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‣ Please reach out to the following fellows for questions: 
‣ Jeff Min: jeff.min@pennmedicine.upenn.edu
‣ Jen Ginestra: Jennifer.ginestra@pennmedicine.upenn.edu
‣ Jasleen Minhas: jasleen.minhas@pennmedicine.upenn.edu

mailto:jeff.min@pennmedicine.upenn.edu
mailto:Jennifer.ginestra@pennmedicine.upenn.edu
mailto:jasleen.minhas@pennmedicine.upenn.edu


Screening and Diagnosis
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HUP COVID-19 Testing - Logistics
‣ Rapid Cartridge PCR with run time of < 45 minutes

‣ Specimens:  obtained by MDs
• Non intubated: NP or OP swab
• Intubated: NP swab only

‣ Can be added on to RPP if sent in ED

‣ In house testing: currently only by approval from ID
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HUP COVID-19 Testing - Logistics

‣ As of 3/30 testing is being offered 24 hours a day

Daily Volume Result  time Population targeted Order

Urgent 120 tests/day <4 hours ED/Obs/Inpatients Golden Ticket

Less Urgent 200 tests/day 4-12 hours Occ Exposures Blue Ticket
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HUP COVID19 – Inpatient Protocol

1. Call ID approval pager

2. Infection control completes COVID-19
Requisition form aka “Golden Ticket”. 
No order entry in EPIC

3. Deliver / tube form to Central Receiving
(Founders 7)

1. Call ID approval pager

2. Infection control completes COVID-19 Requisition
form aka “Golden Ticket” – form emailed/delivered 
in person

3. Collect Specimen

4. Deliver / tube form to Central Receiving
(Founders 7)

Has patient had a recent RPP or rapid flu/RSV 
sample that is still in HUP lab
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Co-infections

Quan Xing et al LANCET pre-print 2020
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Nasopharyngeal Swabs
‣ PPE: surgical mask + eye protection + gown + gloves
‣ Procedure: 

• Tilt head back & insert swab parallel to palate
• Stop when resistance met 
• Leave in place for 2 – 3 seconds
• Rotate 10 – 15 sec
• Repeat on other side

‣ OP swab: larger swab
‣ Immediately place both into sterile viral transport media vial
‣ Double bag specimen
‣ Include “golden ticket” 
‣ Deliver to central receiving (Founders 7)
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Correlation of Chest CT and RT-PCR

Tao et al Radiology 2020
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Screening for COVID 19
‣ Logistics of screening
‣ Co-infections may occur with COVID 19
‣ Procedure of obtaining NP swab
‣ False negatives – more to come as we learn



Clinical Features and Course

Katie Auriemma
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Actual Patients admitted in UPHS System

‣ 72M with confusion and a fever

‣ 80M with disequilibrium – activated for code stroke

‣ 68W with fever and SOB

‣ 72M with 1 week of diarrhea and emesis

All Covid-19 Positive
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Early Reports of Epidemiology and Clinical Characteristics

‣ Lancet, February 15, 2020
‣ Largest early cohort of hospitalized patients
‣ Fever, cough, shortness of breath
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‣ NEJM, February 28, 2020
‣ 1099 patients – 93.6% hospitalized
‣ Less than half of patients presented with 

fever
‣ Vast majority did develop fever during 

hospitalization
‣ Wide range of other reported symptoms
‣ Cough, sputum, and fatigue most 

common

Guan W et al NEJM 2020
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‣ 15.7% of 1099 patients had “severe disease”

Guan W et al NEJM 2020
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‣ 6.1% experienced the primary composite 
endpoint:
• ICU admission - 5% 
• invasive MV - 2.3% 
• death - 1.4% 

‣ Characteristics associated with worst 
outcomes
• Older age
• Comorbid illness



19

‣ 4,226 total US cases at that time
‣ Highest fatality in age > 85 (10-27%)

‣ Overall in US, persons age > 65:
• 31% of cases
• 45% of hospitalizations
• 53% of ICU admissions
• 80% of deaths

‣ Of ICU admissions
• 36% age 45-64
• 12% age 20-44

CDC.gov

US Disease Outcomes – CDC.gov



20

‣ In Philadelphia, half of cases <40 years

‣ In NYC, majority of cases <65 years

NYC and Philadelphia

NYC.gov
Philadelphia.cbslocal.com
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‣ A: 56M, d3 after Sx onset

‣ B: 74W, d10 after Sx onset

‣ C: 61W, d20 after Sx onset

‣ D: 63W, d17 after Sx onset

Imaging Findings

Shi H et al Lancet 2020
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‣ Distribution CT 
patterns at 
various 
timepoints from 
symptom onset

Imaging Findings

Shi H et al Lancet 2020

Before Sx < 1wk after Sx 1-2 wk after Sx >2 wk after Sx
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Laboratory Findings

HbWBC

↓/nl
PLT

↓ K
Glu

Na Cl

HCO3 ↑
Cr

BUN

↑ AST

↑

TBili

↑ ALT

↑
Alk

Phos

‣ Leukopenia and lymphopenia (80%+)
‣ IL-6, Ferritin elevated
‣ D-Dimer, CRP, LDH elevated
‣ Procalcitonin generally low  may be high with bacterial superinfection

Ruan Q et al ICM 2020
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Disease Progression

WHO. Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-19)

Median time from onset to recovery:
‣ Mild:  2 weeks
‣ Severe:  3-6 weeks

Onset to development of severe 
disease:
‣ 1 week

Among those who have died, time 
of symptom onset to death:
‣ 2-8 weeks
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‣ Respiratory Failure
• Rapidly progressive from hospital admission (often 7-10d out from symptom onset)

‣ Shock
• Onset described when respiratory failure seems to be resolving
• Described as cold/clamped, POCUS demonstrating impaired cardiac function

‣ Cardiac Arrest
• VT/VF
• PEA

Decompensation – Mainly Anecdotal



26

Washington ICU Outcomes
‣ Case series of 21 critically ill patients from 

Washington State
‣ Published 3/19/20

‣ Over half had severe ARDS
‣ 2/3 developed shock requiring vasopressors
‣ 19% AKI
‣ 1/3 developed a cardiomyopathy

Arentz M et al JAMA 2020 



Critical Care Management

Roger Kim
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Outline

‣ Respiratory failure

‣ Mechanical ventilation

‣ Hemodynamic management

‣ Novel strategies / future directions



Respiratory failure algorithms

UPHS guidelines
March 27, 2020
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‣ Favor early intubation

‣ Avoid NIPPV (i.e. CPAP, BiPAP)

‣ Limit HFNC use to 10-20 L/min flow rate and 60% FiO2

Respiratory support general principles
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Acute hypoxic respiratory failure

SaO2 <92% +/- ↑ WOB
Despite 6 L/min NC

Rapidly worsening?Early intubation
*call anesthesia STAT

Yes

Consider HFNC up to 10-20 L/min + 60% FiO2
*surgical mask over patient’s nose + mouth

No

Transfer to airborne isolation room and use airborne, droplet, & contact isolation PPE

Clinical stability within 1 hour?
No Yes
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Acute on chronic hypoxic respiratory failure

SaO2 <88% +/- ↑ WOB
Despite baseline >6 L/min NC

Intubation
*call anesthesia STAT

HFNC up to 10-20 L/min + 60% FiO2
or NRB up to 10-12 L/min

*surgical mask over patient’s nose + mouth

Transfer to airborne isolation room and use airborne, droplet, & contact isolation PPE

Clinical stability?
No Yes
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Acute / acute on chronic hypercapnic respiratory failure

Acutely rising PCO2 with respiratory acidosis

Early intubation
*call anesthesia STAT

Transfer to airborne isolation room and use airborne, droplet, & contact isolation PPE
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Stable chronic hypercapnic respiratory failure

Baseline NIPPV use

NIPPV 
prohibited

Indication for NIPPV strictly 
OSA?  

Transfer to airborne isolation room and use airborne, droplet, & contact isolation PPE

Yes No Contact NIPPV team
HUP: 215-964-7480
PMC: 267-591-3767
PAH: 610-529-5171
CCH: 610-731-9736
MCP: 732-672-6450
LGH: 412-491-7603



ARDS mechanical ventilation strategies

UPHS guidelines
March 27, 2020

SCCM COVID-19 guidelines
March 2020
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‣ Low-stretch (lung protective) ventilation

‣ High PEEP strategy

‣ Conservative fluid strategy

‣ Refractory hypoxemia
• Neuromuscular blocking agents (NMBA)
• Prone ventilation

ARDS mechanical ventilation general principles

JAMA, DOI: 10.1001/jama.2020.3633
SCCM COVID-19 guidelines
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‣ Low-stretch (lung protective) ventilation

‣ High PEEP strategy

‣ Conservative fluid strategy

‣ Refractory hypoxemia
• Neuromuscular blocking agents (NMBA)
• Prone ventilation

ARDS mechanical ventilation general principles

JAMA, DOI: 10.1001/jama.2020.3633
SCCM COVID-19 guidelines
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‣ Volume assist control (VAC) with low tidal volumes
• Vt 4-8 mL/kg of predicted ideal body weight (start at 6 mL/kg)

‣ Target plateau pressure (Pplat)<30 cm H2O

‣ Goal pH: 7.30-7.45

‣ Goal SpO2: 92-96%

‣ Ventilator dyssynchrony is common
• Adequate sedation is required
• Consider RASS goal of -2 to -3

Low-stretch (lung protective) ventilation

NEJM, DOI: 10.1056/NEJM200005043421801; Ann Am Thorac Soc, DOI: 10.1513/AnnalsATS.201704-337OT
BMJ Open, DOI: 10.1136/bmjopen-2016-015091; NEJM, DOI: 10.1056/NEJMoa1916431
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High PEEP strategy

JACC, DOI: 10.1016/j.jacc.2018.06.074; NEJM, DOI: 10.1056/NEJM200005043421801
NEJM, DOI: 10.1056/NEJMoa032193; JAMA, DOI: 10.1001/jama.2010.218

‣ PEEP-responsive ARDS with driving 
pressures <15 cm H2O consistently reported

‣ Start with PEEP of >14-18 cm H2O

‣ Risk of PTX and hemodynamic compromise
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High PEEP strategy

JACC, DOI: 10.1016/j.jacc.2018.06.074; NEJM, DOI: 10.1056/NEJM200005043421801
NEJM, DOI: 10.1056/NEJMoa032193; JAMA, DOI: 10.1001/jama.2010.218

‣ PEEP-responsive ARDS with driving 
pressures <15 cm H2O consistently reported

‣ Start with PEEP of >14-18 cm H2O

‣ Risk of PTX and hemodynamic compromise
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Conservative fluid strategy

Intensive Care Med, DOI:10.1007/s00134-016-4573-3; NEJM, DOI: 10.1056/NEJMoa062200

‣ No consensus on definition

‣ Diurese to avoid obvious volume overload

‣ Diurese if SpO2 <92% despite optimization of 
ventilator mechanics

‣ Consider diuresis if on low-dose pressors with 
normal renal function 
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Refractory hypoxemia – recommended strategies

Crit Care, DOI: 10.1186/cc12557; NEJM, DOI: 10.1056/NEJMoa1901686
Lancet Infect Dis, DOI: 10.1016/S1473-3099(20)30086-4; Ann Am Thorac Soc, DOI: 10.1513/AnnalsATS.201704-343OT

Neuromuscular blocking agents (NMBA)

‣ Intermittent boluses to facilitate lung protective 
ventilation

‣ Continuous infusion <48 hrs for prone 
ventilation, persistent Pplat >30 cm H2O, or 
persistent ventilator dyssynchrony

Prone ventilation

‣ Use if P:F <150, FiO2 >60%, and PEEP >5 
cm H2O after > 12 hours of ventilator support

‣ Prone 16-18 hours per day

‣ Stop:
• When P:F >150 with PEEP <10 cm H2O and 

FiO2 <60% in supine position for >4 hours
• If prone position decreases P:F by >20% 

compared to supine position
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Refractory hypoxemia – strategies to consider

Ann Am Thorac Soc, DOI: 10.1513/AnnalsATS.201704-340OT; CHEST, DOI: 10.1016/j.chest.2019.07.012
Lancet Respr Med, DOI: 10.1016/S2213-2600(18)30452-1; J Thorac Dis, DOI: 10.21037/jtd.2017.10.75

Traditional recruitment 
maneuvers

‣ 30-40 cm H2O for 30-40 s

‣ If oxygenation improves, use 
higher PEEP

Bronchoscopy

ONLY in following situations:
‣ Complete lung atelectasis from 

mucous plugging with worsening 
hypoxemia

‣ Massive hemoptysis with need to 
clear blood/clot and place 
bronchial blocker

‣ Unable to obtain tracheal 
aspirate for VAP workup

VV-ECMO

Consider if all other interventions 
exhausted AND any 1 of following:
‣ Injurious ventilator settings 

necessary to achieve adequate 
oxygenation

‣ Uncontrolled respiratory acidosis
‣ Right heart failure with persistent 

organ dysfunction despite lung 
protective ventilation

• May need to switch to VA-ECMO if does 
not improve with VV-ECMO
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Cochrane Database Syst Rev, DOI: 10.1002/14651858.CD002787.pub3
Ann Am Thorac Soc, DOI: 10.1513/AnnalsATS.201704-340OT

Inhaled epoprostenol (i.e. Flolan, Veletri)

‣ No mortality benefit

‣ May clog vent filter and increase risk of 
aerosolization

‣ Can consider a trial of inhaled nitric oxide after 
discussion with pharmacy

Staircase (incremental PEEP) recruitment 
maneuvers

‣ Defined as incremental increases in PEEP 
from 25 to 35 to 45 cm H2O for 1-2 min. each

‣ May be associated with increased mortality

Refractory hypoxemia – NOT recommended strategies



Hemodynamic management

UPHS guidelines
March 27, 2020

SCCM COVID-19 guidelines
March 2020
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‣ Empiric antibiotics in mechanically ventilated patients
‣ Conservative isotonic crystalloid fluids (LR > NS) for acute resuscitation

• Preferred over hydroxyethyl starches, dextrans,  gelatins, or albumin
‣ Norepinephrine = preferred 1st line vasoactive agent

• If not available, consider vasopressin or epinephrine
• Preferred over dopamine

‣ Vasopressin = preferred 2nd line vasoactive agent
• If not available, consider epinephrine

‣ MAP goal: 60-65 mmHg
‣ Consider “stress-dose” steroids (hydrocortisone 200 mg/d) for refractory shock

Septic shock management

NEJM, DOI: 10.1056/NEJMoa1711584; NEJM, DOI: 10.1056/NEJMoa0907118; NEJM, DOI: 10.1056/NEJMoa067373
JAMA, DOI: 10.1001/jama.2020.0930; Intensive Care Med, DOI: 10.1007/s00134-018-5197-6



48

‣ Start norepinephrine at 0.05-0.1 mcg/kg/min immediately after intubation and titrate 
accordingly

‣ Presumed viral myocarditis  cardiac dysfunction / fluid overload
• Favor negative fluid balance without causing organ hypoperfusion
• Consider diuresis if POCUS reveals non-collapsible IVC
• Dynamic hemodynamic reassessment with POCUS TTE
• Consider VA-ECMO for severe myocarditis causing cardiogenic shock

‣ Ensure adequate preload in setting of high PEEP ventilatory strategy
• Consider careful IVF boluses if PEEP >15cm H2O

COVID-19 hemodynamic considerations



Novel strategies / future directions
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Helmet NIPPV

JAMA, DOI: 10.1001/jama.2016.6338
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Awake prone ventilation

Critical Care, DOI: 10.1186/s13054-020-2738-5

‣ Floor patients with hypoxic respiratory failure 
on supplemental O2 (including HFNC)

‣ NOT recommended in patients with:
• Chronic lung disease
• Chest tubes
• Spinal instability
• Cardiogenic pulmonary edema
• GCS <15
• PaCO2 >45 mmHg

‣ Prone for >2-4 hours bid as tolerated
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BMI-based PEEP ventilatory strategy

BMI Starting PEEP
<35 10

35-50 12
>50 15
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Future directions

‣ Define PEEP weaning and prolonged SBT protocol

‣ Standardize approach to cardiac monitoring
• Daily EKG not recommended
• Early POCUS vs. TTE?

‣ Standardize sedation protocol
• Concerns about propofol (↑TG’s & LFT’s)
• Cisatracurium shortage

‣ Standardize laboratory testing frequency
• D-dimer, procalcitonin, LFT’s, LDH, ferritin, WBC w/ diff, CRP, IL-6, coags





Supplemental slides / figures
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