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1. INTRODUCTION

COVID-19 pandemic caused by severe acute respiratory syndrome
coronavirus-2 (SARS-COV-2) pandemic began in December 2019
and is still evolving [1]. Fortunately, most individuals are asymp-
tomatic or have minor symptoms. However, a minority develop
life-threatening disease: defined by Acute Respiratory Failure/Acute
Respiratory Distress Syndrome (ARF/ARDS), septic shock, and
Multi-system Organ Failure (MSOF) [2]. Along with uncertainty as
to the role of pharmaceuticals [3], there is ongoing debate about how
best to oxygenate patients. High Flow Nasal Cannula (HFNC) has
shown promise for critically ill COVID-19 patients [4]. Continuous
Positive Airway Pressure via a Helmet (H-CPAP) has been suggested,
but there is limited published data [5]. We present feasibility data
from 30 patients with COVID-19 and ARF who received H-CPAP
(n=15) and HENC (n = 15) in our Intensive Care Unit (ICU).

The ICU of King Saud Medical City (Riyadh, Saudi Arabia) is a
200-bed polyvalent unit designated for COVID-19 by the Saudi
Ministry of Health (MOH). As of April 30th, 2020, 380 patients with
COVID-19 had been admitted to our ICU, including 320 critically
ill patients, and 100 with moderate to serious disease. COVID-19
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was confirmed in all 380 patients by real-time-polymerase-chain-
reaction assays from nasopharyngeal swabs. Of 60 non-intubated
patients on supplemental oxygen, 30 required higher support.
Fifteen of these 30 received HFNC and 15 received H-CPAP. All 30
patients had serious COVID-19 pneumonia defined by ARF: dys-
pnea, respiratory rate > 30/min, blood oxygen saturation < 93%,
ratio of partial arterial pressure of oxygen to fractional inspired
concentration of oxygen (PaO,/FiO,) < 300 and/or development of
bilateral pulmonary infiltrates within 24-48 hours [6].

We retrospectively compared clinical data from the 30 patients
by the two types oxygenation methods. Continuous variables
are expressed as medians with interquartile range and categori-
cal variables as absolute numbers or proportions. We utilized the
Wilcoxon signed rank test for non-parametric data to compare the
two groups, with p-value <0.05 considered significant. Statistical
analysis was performed using SPSS, version 23.0.

The main characteristics of our 30 COVID-19 patients (15 HENC;
15 H-CPAP) are outlined in Table 1. Major comorbidities observed
were: hypertension (46.6% in each group), diabetes mellitus (46.6%
HENC vs. 33.3% H-CPAP) and end-stage kidney disease on main-
tenance dialysis (6.6% in each group). ICU supportive care was
applied equally as per the Saudi MOH treatment protocol [6],
as well as empiric therapy with lopinavir/ritonavir, ribavirin and
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Table 1 Characteristics of the COVID-19 patients who were treated with
high flow nasal cannula (n = 15) and continuous positive airway pressure
by means of a helmet (n = 15)

Characteristics H-CPAP (n=15) HFNC (n=15)
Age (years) 46 (38-55) 44 (37-57)
Sex (male/female) 12/3 13/2
Body mass index (kg/m?) 24 (20-29) 24 (20-29)
Sequential Organ Function 9 (8-10) 9 (8-10)
Assessment score
Pneumonia severity index 4 (3-5) 4(3-5)
Treatment time (days) 8 (6-11) 9 (7-11)

Awake prone positioning (%) 40 100°
ROX index after 2 h treatment 7.5 (5.2-10.4) 7.6 (5.3-10.6)
ROX index after 12 h treatment 8.2 (6.4-11.1) 8.4 (6.7-11.2)
PaO,/FiO, ratio before treatment 211 (198-235) 213 (199-241)
PaO,/FiO, ratio after treatment 377 (344-422) 380 (352-421)
Intubation rate (%) 20 13.3

“p < 0.05. Values are medians with interquartile ranges. ROX index, rate of oxygenation
index.

interferon beta-1b for 14-days, dexamethasone for 10 days, and
prophylactic anticoagulation. Upon ICU admission, chest imag-
ing showed bilateral peripheral ground-glass opacities and variable
consolidations in all 30 patients, mainly in the posterior and lower
lung fields. All patients were severely hypoxemic and required high
level oxygen supplementation. The PaO,/FiO, ratio, Sequential
Organ Function score, and pneumonia severity index were similar
between the two groups (Table 1).

The Rate of Oxygenation Index (ROX = oxygen saturation/(fraction
of inspired oxygen x respiratory rate) was used to assess the effect
of applied oxygen therapies after 2 and 12 h as described elsewhere
[7]. Both groups showed full treatment compliance. ROX remained
greater than five throughout in all patients, indicating successful
oxygenation. Notably, these oxygen therapies were complemented
by awake prone positioning (12-20 h/day) in all HFNC patients
but only 40% of H-CPAP patients, due to the helmet’s volume and
circuit related issues (p < 0.05). During the first day of application,
HENC was adjusted at a median flow rate of 60 L/min and median
fraction of inspired oxygen of 40%; while the helmet was adjusted
to deliver CPAP at high flow rates to prevent rebreathing (median
flow rate 45 L/min) with a median fraction of inspired oxygen
of 40%. The duration of treatment and the intubation rates were
comparable between the two groups (Table 1).

Our preliminary data suggests that HFNC is feasible in patients
with ARF from COVID-19 pneumonia, and effective in maintain-
ing oxygenation. H-CPAP is similarly effective in terms of oxy-
genation but could not be maintained in over half-of-all patients
when proned. However, there are putative advantages to H-CPAP.
Importantly, H-CPAP includes a soft silicon collar which forms a
pneumatic seal around the patient’s neck, and contains an expiratory
filter: both of which should decrease viral spread. A heat-moisture
exchange filter on the gas inspiratory limb reduces the noise level
inside the helmet which should increase tolerance. Both oxygen
delivery systems deliver humidified gas to the upper airway and
therefore should reduce the metabolic work related to gas condi-
tioning [4]. H-CPAP also incorporates a distal variable CPAP valve
and ports for the insertion of feeding tubes or the administration of
nebulizers (Figure 1) [5,8].

Figure 1 One of our COVID-19 patients (face is covered to ensure

anonymity) receiving continuous positive airway pressure by means of
a helmet. Please, observe the patient’s level of comfort and the helmet’s
connection to the conventional ventilator.

This pilot study has limitations which preclude its generalizability.
First the number of patients was small thus prevented meaningful sta-
tistical analysis. Oxygen was also delivered in a controlled ICU envi-
ronment, not a general ward, or a (potentially chaotic) emergency
department. Following this feasibility study we also need to deter-
mine comparative aerosol generation with HFNC and H-CPAP, given
that this concern has substantially deterred their usage. Importantly,
we are also not asserting that intubation can (or should) be avoided in
COVID-19 patients using HFNC or H-CPAP. Contrasting anecdotal
reports have suggested that these methods can prevent intubation,
while others counter that it merely delays inevitable intubation while
reducing patient’s cardiopulmonary reserve. Clearly, larger random-
ized control trials are required to confirm or refute these hypotheses,
and to define the optimal role for HFNC and H-CPAP in COVID-19.
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