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INTRODUCTION
The respiratory distress caused by the novel coronavirus
2019 (COVID-19) is characterized by severe hypoxia
thought to be induced by a cytokine storm [1-3]. The
hypoxia due to COVID-19 can be profound, and some
patients have a severe oxygen debt without significant
hypercapnia or signs of respiratory distress [4]. Unfortunately, the treatment options for novel viruses like severe
acute respiratory syndrome (SARS), middle east respiratory syndrome (MERS), and now COVID-19 have
been limited [5,6].
Currently, hyperbaric oxygen (HBO2) therapy is an
FDA-approved therapy for specific conditions (e.g.,
carbon monoxide poisoning and certain non-healing
wounds) [7,8]. Based on physiology, HBO2 therapy may
reverse the severe hypoxia of COVID-19 by increasing
the partial pressure of oxygen at higher atmospheric
pressures [9,10]. Several studies in cellular models and
patients with conditions like avascular necrosis have also
demonstrated an inhibitory effect of HBO2 therapy on
proinflammatory cytokine production, with measurable decreases in markers such as interleukin-6 [11-14].
However, the increased pressures of HBO2 therapy may
increase acute lung injury or induce pulmonary edema
among COVID-19 patients, so its safety must be
evaluated [15-17].
Two reports of COVID-19 patients in Wuhan, China,
and in Louisiana have suggested that HBO2 therapy may
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ABSTRACT
Objective: Given the high mortality and prolonged
duration of mechanical ventilation of COVID-19 patients,
we evaluated the safety and efficacy of hyperbaric oxygen
for COVID-19 patients with respiratory distress.
Methods: This is a single-center clinical trial of COVID-19
patients at NYU Winthrop Hospital from March 31 to
April 28, 2020. Patients in this trial received hyperbaric
oxygen therapy at 2.0 atmospheres of pressure in monoplace
hyperbaric chambers for 90 minutes daily for a maximum
of five total treatments. Controls were identified using propensity score matching among COVID-19 patients admitted
during the same time period. Using competing-risks survival
regression, we analyzed our primary outcome of inpatient
mortality and secondary outcome of mechanical ventilation.
Results: We treated 20 COVID-19 patients with hyperbaric
oxygen. Ages ranged from 30 to 79 years with an oxygen
requirement ranging from 2 to 15 liters on hospital days 0 to
14. Of these 20 patients, two (10%) were intubated and died,
and none remain hospitalized. Among 60 propensity-matched
controls based on age, sex, body mass index, coronary
artery disease, troponin, D-dimer, hospital day, and oxygen
requirement, 18 (30%) were intubated, 13 (22%) have died,
and three (5%) remain hospitalized (with one still requiring
mechanical ventilation). Assuming no further deaths among
controls, we estimate that the adjusted subdistribution hazard
ratios were 0.37 for inpatient mortality (p=0.14) and 0.26
for mechanical ventilation (p=0.046).
Conclusions: Though limited by its study design, our
results demonstrate the safety of hyperbaric oxygen among
COVID-19 patients and strongly suggests the need for a
well-designed, multi-center randomized control trial. z
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vided a consultation to evaluate patients for eligibility and
consent participants. Enrollment in other clinical trials
was not an exclusion criterion. A total of 26 patients
were evaluated, and six were excluded. Two were excluded
for relative contraindications (e.g., ongoing seizures,
as seizures can be provoked by HBO2; and cardiac dysrhythmia, given that our protocol at the time did not
include cardiac monitoring). Three were excluded as
they were ineligible (e.g., lack of an oxygen requirement, positive troponin, and acute intoxication preventing consent). One patient was consented the day
before, but became critically ill, required dialysis and
was shortly intubated (See Appendix for flow diagram).

lead to faster clinical improvement when compared to
patients on other treatments such as extracorporeal
membrane oxygenation (ECMO) or mechanical ventilation [18-20]. To our knowledge there has not been a
formal study of HBO2 therapy among COVID-19 patients
using comparison to controls of any kind. The purpose
of this clinical trial was to perform an initial analysis
of the safety of HBO2 therapy among COVID-19 patients
and provide some preliminary evidence on its possible
efficacy. It also highlights important considerations that
must be addressed before any providers consider HBO2
therapy for COVID-19 patients.
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Intervention
Patients received 90 minutes of HBO2 therapy at 2.0 atmospheres without air breaks. Patients received up to five
treatments administered daily in addition to standard
care, as long as they continued to require supplemental
oxygen. Treatments were administered using Perry/
Baromed chambers staffed with certified hyperbaric technicians. All treatments were supervised by a physician
with hyperbaric medicine privileges at NYU Winthrop
Hospital with ACLS certification and advanced airway
management equipment.
Propensity-matched controls
Our prespecified plan was to identify controls among
COVID-19 patients treated at NYU Winthrop Hospital
using propensity score matching with a 3:1 ratio. Propensity scores were calculated using a multivariable logistic
regression model to predict the likelihood of receiving
HBO2 therapy. We planned to use age, sex, comorbidities
(e.g., coronary artery disease), and laboratory markers
(e.g., D-dimer) to match controls to cases based on
known risk factors for poor outcomes among COVID-19
patients [18]. However, given that patients were enrolled
in the study on different hospital days (since admission)
and each had different oxygen requirements, we added
these variables to our matching criteria. Positive troponin
and high body mass index (BMI) have been subsequently
identified as additional risk factors and were added to
the matching criteria [21,22]. Because approaches to care
were rapidly evolving and new treatments were being
employed through clinical trials during the course of
the study, matched controls were selected from the same
time period when cases were admitted to the hospital.
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METHODS
Study design and setting
This was a clinical trial of HBO2 therapy among COVID19 patients admitted between March 31 and April 28,
2020. All patients treated with HBO2 therapy were consented and enrolled at NYU Winthrop Hospital. Propensity-matched controls were obtained using data
among COVID-19 patients admitted at NYU Winthrop
Hospital over the same time period. This study was approved
by the Institutional Review Board (IRB) at NYU Langone
Health.
Prior to commencing the study we contacted the Food
and Drug Administration (FDA), who stated that the
non-significant risk assessment made by our IRB was
sufficient to determine that an investigational device
exemption (IDE) was not required to start the study.
This study’s registration number at clinicaltrials.gov is
NCT04332081. Our target enrollment was 40 cases in
total. Here we report the results of the first 20 patients
treated in this planned interim analysis.

Participants
Patients aged 18 years or older with a laboratory-confirmed diagnosis of COVID-19 were eligible for enrollment. Patients had to have an oxygen saturation lower
than 93% on room air, understand the theoretical risks
and benefits of participating, and have signed informed
consent. Patients were excluded if they were pregnant or
had a pneumothorax. An important exclusion that was
added to the original protocol were patients with a
positive troponin (see Discussion).
Participants were recruited into the trial from among
inpatient admissions upon request by the hospitalist
service. A physician certified in hyperbaric therapy pro-
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Data sources
Electronic health records for COVID-19 positive admissions were queried from the Epic Systems Clarity database using Oracle SQL Developer on April 29, 2020. The
exported data included demographic variables (i.e., age,
sex, race/ethnicity), clinical variables (i.e., medical comorbidities based on past medical history and problem
lists, BMI, laboratory values, oxygen flow and device),
and clinical outcome data (i.e., date/time of arrival,
death, intubation, or discharge).
To identify potential controls, we built a database of
other hospitalized COVID-19 patients with their most
recent laboratory values along with their daily maximum
and median oxygen requirements in liters per minute
for each 24-hour period since the arrival time for each
patient.
These potential controls were then matched to cases
by using propensity scores based on the predetermined
criteria described above on a 3:1 ratio without replacement. On May 5, 2020, controls were selected by a
statistician who was blinded to the patient outcomes. Then
two physicians from the study team reviewed all cases
and controls from May 6 to 22, 2020; they analyzed
whether patients had been intubated or had died and
recorded the hospital day when these events had occurred. They also determined if any patients had received
any other experimental medications or were enrolled
in other clinical trials for COVID-19.

After these exclusions we had 363 admitted COVID-19
patients to select as possible controls. Propensity score
matching was performed using the nearest neighbor
matching strategy to calculate the proximity of matches
to cases. To evaluate the quality of matching, standardized mean differences (the most common statistic used
to examine the balance of covariates between cases and
propensity-matched controls) were analyzed to determine
if any values were greater than 0.1 and performed
an adjusted analysis by including these variables in our
competing risks regression [23].
We first described our cases and controls based on
demographic, clinical variables, and treatment with other
medications for COVID-19 using summary statistics
(i.e., Fisher’s exact tests, t-tests, and rank-sum analyses,
as appropriate). Since some study patients were still hospitalized, we used competing risks regression survival
analysis to assess our primary outcome of time to inpatient mortality since treatment and secondary outcome
of time to mechanical ventilation [24]. Competing outcomes for death included hospital discharge, and competing outcomes for mechanical ventilation included
death prior to intubation (e.g., do-not-resuscitate status
or medical futility) or hospital discharge. All statistical
analyses were performed either in R 6.1 or Stata 16.1.

PR

Primary and secondary outcomes
Our primary outcome was inpatient mortality; secondary
outcomes were the need for mechanical ventilation
and days on mechanical ventilation, which were all prespecified in our original protocol. Since some study
patients were still intubated at the time of this report,
we did not analyze days on mechanical ventilation.
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RESULTS
Study population
Among the first 20 cases treated with HBO2 therapy, ages
ranged from 30 to 79; patients were predominately male
(90%); BMI ranged from 19 to 42; 10% had a history of
coronary artery disease; hospital day before HBO2 therapy ranged from 0 to 14 days; and baseline oxygen requirement ranged from 2 to 15 liters. Among our propensitymatched controls, the standardized mean differences for
matched variables were less than 0.1 except for age (0.19),
D-dimer (0.29), and baseline oxygen requirement (0.23).
On average, controls were slightly older and had higher D-dimer values compared to cases. However, baseline
oxygen requirements were higher among cases when
compared to controls. Controls did not demonstrate any
significant differences in characteristics that were not
matched including history of hypertension, hyperlipidemia, diabetes, asthma, nor baseline ferritin, C-reactive
protein or lactate dehydrogenase, nor in frequency
of treatment or enrollment in clinical trials with other
COVID-19 therapies (Table 1).

Statistical analysis
Prior to any analysis of outcomes among controls we predetermined that we would exclude patients with a history
of chronic obstructive pulmonary disease, cancer, cirrhosis, chronic kidney disease, or immunosuppression
given that none of our HBO2 therapy-treated cases had
a history of these conditions. We also excluded any patients above the age of 80, BMI greater than 45, hospital
day of 16 or longer, or oxygen requirement of 16 liters
or more on what would have been equivalent to the day
before or the day of HBO2 therapy treatment, as none
of our HBO2 therapy-treated patients met these criteria.

Gorenstein SA, Castellano ML, Slone ES, et al.
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Table 1: Characteristics of COVID-19 patients treated with
hyperbaric oxygen therapy and propensity-matched controls

_____________________________________________________________________________________________________________________________________________________________

patient
characteristics
				

treated
cases
(n=20)

matched
controls
(n=60)

significance
for
difference

patient
characteristics
				

______________________________________________________________________

sex			
		 male
18 (90%)
55 (92%) 1.00

______________________________________________________________________

______________________________________________________________________
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______________________________________________________________________

0.45
0.30
0.79
1.00
1.00

baseline laboratory values			
		 troponin			
20 (100%)60 (100%)
N/A
			 negative
		 D-dimer			
			average
1142
1870
0.61
			median
375
389
0.66
		 ferritin			
1490
1382
0.71
			average
			median
1265
1151
0.46
		 C-reactive protein			
			average
120
137
0.45
			median
108
125
0.56
lactate dehydrogenase			
			average
496
475
0.70
			median
460
436
0.43

F

race			
		 White
7 (35%)
16 (27%) 0.90
		 Black
3 (15%)
10 (17%)
		 Asian
1 (5%)
6 (10%)
		 other
9 (45%)
28 (46%)

comorbidities			
		 hypertension
10 (50%)
24 (40%)
		 hyperlipidemia
6 (30%)
27 (45%)
		 diabetes
6 (30%)
22 (37%)
		 asthma
1 (5%)
2 (3%)
		 coronary artery
2 (10%)
7 (12%)
		 disease

significance
for
difference

baseline oxygen requirement			
		 average
8.6
7.4
0.43
		 median
6.5
5.0
0.16
		 range
2 to 15
1 to 15
			 1 to 5 liters
7 (35%)
32 (53%)
			 6 to 11 liters
6 (30%)
8 (14%)
			 12 to 15 liters
7 (35%)
20 (33%)

______________________________________________________________________

0.63
0.72

matched
controls
(n=60)

______________________________________________________________________

age			
		 average
58.4
60.9
0.41
		 median
58
62
0.42
		 range
30 to 79
24 to 80

body mass index			
		 average
29.7
29.0
		 median
28.0
28.5
		 range
19 to 42
23 to 44

treated
cases
(n=20)
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hospital day before treatment*			
		 average
3.0
2.8
0.83
		 median
2
1
0.71
		 range
0 to 14
0 to 14
		 day 0 to 1
10 (50%)
33 (55%)
		 day 2 to 4
5 (25%)
14 (23%)
		 day 5 to 14
5 (25%)
13 (22%)

______________________________________________________________________

other COVID-19 treatments/trials			
azithromycin
16 (80%)
53 (88%) 0.45
59 (98%) 0.15
hydroxychloroquine 18 (90%)
anti-IL6 immuno12 (60%)
26 (43%) 0.21
		 modulator
convalescent plasma 4 (20%)
6 (10%)
0.26
remdesivir
0 (0%)
1 (2%)
1.00

______________________________________________________________________

______________________________________________________________________

Notes: Propensity-matched controls by age, sex, history of coronary artery disease, BMI, hospital day before treatment, troponin,
D-dimer. Exclude patients with a history of chronic obstructive pulmonary disease, cancer, cirrhosis, or chronic kidney disease.
* For controls, hospital day before treatment represents the matched day before when the patient would have had HBO2 therapy.

____________________________________________________________________________________________________________________________________________________________

Patient outcomes
Among the first 20 cases treated with HBO2 therapy a
total of 18 (90%) have been discharged (none required
mechanical ventilation), two (10%) required mechanical
ventilation and subsequently died. Among the 60 propensity-matched controls 44 (73%) have been discharged

408

(with five requiring mechanical ventilation), three (5%)
are still hospitalized (two required mechanical ventilation,
and one still on mechanical ventilation), and 13 (22%)
have died at the time of this interim analysis. We stratified
these patient outcomes by baseline oxygen requirement
in Table 2.
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Table 2: Comparisons of outcomes of COVID-19 patients treated with
hyperbaric oxygen therapy and propensity-matched controls

_____________________________________________________________________________________________________________________________________________________________

treated
cases
(n=20)

matched
controls
(n=60)

______________________________________________________________________

all patients
discharged 		
		 never mechanically ventilated
18 (90%)
		 required mechanical ventilation
0 (0%)

1 (2%)
2 (3%)

still hospitalized		
never mechanically ventilated
0 (0%)
required mechanical ventilation
0 (0%)

0 (0%)
0 (0%)

2 (3%)
11 (18%)

inpatient death		
was not mechanically ventilated
0 (0%)
0 (0%)
required mechanical ventilation

0 (0%)
4 (50%)

_____________________________________________________________________

_____________________________________________________________________

OO

0 (0%)
0 (0%)

still hospitalized		
never mechanically ventilated
0 (0%)
0 (0%)
required mechanical ventilation

1 (5%)
2 (10%)

inpatient death		
was not mechanically ventilated
0 (0%)
2 (29%)
required mechanical ventilation

2 (10%)
6 (30%)

PR

31 (97%)
0 (0%)
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_____________________________________________________________________

_____________________________________________________________________
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0 (0%)
1 (3%)

_____________________________________________________________________

N

inpatient death		
was not mechanically ventilated
0 (0%)
0 (0%)
required mechanical ventilation

______________________________________________________________________

baseline oxygen requirement 12 to 15 Liters
discharged 		
never mechanically ventilated
5 (71%)
5 (25%)
required mechanical ventilation
0 (0%)
4 (20%)

_____________________________________________________________________

still hospitalized		
never mechanically ventilated
0 (0%)
		 required mechanical ventilation
0 (0%)

______________________________________________________________________

3 (38%)
1 (12%)

______________________________________________________________________

baseline oxygen requirement 1 to 5 Liters
discharged 		
never mechanically ventilated
7 (100%)
		 required mechanical ventilation
0 (0%)

matched
controls
(n=60)

39 (65%)
5 (8%)

_____________________________________________________________________

inpatient death		
		 was not mechanically ventilated
0 (0%)
		 required mechanical ventilation
2 (10%)

treated
cases
(n=20)

baseline oxygen requirement 6 to 11 Liters
discharged 		
never mechanically ventilated
6 (100%)
required mechanical ventilation
0 (0%)

_____________________________________________________________________

still hospitalized		
		 never mechanically ventilated
0 (0%)
		 required mechanical ventilation
0 (0%)

patient
outcomes
				

F

patient
outcomes
				

______________________________________________________________________

R

______________________________________________________________________

JO
U

Note: Baseline oxygen requirement refers to the median oxygen flow on the day prior to treatment with HBO2 therapy or
for controls the day prior to when the patient would have received HBO2 therapy, which was used as one of the matching criteria.

M
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Safety profile of HBO2 therapy
The few adverse events experienced among patients included epistaxis (which was not related to HBO2 therapy
treatment), ear pain, and claustrophobia. These events
were deemed minor, but some patients were discontinued from further therapy (the patient with epistaxis
was on full-dose anticoagulation and theoretically may
have not been able to equalize ear pressures during HBO2
therapy). There was one serious adverse event that resulted
in a hold of the study, which is pending FDA review. In this
case, the patient had arrived for his second treatment with
an oxygen saturation of 66%. This improved to 88% during
transfer after the 90-minute session. Shortly after his
return to the inpatient ward, he was found on the floor
between his bed and the bathroom. He was off his supplemental oxygen and had sustained a hypoxic arrest. He
was intubated and resuscitated, but ultimately died after

Gorenstein SA, Castellano ML, Slone ES, et al.

a prolonged hospitalization. Though it was internally
concluded that the event was not directly related to the
HBO2 therapy itself, it demonstrates the high risk of
transferring and caring for COVID-19 patients.
Competing risks survival analysis
For our survival analysis we conservatively assumed that
there would be no additional deaths or intubations
among the three controls who are still hospitalized. We
calculated that the unadjusted subdistribution hazard
ratio for time to death was 0.42 (p-value = 0.24, 95% CI
of 0.10 to 1.79) when comparing cases treated with HBO2
therapy to propensity-matched controls. After adjusting
for variables with a standardized mean difference greater
than 0.1, the adjusted subdistribution hazard ratio for
inpatient mortality was 0.37 (p-value = 0.14, 95% CI of
0.10 to 1.37).
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Figure 1
propensity-matched controls
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Cumulative incidence curves for inpatient mortality among
COVID-19 patients treated with hyperbaric oxygen therapy
versus propensity-matched controls

propensity-matched controls

40%

L
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known COVID-19 risk factors; however, accurate prognostic models for COVID-19 have not yet been established
[25]. The small sample size in the study may limit the precision of our propensity score matching. Given a mortality
rate of 25% among hospitalized COVID-19 patients, our
sample size of 40 cases and 120 matched controls would
have 80% power at an alpha of 0.05 to identify a 16.6%
absolute reduction in mortality or a risk reduction ratio
of 0.34. However, given this planned interim analysis, the
sample size should have been adjusted to reduce the likelihood of a type I error. Finally, we found no significant
differences between the characteristics of cases and controls, but this finding may be an artifact of our low sample
sizes.
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For time to mechanical ventilation we calculated that
the unadjusted subdistribution hazard ratio was 0.30
(p-value = 0.09, 95% CI of 0.07 to 1.23) when comparing
cases treated with HBO2 therapy to propensity-matched
controls. After adjusting for variables with a standardized
mean difference greater than 0.1, the adjusted subdistribution hazard ratio was 0.26 (p-value = 0.046, 95% CI of
0.07 to 0.98). Cumulative incidence curves for these outcomes are depicted in Figures 1 and 2.
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Limitations
Our study was performed at a single site, and patients
were not randomized. Recruitment required a consult to
be placed by the inpatient team and evaluation by a hyperbaric physician, which are potential sources of selection
bias. Controls may have had relative contraindications
to hyperbaric oxygen therapy that could not be assessed
without a consultation by a hyperbaric specialist. We
also excluded patients with a positive troponin level, and
cases did not have certain medical comorbidities, which
limits the generalizability of our results. Our study population was predominately male, which may limit the generalizability of our results to female patients. Furthermore,
exclusion of these comorbidities and patient matching was
based on electronic health records, which may not always
be accurate. Matching variables were chosen based on
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DISCUSSION
At the time of this presentation there have already been
more than 600,000 deaths due to COVID-19 worldwide,
and these numbers are expected to grow [26-28].
HBO2 therapy has a direct effect on increasing oxygenation, can reduce inflammation, and has been used safely
for decades with few complications [29-31]. However,
HBO2 therapy has received little focus as a therapeutic
option for COVID-19 patients. Our study represents the
largest known sample of patients treated with hyperbaric
oxygen, and we report our preliminary findings.
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Despite all of these limitations, we believe that HBO2
therapy warrants further study among COVID-19 patients. The majority of patients with high baseline oxygen
requirements arrived for HBO2 therapy with significant
hypoxia based on pulse oximetry. When this occurred they
were placed into the hyperbaric chamber. Most patients
reported subjectively feeling better while receiving the
HBO2 treatment, with less shortness of breath; and we
observed decreased work of breathing in these patients.
However, when moved out of the chamber several patients
reported a return to experiencing the same symptoms
as their pretreatment state, with subsequent hypoxia during transport from the chamber to a wheelchair. Though
no patient required advanced airway management in
the chamber facility, the post-treatment hypoxia was at
times significant and often required high rates of oxygen
supplied by high-flow or non-rebreather masks. We cannot overemphasize how unstable COVID-19 patients can
be. Safety protocols for monitoring patients during and
after transport must be in place before considering HBO2
therapy for COVID-19 patients.
For infection control, a surgical mask was placed over
patients during transport, and all staff had appropriate
personal protective equipment (PPE) with N95 masks,
face shields, gowns and gloves, in accordance with hospital
policy. The treatment team was trained in advanced airway management, along with the donning and doffing of
PPE. A clear workflow was established, as these patients
require significantly more preparation time in order to
safely transfer them in and out of the hyperbaric chamber, which can be associated with oxygen desaturation
given the instability of COVID-19 patients. We treated
patients seven days a week and did not treat any nonCOVID-19 patients, as the unit was considered to carry
an infection risk. The chambers, gurneys, and all ancillary
equipment were disinfected using standard COVID-19
infection control policies between patients. A deep clean
with a bleach solution was sprayed into the chambers
and on other equipment and allowed a wet time of at
least five minutes, with staff wearing appropriate protection from vapors and no patients present during cleaning.
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In this interim analysis we find early evidence that
suggests that HBO2 therapy could be effective among
COVID-19 patients while being safe in this population.
These findings should be taken with caution given the few
patients treated in our study. Furthermore, though every
effort was made to identify matched controls to the cases
treated with HBO2 therapy, it is possible that there are
unobserved differences between the cases and controls
in our study that account for any differences in mortality
or rates of mechanical ventilation [32]. In addition, the
results in our survival analysis for inpatient mortality were
not statistically significant, and the results for mechanical
ventilation may have been due to chance. Therefore, this
study cannot be taken as evidence of efficacy, but does
highlight the need for a larger, multicenter, randomized
control trial to be performed, as we know that there has
been significant difficulty gaining traction for these
studies to occur.
Based on the severe adverse event that occurred, a process improvement plan was enacted so that the receiving
team would be made aware of the patient condition prior to leaving the hyperbaric unit; now patients are closely
monitored for hypoxia via direct observation for at least
one hour on pulse oximetry after being returned to the
ward. This improvement in the transitions of care was put
into place for all COVID-19 patients being transported
to other areas of the hospital, as it is clear that the transport of these patients is a high-risk event. Our preliminary
findings may spur some patients or providers to consider
the treatment of COVID-19 patients in outpatient HBO2
therapy centers that exist across the country. However,
our experience has shown that these patients are very
high-risk and need to be closely followed in a monitored setting.
Furthermore, our study had several exclusion criteria,
and the first 20 patients had certain important characteristics. Notably, none of our patients had a positive troponin level, which was added as an exclusion because we
had some concerns that impaired cardiac function may
lead to hypotension or pulmonary edema. However, we
are not suggesting that a positive troponin should be an
absolute contraindication of HBO2 among COVID-19
patients. In this initial study we added this exclusion
to err on the side of caution. In addition, most of our patients were free of many significant medical comorbidities such as chronic obstructive pulmonary disease,
cancer, cirrhosis, or chronic kidney disease, any of
which may increase the likelihood of poor outcomes
among COVID-19 patients with respiratory distress.

Gorenstein SA, Castellano ML, Slone ES, et al.

CONCLUSIONS
Important questions not addressed by this study include how frequently a COVID-19 patient with respiratory distress should be treated with HBO2 therapy, and
what the treatment duration and oxygen pressure should
be used. We chose our treatment parameters based on
common protocols used in U.S. hyperbaric facilities.
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However, these questions need to be answered through
further clinical investigations. As our early data suggest
that the potential effect size of HBO2 therapy for patients
with COVID-19 could be large, randomized clinical
trials should be started immediately.
Finally, HBO2 therapy is not a widely available therapy.
There are approximately 1,400 hyperbaric facilities in the
United States, but based on recent surveys only 130 are
available for emergencies [30]. Based on our experience
so far, it is our opinion that COVID-19 patients should be
treated in HBO2 therapy facilities within a hospital only
due to how quickly these patients can deteriorate. Since
access to HBO2 therapy will be limited, there will need to
be ethical considerations as to which patients should be
placed on these therapies, just as these decisions are being
made in the use of ECMO [33]. This limitation of HBO2
therapy capacity also means that rational public health
efforts to prevent transmission must still be considered
and efforts to find a vaccine continue to be an
important priority.
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