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	 In 1885, the first ever recorded use of oxygen was documented for a medical purpose. 
The medicalprocedure was, to treat a patient with pneumonia.Oxygen was mainly used in 
hospitals, to treat patients with a variety of respiratory issues. The first form of portable medical 
grade oxygen was developed in 1950’s, which led to the clinical use of oxygen therapy. There 
is considerable observation based, as well as experimental evidence, to suggest that oxygen 
therapy exerts a significant physiological and pharmacological effects that improves cellular, 
tissue, and organ oxygenation, exerts anti-inflammatory, anti-bacterial effects, and improves 
tissue repair mechanisms. Despite this knowledge, the oxygen therapy to treat hypoxia related 
clinical conditions is limited. Since our interest is in the prevention of clinical complications 
related to cardiometabolic diseases, we discuss in this overview, pre-existing conditions, where 
oxygen therapy may play a very important role, in preventing hypoxia-mediated cell death, and 
protect the tissue and organ damage. Stroke affects 33 million individuals, worldwide every 
year and two-thirds of all strokes, occur in developing countries. Unlike developed countries, 
where stroke incidence has declined by 42% over the last four decades, stroke incidence rates 
have increased by >100% in developing, low-to middle-income countries. It is possible, that 
by developing a combined oxygen therapy (using Normobaric oxygen therapy followed by 
Hyperbaric oxygen therapy), significant number of stroke-related morbidity and mortality 
could be reduced. Another area of interest, that needs immediate attention is the COVID-19 
related respiratory distress, hypoxia, organ failure and death. Like the stroke condition, early 
intervention with combined oxygen therapy, will significantly reduce hypoxia mediated, 
-inflammation, respiratory distress, organ failure and loss of lives, in Covid-19 patients. Efforts 
are in progress to test this hypothesis, in both stroke patients as well as Covid-19 patients, to 
validate the benefits or otherwise of combined oxygen therapy, in reducing the morbidity and 
mortality under these severe illness conditions. 
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	 Oxygen is an essential component of 
normal metabolism and is required by all tissues. 
A rough estimate of how much of oxygen each 
major tissue consumes is as follows: brain (48%), 
heart (25%), kidneys (15%), Skeletal muscle 
(50%) and skin (5%). It is mainly metabolized by 
the cytochrome- C mitochondrial enzymes (90%). 
Main metabolites of oxygen metabolism are carbon 

dioxide and water. Oxygen is also one of the most 
commonly used therapeutic agents. A large body 
of data suggests, that hyperoxia exerts an extensive 
sequence of physiological and pharmacological 
effects, improves tissue oxygenation, exerts 
anti-inflammatory and antibacterial effects, and 
augments tissue repair mechanisms 1. Despite 
its use in the treatment of a variety of clinical 
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complications including, endothelial dysfunction 
(vascualry dysfunction), oxidative stress, hypoxia, 
infection, inflammation, diabetic foot ulcers, and 
tissue repair, many aspects of its physiologic and 
pharmacologic actions, lack evidence-based data. 
Normobaric hyperoxia is used via a wide variety 
of simple delivery systems, that allow delivery 
of oxygen of 24 to 90%. There is considerable 
evidence, to suggest a therapeutic role for oxygen 
in cerebral ischemic stroke, head injury, near 
drowning, asphyxia, and cardiac arrest2-7. An area 
of controversy that is of great interest to us, is the 
use of Normobaric oxygen therapy in asphyxiated 
newborn infants. Available data support,an overall 
beneficial effect of hyperoxia (21% 0xygen) in this 
condition. We in India, will have an opportunity to 
test this hypothesis, in the World’s largest studies 
on babies with brain injury.
	 Brain injury during labour or childbirth, 
is one of the leading causes of epilepsy, in babies 
in some areas of the world. A common cause is 
perinatal asphyxia, -where oxygen is cut off to 
the foetal brain, damaging it. Imperial college, 
London, is leading the ‘Prevention of Epilepsy by 
Reducing Neonatal Encephalopathy (PREVENT) 
study in Bengaluru, India. Researchers from 
Imperial College and other institutions in the UK 
(3.4 million pounds project, funded by NIHR, 
UK) and India, will study around 60,000 women 
recruited from two major hospitals in South India, 
- Bengaluru Medical College and Calicut Medical 
College. There are several methods of non-invasive 
oxygen delivery to the neonates, -head box 
oxygen, nasal prongs, nasopharyngeal catheter. It 
is important to know the safety, efficacy, the risks, 
and the impact on lung function8. All methods 
of oxygen administration needs supervision 
by trained personnel to detect and manage 
complications appropriately.In adults, oxygen 
therapy is prescribed for people who cannot get 
enough oxygen on their own. Some of the clinical 
conditions that require oxygen therapy include, 
chronic obstructive pulmonary disease (CODP), 
pneumonia, acute respiratory distress, asthma, 
bronchopulmonarydysplasia, heart failure, cystic 
fibrosis, and sleep apnea.
	 H y p o x i a  c a u s e s  p u l m o n a r y 
vasoconstriction, without elevating adrenaline 
or catecholamines. This hypoxia induced 
vasoconstriction is not global but regional, -leading 

to an inadequate distribution of the blood read 
though the various parts of the lungs. Hypoxia also 
seems to decrease cerebral blood flow. Despite the 
knowledge on the role of hypoxia and hyperoxia 
on central circulatory hemodynamics, much less is 
known about its effects on regional hemodynamics. 
According to the experts, tissue hypoxia activates a 
large variety of vascular inflammation and may lead 
to systemic inflammatory response, that in many 
cases culminates in multiple organ dysfunction 
and multiple organ failure9-12. According to the 
Chinese investigators, progressive hypoxia is a 
characteristic manifestation in the clinical course 
of severe and critically ill patients with COVID-19 
Pneumonia13. In persons with high altitude 
sickness, levels of circulating proinflammatory 
cytokines increase, cause pulmonary or cerebral 
edema14. Hypoxia can induce inflammation, 
inflamed lesions become severely hypoxic, as a 
result steep oxygen gradient will develop, followed 
by an increased metabolic demand, decrease 
in metabolic substrates, caused by thrombosis, 
trauma, compression (interstitial hypertension) 
and atelectasis. Furthermore, multiplication of 
intracelluar pathogens can deprive infected cells 
of oxygen15.
	 The inflammatory responses elicited by 
pathogens occur in the interstitial space, which 
is hypoxic. Blood supply to the site is restricted, 
because vessels are clogged with immune cells, 
thrombi, or fibrin16. Due to rapid endothelial 
dysfunction, microthrombi may occur by activation 
of coagulation system, resulting circulatory 
dysfunction, suppression of oxygen utilization by 
mitochondria, -energy depletion and organ failure. 
The immune and coagulation systems are critically 
regulated by the endothelial cells, which regulate 
the blood flow to the organs and tissues,-endothelial 
dysfunction leads to organ dysfunction.  Monitoring 
endothelial dysfunction both at regional vascular 
beds as well as in the central circulatory branches 
is very important.There are several devices 
available in the market, that can monitor changes 
in the flow velocity and provide information on 
endothelial dysfunction17. Some of the devices in 
use include, CV Profilor (Hypertension Diagnostics 
TM of USA: hypertensiondiagnostics.com), 
Periscope (Genesis Medical System, Hyderabad, 
India: genesismedicals.com) and TM-Oxi 
(LD Technologies, Florida: www.ldteck.com).
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The commercial devices dedicated to PWV 
measurements estimate a regional assessment, 
measured between two vessels. However, we 
feel that a regional measurement of vascular 
dysfunction is more precise for evaluation of the 
health of the vessels.
	 According to Singhal and associates, there 
is a renewed interest in the Normobaric oxygen 
(NBO) therapy or inhaled high-flow oxygen, 
because of its practical benefits18. It is simple, 
widely available, and quite effective. Recent data 
suggests, that NBO may have rapid effects in stroke 
patients, and can be started promptly after symptom 
onset. Studies have demonstrated, that NBO slows 
down the process of ischemic cell death after stroke. 
According to the researchers, this “stopping the 
stroke clock” effect, may provide an opportunity 
to extend the time window for thrombolysis.”  
Alternately, a combination therapy of NBO and 
thrombolysis, can be initiated in ambulatory 
conditions under the supervision of critical care 
providers. A new study suggests, that anNBO may 
even be protective in permanent cortical ischemia19. 
A follow-up of a similar study using novel 2-D 
multivoxel MR spectral reflectance imaging, and 
speckle flowmetry, found that NBO provides 
cerebral perfusion and oxygenation in ischemic 
regions, and inhibits peri-infarct depolarizations20. 
Authors speculate, that successful results from on-
going studies on hyperoxia trials, may ultimately 
yield a combined therapeutic approach, where 
NBO is started in the field or in the ambulance 
and subsequently combined with HBO, infusion 
of super-oxygenated solution or thrombolysis.
	 Oxygen therapy in one form or the other, 
is used to treat a variety of medical conditions. 

Medical institutions use oxygen therapy in 
different ways. Some of the common conditions, 
for which the oxygen therapy is recommended 
include, anemia (severe), acute respiratory distress, 
brain abscess, brain injury, burn, decompression 
sickness, cardiac failure, carbon monoxide 
poisoning, crushing injury, diabetes foot ulcers, 
gangrenes, infection of skin with tissue loss, 
non-healing wounds, radiation injury, skin grafts, 
vision loss sudden and painless21-31. Internet search 
on common uses of hyperbaric oxygen therapy 
(HBOT), reveals that HBOT, is a type of treatment 
commonly used to speed up healing gangrenes, 
stubborn wounds, in which tissues are starved 
for oxygen. Wound injuries damage the blood 
vessels, which release fluid leaks into the tissue and 
cause swelling. The elevated pressure in chamber 
increases the amount of oxygen in the blood, breaks 
cycle of swelling, oxygen starvation and tissue 
death. HBOT encourages the body’s oxygen radical 
scavengers to seek out the problem molecules and 
allow healing to continue. HBOT helps bock, the 
action of harmful bacteria, and other pathogens, 
and helps the immune system. HBOT encourages 
the formation of new collagen and new skin cells.

Discussion

	 SARS CoV-2 virus has created an 
unprecedented COVID-19 pandemic worldwide. Of 
the total hospitalized COVID-19 patients, 89% had 
at least one of the pre-existing chronic conditions. 
About half, had high blood pressure and obesity, 
according to the Centers for Disease Control 
(CDC), USA. And about a third, had diabetes and a 
third had cardiovascular (CVD) disease. According 

Fig. 1. Thermal mapping of hands of a diabetic patient. Shows a uniform thermal image suggesting a normal blood 
flow. (Courtesy: Dr Gayathri Choda, Aarca Res. Pvt., Ltd.)
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to the Chinese researchers, clinical manifestation 
of COVID-19 are heterogenous. During the time 
of admission COVID-19 patients reported as 
having at least one comorbidity, diabetes (10-20%), 
hypertension (10-15%), or other cardiovascular 
diseases and cerebrovascular diseases (7-40%). 
Analysis of 1590 hospitalized patients in China, 
revealed that mean average age was 49 years. The 
most prevalent comorbidity was hypertension 
(16.9%), followed by diabetes (8.2, %). They found 
that circulatory and endocrine comorbidities, were 
common among patients with COVID-19 patients, 
leading to their conclusion, - that circulatory 
diseases remained the most common category 
of comorbidities32. Since area of our interest 
is the prevention of acute cerbrovascular and 
cardiovascular events, we will limit our discussions 
to treatment of oxygen therapy for thrombosis and 
stroke.
	 Harvard researchers Professor Singhal 
and associates, based on their extensive work on 
the oxygen therapy of ischemic stroke, suggested 
a combined therapeutic approach, where NBO 
is started in the field or in the ambulance, and 
subsequently combined with HBO, infusion of 
super-oxygenated solution or thrombolysis20, 

33.There has been more than 100 per cent increase 
in incidence of stroke in low- and -middle 
income countries, including in India from 1979-
200834. Stroke is a major global public health 
problem and is the second leading cause of death 

worldwide. Appropriate timely interventions 
could significantly reduce the morbidity and 
mortality associated with stroke. Stroke is a sudden 
interruption of the blood supply to the brain. Most 
common cause is a blockage of a cerebral artery 
by a blood clot. Suggestions made by Professor 
Singhal of Harvard group, seems to be timely 
and useful, for the prevention of hypoxia induced 
tissue damage and the conditions that follow 
deprivation of much needed oxygen to the brain 
tissue. TEKNA Oxygen delivery systems, a part 
of the TEKNA Manufacturers of Chennai, India, is 
developing a variety of NBO and HBO systems, for 
use in oxygen therapies. Scientific and technology 
advisers for this group are suggesting these 
entrepreneurs, to work with the Neurosurgeons 
and Neurologists, to develop a combination oxygen 
therapy for stroke victims.
	 The results of the studies done by 
Professor Singhal and associates demonstrated 
that Normobaric (NBO) oxygen therapy is 
neuroprotective20. They used Magnetic Resonance 
Spectroscopy,to follow the effect of Oxygen 
therapy in ischemic stroke patients.  Choda and 
Rao have demonstrated that changes in blood flow 
can be followed by using Infrared thermalimaging 
34, 35.
	 This kind of imaging technology 
has been used in vascular surgery for brain  
mapping 36. Using infrared imaging, real-time 
vascular occlusion and reperfusion of the vessels 

Fig. 2. Tekna Monoplace Hyperbaric Oxygen Chamber (Courtesy: TEKNAManufacturers, Chennai, India)
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of the brain with blood during surgery, has been 
demostrated in earlier studies37. Shown in the 
Figure 1 is a thermal map of hands of a diabetic, 
who is under robust medical management. There is 
an even and symmetrical thermal image, suggesting 
uniform blood supply.In order to successfully 
test the benefits or otherwise of combined 
oxygen therapy, there are efforts in progress in 
Bengaluru, India,  to develop a comprehensive 
stroke prevention strategy, between the staff of the 
TEKNA Oxygen therapy group(www.hyperbaric-
chmaber.com), Chennai, India,  thermal imaging 
technologists (Aaraca Research Pvt. Ltd. https://
aaracaresearch.com),  and the NewroRehab 
(newrorehab.com) group. Results of the combined 
oxygen therapy efforts will be reported in our future 
publications. 
	 Coronavirus 2019 (Covid-19) pandemic, 
has created a public health crisis worldwide. The 
SARS CoV-2 virus is affecting 212 countries 
around the world. The most common pattern of 
coagulopathy observed in patients with COVID-19, 
is characterized by elevations in fibrinogen and 
D-dimer levels. This correlates with parallel rise 
in markers of inflammation (C-reactive Protein). 
Unlike classical sepsis mediated disseminated 
intravascular coagulation (DIC), the degree of 
activated partial thromboplastin (aPT) elevation 
is less than partial thromboplastin (PT) elevation. 
In view of these observations, treatment with 
low molecular weight heparins (LMWH), tissue 
plasminogen activator (tPA) or with antiproteases 
targeting plasmin, seems to be a better option. 
If effective and safe, these therapies could save 
lives by reducing the recovery time and freeing up 
more ventilators for other patients in need. Many 
COVID-19 patients who need a ventilator never 
recover. Although survival rates vary from country 
to country, a report from London’s Intensive Care 
National Audit and Research Center, found that 
67% of reported COVID-19 patients from England, 
Wales, and Northern Ireland, receiving “advance 
respiratory support” died. A study in a similar 
patient group in China, found only 14% survived, 
after going on a ventilator. In New York City, 
an astronomical 80% of patients, who required 
ventilator at the height of this pandemic died, 
according to the city and state officials.
	 According to the Chinese investigators, 
progressive hypoxia is a characteristic manifestation 

in the clinical course of severe and critically ill 
patients with COVID-19 Pneumonia. Oxygen 
therapy plays an important role in the alleviation 
of respiratory distress. Hyperbaric Oxygen 
(HBO)Therapy (HBOT), is the most powerful 
oxygen therapy known, and may be the best 
choice of oxygen therapy for severe critically ill 
adult patients with COVID-19 Pneumonia38, 39. 
Chinese researchers in Wuhan, China, performed 
HBO treatment in severe COVID-19 patients and 
concluded that, - “HBOT can effectively correct 
systemic hypoxia, benefit to improve circulation, 
and immune function. Early HBO treatment, may 
improve the total efficiency of systemic support 
treatments, reduce the use of mechanic ventilation 
and lower mortality rate of severe or critically ill 
patients with COVID-19.” Prof. Paul Harch of 
Department of Medicine, Section of Emergency 
Hyperbaric Medicine, Louisiana State University, 
New Orleans, concluded, “With just 3-8 HBOTs 
the patients were bridged through the hypoxemic 
crisis phase of the infection and successfully 
discharged from the hospital.” The author suggests 
that HBOT applied earlier in the disease process, 
would prevent the deterioration that leads to the 
significant morbidity and mortality of COVID-19 
infection40. 
	 In an analysis of more than 4,000 covid-19 
patients, evaluated between March1stand April 7th, 
at the NYU Langone Health facilities, one of the 
strongest predictors of critical illness- defined as 
involving I.C.U. care or mechanical ventilation 
– was the patient’s oxygen saturation, on arrival 
at the hospital41. “The more we look, the more 
likely it becomes that blood clots are a major 
player in the disease severity and mortality from 
Covid-19,” Bikdeli says42. Infection may also lead 
to blood vessel constriction. Reports are emerging 
of ischemia in the fingers, and toes, -a reduction in 
blood flow that can lead to severe hypoxia, tissue, 
and organ death43. SARS CoV-2 targets blood 
vessels, hence people with comorbidities such 
as diabetes and hypertension, with pre-existing 
damage to those vessels, face higher risk of serious 
illness32. In a small pilot study of 250 Covid-19 
cases, conducted by Dr Cosentini in Italy, half 
were found to have mild pneumonia, -but their 
oxygen saturation was not yet compromised. All 
these patients were discharged from E.R., and they 
were sent home with pulse oximeters. None of these 
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patients required a ventilator (Richard Levitan 
et al: The New York Times May 10, 2020). We 
have several options, to help these patients who 
are suffering from an illness, which has no cure 
at the time of this writing. Having said that, we 
do have treatment options, that include various 
noninvasive methods of delivering oxygen, 
including Normobaric oxygen and Hyperbaric 
oxygen, patient positioning maneuvers, that open 
parts of lungs, and close monitoring, treatment of 
inflammation and thrombosis.
	 After reviewing the works of Harvard 
researchers, the critical care workers of New 
York City, and the Italian group, we have come 
to the conclusions, -that as suggested by Prof 
Aneesh Singhal of Harvard, and Dr. Paul Harch 
of Mississippi, there is a great need to develop a 
combined oxygen therapy, to address the hypoxia 
-mediated clinical complications, in the treatment 
of stroke patients, as well asin Covid-19 patients 
(20, 39- 45). We have initiated a dialogue, with 
the staff of the critical care, at the Columbia Asia 
Hospital, Bengaluru, Neurosurgery Group at the 
Mahaveer Jain Hospital, Bengaluru, and the science 
and technology experts at TEKNA Hyperbaric 
Oxygen Chamber (https://hpyerbaric-chambers.
com) Manufacturers, Chennai, India. Combined 
oxygen therapy may play a very important tissue/
organ protective role, in the treatment of stroke 
patients, as well as Covid-19 patients. Made in 
India, Tekna Hyperbaric Oxygen chambers will be 
validated for safety and efficacy, before using them 
for combined oxygen therapy (Fig 2). Results of 
these collaborative studies will be reported in our 
future publications.

Conclusion

	 Molecular oxygen has been used as 
a therapeutic drug for decades, under medical 
supervision to treat and manage hypoxic conditions, 
to protect the cells, tissues, and organs from 
irreparable damage and destruction. There are a 
variety of medical grade oxygen delivery systems 
to accomplish these goals. Having said that, 
this subject, ‘oxygen therapy’ remains, poorly 
understood and inadequately practiced. There are 
many comprehensive reviews, guidelines, and 
recommendations by professional organizations 
on this subject, and readers are urged to refer to 

them for further useful information and for clinical 
applications. In view of our interest in vascular 
biology, we have limited our discussions to two 
very specific areas, -management of hypoxia in 
stroke, and acute respiratory distress, in covid-19 
patients. In both these conditions, where time is 
the essence, as hypoxia mediated damage occurs 
rapidly, developing a combination therapy using 
Normobaric oxygen and Hyperbaric oxygen, 
may prove to be very useful. In stroke patients, 
Normobaric oxygen therapy can be started as 
soon as symptoms start, by medical attendants 
and if needed, Hyperbaric oxygen therapy can be 
combined with Normobaric oxygen therapy, to 
obtain better outcomes.  Of course, such therapies 
can be given independently, at the discretion of 
critical care clinicians. In the Covid-19 patients 
also, not all patients need HBO therapy. Using 
oximetry to follow the degree of hypoxia, the 
clinicians may provide NBO initially, and if 
needed proceed with the combined NBO and HBO 
treatments. Under the expert care of critical care 
clinician’s oxygen therapy, is safe and effective, 
in protecting tissue and organ damage in these 
seriously ill patients. 
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