Oxygen: Friend or foe in the COVID-19 battle
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Introduction

Oxygen is one of the most common and inexpensive treatment components in today’s world of modern
medicine. It is the most essential medicinal gas available in majority of the hospitals and highly beneficial
when used in appropriate amounts. However, it must be acknowledged that too much of anything tends to
do more harm than good, and even oxygen therapy is no exception.

When one talks about oxygen, hypoxia and hypoxemia are two such terminologies often encountered and
used interchangeably. It is of paramount importance to note that these two terminologies, though they may
overlap are not synonymous. Hypoxia is a state of insufficient amount of oxygen in the tissues whereas
hypoxemia is a decreased amount of oxygen content in the blood. Hypoxemia may often go unnoticed, and
when homeostatic mechanisms no longer compensate, can lead to hypoxia.(1)

With the ongoing COVID-19 pandemic, oxygen utilization has been on the rise worldwide, with some coun-
tries often experiencing scarcity in such crucial times.(2) The goal of oxygen therapy in COVID-19, as with
any other form of respiratory illness, is to treat hypoxia. The WHO has classified severe COVID-19 to have
saturations less than 90% and thus warranting supplemental oxygen therapy.(3) In an effort to treat the
hypoxia, prolonged oxygen therapy may lead to pathophysiological processes associated with increased levels
of hyperoxia-induced reactive oxygen species (ROS) which may readily react with surrounding biological
tissues causing protein denaturation and breaking down of nucleic acids into strands.(4) Here, we describe a
case of a patient with COVID-19 treated at our hospital.

Case presentation

A 64 year old male with hypothyroidism, on a daily dose of levothyroxine 100 mcg, presented to our emergency
department with the complaint of difficulty in breathing of gradual onset and progressive in nature for the
past 5 days associated with chest tightness. He denied the presence of any other symptoms. He had a history
of coming into contact with COVID-19 patients and a history of domestic travel within the country in the
last two weeks.

The only abnormal findings on physical examination were oxygen saturations of 79% on room air and
tachypnoea of 26 breaths/min. Blood pressure and heart rate on arrival were 124/71 mmHg and 101 beats
per minute respectively. Chest auscultation revealed bilateral basal crackles anteriorly and the entirety of the
posterior, superior and inferior aspects had crackles. It was noted that the patient experienced fatiguability
on moderate exertion however had no difficulty in completing sentences.

Chest X-ray (PA and lateral views) was done and revealed bilateral peripheral and central alveolar infiltrates
suggestive of atypical pneumonia (Figure 1). Nasal swab PCR test for COVID-19 was positive. A series of
blood investigations were performed on Day 1, 3, 5 and 7 of hospital stay (Table 1).
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Figure 1. Bilateral peripheral and central alveolar infiltrates on chest X-ray.

Table 1: Table of results

INVESTIGATION DAY 1 DAY 3 DAY S5 DAY 7
WBC (10x9/L) 13.4 16.4 16.1 9.3
NEU (10x9/L) 11.8 14.2 12.1 6.2
LYM (10x9/L) 1.1 0.4 2.2 2.4
PLT (10x9/L) 240 315 403 204
HB (g/dL) 15.7 15.4 15.8 15.2
BUN (mmol/L) 4.5 7.9 4.9 5.1
“PEATININE (ggol/A) 117 182 98 102
FERRITINE (ng/ml) 521 3000 2022 298
D-DIMER (mg/L) 2.7 _ 0.04 0.03
ALBUMIN (g/L) 36 42 30 34
Na (mmol/L) 141 141 137 141
K (mmol/L) 3.7 4.6 3.4 3.6



INVESTIGATION DAY 1 DAY 3 DAY 5 DAY 7
CI (mmol/L) 103 106 98 105

It was exceptional and noteworthy that throughout his hospital stay, the patient was never supplemented
with any oxygen but continued with pharmacological therapies. The patient was on intravenous Ceftriaxone
2g once a day, Methylprednisolone 125mg, oral Azithromycin 500mg and Colchicine 1mg once a day. He
was also on oral multivitamin and mineral supplements throughout his hospital stay and continued post
discharge. He was initiated on a Heparin infusion of 2000 IU/hour for a duration of 5 days, along with
Warfarin 5mg once a day. He also received a stat dose of Tocilizumab 600mg on day 3 of his admission.
Chest physiotherapy using a spirometer was encouraged and along with awake prone positioning 6 to 12
hourly.

From day 5 onwards, the trend of results showed an improvement in numbers and likewise clinical improve-
ment was noted in the patient along with the subsiding of chest tightness and fatiguability. Tachypnoea
subsided over time returning the patient to an almost normal respiratory rate and room air oxygen satu-
rations showed some improvement, with the highest levels recorded being 92%, constant up to the point of
discharge and for isolation at home on day 8 since admission.

Discussion

Patients who presented to our hospital with COVID-19 related respiratory distress have had varying forms
of oxygen supplementation ranging from those with mild distress on nasal cannulas to those with severe
acute respiratory distress syndrome (ARDS) on invasive mechanical ventilation. The only variation in
the treatment of this patient as opposed to others was oxygen. The patient in this case was never once
supplemented with any oxygen for the entire duration of admission. The reason for withholding supplemental
oxygen was the relative clinical stability of this patient despite presenting with hypoxemia. Prior to this
case, we had observed several patients with similar clinical presentation who were supplemented with oxygen
to meet a required high-set oxygen target. Eventually they ended up having prolonged hospital stay with
an increased oxygen demand overtime. Long-term exposure to high levels of oxygen can cause lung injury
in the absence of mechanical ventilation, but the combination of these two becomes more lethal leading to
further lung damage.(5)

During viral respiratory illnesses, ROS are necessary for eradicating viruses, thus aiding immune cells in
phagocytoses function and in signal transduction. Excessive oxygenation can cause the amount of ROS to
exceed the required redox homeostasis leading to histologically progressive destruction of alveolocapillary
membranes causing obstruction of capillaries forming microthrombi and air leaks via already injured alveoli
into the surrounding tissues.(6) Eventually prolonged iatrogenic exposure to oxygen in combination with
COVID-19 can exacerbate cell apoptosis at the alveolar epithelium level resulting into pulmonary fibrosis
over an extended time period.(7)

Lung tissues are protected by overactive immune mediated Adenosine Asp receptor cells. These immune
cells play a critical role in the down-regulation of pulmonary inflammation. Uncontrolled pulmonary inflam-
mation occurs when continuous amount of oxygen is administered that weakens the Adenosine Asa receptor
mediated anti-inflammatory mechanism, thereby further exacerbating lung damage.(8) A study done on a
small population receiving inhaled Adenosine showed promising results in patients with COVID-19 in an
attempt to therapeutically compensate for the oxygen-related loss of the endogenous adenosine receptor
(A2aR)-mediated cells and reduce the lung destructing inflammatory process.(9)

Most pulmonary and non-pulmonary related studies recommend that no oxygen supplementation is required
when oxygen saturation is more than 92%. Oxygen supplementation should start only if oxygen saturation
is less than 90%.(10) However no consensus has yet been established on what the oxygenation target should
be in hypoxemic respiratory failure patients.(11)



A meta-analysis study published even before the COVID-19 pandemic described that hyperoxia for a duration
of more than 12 to 24 hours often led to serious deleterious side-effects. It was also noted that hyperoxia
of even shorter durations may be associated with increased morbidity and mortality in ICU patients.(12)
The mortality rates of acutely ill adults in multiple clinical syndromes were lower in those who received
conservative amount of oxygen as opposed to the liberal batch.(13)

Recent observation proposes no direct evidence of the benefit of providing supplemental oxygen therapy
in the absence of hypoxia in COVID-19 patients such as in patients with low oxygen saturations who are
perfectly comfortable or rather, “happy hypoxemic.” It may be used to wean patients off ventilatory support
but its use on patients whose lungs have adapted to hypoxemia or who do not require invasive therapy may
in turn lead to adverse consequences.(2) Overcorrecting hypoxemia may improve it in the short term, but
its long term effects can lead to oxygen induced ARDS and ventilator associated lung injury. This data
suggests that the lungs have a better chance of recovery from COVID-19 when exposed to less oxygenation
and invasive ventilation. Permissive hypoxemia was found to be feasible and had a better patient outcome
when focused on oxygen content (CaOs) rather than oxygen saturations (SaO3).(14)

Based on these oxygen studies and our observation of patients, we could postulate that in patients undergoing
a cytokine storm due to COVID-19, prolonged and excessive oxygen therapy adds insult in the form of oxygen
reactive species, to an already injured lung. We do not know if this is an isolated case among millions or
whether depriving this patient of oxygen did indeed work to his benefit. COVID-19 pneumonia no doubt
requires some form of oxygen, but the conundrum lies with those presenting with a mild form of respiratory
distress, who despite having low saturations have minimal to no discomfort. COVID-19 respiratory distress
presents with an unconventional pathogenesis in terms of hypoxemic patients and their progression to ARDS.
Oxygen can do both, heal and harm, and in the setting of COVID-19, which is still a new evolving disease,
the question isn’t really about whether or not oxygen is required, but rather how much is required.

Conclusion

Condemning the use of oxygen in patients undergoing respiratory distress, be it from COVID-19 or any other
illness is not the aim of this report. We are inquisitive to understand the role of oxygen in the treatment of
COVID-19 and how best to titrate and use it to our benefit. Various studies have indeed been done on the
beneficial and detrimental effects of oxygen but not in the context of severe ARDS or pneumonia in relation
to COVID-19. It is our hope that this case will inspire the need of further research using a bigger sample
size to determine how much oxygen is too much in this new disease.
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