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Section 1: Background 
 

 

Mechanical ventilation is a life-saving therapy that forces air into the central airways—the trachea 

and bronchi. The resulting pressure gradient causes air to flow into the small airways and alveoli. 

The purpose of mechanical ventilation is dual: it performs the work of breathing and promotes 

pulmonary gas exchange in patients with respiratory failure.  

 

Ventilators are most commonly used in acute care settings such as intensive care units (ICU) and 

emergency departments (ED). In fact, mechanical ventilators catalyzed the development of 

modern ICU’s.1 Patients in these settings may present under respiratory distress and imminent 

respiratory failure arising from various clinical conditions. In these patients, mechanical 

ventilation is initiated following specific guidelines. If these guidelines are not followed, 

mechanical ventilation can lead to serious clinical and physiological complications.2 This 

phenomenon received widespread attention during the COVID-19 pandemic. This will be 

discussed in more detail in Section 2.  

 

Another common use of mechanical ventilation is among patients who do not have respiratory 

distress but who must be sedated to undergo invasive procedures. The typical use case in this 

category is patients undergoing surgery under general anesthesia. Besides the heavy sedation, 

muscle paralysis is also induced in these patients. Invasive mechanical ventilation may also be 

useful in those who require airway protection to reduce the risk of aspiration. This is the case 

among patients with a depressed mental status from a drug overdose and those with certain 

types of gastrointestinal hemorrhages, e.g., variceal bleeding. 

 

In acute care settings, mechanical ventilation is an invasive therapy. The delivery of positive air 

pressure to the lungs is via an endotracheal or tracheostomy tube. These procedures require a 

high level of technical expertise and carry a significant risk of complications. However, there is 

an option for non-invasive mechanical ventilation (NIV) at home for a select group of patients.3 

Additionally, even in the acute care setting, there are new devices and modes of ventilation that 

increase patient safety and reduce the time that ventilation is needed. This will be discussed in 

more detail in Section 3.  

 

History of Mechanical Ventilation 
Mechanical ventilation has its origins in the mid-16th century with the work of Flemish physician 

Andreas Vesalius. His seminal treatise De Humani Corporis Fabrica published in 1543 contains 
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Section 2: Clinical Uses and Complications 
 

 

Definition 
Mechanical ventilation is the use of a machine to assist with the work of breathing.13 The goal of 

ventilation is to provide oxygen and to remove carbon dioxide from the lungs. Mechanical 

ventilation can be either invasive or noninvasive.  

 

Invasive mechanical ventilation can be defined as the delivery of positive pressure to the lungs 

via an “advanced airway”—an endotracheal or tracheostomy tube and it is most commonly used 

in the acute care setting. It is considered an invasive intervention because the insertion of an 

endotracheal or tracheostomy tube requires a high level of technical expertise and carries a 

significant risk of complications. Endotracheal tubes are used more commonly and they are the 

first-line option for most patients presenting with acute conditions. Tracheostomies are generally 

used for long-term management of the airway. However, they may be the primary option in 

emergency cases where intubation through the oral cavity or nose is not feasible (e.g., gunshot 

wounds to the face).  

 

Mechanical ventilation forces a predetermined mixture of air—oxygen and other gases—into the 

central airways and then flows into the most distal respiratory unit, the alveoli. This creates a 

pressure gradient in the airways. As air flows through the lungs, intra-alveolar pressure increases. 

This pressure build-up generates a termination signal (flow or pressure)  that causes the 

ventilator to stop forcing air into the central airways. As pressure in the central airways decreases, 

expiration follows passively (Figure 2).  

 

 
Figure 2. Process of mechanical ventilation showing the pressure gradient driving each ventilatory cycle. 

 

While mechanical ventilation is considered invasive if intubation is required, an alternative 

method of delivery is noninvasive ventilation (NIV). NIV uses an external interface, usually a face 

mask, to deliver air to the lungs. This and other less invasive delivery methods will be discussed 

in more detail in Section 3.  
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Section 4: Market Considerations 
 

 

The Impact of COVID-19: A Resilient Market 

COVID-19 was an unprecedented event not only from a public health perspective, but also from 

an economic one. The pandemic affected multiple domains of the respiratory care and ventilator 

market:  

 

 

 

 

 

 

 

 

 

 

 

 

 

For the North American market of mechanical ventilation, 2020 meant a record revenue of 

$4.35B.51 This stemmed primarily from increased demand during the surge of COVID-19 cases 

in different regions of the world. To maintain supply, governments eased regulatory barriers and 

expedited the approval process, for example, through Emergency Use Authorization (EUA) in 

the U.S. Funding also increased through public-private partnerships and increased government 

funding for prevention, diagnostics, therapeutics, and long-term care of COVID-19 patients.  

 

Manufacturers increased supply, but this was constrained by severe supply chain limitations. This 

led to innovation among manufacturers to shift production from less essential equipment to 

ventilators. Additionally, some companies took advantage of more relaxed regulation to venture 

into the ventilator market. Such was the case for Fitbit, a key player in the wearables market. 

During COVID-19, Fitbit pivoted some resources to meet this market by creating the Fitbit Flow. 

Fitbit Flow was easier to operate than the commonly available ventilators and thus reduced the 

burden on medical staff.52,53 
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Section 5: Methodology  
 

 

This literature review on mechanical ventilation was conducted in April 2023 using the following 

biomedical databases: 1) the National Library of Medicine’s PubMed, 2) Medline, 3) CINAHL 

Plus, 4) Embase, and 5) Cochrane. For clinical decision-making guidelines, we consulted tools 

such as UpToDate and StatPearls. Additionally, we queried market data using ProQuest.  

 

Where appropriate, we also consulted relevant textbooks, news articles, official communications 

from regulatory agencies (e.g., FDA), and national and international society guidelines. Certain 

reports from private research institutions such as and Gartner and Grand View Research were 

also used.  

 

Terms included in the search were “mechanical ventilation” OR “ventilators” OR “modes of 

ventilation” OR “respiratory support” OR “invasive ventilation” OR “noninvasive ventilation”. To 

look for associations, these terms were combined with others relevant to this review such as 

“COVID-19” OR “complications” OR “lung injury” OR “advances” OR “new technologies” OR 

“home therapy”. For articles in these databases, the criteria for inclusion included 1) written in 

English, 2) published in peer-reviewed journals, 3) published between 2010 and 2023. We 

assessed each article for relevance to the questions of interest based on title or abstract review. 

Ultimately, we cited 45 peer-reviewed papers to create this report in addition to the other 

sources listed above. Therefore, Juniper Life Sciences is confident in the quality of the insights 

provided.   

 

Limitations 

We acknowledge certain limitations such as the relatively few data from randomized clinical trials 

and systematic reviews on the topic of new ventilation modes. While advantageous in some 

ways, these remain largely investigational and data are inconclusive regarding clinical outcomes 

compared to conventional modes of ventilation. Regarding mechanical ventilation and COVID-

19, the decision to intubate still depends on physicians’ clinical judgment and there are no 

societal guideless with firm criteria.  

 

In producing this report, we have considered the best available evidence. However, because 

there are certain gaps in knowledge until more information is available, certain recommendations 

are based on societal guidelines or expert opinions. Expert recommendations do not replace 

high-level evidence, particularly randomized controlled trials and systematic reviews and 
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metanalyses.58 Given this limitation, the reader should exercise caution when using the 

information contained in this report to make clinical or business decisions. 

 

Author 
Samuel Sarmiento, MD, MPH, MBA 

Founder & CEO 

Juniper Life Sciences 

San Diego, CA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  1926 Third Ave | San Diego, CA 92101 | juniperconsulting.info  Page 11 of 

16 

References 
1. Slutsky AS. History of Mechanical Ventilation. From Vesalius to Ventilator-induced Lung 

Injury. Am J Respir Crit Care Med. 2015;191(10):1106-1115. doi:10.1164/rccm.201503-

0421PP 

2. Slutsky AS. Mechanical ventilation. American College of Chest Physicians' Consensus 

Conference. Chest. 1993;104(6):1833. 

3. Borel JC, Palot A, Patout M. Technological advances in home non-invasive ventilation 

monitoring: Reliability of data and effect on patient outcomes. Respirology. 

2019;24(12):1143-1151. doi:10.1111/resp.13497 

4. Vesalius A. De humani corporis fabrica. 1543. 

5. Kampolis CF, Mermiri M, Mavrovounis G, Koutsoukou A, Loukeri AA, Pantazopoulos I. 

Comparison of advanced closed-loop ventilation modes with pressure support ventilation 

for weaning from mechanical ventilation in adults: A systematic review and meta-analysis. J 

Crit Care. 2022;68:1-9. doi:10.1016/j.jcrc.2021.11.010 

6. Titus A, Sanghavi D. Adaptive Support Ventilation. In: StatPearls. Treasure Island (FL): 

StatPearls Publishing; January 9, 2023. 

7. Vaporidi K. NAVA and PAV+ for lung and diaphragm protection. Curr Opin Crit Care. 

2020;26(1):41-46. doi:10.1097/MCC.0000000000000684 

8. Jonkman AH, Rauseo M, Carteaux G, et al. Proportional modes of ventilation: technology 

to assist physiology. Intensive Care Med. 2020;46(12):2301-2313. doi:10.1007/s00134-020-

06206-z 

9. Serpa Neto A, Filho RR, Rocha LL, Schultz MJ. Recent advances in mechanical ventilation in 

patients without acute respiratory distress syndrome. F1000Prime Rep. 2014;6:115. 

Published 2014 Dec 1. doi:10.12703/P6-115 

10. Rittayamai N, Brochard L. Recent advances in mechanical ventilation in patients with acute 

respiratory distress syndrome. Eur Respir Rev. 2015;24(135):132-140. 

doi:10.1183/09059180.00012414 

11. Marini JJ. Mechanical ventilation: past lessons and the near future. Crit Care. 2013;17 Suppl 

1(Suppl 1):S1. doi:10.1186/cc11499 

12. Weiss B, Kaplan LJ. Oxygen Therapeutics and Mechanical Ventilation Advances. Crit Care 

Clin. 2017;33(2):293-310. doi:10.1016/j.ccc.2016.12.002 

13. Walter K. Mechanical Ventilation. JAMA. 2021;326(14):1452. doi:10.1001/jama.2021.13084 

14. Kallet RH. Mechanical Ventilation in ARDS: Quo Vadis?. Respir Care. 2022;67(6):730-749. 

doi:10.4187/respcare.09832 

15. Doelken P, Sahn SA. Pleural disease in the critically ill patient. In: Intensive Care Medicine, 

6th ed, Irwin RS, Rippe JM (Eds), Lippincott, Williams, and Wilkins, Philadelphia 2008. 

p.636. 



  1926 Third Ave | San Diego, CA 92101 | juniperconsulting.info  Page 12 of 

16 

16. Anzueto A, Frutos-Vivar F, Esteban A, et al. Incidence, risk factors and outcome of 

barotrauma in mechanically ventilated patients. Intensive Care Med. 2004;30(4):612. 

17. Acute Respiratory Distress Syndrome Network, Brower RG, Matthay MA, Morris A, 

Schoenfeld D, Thompson BT, Wheeler A. Ventilation with lower tidal volumes as compared 

with traditional tidal volumes for acute lung injury and the acute respiratory distress 

syndrome. N Engl J Med. 2000;342(18):1301. 

18. Brower RG, Lanken PN, MacIntyre N, Matthay MA, Morris A, Ancukiewicz M, Schoenfeld D, 

Thompson BT, National Heart, Lung, and Blood Institute ARDS Clinical Trials Network. 

Higher versus lower positive end-expiratory pressures in patients with the acute respiratory 

distress syndrome. N Engl J Med. 2004;351(4):327. 

19. Boussarsar M, Thierry G, Jaber S, Roudot-Thoraval F, Lemaire F, Brochard L. Relationship 

between ventilatory settings and barotrauma in the acute respiratory distress syndrome. 

Intensive Care Med. 2002;28(4):406. 

20. Petersen GW, Baier H. Incidence of pulmonary barotrauma in a medical ICU. Crit Care 

Med. 1983;11(2):67. 

21. Torosyan Y, Hu Y, Hoffman S, Luo Q, Carleton B, Marinac-Dabic D. An in silico framework 

for integrating epidemiologic and genetic evidence with health care applications: 

ventilation-related pneumothorax as a case illustration. J Am Med Inform Assoc. 

2016;23(4):711. 

22. Dreyfuss D, Saumon G. Ventilator-induced lung injury: lessons from experimental studies. 

Am J Respir Crit Care Med 1998;157:294–323. 

23. McCall PJ, Willder JM, Stanley BL, et al., COVID-RV co-investigators. Right ventricular 

dysfunction in patients with COVID-19 pneumonitis whose lungs are mechanically 

ventilated: a multicentre prospective cohort study. Anaesthesia. 2022;77(7):772. 

24. Peckham H, de Gruijter NM, Raine C, Radziszewska A, Ciurtin C, Wedderburn LR, Rosser 

EC, Webb K, Deakin CT. Male sex identified by global COVID-19 meta-analysis as a risk 

factor for death and ITU admission. Nat Commun. 2020;11(1):6317. 

25. Onder G, Rezza G, Brusaferro S. Case-Fatality Rate and Characteristics of Patients Dying in 

Relation to COVID-19 in Italy. JAMA. 2020;323(18):1775. 

26. Choron RL, Butts CA, Bargoud C, et al. Fever in the ICU: A Predictor of Mortality in 

Mechanically Ventilated COVID-19 Patients. J Intensive Care Med. 2021;36(4):484. 

27. Gupta S, Hayek SS, Wang W, et al., STOP-COVID Investigators. Factors Associated With 

Death in Critically Ill Patients With Coronavirus Disease 2019 in the US. JAMA Intern Med. 

2020;180(11):1436. 

28. COVID-ICU Group on behalf of the REVA Network and the COVID-ICU Investigators. 

Clinical characteristics and day-90 outcomes of 4244 critically ill adults with COVID-19: a 

prospective cohort study. Intensive Care Med. 2021;47(1):60. Epub 2020 Oct 29. 



  1926 Third Ave | San Diego, CA 92101 | juniperconsulting.info  Page 13 of 

16 

29. Cronin JN, Camporota L, Formenti F. Mechanical ventilation in COVID-19: A physiological 

perspective. Exp Physiol. 2022;107(7):683-693. doi:10.1113/EP089400 

30. Schünemann HJ, Khabsa J, Solo K, et al. Ventilation Techniques and Risk for Transmission 

of Coronavirus Disease, Including COVID-19: A Living Systematic Review of Multiple 

Streams of Evidence. Ann Intern Med. 2020;173(3):204. 

31. Pan C, Chen L, Lu C, Zhang W, Xia JA, Sklar MC, Du B, Brochard L, Qiu H. Lung 

Recruitability in COVID-19-associated Acute Respiratory Distress Syndrome: A Single-

Center Observational Study. Am J Respir Crit Care Med. 2020;201(10):1294. 

32. Shelhamer MC, Wesson PD, Solari IL, et al. Prone Positioning in Moderate to Severe Acute 

Respiratory Distress Syndrome Due to COVID-19: A Cohort Study and Analysis of 

Physiology. J Intensive Care Med. 2021;36(2):241. 

33. Weiss TT, Cerda F, Scott JB, et al. Prone positioning for patients intubated for severe acute 

respiratory distress syndrome (ARDS) secondary to COVID-19: a retrospective observational 

cohort study. Br J Anaesth. 2021;126(1):48. 

34. Mathews KS, Soh H, Shaefi S, et al., STOP-COVID Investigators. Prone Positioning and 

Survival in Mechanically Ventilated Patients With Coronavirus Disease 2019-Related 

Respiratory Failure. Crit Care Med. 2021;49(7):1026. 

35. Bell J, William Pike C, Kreisel C, Sonti R, Cobb N. Predicting Impact of Prone Position on 

Oxygenation in Mechanically Ventilated Patients with COVID-19. J Intensive Care Med. 

2022;37(7):883. 

36. Okin D, Huang CY, Alba GA, et al. Prolonged Prone Position Ventilation Is Associated With 

Reduced Mortality in Intubated COVID-19 Patients. Chest. 2023;163(3):533. 

37. Suarez-Sipmann F; Acute Respiratory Failure Working Group of the SEMICYUC. New 

modes of assisted mechanical ventilation. Med Intensiva. 2014;38(4):249-260. 

doi:10.1016/j.medin.2013.10.008 

38. Cordioli RL, Akoumianaki E, Brochard L. Nonconventional ventilation techniques. Curr Opin 

Crit Care. 2013;19(1):31-37. doi:10.1097/MCC.0b013e32835c517d 

39. Kirakli C, Naz I, Ediboglu O, Tatar D, Budak A, Tellioglu E. A randomized controlled trial 

comparing the ventilation duration between adaptive support ventilation and pressure 

assist/control ventilation in medical patients in the ICU. Chest. 2015 Jun;147(6):1503-1509. 

40. Rochwerg B, Brochard L, Elliott MW, et al., Members of The Task Force. Official ERS/ATS 

clinical practice guidelines: noninvasive ventilation for acute respiratory failure. Eur Respir J. 

2017;50(2) 

41. International Consensus Conferences in Intensive Care Medicine: Noninvasive positive 

pressure ventilation in acute respiratory failure. Am J Respir Crit Care Med 2001; 163:283. 

42. Global Strategy for Prevention, Diagnosis and Management of COPD: 2023 Report. Global 

Initiative for Chronic Obstructive Lung Disease (GOLD), 2023.  



  1926 Third Ave | San Diego, CA 92101 | juniperconsulting.info  Page 14 of 

16 

43. Murphy PB, Rehal S, Arbane G, et al. Effect of Home Noninvasive Ventilation With Oxygen 

Therapy vs Oxygen Therapy Alone on Hospital Readmission or Death After an Acute COPD 

Exacerbation: A Randomized Clinical Trial. JAMA 2017;317(21): 2177-86. 

44. Kohnlein T, Windisch W, Kohler D, et al. Non-invasive positive pressure ventilation for the 

treatment of severe stable chronic obstructive pulmonary disease: a prospective, 

multicentre, randomised, controlled clinical trial. Lancet Respir Med 2014; 2(9): 698-705. 

45. Wilson ME, Dobler CC, Morrow AS, et al. Association of Home Noninvasive Positive 

Pressure Ventilation With Clinical Outcomes in Chronic Obstructive Pulmonary Disease: A 

Systematic Review and Meta-analysis. JAMA 2020; 323(5): 455-65. 

46. Meyer TJ, Hill NS. Noninvasive positive pressure ventilation to treat respiratory failure. Ann 

Intern Med. 1994;120(9):760. 

47. Bach JR, Brougher P, Hess DR, et AL. Consensus statement: Noninvasive positive pressure 

ventilation. Respir Care. 1997; 42:364. 

48. Hardinge M, Annandale J, Bourne S, et al., British Thoracic Society Home Oxygen 

Guideline Development Group, British Thoracic Society Standards of Care Committee. 

British Thoracic Society guidelines for home oxygen use in adults. Thorax. 2015;70 Suppl 

1:i1. 

49. McCoy R. Oxygen-conserving techniques and devices. Respir Care. 2000;45(1):95. 

50. Jacobs SS, Krishnan JA, Lederer DJ, et al. Home Oxygen Therapy for Adults with Chronic 

Lung Disease. An Official American Thoracic Society Clinical Practice Guideline. Am J 

Respir Crit Care Med. 2020 Nov 15;202(10):e121-e141. doi: 10.1164/rccm.202009-3608ST. 

Erratum in: Am J Respir Crit Care Med. 2021 Apr 15;203(8):1045-1046. 

51. Mechanical Ventilator Market Size, Share & Trends Analysis Report By Product (Critical 

Care, Neonatal, Transport & Portable), By Ventilation Mode (Invasive, Non-invasive), By 

End-use, By Region, And Segment Forecasts, 2022 – 2030. Grand View Research, 2021. 

Report ID: 978-1-68038-543-4. 

52. Fitbit Introduces Fitbit Flow, a Low-Cost Emergency Ventilator, to Help Address Urgent 

Global Needs During COVID-19 Crisis. Business Wire, 2020. 

https://www.businesswire.com/news/home/20200603005785/en/Fitbit-Introduces-Fitbit-

Flow-a-Low-Cost-Emergency-Ventilator-to-Help-Address-Urgent-Global-Needs-During-

COVID-19-Crisis. Accessed April 4, 2023.  

53. Phillips C, Buckley C. What Can Scientists, Athletes, Gamers and Entrepreneurs Teach You 

About Transformation? Gartner Research, March 2023 - ID G00784249.  

54. Mechanical Ventilator Market Research, Agency, Business Opportunities By 2031. 

MarketWatch, April 5, 2023. https://www.marketwatch.com/press-release/mechanical-

ventilator-market-research-agency-business-opportunities-by-2031-2023-04-05. Accessed 

April 5, 2023.  



  1926 Third Ave | San Diego, CA 92101 | juniperconsulting.info  Page 15 of 

16 

55. Dimond VJ. Better products, better breathing: Respiratory innovation that’ll blow you away. 

Healthcare Purchasing News. 2017;41(12):14-17. 

56. Certain Philips Respironics Ventilators, BiPAP, and CPAP Machines Recalled Due to 

Potential Health Risks: FDA Safety Communication. Federal Drug Administration (FDA), 

Updated February 9, 2023. https://www.fda.gov/medical-devices/safety-

communications/update-certain-philips-respironics-ventilators-bipap-machines-and-cpap-

machines-recalled-due. Accessed April 5, 2023.  

57. Getinge USA Sales Inc Recalls Flow-c and Flow-e Anesthesia Systems for Cracked or Broken 

Suction System Power Switches. Federal Drug Administration (FDA), July 6, 2022. 

https://www.fda.gov/medical-devices/medical-device-recalls/getinge-usa-sales-inc-recalls-

flow-c-and-flow-e-anesthesia-systems-cracked-or-broken-suction-system. Accessed April 5, 

2023.  

58. Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their role in evidence-based 

medicine. Plast Reconstr Surg. 2011;128(1):305-310. doi:10.1097/PRS.0b013e318219c171. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  1926 Third Ave | San Diego, CA 92101 | juniperconsulting.info  Page 16 of 

16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

© 2023. For more information, contact Juniper Life Sciences, LLC.  


