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Surviving Sepsis Campaign: Guidelines on the Management of Critically 11l
Adults with Coronavirus Disease 2019 (COVID-19)

(82 9 LHE82 7|= Sepsis Guideline® [}ELC}H

Recommendation:
1. For healthcare workers performing aerosol-generating procedures” on patients with COVID-19 in the
1CU, we recommend usimg fitted respirator masks (IN95 respirators, FFP2, or equivalent), as

opposed to surgical/medical masks, m addition to other personal protective equipment (Le., gloves,

gown, and eye protection, such as a face shield or satety gogoles) (best practice statement).

* Aerosol-generating procedures in the ICU include: endotracheal intubation, bronchoscopy, open suctioning,
administration of nebulized treatment, manual ventilation before intubation, physical proning of the patient,
disconnecting the patient from the ventilator, non-invasive positive pressure ventilation, tracheostomy, and

cardiopulmonary resuscitation.

Respirator masks are designed to block 95 -99% of aerosol particles. The N95 type contorms to United States
Federal Drug Agency standards, and the FFP2 contforms to European standards - European Committee tor
Standards standards). Statt should be fit tested for each different type. Surgical (also known as medical masks)
are designed to block large particles, droplets and sprays, but are less effective in blocking small particle

aerosols (< 5 micrometers) [14].

Recommendation:
2. We recommend performing aerosol-generating procedures on ICU patients with COVID-19 in a

llé‘gﬂt-ﬂ'ﬁ‘ pressure roomn (I)EST pm(‘tice s‘.tatement}

Recommendations:

3. For healthcare workers providing usual care for non-ventilated COVID-19 patients, we suggest using
surgicnl /medical masks, as opposed to respirﬂt@r masks, 1n addition to other personﬂl protective
equipment (1.e., gloves, gown, and eye protection, such as a face shueld or safety goggles) (weak

recommendation, low quality evidence).

4. For healthcare workers who are performmg non-aerosol-generating procedures on mechanically
ventilated (closed circut) patients with COVID-19, we suggest using surgical/medical masks, as
opposed to respirator masks, i addition to other personal protective equipment (1.e., gloves, gown, and

eye protection, such as a tace shield or safety goggles) (weak recommendation, low quality evidence).




Our recommendations are 1 line with the WHO guidance, and with the current evidence, wluch suggests
that surgical /medical masks are probably not mferior to N93 respirators for providing protection against
laboratory confirmed seasonal respiratory viral infections (e.g., ntluenza, but not measles). We updated the
most recent systematic review and meta-analysis of RCTs [20], and identified one new RCT [21]. Overall, 4
RCTs (3,549 mdividuals) randomized healthcare workers to N95 respirators or medical masks [21-25]. The
use of medical masks, as opposed to N95 respirators, did not increase laboratory-confirmed respiratory
mfection (OR 1.06, 95% CI 0.90 to 1.25). Although the pomnt estimates suggest that use of medical masks was
associated with mereased nsk of influenza-like illness (OR 1.31, 95%CI 0.94, 1.85) and cliucal respiratory
mfection (OR 1.49, 95%CI 0.98 to 2.28), the differences were not statistically significant. A recent systematic

review and meta-analysis reached sumilar conclusions [26].

Recommendation:
5. For healtheare workers performing endotracheal intubation on patients with COVID-19, we suggest
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quality evidence).

There 1s no direct evidence comparing the use of video-laryngoscopy with direct laryngoscopy for mtubation
of patients with COVID-19. Wlile SAR-CoV-2 appears to be predomunantly spread by large respiratory
droplets, intubation 1s likely a small particle (less than 5 micrometers) aerosol-generating procedure, wlich
mereases the sk of transmussion to healthcare workers [29]. Intubation 1s particularly nsky given the close
contact of healthcare workers with the patient’s airway and respiratory secretions. Thus, techmiques that can
reduce the number of attempts at endotracheal intubation and the duration of the procedure and minimize
the proxumty between the operator and the patient, should be prionitized, potentially reducing the risk of
complications i1 hypoxic COVID-19 patients. In a systematic review mcluding 64 studies and 7,044 patients,
video-laryngoscopy reduced the nsk of failed intubation (OR 0.35, 95%CI 0.19 to 0.65), without a sigmficant
mpact upon the proportion of successtul first-pass attempts (OR 0.79, 95%CI 0.48 to 1.3), hypoxia (OR
0.39, 95% CI 0.1 to 1.44), or time for tracheal mtubation [30, 31]. In patients with dithicult airways, the first-

attempt success rate may be improved with video-laryngoscopy [32].

Recommendations:

7. For intubated and mechanically ventilated adults with suspicion of COVID-19:

7.1. For diagnostic testing, we suggest obtamning lower respiratory tract samples in preference
to upper respiratory tract (nasopharyngeal or oropharyngeal) samples (weak
recommendation, low quality evidence).

7.2. With regﬂrd to lower respimtom" sanlples, we suggest obtniniug endotracheal aspirﬂtes n

preterence to bronchial wash or bronchoalveolar lavage samples (weak recommendation,

low quality evidence).

Lower respiratory tract specimens are considered to give a lugher dragnostic yield than upper respiratory
specimens 1 patients with pneumonia, consistent with what was observed tor SARS [41], and should

theretore be obtained whenever possible.



Shock and cardiac injury in COVID-19 patients

The reported prevalence ot shock 1 adult patients with COVID-19 is highly variable (from 1% to 35%),
depending on the patient population studied, the severity of ilness, and the defimtion of shock. In a recent
report summarizing the epidenmuological characteristics of 44,415 Chinese patients with COVID-19, 2087
(5%) were diagnosed as critical cases, defined as severe hypoxemia and/or the presence of other organ
tatlure, including shock [12]. In another Chinese study of 1099 patients with COVID-19 with similar severity
of illness, only 12 (1.1%) developed shock [1]. In hospitalized patients, the imncidence 1s likely lugher [42]
(Table 3), and may reach 20-35% among patients in the ICU [42, 43].

Cardiac myury (elevation of cardiac injury biomarkers above the 99th percentile upper reference linut) has
been reported m 7% to 23% of pattents with COVID-19 in Wuhan, China [42-45]. While the prevalence of
cardiac mjury may correlate with the prevalence of shock, a lack of systematic screening tor cardiac

dystunction mn hemodynamically stable patients means that this assocration cannot be taken as certain (T'able

3).

The prognosis of patients with COVID-19 and shock has not been systematically reported. In a study ot 150
patients from 2 hospitals 1 Wuhan, China, shock was a major reason tor death n 40%, and may, at least in
part, be due to fulminant myocarditis [46].

Studies on risk factors associated with shock m patients with COVID-19 are lacking. The majority of those
that are available report unadjusted estumates [12, 42, 46]. Despite methodological limitations, these studies
suggest that older age, comorbidities (especially diabetes and cardiovascular disease mcluding hypertension),
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Table 3. Epidemiological characteristics in recent COVID-19 reports.

Study n ICU Cardiac Shock NIPPV Invasive CFR
admission Injury MV

Huang et al. [44] 41 32% 12% 7% 24% 5% 15%
Chen et al. [65] 99 23% - 4% 13% 4% 11%
Wang et al.[43] 138 26% 7% 9% 11% 12% -
Guan et al.[1] 1099 - - 1% 5.1% 2.3% 1%
Yang et al.[42] 52 100% 23% 35% 55.8% 42.3% 62%
Zhou et al.[45] 191 26% 17% 20% 14% 17% 28%

CFR: case fatality rate; ICU: mtensive care wut; NIPPV: non-mnvasive positive pressure ventilation

The prevalence of hypoxic respiratory tailure m patients with COVID-19 1s 19% [12]. Recent reports from
China showed that 4% to 13% of COVID-19 patients i these studies recerved non-invasive positive pressure
ventilation (NIPPV), and that 2.3% to 12% required mvasive mechanical ventilation (Table 3) [1, 12, 42, 43,
65]. Although the true mcaidence of hypoxic respiratory fatlure m patients with COVID-19 1s not clear, 1t
appears that about 14% will develop severe disease requiring oxygen therapy, and 5% wil require ICU
adnussion and mechamical ventilation [12]. Another study reported on 52 catically dl COVID-19 patients;
67% of these patients had ARDS, 33 (63.5%) recerved lugh-tlow nasal cannula (HFNC), 56% mvasive
mechanical ventilation, and 42% NIPPV [42].



Risk factors for respiratory failure

Risk factors associated with respiratory failure requining mechanical ventilation are not clearly described mn
published reports, although from the limited available data, risk factors associated with a critical dlness/TCU
admission included older age (>60 years), male gender, and the presence of undetlying comorbidities such as
diabetes, malignancy, and immunocompromised state [1, 12, 42, 43]. The CDC reported an overall case-
tatality rate (CEFR) of 2.3%, with a CFR of 14.8% m patients aged 80 years or older. In cutically il patients,
the CEFR was 49.0%, and 1t was higher than 50% m those who recerved mvasive mechanical ventilation. The
presence of pre-existing comorbid conditions such as cardiovascular disease, diabetes, chronic respiratory

disease, hypertension, and cancer were associated with lugher nsk of death [12].

In a cohort of Middle East Respiratory Syndrome (MERS) patients, NIPPV was not associated with
mmproved mortality or length of stay, compared with patients who were mtubated without trying NIPPV [79].
However, NIPPV was associated with a lugh tailure rate (92.4%), leading to mtubation. Patients who
recerved NIPPV prior to intubation had mereased inhaled mitric oxide requirements and ncreased mortality
[79]. Failure rates in other pandemics, such as mfluenza, HIN1 and SARS, range trom 10% to 70%, while
demonstrations of etficacy mainly come trom case series and observational studies rather than RCTs, leading
to practice varation. In Cluna, the use ot NIPPV for pandemic respiratory infection 1s common, whereas
guidelines from Europe, Hong Kong, and the US advise agamnst NIPPV as a first-line therapy in HINT [84].
There are additional concerns over the use of NIPPV in respiratory pandemucs like COVID-19: NIPPV may
aggravate severe forms of lung injury as a result of injurious transpulmonary pressures and large tidal volumes
[85, 86], and may delay mitiation of mvasive mechamical ventilation, leading to emergency or more unstable
tubations that can increase the nisk of transmission to the healthcare team [85]. In addition, NIPPV is an
aerosol-generating procedure that can increase the risk of transmission of disease to healtheare workers [29].
Several other studies and meta-analyses of SARS have also lughlighted the risk of nosocomual spread of the

disease with NIPPV [76, §7].

It NIPPV 1s used, helmet NIPPV is an attractive option, if available. A smgle-center RCT showed decreased
mtubation and improved mortality from NIPPV delivered by helmet in ARDS patients [90]. Of particular
mmportance in the setting of a pandemic such as COVID-19, NIPPV by helmet has also been shown to
reduce exhaled air dispersion, whereas face masks were mnsutticient [91]. However, helmet NIPPV is more
expensive, and without direct evidence of benefit in COVID-19 patients, resources should not be utilized to

acquure this equipment if 1s not already available.

Recommendation:
34. For mechanically ventilated adults with COVID-19 and moderate to severe ARDS, we suggest prone

X'E‘lltilﬂt‘loll fOL' 12 to 16 hours, OVEr 110 prone Velltﬂﬂﬁoﬂ (\Veﬂk IECOIHIHEDC“AH‘OH’ 10\V (]llﬂ]_il"\‘ e\*idence).

Rationale:
In a series of 81 patients with COVID-19, radiographic features progressed over the first 1 to 2 weeks after
symptom onset from predominant ground glass opacities to a mixed pattern of predominant basdar

consolidation. This latter pattern may suggest a role for prone ventilation [110].

Recommendation:
40. In mechamecally ventilated adults with COVID-19 and refractory hypoxemia despite optinuzing
ventilation, use of rescue therapies, and proning, we suggest using venovenous (VV) ECMO if available,

or refernng the patient to an ECMO center (weak recommendation, low quality evidence).




Cytokine Storm Syndrome

Cytokine storm syndrome 1s a hypernflammatory state that 1s characterized by fulmumant mult-organ failure
and elevation of cvtokine levels. A recent study from China showed that COVID-19 s associated with a
cytokine elevation profile that 1s reminiscent of secondary hemophagocytic lymphohistiocytosis (HLH) [44].
Some authors even suggest that we screen cutically ill COVID-19 patients for secondary HLH using the
Hscore [140], and that corticosteroids and other immunosuppressive agents can be used in patients with a
high likelihood of HLH [141]. More evidence 1s needed before we can make recommendations on the

treatment options for cytokine storm.

Recommendations
41. In mechanically ventilated adults with COVID-19 and respiratory taillure (without ARDS), we suggest

against the routine use of systenuc corticosteroids (weak recommendation, low quality evidence).

42. In mechanically ventilated adults with COVID-19 and ARDS, we suggest using systemuic corticosteroids,

over not using corticosteroids (weak recommendation, low quality evidence).

Rationale:

There are no controlled clinical trials on the use of corticosteroids 1n COVID-19 patients or other
coronaviruses. A published, but not peer-reviewed, report of 26 patients with severe COVID-19 reports that
the use of methylprednisolone at 1-2mg/kg/day for 5 to 7 days was associated with shorter duration of
supplemental oxygen use (8.2 days vs. 13.5 days; P<0.001) and improved radiographic findings [142].
Although interesting, we judged these preliminary reports to be an msufticient basis for formulating
recommendations, due to the risk of confounding. Therefore, we used indirect evidence from commumuty

acquired pneumoma, ARDS, and other viral infections to mform our recommendation.

It 1s widely recognized that corticosteroids have a range of adverse effects. In viral pneumomma i the ICU,
several studies showed increase 1 viral shedding with corticosteroid use [151-153], potentially indicating viral

replication, but the cluncal implication of mcreased viral shedding is uncertaimn.

Considering the above, the panel 1ssued a suggestion against the routine use of systemuc corticosteroids tor
respiratory fatlure m COIVID-19, and a suggestion to use corticosteroids mn the sicker population of COVID-
19 with ARDS. If cluucians use corticosteroids in ARDS, they should use lower dosing and shorter treatment

courses.

Recommendation:
43. In mechanically ventilated patients with COVID-19 and respiratory failure, we suggest usmg empiric

antimicrobials/antibacterial agents, over no antimicrobials (Weak recommendation, low quality evidence).

Remark: if the treating team initiates empuric antimicrobials, they should assess for de-escalation daily, and
re-evaluate the duration of therapy and spectrum of coverage based on the microbiology results and the

patient’s clinical status.

Recommendation:

44. Por cutically il adults with COVID-19 who develop tever, we suggest using
acetamunophen/paracetamol for temperature control, over no treatment (Weak recommendation, low
quality evidence).

The use of non-steroidal anti-inflammatory drugs to treat fever in patients with COVID-19 continues to be

debated. Until more evidence 1s available, we suggest using acetamunophen/paracetamol to treat fever.
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Recommendation
47. In cotically il adults with COVID-19:

47.1. we suggest against the routine use of lopiavir/ritonavir (weak recommendation, low
quality evidence).
7.2. is i i i i ion on the use of other
47.2.  There is insufficient evidence to issue a recommendation on tl fotl
antiviral agents 1n critically 1l adults with COVID-19.

A recent RCT compared the use of lopinavir/ritonavir to usual care 11 199 hospitalized patients with
COVID-19 1n China [194]. In this trial, lopinavie/ ritonavie did not significantly reduce 28-day mortality (RD,
-5.8%; 95% CI, -17.3 to 5.7) or time to clinteal improvement (MD 1.31 days, 95% CI 0.95 to 1.80). In
addition, lopmavir/ ritonavir was associated with more adverse events [194]. Thus tual 1s the only available
direct evidence on the use of lopinavir/ritonavir mn patients with COVID-19, however, 1t has several
Limitations. The tual was unblinded and it enrolled a small number of patients (n=199) with a small number
of events (44 deaths i total), wluch limits our confidence m its results. Nevertheless, the routine use of
lopinavir/ ritonavir in cutically il patients 1s probably not warranted, and a weak recommendation agamnst the
routine use of lopinavir/mtonavir 1 critically 1l COVID-19 patients 1s reasonable.

Lopimavir/ritonavir 1s one of the arms in a planned WHO core treatment protocol for hospitalized patients
with COVID-19, and in the REMAP-CAP (Randonuzed, Embedded, Multifactorial Adaptive Platform Trial
tor Community-Acquired Pneumonna) tral (NCT02735707) The results of ongoing trials will help merease

the precision of estimates and the certainty i the evidence.

Remdesivir 1s the prodrug of an adenosine analog, which incorporates into nascent viral RNA chamns and
results 1n premature termunation. It was considered the most promising drug 1 an informal consultation on
research prioritization of candidate therapeutic agents by WHO [195]. Currently, there are published case
reports but no published trials on the use of remdesivir n COVID-19. Remdestvir demonstrated eftective
mhibition of SARS-CoV-2, MERS-CoV, and SARS-CoV in i vitro studies [196]. Furthermore, studies in
ammal models of MERS-CoV showed that it was more effective than control and superior to
lopinavir/ritonavir combined with systemic TFN-8 [197, 198]. Although intravenous remdestvir appears to
adequately tolerated, a recent RCT showed that i1t was less eftective than several antibody therapies 1n Ebola
virus disease [199]. There are several ongoimng RCT's that aim to examune the efticacy and satety of
mtravenous remdesivir for severe COVID-19 (cliucaltrials.cov NCT04257656) and for mild and moderate
COVID-19 (clinicaltrials.gov NCT04252664). Another trial sponsored by the National Institute of Allergy
and Infectious Diseases 1s recruiting patients m USA (cliuealtrials.gov NCT04280705). We will update our

gwdelines as new evidence emerges.

Chloroquine and its metabolite, hydroxychloroquine, are antimalarial agents that have demonstrated antiviral
effects on SARS-CoV and SARS-CoV-2 i vitro [207-209]. Prior studies found mhibitory effects of
chloroquine for multiple RINA viruses 7z vitro, but RCTs m treatment of dengue and chikungunya virus
mtections and of mfluenza prophylaxis tailed to demonstrate antiviral or clinical benefits [210]. In one non-
human primate model of chikungunya infection, it was shown that chloroqume’s immunomodulatory effects
were associated with delayed immune responses, lugher levels of viral replication, and worse illness [211]. A
news briefing suggested that its use m more than 100 patients showed “that 1t was superior to the control i
mhibiting the exacerbation of pneumona, improving lung imaging findings, promoting a virus negative
conversion, and shortening the disease course”, but the data have not been published yet [212]. A recent
consensus document recommended chloroquine phosphate 500 mg twice daiy for minmmum of 5 days, with
dose modifications if severe gastromtestinal side effects occur [213]. Since chloroquine 1s not available i
some countues, hydroxychloroquine is an alternative. A recent study m China explored various dosing
regimens of chloroquine and hydroxychloroquine using physiologically-based pharmacokinetic models [209].
The study found hydroxychloroquine to be more potent than chloroquine in mhibiting SARS-CoV-2 i vitro.
Based on these models, a hydroxychloroquine loading dose of 400 mg twice daily followed by 200 mg twice

daily for 4 days was recommended [209].



