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Background: Concerns regarding positive-pressure-ventilation for the treatment of coronavirus 
disease 2019 (COVID-19) hypoxemia led the search for alternative oxygenation techniques. This 
study aimed to assess one such method, dual oxygenation, i.e., the addition of a reservoir mask 
(RM) on top of a high-flow nasal cannula (HFNC). 
Methods: In this retrospective cohort study, the records of all patients hospitalized with COVID-19 
during 2020–2022 were reviewed. Patients over the age of 18 years with hypoxemia necessitating 
HFNC were included. Exclusion criteria were positive-pressure-ventilation for any indication other 
than hypoxemic respiratory failure, transfer to another facility while still on HFNC and “do-not-in-
tubate/resuscitate” orders. The primary outcome was mortality within 30 days from the first appli-
cation of HFNC. Secondary outcomes were intubation and admission to the intensive care unit. 
Results: Of 659 patients included in the final analysis, 316 were treated with dual oxygenation 
and 343 with HFNC alone. Propensity for treatment was estimated based on background diagno-
ses, laboratories and vital signs upon admission, gender and glucocorticoid dose. Inverse probability 
of treatment weighted regression including age, body mass index, Sequential Organ Failure Assess-
ment (SOFA) score and respiratory rate oxygenation index showed treatment with dual oxygen-
ation to be associated with lower 30-day mortality (adjusted hazard ratio, 0.615; 95% confidence 
interval, 0.469–0.809). Differences in the secondary outcomes did not reach statistical significance. 
Conclusions: Our study suggests that the addition of RM on top of HFNC may be associated with 
decreased mortality in patients with severe COVID-19 hypoxemia. 
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INTRODUCTION 

Hypoxemic respiratory failure is the most feared complication of novel coronavirus (corona-

virus disease 2019 [COVID-19]) pneumonia [1]. Affecting more than 14% of patients hospi-

talized with COVID-19, this is the leading cause of both intensive care unit (ICU) admissions 

and mortality in this population [2]. Positive pressure ventilation—both invasive and nonin-
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vasive—has been long accepted as the most effective method 

of improving oxygenation [3]. Nonetheless, various concerns 

regarding the availability of these treatments (including short-

ages in ventilators and skilled operators), have lead the quest 

for alternative methods of oxygenation [4], aimed at alleviating 

the burden of invasive and noninvasive positive pressure ven-

tilation and theirs potential complications. 

One such method, often denominated as “dual oxygenation” 

and vastly implemented in our tertiary care medical center, 

is the addition of a reservoir mask (RM) on top of a high-flow 

nasal cannula (HFNC). HFNC has been extensively shown to 

improve oxygenation by reducing effective dead space venti-

lation and markedly increasing the fraction of inspired oxygen 

(FiO2) [5], as well as significantly increasing the end expirato-

ry pressure [6]. This modality was also shown to reduce 30-

day mortality compared to other noninvasive measures [7]. 

Some alterations to the flow rate and oxygen concentrations 

of HFNC [8], the effect of manipulating the delivery device [9], 

opening to shutting the patient’s mouth [6] or the addition 

of a surgical mask on top of the HFNC have been empirically 

evaluated [10]. This study aimed to evaluate the effects of dual 

oxygenation, i.e., the addition of RM on top of HFNC aiming to 

increase the amount of oxygen delivered to the alveoli in the 

attempt to avoid the need for invasive ventilation, compared 

to HFNC alone, on clinically significant outcome measures in 

the treatment of COVID-19 associated hypoxemic respiratory 

failure. 

MATERIALS AND METHODS 

This human study was approved by the Institutional Eth-

ics Committee of  Rambam Medical Center (No. 0228-21- 

RMC-D). The requirement for consent was waived by the eth-

ics committee due to the retrospective nature of this study.

This retrospective cohort study aimed to compare the 

treatment of severely hypoxemic COVID-19 patients with ei-

ther HFNC alone (control) or dual oxygenation (HFNC with 

the addition of a RM). The study was conducted in Rambam 

Healthcare Campus, a tertiary level care 1,100 beds medical 

center, situated in Haifa, Israel. The Electronic Health Registry 

files of all patients hospitalized between January 1, 2020, and 

December 31, 2022, in any one of eight dedicated COVID-19 

wards were reviewed. To be included, a patient had to have 

had (1) a positive polymerase chain reaction test for COVID-19 

performed within 2 days of hospital admission, (2) severe hy-

poxemia requiring the use of HFNC, defined as pulse oxygen 

saturation (SpO2) persistently below 90% despite maximal flow 

(15 L/min) on RM, and (3) 18 years of age or older. Exclusion 

criteria were (1) positive pressure ventilation (either noninva-

sive or invasive) initiated for any reason other than refractory 

hypoxemia (e.g., general anesthesia), (2) transfer to another 

facility while still on HFNC, and (3) patients with do-not-re-

suscitate (DNR) or do-not-intubate (DNI) orders at any point 

during the hospitalization. 

All patients were continuously monitored by pulse-oximetry. 

For HFNC, a flow of 40 L/min heated to 37 °C and humidified 

to 100% was used, at FiO2 of 40%–100%, titrated to achieve cap-

illary SpO2 of 90%–95%. RM was added via a non-rebreather 

mask at a fixed oxygen flow of 15 L/min at ambient tempera-

ture. Invasive mechanical intubation was performed at the 

attending physician’s discretion, mostly because of decreasing 

SpO2 despite maximal non-invasive respiratory support. The 

primary outcome was mortality within 30 days from the first 

application of HFNC. Secondary outcomes were the initiation 

of invasive intermittent positive pressure ventilation (i.e., intu-

bation) and admission to an ICU. 

Statistical Analysis 
Standard descriptive statistics were used to summarize pop-

ulation characteristics. Survival analysis was performed us-

ing the Gehan-Breslow-Wilcoxon method and visualized by 

means of a Kaplan-Meier survival plot. Cox regression was 

performed for multivariate survival analysis. Propensity for the 

treatment group was calculated by logistic regression, based 

on a priori selected variables. Inverse probability of treatment 

weighting was selected due to the similar sample sizes of 

the intervention (dual) and control (HFNC alone) groups. A 

two-sided P <0.05 was considered statistically significant for all 

tests. Assuming patients treated with dual oxygenation to com-

prise at least 40% of the analyzed population the minimal total 

■ We investigated a simple, readily available, safe, and yet 
not sufficiently researched oxygenation method: the 
addition of a reservoir mask on top of high flow oxygen 
cannula.

■ Our data suggest this rudimentary intervention can be 
associated with decreased 30-day mortality.

■ These findings could be extremely important for clini-
cians and incentivize further studies.
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sample size needed to detect a relative hazard of 0.8 or lower 

(with β=0.2) for the primary outcome of 30 days mortality was 

calculated to be 657. Statistical analysis was performed using 

IBM SPSS software ver. 24.0 (IBM Corp.).  

RESULTS 

Of 5,324 patients hospitalized with COVID-19 during the study 

period, 721 (13.5%) were treated with HFNC. Nine patients 

(1.2%) were excluded for being intubated for surgery, 17 (2.4%) 

were transferred to another facility while still requiring high-

flow oxygenation, and 36 (5%) had DNR or DNI orders. A total 

of 659 patients were included in the final analysis: 343 (52%) 

were treated with HFNC alone (controls) and 316 patients 

(48%) were treated with dual oxygenation (the combination of 

HFNC and RM), as summarised in Figure 1. The characteris-

tics of both groups are presented in Table 1. 

The background diagnoses of solid and hematological ma-

lignancies, heart failure and dyslipidemia were significantly 

(P<0.05) more prevalent in the dual oxygenation group. Pa-

tients treated with dual oxygenation had higher mean white 

blood cells count (5.6±12.9 vs. 3.8±7.4 ×103/μl, P=0.019), blood 

lactate (0.7±1.0 vs. 1.0±1.1 mMol/L, P<0.001) and C-reactive 

protein levels (6.6±9.9 vs. 9.1±10.7 mg/dl, P=0.002). The respi-

ratory rate oxygenation (ROX) index measured at 6 hours after 

the initial application of HFNC was significantly higher in the 

dual oxygenation group (4.7±1.4 vs. 4.4±1.1, P=0.003). There 

were no significant differences between the two groups in the 

lowest Sequential Organ Failure Assessment (SOFA) score 

during hospitalization, as well as length of treatment or total 

dose of corticosteroids administered. Rates of, time to and du-

ration of noninvasive bilevel positive airway pressure support, 

days spent using HFNC, and body mass indexes were similar 

in both groups. 

At 30 days from the initial application of HFNC, the primary 

outcome of all-cause mortality was significantly lower in the 

dual oxygenation group (104 [32.9%] vs. 146 [42.6%], P=0.011). 

The lower proportion of invasive positive pressure ventilation 

in the dual oxygenation group within 30 days from HFNC ini-

tiation (46 [14.6%] vs. 65 [19%], P=0.132) did not reach statis-

tical significance. Rates of ICU admission within 30 days from 

HFNC initiation were similar between groups (93 [29.3%] and 

100 [29.2%], P=0.938). Survival analysis of both primary and 

secondary outcomes are visualized Figure 2. 

Assessing for potential confounders, propensity for the 

treatment group (dual vs. control) was scored using a set of 

antecedently selected independent variables. These included 

gender, background diagnoses (solid and hematological ma-

lignancy, hypertension, heart failure, ischemic heart disease, 

atrial fibrillation, dyslipidemia, diabetes, dialysis, smoking, 

asthma, and chronic obstructive pulmonary disease), labo-

ratories upon admission (neutrophil and lymphocyte counts, 

lactate, C-reactive protein, D-dimer, bilirubin and serum creat-

inine), vital signs on presentation (pulse, blood pressure, SpO2, 

respiratory rate and temperature) and the total dose of gluco-

corticoids administered. This scoring was used to inversely 

weight the probability of treatment group when analyzing 

the primary outcome of overall survival at 30 days. Next, Cox 

All adult patients hospitalized with COVID-19 confirmed PCR 
within 2 days from admission
(Jan 1, 2020–Dec 31, 2022)

n=5,324  4,603 Not treated with high-flow oxygenation

62 Excluded
  9 Intubated for surgery (1.2%)
17  Transferred to another facility while still requiring high-

flow oxygenation (2.4%)
36 DNR/DNI orders (5%)

721 Inclusion criteria met

659 Patients included in the final analysis

Preliminary data survey

Manual EHR survey

Final analysis

Figure 1. Flowchart of the study. COVID-19: coronavirus disease 2019; PCR: polymerase chain reaction; DNR: do-not-resuscitate; DNI: do-not-
intubate.
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Table 1. Study patients characteristics
Variable HFNC alone (control, n=343) Dual (HFNC+RM, n=316) P-value
Female 131 (38.2) 110 (34.8) 0.368
Age (yr) 66.5±15.6 68.0±15.7 0.198
History
 Solid malignancy 72 (20.9) 93 (29.4) 0.012
 Hematological malignancy 24 (7.0) 39 (12.3) 0.020
 Heart failure 103 (30.0) 135 (42.7) 0.001
 Hemodialysis 21 (6.1) 32 (10.1) 0.059
 COPD 31 (9.0) 23 (7.3) 0.411
 Asthma 13 (3.8) 17 (5.4) 0.328
 Smoking 43 (12.5) 48 (15.2) 0.324
 Atrial fibrillation 50 (14.6) 58 (18.4) 0.191
 Dyslipidemia 146 (42.6) 165 (52.2) 0.013
 Hypertension 82 (23.9) 109 (34.5) 0.003
 Ischemic heart disease 90 (26.2) 98 (31.0) 0.175
 Diabetes mellitus 135 (39.4) 131 (41.5) 0.584
Laboratory results upon admission
 White blood cells (x103/μl) 3.8±7.4 5.6±12.9 0.019
 Neutrophiles (x103/µl) 6.9±4.2 7.2±5.3 0.563
 Lymphocytes (x103/µl) 1.9±14.2 2.3±13.3 0.779
 Hemoglobin (mg/dl) 12.0±2.3 12.3±2.3 0.153
 Lactate (mMol/L) 0.7±1.0 1.0±1.1 <0.001
 C-reactive protein (mg/dl) 6.6±9.9 9.1±10.7 0.002
 D-dimer (mg/ml) 1,321±1,083 1,489±1,182 0.198
 Bilirubin (mg/dl) 0.6±0.4 0.6±0.6 0.420
 Serum creatinine (mg/dl) 1.5±1.5 1.4±1.4 0.511
Glucocorticoid length of treatment (day) 5.9±3.8 6.0±3.7 0.882
Glucocorticoid cumulative dose (prednisone equivalent in mg) 237±153 238±148 0.879
Highest SOFA score during hospitalization 4.7±1.7 4.7±1.8 0.983
Highest ROX index within 12 hours from HFNC initiation 4.4±1.1 4.7±1.4 0.003
Body mass index (kg/m2) 29.0±5.8 29.6±6.2 0.240
Day on HFNC 13 (4 to 22)  13 (4 to 24) 0.266
BiPAP 84 (24.5) 68 (21.5) 0.366
Day to BiPAP initiation 0 (0 to 4) –1 (–2 to 2) 0.389
Day on BiPAP 3 3 (1 to 6) 3 (1 to 5) 0.635
Deceased 30 days after first application of HFNC 146 (42.6) 104 (32.9) 0.011
Intubated 30 days after first application of HFNC 65 (19) 46 (14.6) 0.132
Admitted to the ICU within 30 days after first application of HFNC 100 (29.2) 93 (29.3) 0.938

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
HFNC: high-flow nasal cannula; RM: reservoir mask; COPD: chronic obstructive pulmonary disease; SOFA: Sequential Organ Failure Assessment; ROX: respiratory 
rate oxygenation; BiPAP: bilevel positive airway pressure support; ICU: intensive care unit.

proportional weighted hazard model was constructed. Age, 

body mass index, highest SOFA score during hospitalization 

and ROX index at 6 hours after the initiation of HFNC were 

included in the model. Dual oxygenation remained an inde-

pendent predictor of 30 days mortality (adjusted hazard ratio, 

0.615; 95% confidence interval, 0.469–0.809), as presented in 

Supplementary Table 1. The inverse probability of treatment 

weighted survival is depicted in Figure 3. 

DISCUSSION 

Our study demonstrated a decreased 30 days mortality in pa-

tients treated with the addition of RM on top of HFNC. This 

association remained unchanged after accounting for multiple 
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Figure 2. Kaplan-Mayer survival curves from first high-flow nasal 
cannula (HFNC) to death (A), the initiation of invasive positive 
pressure ventilation (i.e., intubation) (B), and admission to the 
intensive care unit (ICU) (C). RM: reservoir mask.
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potential confounders, including age, smoking status, body 

mass index, underlying diseases (and particularly chronic 

lung diseases), laboratories and vital signs at presentation and 

severity as reflected by the SOFA score and ROX index. Several 

mechanistic explanations could be offered to elucidate these 

results. 

First, flow addition might be of importance. While 40 L/min 

is much higher than the typical minute ventilation, this ventila-

tory volume is inspired over a period of time that is significantly 

shorter, leading to high-peak inspiratory flows (PIF). Patients 

in respiratory failure demonstrated PIFs of over 42 L/min on 

average and up to 120 L/min [11]. Conversely, the O2 infra-

structure in our hospital only allows for up to 40 L/min flow of 

pure oxygen, lower than the maximal flow of most available 

HFNC devices, that support minute flow of up to 60 L/min. In 

other words, 15 L/min of RM added to the HFNC of 40 L/min 

(increasing flow by 37.5) may be significant in view of the high 

PIF in respiratory failure [12,13]. In a recent bench and healthy 

volunteers model, increasing the flow from 40 to 60 also in-

creased the positive end expiratory pressure, which might ex-

plain improved oxygenation [6]. 

Second, not unlike the addition of a surgical mask (shown in 

a small study to improve oxygenation) [10] or simply adding a 

venturi mask with no flow [14], the RM adds a physical barri-

Figure 3. Propensity score weighted Cox regression for 30 days 
survival. Predicting variables included respiratory support method 
(dual vs. high-flow nasal cannula [HFNC] alone), age, respiratory rate 
oxygenation (ROX) index, Sequential Organ Failure Assessment score, 
and body mass index. RM: reservoir mask.
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er. All high flow devices in our center rely on nasal prongs for 

delivery. Shifts to the hemoglobin dissociation curve [15], and 

the rise of PaCO2 [16] have all been suggested to explain these 

findings. It seems, nonetheless, that the most likely mecha-

nism is the decrease of room air entrainment in the presence 

of a physical barrier. PEEP was significantly lowered when the 

subjects opened their mouths [6]—a posture typical of the 

air hungry patient. This was shown in volunteers subjected 

to strenuous exercise to simulate the increased ventilation 

in severe respiratory failure (shown to breathe through their 

mouth) [17]. Partial arterial pressure of O2 was significantly 

increased (with PaCO2 unchanged) when a barrier was ap-

plied [10]. FIO2 delivery was shown to decrease significantly 

in severe respiratory failure, a finding attributed to room air 

entrainment, in a recent meta-analysis [18]. It seems the sim-

ple barrier of the RM helps funnel the high flow from the nasal 

prongs to the mouth, contributing especially in severe respi-

ratory distress where patients are more likely to breathe with 

their mouth open. 

The decrease in room air entrainment might be even more 

significant when a highly compliant reservoir is added [9]. The 

large diameter and proximity of the reservoir bag minimize 

the resistance of this source of effectively pure oxygen during 

inspiration [7]. Since, as discussed above, the limiting factor in 

respiratory failure seems to be flow rather than volume, even 

the modest volume (but high flow) reservoir bag could help 

address the increased PIF needs of patients with respiratory 

failure. 

This study has several important limitations. Firstly, the 

retrospective design inherently raises the risk of biases, par-

ticularly since no randomization was performed and no strict 

protocol detailing the criteria for adding RM to HFNC was 

followed. As a result, criteria for adding RM or ICU admission 

varied greatly between physicians and during various phases 

of the pandemic, as did criteria for intubation or ICU admis-

sion. Secondly, no consistent data was available regarding 

important physiological parameters (oxygenation, respiratory 

effort, etc.) immediately before and after the addition of RM, 

leaving our inference of the mechanism by which this inter-

vention improves oxygenation to be very limited, relying on 

previous much smaller studies. Similarly, we could not ascer-

tain the extent and duration to which the patient’s mouth was 

open. Lastly, mortality in this cohort was high. While sadly not 

atypical of the pandemic, such rates are not expected in all re-

spiratory failure patients. 

In conclusion, this study demonstrates the potential efficacy 

of the addition of RM on top of HFNC in COVID-19 patients 

with severe hypoxemia, resulting in improved overall survival. 

This cheap, widely available, and safe treatment may warrant 

further studies. 
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