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Background: Severely affected patients in the COVID-19 pandemic need Ventilators, we chart the chal-
lenges faced by the health care systems in procuring these machines and the role of 3-D printing
technology in building ventilators.
Aims: We tried to find the current role, availability and need of ventilators in the COVID-19 pandemic
and the role of applied innovative technologies is assessed.
Methods: We have done a comprehensive review of the literature using suitable keywords on the search
engines of PubMed, SCOPUS, Google Scholar and Research Gate in the second week of April 2020.
Results: We found in our review that there is an acute shortage of the ventilators and the manpower to
operate these sophisticated machines. There is significant deficiency in the production and supply chain
of the ventilators. Many of the seriously ill patients who require hospitalization may need ventilator
support. Non-invasive ventilation is not recommended in these patients.
Conclusion: As the respiratory illness due to COVID-19 pandemic spreads worldwide, health care systems
are facing the tough challenges of acquiring ventilators to support patients. All steps involved in the
supply chain management of ventilators are being escalated to produce more ventilators for the coro-
navirus frontline. Innovative applications of Additive medicine like 3-D printer technology may play key
role in delivering sufficient ventilators.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

COVID-19 pandemic is an infectious disease which is caused by
novel coronavirus. It is a highly contagious disease which begun in
Wuhan in China at the end of December 2019 [1] and now has
spread across the globe to around 200 countries, in a short period of
three months and has affected more than 2.1 million individuals
and has caused death inmore than 145 thousand patients [2]. It can
present as a mild infection (such as common cold) to a serious
respiratory illness (such as pneumonia). The droplets of saliva and
the discharge from the nose of the infected person while sneezing
are the main sources for the spreading of coronavirus. There is no
particular treatment or vaccine available for this disease at present.
The seriously ill patients suffering from COVID-19 need respiratory
support, as their lungs get damaged by the coronavirus leading to
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breathing difficulties. Ventilators are needed in such cases for
supplying adequate oxygen (O2) into their lungs and also removing
the carbon dioxide (CO2), as a lifesaving supportive measure. The
ventilators are one of themost vital medical devices needed to keep
these critically ill COVID-19 patients alive. There has been a drastic
increase in the number of patients struck by COVID-19 pandemic in
the hospitals and ICUs worldwide. However, sufficient ventilators
are not available in the hospitals at present. An influential report
from Imperial College London estimates that 30% of patients
admitted in hospitals due to COVID-19 are expected to need the
mechanical ventilation [3]. In a recently published study, Yang et al.
[4] described their experience from Wuhan, China of the COVID-19
patients who were admitted in the ICU. 56% of their patients
required non-invasive ventilation at admission and out of these 76%
further required invasive mechanical ventilation. Themortality rate
in the individuals who were on non-invasive ventilation was 79%
and 86% in those who required invasive mechanical ventilation.
They advised against the use of non-invasive ventilation for the
patients with pneumonia. Non invasive ventilation like CPAP and
hood are not preferred because they lead to increased aerosol
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generation and pose risk to healthcare workers. According to the
WHO [5], one in six COVID-19 patients has significant difficulty in
breathing and may require ventilator support. However, the pa-
tients who require ventilator support have low survival rates of 20%
because many of these infected patients (40%) develop acute res-
piratory distress syndrome (ARDS), which has a highmortality. This
has brought the availability, procurement and increasing produc-
tion of ventilators to meet ever-growing need to our health care
systems. We assess the current role of ventilators in managing the
COVID-19 pandemic and strategies to help meet the world-wide
demand (Table 1).

2. Ventilator and its importance in COVID-19 pandemic

Ventilator is a medical equipment/machine which is employed
to provide respiratory support to the patients whose lungs are
significantly compromised due to infection (pneumonia) etc.
leading to severe respiratory problems. The ventilator uses a pos-
itive pressure to supply oxygen into the lungs through the inner
ways and fully regulate the breathing process of the patients. A
humidifier is used in ventilator to add moisture and heat to the
oxygen so as to match with the temperature of the body of the
patient. The lungs of the patients who require mechanical venti-
lation due to COVID-19 are so much inflamed that the oxygen is
unable to reach the alveoli when a patient breathes, and the me-
chanical ventilator acts to force the oxygen flow under pressure to
these small air passages. Medical ventilation is basically of two
types: a) invasive mechanical ventilation and b) non-invasive
ventilation. The invasive mechanical ventilation uses an endotra-
cheal tube which is inserted in to trachea for the flow of oxygen in
to the lungs of the patient, whereas the non-invasive ventilation
does not employ any internal tube. The non-invasive ventilation
devices such as continuous positive airway pressure (CPAP) device
[6] and oxygen hoods are also used in the management less severe
COVID-19 patients, so as avoid the need of mechanical ventilators
which are invasive in nature. However, mechanical ventilators are
most necessarily used in the situations where patients suffer from
acute respiratory distress syndrome (ARDS) such as in COVID-19.
This helps in normalizing the levels of oxygen in the body. They
are primarily used in home care, emergency care, intensive care
settings and as one of the parts of general anaesthesia machines.

3. The challenge of shortage and the cost of ventilators

The present outbreak of COVID-19 pandemic has resulted in the
dramatic increase in the number of patients who need respiratory
care. Health care systems worldwide are facing the extreme
shortfall of ventilators particularly mechanical ventilators and their
components. The shortage of ventilators has already been experi-
enced by most of the countries who are extremely hit by this
Table 1
The role of ventilators and challenges.

S. No. Ventilators in Covid-19 pandemic Role of Ventilators an

1 Ventilator and its importance in COVID-19 pandemic � Ventilators are life
� Two types of ventil
� Invasive ventilation

2 Challenge of shortage and the cost of ventilators � There is an acute sh
� Their high cost and

3 Effects of shortages of ventilators � Severely sick peopl
� Innovative means o

4 Solutions for overcoming the shortage of Ventilators: � Several engineering
� Medical specialists
� Alternative method

5 Role of 3-D Printer technology in ventilator production � The use of 3D print
pandemic [7]. One of the main reasons for the shortage of venti-
lators is the issues related to their global supply chain. Due to the
worldwide spread of infection, the exports of the medical equip-
ment’s including ventilators have come to a halt. The situation has
been become so alarming that as many as fifty four countries have
stopped exporting the goods related to medical field including
ventilators [8]. The production of medical machines such as ven-
tilators demands more intensive capital and expertise.

4. Effects of shortages of ventilators

Lot of efforts are urgently required to reduce and minimize the
gap between the requirement and the supply of ventilators.
Currently, there are very few companies all over the world that
possess the expertise to manufacture ventilators. The suppliers to
these companies should be supported to maximize the supply of
raw materials needed produce these devices. In addition to this,
efforts should be made to encourage more new industries to start
producing cost-effective ventilators. Sharing of ventilator technol-
ogy in this need of hour can prove to be very useful for the treat-
ment of COVID-19 patients. Government agencies must put in their
best efforts to coordinate this sharing strategy and play a critical
role in closing the gap between the need and availability of these
medical machines. If the coordinated effort is not put in, then it may
result in the situation where the patients may not get the care and
treatment they need especially in intensive care units. This will in
turn lead to the drastic situations seen already in some of the
countries such as Italy and USA. The European Union has issued a
statement that its utmost priority should be to help and support the
already existing manufacturers of ventilators in order to ramp up
their production [9]. Thousands of experts, entrepreneurs and
volunteers around the world are developing a different potential
solution: creating open-source ventilators [10]. With access to
relatively simple designs, makers in Africa or South America could
build ventilators quickly and cheaply using already available
hardware and infrastructure and since all the intellectual property
of these projects will be free to use and licensing, copyright issues
won’t get in the way of builders. Apart from the shortage in the
supply of ventilators, their high cost is a barrier to procure by most
developing and underdeveloped economies. Hence, there have
been several innovations done out of necessities by the doctors,
engineers and engineering companies in India. Electronic and
vehicle manufacturing companies have been roped in to manu-
facture ventilators quickly and at low cost. The engineering in-
stitutes have also beenworking to design andmanufacture low cost
and simplified versions of the ventilators. Postgraduate Institute of
Medical Education and Research, Chandigarh has come up with a
prototype for an affordable Artificial Manual Breathing Unit
(AMBU) operating device, as a substitute to the ventilator. One
ventilator is used for eight patients through a ventilator splitter
d Challenges

saving machines required for severely ill COVID-19 patients
ation may be used in these patients: a) Invasive and b) Non-invasive ventilation
is superior
ortage of ventilators for COVID-19 patients
availability is a challenge
e are getting affected from getting the optimal treatment
f manufacturing and optimising their use is being tried out
companies are being roped in to manufacture the ventilators

trying to optimise the use of ventilators
s of ventilation like an Ambu Bag are being used in innovative ways
ing in manufacturing the parts of ventilator quickly and cheaply seem promising
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[11].

5. Solutions for overcoming the shortage of ventilators

COVID-19 pandemic has caught every one of us unaware of the
need for emergency tools and protocols like lifesaving ventilators.
There is an urgent need to escalate the production of ventilators by
the existing and potentially new manufacturers. Alternative
manufacturing of the ventilators like using 3D printing and open
source ventilators must be explored to maximum, to overcome this
acute and hugemedical crisis. Companies including Dyson and Ford
Motor Company are stepping up to meet the demand for ventila-
tors, alongside other innovations. There is also an acute shortage of
trained healthcareworkers to optimally deal with these ventilators.
Hence, appropriate and quick training needs to be imparted to the
doctors, nurse and other healthcare workers to manage these
machines.

6. Role of 3-D Printer technology in ventilator production

Additive Medicine (AM) technology can quicken the designing
and developing process of the main parts of the ventilator is the
need of the hour. In this time of distress, 3D printing application of
AM has been emerging as a promising technology which has the
capability to produce the parts of the ventilator in a very short time
[12]. Recently, the first 3D printed ventilator was developed in the
Spain. The aim of producing these 3D printed machines is to bridge
the gap between the availability and requirements of ventilators for
the seriously ill COVID-19 patients. However, their efficiency,
durability and most importantly safety has to be confirmed, before
these could be produced on a large scale. The 3D printed ventilators
can be designed and developed using the Leitat-1 Technology [13].
It is a field device that has been simplified, reducing the number of
components needed for an easier assembly. This technology in-
volves incorporating other parts found on the market and their
assembly is very fast, so that a large number of these machines can
be made in a shorter time span. Attempts are being made in other
countries also like Canada where the designers, scientists, engi-
neers and manufacturers are asked to design a ventilation system
that is simple, accessible and easy to manufacture, whether
through additive or subtractive manufacturing methods [14].

7. Limitations of the study

� The article is a narrative review using search engines of the
currently available literature on role and availability of ventila-
tors in the COVID-19 pandemic and not a systematic review, due
to paucity of literature available currently.

� Hence as COVID-19 pandemic evolves, new information will be
available and add further knowledge on the topic.
8. Conclusion

As the respiratory illness due to COVID-19 pandemic spreads
worldwide, health care systems and national governments are
facing the tough challenges of acquiring ventilators to support
patients. All steps involved in the supply chain management for
ventilators including manufacturing, procurement, storage, distri-
bution and delivery to the coronavirus frontline has to be equiva-
lent to that of a war setting. Innovative applications of Additive
medicine like 3-D printer technology may help to ensure the
availability of ventilators to the patients and prepare us for such
future viral outbreaks.
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