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Executive Summary
Mechanical ventilators are devices that assist patient
breathing by blowing air, sometimes with extra oxygen, into
the airways and lungs. Ventilators use different technologies
to achieve this effect. While the concept of assisted
breathing has been documented as far back as two thousand
years ago, mechanical ventilators started appearing in the
early 1800s. Intensive Care Unit (ICU) ventilators as we know
them today were first developed in the mid 1900s. Indicators
or applications of ventilators include a variety of respiratory
diseases and conditions, during surgery, and recovery from
surgical procedures or illnesses. For the purpose of this
analysis, ventilators are split into two groups from most
complex to least complex: ICU ventilators (consisting of highacuity and medium-acuity) and sub-acute ventilators.
The use of mechanical ventilation for patients rapidly
increased as a result of the COVID-19 outbreak. According to
the World Health Organization (WHO), one in every five
COVID-19 patients has difficulty breathing 1 , potentially
leading to ventilator use. With global infected cases reaching
35.1 million of which over 7.9 million are active cases as of
October 3, 2020 2 , ventilator demand has increased at an
unprecedented rate.
Prior to the outbreak, the U.S. and Western Europe were the
two largest consumers of ventilators. Despite ventilator
manufacturers significantly ramping up production capacity
of all kinds of ventilators, a global shortage created by the
pandemic remained throughout 2020. It is estimated that
total revenue from ventilator manufacturing will likely reach
$10.1 billion by the end of 2020, an increase of 4.9 billion or
94% over 20193. As understanding of COVID-19 improves and

1

(WHO, 2020)
(Worldometer, 2020)
3 Hoovest Analytics estimated based on information in Appendix 3 and 4
2

treatments for COVID-19 have evolved, governments may
shift to buying ICU ventilators rather than sub-acute
ventilators. Key manufacturers have adapted quickly,
bolstering production capacity for coping with the pandemic.
Philips has prioritized ICU ventilator production despite a preexisting contract with the U.S. Department of Health and
Human Services (HHS) to deliver sub-acute ventilators.
Medtronic, GE Healthcare, and ResMed increased production
with a concurrent focus on remote monitoring technologies.
Ford and GM were compelled to produce ventilators under
the Defense Production Act (DPA) despite not being
established ventilator manufacturers before the pandemic.
Both are expected to exit or ramp down production after
completing their ventilator contracts with HHS as ventilator
demand will likely return to pre-COVID levels of demand.
Hospitals have sped up the adoption of remote monitoring
technologies for ventilators usage in ICUs which provides the
ability for continuous monitoring while enabling distancing
among healthcare workers and patients. Likewise, long-term
ventilator users at home or care centres have quickly adopted
telehealth services as a replacement for canceled in-person
visits. Telehealth offers remote care for long-term ventilator
users in out-of-hospital settings (ie care homes and care
centres) by the remote monitoring of patients’ respiratory
conditions via cloud-based software and communication
technology. It is predicted that telehealth and remote
monitoring will become the standard of care post-pandemic
due to their enhanced health benefits and improved cost
management for hospitals and patients. Remote monitoring
for ventilators in the U.S. and Western Europe is estimated to
be worth $4.6 to $17.5 billion in total over the next five years4.
Annual global telehealth revenue is predicted to reach $55.6
billion in 20255, an increase of $30.0 billion from $25.6 billion
in 2020. The future of ventilators lies in cloud-based remote
monitoring software to allow clinicians to provide telehealth
services for ventilator users at home and care centres.

4

Hoovest Analytics estimated based on cost of using remoting monitoring and
number of practicing doctors
5 (Kent, 2020)
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MARKET SIZE
From 2017 to 2019, the mechanical ventilator manufacturing industry grew at an estimated CAGR
(Compound Annual Growth Rate) of 2.2% compared to the 7% CAGR of the overall MedTech industry for the
same period6. The estimated revenue of the ventilator manufacturing industry in 2019 was $5.2 billion, of
which $4.1 billion was from ICU ventilators and $1.1 billion was from sub-acute ventilators. Since the
beginning of 2020, global ventilator demand surged in response to the coronavirus7,8. Revenue of the industry
in 2020 is expected to increase by 94% to $10.1 billion before falling back to typical levels of demand once
COVID-19 vaccines are globally distributed, estimated to occur between Q2 2021 to Q4 20229.
Exhibit 1– Estimated Global Revenue of Ventilator Manufacturing Industry
Revenue ($bn)
Sub-acute ventilators
ICU ventilators
Total

2017
1.0
4.0
5.0

2018
1.1
4.0
5.1

2019
1.1
4.1
5.2

2020E
2.3
7.8
10.1

2021E
1.7
5.9
7.6

2022E
1.3
4.5
5.8

2023E
1.4
4.5
5.9

2024E
1.4
4.6
6.0

Source: Hoovest Analytics estimated based on published data available of ventilator production, ventilators’ price, ventilator demand
(see Appendix 3 and 4)

For the purpose of this report, ventilators are classified into two segments: ICU and sub-acute ventilators.
ICU ventilators including high and medium-acuity models are used in intensive care units to treat patients in
a critical care setting while sub-acute ventilators are used to treat patients at home, long-term care centres,
clinics, and care settings requiring high portability.

Billions

Exhibit 2– Estimated Global Revenue of Ventilator Manufacturing Industry from 2017 to 2024
12.0
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4.0
2.0
0.0
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Source: Hoovest Analytics estimated based on published data available of ventilator production, ventilators’ price, ventilator demand
(see Appendix 3 and 4)

A potential vaccine for the virus may be available in the U.S between Q4 2020 and Q1 202110. Wealthy
countries have already pre-ordered more than two billion doses of COVID-19 vaccines that could leave limited
supplies in 202111. Low-and-middle-income countries may struggle to gain traction. Many health experts
6

(EY, 2019)
(Kliff, Satariano, Silver-Greenberg, & Kulish, 2020)
8 (Penarredonda, 2020)
9 (Corum, Wee, & Zimmer, 2020)
10 (McKinsey & Company, 2020)
11
(Callaway, 2020)
7
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believe that it will take years to manufacture and distribute globally. Estimated global vaccine production
capacity is eight to nine billion doses by the end of 202112, almost half of what the world needs to achieve
sufficient levels of immunity 13 . Based on this vaccine timeline, the ventilator manufacturing industry is
projected to sharply decline at 24.3% annually from 2020 to 2022 before stabilizing and resuming normal
industry growth of a CAGR of 2.3% from 2023 onwards14.

KEY PLAYERS
Key players of ICU ventilators

Key players of sub-acute ventilators

Other players

New entrants

ICU ventilators are required to be accurate, reliable, and high performing15 to treat patients who require
critical interventions from nurses, respiratory therapists, and physicians. This life support device is relied
upon to work continuously for weeks at a time, and is often deployed as a short-term, temporary measure
to buy sufficient time for the patient to recover from a critical illness such as severe pneumonia, acute
respiratory distress syndrome (ARDS), chronic obstructive pulmonary disease (COPD) flare-ups, and acute
pulmonary edema due to heart failure16. Both high and medium-acuity ventilators could be utilized for acute
patient care in ICUs. ICU ventilators can deliver supplemental oxygen with precise control of inspired oxygen
(FiO2) from 21% to 100%. Continuous oxygen flow of up to 60 L/M17 will match or exceed patient’s inspiratory
demand. Common features amongst models and brands of high and medium-acuity ventilators include:
• High oxygen concentration or high supplemental oxygen
• Common ventilatory modes: continuous positive airway pressure (CPAP), pressure support ventilation
(PSV), assist control volume control (ACVC), airway pressure release ventilation (APRV), pressurecontrolled ventilation (PCV), and synchronized intermittent mandatory ventilation (SIMV)

12

(McKinsey & Company, 2020)
(Kamradt-Scott, 2020)
14 (Criner, 2012), (Hub Staff, 2020)
15 (Guérin & Lévy, 2020)
16 (Orlando Health, 2017)
17
(Sharma, Danckers, Sanghavi, & Chakraborty, 2020); L/M is litres per minute
13
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High-acuity ventilators usually have more advanced features in addition to the common features found on
medium-acuity ventilators. Some advanced features of high-acuity ventilators include:
• High-flow oxygen (HFO) therapy: delivers HFO, often blended with compressed air, to a patient at
rates of up to 60 L/M. HFO therapy is usually used on ICU patients with acute respiratory failure to
improve oxygenation and reduce patient's work of breathing18, 19
• Large screen display to enhance user interface. It provides better graphical displays that integrate
data into visualizations and allows caregivers to change parameters easily20
• Wide range of ventilatory modes 21 such as bilevel positive airway pressure (BiPAP), BiLevel, DuoPAP,
monitoring functions of trans-pulmonary pressure, end-expiratory lung volume (PEEP and FRC)
• Ability to customize configurations suitable for neonatal, pediatric, and adult patients on one device
High-acuity devices have at least 10 listed features (see appendix 1) and a high price range of $21,000 to
$50,000. The complexity of these machines and smart algorithms require a high level of expertise to produce,
creating a high barrier of entry for any new players. Some of the most well-known companies that
manufacture high-acuity ventilators are but not limited to GE Healthcare, Vyaire, Medtronic, Hamilton,
Drager, and Maquet (Getinge).
Medium-acuity devices typically have 3 to 9 listed features (see appendix 1) and a price range from $6,988
to $29,143. Well-known manufacturers of medium-acuity devices include but not limited to Philips, Air
Liquide, Mindray, and Smiths Medical.
Exhibit 3 – Price Range of Ventilators in 2020
Sub-acute ventilator

ICU – medium-acuity ventilator

ICU – high-acuity ventilator

$3,167

$9,995

$6,988

$29,143

$21,000

$50,000

Source: Hoovest Analytics collected information based on published data available

Sub-acute ventilators are often small, easy to transport, silent, and space-saving to suit the different mobility
and comfort needs of sub-acute patients, long-term care centres, or clinical settings. These ventilators often
have limited ability to deliver an oxygen concentration in various respiratory breathing patterns22. A big
market is patients that require chronic ventilation at home, particularly for managing chronic conditions
requiring mechanical ventilation such as obesity hypoventilation syndrome (OHS), chronic obstructive
pulmonary disease (COPD) chronic heart failure, or sleep apnea 23 . Sub-acute ventilators offer common
features to optimize patient comfort including:
• Portability, usually coming with external batteries
18

(ResMed, 2020)
(RT Staff, 2013)
20 (Hamilton Medical, 2020)
21 (Guérin & Lévy, 2020)
22 (RT Staff, 2013)
23
(Simonds, 2016)
19
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Sensitive triggers and smart algorithms for rotating the breathing cycle (see Appendix 2)
Continuous Positive Airway Pressure (CPAP) or Bilevel Positive Airway Pressure (BiPaP)
Humidifier
Spontaneous breath modes which give patients some control over how the breath is triggered and
cycled24

The price range for sub-acute ventilators is $3,167 to $9,995. Lower selling prices combined with high initial
investment costs and a smaller market relative to ICU ventilators are some of the factors limiting the entry
of new manufacturers. Sub-acute ventilators also mean selling direct to consumer, a market many companies
are not interested in dealing with. Major manufacturers of sub-acute ventilators are but not limited to
ResMed, Philips, Air Liquide, and Hill-Rom.

OVERVIEW OF VENTILATOR MANUFACTURERS
Major players

GE Carescape R860

Vyaire iX5

GE Healthcare recorded $17 billion in revenue for 2019 25 from equipment and
services. GE’s flagship ventilator (CARESCAPE™ R860) is a high-end device that touts
an innovative user interface that tracks past, current and future readings. Due to
COVID-19, GE Healthcare significantly increased its temporary ventilator production
capacity and can achieve 15,000 ventilator production per month26. They partnered
with Ford to produce 50,000 of a less complicated Model A-E ventilator at cost27; for
a contract worth $336 million for the U.S. Department of Health and Human Services
(HHS) under the Defense Production Act (DPA). GE also won a contract worth $64.1
million for 2,410 ventilators to be delivered by June 1, 202028. Ventilators is not the
core business of GE. Aside from ventilators, GE also manufactures a number of
medical devices such as ultrasound, CT, and MRI machines, and a significant portion
of their revenues is from non-medical device products and services.
Vyaire Medical (formerly Carefusion) formed in 2016 when Apax Partners LLP
acquired the respiratory solutions business of Becton Dickinson & Company (BD)29.
They manufacture and market more than 27,000 unique products for the diagnosis,
treatment and monitoring of respiratory conditions. Vyaire was awarded a ventilator
contract with HHS on April 16, 2020 worth $407.9 million for 22,000 ventilators to be
delivered by June 29, 202030. However, on Sep 2, 2020 HHS announced cancellation
of part of the contract. As a result, Vyaire will complete and deliver no more than
4,000 LTV-2200 ventilator kits and 800 resupply kits by Sep 13, 202031.

24

(Deranged Physiology, 2018)
(GE Healthcare, 2020)
26 (General Electric, 2020)
27 (General Electric, 2020)
28 (Manufacturing.net, 2020)
29 (Curran, 2020)
30 (Manufacturing.net, 2020)
31
(Slabodkin, MedtechDive, 2020)
25
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Medtronic has a wide range of products for cardiac and vascular conditions, diabetes,
minimally invasive therapies and restorative therapies. Ventilator manufacturing is
under their Respiratory, Gastrointestinal, & Renal unit, which generated $2.8 billion
in revenue for the fiscal year 2020 and $2.7 billion for 201932. In April 2020, the
company ramped up ventilator production capacity to north of 25,000 ventilators33
over the next six months and won a ventilator contract with HHS worth $9.1 million
for 1,056 ventilators delivered by June 22, 2020.
Hamilton Medical is a family-owned business based in Switzerland that specializes in
produced 15,000 ventilators in 2019 and strove to increase production to 21,000
ventilators for 202034. On April 14, 2020, Hamilton was awarded a ventilator contract
with HHS worth $552 million for 14,115 ventilators produced by July 3, 2020 35 .
However, HHS canceled a part of the contract resulting in Hamilton completing and
delivering no more than 4,518 of its Military T-1 v2 ventilator kits by Sep 30, 202036.
Royal Philips’ 3 main business segments are diagnosis and treatment (down 11%
QoQ), connected care (up 12% QoQ), and personal health (down 20% QoQ).
Ventilator manufacturing is run by their sleep and respiratory care unit which
accounts for 47% of the connected care segment’s revenue in Q2 2020. Philips has a
strong strategic partnership with hospitals and the U.S. and German governments37,
producing both ICU and sub-acute ventilators. Philips signed a ventilator contract
with HHS worth $646.7 million to produce 43,000 ventilators delivered by the end
of December 2020 38 , increasing its ventilator production fourfold. However, HHS
canceled 30,700 out of 43,000 units in August 202039.
Drager is a long-established company specialized in medical and safety technology
products. It operates in over 190 countries and generated 2.8 billion euros in 201940.
Drager provides respiratory therapies needed for intensive medical care including
ventilators used at ICUs. Since the COVID-19 pandemic, the company has produced
almost twice as many ventilators as before the outbreak 41 . It was awarded a
ventilator contract with the German government to deliver 10,000 high-acuity
ventilators over the year 202042.
ResMed is leading in cloud-connected medical devices to treat people with sleep
apnea, COPD and other chronic diseases. It focuses on out-of-hospital settings to
support caregivers and patients using its devices at home or long-term care centres.
Revenue from sleep and respiratory devices for fiscal year 2020 was $1.5 billion, an
increase of 11% compared to that of fiscal year 201943. During the pandemic it has

32

(Medtronic Public Limited Company, 2020)
(Medtronic, 2020)
34 (Miller & Pollina, Reuters, 2020)
35 (Manufacturing.net, 2020)
36 (Slabodkin, MedtechDive, 2020)
37 (United State Securities and Exchange Commission, 2020)
38 (U.S. Department of Health &Human Services, 2020)
39 (Hale, 2020)
40 (Dragerwerk AG & Co., 2020)
41 (RT Staff, 2020)
42 (Joseph, 2020)
43
(United States Securities and Exchange Commission, 2020)
33
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tripled ventilator production to produce over 52,000 ventilators and BiLevel devices
between 1 January and 31 March 202044.

Maquet Servo-i

Getinge, which produces Maquet ventilators used in ICUs, is a Sweden-based global
medical technology company founded in 1904. It operates in 44 countries with 22.5
billion SEK (about US$2.5 billion) in revenue in 201745. Getinge ramps up ventilator
production capacity by 160% throughout the year 2020 to meet surging ventilator
demand due to the COVID-19 outbreak46.

Other players
Mindray, a China-based medical company, provides medical devices and solutions
globally. It produces ICU ventilators and has scaled up ventilator production quickly
in response to the COVID-19 pandemic47.
SV600

EOVE-150

Air Liquide, a French multinational company, supplies industrial gases and services to
various industries including medical, chemical and electronic manufacturers. Its
ventilators could be used in various settings from hospital to home. Since the COVID19 pandemic, Air Liquide has boosted ventilator production at both Antony and Pau
production sites more than double compared to pre-COVID production48.
Aeonmed is a China-based company, which mainly focuses on two sections of
medical products including anesthesia and related operating room (OR) solutions and
mechanical ventilation and related respiratory disease management.

VG70

paraPAC plus

Life2000TM

Smiths Medical is a part of the global technology business Smiths Group plc, a U.K.
based corporation. Since the COVID-19 outbreak, Smiths Medical has rapidly
increased ventilator production from hundreds a month to thousands a month. It has
been awarded ventilator contracts with the U.K. government to deliver 10,000
ventilators, which is independent of 30,000 ventilators of the Industrial Consortium49,
the alliance formed by the U.K. government.
Hill-Rom is a global medical technology company that produces ventilators used in
sub-acute care. In April 2020, it was awarded a ventilator contract with HHS to deliver
3,400 ventilators by July 13, 202050. Since then, Hill-Rom has targeted to increase its
ventilator production by five times compared to its pre-pandemic levels51.

44

(Akhter, 2020)
(Getinge AB, 2020)
46 (Reuters, 2020)
47 (Leijing, Lu, Xiao, & Huajiang, 2020)
48 (Reuters, 2020)
49 (Smiths Medical, 2020), (Smiths Medical, 2020)
50 (Manufacturing.net, 2020)
51
(Shepardson & O’Donnell, 2020)
45
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ZOLL is a medical company specialized in medical devices and software solutions. it
targets to increase its ventilator production to 10,000 ventilators per month in
response to the COVID-19 pandemic, which is almost a 25-fold expansion compared
to the pre-COVID production level52. Its parent company Asahi Kasei based in Japan.
Ventec, a US-based medical device manufacturer, produces VOCSN which is
integrated five separate devices including a ventilator, oxygen concentrator, cough
assist, suction, and nebulizer into one unified respiratory system. In April 2020, GM
partnered with Ventec to produce the existing ventilator model VOCSN V+Pro to
fulfill the 30,000-ventilator contract with HHS53.

New entrants
Temporary new players

GM and Ford, non-medical manufacturers, partnered with existing ventilator
manufacturers to produce ventilators under the Defense Production Act (DPA) since
April 2020. Although they supplied a large number of devices in 2020, they are exiting
the ventilator business after fulfilling the terms of ventilator contracts with the U.S.
government 54 . Ford manufactured a small number of extra ventilators for GE
Healthcare after completing the government contract and Ventec will lease factory
space from GM to produce ventilators, however, both GM and Ford do not plan to
continue ventilator production55.

Exited players

Many established non-medical device companies have rushed into the ventilator
space to bring brand awareness to their existing brand, rehire employees laid off and
redeploy their manufacturing plants which were shut down due to the pandemic to
build ventilators56. The likes of Fitbit, Microsoft, Virgin Orbit, Tesla, and Dyson had
their ventilator designs based on specifications for Rapidly Manufactured Ventilation
Systems of MIT E-Vent Design Toolbox which, in fact, are resuscitators 57 . Their
resuscitator designs but mostly based on standard ambu-bag which is not a viable
solution for true intensive care use. The FDA correctly classifies most of these similar
ambu-bag-based designs as resuscitators in their Emergency Use Authorizations
(EUA)58.
Dyson exited ventilator business after their ventilators were no longer required by
the U.K. government 59 while Tesla and Microsoft might not proceed to
commercialize their ventilators.

52

(Zoll Medical Corporation, 2020)
(General Motors, 2020)
54 (LaReau, 2020)
55 (LaReau, 2020)
56 (Parker, 2020)
57 (Fitbit Incorporation, 2020) (Space, 2020)
58 (U.S. Food & Drug Administration, 2020)
59
(Davies, The Guardian, 2020)
53
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Emerging players
This category of emerging players, different from exited players that have their
ventilators based on ambu-bag temporary mechanism, have designs that are capable
as stockpile functional units.

CAE Air1TM

CAE, a large non-medical device company, is a $6.05 billion market cap aerospace
and defence manufacturer. They have received orders from the Government of
Canada in April 2020 to deliver 10,000 ventilators. CAE, therefore, came up with a
turbine-based design of an ICU ventilator which was certified by Health Canada in
June 2020. They intend to stay in the medical device space during and after the
COVID-19 outbreak according to their website60.
Ocalink Technologies Inc., a private company based in Canada, has received Health
Canada certification on August 26, 2020 under Canada’s Interim Order61 (similar to
U.S. FDA’s EUA) for its turbine-based ventilator. The company designed the device
with drastically fewer components intended for fast manufacturing and
manufacturability under a constrained global supply chain.

Winnipeg
Ventilator 2.0

CoroVent

Mechanical
Ventilator Milano

Winnipeg Ventilator is a company the pre-existed before COVID-19, working off a
piston-based design that is an improved version of the ventilator technology used in
the 1990s 62 . They have received Health Canada authorization for the Winnipeg
Ventilator 2.0 on September 25, 2020 under Canada’s Interim Order63. They work
with Starfish Medical as the engineering and manufacturing partner.
Vexos and CoroVent are Canadian and Czech companies, respectively, which
produce pneumatically driven ventilators. Pneumatic powered ventilators require
medical compressed air or external oxygen supply to operate whereas piston and
turbine-based designs do not require them. During the COVID-19 pandemic, some
governments may prefer turbine-based or piston designs when procuring mechanical
ventilators. The government of Canada requires that ventilator must have an internal
built-in air compressor or allow for the additional feature that enables the ventilator
to operate without a separate air/O2 gas source64 and the U.K. government requires
small and light enough to fix to a hospital bed, but robust enough to survive falling
from bed to floor65. These required specifications will allow better flexibility in the
case that governments need to convert public spaces such as community centres,
stadiums, or gymnasiums into emergency quarantine or treatment centres, which do
not have medical compressed air infrastructures as do hospitals, and compressed
medical air tanks could be in short supply.

60

(CAE Incorporation, 2020)
(Ocalink, 2020)
62 (The Winnipeg Ventilator, 2020)
63 (StarFish Medical, 2020)
64 (Government of Canada, 2020)
65
(Davies, The Guardian, 2020)
61
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Existed before the COVID-19 outbreak, AgVa Healthcare is an India-based medical
device manufacturer and specializes in low-cost, portable ventilators. Since the
COVID-19 outbreak started, Maruti Suzuki India Limited (MSIL) has partnered with
AgVA Healthcare to produce 10,000 ventilators to fulfill a ventilator contract with
the Central government of India 66 . They are expected to stay in the ventilator
business, which is their only business activity currently.

ICU VENTILATORS
In 2019, GE Healthcare, Vyaire, and Royal Philips’ combined market share of ICU ventilators (high and
medium acuity) is 64% or $2.6 billion in revenue67. The COVID-19 pandemic, however, created such high
demand beyond existing ventilator production capacities, that smaller and/or new manufacturers had an
opportunity to gain a foothold. In 2020, the estimated market share of the top three manufacturers will drop
to 38% but revenue of those three companies will increase to $3.0 billion. Manufacturers with the ability to
quickly ramp up production such as Zoll, Smith Medical, Medtronic, and Philips have the most to gain.
In 2021 or until the effective end of the coronavirus outbreak, the leaderboard is expected to change. Ford
and GM did not manufacture ventilators prior to the pandemic but were compelled to produce them under
the DPA (Defense Production Act). Having completed their respective the U.S. Department of Health and
Human Services (HHS) contracts, Ford and GM have begun ramping down ventilator production and returning
to automobile manufacturing 68 . GM’s partner Ventec System 69 have already taken over GM’s ventilator
operations and manufacturing.
Exhibit 4: Estimated Market Shares of ICU Ventilators in 2019 and 2020
2019

2020

Others, 9%
Vyaire, 17%

Mindray, 4%
Medtronic, 7%

Vyaire, 29%

Others, 26%

GE Healthcare,
11%

Drager, 7%

Hamilton, 7%
Hamilton, 9%

Royal Philips, 15%

GE Healthcare,
20%

Royal Philips,
10%

General
Motors, 7%
Drager, 7%

Medtronic, 8%
Mindray, 7%

Source: Hoovest Analytics estimated based on annual reports, quarterly reports, and published data available (see Appendix 3 and 4)
Note: in this study, we assume that Ford produced all 50,000 ventilators of the contract between HHS and GE health and Ford.

66

(Mint, 2020)
See Exhibit 4 and 5
68 (White, 2020)
69
(Whooley, 2020)
67
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Exhibit 5: Estimated Annual Revenue of ICU Ventilators in 2019 and 2020
Company

2019
($millions)
1,183
833
602
279
287
376
150
362
89
72
42
105
54
4,072

Vyaire
GE Healthcare
Royal Philips
Medtronic
Drager
General Motors
Hamilton
Mindray
Others
Zoll
Ford
Aeonmed
Smiths Medical
Maquet
others
Total revenue

2020
($millions)
1,326
879
788
624
574
540
526
525
1,995
439
336
324
279
273
344
7,777

Source: Hoovest Analytics estimated based on annual reports, quarterly reports, published information of ventilator production, and selling price 70
Note: the estimated revenue from ventilators is based on published data of ventilator production capacity in 2019 and 2020 and average selling prices
of ICU ventilators for each manufacturer. Estimated annual revenue from ICU ventilators=production capacity x average selling price of ICU ventilators

Revenue from ICU ventilators is estimated to increase from nearly $4.1 billion in 2019 to $7.8 billion in 2020.
Top gainers in terms of dollars earned would be GM, Ford, Medtronic, Zoll, and Mindray who have combined
captured $1.9 billion out of the $3.7 billion increase in ventilator spending. Most manufacturers are
estimated to have higher revenue from ICU ventilators in 2020 compared to that of 2019.

1,995

2,500
2,000
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Exhibit 6: Estimated Revenue of ICU Ventilators in 2019 and 2020
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Estimated annual revenue from ICU ventilators in 2019
Estimated revenue from ICU ventilators in 2020
Source: Hoovest Analytics estimated based on annual reports, quarterly reports, and published data available (see Appendix 3 and 4)
Note: the estimated revenue from ventilators is based on published data of ventilator production capacity in 2019 and 2020 and average selling prices
of ICU ventilators for each manufacturer. Estimated annual revenue from ICU ventilators=production capacity x average selling price of ICU ventilators
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Unit production capacity of ICU ventilators is estimated to more than double industry wide from
approximately 243,000 in 2019 to 525,000 in 202071.
Exhibit 7 below shows that Hamilton and Drager increased production capacity significantly during the
pandemic despite their ventilators being more complicated and requiring hundreds of parts to assemble a
single functional ventilator 72 . As such, their estimated 2020 production of 20,000 and 21,000 units
respectively, is half that of Mindray or Smiths Medical who produce medium-acuity devices and nearly a
fourth of the top three players Vyaire, Philips, and GE Healthcare. Simpler ventilator models such as Ford’s
pNeuton® Model A ventilator and GM’s VOCSN V+Pro ventilator could be produced in a much shorter period.
Within five months of being awarded their contracts, GM and Ford (see Exhibit 7) were able to fulfill their
obligation with the HHS by September 1, 202073.

Thousands

Exhibit 7: Estimated Annual Production Capacity of ICU Ventilators in 2019 and 2020
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Source: Hoovest Analytics estimated based on published data available of ventilator production in 2019 and 202074
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See Appendix 3 and 4
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SUB-ACUTE VENTILATORS
ResMed, Philips, and Air Liquide are the key players for sub-acute ventilators, particularly in homecare and
long-term care centres. Total revenue of sub-acute ventilators in 2020 is estimated at nearly $2.3 billion, an
increase of 104% or $1.2 billion from $1.1 billion in 201975. ResMed is expected to have the largest increase
of sales, growing by $848 million to approximately $1.5 billion, or 133%, over their 2019 total sales revenue
of $636 million76.

Millions

Exhibit 8: Estimated Revenue of Sub-acute Ventilators in 2019 and 2020
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Source: Hoovest Analytics estimated based on company website, news articles, and financial reports77
Note: the estimated revenue from ventilators is based on published data of ventilator production capacity in 2019 and 2020 and average selling prices of sub-acute ventilators
for each manufacturer. Estimated annual revenue from sub-acute ventilators=production capacity x average selling price of sub-acute ventilators

ResMed and Hill-Rom ramped up production capacity faster than their peers. Between Jan 1 and March 30,
2020 ResMed’s target was to triple its ventilator production including bilevel devices to over 52,000 devices78.
Hill-Rom aggressively increased ventilator production five-fold on an annualized basis after the COVID-19
pandemic79 to achieve an estimated $64 million revenue at year end 2020, up from $16 million of 201980.
Philips appears to have prioritized ICU ventilator production over sub-acute. Although the company has a
contractual obligation with the U.S. government to deliver 10,000 basic emergency ventilators by 2022 at a
cost of about $3,280 each81, it bolstered production of ICU ventilators to deliver 43,000 more complex and
expensive hospital-grade models at an average cost of about $15,000 each82. The sub-acute ventilators are
expected to be delivered to the U.S. over the next two years based on the delivery timeline in the contract.

75

See Exhibit 1
See Exhibit 8
77 See Appendix 3
78 (Akhter, 2020)
79 (Hill-Rom, 2020)
80 See Exhibit 8
81 (Callahan, Rotella, & Golden, 2020)
82
(Biesecker, 2020)
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Exhibit 9: Estimated Annual Production Capacity of Sub-acute Ventilators in 2019 and 2020
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Source: Hoovest Analytics estimated based on published data available of ventilator production 83

With production ramped-up, estimated market shares of sub-acute ventilators from ResMed will increase
by approximately 8% while Philips will likely decrease 10% in 202084.
Exhibit 10: Estimated Market Shares of Sub-acute Ventilators in 2019 and 2020
2019
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Source: Hoovest Analytics estimated based on annual reports, news articles, published information of ventilator production 85
Note: the estimated market shares are calculated based on the estimated revenue from sub-acute ventilators
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GLOBAL VENTILATOR DEMAND AND SUPPLY
Prior to the pandemic, annualized growth in demand for mechanical ventilators were at the low-to-mid-single
digits since 2016. The largest contributor to global sales was North America, particularly the U.S., which
altogether equaled 43% of global revenue. The second largest contributor, Europe, totalled 33%. Asia
accounted for 17% of global revenue. Some manufacturers target to expand their footholds in Asian countries
as demand in this region grew faster than that of the U.S. and Europe (annualized growth of 4% in Asia
compared to 1-2% of the U.S. and Europe during 2017 to 2019).
Exhibit 11: Estimated Revenue of Ventilator Manufacturing Industry by Regions in 2019
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Ventilator supply in 2020
From March to April 2020, many countries faced difficulties ordering ventilators due to an acute shortage
resulting from the pandemic 86. Italy, one of the earliest countries to be hit hard by the coronavirus, failed to
find suppliers for the 4,000 ventilators they needed in March. Soon, similar situations appeared in Spain,
France, Brazil, the U.K., and many other countries 87 , prompting some governments to deploy wartime
mobilization tactics to increase production and limit exportation of ventilators. In response manufacturers
around the world boosted production of both ICU and sub-acute ventilators88.
It is estimated that total ICU ventilator production in 2020 will hit 516,196 units while sub-acute ventilator
production is estimated to reach 318,536 units. As existing ventilators were routinely occupied by nonCOVID-19 patients before the pandemic89, it is assumed that the 2020 ventilator production could be entirely
used for the COVID-19 outbreak.

Ventilator demand in 2020
The significant increase in supply is a natural outcome of the unprecedented demand due to the COVID-19
pandemic. Based on orders, the largest demand comes from North America, estimated at 171,634 devices.
The U.S. government alone initially ordered 189,931 ventilators between March and April 2020 worth
approximately $2.9 billion. However, the U.S. Department of Health and Human Services (HHS), canceled
part of their ventilator contracts with Vyaire, Philips, and Hamilton90. As a result, the CDC Strategic National
Stockpile, the government repository of life-saving pharmaceuticals and medical supplies, is expected to
receive only 131,634 ventilators by year end 2020 worth about 1.7 billion91. The Canadian government signed
86

(Kliff, Satariano, Silver-Greenberg, & Kulish, 2020)
(Boadle, Reuters, 2020)
88 (Miller, Reuters, 2020)
89 (Chung & Ghebreslassie, 2020)
90 (Slabodkin, MedtechDive, 2020)
91
Hoovest Analytics estimated based on published data from HHS (see Appendix 4)
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contracts to purchase 40,547 ventilators92, 93, 94, though the total amount delivered by year-end may be lower
with only 3,600 received as of October 19, 202095. In Asia, as of September 30, 2020, cumulative orders from
India, Iran, Japan, China, Philippines, and Cambodia total 80,459 units, of which the Indian government
bought 60,884 devices96. In Western Europe, as of September 30, 2020, Germany, the U.K., France, Italy, and
Spain ordered collectively 47,813 ventilators97. In South America as of September 30, 2020, Brazil, Colombia,
Argentina, Chile, Peru, and Bolivia bought a total of 17,339 ventilators98. In Africa, as of September 30, 2020,
South Africa, Morocco, Mozambique, Ethiopia, and Nigeria purchased 11,005 ventilators collectively, of
which South Africa bought 10,000 devices99. Data of ventilators purchased in Eastern Europe is sparse and
not been included in the below graph.
Although Russia has reported over a million COVID-19 cases, they have not been included in this study due
to limited ventilator supply and demand data.
Exhibit 12: Estimated Number of Net Ventilators Ordered by Regions by September 2020
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Source: Hoovest Analytics estimated based on published data available
Note: The estimated number of net ventilators ordered by regions by September 2020 excluding the cancelled orders from HHS and the U.K.
Government

Based on COVID-19 cases, the number of ventilators needed during the COVID-19 pandemic may depend on
the number of active cases, hospitalization rates, and cases in ICU requiring ventilators. Although the
hospitalization rate varies from country to country, it is estimated that 20% of infected cases required
hospitalization100, 101 and about 3% to 8% needed ICU treatment 102, 103, 104, 105, 106. The ICU admission range is
based on publications from March to September 2020 with datasets of COVID-19 patients in China from
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(Nardi, 2020)
(Canadian Healthcare Technology, 2020)
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(Public Services and Procurement Canada, 2020)
95 (Public Services and Procurement Canada, 2020))
96 (The Times of India, 2020)
97 Hoovest Analytics estimated based on published data from Western Europe countries (See Appendix 4)
98 See Appendix 4
99 See Appendix 4
100 (WHO, 2020)
101 (Auld, et al., 2020)
102 (Anesi, 2020)
103 (Specht, 2020)
104 (National Center for Immunization and Respiratory Diseases (NCIRD), Division of Viral Diseases, 2020)
105 (Government of Canada, 2020)
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(Howdon, Oke, & Heneghan, 2020)
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January 1 to February 3, 2020, in the U.S between March 1 and April 4, 2020, in Italy until March 15, 2020,
in the U.K. from March 25 to June 17, 2020, and in Canada from January 1 to October 3, 2020. The ICU
admission rates are subject to change when publications with new datasets become available.
There was concern when a medical report published in The Journal of the American Medical Association
estimated that the death rate of COVID-19 patients placed on ventilators in the New York hospital system
was 88% in April 2020107. However, the study was later corrected with the updated death rate of 21%108.
Other publications also later suggested lower death rates of around 20% with larger sample sizes and a wider
range of patients109, 110. Among patients admitted to ICU, it is estimated that about 29.1% to 89.9% were
mechanically ventilated111, 112, 113, 114, 115. The medial scenario assumes 54% of ICU patients require mechanical
ventilators.
Exhibit 13: Estimated Ventilators Needed for COVID-19 as of October 3, 2020
ICU admission

ICU patients on ventilator scenarios
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Source: Hoovest Analytics estimated based on total cases, active cases as of October 3, 2020 from Worldometers.info

In our medial scenario, the world needed an estimated 236,806 ventilators as of October 3, 2020. Of the
global total, North America needed 85,329 devices compared to 72,564 for the EU, 45,427 for Asia, 26,745
for South America and 6,685 devices for Africa.
By December 2020, the COVID-19 outbreak is predicted to get worse according to the updated prediction
model of the COVID-19 outbreak from the Institute for Health Metrics and Evaluation (IHME)116. Under the
current IHME projection, global deaths are predicted to reach 2.7 million people with Europe, Central Asia,
and the United States being hit the hardest117.
We looked at the demand for ICU ventilators by December 2020 based on different assumptions: a highdemand scenario, which assumes that 89.9% of ICU patients will be put on ventilators, a low-demand
scenario, which assumes 29.1% and a medial scenario which assumes 54%.
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Mandates to contain COVID-19 spread such as social distancing, mask use, school closures, and non-essential
business closures are imposing differently across countries. In our ventilator demand projection, we assume
that countries do not change the mandates which are currently applied by December 2020.
Exhibit 14: Predicted Ventilator Demand by December 2020
Low demand scenario
- Assumption: COVID-19 vaccines will be widely
available in Q4.2020 in the U.S. & Europe. It is
assumed that 29.1% of ICU patients will be
put on ventilators
- Estimated need for ICU ventilators will be
113,002 devices resulting in an oversupply of
403,194 ICU ventilators and 318,536 subacute ventilators.
Medial scenario
- Assumption: COVID-19 vaccines will be
available in Q4.2020 but with limited supply
at year end 2020. It is assumed that 54% of
ICU patients will be put on ventilators
- Estimated need for ICU ventilators will be
384,439 devices resulting in an oversupply of
131,757 ICU ventilators and 318,536 subacute ventilators.
High demand scenario
- Assumption: the pandemic worsens due to
mandate easing and no viable COVID-19
vaccines are available in December. It is
assumed that 89.9% of ICU patients will be
put on ventilators
- Estimated need for ICU ventilators will be
930,939 devices resulting in a shortfall of
96,207 ventilators despite the use of subacute ventilators.

834,732

Supply shortage: 96,207

Source: Hoovest Analytics estimated the demand of ICU ventilators in December 2020 based on the most likely cased of project model of Institute for
Health Metrics and Evaluation (IHME) updated in September 2020
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In both the medial and low-demand scenarios, estimated total ventilator supply surpasses estimated total
demand, creating a supply surplus. However, distribution of ventilators among countries would be
disproportionate as some countries such as Canada, Germany, Japan, France, the U.S. and UK have higher
numbers of ventilators per 100,000 people than other countries. High-income economies with low numbers
of ventilators per 100,000 population such as Chile, Australia, Sweden, Spain, Slovakia, Portugal, and Norway
would have to buy more ventilators to adequately address the pandemic. Developing countries with fast
growing economies like China, Mexico, Brazil, and India are estimated to increase the number of ventilators
per 100,000 population as the result of improvements in their healthcare system over the long term. Lowincome countries having the lowest number of ventilators per 100,000 people such as Nigeria, Zimbabwe,
and the Central African Republic (CAR) would have to rely on gifts or donations from more developed nations
or utilize alternative methods to address the impact of COVID118.
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Exhibit 15: Estimated Ventilators per 100,000 People by Country by Year End 2020
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Note: the estimated ventilators per 100,000 people by country is based on the number of ventilators within the country regardless of quality, model, and type of acuity

In comparing regions, North America is the highest in ventilator demand for all three scenarios, ranging from
40,718 to 335,448 devices. Estimated demand for Europe will reach approximately 34,627 to 285,264
ventilators while Asia will reach 21,678 to 178,585. Factoring the 171,634 and 47,813 ventilators already
ordered in North America and the EU respectively and the existing ventilators currently available, total in
North America will be 353,634 units and 224,331 units in the EU by year end 2020. North America likely
prepares for the worst scenario. The estimated remaining demand for Europe would be at maximum 60,933
units. The predicted remaining demands for Asia and South America are higher than other regions with an
estimated maximum of 33,435 and 66,591 units, respectively.
As potential COVID-19 vaccines are estimated to be available by Q4.2020 in the U.S. and global vaccine
production is expected to reach eight to nine billion doses by the end of 2021 119 , the estimated global

118
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ventilator demand will decrease significantly to pre-COVID-19 levels when vaccines are widely distributed.
However, demand is expected to fall first in wealthy countries which have pre-ordered two billion doses.
Factors that may change our predictive model include but are not limited to physician aversion of ventilator
use, change in best practice for dealing with COVID-19 patients, COVID-19 strain becoming more or less
deadly, and reductions or increases in the average number of days that patients will be put on ventilators.
Exhibit 16: Predicted Ventilator Demand by Regions by December 2020
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Resurging COVID-19 cases in August and September 2020 throughout Europe120 may lead to governments
stockpiling ventilators. There are indications that preferences are shifting towards ICU ventilators which are
more suitable to treat complicated cases in hospitals rather than sub-acute models. The U.K. for example
canceled orders of simpler ventilator models from BlueSky to prioritize more sophisticated devices121. In the
U.S some states have ordered Medtronic’s PB980 high-acuity ventilator, instead of the simpler PB560 model
that was being purchased by the U.S. Department of Health and Human Services (HHS)122.
Challenges arise for patients that use ventilators daily at home or in long-term care centres for non-COVID19 related respiratory conditions. Lockdowns and other mandates have made it difficult for patients to
attend regular medical check-ups, increasing the need for telehealth options. It is predicted that integrated
remote monitoring technologies and cloud-connected functions will be in greater demand for ventilators in
the future.
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MARKET OUTLOOK FOR VENTILATOR MANUFACTURING INDUSTRY
Just prior to the COVID-19 pandemic, the estimated global growth of sub-acute and ICU ventilators grew at
a CAGR of 2.2%. The onset of the pandemic resulted in unprecedented demand and supply as countries
world-wide were found to be ill-equipped to address a pandemic of this magnitude. When the world exits
from the pandemic, this increased supply would quickly turn into excess that would have to filter through
the system as demand declines at a rate that is tied to the timeline of distributing a viable vaccine.
The excess ventilators, first to be taken out of circulation, would be low cost sub-acute ventilators that were
built for emergency use only during the COVID-19 pandemic as these ventilators have simple designs which
are neither long lasting nor suitable to treat complicated cases123. Some medium-acuity models, which have
been authorized under Emergency Use Authorizations but not cleared by the FDA long term under their 510k,
will likely cease production if they are sold solely in the U.S. or manufacturers may try to find other markets.
High-income countries may gift excess ventilators to low-income countries through aid programs such as
USAID. Eventually the excess supply would diminish, and demand would begin growing again.
One factor which may become the driving force of post pandemic growth is the adoption of remote
monitoring technologies within the healthcare system. The COVID-19 pandemic has brought to light the risk
of infection for frontline healthcare workers. Remote monitoring technologies for ventilators and telehealth
services offered an option to create safe physical distancing while maintaining the high quality and
expediated care.
Remote monitoring software is deployed in hospitals and allows caregivers to access inpatient data from
ventilators within the hospitals using web-based devices or dedicated servers. Ventilators with integrated
remote technologies are typically high-acuity devices which are used in ICU settings.
Telehealth care services are used for out-of-hospital settings in which caregivers maintain regular monitoring
of long-term ventilator users based on data from cloud-connected medical devices. These devices are subacute ventilators used at home or in long-term care centres to treat patients with underlying conditions such
as sleep apnea, COPD, and other chronic respiratory diseases124.
Promising market of remote monitoring technologies in hospitals
Adoption of remote monitoring in healthcare settings was slow before the coronavirus outbreak. However,
the pandemic has dramatically changed perceptions and acceptance from healthcare workers and patients
on remote monitoring125, due to the benefits in cost reduction and better management of ICU and non-ICU
patients126. Hospitals which deploy remote monitoring save on PPE costs as healthcare workers do not have
to gown up to check in on patients. Sick days are reduced, burnout is reduced, and the number of patients
serviced per worker increases. Some hospitals that deployed remote monitoring technology are Yale New
Haven hospital, Regions Hospital, Northwestern Memorial Hospital, Massachusetts General Hospital,
University of Alabama Birmingham Health System and Chattanooga, Erlanger Health System127.

123

(Schulte, 2020)
(Kent, 2020)
125 (Boliver, 2020)
126 (RT Staff, 2020)
127
(Drees, 2020)
124

www.BlackOre.com

22

Acute Impact of COVID-19 on the Global Ventilator Industry

November 22, 2020

From April to May 2020, ResMed, Medtronic, and GE Healthcare were racing to develop and employ their
remote monitoring software for ventilators with guidance and policy from the FDA on invasive mechanical
ventilators. ResMed’s existing AirView program, the cloud-based system for managing patients with sleepdisordered breathing, puts them ahead of their competitors in Europe. Medtronic partnered with Intel and
is considering M&A deals to increase remote capabilities. GE Healthcare worked with Microsoft to introduce
new remote monitoring software for its high-acuity ventilators128.
Although hospitals have accelerated the use of remote monitoring technologies to reduce the risk of
infection, the adoption rate is expected to decrease after the pandemic due to high subscription and
maintenance fees. Governmental agencies may not increase funding for these technologies, pushing
hospitals to consider costs and benefits. However, adoption of remote monitoring after the pandemic is
expected to grow faster than pre-coronavirus levels due to the higher exposure and acceptance of caregivers
and patients.
The potential market size of remote monitoring is estimated between $1.6 billion to $6.1 billion in the U.S
and $2.9 billion to $11.3 billion in Europe in total over the next five years. This estimation is based on two
inputs including the cost range of using remote monitoring for 50 connected devices from $92,000 $353,000129 and the number of practising doctors, in which 870,900 are in the U.S.130 and 1,611,720 are in
Europe131, 132.
Exhibit 17: Predicted Potential Market Revenue of Remote Monitoring for Ventilators in the U.S. and the EU
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Source: Hoovest Analytics estimated potential market revenue of remote monitoring for ventilator based on cost of using remoting monitoring and
number of practising doctors

Remote monitoring is on target to become the standard of care not only for COVID-19 or other pandemic
patients on ventilators, but also for other indications such as infusion pumps and diabetes133.
Using cloud-based technologies to provide telehealth for home care and long-term care centres
Telehealth services are booming as physicians and patients embrace distancing measures. It is estimated
that consumer adoption has soared from 11% in the U.S. in 2019 to 46% in May 2020 as in-person visits were
cancelled and replaced with remote care134. Respiratory conditions such as sleep apnea, chronic obstructive
pulmonary disease (COPD), acute respiratory distress syndrome (ARDS) and cardiovascular diseases require
128
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long-term ventilator use. Users at home and long-term care centres, or clinics, still need daily assistance to
breathe and require regular check-ups from healthcare workers135. Cloud-based technologies allow these
users to have their conditions monitored remotely.
ResMed, Philips, and Air Liquide currently offer cloud-based technologies for their sub-acute ventilators that
support healthcare workers and patients using telehealth services. ResMed is currently the leader with more
than 12 million home ventilator users connected through cloud-based software136 compared to more than
8.5 million users connected with Philips137 and 1.7 million patients with Air Liquide138.

millions of users

Exhibit 18: Number of Users Connected via Cloud-Based Systems of Respiratory Devices
14
12
12
10
8.5
8
6
4
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0
ResMed Inc.

Royal Philips

Air Liquide

Source: Hoovest Analytics estimated based on published data available

Annual revenue from the global telehealth market is estimated to reach $25.6 billion in 2020 and will
continue growing at a compound annual growth rate of about 17% during the next five years to reach $55.6
billion in 2025139. This coincides with the pace at which telehealth related respiratory conditions is estimated
to increase due to aging populations compounded with air pollution. Air pollution speeds up the aging of the
lungs, and increases chronic lung disease and respiratory failure diseases such as COPD, acute respiratory
distress syndrome and cardiovascular diseases140, 141.
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CONCLUSION
Ventilator demand grew significantly in 2020 due to the COVID-19 pandemic with demand estimates
reaching 83% growth by the end of the year. North America represents the majority of the demand, followed
by Western Europe and Asia. While developing nations have not escaped the wrath of the COVID-19,
socioeconomic factors limit their collective purchasing capability. Manufacturers responded to ventilator
need by ramping up production capacity. Governments utilized wartime-mobilization tactics to compel nontraditional ventilator manufacturers such as Ford and GM to produce simpler ventilators at or close to cost
and opportunities arose for new players to enter the field. Though some early ventilator orders have been
reduced or cancelled, a surge of Covid-19 cases during the late summer has revitalized government interest
in stockpiling devices with a preference of ICU quality, high-acuity models over medium and sub-acute
version.
When the pandemic wanes in light of wide-spread vaccine distribution, estimated by Q4.2021, the additional
ventilator supply is expected to turn into surplus. Non-traditional manufacturers are expected (and in some
instances have already begun) to return to their primary businesses. Ventilator models that were given
emergency approval might not maintain their status in a post-pandemic economy and will likely cease
production or find alternative markets. Existing surplus may be dismantled, stored in national stockpiles or,
sold and/or gifted to developing nations for long term use. As the surplus filters through the system the
ventilator manufacturing industry is expected to decrease by 24.3% CAGR from the pandemic highs, over the
next few years. After which natural supply and demand pressures would drive industry growth calculated at
a CAGR of 2.3%, a 5.6% increase from the pre-pandemic CAGR of 2.2%.
Even after its wake, the pandemic will likely influence the drivers of growth. Prior to the pandemic, remote
monitoring technologies and telehealth services were steadily trending at a slow pace. However, pandemicraised issues such as the infection risk of frontline workers and the need for remote services has accelerated
their acceptance and adoption. Provided that government funding and support of these technologies extend
beyond the pandemic, companies who already occupy this space will have a competitive advantage.
ResMed’s cloud-based systems, and Medtronic and GE Healthcare’s partnerships with Intel and Microsoft
respectively, puts them at the forefront for ICU ready devices. ResMed, Philips and Aire Liquide’s already
established network of users gives them a lead in the sub-acute segment with ResMed holding a clear lead
over the other two major competitors.
In the end, the COVID-19 pandemic created a memorable year for Ventilator companies. 2020 offered
incredible opportunity to ventilator manufacturers to produce high amounts of product and accelerated the
pace of technological change. Existing manufacturers were tested, innovation was dramatic, and new
entrants emerged.

www.BlackOre.com

25

Acute Impact of COVID-19 on the Global Ventilator Industry

November 22, 2020
Appendix 1. ICU Ventilator Features
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Appendix 2: Sub Acute Ventilator’s Features
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Appendix 3: Ventilator production, average selling price of ventilator manufacturers
Company name

Published information to estimate production capacity of 2019 and 2020

ResMed Inc.

According to Michael Farrell, CEO, ResMed US, ResMed produced over 52,000 ventilators, including bilevel
devices, between 1 January and 31 March 2020, which is triple the amount it produced in the same
timeframe of 2019142. Hence, estimated annual production capacity in 2019 was 69,333 units.

Royal Philips

The hospital ventilator production capacity will reach 4,000 hospital ventilators per week by the third
quarter, which is four times the initial production in the first three months 2020. In addition, Philips
Respironics E30 ventilator could be quickly scaled its production to 15,000 units per week in April143.
In 2019, sleep & respiratory care revenue contributed 47% of revenue to Connected Care segment. The
2019 revenue from respiratory offerings to COPD care management with digital and connected solutions,
hospital respiratory care which provides invasive and non-invasive ventilators for acute and sub-acute
hospital environments, and home respiratory care supports the home care environment was EUR 2,197
million144.

Hill-Rom

On April 14, 2020, Hill-Rom was awarded a ventilator contract with the U.S. Department of Health and
Human Services (HHS) to deliver 3,400 ventilators by July 13, 2020145, so we assume that Hill-Rom produced
3,400 ventilators during 3-month period. It has increased its ventilator production by five times compared
to its pre-pandemic levels on April 30, 2020146.

Air Liquide

During March 2020, Air Liquide Medical Systems produced 500 ventilators per month at Antony production
site and 200 non-invasive ventilators at Pau production site which targets to produce 600 units in April
2020147. In April 2020, it partnered with Hyundai Motor India to produce 1,000 ventilators in the first
phrase and scale up later148.

GE Healthcare

Since the COVID-19 outbreak began, GE Healthcare has doubled its capacity of ventilator production and
has plans to double it again by the end of June 2020, this ventilator production is independent of the
collaboration with Ford149. By mid-July, GE’s production capacity will be approximately 15,000 ventilators
a month.150

Vyaire

Vyaire has been awarded a ventilator contract with HHS on April 16, 2020 to deliver 22,000 ventilators by
the end of June151. Hence, the potential ventilator production is 22,000 units for 2.5 months. Vyaire is fully
dedicated to respiratory care and its 2020 revenue increased by 54% compared to that of 2019152, we
assume that Vyaire has ramped up its ventilator production since the COVID-19 pandemic at the same
pace.
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Mindray BioMedical
Electronics

Mindray Bio-Medical Electronics could triple capacity and produce around 3,000 ventilators per month in
March 2020, and on track to increase ventilator production to 4,000 by June 2020153.

Hamilton

Swiss-based Hamilton Medical produced 15,000 ventilators in 2019 and expects to increase production to
about 21,000 ventilators in 2020154.

Drager

Drager expects the production capacity will rise to more than 20,000 units for the year 2020155, which is
almost twice as many ventilators as before the pandemic156.

Medtronic

As of April 8, 2020, Medtronic ships more than 300 ventilators per week to customers in the highest-risk,
highest-need locations in the world. Its production ramp-up is expected to generate over 25,000
ventilators across all platforms over the next six months157

Macquet
(Getinge)

In April 2020, Getinge announced that it will increase ventilator production of 2020 by 160% to 26,000
ventilators to meet demand spurred by the COVID-19 pandemic158.

Zoll

Zoll increases its ventilator production to 10,000 ventilators per month in response to the COVID-19
pandemic, which is almost a 25-fold expansion compared to the pre-COVID production level159.

Beijing Aeonmed
Co

According to the company profile, its ventilator production capacity in 2019 was 4,000 units 160. It has
capacity to produce about 1,500 ventilators in March 2020 to meet the ventilator global demand161.

Ventec Life

Ventec Life shipped 250 units in February 2020, and it has ramped up ventilator production to reach the
target of 1,000 per month within 90 days since March 2020162.

Smiths Medical

Smiths’ ventilator production will rapidly increase from hundreds a month to thousands a month to fulfil
10,000 units of the ventilator contract with the U.K. government163. In addition, Smiths Medical also bolster
its production capacity to deliver 30,000 ventilators to the U.K government as a key member of the
Industrial Consortium, which is formed by the U.K. government164.

AgVa Healthcare

In 2019, AgVa Healthcare was able to reach a production capacity of 10 ventilator a day in phase 2 or 220
ventilator per month 165 . Since the COVID-19 outbreak started, Maruti Suzuki India Limited (MSIL) has
partnered with AgVA Healthcare to produce 10,000 ventilators to fulfill a ventilator contract with the
Central government of India166.
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Ford

Ford, a non-medical company, ends ventilator production and returns the Michigan factory where they
were built to full-time auto-parts output after completing delivery of 50,000 ventilators to the U.S.
government167.

GM

GM, a non-medical company, are scheduled to complete delivery of 30,000 ventilators to the U.S.
Department of Health and Human Services at the beginning of September 2020. GM ceases production of
ventilators after the delivery168.

Small ventilator
manufacturers

Before the pandemic, small ventilator manufacturers like Airon Corporation could sell 50 ventilators in a
good month169.

Home care
ventilators

Growth of ventilator shipments used for those on both life support and long-term non-life support at home
or long-term care centres in 2020 is 40% compared to that of 2019170.

167
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Appendix 4: Ventilator orders by countries in 2020
Country

The number of ventilators ordered

The German
government

Drager has received ventilator orders from the German government to deliver 10,000 ventilators
throughout the year of 2020171.

The U.K.
government

The U.K. government has ordered Smiths Medical to deliver 10,000 ventilators 172 and the Industrial
Consortium to deliver 30,000 ventilators173.
The U.K. government once ordered 10,000 ventilators from Dyson in March 2020 help deal with the COVID19 pandemic, however, the government canceled the order in April 2020174.

The U.S.
government

The U.S. government signed ventilator contracts with ventilator manufacturers in April 2020. The number
of ventilators ordered is as below:
•
•
•
•
•
•
•
•

30,000 ventilators supplied by GM175
50,000 ventilators supplied by GE and Ford176
2,410 ventilators supplied by GE177
3,400 ventilators supplied by Hill-Rom178
1,056 ventilators supplied by Medtronic179
2,550 ventilators supplied by ResMed180
18,900 ventilators supplied by Zoll181
The initial orders with Vyaire, Hamilton, and Philips were 22,000, 14,115 182 , and 43,000 183
ventilators respectively. However, the orders have been partially canceled. As a result, Vyaire,
Hamilton and Philips will deliver no more than 4,000, 4,518 184 , and 14,800 185 ventilators,
respectively.

The government
of India

The government of India ordered 60,884 ventilators on May 1, 2020186.

Japan

Japan negotiated with the U.S. to import roughly 1,000 ventilators by July, 2020187.

Poland

Ministry of Health of Poland signed a ventilator contract with Polpharma to deliver 100 ventilators in May
2020188.

171

(Joseph, 2020)
(Smiths Medical, 2020)
173 (Smiths Medical, 2020)
174 (BBC, 2020)
175 (Taylor, 2020)
176 (Grzelewski, 2020)
177 (Manufacturing.net, 2020)
178 (Manufacturing.net, 2020)
179 (Manufacturing.net, 2020)
180 (Manufacturing.net, 2020)
181 (Manufacturing.net, 2020)
182 (Manufacturing.net, 2020)
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French
government

In March 2020, French government requested Air Liquide to deliver 10,000 ventilators in 50 days189.

Italy

Italy tendered for 5,000 ventilators in March 2020190.

The government
of Canada

The Canadian government signed contracts to purchase 40,547 ventilators as of October 23, 2020191.

Ukraine

In Ukraine, national and municipal institutions have bought 386 ventilators as of March 31, 2020192.

Philippines

Only 1,263 ventilators on hand, Department of Health of Philippines rushed to get 1,500 more on April 3,
2020193.

Iran

Iranian health ministry has placed an order for 2,000 ventilators that would be fully designed and produced
by local manufacturers in July 2020194.

Kingdom of
Cambodia

Ministry of Health of Kingdom of Cambodia ordered 75 ventilators from GE Healthcare on June 2020195.

Spain

BBVA obtained 2,813 ventilators in May 2020 for the Spain market196.

Peru

On June 23, 2020, Peru received 250 ventilators from the U.S. government through USAID197.

Colombia

The Ministry of Health and Protection of Colombia acquired 2,817 ventilators on May 5, 2020198.

Chile

The government of Chile, through the Health Ministry, has bought 793 mechanical ventilators on April 3,
2020199.

Argentina

Argentina government made a purchase agreement for 50 unit YSAV400A mobile ICU ventilator with air
compressor200.

Brazil

Since April 2020, Brazil has hired local unlisted medical equipment maker Magnamed to make 6,000
ventilators in 90 days201.
Vyaire has produced 4,300 ventilators for Brazil at company’s Sao Paulo facility since April 28, 2020202.

Bolivia

Bolivia bought 179 ventilators from a manufacturer in Spain on May 23, 2020203.
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South Africa

The National Ventilator Project of South Africa aims to locally produce a minimum of 10,000 ventilators by
the end of June 2020204.

Morocco

According to the Industry Ministry of Morocco, the country has started manufacturing its own ventilators,
with 500 expected to be ready by mid-April to help meet demand caused by the COVID-19 pandemic205.

Ethiopia

The government of Ethiopia contracted with one procurement agent to find 200 ventilators in April
2020206.

Mozambique

Mozambique government acquired 300 ventilators for seriously ill COVID-19 patients in April 2020207.

204
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