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Introduction 

The transmission route of the SARS-CoV-2 virus remains controversial,1,2 and concerns 

persist of potentially increased virus transmission and aerosol dispersion when utilizing high-

flow oxygen and aerosol devices among COVID-19 patients.2-5 Spontaneous breathing patients 

with tracheostomy represent a more direct conduit for dispersing aerosol particles with risk of  

virus transmission.6 Tracheostomy procedure is considered a high-risk aerosol generating 

procedure and high-level personal protection equipment (PPE) is recommended when the 

tracheostomy is being performed for COVID-19 patients.7 However aerosol dispersion 

transmission risk of bioaerosols via tracheostomy during spontaneous breathing has not been 

evaluated and the impact of different humidification devices and interfaces are unknown.  

A heat-moisture exchange filter (HMEF) provides heat and humidification while filtering 

the exhaled gas from patients (Table 1),6,8 but is not suitable for patients with copious or thick 

secretions, and can be occluded by secretions, resulting in an increased work of breathing or 

complete obstruction of the inner cannula. Large volume nebulizers (LVNs) are commonly used 

with tracheostomy mask for patients with a tracheostomy, despite concerns that cool gas may 

cause airway irritation or dry secretions. A venturi adapter with tracheostomy mask is commonly 

utilized during transport or patient mobilization. Lastly, heated high-flow high humidity has been 

shown to improve comfort and secretion management in tracheostomy patients.9-11 The aerosol 

particle concentrations generated by patients via tracheostomy stoma with these devices is 

unknown. This study aimed to investigate the ambient aerosol particle concentrations among 

different oxygen and humidification devices for spontaneous breathing patients with a 

tracheostomy, in order to reflect the transmission risk. 



Methods 

This prospective, randomized cross-over trial was approved by the Rush university ethics 

committee (approval No. 20112506-IRB01) and registered in clinicaltrials.gov (NCT04654754). 

Adult tracheostomy patients who were able to breathe without ventilator support were enrolled. 

Patients were excluded if meeting any of the criteria: had positive test of COVID-19 within the 

last two weeks; were non-English speaking or unable to communicate or make any decision; 

refused to participate in the study; were receiving palliative care or extracorporeal membrane 

oxygenation. 

After signing the consent form, patients received oxygen therapy with four devices in a 

random order: 1) HHFHH device with tracheostomy adapter (Airvo2, Fisher & Paykel 

healthcare, Auckland, New Zealand) operated at 30 L/min (Table 1); 2) LVN (AirLife Prefilled 

Nebulizer Kit, Vyaire Medical, Mettawa, IL) with tracheostomy mask (AirLife, Vyaire Medical); 

3) LVN with T-piece and a bacteria/viral filter (AirLife, Vyaire Medical);8 4) Venturi-adapter 

with tracheostomy mask. Both LVN and Venturi-adapter were operated at 6 L/min and fraction 

of inspired oxygen (FIO2) at 0.28. Each device was used for 5 mins. An HMEF placed at the 

tracheostomy tube was used prior to study and between devices, with the interval of 10 mins. A 

particle counter (Model 3889, Kanomax, Andover, NJ) was placed at 1 foot from patient face to 

continuously measure aerosol particle concentrations in the room. During the study, the 

investigator wore N95 mask and stayed in the room with patients, and activities (talking or 

moving around) were discouraged. The door of the patient room remained closed and none of the 

rooms had negative pressure. If suctioning was required, aerosol particle concentration 

measurement was paused and restarted 10 mins after suctioning. Patient’s comfort was self-



evaluated using a visual numerical scale (VNS) ranging between 1 (very uncomfortable) and 5 

(very comfortable).12 

HMEF was expected to reduce the aerosol particle concentrations, with treatment effect 

set at medium to large as 0.1. Using G-power software to calculate the sample size in repeated 

ANOVA measures, with confidence level (α) of 95%, power (1-ß) of 80%, the number of 

patients was 12. Friedman test was used to compare the aerosol particle concentrations and 

comfort scores among five devices (including baseline with HMEF) and Wilcoxon sign rank test 

was used to analyze the differences between devices. P<0.05 was statistically significant for all 

tests. Data analysis was conducted with SPSS software (SPSS 26.0; SPSS; Chicago, IL). 

Results 

Twelve patients were enrolled, with Age of 50.5±16.6 years, height of 166.5±10.4 cm, 

weight of 83.1±27.6 kg, and BMI of 29.5±7.6 kg/m2. Tracheostomy had been in placed for 18.5 

(5.3, 250.5) days, 10 patients had tracheostomy tube size of 6, of whom 4 had cuffed tubes and 

two patients had tracheostomy tube size of 4. All cuffs were deflated during study. Patients 

required suctioning frequency of 3 (2, 5) times in the past 24 hours. Only 2 patients required 

suctioning during the duration of the study, which lasted ~90 minutes per patient. 

No significant differences of aerosol particle concentrations at each size were found 

among different devices (Table 1). Patients’ comfort was similar among devices as well.     

  



Discussion  

Aerosol particle concentrations were similar among different humidification devices used 

with tracheostomy patients with a deflated cuff. These findings differ from our previous study of 

high-flow nasal cannula for COVID-19 patients, in which aerosol particle concentrations at 1 

foot from patients were reduced when placing a surgical mask over nasal cannula at particle sizes 

of 0.3-5.0 µm.5 In contrast, the effect of placing a bacteria/viral filter or HMEF on tracheostomy 

tube was negligible. Hypothetically a bacteria/viral filter or HMEF should have higher efficiency 

to filter aerosol particles than a surgical mask, however all of the tracheostomy patients could 

breathe via their mouth and nose, and none wore a surgical mask. In contrast to COVID-19 

patients in the acute phase, the stable tracheostomy patients enrolled in our study required 

minimal suctioning and barely coughed during the study, while cough in patients without 

tracheostomy was found to generate higher fugitive aerosol particle concentrations than 

nebulization.13 Future studies should explore whether placing a surgical mask to cover the mouth 

and nose for tracheostomy with deflated cuff could reduce the aerosol particle concentrations, 

and to investigate the effects of a bacteria/viral filter or HMEF with a surgical mask during 

cough or suctioning.  

 Interestingly, LVN with tracheostomy mask did not generate higher aerosol particle than 

other devices, in contrast to small volume nebulizer, which was found to significantly increase 

the aerosol particle concentrations.14 This difference might be explained by the long tubing (3m) 

used to connect LVN and tracheostomy mask, and the aerosol output produced with more 

particles deposited in the tubing, allowing mostly small particles of 0.3-0.5 µm to reach the 

patients.  



There are several limitations. Due to the unknown transmission risk of tracheostomy, we 

did not enroll COVID-19 patients, however COVID-19 patients recovered from the acute phase 

and weaned off ventilator would be expected to have low virus load15 and less frequent cough, 

thus our results might provide a reference for the future studies with tracheostomy patients with 

airborne disease. We did not investigate the virus load, while the aerosol concentrations only 

directly reflected the transmission risk, future studies are needed to measure the virus load with 

different devices. Regardless, appropriate PPEs are still recommended when taking care of 

tracheostomy patients, especially during suctioning.   

For stable tracheostomy patients with uncuffed airways, different humidification devices 

and interfaces did not generate clinically significant differences of aerosol particle 

concentrations. Future studies are still needed to assess the effects of humidification devices 

during coughing or suctioning and the effects of wearing a surgical mask.   
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Table 1. Aerosol particle concentrations at baseline and during the use of different devices for patients with tracheostomy 

Particle size, 

µm 

Particle concentrations, particles/m3 

p* 

 
 

Baseline with HMEF 

 
Airvo2 with 

tracheostomy adapter 

 
LVN with a 

tracheostomy mask  

 
Venturi adapter with 

a tracheostomy mask  

 
LVN with T-piece and a 

filter  

<0.3, ×106 13.0 (7.9, 25.4) 10.5 (7.7, 23.0) 15.2 (7.2, 26.0) 12.1 (6.9, 26.6) 11.9 (7.3, 25.5) 0.569 

0.3-0.5, ×105 6.8 (4.1, 19.6)  6.1 (4.6, 17.9)  7.3 (3.8, 31.5)  6.1 (3.6, 22.1)  5.9 (3.9, 17.6) 0.061 

0.5-1.0, ×104 5.0 (4.2, 13.9) 5.3 (3.5, 13.7) 5.5 (3.6, 14.0) 4.6 (3.6, 13.2) 5.2 (3.6, 10.1) 0.663 

1.0-3.0, ×104 1.3 (0.9, 2.5) 1.3 (1.0, 3.1) 1.1 (0.6, 2.9) 1.0 (0.8, 2.3) 1.2 (0.7, 2.6) 0.644 

3.0-5.0, ×103 6.7 (4.9, 12.7) 6.7 (5.3, 15.2) 6.0 (2.5, 15.5) 5.7 (4.6, 12.0) 6.0 (3.5, 14.1) 0.994 

5.0-10.0, ×103 3.2 (2.5, 5.3) 3.5 (2.1, 7.1) 3.2 (1.4, 7.4) 3.9 (1.8, 4.6) 3.5 (2.5, 6.4) 0.872 

Comfort score  3.5 ± 1.2 3.5 ± 1.5 3.8 ± 1.3 3.5 ± 1.2 3.3 ± 1.3 0.593 

The concentrations for aerosol particles at each size were presented as median (interquartile), comfort score was presented as mean ± 

standard deviation.  

* compared among five devices (Friedman test). HMEF, heat-moisture exchange filter; LVN, large volume nebulizer. 

 


