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(27%), and chest pain (22%); none had fever or features indi-

cating acute illness.10 Patients with milder initial infections

may also have prolonged symptoms.

Systematic evaluation of the long-term sequelae of COVID-

19 indicates that 70% of patients have impairment in one or

more organs 4 months after initial infection, even amongst

relatively healthy patients before infection.2 The most

commonly reported ongoing symptoms, regardless of hospi-

talisation status, were fatigue (98%), myalgia (88%), shortness

of breath (87%), and headache (83%). Mild organ impairment

was evidenced in the heart (32% of patients), lungs (33%),

kidneys (12%), liver (10%), pancreas (17%), and spleen (6%),

with 25% of individuals displaying evidence of multi-organ

impairment. The risk of multi-organ impairment was signifi-

cantly associated with hospitalisation.2 Patients who were

critically ill with COVID-19 may also be at risk for post-

intensive care syndrome (persistent impairment in cogni-

tion, mental health, or physical function after survival of

critical illness), although the incidence after COVID-19 is at

present unknown. Medium- and long-term follow-up of ‘long

COVID’ patients is warranted and requires multidisciplinary

management.2

As we move gradually past this pandemic, clinicians and

health policymakers may need to consider multiple strategies

to tackle the upcoming challenges faced. Supplies of PPE will

need to be adequate to cater to further waves of infection,

particularly as variants resistant to vaccination emerge. They

will also need to work with hospital administration to increase

critical care bed capacity, which will be an investment in

managing the increasing burden of high-morbidity patients

undergoing surgery or becoming critically ill. Adaptive trials

are encouraged to provide Level 1 evidence for therapeutic

strategies, not only in COVID-19, but also in viral pneumonia

inducing acute respiratory distress syndrome/acute lung

injury.
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EditordPropofol, a short-acting i.v. anaesthetic drug, is

commonly used as a first-line agent to sedate intubated

coronavirus disease 2019 (COVID-19) patients with acute

respiratory distress syndrome (ARDS) in the ICU. The COVID-

19 global pandemic has led to a shortage of propofol in many

countries.1 Recently, it has been highlighted that patients

receiving propofol sedation are at a risk of exacerbated

infection with severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) that subsequently affects the

severity of COVID-19.2 Studies in vitro have indicated that
Fig 1. Putative mechanisms of the protective effects mediated by prop

effects by disturbing GM1 lipid rafts and inhibiting sigma-1 receptors,

bosis, and reduced immunosuppression. Additionally, elevated ACE2 e

artery endothelial cells, inhibit apoptosis in vascular endothelial cells, a

ACE2, angiotensin-converting enzyme 2; COVID-19, coronavirus dise

sialotetrahexosylganglioside-1; iDC, immature Dendritic Cell; IL-1b, in

erine; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2;
propofol treatment can upregulate angiotensin-converting

enzyme 2 (ACE2) expression, an essential receptor involved

in the internalisation of SARS-CoV-2.3,4 The suggestion that

propofol contributes to the aggravation of the condition of

intubated patients with COVID-19 by promoting SARS-CoV-2

cell entry has led to the use of alternative sedative drugs.5

This hypothesis has led to increasing uncertainty and

concern surrounding the use of propofol in patients with

COVID-19; however, it remains unclear whether there is a

direct association between drugs that increase ACE2
ofol in patients with COVID-19. Propofol may exert direct antiviral

and by indirect effects, including anti-inflammation, anti-throm-

xpression induced by propofol treatment may protect pulmonary

nd suppress SARS-CoV-2-induced systemic inflammatory cascade.

ase 2019; eNOS, endothelial nitric oxide synthase; GM-1, mono-

terleukin-1b; IL-6, interleukin-6; NO, nitric oxide; NTG, nitroglyc-

TNF-a, tumour necrosis factor-a.
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expression and the risk posed to patients with COVID-19.

Fang and colleagues6 analysed data from three clinical

studies on COVID-19 during the early outbreak in Wuhan,

China, and extrapolated that the severity of COVID-19 might

increase in patients with diabetes and hypertension taking

ACE inhibitors (ACEIs) and angiotensin receptor blockers

(ARBs), which cause a significant increase in ACE2 expres-

sion, as observed in animal studies. However, a recent

clinical study has shown that the use of ACEIs and ARBs

was not closely associated with the diagnosis and severity of

COVID-19 amongst patients with hypertension.7 Although

daily intake of ACEIs and ARBs significantly increases ACE2

mRNA expression and activity in rats,8 this effect might not

exist in humans. Evidence to support this came from a study

investigating the expression and subcellular localisation of

ACE2 in the upper and lower respiratory tracts of human

donor tissues. That study provides strong evidence that the

use of ACEIs and ARBs does not increase susceptibility to

SARS-CoV-2 infection by enhancing ACE2 expression in

either the initial or early essential cellular site of viral entry

during respiratory transmission.9

In fact, propofol, via enhanced ACE2 expression, might

have favourable effects on the vascular endothelium in pa-

tients with COVID-19. Propofol protects endothelial cells of

human pulmonary artery by increasing transcription of

ACE2 via a phosphatidylinositol 3-kinase-dependent mech-

anism, and its activity in cell membranes.3 Propofol can also

inhibit vascular endothelial cell apoptosis by activating the

ACE2/angiotensin-(1e7)/Mas signalling pathway and

increasing nitric oxide levels, the endothelium-derived

relaxing factor, by upregulating the expression and phos-

phorylation of endothelial nitric oxide synthase.4 Elevated

ACE2 expression increases anti-inflammatory effects that

suppress the systemic inflammatory cascade induced by

SARS-CoV-2.10 The multiple actions of propofol, including

significant anti-inflammatory, anti-thrombotic, and fewer

immunosuppressive effects, may facilitate recovery from

lung injury in COVID-19.11

Propofol might also act as an antiviral agent in infected

cells. It could inhibit SARS-CoV-2 entry and transmission

by increasing the apparent size and number of lipid rafts

and by dissociating cholesterol-sensitive proteins from

monosialotetrahexosylganglioside-1 (GM-1) lipid rafts

in vitro.12 Propofol might have an antiviral effect by inhibiting

the sigma-1 receptor,2,13 a potential antiviral target against

COVID-19.14 Based on these properties, we summarise the

potential mechanisms by which propofol might be advanta-

geous in patients with COVID-19 (Fig. 1). Although physiolog-

ical models of SARS-CoV-2 infection present a theoretical risk

of propofol, these findings cannot be extrapolated to a clinical

setting, where propofol exacerbates COVID-19. As the benefits

outweigh the risks, we conclude that propofol should not be

avoided because of concerns regarding ACE2 and diagnosis or

aggravation of COVID-19.

However, prolonged sedation with propofol infusions for

intubated and mechanically ventilated patients with COVID-

19 and ARDS may have adverse side-effects, such as propofol

infusion syndrome,15 neuroleptic malignant syndrome,16 and

critical illness myopathy.1 Therefore, prolonged propofol in-

fusions might not be the ideal choice for patients with COVID-

19 in the ICU.1 Other sedatives, including midazolam and

dexmedetomidine, provide suitable alternatives to propofol in

such patients.
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1
EditordWeiss and colleagues recently published a detailed

report on prone positioning during the coronavirus disease

2019 (COVID-19) pandemic. Prone positioning has been

widely adopted both in intubated and non-intubated patients

with respiratory failure. The response falls into four broad

categories of P/F ratio change: no (or worse) change,

improvement that is sustained on returning supine,

improvement that is slightly diminished on return to supine,

or improvement that is greatly diminished on return to

supine.2

The main outcome reported was that prone positioning

improved P/F ratio from 17.9 to 28.2 kPa after 81 (range:

61e119) min (immediate) across 36 subjects, of which 26 had a

response of �20%. Results from 32 subjects indicate that the

response persisted on return to supine (sustained). The im-

mediate response to this first manoeuvre did not predict those

who would survive. As the authors mentioned, van Meenen

and colleagues3 also reported lack of prognostic capacity of

changes in P/F ratio to prone positioning in acute respiratory

distress syndrome (ARDS) not attributable to COVID-19.

However, this group compared P/F ratio values before prone

positioning to those on return to supine (sustained), whereas

Weiss and colleagues compared P/F ratio values before prone

positioning to values whilst prone (immediate). It would be

interesting to report if a sustained response was related to

favourable outcome in the Weiss and colleagues COVID-19

cohort.

Measurement of immediate response to prone positioning

is common in the published literature, with response usually

defined as an increase in P/F ratio of �20% or by 20 mmHg (2.7

kPa).2 These are arbitrary criteria and cannot be utilised at the
bedside. Although relatively easy to calculate, the P/F ratio

encompasses a complex interaction between haemoglobin

concentration, oxygen extraction, and pulmonary shunt frac-

tion, making it sensitive to relatively small changes in FiO2

whilst not accounting for PEEP or mean airway pressures.

The lack of association between immediate response to

prone positioning and favourable outcome reported by Weiss

and colleagues1 is consistent with some pre-COVID-19 data.

For example, in a reanalysis of the landmark Proning Severe

ARDS Patients study,4 no markers of gas exchange predicted

thosewhowould survive or not after initial prone positioning.5

Here, 91% of subjects who were in the worst quintile for initial

P/F ratio change (which ranged from e81 to e1 mm Hg or 10.8

to e0.1 kPa) survived. Other data illustrated no difference in P/

F ratio between survivors and non-survivors after the first

pronemanoeuvre in 225 patients.6 This presents a challenge to

those caring for patients with COVID-19, as promising initial

improvements in gas exchange might not translate into

favourable clinical outcomes.

In the current report, death or progression to extracorpo-

real membrane oxygenation was more frequent in those dis-

playing a diminished response to further prone manoeuvres.

There are limited data on other factors that might have prog-

nostic value based on response to prone positioning. Reduc-

tion in PaCO2 after a single episode of prone positioning was

associated with improved 28-day survival (relative risk: 1.48;

95% confidence interval: 1.07e2.05; P¼0.02), despite a trend for

increasing PaCO2 in all patients over subsequent prone ma-

noeuvres.6 Decreases in PaCO2 of �1 mm Hg have previously

been used to describe responders.2 The ventilatory ratio can

approximate dead-space ventilation and has shown predictive

utility in ARDS patients, where initial measurement was

higher in non-survivors than survivors (2.02 [0.8] vs 1.75 [0.5];

P<0.001).7 Ventilatory ratio might be physiologically relevant
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