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Helmet CPAP revisited in COVID-19 pneumonia: A case series
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Introduction: Noninvasive positive pressure ventilation (NIPPV) plays an important role in the management of respiratory failure. However, since the
emergence of the COVID-19 pandemic, utilization of traditional face mask NIPPV has been curtailed in part due to risk of aerosolization of respiratory
particles and subsequent health care worker exposure. A randomized clinical trial in 2016 reported that an alternative interface, helmet NIPPV, may be
more effective than traditional NIPPV at preventing intubation and improving mortality. The helmet NIPPV interface provides positive airway pressure,
while also theoretically minimizing aerosolization, making it a feasible modality in management of respiratory failure in COVID-19 patients.

Case and outcomes: This report describes a single-center experience of a series of three COVID-19 patients with hypoxemic respiratory failure managed
with helmet NIPPV. One patient was able to avoid intubation while a second patient was successfully extubated to NIPPV. Ultimately, the third patient
was unable to avoid intubation with helmet NIPPV, although the application of the device was late in the progression of the disease.

Discussion: NIPPV is an important modality in the management of respiratory failure and has been shown to reduce the need for immediate endotracheal
intubation in select populations. For patients unable to tolerate facemask NIPPV, the helmet provides an alternate interface. In COVID-19 patients, the
helmet interface may reduce the risk of virus exposure to health care workers from aerosolization. Based on this experience, we recommend that helmet
NIPPV can be considered as a feasible option for the management of patients with COVID-19, whether the goal is to prevent immediate intubation or

avoid post-extubation respiratory failure. Randomized studies are needed to definitively validate the use of helmet NIPPV in this population.
Conclusion: Helmet NIPPV is a feasible therapy to manage COVID-19 patients.
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INTRODUCTION

Acute hypoxemic respiratory failure is a known complication of severe
acute respiratory infections such as severe acute respiratory syndrome
(SARS) [1, 2], pandemic 2009 influenza A (HINT1) [3], Middle East
respiratory syndrome (MERS) [4], and now pandemic Coronavirus dis-
ease 2019 (COVID-19) [5, 6]. Noninvasive positive pressure ventilation
(NIPPV) plays an important role in the management of acute respira-
tory failure and the prevention of post-extubation respiratory failure in
select populations including those with cardiogenic pulmonary edema
and chronic obstructive pulmonary disease (COPD) [7, 8]. However,
traditional NIPPV delivered by facemask can lead to significant
health care worker exposure to aerosolization of infectious respiratory
pathogens [9].

Due to the risk of aerosolization, the safety of traditional NIPPV use
during the COVID-19 pandemic has been debated [10]. Prior to the
onset of COVID-19, a single-center randomized control trial demon-
strated that an alternate interface, helmet NIPPV, may be superior to
traditional NIPPV in preventing intubation and improving mortality
rate in patients with hypoxemic respiratory failure [11]. The helmet
interface also reduces the risk of particle aerosolization [11]. Further,
reports from Italy and China indicated that COVID-19 patients man-
aged with helmet NIPPV can have favorable outcomes; however, these
benefits have not yet been confirmed in a randomized control trial

[12, 13]. This report summarizes the clinical course of three confirmed
COVID-19 patients with hypoxemic respiratory failure managed at a
single center with helmet NIPPV.

IRB approval for this project was formally waived by the institution
as the sample size was less than 4 patients.

Case 1

A 54-year-old female with no significant past medical history pre-
sented to an outside hospital with progressively worsening symptoms
of fever, cough, shortness of breath, and pleuritic chest pain. A chest
radiograph revealed bilateral airspace disease. Given significant tachy-
pnea and hypoxemia on presentation, she was intubated and mechan-
ically ventilated. Nasopharyngeal viral polymerase chain reaction
testing isolated SARS-CoV2, confirming the diagnosis of severe
COVID-19 infection. The patient was urgently transferred to our hos-
pital. Her admission arterial blood gas (ABG) showed pH 7.42, PCO,
40 mmHg, and PaO, 111 mmHg with a PaO,/FiO, ratio (P/F) 222
that worsened to a nadir of 95 at the peak of illness. The patient
remained intubated for a total of 16 days before being extubated to
helmet NIPPV. The ventilator settings were an inspiratory positive
airway pressure (IPAP) of 10 emH,O, expiratory positive airway pres-
sure (EPAP) of 5 cmH,0, and FiO, of 60%. An ABG obtained after
2 hours of helmet NIPPV use were pH 7.49, PCO, 42 mmHg, PaO,
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184 mmHg, and PaO,/FiO, of 307. Treatment with helmet NIPPV
was continued for a total of 24 hours and the patient was subsequently
weaned off to low-flow nasal cannula.

Case 2

A 42-yearold female with a past medical history of hypertension and
obesity presented to an outside hospital with symptoms of fever, cough,
and shortness of breath worsening over a 4-day period. Chest radiogra-
phy revealed bilateral airspace disease. The patient was admitted due to
respiratory distress. Testing isolated SARS-CoV2, and over the next
4 days, the patient developed progressive hypoxemic respiratory failure
and was transferred to our hospital. On arrival, the patient’s oxygen sat-
uration was 90% while receiving nasal oxygen at 5 L per minute with a
respiratory rate of 32 breaths per minute and increased work of breath-
ing on physical exam. An ABG showed pH 7.38, PCO, 40 mmHg, and
PaO, 54 mmHg. The decision was made to place her on helmet NIPPV
with IPAP of 18 cmH,0O, EPAP of 12 mmH,O and FiO, of 50%. An
ABG after approximately 4 hours of helmet NIPPV treatment was as
follows: pH 7.42, PCO, 35 mmHg, and PaO, 66 mmHg with FiO, of
50% for a PaO,/FiO, of 132. Her work of breathing improved after
12 hours of treatment, but the patient reported poor tolerance with this
interface, so helmet NIPPV was discontinued and the patient was safely
transitioned back to low-flow nasal O, and transferred out of the inten-
sive care unit.

Case 3

A 65-year-old female with past medical history of COPD, hypertension,
type 2 diabetes mellitus, and obesity presented to an outside hospital
with 1 week of acutely worsening shortness of breath associated with
fever and cough. Testing isolated SARS-CoV2, and the patient was
emergently transferred to our medical center for management of acute
hypoxemic respiratory failure. The patient was initially placed on high-
flow nasal cannula with an ABG showing pH 7.43, PaCO, 30 mmHg,
PaO, 90 mmHg on FiO, of 80% for a PaO,/FiO, 113. The patient’s
respiratory status continued to worsen, requiring FIO, of 100% without
significant improvement in oxygenation. Helmet NIPPV was started
with IPAP of 15 cmH,O, EPAP of 5 cmH,0O and FiO, of 100%. Despite
this change in management, the patient’s oxygenation deteriorated fur-
ther, and she was intubated and mechanically ventilated.

DISCUSSION

As previously stated, NIPPV is an important modality in the manage-
ment of respiratory failure and has been shown to reduce the need for
immediate endotracheal intubation in select populations [14]. It is also
considered standard of care to mitigate post-extubation respiratory fail-
ure in high-risk patients especially with underlying COPD and heart
failure [15]. NIPPV is most often delivered using a face mask and the
evidence to support its benefit in COPD exacerbations and cardiogenic
pulmonary edema is well established [16, 17]. However, it has been
reported that some patients, for various reasons, do not tolerate the
application of traditional NIPPV by facemask [18]. In addition, there is
significant concern about the exposure of health care workers to aerosol-
ized viral pathogens when providing NIPPV with a facemask. These fac-
tors create a need for an alternative interface for NIPPV. A past report
indicated that NIPPV was not well suited for supporting patients with
HINT viral pneumonia [19]. Questionable efficacy and the risk of aero-
solization have curtailed the use of NIPPV early in the COVID-19 pan-
demic. However, our institutional experience with COVID-19 patients
with respiratory failure indicates that the helmet is a feasible alternate to
the facemask interface. The helmet interface achieves the dual objective
of providing NIPPV while also minimizing aerosolization [20-22].

In terms of pre-COVID reports on helmet NIPPV, a single-center,
non-blinded randomized control trial of 83 patients with acute respira-
tory distress syndrome requiring NIPPV demonstrated the advantages of
the helmet interface compared with facemask delivered NIPPV. The
report showed a reduction in intubation rates (absolute difference,
-43.3%; 95% CI, -62.4% to -24.3%; P < 0.001) as well as 90-day mor-
tality (absolute difference, -22.3%; 95% CI, -43.3 to -1.4; P = 0.02)
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with helmet NIPPV [11]. Patients supported with helmet NIPPV demon-
strated significantly improved functional independence (50% vs. 15.4%;
p = 0.001) 1 year after hospital discharge [11]. Patients in the helmet
NIPPV group were also mobilized more reliably in the intensive care
unit, experienced less delirium, and encountered less neuromuscular
weakness on hospital discharge [11]. The prevention of functional and
neuromuscular complications in the helmet group may be explained by
the avoidance of immobility and deep sedation practices that may be
associated with invasive mechanical ventilation.

With respect to the device itself, helmet NIPPV is delivered via a
unique helmet interface (Figure 1) made of transparent latex-free polyvi-
nyl chloride and is secured by attaching two padded armpit straps to
hooks on the front and back of a plastic ring. This ring contains a sili-
cone neck seal, which provides the ability to apply positive pressure [22].
The patient’s neck circumference is measured, and the neck seal is cut to
ensure a tight but comfortable fit. We connected the helmet to a
Hamilton Medical G5 or C1 and Philips V60 Respironics ventilators.
Ventilator circuitry was either single or double limb (single limb is shown
in Figure 1), and viral filters were attached to all exhalation circuitry.

A wellfitted helmet with a snug neck seal essentially eliminates air
leak, allows for maintenance of positive pressure in the helmet [22], and
therefore minimizes aerosolization [11]. However, given the highly conta-
gious nature of COVID-19, we still recommend patients undergoing
HNIV be treated with full respiratory and contact isolation precautions
in negative pressure rooms. While there may be a theoretical reduction
in risk of disease transmission with use of the helmet interface, there are
no data to support this assumption.

While helmet NIPPV has not been extensively validated for its safety
and efficacy in COVID-19 patients, our case series demonstrates that it’s

FIGURE 1

lllustration of how the helmet noninvasive positive
pressure ventilation (NIPPV) fits over a patient.
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use is feasible. One patient was able to avoid intubation while a second
patient was able to be successfully extubated to NIPPV. Ultimately, the
third patient was unable to avoid intubation with helmet NIPPV,
although the application of the helmet was late in the progression of the
disease. Randomized controlled studies are lacking to compare helmet
NIPPV with other modalities such as the traditional facemask NIPPV
and high-flow nasal cannula in the COVID-19 population.

Among the potential hazards and limitations of using helmet NIPPV
is rebreathing exhaled air resulting in hypercapnia. To avoid this, high
flow rates (typically 50 L per minute minimum) are needed to maintain
the preset IPAP and EPAP pressure support levels, and appropriate ven-
tilation [23]. The intolerance of the helmet NIPPV system experienced
by the patient in Case 2 centered upon her inability to rest her head
inside the helmet. We have successfully used neck pads to improve phys-
ical comfort and tolerance. Another potential concern with the use of
helmet NIPPV is eye or ear barotrauma from the positive pressure venti-
lation; however, no such complications were reported in a large study
evaluating this interface [11]. The experience in our cohort was similar.
Frequent application of artificial tears may further help mitigate the risk
of corneal aberrations from constant high flow. Furthermore, helmet
NIPPV is more equivalent to CPAP, and we would recommend that it is
not well suited for patients experiencing significant hypercapnia.

CONCLUSION
Based on our experience and results, we recommend that helmet NIPPV
be considered as a feasible option for the management of patients with
respiratory failure due to COVID-19 infection. Utilization of a higher
EPAP up to a maximum of 10-12 emH,0, in addition to increased neck
support and a betterfitted neck seal may render the maximum benefit of
the helmet NIPPV.
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