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scaffold for intravascular thrombus formation. It
might also cause thrombotic microangiopathy in the
microvasculature due to increased platelet–vessel wall
interaction, as a consequence of the release of highmolecular-weight multimerS of von Willebrand factor
that are insufficiently cleaved by deficient ADAMTS13.
A marked relationship exists between broncho
alveolar coagulation and fibrinolysis, and the
development of ARDS, in which intrapulmonary fibrin
deposition as a result of deranged bronchoalveolar
fibrin turnover is a crucial step. The clinical and
laboratory picture of ARDS in ventilated patients with
COVID-19 and important coagulation abnormalities
suggests a potential role for bronchoalveolar fibrin
turnover in the most severe disease.
As local and systemic immunothrombosis seem to have
a central role in pulmonary and extrapulmonary vascular
complications in COVID-19, therapeutic intervention
in this process seems rational.12 Besides general antiinflammatory strategies (eg, dexamethasone), anti-IL-6
approaches have proved to be effective, as reviewed
in this Series by Federico Angriman and colleagues.8
Antithrombotic prophylaxis is another approach
that might be beneficial. In a retrospective study of
449 patients who were admitted to hospital with severe
COVID-19, mortality was lower in those who received
prophylactic heparin than in patients who did not receive
anticoagulant treatment;13 among participants with
more extensive coagulopathy, mortality was lower in
heparin-treated patients. In fact, ample evidence exists
to support the use of prophylactic low-molecular-weight
heparin for the prevention of venous thromboembolism
in all critically ill patients. Although the hypercoagulable
state and the increased risk of thrombosis in patients
with severe COVID-19 suggest that higher doses of
heparin might be beneficial, this was not shown in a
large randomised controlled trial,14 and higher doses
of heparin were associated with more haemorrhagic
complications. Ongoing large, randomised studies—eg,

REMAP-CAP (EudraCT 2015-002340-14) and RECOVERY
(2020-001113-21)—are investigating the addition of
antiplatelet agents to the antithrombotic regime.
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Non-invasive respiratory support strategies in COVID-19
In hospitalised patients with COVID-19, an increase
in oxygen requirements prompts the clinician to
decide how and when to escalate treatment. A key
treatment goal is to avoid, where possible, the need
www.thelancet.com/respiratory Vol 9 June 2021

for invasive mechanical ventilation. However, up
to 20% of hospitalised patients in the UK require
admission to critical care units, and around 40% of
those requiring invasive mechanical ventilation for

Published Online
April 16, 2021
https://doi.org/10.1016/
S2213-2600(21)00168-5

553

Comment

See Online for appendix

554

COVID-19 pneumonitis do not survive.1 To date, the only
treatments that have been shown to reduce the need for
invasive mechanical ventilation are dexamethasone and
interleukin-6 blockade.
Non-invasive respiratory support strategies, such as
continuous positive airway pressure (CPAP) or high-flow
nasal oxygen (HFNO), are attractive treatment options
that might avoid the need for invasive mechanical
ventilation and its inherent risks. In the context of
COVID-19, concern has been raised that these strategies
might cause harm to patients through delays to tracheal
intubation or exacerbation of lung injury, to health-care
workers through nosocomial infection, and to healthcare systems through the high oxygen demand of
devices.
This uncertain balance of harms and benefits has
resulted in marked variation in international practice.
A survey of 1132 participants across 85 countries used
a case vignette of a previously healthy patient with
severe hypoxaemia;2 choice of initial oxygen strategy
included HFNO (47%), CPAP or non-invasive ventilation
(26%), and immediate tracheal intubation (7%), with
remaining respondents opting to optimise conventional
oxygen therapy.2 Variability in practice was associated
with country, hospital rurality, intensive care unit bed
availability, and individual clinician characteristics.
There is a paucity of high-quality evidence for noninvasive respiratory support strategies in COVID-19.
One multicentre, randomised controlled trial (RCT)3
reported no difference in respiratory support-free
days in 109 patients with COVID-19 and moderate
to severe hypoxaemia who were treated with either
helmet non-invasive ventilation or high-flow nasal
oxygen, although a limitation of this study was the
absence of a control group receiving standard oxygen
therapy management. Other direct evidence remains
limited to retrospective case series and cohort studies
with inconsistent findings and the inherent risk of
bias associated with observational study design.4–6 For
example, a retrospective study6 reported failure rates of
66% in patients with COVID-19 receiving CPAP, and high
mortality (55%) in those requiring invasive mechanical
ventilation after CPAP failure. Evidence for HFNO, CPAP,
and non-invasive ventilation as effective treatments
for acute hypoxaemic respiratory failure is drawn from
populations of patients without COVID-19. For example,
a systematic review and network meta-analysis7

concluded that non-invasive ventilation delivered by
both helmet and mask interface reduced the risk of allcause mortality and tracheal intubation, and that HFNO
reduced the need for tracheal intubation. However,
patient populations in included studies were those
presenting with community-acquired pneumonia.
COVID-19 is a novel disease and generalising data from
other causes of acute hypoxaemic respiratory failure is
inherently problematic.
In patients with viral influenzae and other
coronaviruses, high failure rates of non-invasive
ventilation in excess of 70% have been reported,8 such
that CPAP or HFNO might serve only to delay, rather
than avoid, tracheal intubation. A concern regarding
non-invasive ventilation use in patients with more
compliant lungs is the potential for large tidal volume
breathing to cause patient self-induced lung injury,
which has a similar pathogenesis to ventilator-induced
lung injury. However, the converse argument is that
liberal use of tracheal intubation and mechanical
ventilation in COVID-19 is likely to increase ventilatorassociated complications and mortality.9
The risk of nosocomial COVID-19 transmission to
health-care workers delivering non-invasive respiratory
support strategies centres on potential aerosol
generation. Early evidence from mechanistic evaluations
of aerosol and droplet spread suggested that the risks
of non-invasive strategies are comparable to standard
oxygen therapy. Generation of aerosols might be
influenced by the device, settings, and interface, but also
by patient characteristics, such as viral load or coughing
profile. However, the absence of substantive evidence
does not indicate an absence of risk. Further research
is needed to understand the risk to both health-care
workers and other patients.
International guidelines on the management of
acute hypoxaemic respiratory failure and the use of
non-invasive respiratory strategies in the context of
COVID-19 are prolific (appendix pp 1–3). In the UK,
clinicians might be informed by recommendations
from NHS England and the respiratory and intensive
care–anaesthesia communities, as well as global
organisations. Across guidelines, there is marked
variability in transparency of development, process of
synthesising evidence, and recommended approach. For
example, in November, 2020, NHS England (appendix
p 1) recommended CPAP as the preferred form of
www.thelancet.com/respiratory Vol 9 June 2021
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non-invasive respiratory support in COVID-19 and
advised against HFNO use on the basis of perceived
absence of efficacy, oxygen use, and potential infection
transmission to health-care workers, although this
guidance is under review by NICE. By contrast, Surviving
Sepsis Campaign guidelines (appendix p 1) support
the use of HFNO, although they acknowledge that the
strength of this recommendation is weak and based on
low-certainty evidence.
WHO guidance (appendix p 1) adopts a balanced
recommendation, including the use of all noninvasive respiratory support strategies, justified by
the inadequate evidence base for any individual
approach. Others, including the Australia and New
Zealand Intensive Care Society, have moved away from
a previous position of favouring one strategy over
another, and now base their recommendations on
living guidelines (appendix p 2) that suggest decisions
regarding non-invasive respiratory support be based
on risk assessment of the individual patient and healthcare setting, with an emphasis on reducing the risk of
infection transmission to health-care workers.
RCTs are urgently needed to evaluate the effectiveness
of non-invasive respiratory support strategies in
patients with COVID-19. At present, clinical practice
is driven by personal preference and influence, prior
experience, and the local availability of methods in the
context of oxygen supplies. But against this backdrop
of uncertain evidence on the safety, effectiveness, and
optimal approach for management of acute hypoxaemic
respiratory failure, it is essential for clinicians to
demonstrate equipoise and randomise patients into
available clinical trials in their health-care jurisdictions.
For example, there have been a number of reports of
pneumomediastinum and pneumothorax in patients
with COVID-19 receiving either standard oxygen therapy
or non-invasive respiratory support.10 These reports are
a cause for concern, although they are confounded by
many unmeasured factors owing to their observational
nature. Because non-invasive respiratory support is
being used as part of usual care in many settings with
no evidence of absence of harm, such reports further
support the need for RCTs of non-invasive respiratory
support in patients with COVID-19 compared with
standard care. Clinical trials of non-invasive respiratory
support should exclude patients with a contraindication
to non-invasive support and ensure that data on
www.thelancet.com/respiratory Vol 9 June 2021

harms, such as incidence of pneumomediastinum and
pneumothorax, are reported.
By far the largest trial in this area is the UK RECOVERYRespiratory Support trial,11 funded and prioritised by
the National Institute for Health Research as an urgent
public health study. This adaptive, multicentre RCT
evaluates the effectiveness of HFNO or CPAP against
standard oxygen therapy across hospitalised patients
with COVID-19 and acute hypoxaemic respiratory
failure, with a primary outcome of tracheal intubation
or mortality within 30 days of randomisation. As of
April 12, 2021, more than 1200 patients had been
randomly assigned, and enrolment to the trial features
in two UK guidance pathways (appendix p 1).
During a pandemic, when the demand for critical care
resources exceeds the available capacity,12 use of noninvasive respiratory support in an individual patient in
the absence of established evidence might be viewed
as the only possible treatment, particularly if there is no
option to participate in a clinical trial. However, where
there are no critical care capacity issues and options
to participate in a clinical trial exist, clinicians should
be mindful that provision of this treatment outside
the rigorous infrastructure of RCTs represents random
empirical care. If one of these interventions is shown to
be beneficial, this approach will have delayed answering
the urgent clinical question at hand. If an intervention
shows no favourable effect (or worse, harm), clinicians
will need to justify their continued use of that unproven
treatment as part of usual care rather than within
a trial framework, as well as their decision to deny
patients the opportunity to participate in nationally
prioritised research. Understanding the most effective
non-invasive respiratory support strategy in COVID-19
requires investigation of the relative benefits and harms
to both the patient and the wider health-care system,
which can only be addressed through randomisation to
clinical trials.
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On World Tuberculosis Day, 2020, we warned of the
impending impact of COVID-19 on the tuberculosis
pandemic. We also made a plea that the world must not
forget tuberculosis while it focused on COVID-19.1
1 year later, on World Tuberculosis Day, 2021, we
reflect on the compelling evidence of the challenges that
COVID-19 has created for tuberculosis control and look
forward to opportunities for integrated strategies to
address the COVID-19 and tuberculosis pandemics.
We are not on course to eliminate tuberculosis.
The Stop TB Partnership estimates that the past
12 months have pushed back global tuberculosis
progress by 12 years.2 Achieving the WHO’s End TB
Strategy goals will require an estimated US$15 billion
additional funding annually. Less than half of the
funding commitments made at the 2018 UN High Level
Meeting on tuberculosis have been delivered. Cuts to
the UK overseas Official Development Assistance will
further contribute to this shortfall.
COVID-19 has challenged health systems and restricted
essential health service delivery.3 Health system
infrastructure, from diagnostic tools to the workforce, has
pivoted towards COVID-19 and away from competing

illnesses, including tuberculosis.4 Health-care access has
been constrained due to transport disruptions, restricted
movement, reduced opening hours, depleted staffing
levels, fear, and stigma.5
In nine countries with a high tuberculosis burden,
which contribute 60% of the world’s tuberculosis cases,
tuberculosis diagnosis and treatment decreased by
23%, equating to 1 million missed cases. Similar to the
2014–15 Ebola virus disease outbreaks, restricted access
to health care has led to an increase in late, disseminated
presentations of tuberculosis, associated with adverse
treatment outcomes and death.2 Indeed, the COVID-19
pandemic is predicted to increase tuberculosis deaths
globally by 20% over the next 5 years.6
These challenges to tuberculosis diagnosis,
notification, care, and cure, are especially concerning
in the context of global antimicrobial resistance.
Despite multidrug-resistant (MDR) tuberculosis being
estimated to contribute up to one third of deaths from
antimicrobial resistance globally, the minority of people
with MDR tuberculosis have access to all-oral treatment
regimens. Long, toxic regimens involving intravenous or
intramuscular injections remain the mainstay in many
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