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Introduction

Abstract

Objective: To evaluate the clinical efficacy of high-frequency chest wall oscillation
(HFCWO) as adjunctive therapy for pediatric pneumonia complicated by pulmo-
nary consolidation. Methods: This retrospective study included 185 pediatric pa-
tients, assigned to a treatment group (n=112, receiving HFCWO plus standard ther-
apy) or a control group (n=73, receiving standard therapy alone). Outcomes as-
sessed included time to resolution of pulmonary rales, radiographic improvement,
length of hospital stay, and rate of fiberoptic bronchoscopy lavage. Results: Com-
pared with the control group, the treatment group showed significantly shorter time
to rale resolution (5 days [IQR: 4-6] vs. 8 days [IQR: 6.5-9], P<0.05), higher radi-
ographic improvement rate (87.5% vs. 74.0%, P<0.05), shorter hospital stay (9 days
[IQR: 7-10] vs. 11 days [IQR: 9.5-13], P<0.05), and lower bronchoscopy lavage
rate (12.5% vs. 26.0%, P<0.05). Conclusion: HFCWO as adjunctive therapy facil-
itates recovery in children with pneumonia and pulmonary consolidation, offering
meaningful clinical benefit.
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Pulmonary consolidation—intra-alveolar air replaced by exudate, blood, edema, or tissue—manifests radiograph-
ically as homogeneous increased density [1]. Causes are predominantly infectious, including bacterial, viral, and
mycoplasma etiologies [2].

In pediatrics, consolidation predominates in infants and preschool children [3]. Our focus is acute consolidation
secondary to pneumonia. Affected children retain viscous secretions, risking airway obstruction and atelectasis; early
airway clearance therapy (ACT) is therefore critical. Standard management typically combines anti-infectives, mu-
colytics, and invasive bronchoalveolar lavage when indicated [4, 5]. Chest physiotherapy, particularly high-frequency
chest wall oscillation (HFCWO)—which simulates physiological cough via high-frequency oscillations—is increas-
ingly used as a non-invasive adjunct.

HFCWO was first used for pediatric cystic fibrosis and neuromuscular disorders. Then it was applied to acute
lower respiratory infections. But for pediatric pneumonia with consolidation, the good evidence is still lacking, and
people use adult chronic disease data [6-8]. This kind of extrapolation can cause problems. In fact, children are dif-
ferent from adults in chest wall compliance and airway caliber, and their cooperation is different, too. So, direct
application of adult-derived conclusions is not suitable.
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HFCWO is used in some Chinese tertiary centers, but it is still based on expert consensus, with large-sample
pediatric evidence still insufficient. In fact, we collect single-center retrospective data about effectiveness and safety,
and we also examine whether it can reduce invasive lavage in this population, and the results can provide some
reference for clinical practice.

1. Materials and Methods
1.1 Ethical Approval

This study was approved by the Medical Ethics Committee of Jingzhou First People’s Hospital (No. KY2024-052-
01). Informed consent was waived, given the retrospective, de-identified design.

1.2 Study Population

This retrospective study included 185 children hospitalized with community-acquired pneumonia and pulmonary
consolidation at Jingzhou First People’s Hospital (January 2022-December 2023). Group assignment followed at-
tending physicians’ preferences: HFCWO plus standard therapy (treatment, n=112) or standard therapy alone (control,
n=73), with no allocation by severity. The HFCWO device was continuously available, precluding equipment-related
bias. After excluding a few non-compliant treatment-group patients, the groups did not differ significantly in baseline
characteristics (Table 1).

Table 1. Comparison of baseline characteristics between the two groups

. Treatment group Control group ) e
Variable (n=112) (n=T73) t/y?/Z statistic P value
Male sex, n (%) 61 (54.5) 41 (56.2) x*=0.006 0.939
Age (years), mean = SD 7.35+2.64 7.11+£3.07 =0.549 0.589
Pre-admission symptom duration (days), me- 76.8) 7(6,8) 7--0.025 0.980

dian (P25, P75)

Notes: Sex compared by y? test; age by independent-samples ¢ -test with Welch’s correction; pre-admission symptom duration by Mann—Whitney U test,
presented as median (Pas, P7s).

1.3 Inclusion and Exclusion Criteria

Eligible patients were children (<14 years) with confirmed pneumonia and pulmonary consolidation based on clinical,
radiographic, and laboratory findings [9] and complete medical records. The treatment group received HFCWO plus
standard therapy; controls received standard therapy alone.

Exclusion criteria included: age outside range, unconfirmed diagnosis or non-pneumonic consolidation (e.g., ate-
lectasis, edema), non-standard treatments, incomplete data, severe comorbidities (e.g., immunodeficiency, cardiopul-
monary dysfunction, malignancy), and transfer or loss to follow-up.

1.4 Methods

1.4.1 Standard Treatment
Both groups received intravenous anti-infective, antipyretic, mucolytic, and anti-asthmatic agents, plus nebulization.

1.4.2 FBL Indications
FBL was performed per institutional guidelines when persistent segmental or greater consolidation/atelectasis or pro-
gressive respiratory distress occurred after 5 days of treatment. Clinicians were blinded to group assignment.

1.4.3 HFCWO Treatment

The treatment group received HFCWO (V17, Zhuhai Hema) twice daily (10 min/session) for 2-7 days (median: 6;
IQR: 4-7). Age-based parameters were: 0.5-1 yr: 1 Hz/1 mmHg; 2-3 yr: 1-2 Hz/1-2 mmHg; 3-5 yr: 2-4 Hz/2-3 mmHg;
5-7 yr: 3-5 Hz/2-3 mmHg; >7 yr: 3-5 Hz/3-5 mmHg. Trained nurses adjusted parameters per SOPs with daily physi-
cian evaluation, fine-tuning for physique (e.g., +1 pressure tier for underweight/obese). No adverse events occurred.
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1.5 Outcome Measures

Outcomes assessed were time to resolution of pulmonary rales, chest imaging findings, length of hospital stay, and
rate of fiberoptic bronchoscopy lavage.

1.6 Statistical Analysis

Analyses used SPSS 27.0. Continuous variables are presented as mean = SD or median (P»s, P75). Univariate com-
parisons used the #-test, Mann-Whitney U test, or y? test. Multivariable Logistic and linear regressions adjusted for
age, sex, and pre-admission symptom duration, with aOR or 8 (95% CI) reported. P < 0.05 (two-sided) was considered
significant.

2. Results
2.1 Comparison of Clinical Efficacy

Efficacy was evaluated by chest imaging as marked (>90% resolution), moderate (30%-90%), or no response (<30%).
Two blinded radiologists independently assessed all images. The overall response rate was significantly higher in the
treatment group (87.5% vs. 74.0%; OR = 2.46, 95% CI: 1.15-5.26; Cramér’s V = 0.249) (Table 2).

Table 2. Comparison of clinical efficacy between the two groups

Marked re- Moderate re-  No response Overall re- OR for over- )
Group n sponse (n) sponse (n) (n) sponse [n all response ¥*value P value
P P (%)] [95% CI]
Treatment 2.46[1.15, 1.04 x
aroup 112 71 27 14 98 (87.5) 5.26] 22.94 105
Control group 73 20 34 19 54 (74.0)

Notes: Overall efficacy grade comparison used the Pearson ¥ test; overall response rates are expressed as OR (95% CI).
2.2 Time to Rale Resolution and Hospital Stay

Both outcomes were significantly shorter in the treatment group: rale resolution (median difference: —3.0 days, 95%
CIL: -3.0 to —2.0; Z=-5.31, P < 0.01, r = —0.390) and hospital stay (median difference: —2.0 days, 95% CI: —3.0 to
—2.0; Z=-5.16,P <0.01, r=—0.379) (Table 3).

Table 3. Comparison of time to resolution of pulmonary rales and length of hospital stay between the two groups

Treatment group Control group Median difference

Outcome measure Median (IQR) Median (IQR) [95% CI] Effect size r Z value P value
Time to resolution of

pulmenary rales (dzys) 5(4,6) 8(6.5,9) -3.0 (-3.0, -2.0) ~0.390 ~531 <0.01

Length 0(22;’:;“3‘1 stay 9(7, 10) 11 (9.5, 13) 2.0 (=3.0, -2.0) ~0.379 ~5.16 <0.01

Notes: Data are presented as median (P2s, P7s). Between-group comparisons used the Mann-Whitney U test. Median differences were estimated by the
Hodges—Lehmann method. Effect size »= Z/VN; || 0.1, 0.3, and 0.5 indicate small, medium, and large effects, respectively.

2.3 Comparison of Fiberoptic Bronchoscopy Lavage (FBL) Rates between the Two Groups

The FBL rate was significantly lower in the treatment group (12.5% [14/112]) than in the control group (26.0%
[19/73]), with a rate difference of —13.5% (95% CI: —25.3% to —1.7%) and an OR of 0.41 (95% CI: 0.19-0.88),
representing a 59% risk reduction (¥* = 5.517, P=0.019) (Table 4).
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Table 4. Comparison of fiberoptic bronchoscopy lavage rates between the two groups

Patients undergoing lavage Lavage rate Rate difference [95% N
Group n (n) (%) CI] ¥ value P value
— 0, — 0,
Treatment group 112 14 12.5 13.5% [-25.3%, 5.517 0.019
—1.7%]
Control group 73 19 26.0

Notes: (1) Between-group comparison used the Pearson y? test. (2) Rate difference (95% CI) estimated by the Newcombe—Wilson method. (3) OR (95%
CI) for lavage rates are reported in the main text.

2.4 Multivariable Regression Analysis of Clinical Outcomes

After adjustment for age, sex, and pre-admission symptom duration, HFCWO remained independently associated
with significantly shorter time to rale resolution (B =—2.794 days, 95% CI: —3.333 to —2.255, P <0.001) and reduced
hospital stay (B = —2.740 days, 95% CI: —3.274 to —2.206, P < 0.001). However, the between-group difference in
FBL rate did not reach statistical significance after adjustment (aOR = 0.495, 95% CI: 0.225-1.090, P=0.081) (Table
5).

Table S. Clinical outcomes after adjustment for confounders by multivariable regression analysis

Clinical outcome Predictor variable aOR/B (95% CI) P value

Fiberoptic bronchoscopy lavage (yes/no) Group (treatment vs. control) aOR = 0.495 (0.225-1.090) 0.081
Age aOR = 1.094 (0.988-1.211) 0.083

Sex (male vs. female) aOR = 1.824 (0.835-3.987) 0.132

Pre-admission symptom duration aOR =0.972 (0.867-1.090) 0.629
Time to resolution of pulmonary rales (days) Group (treatment vs. control) B=-2.794 (-3.333 to —2.255) <0.001
Age B =10.008 (—0.083 to 0.099) 0.861

Sex (male vs. female) B=10.117 (—0.362 to 0.596) 0.631

Pre-admission symptom duration B =0.088 (—0.002 to 0.178) 0.056

Length of hospital stay (days) Group (treatment vs. control) B =-2.740 (-3.274 to —2.206) <0.001
Age B=0.221(0.131to 0.311) <0.001

Sex (male vs. female) B=0.561 (0.088 to 1.034) 0.020

Pre-admission symptom duration =0.054 (-0.035 to 0.143) 0.232

Notes: Logistic regression results are reported as aOR (95% CI); linear regression results as p (95% CI). All models were adjusted for age, sex, and pre-
admission symptom duration using the Enter method.

3. Discussion

Pediatric pulmonary consolidation usually comes from severe pneumonia. It can affect ventilation and gas exchange,
and children may have respiratory distress. It is worth noting that traditional treatments can only provide limited
airway clearance in severe cases, and this is why we use chest physiotherapy more. High-frequency chest wall oscil-
lation (HFCWO) can move secretions by mechanical chest wall oscillations. Although adult studies show better air-
way clearance and shorter hospital stay [6, 8, 10, 11], respiratory mechanics are different between children and adults.
In fact, we cannot use direct extrapolation, and pediatric-specific validation should be done.
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In this study, HFCWO can accelerate real resolution. It is likely that this happens because treatment disrupts mucus
viscoelasticity and can enhance proximal secretion movement through increased transthoracic pressure gradients, so
mucus retention in small airways can be reduced [8, 10, 12]. At the same time, radiographic improvement can be
observed, and this may indicate that consolidation re-expansion is promoted.

In fact, shorter hospital stay is similar to findings from adult COPD [6], but this can be due to faster ventilatory
recovery after we clear secretions and atelectasis is resolved, not the mechanisms in the chronic obstruction. Also,
findings from adult mechanical ventilation [11] cannot be used for our cohort without ventilation.

The FBL rate with HFCWO is lower (12.5% vs. 26.0%). This indicates that early non-invasive intervention can
avoid invasive lavage. This can reduce procedural risk. Pediatric parameters (1-5 Hz; 1-5 mmHg) are lower than adult
settings because chest wall compliance is high in children. We should prevent airway collapse. Infants <1 year receive
1 Hz/1 mmHg for safety [13]. In fact, we use a twice-daily regimen with 10 minutes each time. It follows established
standards [14] and is tolerated with no adverse events [7-8].

We use multivariable regression to adjust for age, sex, and the symptom duration before admission. Results show
that HFCWO has an independent association with faster rate resolution (B = —2.794, P < 0.001) and it can shorten
hospital stay (B = —2.740, P < 0.001). This can strengthen internal validity. But the univariate FBL difference (P =
0.019) becomes smaller after the adjustment (P = 0.081), and it is worth noting that this may be because the events
are limited (n=14) and age and sex can cause confounding, so a larger prospective study should be done to confirm.

This study has some limitations that we should mention. First, it is only a single-center retrospective design, which
means we cannot collect detailed baseline inflammatory markers and severity scores in principle, and also, there may
exist some residual confounding factors that we cannot control well. In fact, we did individualized parameter fine-
tuning for each patient in the study, but the BMI and subcutaneous fat data lack systematic recording and can be
incomplete. Also, we excluded non-compliant patients, and attrition bias can exist.

In summary, HFCWO shows promise as a non-invasive adjunct for pediatric pneumonia with consolidation. Mul-
ticenter RCTs are warranted to confirm definitive clinical benefits.

4. Conclusion

Adjunctive HFCWO was associated with faster resolution of rales, improved imaging outcomes, shorter hospitaliza-
tion, and reduced FBL rates in pediatric pneumonia with consolidation, providing preliminary evidence for its non-
invasive benefit. However, the single-center retrospective design limits evidence strength and cannot exclude residual
confounding. Multicenter prospective RCTs are needed to confirm these findings, and future research should inves-
tigate the underlying physiological mechanisms and optimize treatment parameters for individualized pediatric air-
way clearance.
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