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Abstract

Background The coronavirus (SARS-COV-2) pandemic has provoked the global healthcare industry by potentially affecting
more than 20 14 million people across the globe, causing lasting damage to the lungs, notably pneumonia, ARDS (acute
respiratory distress 15 syndrome), and sepsis with the rapid spread of infection. To aid the functioning of the Iungs and to
maintain the blood oxygen 16 saturation (SpO,) in coronavirus patients, ventilator assistance is required.

Materials and methods The main purpose of this article is to outline the need 17 for the introduction of a non-invasive negative
pressure ventilator (NINPV) as a promising alternative to positive pressure 18 ventilator (PPV) by elucidating the cons of non-
invasive ventilators in clinical conditions like ARDS. Another motive is to 19 profoundly diminish the rate of infection spread by
the employment of oxygen helmets, instead of endotracheal intubation in 20 invasive positive pressure ventilator (IPPV) or non-
invasive positive pressure ventilator (NIPPV) like face masks and high-flow 21 nasal cannula (HFNC).

Result and conclusion The integration of oxygen helmet with NPV would result in a number of notable facets including the 22
degree of comfort delivered to patients who are exposed to various ventilator-induced lung injuries (VILI) in the forms of 23
atelectasis, barotrauma, etc. Likewise, preventing the aerosol-generating procedures (AGP) diminishes the rate of nosocomial 24
infections and providing a better environment to both the patients and the healthcare professionals.

Keywords Acute respiratory distress syndrome - Non-invasive method - Negative pressure ventilator - Intermittent abdominal
pressure ventilator - Nosocomial infections - Oxygen helmet

Introduction

The coronavirus (SARS-COV-2) which is responsible for the
COVID-19 pandemic leads to life-threatening complications
by causing ARDS, followed by viral pneumonia infection,
which further results in damage to the alveolar membrane.
The key treatment is to maintain the blood saturation oxygen
level greater than 92% for the patients affected with ARDS
(Gibson et al. 2020; Silversides and Ferguson 2013; Siegel
and Siemieniuk 2020). Studies state that invasive pressure
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ventilator (IPV) for treating ARDS will both aggravate the
lung injury and also lead to multi-system organ failures
(Singh et al. 2014; Diamond et al. 2020; WHO 2020a,
2020b; Brochard 2003). Other approaches enumerate that
high positive end-expiratory pressure (PEEP) associated with
low tidal volume ventilation will result in impaired oxygena-
tion (Pi et al. 2015; Hong et al. 2010; Pesenti and Patroniti
2003). On the contrary, enforcing high PEEP on severe ARDS
patients is inadequate to maintain the lung volume (Coruh and
Luks 2014; Pesenti and Patroniti 2003). The motivation of the
article is to provide an assistance for adequate oxygenation in
the lungs similar to the natural respiratory mechanism without
arising any complications in contrast to PPVs (Raymondos
et al. 2012). This study elaborates the importance of oxygen
helmets in respiratory care wards during the evolution of in-
fectious disease such as COVID-19. After expounding the
background on ventilators, the state of the art will also be
reviewed to indicate the existing negative pressure ventilation
systems’ and oxygen helmets’ significance in the era of infec-
tious respiratory diseases. Lastly, this article attempts to

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s42600-021-00149-0&domain=pdf
http://orcid.org/0000-0001-9655-7812
https://orcid.org/0000-0002-1115-1491
mailto:kathir300799@gmail.com

268

Res. Biomed. Eng. (2022) 38:267-278

initiate the concept of blending the negative pressure ventila-
tion technique, particularly intermittent abdominal pressure
ventilation (IAPV), with oxygen helmet to possibly reduce
certain existing problems and has the prospects of becoming
an additional resource in the field of respiratory instrumenta-
tion. This alternative to positive pressure ventilation technique
during the pandemic will serve as a reliable technology to treat
the lung conditions like ARDS in a desirable way and also
help to control the nosocomial infections during the current
COVID-19 pandemic, as well as for the future pandemics.

Mechanical ventilation

Ventilation in pulmonology is a natural process of the move-
ment of air from the atmosphere to the lungs and vice versa,
whereas mechanical ventilation is an artificial process of driv-
ing the breathable air into the lungs and moving the expired air
into the atmosphere (Pupella 2018; Poor 2018; Tobin 1994).
Obstruction to the natural breathing mechanism citing various
physiological barriers in a person leads to difficulty in breath-
ing subjecting a person to require the assistance of mechanical
ventilation. The initial usage of mechanical ventilators can be
traced back to late 1800s, where the very first mechanical
ventilator—Spirophone (1876—1928), a tank ventilator built
by Woillez (Hess et al. 2001; Tobin 1994; Slutsky 2015) also
known as iron lung (Bahns 2015; Kacmarek 2011)—was in
practice to treat complications arising from acute respiratory
failure (ARF), chiefly the neuromuscular disorders involved.
Since then, the ventilators have played a pivotal role in the
field of pulmonology, while having a potential evolution of
their own.

Types of mechanical ventilators

From the time since ventilators were first used, their advance-
ment has had an enormous growth paving way to numerous
categories of classification (Fig. 1). However, the common
categorisation relies on the basis of the pressure provided
which leads to two broad divisions: (i) positive pressure ven-
tilator (PPV) and (ii) negative pressure ventilator (NPV)
(Tobin 1994; Corrado et al. 1996; Khandpur 2003). Of these,
the PPV is unanimously carried out in hospitals to extend
assistance in critical care units (CCU) and in treating respira-
tory disorders. This has aided PPVs to continually be one
among the well-explored and highly sought-after fields of
research. With a wide range of PPVs in existence, an outline
of classification converging all its types has been attempted.
Probing the nature of employment, the PPVs fall under two
main types—invasive PPVs (IPPV) and non-invasive PPVs
(NIPPV), which further descends to full-support PPVs (CMV)
and partial-support PPVs under invasive PPVs and constant
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airway pressure PPVs and variable airway pressure PPVS
under non-invasive PPVs. Delving deeper into the rudiments,
each of the above-mentioned classes has divisions of its own
as illustrated in (Fig. 1). With regard to the NP Vs, their less
usage has restricted them with very few advancements and
with four major types—the conventional iron lung, cuirass,
jacket/bodysuits, and intermittent abdominal pressure ventila-
tion (IAPV) (Lucangelo et al. 2008). The following context
explores the less-explored fundamentals and the possible us-
age of NPVs.

Positive pressure ventilator

PPV employs surging of a gaseous mixture, specifically with
the required proportion of oxygen and a pressure higher than
the atmospheric pressure, into the airways of the subject by a
tube that delivers it in the intra-alveolar space during inspira-
tion (Soni and Williams 2008). Though originally designed to
assist the air force fighters in high-altitude flights during the
World War II, the PPV usage accelerated during the polio
outbreak in the 1950s mostly in the USA and Scandinavia.
Results showed an explicit reduction in the mortality rates of
people with respiratory paralysis and polio (Jackson 2019).
This marked the beginning of the PPV’s remarkable role as
a life-supporting device revolutionizing the treatment proce-
dure in CCUs. The paramount importance of PPVs over
NPVs has subjected to it various technical advancements
and modifications resulting in an array of PPVs. Currently,
as the world is exposed to an unpredicted pandemic due to
severe acute respiratory syndrome coronavirus 2 (SARS-
COV-2), plainly COVID-19 and with no promising vaccine
so far, the PPVs act as an ally in treating the virus infected
subjects who develop prominent secondary pulmonary infec-
tions (Bao et al. 2020; Li et al. 2020a).

The air supply through PPVs is generally carried out by
two major mechanisms partially relying on the physiological
state and conditional requirements of the treatment planned
with primary stages of infections with minimal lung damage
being treated with NIPPV and the cases with negligible lung
capacity or severe damage being treated with IPPV (Brochard
2003). Inspection of the lungs involving various pulmonary
function tests (Ranu et al. 2011; Adams 1997) guides in de-
termining the optimal type of PPV to be provided.

Invasive PPV A typical invasive PPV requires the surgical
procedure of tracheostomy, which involves a minor incision
at the subject’s neck to assist a direct entrance to the patient’s
airway (Walter et al. 2018; Ahmed and Athar 2015). The
incision is commonly made inches above the suprasternal
notch transversely ending with the opening of the trachea,
the juncture point to facilitate the entry of the endotracheal
tube (Engels et al. 2009; De Leyn et al. 2007, K M 2008).
Numerous alternative techniques and procedures are available
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to carry out the same. However, the conventional open surgi-
cal tracheostomy (OST) and the more favourable percutane-
ous dilatational tracheostomy are widely employed (Rashid
and Islam 2017). A constant ventilation support for prolonged
periods of time is the major reason to conduct tracheostomy
and also other reasons like emergency access, blockages, and
failure in trachea-bronchial fluid clearance. As the spread of
COVID-19 began globally in the beginning of 2020, the hos-
pitals across the world witnessed a substantial influx of pa-
tients requiring extensive ventilation support. Normally, 8—
13% of ICU ward patients require IPPV support (McGrath
et al. 2020). The additional attributes of COVID-19 such as
laryngeal oedema, airway obstruction, and extubation failure
force the existing standards of practice to settle for tracheos-
tomy, thus raising the rate of implementation. On the basis of
severity, the ventilator support has been modified into a cou-
ple of subdivisions.

i.  Full-support PPVs are used when certain lung conditions
require a complete and continuous takeover by the me-
chanical ventilation for support and recovery which pre-
sents continuous mode or full-support ventilators. In ter-
tiary stages of lung infections or during lung failures, the
physiological functioning of the lungs is entirely replaced
by this type of ventilators. It operates regardless of the
natural mechanism by delivering a preset volume of air
in regular intervals. The full-support CMV enables
pressure-controlled or volume-controlled modes.
Volume-controlled ventilation is the initial ventilation
mode particularly in CCUs and emergency departments
(ED) as it delivers a constant volume of air with a varied
pressure that helps monitor and maintain pulmonary com-
pliance and airway resistance. However, barotrauma poses
an intruding risk (Kumar et al. 1973; Diaz and Heller
2020; Toannidis et al. 2015). The pressure controlled,
though reduces the barotrauma (Kumar et al. 1973;
Ioannidis et al. 2015; Chacko et al. 2015), finds limited
usage in CCUs and EDs as it demands close monitoring. It
works by varying the tidal volume and compliance by a
preset pressure value that begins once peak inspiratory
pressure (PIP) is attained. Precisely, volume-controlled
ventilation and pressure-controlled ventilation are just the
different control variables which are present in a conven-
tional ventilator and based on patient needs, the control
variable will be selected for respiratory support.

ii. Partial-support IPPVs were developed to assist the partial-
ly functioning lungs to perform up to its complete capac-
ity. They try to activate the natural mechanism of inspira-
tion by corresponding with the patient’s spontaneous ef-
forts, particularly in acute phases of respiratory disorders.
The synchronous intermittent mandatory ventilation
(SIMV) has preset mandatory breaths delivered in syn-
chrony with the patient’s effort determined during a
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window of time. Greater improvements have been incor-
porated in terms of dynamic hyperinflation, patient com-
fort, and barotrauma. However, the major flaw of this
design being the increased work of breathing (WOB/
breath) (Lazoff and Kim 2019; Downs et al. 1973).
Another partial-support ventilation for spontaneously
breathing patients, which lets the patient be in charge of
the respiration rate, volume, and the flow rate is the pres-
sure support ventilation (PSV). With a preset pressure
value, this maintains airway pressure until the cut-off is
reached. The PSV in combination with SIMV has shown
great results in considerably decreasing WOB to normal
range (Jounieaux et al. 1994).

With the outbreak of novel coronavirus 2 (SARS-COV-2),
studies reveal that acute respiratory distress syndrome
(ARDS) has sustained a stable prevalence among the patients.
The partial-support ventilators offer a low-level treatment in
the preliminary stages of ARDS (McMullen et al. 2012).
Compared to other PPVs, it shows promising results in terms
of haemodynamic function and oxygenation. However, the
procedure requires sedation and affects the pattern of breath-
ing and upsets the state of dead space (Henzler et al. 2006).

Invasive PPVs though being an incredible instrumentation
in battling have their share of shortcomings in terms of trache-
al tube infections, respiratory tract infections due to upper
airway reflexes, sedation, surgical pain, inflammation, inabil-
ity to speak, and patient discomfort (ESICM Academy 2020).
These pile up along with the existing illness to necessarily
cause more pain for recovery of the patient.

Non-invasive PPV Administering an alternate amount of
pressure depending on the breath cycle via a face mask
or nasal cannula is the NIPPV mechanism. It effectively
replaces the invasive tube and the surgical procedure of
invasive PPVs providing equivalent results thus gaining
momentum in wide usage from critical care units (CCU)
to homes evolving in different forms according to their
place and phase of usage [Borel et al. 2019; Diaz
Lobato and Mayoralas Alises 2013; Scala and Pisani
2018). It has been highly utilized in acute phases of
respiratory disorders, primarily to treat chronic obstruc-
tive pulmonary disorder (COPD) (Duiverman 2018),
hypoxaemia (Moerer and Harnisch 2016), acute respira-
tory failure (ARF) (Brochard et al. 2002), sleep apnoea
(Nicolini et al. 2014), pulmonary oedema (Bello et al.
2018), and also reducing the risk of ventilator-associated
pneumonia (VAP) (Hess 2005) associated with the in-
vasive ventilation. With respect to the COVID-19 pan-
demic, the US Food and Drug Administration presented
a suggested list of supportive device to fight against the
coronavirus infection, wherein the NIVs were asked to
be used with incorporation of proper filtration for
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reducing the chance of disease transmission (USFDA
2020) which also increases the use of NIVs.

On the basis of the pressure delivery, NIV are classified
into two main classes: (i) constant airway pressure NIVs and
(ii) variable airway pressure NIVs.

i. Constant airway pressure (CAP) ventilator functions by
applying a continuous invariable pressure to aid the airway
from being unobstructed, combined with spontaneous ef-
forts of the patient. The frontiers of medical industries
have designed numerous CAP devices that are simple,
economic, and efficient in delivering quality healthcare
(Pinto and Sharma 2020). Deployed highly in neonatal
CCUs (DiBlasi 2011) and for sleep apnoea, the CAP usage
has shown significant reduction in death rates associated to
the same (Batool-Anwar et al. 2016; Spicuzza et al. 2015;
Lettieri et al. 2020). The initial and commonly used type of
CAP is continuous positive airway pressure (CPAP). The
components include a flow initiator, a face mask and a
tubular hose sometimes with a humidifier (Pinto and
Sharma 2020). With a single principle of prevention of
obstruction, the CPAP functions as the most simple yet
an efficient support system that provides placid pressure
to subjects by far, being the most resourceful therapy for
sleep apnoea(Batool-Anwar et al. 2016; Spicuzza et al.
2015). Since the pressure is constant, variation in flow is
sometimes done based on the treatment parameters. This
leads to an extra classification of CPAPs into constant flow
and variable flow CPAPs with constant flow CPAPs fur-
ther leading to a subtype—bubble CPAPs (Yagui et al.
2011). These CPAPs are designed with particular interest
in neonatal care, where implementation of masks would be
risky. The variable flow CPAPs referred to as automatic
positive airway pressure (APAP) have algorithms that help
in varying the flow accordingly (Yagui et al. 2011).

Although CPAPs have their set of advantages, a slight
set of troubles are posed by them such as mechanical dif-
ficulties, nasal septum trauma, long-term wearing, intoler-
ance with patient movement etc. These are rectified by a
more sophisticated yet similar equipment—the nasal can-
nula. Unlike CPAP, it comes with a nasal tube with prongs
to aid the flow of oxygen. Categorized into high-flow na-
sal cannula (HFNC) and low-flow nasal cannula (LFNC),
it is often used for oxygen flow therapies based on their
flow. Notably, HFNCs are effective in improving oxygen-
ation in COVID-19 patients (Wang et al. 2020). However,
HFNCs are highly represented as aerosol-generating pro-
cedures due to its high gas flow (Li et al. 2020b).

ii. Variable airway pressure ventilator (VAP) is similar to
CAP in context. However, VAP exhibits one change in
terms of the pressure of the gas expelled. Unlike the CAPs
with a pre-set pressure, the VAPs alter their pressure ac-
cording to the patient’s spontaneous efforts. Being the

prime members of the PPV evolution chain, they are re-
fined with a set of formulae to calculate the pressure re-
quirements (Spieth et al. 2009). The commonly used
VAPs include Nasal Intermittent PPV (NIPPV) which is
employed in infants surpassing nasal continuous positive
airway pressure (n-CPAP). It operates by superimposing
an intermittent peak pressure on it. It has improved the
nasal septal erosion and obstruction prevailing in n-
CPAP. Nasal bi-level positive airway pressure (n-
BPAP) employs a combination of inhalation- and
exhalation-prescribed pressure. This dual pressure combi-
nation helps the patient to get better breathing experience.
Like NIPPV, it is used for CPAP failed patients with low
oxygen level, sleep apnoea, congestive heart failure, and
neuromuscular disorder (Lemyre et al. 2016). Another
interesting modern method of ventilation is the usage of
high-frequency ventilation (HFV). The HFV provides a
considerably exceeding number of breaths per minute in
comparison to normal breath per minute (bpm). For ex-
ample, 900 bpm is provided for infants. It has 3 principal
types—high-frequency positive pressure ventilation
(HFPPV), high-frequency jet ventilation (HFJV), and
HFOV. They are shown to have reduced barotrauma, bet-
ter blood gas management with minimal tidal volume
(TV) utilization, and with decreased morbidity in respira-
tory distress syndrome management (Ellsbury et al.
2002).

Though the non-invasive ventilators have made massive
changes to the shortcomings of invasive PPVs, they still have
a few of their own and these include the uncomfortable inter-
faces, possibilities of air leak, time-consuming, acidosis, se-
vere hypoxia, not compatible with physical restraints,
aerophagia

, aspiration and nausea, unsuitable for gastro-intestinal tract
surgical patients, and secondary infections due to improper
clearance of secretions (Raymondos et al. 2012; Yarstev
2015; Carron et al. 2013).

Negative pressure ventilator

Periodic generation and application of negative pressure to a
sealed portion of the body to stimulate the breathing process is
negative pressure ventilation in a nutshell. The expansion of
lungs and chest is initially achieved by the negative pressure
exertion upon the subject’s body in order to aid a patient
achieve natural respiratory mechanism. This causes the circu-
lation of air to enter the lung cavity and the removal of the
negative pressure aids in natural contraction with consequent
exhalation. Certain cases are provided with assistance for in-
halation and exhalation (Shneerson 1991; Grum and
Morganroth 1988; Jackson and Muthiah 2019). Even though
they had an origin similar to the PPVs, their usage was much
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restricted, with limited engagement in neuromuscular and
skeletal disorder treatments with PPVs replacing their role.
They have a habit of becoming a topic of research and practice
during pandemic periods, for their last known extensive usage
was during the polio pandemic of 1950 (Shneerson 1991) and
are currently being used and researched prevalently to fight
the novel coronavirus (SARS-COV-2). Being a less pondered
subject, the progression of NPVs is comparatively less than
the PPVs.
The chiefly notable NPVS are the following four:

* Iron lung

* Cuirass ventilator

» Jacket/bodysuit ventilator
+ IAPV

Apart from these, the COVID-19’s immense need of ven-
tilators to support the patients and the shortage of positive
ventilators have led to an increased research in the role of
negative pressure ventilation with a handful of new and im-
proved negative pressure technologies coming up (Cameron-
Chileshe 2020).

Iron lung The foremost NPV-iron lung, also called as tank
ventilator, was set up at Harvard University in 1928. It has a
chamber/tank commonly made of aluminium or plastic which
seals the entire body except the head. Within the chamber, the
pressure changes are made enabling vacuum inside that trig-
gers the breathing (Fig. 2). A mattress with neck rest, being a
part of the design, ensures ideal patient positioning. Facilities
to observe and operate patients are available which help in
blood gas monitoring and physiotherapy. They also possess
rotary pumps to eliminate the air within the chamber. With
many models emerging on the same principle, the most com-
monly used model was ‘the alligator’ (Shneerson 1991;
Jackson and Muthiah 2019; Antonaglia et al. 2008). Their
size, inability to port, cost, and aspiration tendency clouded

Fig.2 Iron Lung. (Used with permission from “University of Pittsburgh)

D
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its efficiency and very minimal requirements to assist the pa-
tient breathing. However, lighter model iron lungs have been
designed since then. An improvisation in size and cost of these
is being attempted in various parts of the globe to substitute
the PPVs amid the COVID-19 pandemic.

Cuirass ventilator The cuirass ventilation is facilitated with a
closed casing that encloses the chest and abdominal region within
it and has a back strap patient attachment. It is accompanied by a
hose inlet that paves way for the negative pressure mechanism to
work. Earlier designs of cuirass ventilators were incompetent due
to their modelling flaws mostly being misfit. Nevertheless, with
close attention to details involved in manufacturing, the flaws
were rectified, with customized casts with proper fitting and air-
tight seals with edge padding and an extra airtight covering.
From the cast out of plaster of Paris, the casing is moulded.
Synthetic materials like vitrathane or fibreglass are used for they
weigh light and are airtight. Their shortcomings were in terms of
misfits, air leak, and development of pressure contact points on
the enclosed body surface. With the technological growth, these
have been overcome, thus presenting a robust, durable, cost-ef-
fective, light, and easy to use as an alternative for ventilators. It is
very similar to nasal intermittent PPV and is also available in
controlled form and assistive form. They have been used in in-
fants to treat bronchiolitis obliterans (Shneerson 1991;
Antonaglia et al. 2008).

Cuirass ventilation coupled with a combination that con-
trols both the inhalation and exhalation phases is collectively
referred to as biphasic cuirass ventilation. This method has
gained massive momentum in this COVID-19 pandemic for
they act as suitable alternatives in many ways.

Jacket ventilator The development of Jacket ventilators was
an improvement planted to replicate the functioning of Cuirass
ventilators without the shortcomings, particularly the misfit
concern. The initially developed jacket ventilator was the
Tunnicliffe jacket. The fundamental layout of the jacket ven-
tilator has an airtight synthetic garment lined with an inner
framework of plastic or metal grid, a suction pump and a back
plate until the hips. They are highly employed in home usage
compared to hospital usage for their efficiency is less com-
pared to other treatment methods. However, they are preferred
less by the patients due to interfacial discomforts, cost, cum-
bersome nature, and intolerance to withstand pressure. But it
does not rule them out of being a substitute to PPVs in critical
times. Certified jacket ventilators such as Lifecare Pulmo-
wrap, Poncho Wrap, Nu Mo suit, Pneumo Wrap, Pneumo
suits, and Zip Suits are extensively suggested for home care
rather than long-term hospital usage (Shneerson 1991;
Antonaglia et al. 2008).

Intermittent abdominal pressure ventilator It is a method that
employs positive expiratory pressure outside the patient’s
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body to promote the natural breathing mechanism. An inflat-
able bladder-laden belt is placed around the subject’s abdo-
men, which upon inflation forces the internal contents includ-
ing the diaphragm to undergo an upward displacement which
consequently advances exhalation. Upon the pressure removal
in the belt, the internal environment returns to its normal state
and enables inhalation (Fig. 3). The ease of use of the belt in
matters of portability, positioning, and long duration usage put
this in the row of possible NPV substitutes despite of having
drawbacks concerning patient angle requirements (> 30 °,
optimally at 75° ), breathing synchronization and inefficiency
(Antonaglia et al. 2008; Banfi et al. 2019).

In spite of having a few drawbacks, particularly in lung
compliance, the negative pressure ventilators have some mag-
nificent life-saving features, which are often less noticed.
Their statistical records on treating ARF, long-term COPD,
paediatric pneumonia, bronchopulmonary disorders, neuro-
muscular disorders, and cardiorespiratory complications defi-
nitely suggest they have a more fruitful scope for research and
development (Shneerson 1991; Antonaglia et al. 2008).
COVID-19 poses numerous complications to the patients,
which are not intended to be further stimulated with additional
consequences, and thus, it is believed that the research on
NPVs would be of appropriate sense in this stage.

Significance of NPV over PPV against ARDS

Positive pressure ventilation has been the primary recommenda-
tion for the people suffering from ARDS. In mechanical ventila-
tion, the recommended positive end expiratory pressure (PEEP)
could minimize the tidal lung stress and strain with better arterial

Fig. 3 An example of intermittent abdominal pressure ventilation. (Used
with permission from Dr. Francesco Didonna, Dima Italia Srl)

oxygenation. However, it contributes to ventilator-induced lung
injury (VILI) (Oeckler and Hubmayr 2007) by inducing baro-
trauma in the lung parenchyma. Various studies also enumerate
that high pressure to lung parenchyma could result in pneumo-
thorax. Also, other studies explained that these kinds of positive
pressures will result in inflammation which further leads to
biotrauma—a multiorgan failure, pneumomediastinum, pneumo-
peritoneum, and subcutaneous emphysema (Sahetya et al. 2017).

On the other side, low positive pressure could also worsen the
lung injury associated with ARDS by impairing the pulmonary
surfactant function, which results in atelectasis. A recent study
states that the COVID-19 patient’s pneumonia pattern is quite
different from a typical ARDS pattern. So as to apply a modified
mechanical ventilation, with respect to tackle the revamped
ARDS pattern, rather than following the traditional mechanical
ventilation protocol in ARDS (Tsolaki et al. 2020). Upon
weighing the drawbacks of both PPVs and NPVs, the NPVs
are found to exhibit fewer limitations as discussed (Raymondos
et al. 2012).

COVID-19 and nosocomial infections

The novel coronavirus (SARS-COV-2) responsible for affect-
ing more than 8 million people around the globe spreads from
a person to person by the transmission of respiratory
droplets. These infectious droplets reach the mucosal lining/
conjunctiva of a normal person by actions such as coughing,
sneezing, talking or touching and it leads to a number of se-
vere respiratory disorders. The transmission also occurs
through fomites in the immediate environment around the
infected person (WHO 2020a, 2020b). Although COVID-19
infection is not an airborne one, under some exceptional cir-
cumstances, there is a possibility for airborne transmission of
the virus, specifically during aerosol-generating respiratory
support treatments like endotracheal intubation, open
suctioning, tracheostomy, non-invasive positive pressure ven-
tilation, and manual ventilation before intubation.. A recent
study about the survival rate of the SARS-COV on aerosols
revealed that SARS-COV-2 is higher compared to the SARS-
COV-1 (Van Doremalen et al. 2020). The aerosol-generating
procedures hike the transmission of infection by aerosolizing
the virus, which in turn enters the system of healthcare prac-
titioners or a person who comes in contact with the aerosol
subsequently increasing the demand for highly safe personal
protective equipment (PPE). Also such procedures lead 3
stages of complications ranging from bleeding, subcutanecous
emphysema, oesophageal damage, skin rashes, sores, embo-
lism, erosion, development of bumps which increases the
chances of infection to a higher scale, leading to further trans-
mission risks. Consequently, this leads to an amplification in
need of treatment units and ICU beds. Another study on nos-
ocomial infection demonstrates that the mortality of COVID-
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19 patients with nosocomial infection was 15.4% higher than
the patients without it (He et al. 2020).

Role of oxygen helmet

The COVID-19 patients with clinical syndromes such as pneu-
monia, ARDS, and sepsis often require artificial oxygenation
support due to reduction in gas exchange mechanism in lungs.
While most of the countries are racing to manufacture enough
ventilators to meet the demand, most of the respiratory care ex-
perts believe that non-invasive oxygen therapy could be made to
meet the requirement of a mechanical ventilator. A mechanical
ventilator has the ability to take over the complete functioning of
lungs through intubation with the requirement of sedatives and
delirium, whereas oxygen therapy simply administers the oxygen
through a face mask or nasal cannula. As per NIH guidelines, it is
recommended to use non-invasive methods to avoid intubation
under possible conditions (NIH 2020). Mechanical ventilators
are being used on COVID-19 patients when the requirement of
oxygen is above 50 1 per min, and those who require oxygen
below this range would generally be treated with HFNC
(Nishimura 2015). Although this kind of non-invasive HFNC
oxygen therapy greatly eliminates the problems associated with
intubation, findings state that helmet-based NIV has shown im-
proved oxygenation than HFNC (Grieco et al. 2020). The
helmet-based ventilation initially studied in 2016 and later on
researched have shown significant changes to patients with
ARDS. Upon delving further into the statistics, oxygen helmet
produces results better than the conventional face masks and
nasal prongs. A study shows that helmet-based ventilation has
a significant reduction of intubation rates than other non-invasive
methods and also significantly reduces the complications arising
in the ARDS survivors (Patel et al. 2016; Patel et al. 2018). These
kinds of oxygen helmets provide the pressurized oxygenated air
into the helmet to keep the airway tract open for improving the
oxygenation (Easton and Wood 2020). As the oxygen helmet
entirely seals the head of an affected person, it highly eliminates
the potential causes of aerosolization which is the common dis-
advantage of respiratory support devices. The helmet-based ven-
tilation (Fig. 4) was tested against face masks, and it was con-
cluded that the intubation period was significantly low for people
with helmets and also the air leaks were negligible. The research
showed 61.5% intubation for face mask whereas the helmet re-
quired a period of 18.2%. The deaths and adverse effects were
comparatively less compared to the face mask ventilation
(DiBlasi 2011).

Combined effect of NPV and oxygen helmet

NPVs were the principle respiratory support devices during the
epidemic of poliomyelitis in the 1950s (West 2005). Later, due to
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Fig. 4 Helmet-based ventilation. (Used with permission from the author,
Dr. Maurizio Franco Cereda MD, Department of Anaesthesiology and
Critical care, University of Philadelphia)

the rapid innovations and advancements in PPVs, NPV’s explo-
ration was limited, though it has numerous advantages over
PPVs, its disadvantages such as bulky, hypoxemia during sleep
due to upper airway obstruction (Cheifetz and Wetzel 2015), and
motion restriction were highly noticeable. On comparing various
studies, it is clear that NPVs have fewer limitations when com-
pared to PPVs. Various researches on NPVs are recently being
carried out to overcome its fewer drawbacks, which leads to the
innovation of biphasic cuirass ventilator, Exovent (Fig. 5) and
IAPVs by overcoming the cons in a typical iron lung ventilator.
As discussed previously, IAPVs have numerous advantages in
treating ARDS, except the disadvantage of low lung compliance,
though the compliance is better than iron lung ventilator. This
low lung compliance can be overcome by using the oxygen
helmet and IAPVs simultaneously. This combinational effect
could be a potential therapy in treating the clinical syndrome like
pneumonia, ARDS, and sepsis in COVID-19 pandemic.
Introduction of oxygen helmets are not only to support the
IAPV system but also to provide multiple advantages in control-
ling the disease transmission to the healthcare professionals, thus
reducing the rate of nosocomial infection.

Discussion

The extensive study conducted here to analyse the role of nega-
tive pressure ventilators in fighting the COVID-19 pandemic
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Fig. 5 Exovent—a recently developed negative pressure ventilator. This
is the state of the art which is currently being presumed to treat COVID-
19 due to its potential advantages over positive pressure ventilators. (Used
with permission from “Exovent” company)

helped us journey through the various existing and primordial
ventilators that existed before the significant ventilator evolution
in the mid-late twentieth century. This expedition has flourished
us with valuable insights that are guided in learning the working
of ventilators which differs with each case requiring a specific set
of functionalities. The ventilators, though playing a vital role as a
supporting device in CCUs, do have an interesting facet in regard
to therapeutic effects. Emerging as the heroes of the world’s
battle against the coronavirus (SARS-COV-2), they have defi-
nitely helped their share in providing critical care and support to
victims and increasing the recovery rate. However, their limita-
tion in number with the rapidly growing demand has made an
alarming call for alternatives to support them (KIiff et al. 2020).
At this point, manufacturing a substantial number of them would
consume time and money, thus affecting the global economy.
This has been identified as a worldwide crisis and researchers
across the globe are on lookout for remedial measures. As the
studies reveal that PPVs are the predominantly used ventilators,
they do have a number of limitations which adds a strain on their
common usage (ESICM Academy 2020; Yarstev 2015; Carron
etal. 2013). To put an end to this upsurging need with a suitable
alternative, we have come up with an alternative based on the
NPVs and helmet ventilation by evaluating their functionalities,
with the help of previous research around the world. A combi-
national application of intermittent abdominal pressure ventila-
tion (IAPV) with the oxygen helmet would be a promising alter-
native for PPVs against COVID-19 and ARDS, a key compan-
ion of COVID-19. These medical modalities complement each
other’s insufficiency while considerably delivering a successful
ventilator support in patients in need of support. As the [APVs
are simply belts with inflatable bladders within and are worn as a

belt, this design considerably reduces a lot of limitations posed
by the conventional ventilators (Fig. 3). It is ideal in parameters
concerning long-term usage, lightweight, stealth operation, por-
tability, cosmesis, etc. thus qualifying as a respiratory support
device (Banfi et al. 2019). However, the odds of fighting against
COVID-19 or any other acute respiratory disorder yearn more,
where the IAPV alone would be insufficient due to its efficiency
lag (Antonaglia et al. 2008). With very few advancements over
the years, IAPVs still face an efficiency lag. The focus on over-
coming the IAPVs cons has been directed to the exploration of
oxygen helmets, a support system that enhances the efficiency of
IAPVs by synchronizing the patient’s breathing pattern properly.
Oxygen helmet could be used not only for aiding IAPVs but also
for reducing the rate of threatening nosocomial infection, as it
entirely covers the respiratory openings of an ill person.
Additionally, we had a major check on ease of use, as well as
the production of the suitors and predicted the helmet-based ven-
tilation, qualified our constraint on cost, ease of use, and produc-
tion. With the global ventilator desperation, this combinational
ventilatory assistance was derived with conclusive evidence
based on various researches. In previous studies (Raymondos
et al. 2012) between PPV and NPV in treating ARDS, the usage
of NPV has shown an improved gas exchange than PPV with
slightly improved initial haemodynamics. In one hour, the PaO,:
FaO, ratio (mean arterial to inspired O, ratio) showed an incre-
ment by 40% (92 mmHg), and by the second hour, it was 30%
(76 mmHg), thus decreasing pulmonary shunting as well. Even
though the lung volumes remained the same, the intra-abdominal
pressure decreased in NPVs (Raymondos et al. 2012; Easton and
Wood 2020). The study conducted by a group of Russian physi-
cians concluded that NPVs can be used with clinical effectiveness.
Various research evidences as discussed above prompted us to opt
for a combinational therapy, of helmet-based ventilation and
IAPV, which might aid in facing the towering ventilator demand.
Due to lack of laboratory resources and lockdown activities in
amendment due to COVID-19, further research down this lane
have not been carried out. The limitations in this model may
chiefly arise with the tubular inflation cycle, neck sores, claustro-
phobic intolerance, air leak management and other minor draw-
backs. However, since the NPV field is currently being a dynamic
field with innovative ideas surfacing every day like the Exovent
(Fig. 5), modern iron lungs, and biphasic cuirass ventilators, these
limitations can be overcome and a novel ventilator model’s possi-
bility is also present (Cameron-Chileshe 2020). In regard to the
situation prevailing currently, with the number of cases soaring
each day, this combinational therapy of IAPV and helmet-based
ventilation has the potentiality to improve the state of lives at stake.

Conclusion

As the entire world is plunged into the research of all kinds to
fight against the coronavirus (SARS-COV-2), this article
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contributes to the same by examining an intriguing perspec-
tive of NPVs and helmet-based ventilation. These two respira-
tory support procedures are combined to achieve a credible level
of lung compliance, as it is a major concern with respect to the
limited use of NPVs. In order for NPVs to attain this required
level of lung compliance, the oxygen helmet provides extensive
support with its highly beneficial attributes. The ideology here
attempts to widen the ongoing discussion and experimentation
on NPVs’ comeback. Though adequate assessments are yet to be
conducted, a unified operational test is believed to increase its
importance among the class of treatments available. Accuracy
and synchronization, being the two key parameters of the pro-
posed system, are expected to be improved with further research
and its assessments. Rising technologies mediate the deficiencies
of NPVs and the minor limitations can be resolved with appro-
priate auxiliary or combinational devices. With the mainstream
research being conducted with the PPVs, further research should
be carried out in NPVs to exploit their role in the healthcare
industry. Studies have begun propagation since the onset of
COVID-19 pandemic, yet it remains an understudied sector with
a wide scope. These considerations, upon right assessment, shall
lead to abundant resources that will help in preparing ourselves
for such pandemics and contribute to the recognition of different
control measure implementation.
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