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1. Introduction

The world is closely watching the outbreak of respiratory illness
associated with the novel beta coronavirus SARS-CoV-2. The first
cases were reported in Wuhan, Hubei Province, China [1]. At the
time of writing the number of reported cases of the resulting
disease, COVID-19, is already over 64,000 and shows no immediate
signs of stabilisation. Although the majority remain in Wuhan and
Hubei province, cases have been reported in all provinces of China
and over 27 countries across the globe. The aim of this editorial is
to review the management of critically ill patients with COVID-19
infection.

2. COVID-19

Initially termed 2019-nCoV, sequencing showed that now
officially named SARS-CoV-2 is 80–89% similar to bat severe acute
respiratory syndrome related coronaviruses found in Chinese
horseshoe bats [2,3]. In addition, it is about 79% akin to severe
acute respiratory syndrome coronavirus (SARS-CoV) and 50%
related to Middle East respiratory syndrome coronavirus (MERS-
CoV). The latter two coronaviruses have their immediate origins
from civets and camels, respectively [4,5]. Although it is uncertain
how COVID-19 transmission from animals to humans occurred,
epidemiological studies suggested an intermediary wild animal
host sold in the Huanan Seafood Wholesale Market [6]. Currently,
while human to human transmission is certain, the mechanism of
transmission remains controversial [2,7,8]. Although it is likely
that COVID-19 transmission is primarily via droplets and fomite
contact, airborne transmission events cannot yet be excluded.
Transmission via the faecal-oral route remains a possibility as
SARS-CoV-2 RNA, but not live virus, has been detected in stool
[9]. Molecularly, like SARS-CoV, the SARS-CoV-2 virus likely uses
ACE-2 as entry receptor, which is highly expressed in the lung and
gastrointestinal tract [10–12].
https://doi.org/10.1016/j.accpm.2020.02.002
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3. Natural history and disease progression

Initial symptoms are non-specific and include fever, cough, sore
throat, rhinorrhea, myalgia or fatigue, sputum and headache
[1,6]. Patients typically complain of dyspnea one week after
symptom onset, and some progress to develop acute respiratory
distress syndrome. The median time from presentation to
mechanical ventilation is 10.5 days, and while initial reports from
the Chinese epicentre suggest that between 23 to 32% of
hospitalised patients require ICU admission [1,6,13], this rate
appears to be lower, approximately 10%, in Hong Kong and
Singapore (personal observation LL/GMJ). Other organ dysfunc-
tions reported in these cohorts include acute kidney injury (3%)
and septic shock (4–8.7%). Patients requiring ICU care were older
and had more comorbidities than those that did not.

As of 16th February 2020, only 4 deaths have been reported
outside China, but the mortality of COVID-19 reported in initial
hospitalised cohorts in China ranges from 4.3 to 15% [1,6,13]. These
findings should be interpreted in context since the hospitalised
cohorts may have a significantly higher mortality than community
patients with mild symptoms who may not seek hospital care.

4. Diagnosis and treatment

Infection is confirmed by positive test to SARS-CoV-2 by real-
time RT-PCR, isolation in cell culture of SARS-CoV-2 from clinical
specimens, or rising serum antibody concentrations. If laboratory
confirmatory tests are not available, clinical and epidemiological
criteria such as those advocated by the US Centers for Disease
Control and Prevention (CDC) may be used (https://www.cdc.gov/
coronavirus/2019-ncov/hcp/clinical-criteria.html?CDC_AA_
refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-
ncov%2Fclinical-criteria.html). Based on current best evidence,
supportive treatment and organ support remain the focus of ICU
care. Specific treatments such as the use of corticosteroids to
control the inflammatory response, and antivirals, particularly the
combination of lopinavir/ritonavir and ribavirin have been used,
but are unproven to improve outcomes [1]. The cautionary
experience of SARS-CoV provided a lesson of the desperate pursuit
to find effective treatment. During this outbreak, the use of high-
dose corticosteroids (> 3 g methylprednisolone in the acute phase
of disease) used to modulate the immune response was not
conclusively shown to improve outcomes, but resulted in
devastating steroid induced complications [14].

As respiratory failure is the predominant complication of
COVID-19, attention to the delivery of appropriate lung protective
y Elsevier Masson SAS. All rights reserved.
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strategies during mechanical ventilation and prevention of
hospital acquired infections is likely to contribute to improved
outcomes in critically ill patients.

5. Infection control

Lack of clear knowledge of the mechanisms of COVID-19
transmission makes it difficult to develop evidence-based infection
control protocols to prevent transmission to healthcare workers
(HCW) and other patients. Certainly, ICU HCW are at particularly
high risk of nosocomial transmission because of potential exposure
to aerosolised respiratory secretions during intubation, tracheal
suctioning, bronchoscopy and respiratory circuit disconnection, as
well as environmental contamination [15–18]. Thus, it is currently
prudent to assume higher precautionary measures in ICU than
those currently recommended by the CDC (respiratory droplet and
contact precautions). Suspected or confirmed cases should ideally
be isolated in a negative pressure airborne infection isolation room
(AIIR) with sufficient air changes (> 12/h) and personnel trained to
use personal protective equipment (PPE) for airborne precautions.
All support and sanitary staff, often forgotten, should also receive
appropriate PPE and infection control training, particularly as there
may be a risk of faecal transmission [9]. If full airborne precautions
are not possible due to limited facilities or overwhelming numbers
of cases, other measures that may decrease risk of nosocomial
transmission include cohorting of patients in dedicated wards, or
physical separation, supported by disciplined use of PPE, universal
contact and droplet precautions and adequate ward ventilation
[15,19–21]. Encouragingly, with strict PPE protocols combined
with rigorous implementation, the reported risk of staff contract-
ing SARS-CoV in one ICU was low, despite suboptimal physical
space, ventilation and complete absence of AIIR facilities [22].

6. High-risk procedures

6.1. Use of NIV and HFNO

Limited data suggests that the use of high-flow nasal oxygen
(HFNO) may prevent intubation in severe hypoxemic respiratory
failure [23]. Within the ICU, and with HCW protected by high-level
PPE (including an N95 mask), non-invasive ventilation (NIV) and
HFNO use during SARS-CoV and 2009 influenza epidemic was not
clearly associated with an increased risk in HCW [24,25]. However,
a recent meta-analysis demonstrated that there may be an
increased risk of viral transmission to HCW who treated patients
receiving NIV [18]. Since the mode of COVID-19 transmission
remains unclear and mortality benefit of HFNO and NIV in severe
pneumonia is unproven, we do not currently recommend their use
in suspected or confirmed cases of COVID-19. If used, patients must
be closely monitored in ICU or high care areas, and airborne
respiratory precautions strictly adhered to.

6.2. Intubation

The timing and decision to intubate patients with COVID-19
should be made on a case-by-case basis. The threshold for
intubation may be lower in COVID-19 since use of high-flow
nasal oxygen (HFNO) or non-invasive ventilation may potentially
increase the risk of transmission to HCW [18]. Disease transmis-
sion risk of viral respiratory infections during intubation has been
shown to be high [18,24], and therefore early, controlled
intubation may also increase the safety margin of intubation
and by allowing adequate preparation time for this high-risk
procedure. Airborne precautions should be applied throughout.
Some additional measures to reduce transmission risk include
intubation in an AIIR, and limiting non-essential staff to reduced
exposure time [24,26]. Placing bacterial/viral filters in circuits and
between the mask and bag valve mask (BVM) resuscitator during
manual mask ventilation may serve to reduce viral particle
dispersion into the atsmopshere [27]. Intubation in COVID-19
patients should be performed by those experienced in airway
management to increase first-pass success [28,29]. Video laryn-
goscopy improves intubation rates and allows the operator to be
further away from the patient’s oropharynx [30].

Standard use of rapid sequence induction to avoid or minimise
BVM ventilation may be preferable as BVM was previously asso-
ciated with SARS-CoV nosocomial infection [31]. Pre-oxygenation
under these conditions using a well-sealed BVM with appropriately
placed viral filter is recommended. Directly connecting the
ventilator circuit to the ET tube immediately after intubation,
rather than the BVM resuscitator, eliminates the need to reconnect
and facilitates expired gas scavenging. In-line ‘‘closed suctioning
systems’’ should be used to maintain a closed circuit.

6.3. Cardiopulmonary resuscitation

The increased transmission of SARS-CoV to HCW previously
reported during cardiopulmonary resuscitation (CPR) was likely
due to virus aerosolisation during BVM ventilation [31]. Preventive
measures may include using apnoeic oxygenation during CPR, or
careful two-person BVM ventilation to allow an effective face seal
by two handed mask holding (with inline bacterial/viral filter),
and early intubation when indicated. The use of mechanical CPR
devices to replace HCW CPR may reduce the risk of facemask
leakage for the HCW, and decreases their own minute ventilation,
thus potentially reducing the risk of disease transmission. For
patients already receiving mechanical ventilation in ICU, the
ventilator may be set to volume control, with a large negative
pressure trigger and high-pressure alarm setting to avoid a need
for disconnection and change to manual BVM ventilation.

7. Crisis management

One of the greatest challenges in emerging epidemics is
uncertainty amongst HCW about transmission risks, and fear of
becoming a victim of the outbreak disease. ICU is a high-risk area
where a larger number of ‘‘high transmission risk’’ procedures
are performed. Clear concise communication and leadership are
critical to tackle stress, fear, fake news and mistrust during the
crisis [32]. Staff morale is vulnerable and emotional support should
be proactively made available. Frontline staff must be made to feel
safe by constant exposure to clear protocols and rigorous training.
Expansion of critical care beds to cope with increased numbers of
patients by opening more ICU beds, and converting wards and
other monitored areas for ICU provision is often recommended in
outbreak disaster plans. However, experience from SARS-CoV
showed that rapid and excessive expansion may overwhelm staff,
lead to excess infections in HCW, and compromise care [33]. Thus,
expansion should be matched by safe staffing to guarantee an
appropriate quality of care and staff safety, which necessarily limit
expansion. It has been suggested by an expert consensus group
with first-hand experience of outbreak expansion that this is
realistically limited to a maximum of 50-100% of baseline capacity
[34]. Alternatively, restricting normal critical care to provide only
core and essential provisions, may allow greater expansion and
more patients to have limited life sustaining interventions under
conditions of limited resources [35]. Should these measures be
overwhelmed, individual patient triage and appropriate rationing
of ICU care will be required to provide greatest benefit for the
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greatest number of patients [36,37]. A structured triage approach
incorporating triage admission criteria that can adapt to the scale
of crisis, are fluid and adaptable depending on the evolution of the
outbreak and change in response to resource pressures is
necessary. A process of development and implementation that
provides transparency, an appeal mechanism, documentation of
decisions and that is culturally and socially sensitive is recom-
mended [34].

8. Perspective of Western Europe and France

The epicentre of the epidemic in China provided an early
warning for Europe to allow the preparation of preventive
measures, and specific organisational processes were rapidly
adopted. Patients returning from China, and in particular from
Hubei province are quarantined for 14 days. Anyone who develops
symptoms that could suggest a coronavirus infection are encour-
aged to call a single emergency number and if COVID-19 is
suspected, they are managed at their location by a specialised
medical team equipped with PPE to prevent viral contamination,
and when necessary, hospitalised in an intensive care unit. In ICUs
suspected and confirmed cases are isolated with protective
measures against staff contamination and placed in specific rooms
with a negative pressure airflow. Based on the experience of SARS-
CoV and H1N1 influenza outbreaks, seriously ill patients are
referred to specialised units that have ECMO capability if required.
Although one 80-year old Chinese tourist with co-morbidities has
died in hospital, the majority of patients who have tested positive
for SARS-CoV-2 to date have not yet shown signs of severe
respiratory failure and some have been discharged from hospital
after the contagious period. Currently, ICUs continue to manage
patients with severe H1N1 influenza, utilising ECMO when
indicated, and are therefore well prepared for the treatment of
severe contagious viral infections.

9. Conclusion

Should community outbreaks occur globally, the management
of critically ill patients with COVID-19 infection will be challeng-
ing. The lack of specific treatment is compounded by uncertainties
about its mode of transmission and clinical outcomes. Given these
knowledge gaps, it becomes essential that as much robust high-
quality evidence as possible is gathered in the early stages of the
disease. A strong appeal is made for the ICU community to come
together globally, and for the contribution of data by all ICUs to
local, regional and international databases. COVID-19 patients
pose risks to ICU staff, but the precise magnitude of this risk is
currently unclear. Adequate precautions, good hand hygiene,
plentiful supplies of properly fitted N-95 masks and other essential
PPE, filters for circuits, clear and robust protocols, teamwork and
communication are all needed to address these concerns. ICU
management teams have the responsibility to make these needs
known to relevant authorities to ensure proper forward planning
and adequate procurement. Painful lessons were learned from the
recent SARS-CoV and influenza epidemics. It is time to apply what
we have learned, and rise to the challenge of COVID-19.
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