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Introduction

Coronavirus disease 2019 (COVID-19) has resulted in 
more than 8.7 million laboratory-confirmed cases and 0.46 
million deaths globally (1). Few therapies, if any, have been 
shown to rapidly ameliorate the respiratory symptoms 
and prevent against the disease progression. An important 
mechanism contributing to dyspnea and disease progression 
in patients with COVID-19 might be the increased work 
of breathing because of the heightened airway resistance 
(2). Inhalation of hydrogen/oxygen mixed gas (H2-O2) 
might have a role in the treatment of COVID-19 given the 
decreased resistance compared with room air when passing 
through the airways. 

Methods

Recently, we conducted an open-label multicenter clinical 
trial, between January 21st and March 23rd, 2020, among 

patients with laboratory-confirmed COVID-19 from seven 
hospitals in China. The patients were aged 18–85 years, and 
had dyspnea both on hospital admission and at enrollment 
[See Online Supplement (http://dx.doi.org/10.21037/jtd-
2020-057) for patient sources, inclusion/exclusion criteria 
and outcome measures].

Trial Registration: www.clinicaltrials.gov, No. NCT04378712.
Randomization was not applied because of the urgency to 

deal with the outbreak. Patients were assigned to treatment 
group and control group at the discretion of attending 
clinicians. On the basis of standard-of-care (3), patients 
in treatment group inhaled H2-O2 (66% hydrogen; 33% 
oxygen) at 6 L/min via nasal cannula by using the Hydrogen/
Oxygen Generator (model AMS-H-03, Shanghai Asclepius 
Meditec Co., Ltd., China) daily until discharge [see Figure E1  
in Online Supplement (http://dx.doi.org/10.21037/jtd-2020-
057)]. Patients in control group received standard-of-care 
(with oxygen therapy each day) alone until discharge. Clinical 
assessments included the five-category ordinal scale [see Panel 
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1 in Online Supplement (http://dx.doi.org/10.21037/jtd-2020-
057)], four-category ordinary scale of dyspnea, coughing, 
chest distress and chest pain (0: None; 1: Mild; 2: Moderate; 
3: Severe; 4: Very severe) and adverse events, performed on 
admission, at enrollment, at days 2 and 3, and the day before 
discharge (end-of-treatment). The primary endpoint was the 
proportion of patients with improved disease severity (by at 
least one scale). Secondary endpoints comprised the change 
from baseline in oxygen saturation and symptom scales.

Analyses of the full-analysis set were performed with R 
software version 3.5.1. Count (percentage) was adopted for 
summarizing categorical variables, and compared with Chi-
square tests or Fisher’s exact test. The relative risk (RR) 
along with the 95% confidence interval (95% CI) were 
calculated to reflect the likelihood of the event in treatment 
group. Continuous variables were presented with mean ± 
standard deviation, and compared with independent t-test 
or Wilcoxon rank-sum test. All testing was two-sided, with 
P<0.05 being statistically significant.

Results

Of 633 patients being screened, 215 and 328 were excluded 
from treatment and control group [see Figure E2 in Online 
Supplement (http://dx.doi.org/10.21037/jtd-2020-057)], 
respectively, because of the lack of dyspnea at enrollment. 
Finally, 44 patients were included in treatment group, and 
46 in control group. The median duration of H2-O2 and 
oxygen inhalation was 7.7 (interquartile range, 6.0–18.3) h 
and 24 (interquartile range, 22.6–24.0) h per day, respectively. 
The demographics and disease severity were comparable 
at baseline [see Table E1,E2 in Online Supplement (http://
dx.doi.org/10.21037/jtd-2020-057)].

H2-O2 inhalation resulted in significantly more patients with 
improved disease severity at day 2 (20.5% vs. 2.3%, P=0.019; 
RR: 9.0, 95% CI: 1.2–68.1) and 3 (31.8% vs. 11.5%, P=0.038; 
RR: 2.8, 95% CI: 1.1–7.1) and end-of-treatment (70.5% vs. 
31.8%, P<0.001; RR: 2.2, 95% CI: 1.4–3.6) (Figure 1). The 
improvement of dyspnea scale (50.0% vs. 23.9%, P=0.019; RR: 
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2.1, 95% CI: 1.2–3.8) was greater in H2-O2 treatment group at 
day 2. H2-O2 inhalation improved chest distress and chest pain 
(all P<0.05). The improvement in cough scale was greater in 
treatment group at days 2 and 3 (both P<0.05). Furthermore, 
the improvement in resting oxygen saturation was greater after 
H2-O2 inhalation (all P<0.05, Table 1). 

Similar findings were found when analyzing the outcome 
measures as the continuous variables [all P<0.05, Table E3 
in Online Supplement (http://dx.doi.org/10.21037/jtd-
2020-057)]. In the H2-O2 treatment group, the dyspnea 
scale improved more significantly at end-of-treatment 
regardless of baseline disease severity [Table E4 in Online 
Supplemen (http://dx.doi.org/10.21037/jtd-2020-057)]. 
Patients who inhaled H2-O2 for less than the median 
duration (64 h) still presented with consistently significant 
improvements [Table E5 in Online Supplement (http://
dx.doi.org/10.21037/jtd-2020-057)]. 

The most common adverse events were worsening of 
cough (6.8% in treatment group; 8.7% in control group) 
and chest distress (2.3% in treatment group; 21.7% in 
control group). Abnormal laboratory findings were rare 
(2.3% in treatment group; 13.0% in control group). No 
serious adverse events were reported [Table E6 in Online 
Supplement (http://dx.doi.org/10.21037/jtd-2020-057)].

Discussion

This is the first multicenter randomized clinical trial that 
verifies the efficacy and safety of H2-O2 inhalation in 
patients with COVID-19. The clinical benefits were likely 
to be attributable to the ability of H2-O2 to decrease the 
inspiratory efforts due to the significantly lower resistance 
when passing through the respiratory tract compared with 
room air (previously verified with impulse oscillometry) (4).  
Patients with COVID-19 frequently presented with 
dyspnea, coughing, chest pain and distress, and oxygen 
desaturation (5), which cannot be rapidly ameliorated with 
other existing therapies (including oxygen therapy). The 
therapeutic effects of H2-O2 became significant as early 
as days 2 and 3 and the amelioration of most respiratory 
symptoms persisted till the end-of-treatment, which again 
cannot be readily interpreted by miscellaneous supportive 
therapies including oxygen therapy. 

Heliox inhalation reportedly resulted in amelioration 
of dyspnea and decreased respiratory tract resistance in 
adults and children (6,7). However, due to the lower cost-
effectiveness, heliox has not been recommended for routine 
clinical use. H2-O2 could be generated via direct electrolysis 

of water using commercially available instrument which 
has made it possible for clinical application at home 
and in hospital settings (particularly in medical facilities 
critically lacking oxygen supplies). The safety profiles have 
rendered H2-O2 inhalation particularly suitable for relieving 
dyspnea and other respiratory symptoms in patients with 
COVID-19, regardless of the disease severity.

Our study was limited by the open-label design and 
variable duration of H2-O2 inhalation due to the urgency. 
We neither randomly assigned patients with COVID-19 
due to the emergency nor matched the patients with 
propensity scores, which could have resulted in selection 
bias. The protocol for H2-O2 inhalation was established 
empirically and might warrant optimization. Nonetheless, 
H2-O2 inhalation might be considered useful to patients 
with dyspnea or those in facilities without sufficient oxygen 
supplies.
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