
Why do we wish to re-introduce Negative-pressure Ventilation for the treatment of many 

forms of respiratory failure, both acute and chronic? 

 

What are the ventilatory requirements for the treatment of COVID-19 pneumonia? 

 

 

What happens in the lungs during COVID-19 pneumonia?  

 

Patients who are unwell enough and are admitted to hospital may require support of their 

breathing for a range of reasons, but patients who are seriously affected by COVID-19 will 

primarily develop pneumonia which may progress to acute respiratory distress syndrome 

(ARDS) in which there is extreme inflammation with damage and fluid accumulation within 

the small gas-exchange sacs of the lung (alveoli).1 These patients require specialised 

ventilation strategies to treat and prevent hypoxia (oxygen depletion of their tissues) which 

have been well defined2,3, and which are known to deliver optimum therapy4. 

  

How is ventilatory assistance conventionally delivered?   

Since the first positive pressure devices were introduced in the 1950s, it has become 

conventional to ventilate the lungs, in a wide variety of respiratory disease, by delivering 

positive pressure ventilatory support, either non-invasively (NIV), via pressurised oxygen 

through a tightly-fitting face mask, CPAP,5, BiPAP, or by high flow nasal oxygen treatment 

(HFNOT).  

Non-invasive Ventilatory Support  

HFNOT provides warmed, humidified gases at flows of up to 60 litre/min, with inspired 

oxygen concentrations of up to 100%.6 The use of HFNOT is well validated in neonatal 

populations but is not currently widely used in COVID-19 patients, based on lack of efficacy, 

oxygen use and infection spread. 

NIV with BiPAP is usually not needed in those with previously normal lungs and should be 

reserved for those with hypercapnic acute on chronic ventilation problems. 

Continuous Positive Airway Pressure (CPAP), is currently the preferred form of non-invasive 

ventilatory support in the management of hypoxaemic COVID-19 patients. Lung compliance 

is often maintained in the initial stages in COVID-19 patients. CPAP use does not replace 

invasive mechanical ventilation (IMV), but early application may prevent escalation to IMV. 

The response to CPAP is assessed with regular monitoring and clinical review. Where there is 

no adequate response initially, where clinical decline continues, or where patient tolerance 

of CPAP limits its use, early intubation and mechanical ventilation may be needed. Excessive 



work of breathing may be the prime indicator if patients become exhausted despite CPAP 

support. 

Potential Disadvantages of CPAP  

CPAP devices have saved countless lives but CPAP masks and hoods can be distressing for 

patients by causing claustrophobia, upper airway drying, facial skin breakdown and 

ulceration. The use of low doses of agents to improve comfort and tolerance can be 

considered. Opioids may be used in appropriate doses to help reduce the sensation of 

breathlessness, reduce respiratory rates and control high tidal volumes – which may drive 

on-going patient-induced lung injury (PILI). 

 

Strict hygiene precautions are necessary in a ward environment though the risk of infection 

to staff when using CPAP is not thought to be high with appropriate use of personal 

protective equipment (PPE) according to the latest Public Health England PPE guidance.  

Patients can be monitored using continuous peripheral arterial oxygen saturation (SpO2) 

with an appropriate level of nursing support. Arterial lines/blood gases are not needed 

unless there are reasons to suspect CO2 retention. 

 

The choice between HFNOT, CPAP, BiPAP or early intubation and mechanical ventilation in 

COVID-19 patients has been, and remains, controversial. 

 

Negative Pressure non-invasive ventilatory support - a brief history 

 

Before positive pressure devices were introduced, there was a long history of using negative 

pressure ventilation (NPV). John Mayow, an English scientist and physician built the first 

external negative pressure ventilatory device in 16737. The unit used a bellows and bladder 

to expel the air and Mayow described this as mimicking the action of the respiratory 

muscles. The first tank type respirator was described by a Scottish doctor, John Dalziel, 

in18328. Dalziel thought that by applying a negative pressure to the body rhythmically, in 

phase with inspiration, he might be able to prevent the deaths of patients who were 

suffering from respiratory failure. Numerous other negative pressure devices were designed 

and used in the late eighteenth and early nineteenth century but negative pressure 

ventilation became a reliable clinical reality in 1928 with the development of the iron lung, 

which was initially designed and built by Philip Drinker, an engineer, Charles McKhann, a 

paediatrician and Louis Shaw, a physiologist9,10. This was the first reliable method of 

prolonged respiratory support and had taken several years of work in the Department of 

Ventilation, Illumination and Physiology at Harvard Medical School. Although subsequently 

associated with the polio epidemic, it was initially designed for the Consolidated Gas 

Company of the USA, who needed resuscitation and respiratory support equipment for a 

substantial number of workers who were being injured by electric shock, carbon monoxide 

gas and smoke inhalation. 



The lungs were inflated by creating a negative pressure in the chamber or tank (the “iron 

lung”). NPV has a potential major advantage as it mimics and enhances natural respiration. 

Physiological responses to NPV differ from responses to PPV, in ways that may have clinical 

advantages in the management of respiratory failure in general, and specifically in COVID-19. 

 

The change from NPV to PPV was not a planned decision related to their relative evidence 

or efficacy, but occurred because of the convenience of not having to manage and nurse a 

patient inside a large tank, and ironically, a shortage of these large and expensive devices 

during the polio epidemics of the 1940’s and 1950s.  

 

At that time the commonest ventilatory support requirement was to assist patients with the 

paralytic form of polio, who typically had normal healthy lungs, but reduced muscle power 

to breathe, so all that was required then was to inflate their relatively compliant lungs and 

allow them to deflate spontaneously under their own elastic recoil. At that point in time 

therefore, both PPV and NPV were only required to inflate the lung and then ‘switch off’. 

Since then medicine has moved on and different categories of patients (notably those with 

ARDS) have posed challenges that have been managed mainly with increasingly 

sophisticated CPAP, BiPAP and PPV devices. Hence, PPV technology has been developed 

while for most centres NPV has ‘stood still’. Consequently, NPV has been largely disregarded 

since then, so there are a whole generation of anaesthetists and intensivists who are 

unaware of the research and continuing use in children and adults of all ages. However, 

important advances have been made with various forms of NPV delivery in some centres and 

the science and clinical aspects will be discussed. Before that, there are some important 

practical considerations below about ventilating people in negative pressure devices. 

   

Could NPV have a role in COVID-19 infection? 

 

There is substantial evidence that NPV can deliver treatment to patients with ARDS as well, 

or superior to, conventional PPV.11-13 To compare these modalities, it is important to define 

what is required from the ventilatory support system to deliver optimum gas exchange, 

namely:- 

 

• Prevention of areas of lung collapsing (atelectasis) at the end of expiration 

• A controlled (≤4-6 ml/kg) tidal volume of air/oxygen to deliver inspiration 

• A sufficient breathing frequency to maintain a normal partial pressure of carbon 

dioxide (PCO2) 

• A sufficient inspired oxygen concentration to deliver an adequate partial pressure of oxygen 

to the arterial blood (PaO2) 

The way in which atelectasis is reduced is to continue to apply a positive end-airway 

pressure (PEEP) throughout expiration, so instead of the lungs being inflated from 



atmospheric pressure to say +20 cmH2O, they are inflated from say +8 cmH2O at rest to +28 

cmH2O. 

 

We must consider the heart as well as the lungs 

 

In addition, the importance of maintaining the patient’s heart function must be measured as 

the cardiac index (CI, output of blood from the heart, litres/min/m2) so that the arterial 

blood can optimally deliver oxygen to the tissues. The deleterious effects of COVID-19 on the 

cardiovascular system have been stressed in much of the recent COVID-19 literature from 

China, Italy and USA14-22. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

infects host cells through ACE2 receptors, leading to coronavirus disease (COVID-19)-related 

pneumonia, while also causing acute myocardial injury and chronic damage to the 

cardiovascular system. Therefore, particular attention should be given to cardiovascular 

protection during treatment for COVID-19. 

 

An unfortunate potential consequence of using PPV is that by forcing air into the lungs, 

which share the same expansile but limited space within the chest, it inevitably increases the 

pressure on (squeezes) the heart and the major veins leading to it. Positive pressure reduces 

preload on the right ventricle (RV) by decreasing the venous return and increases afterload 

on the RV, both of which reduce the CI. Negative pressure maintains RV preload by drawing 

venous blood as well as air into the thorax and does not tend to increase RV afterload, thus 

tending to increase CI. Thus, CI needs to be considered when comparing PPV with NPV, as 

well as oxygen and carbon dioxide transfer. Cresti et al in 202023, reviewed the data and 

stated that myocardial injury may complicate COVID-19 infection in more than a quarter of 

patients and, due to the wide a range of possible insults, cardiac imaging plays a crucial 

diagnostic and prognostic role. They suggested that large-scale registries and studies are 

needed to understand the independent prognostic role of cardiac injury.  

  

Whole-body, torso, or the front of the chest?    

 

The original iron lungs were whole-body chambers that enclosed the entire awake patient 

below the neck.  A seal was achieved around the neck by soft rubber. The practicalities of 

this arrangement were difficult. Managing the patient’s continence was problematic 

requiring them to have their bladders catheterised and needing opening side-windows to 

pass bedpans in and out. In addition, it was difficult to access their limbs to measure blood 

pressure, deliver intravenous therapies, let alone deal with washing, etc. More recently 

much smaller chambers have been used for the cuirass-style negative pressure chambers 

(‘the knight’s breast-plate’), but these tend to splint the chest wall and typically only 

contribute minimal ventilatory support24. Some experimental NPV studies have been 

performed with the whole thorax or the abdomen and thorax enclosed within a negative-

pressure chamber which have shown important cardiovascular advantages (see below). A 



design which only delivers the negative pressure to the torso will provide 

optimal ventilatory and cardiac advantages and will also allow access to manage the 

patient’s bladder and bowels as well as to their lower limbs for medical procedures. 

  

Efficacy and complications of PPV versus NPV 

 

Cardiac index 

 

Animal data    The impact of PEEP on the cardiac index (CI), has been of concern for a long 

period and the animal evidence was reviewed in 1983, when it was confirmed that it 

substantially and consistently reduced CI25. Later this was clarified in dogs that had their 

lungs deliberately damaged with oleic acid. Each animal was then ventilated sequentially by 

both PPV and NPV with the equivalent lung inflation pressures (positive or negative), ending 

with the same level of either PEEP or negative end-expiratory pressure (NEEP), the same 

tidal volumes, and the same inspired O2 concentrations. The CI in dogs was 16% higher 

during NPV than with PPV due to a reduction in venous return with PPV and an increase with 

NPV26. More recently it was shown that this difference was far greater if the lung-damaged 

animals (rabbits) only had the NPV delivered to the chest and upper abdomen27. 

  

Human evidence  The 1983 review of animal evidence also referenced four reports in 

humans which supported the case that the potential of PPV to reduce the CI was probably 

also true in man25.. In 1995, fifteen unconscious adults who were ventilated after road 

accidents were ventilated with PPV and each was studied without any PEEP, with PEEP, and 

with an equivalent NEEP pressure being applied to the chest during ventilation and their 

responses measured. The CI fell when PEEP was applied and rose when NEEP was used, such 

that it was 24.5% higher with NEEP than with PEEP, and this was equally true for those 9 

patients with damaged lungs and the 6 without28. A similar study was reported in 1998 in 9 

adults with acute lung injury29. A 20% increase in CI was also shown in a 2012 study of 6 

intubated and sedated adults with ARDS who were exposed to no PEEP and to equivalent 

PEEP and NEEP pressures30. 

 

Oxygenation 

  

Animal data    As part of the lung-damaged rabbit study described above, it was shown that 

for equivalent pressure settings, the oxygen transfer was significantly greater with NPV than 

with PPV27. This was shown not to be linked to variations in the distribution of pulmonary 

blood flow patterns within the lungs, but reflected NEEP being better than PEEP at 

preventing atelectasis and keeping the lung tissue more evenly ventilated. Not only were the 

lungs more evenly inflated, but they had higher end-expiratory volumes, and on serial CT 

scans were shown to be consistently aerated during inspiration and expiration, while cyclical 

expiratory atelectasis was obvious with PVP+PEEP.  



The clear conclusion from this study is that negative-pressure ventilation results in superior 

oxygenation that is unrelated to lung perfusion and may be explained by more effective 

inflation of lung volume during both inspiration and expiration. 

 

Human data    The three studies in which each patient was treated with both PPV and NPV 

at equivalent settings all showed clinically important increases in arterial oxygenation 

expressed as a 19.9% increase in oxygen delivery28, a fall in the fractional inspired oxygen 

(FIO2) required to maintain an oxygen saturation (SO2) of >90%29, or as a higher partial 

pressure of arterial oxygen to fractional inspired oxygen ratio (P/F) at 345 vs 256 mmHg30. 

 

Clinical experience    As early as 1976, an adult with severe alveolar disease (ARDS) who had 

NEEP added to their ventilation regimen rapidly reduced their oxygen requirement31, and in 

1985 another patient on PPV+PEEP with ARDS had her hypoxemia reversed by the use of 

NEEP32. Since then there have been reports of over 3,000 patients treated for acute 

exacerbations of chronic obstructive pulmonary disease (COPD) often due to secondary 

infections 11-13. 

 

Ventilator-associated lung injury 

 

Animal data    It has been known that PPV may increase lung inflammation, and that in 

animals this may be reduced by the addition of PEEP3. This is also associated with increased 

levels of cytokines and a higher risk of multiple-organ-failure developing which has again 

become a prominent feature of the most recent COVID-19 research literature33. In the 

paired rabbit experiments described above, some animals had lung histology examined after 

periods of PPV+PEEP and NPV+NEEP. Both had lung damage as they had had saline lung 

lavage to wash out their surfactant, but this was significantly more extensive in those 

exposed to positive pressures27. The PPV animals’ lungs were also heavier due to more 

extensive oedema. 

 

Human data    The large prospective randomised controlled trial of high versus low tidal 

volumes in adults undergoing PPV for ARDS measured the interleukin-6 concentrations in 

the plasma to determine the level of inflammatory responses between these groups. The 

group with higher tidal volumes were ventilated at higher positive peak pressures, had 

significantly higher interleukin-6 levels, and had a higher mortality which led to the trial 

being stopped early2. 

 

Pneumothorax risk    The incidence of pneumothorax among ARDS patients treated with PPV 

is reported to be 8%4. This complication has only been reported in one of over 3,000 patients 

on NPV, in a man with COPD who required intermittent NPV for over six months34, which is 

not an uncommon incidence for that condition. 

 



SUMMARY 

  

General principles suggest that expanding the lungs by moving the chest under negative 

pressure is more physiological than inflating them by pumping in air under positive pressure, 

both in terms of the mechanism by which they change their shape, the recruitment of all 

lung segments and in terms of the effects on the cardiovascular system. Multiple studies 

have demonstrated that PPV can significantly reduce the CI, whilst NPV significantly 

increases it, which can create a benefit of around 20% by using NPV. 

 

Dan Martin, in his BMJ article, 9th May 2020,35 on novel approaches to intensive care 

medicine, proposed that high levels of positive end expiratory pressure increase intra-

thoracic pressure, reducing venous return to the heart and may be a factor in the increasing 

incidence of thromboembolic events in the lungs. 
 

Sui Huang et al, later that month 36, reported in vitro studies showing that expression of ACE2 

in alveolar cells is increased following mechanical stretch and inflammation. Critically ill 

COVID-19 patients have often required prolonged mechanical ventilation with positive 

pressure which can cause mechanical stress to lung tissue. They 

analyzed transcriptome datasets of 480 (non-COVID-19) lung tissues in the GTex tissue gene 

expression database. They found that mechanical ventilation of the tissue donors increased 

the expression of ACE2 by more than two- fold. They also proposed that mechanical 

ventilation of patients with COVID-19 pneumonia may eo ipso facilitate viral propagation in 

the lung, further accelerating the pulmonary pathology that had necessitated mechanical 

ventilation in the first place. Their findings support the call for gentler ventilation methods 

and protocols. 

Negative pressure ventilation can also significantly improve oxygen transfer into the arterial 

blood compared to PPV, increasing tissue oxygen delivery and producing less lung damage 

and inflammatory responses. These statements arise from detailed human studies, clinical 

case reports, and large case-series, where the addition of NEEP to PPV, or the use of 

NPV+NEEP has been shown to demonstrate the same benefits as seen in animals, and to be 

clinically beneficial. We are constantly learning more about the different phenotypes 

resulting from COVID-19 infection and we cannot be sure of the precise benefit that will be 

obtained in patients who are in the Green and Yellow phases as defined in the UK CPAP 

guidelines37. However, there is certainly a body of previous research data as indicated above 

which would justify a clinical trial using continuous negative extra-thoracic pressure (CNEP) 

initially combined with facemask or nasal prong oxygen, in a similar manner to the 

administration of CPAP. There would be the possibility of introducing NPV as a non-invasive 

addition in an awake patient, who would be able to talk, drink and eat. We wish to assess 

whether NPV will prevent escalation of a proportion of patients with worsening indices, thus 

avoiding endotracheal intubation and IPPV treatment. It may be additionally useful to treat 



patients with comorbidities which currently exclude them from consideration of mechanical 

ventilation on ICU. 

Physicians moved from using NPV to PPV in the 1960s, largely due to nursing issues and the 

availability of smaller positive pressure devices. Consequently, NPV has been largely 

disregarded since then so there is a whole generation of anaesthetists and intensivists who 

are unaware of the research and continuing use in children and adults of all ages. The 

scientific and clinical evidence shows that a modern NPV device with a torso-only cabinet 

may provide a treatment-alternative to CPAP with the additional possibility of preventing 

escalation of the patient to requiring intubation and PPV.  

The ease of manufacture, use of readily available parts (not in competition with PPV 

devices), low cost and easy nursing and medical management, including in the prone 

position, are all additional advantages. Ng Z, Tay WC, et al38, assessed awake prone 

positioning for non-intubated oxygen dependent COVID-19 pneumonia patients and 

concluded that with critical care teams globally facing resource depletion, awake prone 

positioning can be a low-risk, low-cost manoeuvre helping patients with COVID-19 

pneumonia to delay and reduce the need for intensive care. 

 It is to be hoped that clinical trials of the Exovent can be undertaken as soon as possible.  

  



References 

  

1.        Sohrabi C, Alsafi Z, O'Neill N,  Khan M, Kerwan A et al (2020) World Health Organization 

declares global emergency: A review of the 2019 novel coronavirus (COVID-19) Int J Surg, 

76:71-76 

 

2.          The Acute Respiratory Distress Syndrome Network (2000) Ventilation with lower tidal 

volumes as compared with traditional tidal volumes for acute lung injury and the acute 

respiratory distress syndrome. Lancet 342:1301-1308. 

  

3.          Pinhu L, Whitehead T, Evans T, Griffiths M (2003) Ventilator associated lung injury. Lancet 

361:332-340. 

  

4.         Villar J, Blanco J, Anon JM, Santoz-Bouza A, Blanch L, Ambros A, Gandia F, Carriedo D, 

Mosteiro F, Basaldua S,Fernandez RL, Kacmarek RM (2011) The ALIEN study: incidence and 

outcome of acute respiratory distress syndrome in the era of lung protective ventilation. 

Intensive Care Med 37:1932-194  

 

5.  Publications approval reference: 001559 NHS England and NHS Improvement Specialty 
guides for patient management during the coronavirus pandemic   Guidance for the role and 
use of non-invasive respiratory support in adult patients with coronavirus (confirmed or 
suspected) November 2020 

6.   Ashraf–Kashani, Kumar R,High Flow Nasal Oxygen Therapy, BJA Education, 2017. 

 

7.  House TM In: Glover DW.The history of respiratory therapy. Bloomington 2010. Chapter 1, p. 

1-30. 

 

8.  Dalziel J. (1838) On sleep and an apparatus for promoting artificial respiration. Br Assoc Adv 

Sci 127 

  

9. Drinker P, Shaw LA. (1929) An apparatus for the prolonged administration of artificial 

respiration. J Clin Invest. 7:229–47 

 

10.  Drinker P, Mckhann III, CF. (1929) The use of a new apparatus for the prolonged 

administration of artificial respiration: I. A fatal case of poliomyelitis. JAMA. 92:1658–60. 

 

11.  Gorini M, Ginanni R, Villella G, Tozzi D, Augustynen A, Corrado A (2004) Non-invasive 

negative and positive pressure ventilation in the treatment of acute on chronic respiratory 

failure. Intensive Care Med 30:875-881. 

  

https://scholar.google.com/citations?user=JQeXOKsAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=RG82sKkAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/pii/S1743919120301977
https://www.sciencedirect.com/science/article/pii/S1743919120301977


12.        Corrado A, Gorini M, Melej.R, Bag;oni S, Mollica C, Villella G, Consigli GF, Dottorini M, Bigioni 

D, Toschi M, Eslami A (2008) Iron lung versus mask ventilation in acute exacerbation of 

COPD: a randomised crossover study. Intensive Care Med 35:648-655. 

  

13.      Corrado A, Gorini M (2002) Negative-pressure ventilation: is there still a role? Eur Respir J 

20:187-197. 

  

14.      Zheng YY, Ma YT, Zhang JY, Xie X. (2020) COVID-19 and the 

cardiovascular system 

             Nature Reviews Cardiology, 17;259-260 

  

15.        Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Napoli R,  

Features, evaluation and treatment coronavirus (COVID-19) In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2020 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK554776/ 

  

16.        Huang C, Wang Y, Li X, Ren L, Zhao J et al (2020) Clinical features of patients with 2019 novel 

coronavirus in Wuhan, China. Lancet 395: 497–506 

  

  

17.        Clerkin K, Fried J, Raikhelkar J, Sayer G, Griffin J, Masoumi A, Jain S et al. Coronavirus Disease 

2019 (COVID-19) and cardiovascular disease. (2020) Circulation, 2020 - 

DOI: 10.1161/CIRCULATIONAHA.120.046941 

  

18.        Guan W, Liang W, Zhao Y, Liang H et al (2020) Comorbidity and its impact on 1590 patients 

with Covid-19 in China: A Nationwide Analysis 

Eur Respiratory Soc DOI: 10.1183/13993003.00547-2020 

   

19.       Inciardi R, Lupi L, Zaccone G, Italia L, Raffo M et al (2020) Cardiac involvement in a patient 

with coronavirus disease 2019 (COVID-19) 

JAMA Cardiology  doi:10.1001/jamacardio.2020.1096 

  

20.        Guo T, Fan Y, Chen M, Wu X, Zhang L, He T et al (2020) Cardiovascular implications of fatal 

outcomes of patients with coronavirus disease 2019 (COVID-

19) JAMA Cardiology  doi:10.1001/jamacardio.2020.1017 

  

21.        Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J et al (2020) Clinical course and risk factors for 

mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study 

Lancet 395;1054-1062 

  

https://www.nature.com/articles/s41569-020-0360-5?fbclid=IwAR3TjvxiEtYQqNkpsPuEuuef94Gp2m4a89YFxubY2pw2FtOxsSpxGZ18TmI
https://www.nature.com/articles/s41569-020-0360-5?fbclid=IwAR3TjvxiEtYQqNkpsPuEuuef94Gp2m4a89YFxubY2pw2FtOxsSpxGZ18TmI
https://scholar.google.com/citations?user=DCUPOowAAAAJ&hl=en&oi=sra
https://www.ncbi.nlm.nih.gov/books/NBK554776/
https://scholar.google.com/citations?user=gwu7wMMAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=5fyPuDYAAAAJ&hl=en&oi=sra
https://erj.ersjournals.com/content/early/2020/03/17/13993003.00547-2020?fbclid=IwAR2_eoLhGZpycIWepZWm8xH-e8epBEc7mqPWbC4Q7snBGv6bDNd1nnyNPpc&utm_source=TrendMD&utm_medium=cpc&utm_campaign=_European_Respiratory_Journal_TrendMD_0
https://erj.ersjournals.com/content/early/2020/03/17/13993003.00547-2020?fbclid=IwAR2_eoLhGZpycIWepZWm8xH-e8epBEc7mqPWbC4Q7snBGv6bDNd1nnyNPpc&utm_source=TrendMD&utm_medium=cpc&utm_campaign=_European_Respiratory_Journal_TrendMD_0
https://jamanetwork.com/journals/jamacardiology/article-abstract/2763843
https://jamanetwork.com/journals/jamacardiology/article-abstract/2763843
https://jamanetwork.com/journals/jamacardiology/article-abstract/2763845
https://jamanetwork.com/journals/jamacardiology/article-abstract/2763845
https://jamanetwork.com/journals/jamacardiology/article-abstract/2763845
https://www.sciencedirect.com/science/article/pii/S0140673620305663
https://www.sciencedirect.com/science/article/pii/S0140673620305663


22.       Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F et al (2020) Association of cardiac injury with 

mortality in hospitalized patients with COVID-19 in Wuhan, China JAMA 

Cardiology doi:10.1001/jamacardio.2020.0950 

 

23.        Cresti A, Barchitta A et al. (2020) Echocardiography and Multimodality Cardiac Imaging in 

COVID-19 Patients.  

J Cardiovasc Echog. 30;18-24 

  

 

24.       Linton DM (2005) Cuirass ventilation: a review and update. Crit Care Resusc 7:22-28. 

  

25.        Dorinski PM, Whitcomb ME (1983) The effect of PEEP on cardiac output. Chest 84:210-216. 

  

26.        Skabursis M, Helal R, Zidulka.A (1987) Hemodynamic effects of external continuous negative 

pressure ventilation compared with those of continuous positive pressure ventilation in dogs 

with acute lung injury. Am Rev Respir Dis 136:886-891. 

 

 27.       Grasso F, Engelberts D, Helm E, Frndova H, Jarvis S, 

Telakoub O, McKerlie C, Babyn P, Post M, Kavanagh BP 

(2008) Negative-pressure ventilation: better oxygenation and less lung injury. Am J Respir 

Crit Care Med 177:412-418. 

 

 28.      Torelli L, Zoccali G, Casarin M, Dalla Zuanna F, Lieta E, 

Conti G (1995) Comparative evaluation of the haemodynamic effects of continuous negative 

external pressure (CNEP) and positive end-expiratory pressure (PEEP) in mechanically 

ventilated trauma patients. Intensive Care Med 21:67-70. 

 

29.       Borelli M, Benini A, Denkewitz T, Acciaro C, Foti G, Pesenti A (1998) Effects of continuous 

negative extrathoracic pressure versus positive end-expiratory pressure in acute lung injury 

patients. Crit Care Med 26:1025-1031. 

  

30.        Raymandos K, Militoris U, Capewell M, Ssander B, Dieck T, Ahrens J, Weilbach C, Knitsch W, 

Corrado A (2012) Negative- versus positive-pressure ventilation in intubated patients with 

acute respiratory distress sydnrome. Crit Care 16:R37. 

  

31.       Sanyal SK, Bernal.R, Hughes WT (1976) Continuous negative chest-wall pressure: successful 

use for severe respiratory distress in an adult. JAMA 236:1727-1728. 

 32.      Morris AH, Elliott CG (1985) Adult respiratory distress syndrome: successful support with 

continuous negative extrathoracic pressure. Crit Care Med 13:989-990. 

 

https://jamanetwork.com/journals/jamacardiology/article-abstract/2763524
https://jamanetwork.com/journals/jamacardiology/article-abstract/2763524


33.       Mehta P, McAuley D, Brown M, Sanchez E et al (2020) COVID-19: consider cytokine storm 

syndromes and immunosuppression 

Lancet:doi.prg/10.1016/S0140-6736(20)30628-0          

  

34.       Zibrak JD, HIll NS, Federman EC, Kwa SL, O'Donnel C (1988) Evaluation of intermittent long-

term negative pressure ventilation in patients with severe chronic obstructive pulmonary 

disease. Am Rev Respir Dis 138:1515-1518. 

  

35.      Martin D (May 2020) Novel Approaches to intensive care medicine . BMJ 369: 190-191 

  

 36.      Huang S, Kaipainen A, Strasser M, Baranzini S (2020)  Mechanical ventilation stimulates 

expression of ACE2 the receptor for SARS-Cov-2: doi:10.20944/preprints20.2005.0429.v1 

 

37.  Publications approval reference: 001559 NHS England and NHS Improvement Specialty 

guides for patient management during the coronavirus pandemic. Guidance for the role and 

use of non-invasive respiratory support in adult patients with COVID19 (confirmed or 

suspected) 6 April 2020, Version 3 

  

 38. Ng Z, Tay WC, Ho CHB. (2020) Awake Prone Positioning for Non-intubated Oxygen 

Dependent COVID-19 Pneumonia Patients. Eur Respir J in press: 

doi.org/10.1183/13993003.01198-2020 

  

  

  

  

  

  

  

. 

  

  

  

  

  

 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30628-0/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30628-0/fulltext

	1.        Sohrabi C, Alsafi Z, O'Neill N,  Khan M, Kerwan A et al (2020) World Health Organization declares global emergency: A review of the 2019 novel coronavirus (COVID-19) Int J Surg, 76:71-76
	14.      Zheng YY, Ma YT, Zhang JY, Xie X. (2020) COVID-19 and the
	cardiovascular system
	18.        Guan W, Liang W, Zhao Y, Liang H et al (2020) Comorbidity and its impact on 1590 patients with Covid-19 in China: A Nationwide Analysis
	19.       Inciardi R, Lupi L, Zaccone G, Italia L, Raffo M et al (2020) Cardiac involvement in a patient with coronavirus disease 2019 (COVID-19)
	20.        Guo T, Fan Y, Chen M, Wu X, Zhang L, He T et al (2020) Cardiovascular implications of fatal outcomes of patients with coronavirus disease 2019 (COVID-19) JAMA Cardiology  doi:10.1001/jamacardio.2020.1017
	21.        Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J et al (2020) Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study
	22.       Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F et al (2020) Association of cardiac injury with mortality in hospitalized patients with COVID-19 in Wuhan, China JAMA Cardiology doi:10.1001/jamacardio.2020.0950
	23.        Cresti A, Barchitta A et al. (2020) Echocardiography and Multimodality Cardiac Imaging in COVID-19 Patients.
	J Cardiovasc Echog. 30;18-24

