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Abstract
While airway-clearance devices are commonly used for chronic respiratory diseases, evidence supporting their use—especially in critically ill 

patients—is limited. We conducted a pilot study to assess the feasibility and procedure safety of a noninvasive chest wall oscillation device (NIOD) 
delivered by non-physiotherapist staff, compared with conventional chest physiotherapy (cCPT) performed by physiotherapists. Sixteen patients 
with COVID-19 were enrolled. The intervention completion rate was 100% (16/16) for NIOD and 93.8% (15/16) for cCPT. One planned cCPT session 
was withheld because of hemodynamic instability considered unrelated to the study interventions. No adverse events were attributed to either 
procedure. Changes from baseline in the SpO2/FiO2 (S/F) ratio and other vital signs were minimal and not clinically meaningful in either group at 
10- and 30-minutes post-intervention. Work of breathing and neurological status also remained stable in most patients. In conclusion, NIOD was 
feasible to implement by non-physiotherapist staff and appeared safe in this pilot study, with no procedure-related adverse events. Short-term 
physiological effects were minimal for both interventions. These findings support proceeding to a subsequent definitive trial not limited to COVID-19 
to evaluate the effectiveness and potential role of NIOD in critical care settings, including its use as an alternative to cCPT under physiotherapy 
staffing constraints.
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Introduction

Despite limited evidence for its effectiveness, chest 
physiotherapy (CPT) is widely used as an adjunct to respiratory 
care in critically ill patients [1,2]. Airway-clearance devices—
including oscillatory modalities—are commonly employed in 
chronic conditions such as cystic fibrosis (CF), chronic obstructive 
pulmonary disease (COPD), and neuromuscular disorders [3-5]. 
However, evidence supporting their use in critical care settings is 
scarce. Therefore, we conducted a pilot study to assess the feasibility 
of a noninvasive chest wall oscillation device (NIOD) delivered 
by non-physiotherapist staff for airway clearance in critically ill 
patients, compared with conventional chest physiotherapy (cCPT). 
The findings are intended to inform the design of a subsequent 
definitive trial to evaluate clinical effectiveness and the potential 
role of NIOD as an alternative to cCPT under physiotherapy staffing 
constraints, such as those experienced during the COVID-19 
pandemic [6,7].

Material and Methods

Settings and Design

We conducted a pilot crossover randomized controlled trial in 
an adult Intensive Care Unit (ICU) of a Canadian university hospital.

Patients and Randomization

We recruited patients admitted to the ICU between September 
2021 and April 2022 who were prescribed CPT for airway clearance. 
Patients were considered eligible only if CPT was expected to be 
performed for at least 24 hours after enrollment. Eligibility did 
not depend on respiratory support; patients receiving invasive 
mechanical ventilation, noninvasive ventilation, high-flow nasal 
cannula, or conventional oxygen therapy by mask or nasal cannula 
were included. For pragmatic reasons during the pandemic 
period, the cohort comprised patients with COVID-19, although 
the device is intended for use in critically ill patients irrespective 
of etiology. Following enrollment, participants were randomly 
assigned in a 1:1 ratio to one of two sequences: NIOD first or cCPT 
first. Randomization was performed by an independent research 
assistant using consecutively numbered, sealed, opaque envelopes. 
While the nature of the interventions precluded the blinding of 
patients and clinicians, outcome assessors were blinded to the 
treatment allocation.

Interventions 

Participants received one session each of NIOD (Frequencer®, 
Dymedso, Montreal, Canada) and cCPT in randomized order, 
separated by a washout period of at least 3 hours. The cCPT session 
was delivered exclusively by physiotherapists. The specific cCPT 
techniques (e.g., percussion, vibration, compression) and session 
duration were determined based on the physiotherapist’s clinical 
judgment, reflecting institutional clinical practice. The NIOD session 
was administered by trained non-physiotherapist personnel (ICU 
nurses or respiratory therapists) following a standardized protocol. 
This protocol, supported by an instructional video, consisted of a 
12-minute session targeting four chest wall regions (left anterior, 
right anterior, left lateral, and right lateral) for 3 minutes each. 
Device settings were fixed at a 50% intensity output and a frequency 
of 40 Hz. Throughout the study, all participants continued to receive 

standard intensive care, including airway suctioning, nebulized 
therapies, and ventilator adjustments, as directed by the attending 
intensivist.

Measurements and Analyses

The primary objectives of this pilot study were to assess 
feasibility and procedural safety. Feasibility was defined as the 
completion rate of scheduled intervention sessions. Safety was 
assessed by adverse events occurring during or up to 30 minutes 
post-intervention. Adverse events included device-related 
complications requiring clinical intervention, such as unplanned 
extubation. To inform the design of a future definitive trial, several 
exploratory outcomes were collected. The principal exploratory 
outcome was the change in the SpO2/FiO2 (S/F) ratio. Additional 
parameters included vital signs (Heart Rate (HR), Respiratory Rate 
(RR), Mean Arterial Pressure (MAP)), expiratory tidal volume (TV, 
in mechanically ventilated patients), work of breathing (WOB), 
and neurological status. The degree of WOB was classified as none, 
mild, moderate, or severe.

Neurological status was categorized as: 1) normal; 2) agitated 
when disturbed; 3) agitated without disturbance or depressed; 
and 4) markedly depressed or comatose. These assessments were 
performed by bedside nurses who were blinded to the intervention 
sequence. Measurements were obtained at three time points: 
immediately before the intervention and at 10- and 30-minutes 
post-intervention. Consistent with the pilot nature of this study, 
the analysis was primarily descriptive. Continuous variables 
were presented as medians with interquartile ranges (IQRs), and 
categorical variables as counts and percentages. For planning 
purposes, we fit exploratory linear mixed-effects models with a 
random intercept for patient to estimate between-intervention 
differences in change from baseline, adjusting for measurement 
time (before, 10, and 30 minutes after).

These analyses were underpowered and did not influence 
the study’s conclusions. A formal sample size calculation was not 
performed for this feasibility study. However, a target sample size 
of 25 participants was pre-specified in the registered protocol to 
ensure adequate data to guide the planning of a future definitive non-
inferiority trial. Analyses were performed using Stata (MP version 
18.5, Stata Corp LLC, USA), and EZR (version 1.61, Jichi Medical 
University Saitama Medical Center, Japan). Informed consent was 
obtained from patients or their guardians. The study protocol was 
approved by the Ethical Committee at the University of Montreal 
and McGill University, Quebec, Canada. The study protocol details 
can be found in ClinicalTrials.gov (ID NCT03821389).

Results and Discussion

Patients Included

A total of 16 patients were enrolled. Baseline demographic and 
clinical characteristics were summarized in Table 1. The median age 
was 59 years (IQR, 52–77), and 75% were male. The median body 
mass index was 29 kg/m² (IQR, 25–31). All patients had abnormal 
findings on chest radiography (e.g., ground-glass opacities, 
consolidation, or pleural effusion). Baseline characteristics were 
comparable between the two intervention-sequence groups (Table 
1).
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Table 1: Baseline Demographic and Clinical Characteristics of the Cohort.

Variables Medians (IQRs)

Age (years) 62 (53-77)

Body Mass Index 29 (25-31)

gender N (%)

male 11/15 (73%)

Findings on Chest X-rays Number of Cases (%)

Ground-glass 10/15(67)

Consolidation 4/15 (27)

Pleural effusion 11/15 (73)

Findings on Chest CT-scan 8/15 (53)

Ground glass opacity 8/8 (100)

Crazy paving appearance 4/8 (50)

Pleural Effusion 5/8 (63)

Others (Broncho vascular thickening in the lesion, Traction bronchiectasis) One case each

Acute Respiratory Distress Syndrome 2/13(15%)

Underlying Conditions (counts may overlap) Number of Cases/15 (%)

Asthma 2 (13)

COPD 2 (13)

Cystic fibrosis 0(0)

on Home Oxygen Therapy 1(7)

OSA 1 (7)

Left diaphragm paralysis 1 (7)

Ischemic heart disease 3 (20)

Hypertension 6 (40)

Diabetes 5 (33)

Renal transplant 4 (27)

Others 14 conditions /10 patients

No underlying conditions 2 (13)

Inhalation Agents Number of Cases/15 (%)

Salbutamol 1 (7)

Ipratropium 4 (27)

Epinephrine 0

3% hypertonic saline 0

Sedatives (counts may overlap) Number of Cases/15 (%)

Benzodiazepine 4 (27)

Dexmedetomidine 1 (7)

Propofol 4 (27)

Opioid, 6 (40)

Ketamine 3 (20)

Others (Quetiapine, Isoflurane) 2 (13)

More than 2 sedatives 6 (40)

No sedatives or opioids 8 (53)

Neuromuscular blocking 0(0)

COPD: Chronic Obstructive Pulmonary Disease, OSA: obstructive sleep apnea, Median (25th and 75th percentile) for continuous variables.

Feasibility Outcomes

The completion rate was 100% (16/16 planned sessions) for 
NIOD and 93.8% (15/16) for cCPT (Figure 1). One planned cCPT 

session was not administered because of hemodynamic instability 
that occurred prior to the session. The median interval between 
interventions was 4.0 hours (range, 3.2–5.2 hours).
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Figure 1: Patient Allocation and Procedure Flow diagram.

Procedural Safety Outcomes

Two patients experienced notable clinical events, though neither 
was considered procedure-related. One patient did not receive 
the planned CPT due to hemodynamic instability that developed 
approximately 3 hours after NIOD; this was judged unrelated, given 
the time interval and the patient’s stable post-NIOD observations. 
Relative to baseline, MAP was +17 mmHg at 10 minutes and +16 
mmHg at 30 minutes after the NIOD intervention, and HR was +7 
bpm at 10 minutes and +1 bpm at 30 minutes after. Another patient 
with severe baseline hypoxemia required escalation from high-flow 
nasal cannula to CPAP after only transient improvement following 
NIOD; SpO2 increased from 84% pre-intervention to 89% at 10 
minutes and 93% at 30 minutes after while receiving FiO2 1.0. Both 
events were considered consistent with part of the natural course 

of the patients’ critical illness.

Exploratory Physiological Outcomes

Table 2 summarizes median (IQR) values for each intervention 
at each time point, and Table 3 summarizes median (IQR) changes 
from baseline. Changes in physiological parameters at 10- and 
30-minutes post-intervention were minimal for both interventions. 
For the primary exploratory outcome (S/F ratio), median changes 
from baseline were negligible in the NIOD sessions (−0.6 at 10 
minutes; −1.5 at 30 minutes) and in the cCPT sessions (0 at both 
time points). In an exploratory linear mixed-effects model with a 
random intercept for patient, adjusted for measurement time, the 
estimated between-intervention difference in change in S/F (NIOD 
minus cCPT) was −3.28 (95% CI, −9.81 to 3.25), indicating no 
clinically meaningful difference.

Table 2: Results for Each Group at Each Time Point.

Variables

before-intervention

Median (IQR)

10 min. after intervention

Median (IQR)

30 min. after intervention

Median (IQR)

NIOD

N=16

cCPT

N=15

NIOD

N=16

cCPT

N=15

NIOD

N=16

cCPT

N=15

S/F ratio
158

(118, 283)

162

(120, 271)

160

(114,277)

165

(120, 257)

162

(121, 280)

166

(120,257)

HR
88

(78, 110)

89

(82, 98)

89

(78, 107)

91

(76, 94)

92

(76, 103)

87

(74, 97)

RR
26

(21, 30)

26

(25, 28)

27

(20, 39)

25

(20, 27)

25

(22, 28)

26

(20, 29)

MAP
94

(82, 97)

93

(80, 95)

84

(75, 99)

86

(74, 97)

78

(75, 95)

83

(72, 94)

TV*
461

(450, 474)

473

(448, 486)

500

(427, 509)

525

(482, 740)

495

(482, 585)

470

(458, 565)

NIOD: non-invasive oscillating device, cCPT: conventional chest physiotherapy, S/F: SpO2/FiO2; HR: heart rate (beats/minute); RR: respiratory rate 
(breaths/minute); MAP: mean blood pressure (mmHg), Vt: Tidal Volume (ml), Median (25th and 75th percentile) for continuous variables.

*TV is presented only for cases on invasive mechanical ventilation (NIOD (n=6), CPT (n=5)).
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Table 3: Median [IQR] Change in Physiological Parameters from Baseline.

Parameter Time after intervention NIOD (n=16) cCPT (n=15)

S/F ratio 10 min -0.6 [-6.5, 3.95] 0 [-3.75, 3.45]

30 min -1.5 [-6.9, 5.3] 0 [0, 5.0]

MAP 10 min -1.0 [-12.3, 10.3] 1.0 [-6.0, 4.0]

30 min -3.5 [-13.8, 4.0] -1.0 [-6.0, 1.5]

HR 10 min -1.5 [-2.0, 2.25] -3.0 [-6.0, 1.0]

30 min -1.0 [-3.0, 2.75] -6.0 [-7.0, 0]

RR 10 min -1.0 [-2.25, 5.25] 0 [-3.0, 1.0]

30 min -1.5 [-4.0, 2.0] 0 [-3.0, 3.5]

NIOD: non-invasive oscillating device, cCPT: conventional chest physiotherapy, S/F: SpO2/FiO2; HR: heart rate (beats/minute); RR: respiratory rate 
(breaths/minute); MAP: mean blood pressure (mmHg).

Median (25th and 75th percentile) for continuous variables.

Similarly, no clinically meaningful changes were observed for 
other vital signs; median changes in MAP, HR, and RR were small 
across time points in both groups (Table 2). Work of breathing 
and neurological status remained stable for most participants. At 
baseline, WOB was none or mild in all sessions (NIOD: 13 none, 3 
mild; cCPT: 11 none, 4 mild). Following NIOD, 15 of 16 sessions were 
unchanged and 1 improved (mild to none) at 30 minutes. Following 
the cCPT group, two patients had improved by 30 minutes, whereas 
one patient’s status changed from none to mild. The neurological 
status of all participants was stable and unchanged from baseline 
at all assessment time points for both interventions.

Discussions

In this single-center randomized crossover pilot study, we found 
that the NIOD delivered by non-physiotherapist staff was feasible 
(completion 100% for NIOD; 93.8% for conventional CPT) and 
appeared safe, with no procedure-related adverse events. Short-
term physiological changes were minimal for both interventions, 
and WOB and neurological status remained stable, suggesting that 
the procedures were tolerated and did not cause significant patient 
discomfort. These findings support the operational feasibility of the 
NIOD in the ICU and inform the design of a subsequent definitive 
trial not restricted to COVID-19. Prior studies of airway clearance, 
including oscillatory devices, have largely focused on chronic 
conditions such as cystic fibrosis (CF), with mixed evidence and 
no consistent superiority of one technique over another [8-10]. 
Evidence in critically ill adults remains sparse. Our results extend 
this literature by demonstrating that NIOD can be protocolized and 
delivered by non-physiotherapist personnel in a critical care setting 
without apparent safety signals, while short-term physiologic 
effects appear limited.

This pilot study has limitations. First, as a pilot study, the 
sample size was small and was not powered to detect differences 
in clinical outcomes. Therefore, all findings regarding physiological 
parameters should be interpreted as exploratory. Second, it was 
conducted at a single center with trained non-physiotherapist 
personnel (ICU nurses and respiratory therapists), which may 
limit generalizability to settings without similar staffing or 

training. Third, the cohort comprised only patients with COVID‑19. 
However, these patients represent a population with severe acute 
respiratory failure. Fourth, we evaluated only a single session of 
each intervention, and potential cumulative or longer-term effects 
were not assessed. Fifth, while the three-hour washout period was 
chosen, we cannot exclude the possibility of carry-over effects. 
Finally, the specific NIOD device used in this study (Frequencer®) 
is no longer commercially available.

However, the underlying principle of non-invasive external 
chest-wall oscillation is shared by other available devices. While 
we cannot assume that the safety and feasibility profile would 
be identical across different models, our results provide valuable 
proof-of-concept evidence. Given CPT’s adjunctive role, future 
trials of currently available oscillatory devices should benefit 
from focusing on short-term, mechanism-proximal outcomes 
(e.g., sputum clearance, suctioning requirements, radiographic or 
lung ultrasound–based atelectasis scores, short-term oxygenation 
indices, and respiratory mechanics), while collecting distal clinical 
outcomes as secondary or exploratory measures. If confirmed 
in definitive trials, adopting oscillatory devices as an alternative 
to cCPT could enable more frequent airway‑clearance sessions 
when physiotherapy staffing is limited and may reduce healthcare 
workers’ exposure in rooms housing contagious patients.

Conclusions

NIOD delivered by non‑physiotherapist staff was feasible and 
appeared safe in critically ill adults; definitive trials are needed to 
assess clinical impact.
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