally, fasting 

venous blood samples (5 mL) were centrifuged (radius 15 cm, 

speed 3000 r/min, 10 min), obtaining upper-layer serum stored at 

-20°C. ELISA was used to measure IL-6, IFN-γ, and TNF-α levels. 

3.4. Statistical Analysis: Data analysis was performed using 

SPSS 24 statistical software. The count and measurement data 

were compared using t-test, with P<0.05 considered a statistically 

significant level. 

4. Results 

Comparison of Blood Gas Analysis and mMRC Scores between 

Two Groups After treatment, patients in both groups showed sig- 

nificant improvement in blood gas analysis, mMRC scores, and 

infection indicators. Compared to the control group, patients in 

the observation group exhibited more significant progress in mul- 

tiple aspects. Specifically, patients in the observation group had a 

significant increase in PaO /FiO ratio, a significant decrease in 
2 2 

ministered twice daily for 5 hours each time. In addition to HFNC 

treatment, the observation group received Acapella PEP therapy 

with the same HFNC parameters as the control group. The steps 

PaCO2 levels, and a significant reduction in mMRC scores, as de- 

tailed in (Table 1). The results suggest that PEP treatment can more 

effectively alleviate respiratory distress and improve oxygenation 

index. 
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Table 1: Comparison of blood gas analysis and mMRC between the two groups (x ± s) 
 

   
PaO

2
/FiO

2
 

  
PaCO2 (mmHg) 

 
mMRC 

score 

Group n Before treatment After treatment Before treatment After treatment Before treatment After treatment 

Observation Control 

group 

50 341.85±29.44 295.72±30.84 * 42.76±7.14 42.76±7.14 3.41±0.25 2.24±0.44 * 

50 345.35±30.28 236.72±32.54* 41.87±6.65 42.31±8.45 -3.46±0.19 1.94±0.56 * 

t  0.208 11.314 0.884 12.894 1.037 7.513 

P  0.912 0.013 0.698 0.015 0.882 0.024 

Note：Being compared with before treatment，*P<0.05. 

4.1. Comparison of Lung Function Indicators between Two 

Groups: After treatment, patients in the observation group showed 

significant improvement in lung function indicators. Compared to 

the control group, FVC, FEV1, and PEF were significantly in- 

creased (P<0.05), as shown in (Table 2). These results indicate that 

HFNC combined with Acapella PEP treatment can more effective- 

ly improve patients’ ventilation function through airway clearance 

and promote respiratory recovery. 

Table 2: Comparison of lung function between the two group (x ± s) 

 

4.2. Comparison of Infection Indicators between Two Groups: 

After treatment, both groups of patients showed significant im- 

provement in infection indicators. Compared to the control group, 

WBC, PCT, and CRP levels in the observation group significantly 

decreased, as detailed in (Table 3 and 4). These results suggest that 

HFNC combined with Acapella PEP treatment can enhance the 

effectiveness of anti-infective treatment. 

 

  
FEV1（L） FVC（L） PEF（L） 

Group n 
Before 

treatment 
After 

treatment 
Before 

treatment 
After 

treatment 
Before 

treatment 
After 

treatment 

 
Observation Control 

50 1.66±0.24 2.21±0.53 * 2.32±0.16 3.23±0.38 * 4.31±0.42 7.35±1.14 * 

50 1.51±0.21 1.82±0.34 * 2.13±0.15 2.85±0.35 * 4.15±0.39 6.24±1.12 * 

t  0.089 15.254 0.176 16.124 1.672 9.247 

P  0.142 <0.01 0.453 <0.01 0.327 <0.01 

Note：Being compared with before treatment，*P<0.05. 

Table 3: Levels of infection indicators between the two groups (x ± s) 
 

  WBC(10^9/L) PCT(ng/L) CRP(mg/L) 

Group n 
Before 

treatment 
After 

treatment 
Before 

treatment 
After 

treatment Before treatment After treatment 

Observation 

Control 

50 16.84±3.11 8.65±2.76 * 2.25±1.13 0.37±0.15 * 117.49±32.17 24.27±11.54 * 

50 15.78±3.29 9.34±2.29 * 2.72±1.28 0.43±0.16 * 115.45±29.28 32.64±14.28 * 

t  0.239 10.556 0.302 10.733 1.145 12.107 

P  0.692 0.008 0.296 0.001 0.252 0.002 

Note：Being compared with before treatment，*P<0.05. 

Table 4: Levels of inflammatory factors between the two groups (x ± s) 
 

  
IL-6（pg/ml） INF-（γ  ng/L） TNF-α（pg/ml） 

Group n Before treatment After treatment Before treatment After treatment Before treatment After treatment 

Observation 

control 

50 85.32±11.45 35.48±8.22 * 145.55±11.24 71.44±18.37 * 3.56±1.54 1.37±0.29 * 

50 84.67±12.13 53.42±9.26 * 148.75±10.95 98.25±17.37 * 3.67±1.48 1.79±0.55 * 

t  0.089 15.254 0.176 16.124 1.672 9.247 

P  0.803 0.011 0.785 0.013 0.134 0.012 

Note：Being compared with before treatment，*P<0.05. 
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4.3. Comparison of Inflammatory Factors between Two 

Groups: Compared to before treatment, levels of IL-6, IFN-γ, and 

TNF-α in both groups significantly decreased after treatment, with 

the observation group showing a more significant decrease, and 

the differences were statistically significant (P<0.05). Refer to Fig- 

ure 1) for details. 

5. Discussion 

The continuous increase in the elderly population is a significant 

trend in current society, and the health issues of the elderly have 

become a major societal concern. Community-Acquired Pneumo- 

nia CAP is a common infectious disease, and elderly CAP patients 

face numerous unfavorable factors during treatment that may im- 

pact treatment outcomes and respiratory recovery. Elderly CAP 

patients often exhibit poor nutritional status, reduced immune 

function, respiratory muscle fatigue, thickened sputum, weakened 

cough, and impaired airway clearance, making it challenging to 

resolve pulmonary infections [6]. Since sputum serves as a culture 

medium for bacteria, the inability to promptly clear sputum can 

limit the effectiveness of anti-infective medications. Therefore, ef- 

fectively promoting sputum clearance is a crucial issue to address 

when treating elderly CAP patients [7]. Airway humidification 

therapy is a method that assists in diluting sputum and promoting 

its clearance, helping to maintain airway patency and facilitate in- 

flammation absorption. The normal movement of airway cilia is 

influenced by factors such as temperature and humidity, and the 

temperature and humidity within the airways directly affect ciliary 

movement [8]. Therefore, maintaining a specific temperature and 

humidity in the airways helps with the normal movement of cilia, 

aiding in the clearance of airway secretions. Mechanical vibration 

sputum clearance is a common physically assisted sputum clear- 

ance method, but elderly CAP patients often have multiple concur- 

rent illnesses, and osteoporosis is prevalent, limiting its use and 

potentially leading to complications such as fractures. High-flow 

nasal cannula oxygen therapy (HFNC) is an innovative respiratory 

support treatment technique. It delivers a high-flow gas mixture 

with a controlled and relatively constant oxygen concentration 

(21-100%), temperature (31-37°C), and humidity (8-80 L/min) di- 

rectly through nasal prongs to patients [9]. As a form of non-inva- 

sive respiratory support, HFNC effectively improves oxygenation, 

washes lung tissue, reduces physiological and anatomical dead 

space, lowers airway resistance, and enhances ventilation. By 

appropriately humidifying and heating the air, HFNC can maintain 

the normal temperature and humidity of the airways, facilitating 

the normal function of cilia and promoting sputum clearance [10]. 

HFNC has been widely used in the adjunctive treatment of severe 

pneumonia, chronic obstructive pulmonary disease, bronchiecta- 

sis, acute hypoxic respiratory failure, and other diseases. Acapella 

PEP is a vibratory positive expiratory pressure (PEP) therapy sys- 

tem that uses airflow vibrations to loosen mucus and generate posi- 

tive pressure, facilitating sputum clearance. It can improve respira- 

tory muscle endurance, enhance lung function, alleviate respirato- 

ry distress, and contribute to preventing and treating lung collapse 

[4, 11]. This treatment is suitable for the rehabilitation of chronic 

obstructive pulmonary diseases, bronchiectasis, asthma, and other 

chronic respiratory diseases, as well as for patients experiencing 

difficulty in sputum clearance, lung collapse, impaired ventila- 

tor function, prolonged smoking, and bed rest. The results of this 

study indicate that HFNC combined with Acapella PEP treatment 

significantly improves the therapeutic outcomes of elderly CAP 

patients. Firstly, this approach is superior to using HFNC alone 

in improving oxygenation and relieving respiratory distress. The 

study confirmed that, compared to the control group, patients in 

the observation group showed a significant increase in the PaO2/ 

FiO2 ratio, a significant decrease in PaCO2 levels, and a significant 

reduction in the mMRC score. Secondly, this method effectively 

improves patients’ lung function. The research results confirmed 

that, compared to the control group, patients in the observation 

group showed significant improvements in pulmonary function 

indicators, including FVC, FEV1, and PEF. Finally, this method 

effectively reduces patients’ infection indicators and inflammatory 

factor levels. The results confirmed that, compared to the control 

group, patients in the observation group exhibited significant de- 

creases in infection indicators (WBC, PCT, CRP) and inflammato- 

ry factors (IL-6, IFN-γ, TNF-α). Therefore, HFNC combined with 

Acapella PEP treatment is a safe and effective method. In addition 

to diluting sputum and promoting its clearance, it offers advantag- 

es such as improving oxygenation, enhancing lung function, and 

reducing inflammatory reactions. This provides a new avenue for 

the rehabilitation of elderly CAP patients. 

In conclusion, this study provides robust support for improving 

treatment regimens and respiratory rehabilitation for elderly CAP 

patients. Future research can further explore the long-term effects 

of this treatment method and its applicability in different cases. 

This method is expected to enhance the quality of life for elderly 

CAP patients, reduce the burden on healthcare systems, and pro- 

mote the development of high-quality medical and health services. 
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