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MGH Critical Care COVID Update 

▪ Capacity Scenario

▪ MGH Critical Care Surge Outline

▪ Overview of COVID ICU Management

▪ Focus on ARDS
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Ellison 9:  March 5, 2019, 855 AM

Ellison 9: March 23, 2020, 1021 AM

▪ Focused, quick 

rounds w/ RN

▪ Distancing

– ↓ team contact

– ↓ patient contact

▪ Preserve PPE

▪ Virtual teaching, 

RTL, work rounds

▪ Role of technology

▪ Coronary Care Unit
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MGH ICU Staffing

▪ Standard staffing - each ICU group will continue to staff their 

own patients and provide internal backup

– Consolidated COVID units, adjust non-COVID volume

▪ Enhanced staffing - critical care providers from across the 

hospital will provide backup to other units as staff become 

furloughed or volume and acuity increases significantly

▪ Surge staffing - in addition to the above layers of staffing, new 

ICU units will open and de novo ICU teams will be formed

Staffing Model
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Management of Coronavirus Patients

▪ Personal protection

– Watch videos and/or attend a session on PPE

– Get or update fit testing (*may not be available)

– OHS online form

– Strict isolation (contact/airborne/eye);  observed don/doff

– Minimum necessary patient and HCW contacts 

– Room entry logging

– Conserve PPE (batch testing, procedures, visits)

– Minimize unnecessary testing (CXR, labs, cardiac imaging)

– There is no emergency in a pandemic (EM literature)
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Organ Failures

Intensive Care Med 3/3/2020 epub
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COVID Severity

Mild Moderate Severe Critical

Symptoms +/- + ++ ++

Chest Imaging (-) Lung inflammation Lung inflammation Lung inflammation

Syndrome ▪ URI symptoms ▪ Dyspnea

▪ Tachypnea

▪ Hypoxemia

▪ P/F < 300

▪ Ventilator

▪ Shock

▪ Other organ 

failures

The risk factors related to the development of ARDS and progression from ARDS to 

death included older age, neutrophilia, and organ and coagulation dysfunction (eg, 

higher LDH and D-dimer). JAMA IM 3/13/2020

SOFA score, DM, HTN, age, lymphopenia, leucocytosis, and elevated ALT, LDH, 

hsTnI, CPK, D-dimer, serum ferritin, IL-6, prothrombin time, creatinine, and 

procalcitonin were also associated with death.  ↓ALC (76% v. 26%, < ~0.9) 
Lancet 3/9/2020

Berlin Criteria: Acute Respiratory Distress 

Syndrome and COVID

Timing

Imaging

Etiology

Oxygenation Reference COVID19 ICU

Acute (≤7d of insult)

Bilateral pulmonary infiltrates

Non-cardiogenic

Marked hypoxemia
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Pathophysiology

▪ Inflammation*

▪ Vascular permeability / 

interstitial edema*

▪ Surfactant dysfunction

▪ Alveolar edema

▪ Mucous plugging
Histologically:  Pulmonary consolidation, fibrinous 

exudates (macrophages, giant cells), hyaline-

membranes, desquamation of bronchial mucosa, 

focal hemorrhages, mucous plugs

NEJM 2000

Lancet Res Med 2018;6:691.  JAMA IM 3/13/2020

AJRCCM  2017;195:331.

PV Aberrations in ARDS

TLC

PIP
PEEP

Positive end-expiratory pressure

Peak inspiratory pressure

Total lung 

capacity
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Ventilator Goal

▪ Support oxygenation when patient cannot

while

▪ Minimizing ventilator induced/associated harms

No therapies have durably 

altered outcome in ARDS

Only “lung protective” 

ventilator strategies
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MGH Protocol 

3/25/2020
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ARDS Ventilator Strategy

Independent Variables*

▪ Tidal volume (6 cc/kg PBW)

▪ Respiratory rate (~16-20s)

VE = TV x rr

*Volume control ventilator mode

CO2

Secondary Variables

▪ SaO2 90%-96%

▪ PaO2 55-80 mmHg

▪ P/F ratio

▪ pH > 7.25

▪ Pplat <30 (†pressure on alveoli)

▪ Driving Pressure:  

(Pplat – PEEP) < 15

▪ Compliance (resp system)

•
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Lung Protection

Malhotra A, NEJM 2007 

▪ Maintain VE

▪ ↓ atelectrauma

▪ ↓ volutrauma

PEEP

•

ARDSNet:  Low Tidal Volume (6 v. 12 cc/kg)
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Days after Randomization

Lower tidal volumes

Survival

Discharge

Traditional tidal values

Survival

Discharge

ARMA, ARDSNet NEJM 2000 

NHLBI

n=861

P/F ~130s

180d

RRR 22%

ARR 8.8%

p=0.007

Of interest, LTV ↓IL-6 by ∆0.3pg/mL/2.5pg/mL day 0→3

Discharged home and breathing without assistance 
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Tidal Volume

▪ PBW

Inches to kg

♀ 45.5+2.3(H-60)

♂ 50+2.3(H-60)

Confidential – Internal Peer Review Only

ARDS Ventilator Strategy

Independent Variables

▪ Tidal volume (6 cc/kg PBW)

▪ Respiratory rate (~16-20s)

▪ FiO2

▪ PEEP 

▪ (inspiratory time, flow)

O2

CO2

Secondary Variables

▪ SaO2 90%-96%

▪ PaO2 55-80 mmHg

▪ P/F ratio

▪ pH > 7.25

▪ Pplat <30 (†pressure on alveoli)

▪ Driving Pressure:  

(Pplat – PEEP) < 15

▪ Compliance (resp system)
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Positive End-Expiratory Pressure

▪ Benefits:

– Prevents end-expiratory derecruitment

– Optimizes lung volumes and CRS

Suter PM, et al. NEJM 1975
Gattinoni L, et al. NEJM 2006

Positive End-Expiratory Pressure

▪ Downsides:

– Overdistention of already open lung units

– Adverse hemodynamic effects (venous return, RV)

Suter PM, et al. NEJM 1975
Gattinoni L, et al. NEJM 2006
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ARDS Ventilator Strategy

Independent Variables

▪ Tidal volume (6 cc/kg PBW)

▪ Respiratory rate (~16-20s)

▪ FiO2

▪ PEEP (start ~8-10 cmH2O)†

▪ (inspiratory time, flow)
“Lungs appear like sponges . . . 

they are completely wet . . . 

exquisitely PEEP responsive”

~14 cmH2O

O2

CO2

†MGH differs from SCCM guidance

ART JAMA 2017;318:1335.
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ARDS Ventilator Strategy

Independent Variables

▪ Tidal volume (6 cc/kg PBW)

▪ Respiratory rate (~16-20s)

▪ FiO2

▪ PEEP (start ~8-10 cmH2O)

▪ (inspiratory time, flow)

Reported Variables

▪ pH > 7.25

▪ SaO2 90%-96%

▪ PaO2 55-80 mmHg

▪ P/F ratio

▪ Pplat <30 (†pressure on alveoli)

▪ Driving Pressure:  

(Pplat – PEEP) < 15

▪ Compliance (resp system)

O2

CO2
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ARDS Ventilator Strategy

Reported Variables

▪ pH > 7.25

▪ SaO2 90%-96%

▪ PaO2 55-80 mmHg

▪ P/F ratio

▪ Pplat <30 (†pressure on alveoli)

▪ Driving Pressure:  

(Pplat – PEEP) < 15

▪ Compliance (resp system)

*Volume control ventilator mode

CRS = VT / (PPlat – PEEP)

P

t

Suter PM, et al.  NEJM, 1975

Finding the “Best PEEP”: Tidal Compliance 

Bedside maneuver

Perform after recruitment

No special equipment

But routine recruitment / high PEEP may harm:  ART, and other trials ALVEOLI, EXPRESS, LOVS
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Fluid Management Principles

▪ Goal to ↓ EVLW*

▪ Conservative fluid strategy 

improves

– Ventilator free days (+2.5)

– Mechanical vent days (-2.8)

– ICU free days (+2)

▪ Fluids

– Avoid maintenance fluids

– Limit bolus (crystalloid) to shock

– Assess fluid responsiveness

▪ Consider diuretic to normalize 

CVP until off ventilator 

– Stop based on ↑Cr

▪ Avoid RIJ access (ECMO)

FACTT NEJM 2006;  SCCM

Prone Ventilation

▪ Mechanisms

– ↓ lung compression

– ↑ FRC (recruit posterior

base, diaphragm)

– ↑ and more homogenous 

ventilation (V/Q, reduces 

ventilator trauma)

▪ prone↓ FiO2 and ↓ PEEP

▪ MGH Protocol drafted
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Prone Positioning:  PROSEVA 

Guerin C, et al. NEJM 2014NEJM 2013

France

n=466

P/F 100 

PEEP 10 

TV 6.1 cc/kg

Prone>16h 

per day

Sites highly 

experienced

At 28d

HR ~ 0.4

ARR 16.8%

p=<0.001

Of interest, rate of cardiac arrest 

half in prone patients versus supine

At 90d

HR ~ 0.4

ARR 17.4%

p=<0.001

Mortality

Confidential – Internal Peer Review Only

Proning:  Logistics and Contraindications

Contraindications

▪ Unstable spine, pelvis, or fractures

▪ Pregnancy (2nd/3rd trimester)

▪ Open chest/abdomen

▪ Elevated ICP

▪ Hemoptysis

▪ Facial trauma

▪ Vascular/CVVH lines, NGT are not

▪ Arterial line before prone

▪ ? Paralytic

Complications

▪ ETT dislodged/obstructed

▪ Corneal abrasion, facial edema

▪ Atypical sites of pressure ulcers

▪ EKG leads on back

▪ Brachial plexopathy

▪ Hemodynamics (less hypotension 

in PROSEVA)
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Recap:  ARDS

▪ Early intubation

▪ Lung protective ventilation

▪ Prone ventilation

▪ Nitric oxide (iNO)

▪ Conservative fluid strategy

▪ ± NMB → Daily SAT

▪ Steroids*

▪ ? Anti-retrovirals

▪ ? Early antibiotics

▪ ? Anti-inflammatories, statins

▪ ? ECMO

MGH/PHS protocol;  discussions and 

communications with Chinese and Italian intensivists

20/20 Vision on COVID and ARDS

▪ Protect yourself and team

▪ Protect the patient (lung protection)
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