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Outline
‣ Brief virology background, in vitro data

‣ Specific anti-viral agents
• Hydroxychloroquine  
• Remdesivir
• Favipiravir
• Lopinavir/Ritonavir

‣ Additional therapies

‣ Current Penn guidance (4-2-2020)
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• Replication schematic from 2016 based 
on Sars-CoV-1 and MERS

• Sars-CoV-2 receptor: ACE2

• Note potential therapeutic targets
• Entry
• Endosomal acidification/release
• Replication
• Assembly
• Release

• Investigational drugs:
• Chloroquine/Hydroxychloroquine
• Lopinavir/Ritonavir
• Favipiravir
• Remdesivir
• Interferon

Wit et al., Nature Reviews Microbiology, 2016



4Zumla et al., Nature Reviews Drug Discovery, 2016

• Many other drug targets mentioned in 
this paper- great additional reading for 
those interested

• Targeted viral components:
• Envelope, spike glycoprotein, 

enzymes, nucleic acids

• Targeted host factors:
• Innate immune response 

(interferon), signaling pathways in 
viral replication, receptors for viral 
entry, proteases, and endocytosis 
pathways
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‣ In vitro data using Vero E6 cell line 
‣ Cytotoxicity to cells, 
‣ Viral copy number (RT-PCR), 

immunofluorescence of viral protein
• Remdesivir, Chloroquine, Ribavirin, 

Nitaxanide, Penciclovir, Favipivir, 
Nafamostat

• Two had high selectivity index and 
low cytotoxicity

Wang et al., Nature Cell Research, 2020
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Hydroxychloroquine (Chloroquine)
‣ Raises pH of endosome, preventing viral membrane from merging with endosome
‣ In vitro data (Wang, et al and Liu, et al)
‣ Small RCT from China (Chen et al., MedRxiv preprint)

• N=62, all mild 
• Standard : O2, “antivirals”, “antibacterials”, IVIG +/- steroids 
• Intervention: standard + HCQ 200mg BID from days 1-5 
• CT day 1 to 5, fever, cough, progression, “adverse effects” 
• HCQ patients sicker?, small numbers, unclear timing

‣ Non-randomized study from France  (Gautret et al)
• N=14 for HCQ, 6 for HCQ+Azithro
• N=16 controls from outside institution
• Looked at % pts with (+) PCR 

‣ Expert concensus in China:
• HCQ for all patients

* **
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Remdesivir
‣ Adenosine analogue:  incorporated into viral RNA

• prevents synthesis, halts viral replication 
• Intravenous

‣ Activity in vitro against Ebola, SARS, MERS
• In vitro activity against Sars-cov-2 (Wang et al)
• Failed in vivo studies for Ebola

‣ First US case in Washington – compassionate use, recovered
‣ Now compassionate use is limited due to demand
‣ RCT’s underway and actively recruiting:

• ACTT trial(NIAID): Remdesivir (5 days) v placebo, n=440, outcome: reported severity on 8-point scale
• Severe COVID-19 (Gilead): inpatients with sat <94% but not vented 

– standard care v 5 D v 10 D, composite outcome fever + O2 sat
• Severe COVID-19 (Beijing, recruiting)
• Mild/Mod COVID-19 (WuHan, recruiting)
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Favipiravir
‣ RNA polymerase inhibitor; activity in vitro against myriad RNA viruses

• In vitro activity against Sars-cov-2 (Wang et al)
‣ WITHDRAWN: Experimental Treatment with Favipiravir for COVID-19: An Open-Label Control 

Study (Cai et al, Engineering, 2020)
• Open label non-randomized in China, n=35 versus 45 historical controls
• Intervention: Favipiravir + inhl IFNa; Control: Lopinavir/Ritonavir + inhl IFNa
• Primary outcome – median time to viral clearance was 5 days faster

‣ Favipiravir v Arbidol (Chen et al, medRx preprint) 
• Randomized, open label, superiority trial (?details)
• N=240 (120 per group), unclear patient severity
• Outcome: clinical recovery at day 7 (cough, fever, O2 needs): 71% v 56% recovered (cough, fever)

‣ RCTs underway
• Favipiravir + Tocilizumab (China) and Favipiravir + HCQ (China)
• Protease inhibitors/ Ostamivir/ Favipiravir/ HCQ (Thailand)
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Lopinavir/Ritonavir (Kaletra)
‣ Lopinavir: HIV protease inhibitor, boosted by Ritonavir cyp450 interaction
‣ Cao et al, NEJM, 2020

• RCT, open label
• PNA on imaging, sat<94% or p:f<300, enrolled ~ day 13 after sympt onset
• Given 14 days of treatment (400/100 BID) vs no treatment (no placebo pill)

‣ Primary outcome: clinical improvement 
• discharge or 2 point improvement in 7-point scale 

‣ Randomization stratified by O2 need and by NEWS2 score
• Cutoff of 5

‣ Randomization stratified by time from onset of symptoms 
• 12 Days

1 Outpatient, normal activities

2 Outpatient, some impairment

3 Inpatient, RA

4 Inpatient, on O2

5 Inpatient, NIV or HFNC

6 Inpatient, mech vent or ECMO

7 Death
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Modified intention to 
treat analysis excluded 
the 3 patients in 
treatment group who 
died before treatment 

Original sample size 
calculated to be 160
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1 Outpatient, normal activities

2 Outpatient, some impairment

3 Inpatient, RA

4 Inpatient, on O2

5 Inpatient, NIV or HFNC

6 Inpatient, mech vent or ECMO

7 Death
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No 
significant 
differences

However:
• Trend toward lower 

mortality 
• Reduced ICU length of 

stay
• In the Modified 

intention to treat group 
(leaving out 3 initial 
deaths), there was a 
significant 1 day 
reduction in median 
time to improvement 
(15D versus 16D)
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‣ Other points:
• Open label
• Late enrollment 
• Likely underpowered (large confidence intervals)
• Sub group started treatment before day 12  trend toward faster improvement
• Fewer ICU days (6 v 11)
• Mortality trend
• Perhaps “serious adverse events” of respiratory failure/ ARDS are actually the better outcomes to look 

at in subsequent trial
• GI side effects 

‣ “negative trial” but wouldn’t rule out additional investigation of Lopinavir/Ritonavir
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HCQ

Lopinavir

Remdesivir, 
Favipiravir

Additional experimental treatments not 
covered here:

• Azithromycin
• IL6 inhibitors
• Convalescent Plasma

• Meplazumab
• Recombinant ACE2
• Camostat mesylate
• Baricitinib
• Griffithsin

• Ribavirin
• Galidesivir

• Arbidol

Additional “anti-viral” treatments in 
progress:
• Baricitinib – JAK inhibitor, inhibitis

ACE2-mediated endocytosis
• Meplazumab – anti-CD147 mAb that 

competes with S protein – MedRxiv
preprint 

Anti-virals discussed in detail
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Penn Guidance (3-26-2020)
‣ http://www.uphs.upenn.edu/antibiotics/COVID19.html

‣ An Infectious Diseases consultation is recommended for patients 
admitted to the hospital with SARS-CoV-2 (COVID-19) infection. All 
therapies below require approval by an Infectious Diseases 
physician, but a one-time STAT dose may be given in situations 
pending infectious diseases evaluation.

‣ The dose of hydroxychloroquine should be 400 mg Q12H for 1 day 
followed by 400 mg daily for 4 more days for a total duration of 5 days

‣ Remdesivir can now be considered for treatment of SARS-CoV-2 in 
pregnancy [the only current compassionate use indication]

‣ Despite reports of efficacy of azithromycin plus hydroxychloroquine to 
treat SARS-CoV-2, azithromycin should not be added to 
hydroxychloroquine only to treat SARS-CoV-2

Clinical Trials at Penn:

‣ Remdesevir: 
‣ NIH: drug v placebo trial ongoing

• BillShort, Pablow Tebas
• 14 participants thus far

‣ Gilead: two trials ongoing
• Kathleen Degnan, Ian Frank

‣ Hydroxychloroquine:
‣ Two trials still in planning stages

• Ravi Amaravadi
• high v low dose
• drug v placebo for patients at home 

http://www.uphs.upenn.edu/antibiotics/COVID19.html
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‣ Wit et al., Nature Reviews Microbiology, 2016 (SARS, MERS)
‣ Zumla et al., Nature Reviews Drug Discovery, 2016 (SARS, MERS)
‣ Yang and Wang, Nature Cellular & Molecular Immunology, 2020 (COVID-19)
‣ Liu et al., Nature Cell Discovery, 2020 (Chloroquine vs Hydroxychloroquine in vitro)
‣ Wang et al., Nature Cell Research, 2020 (Chloroquine and Remdesivir in vitro)
‣ McChesney, The American J of Medicine, 1983 (Hydroxychloroquine v Chloroquine)
‣ Chen et al., MedRxiv preprint, 2020 (Hydroxychloroquine n=62 RCT from China)
‣ Gautret et al., Int J Antimicrobial Agents, in press, 2020 (HCQ, Azithro from France)
‣ Cai et al, Engineering, 2020 (WITHDRAWN; Favipiravir)
‣ Chen et al, medRxiv preprint, 2020 (Favipiravir v Aribdol)
‣ Cao et al, NEJM, 2020 (RCT Lopinavir/Ritonavir)
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Objectives
‣ Review clinical features of ARDS with COVID-19
‣ Discuss ventilator management strategies
‣ Discuss adjunctive therapies for ARDS management
‣ Introduce helmet ventilation (Maurizio Cereda)
‣ Highlight UPHS strategies to support best practices

‣ I am NOT going to review
• Algorithm to escalate respiratory support
• Best practices for intubation
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Disclaimers and acknowledgements

‣This talk is meant to be a pragmatic guide
• But there are a lot of unknowns….

‣Recommendations formulated with input from many local experts
• Nuala Meyer
• Nilam Mangalmurti
• John Reilly
• Barry Fuchs
• Maurizio Cereda



22

Clinical features of ARDS with COVID-19

‣ Severe hypoxia
‣ Diffuse ground-glass opacities
‣ Initial high lung compliance?
‣ Prolonged course of respiratory 

failure

‣ Early Seattle experience (n=18)
• Median duration of MV 10 days (11 

days among survivors)

• Median ICU stay 14 days

Bhatraju PK et al. 2020 NEJM
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‣ Strongly recommended:
• Low tidal volumes
• Limit inspiratory pressures
• Prone positioning for severe ARDS
• Do not use HFOV

AJRCCM. 2017;195(9):1253-63

‣ Conditionally recommend
• Higher PEEP in moderate or severe 

ARDS
• Recruitment maneuvers in moderate 

or severe ARDS
‣ No recommendation re: ECLS

Fan E et al. AJRCCM 2017
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COVID-19 ARDS:  Recommend adherence to ARMA protocol

‣ Ventilator mode:  AC/VC

‣ Target tidal volume: 6 cc/kilogram predicted body weight

‣ Target Pplat: 30

‣ Permissive hypercapnia: pH >7.20 if needed to maintain above settings

ARDSNet. NEJM 2000
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Caveat: Optimal PEEP is unclear

‣ Rationale for use of PEEP in ARDS 
• Alveolar recruitment (usually in setting of low compliance)
• Prevent atelectrauma
• Reduce lung stress and strain
• Facilitates weaning of FiO2

‣ Potential risks of PEEP
• Overdistension causing lung injury
• Increased intrapulmonary shunt
• Increased dead space
• Higher pulmonary vascular resistance
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ARDSnet tables for PEEP titration
‣ PEEP table used in ARMA trial

‣ ARDSnet High PEEP table

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0
PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 18-24

FiO2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.5-
0.8

0.8 0.9 1.0 1.0

PEEP 5 8 10 12 14 14 16 16 18 20 22 22 22 24

http://www.ardsnet.org/tools.shtml

http://www.ardsnet.org/tools.shtml
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Early experience at Penn

‣ Many patients have improved hypoxia with higher PEEP

‣ Improved oxygenation may reflect vascular redistribution

‣ Monitor both oxygenation and driving pressure closely with PEEP titration
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Pressures

Driving pressure: ∆P = Pplat - PEEP

Hall, Schmidt, Kress. Principles of Critical Care Medicine. 4th Ed.

∆P
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Consider selecting PEEP based on optimal driving pressure

‣ Compliance = slope of the 
curve

Cstat= ΔV / ΔP

‣ Low compliance (high driving 
pressure) with atelectasis and 
overdistension

‣ SUGGEST:  Start PEEP 
around 10, titrate to optimize 
driving pressure

Amato MBP. NEJM 2015 – vent changes resulting in lower ΔP associated with lower mortality
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Monitor for potential consequences of ventilation strategy

‣ Barotrauma with higher PEEP

‣ Acidemia with low tidal volumes
• Increase respiratory rate to compensate for low tidal volumes
• Tolerate pH as low as 7.20

‣ Breath stacking with high rates to achieve required minute ventilation
• Reduce rate if able, allowing for permissive hypercapnia
• Reduce inspiratory time (or increase flow) to extend expiratory time – this will 

increase peak pressure but NOT plateau pressure
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Adjunctive therapies

‣ Sedation and neuromuscular blockade
‣ Inhaled vasodilators
‣ Prone positioning
‣ Extracorporeal life support
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Sedation and Neuromuscular Blockade 

‣ Consider deep sedation early if FiO2 > 50%
• Goal RASS -4 to -5, synchrony with ventilator, using fentanyl plus sedative 

‣ Consider neuromuscular blockade if P:F ratio <100 on FiO2 >70% or higher
• Consider bolus dosing rather than continuous infusion
• Not mandatory even with prone positioning
• However – if P:F ratio improves with NMB, may consider deferring proning

‣ Concerns about medication shortages - sedation and NMB protocol forthcoming
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Inhaled vasodilators

‣ Inhaled nitric oxide (iNO) preferred over inhaled prostacyclin
• iNO is not aerosol generating
• Flolan can cause clogging of filters in ventilator circuit

‣ Consider if P:F ratio < 100 despite PEEP > 15, FiO2 > 85% and on NMB
• Modest increase in risk for AKI
• Some have postulated antiviral effect – unproven
• If benefit not observed, recommend titrating off 
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Prone Positioning

‣ PROSEVA trial:  Mortality benefit with daily proning for ~16h per day among 
patients with ARDS with P:F ratio < 150
• HUP MICU guidelines for ARDS in general are to prone if P:F<150 despite FiO2 

60% and optimized PEEP

‣ Limitations/consideration
• Resource/staff intensive  PPE intensive

‣ Consider lengthening initial prone to > 24 hours if:
• FiO2 > 70% despite prone
• P:F ratio < 120 on 60% or higher (~PaO2 73)
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Consider deferring prone positioning if:

‣ High suspicion cardiomyopathy
• Troponin rising significantly 
• Adding epinephrine or other inotrope 
• Planning formal echo that day 

‣ Escalating pressor requirements: norepi > 15 plus vasopressin

‣ Super Obesity with BMI > 50 or habitus: unable to stabilize chest with large belly 

‣ Concern for intra-abdominal pathology 
• Colitis, tense abdomen, bladder pressure > 22 cm and low UOP 
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ECLS

‣ Criteria for consideration of VV ECMO for respiratory failure:
• PaO2 < 80 on FIO2 100% despite proning, hemodynamic instability X 12 hours
• Age < 65
• BMI < 45
• Smoking hx < 30 ppy

‣ Call CT surgery early

‣ Current plan at HUP is to administer ECMO in patient’s home unit, rather than 
transfer to CT-SICU
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Titrating Off Therapy: iNO, NMB, Sedation, Prone

‣ Suggest order of de-escalation

1. iNO – titrate off when FiO2 60-70%

2. NMB – consider interrupting while proned

3. Sedation – consider liberalizing to RASS -2

4. Prone positioning – may find that patients meet PROSEVA criteria for 

proning for longer than usual (several days?) – consider risks/costs of 

proning daily
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Extubation considerations 
‣ High rates of failed extubations

• Consider more challenging SBTs?
– PS 5 with PEEP 3 at 40% for at least 1 hour? 

‣ Hypoxia seems to drive reintubation

‣ Consider extubation to helmet ventilation
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Tracheostomy for patients with COVID-19

‣ UPHS guidelines created by multidisciplinary team (I-Pulm, surgery, ENT, 
anesthesia)

‣ Key points:
• Consider at 21 days of mechanical ventilation

– Among patients without other significant co-morbidities
– Consider earlier for pulmonary toilet or high sedation needs

• Open surgical approach, bedside in negative pressure room
• Multidisciplinary decision: primary team, surgical team, palliative care, and family
• Direct consults to Dr. Benjamin Braslow at HUP, Dr. James Kearney at PAH, and Dr. 

Sean Harbison at PPMC
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Helmet ventilation

‣ Non-invasive ventilation administered by helmet compared to face mask 
resulted in lower risk of intubation for patients with ARDS
• Transparent helmet with rubber seal at the neck
• Being used with success in Italy

‣ Advantages of helmet ventilation
• Non-invasive positive-pressure ventilation
• Less aerosolization
• May eliminate need for intubation among

some patients

Patel B et al 2016 JAMA
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HEPA Filters

Fresh 
Gas

PEEP Valve

UPHS educational video
(log into VPN first; also 
found on UPHS COVID-
19 site)

https://pennmedaccess.uphs.upenn.edu/f5-w-687474703a2f2f6973766964656f2e757068732e7570656e6e2e656475$$/detail/videos/covid-19-coronavirus/video/6145811265001/non-invasive-cpap-by-helmet-for-covid19?autoStart=true
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UPHS and PennChart support for ARDS management
‣ Penn Elert
‣ COVID-19 Consult Team (HUP)
‣ ICU board with ARDS alerts
‣ Low stretch protocol embedded within MV order
‣ Proning order and flowsheet
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ICU Board
‣ Accessible for all ICUs via UPHS Intranet 
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Low stretch protocol
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Low stretch protocol
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Proning protocol order
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A few more references
‣ Surviving sepsis campaign guidelines for COVID19 management

• Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan E, Oczkowski S, Levy MM, Derde L, 
Dzierba A, Du B. Surviving sepsis campaign: guidelines on the management of critically ill adults with 
Coronavirus Disease 2019 (COVID-19). Critical Care Medicine 2020 (e-pub).

‣ Retrospective cohort of critically ill COVID 19 patients
• Yang X, Yu Y, Xu J, Shu H, Liu H, Wu Y, Zhang L, Yu Z, Fang M, Yu T, Wang Y. Clinical course and 

outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study. The Lancet Respiratory Medicine. 2020 (e-pub).
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Thank you!

‣ Questions?

prasadm@pennmedicine.upenn.edu
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