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OBJECTIVES

1. Review the recent literature and guidelines regarding the management of 
critically ill patients in the emergency department. 

2. Examine differences in intravenous fluid choice for patients with sepsis and 
critical illness. 

3. Discuss the recent evidence on awareness after paralysis. 

4. Review and develop strategies to improve mechanical ventilation and sedation 
of critically ill patients in the emergency department. 
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79 AAF

BIBEMS from NH

CC: cough, fever

A&Ox0

T: 38.4°C

HR: 117 

BP: 81/59

RR: 28

SpO2: 83% on RA

SpO2: 85% 
on NRB

1. Optimizing Hemodynamics

2. IV Fluids

3. Sedation

4. Mechanical Ventilation

“CRITICAL CARE IN THE ED”
TOPICS
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PREPARE II Trial

Effect of Fluid Bolus 
Administration on 
Cardiovascular Collapse
Among Critically Ill Patients 
Undergoing Tracheal 
Intubation
A Randomized Clinical Trial

Russell DW, et al. PREPARE II Investigators. JAMA. 2022 Jul

In critically ill adult patients 
undergoing intubation, does a 
500-mL IVF bolus decrease CV 

collapse?

IV fluid bolus (vs. no fluid 
bolus) did not 

significantly decrease the 
incidence of CV collapse.

PREPARE II Trial

Effect of Fluid Bolus 
Administration on 
Cardiovascular Collapse
Among Critically Ill Patients 
Undergoing Tracheal 
Intubation
A Randomized Clinical Trial

Russell DW, et al. PREPARE II Investigators. JAMA. 2022 Jul

In critically ill adult patients 
undergoing intubation, does a 
500-mL IVF bolus decrease CV 

collapse?

IV fluid bolus (vs. no fluid 
bolus) did not 

significantly decrease the 
incidence of CV collapse.

What type 
of IV Fluids 

are best?

The PLUS Trial

Finfer S, et al. PLUS Study Investigators. Balanced 
Multielectrolyte Solution versus Saline in Critically Ill Adults. 

N Engl J Med. 2022 Mar
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What type 
of IV Fluids 

are best?

The PLUS Trial

Finfer S, et al. PLUS Study Investigators. Balanced 
Multielectrolyte Solution versus Saline in Critically Ill Adults. 

N Engl J Med. 2022 Mar

The PLUS Trial

• The risk of death at 90 days was not 
lower in the BMES vs. saline group.

• No difference in AKI. 
• No difference in need for new dialysis.

Finfer S, et al. PLUS Study Investigators. Balanced Multielectrolyte Solution versus 
Saline in Critically Ill Adults. N Engl J Med. 2022 Mar

Crystalloid Liberal or Vasopressors Early Resuscitation in Sepsis 
CLOVERS Trial

• Multicenter, randomized, unblinded, superiority 
trial

• 1563 adults with sepsis and SBP <100 mm Hg
• After receiving initial ≥1000 ml of IVF
• Restrictive group: “Early” Vasopressors – first 

24hrs
• Liberal group: additional 2000 ml infusion
• Primary Outcome: Death before discharge by day 

90

Restrictive vs Liberal Fluids?

Restrictive vs Liberal Fluids…
No significant difference in mortality 

before discharge home by day 90.
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MECHANICAL VENTILATION

Keys to Lung Protective Ventilation
Obtain accurate 
height

Prevent 
Volutrauma

Prevent 
Atelectotrauma

Prevent 
Hyperoxia

Ventilate 
appropriately

Prevent 
Aspiration

Foley TM, Fuller BM, Mohr NM. Implementation of an ED-based 
bundled mechanical ventilation protocol improves adherence to 

lung-protective ventilation. Am J Emerg Med. 2021 May.

Fuller BM, Ferguson IT, Mohr NM, et al. Lung-Protective 
Ventilation Initiated in the Emergency Department (LOV-ED). 
Ann Emerg Med. 2017 Sep.

LUNG PROTECTIVE VENTILATION: 
The LOV-ED Trial

 Lung-protective ventilation in the ED
• Increased by 48.4% (intervention 

group). 
• Decreased mortality – 34.1% vs 

19.6%
• Increase vent-free & hospital-free 

days.

Foley TM, Fuller BM, Mohr NM. Implementation of an ED-based bundled mechanical ventilation 
protocol improves adherence to lung-protective ventilation. Am J Emerg Med. 2021 May

Fuller BM, Ferguson IT, Mohr NM, et al. Lung-Protective Ventilation Initiated 
in the Emergency Department (LOV-ED). Ann Emerg Med. 2017 Sep. 
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LUNG PROTECTIVE VENTILATION: 
The LOV-ED Trial

 Lung-protective ventilation in the ED
• Increased probability of receiving 

LPV in ICU.

“THERAPEUTIC 
MOMENTUM”
 …So, what we do in the ED 

really matters!!!

Foley TM, Fuller BM, Mohr NM. Implementation of an ED-based bundled mechanical ventilation 
protocol improves adherence to lung-protective ventilation. Am J Emerg Med. 2021 May

Fuller BM, Ferguson IT, Mohr NM, et al. Lung-Protective Ventilation Initiated 
in the Emergency Department (LOV-ED). Ann Emerg Med. 2017 Sep. 

Fuller BM, Ferguson IT, Mohr NM, et al. Lung-Protective Ventilation Initiated in the Emergency 
Department (LOV-ED): A Quasi-Experimental, Before-After Trial. Ann Emerg Med. 2017 Sep. 

Initiate ED Ventilator Protocol

Step 2
Volutrauma
Prevention

Step 1
Obtain 

accurate 
patient 
height

Step 4
Hyperoxia
Prevention

Step 3
Atelectrauma

Prevention

Fuller BM, Ferguson IT, Mohr NM, et al. Lung-Protective Ventilation Initiated in the Emergency 
Department (LOV-ED): A Quasi-Experimental, Before-After Trial. Ann Emerg Med. 2017 Sep. 
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Step 6
Aspiration

Precautions

Step 5
Ventilate

appropriately

Fuller BM, Ferguson IT, Mohr NM, et al. Lung-Protective Ventilation Initiated in the Emergency 
Department (LOV-ED): A Quasi-Experimental, Before-After Trial. Ann Emerg Med. 2017 Sep. 

Low Tidal Volume Ventilation for Emergency Department Patients: 
A Systematic Review and Meta-Analysis on Practice Patterns and Clinical Impact

De Monnin K,...Fuller BM, et al. Crit Care Med. 2022 Jun.
Fuller BM, Ferguson IT, Mohr NM, et al. Ann Emerg Med. 2017 Sep.

Foley TM, Fuller BM, Mohr NM. Am J Emerg Med. 2021 May.

Low Tidal 
Volume 

Ventilation

Goal 
6-8mL/kg 

PBW

ED
• Increase in ED LTVV with ED-based vent protocols.
• Significant reduc on in ED TV (−1.5mL/kg PBW).

ICU
• Use of ED LTVV assoc with increase in ICU LTVV. 
• Significant reduc on in ICU TV (−1.0mL/kg PBW).

Overall, decrease of −2.0mL/kg 
PBW over 10-year period.

Low Tidal Volume Ventilation for Emergency Department Patients: 
A Systematic Review and Meta-Analysis on Practice Patterns and Clinical Impact

De Monnin K,...Fuller BM, et al. Crit Care Med. 2022 Jun.
Fuller BM, Ferguson IT, Mohr NM, et al. Ann Emerg Med. 2017 Sep.

Foley TM, Fuller BM, Mohr NM. Am J Emerg Med. 2021 May.
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LUNG PROTECTIVE VENTILATION
Outcomes & Costs
What is the association between use of 

lung-protective ventilation in the ED and 
outcomes?

• 58.4% received LPV.
• Decreased mortality.
• Decreased ARDS.
• Shorter duration of mechanical 

ventilation (4 vs 5 days).
• Shorter hospital LOS (11 vs 14 days).

Costs?

Reduced total 
hospital costs in 

LPV…
~$6,000/stay!

(US$34,153 vs $40,418)

Fernando SM, et al. Lung-Protective Ventilation and Associated Outcomes and Costs 
Among Patients Receiving Invasive Mechanical Ventilation in the ED. Chest. 2021 Feb.

•Low ~ 90%
• Intermediate ~ 94%

•High ~  98%

THE PILOT TRIAL

“…use of various O2 targets did not 
affect survival or mechanical 

ventilation-free days through 28 days.”

What is the optimal SpO2 target? 

Low? Intermediate? High?

Semler MW, et al. PILOT Investigators. Oxygen-Saturation 
Targets for Critically Ill Adults Receiving Mechanical 

Ventilation. N Engl J Med. 2022 Nov. 

•Low ~ 90%
• Intermediate ~ 94%

•High ~  98%

THE PILOT TRIAL

What is the optimal SpO2 target? 

Low? Intermediate? High?

Semler MW, et al. PILOT Investigators. Oxygen-Saturation 
Targets for Critically Ill Adults Receiving Mechanical 

Ventilation. N Engl J Med. 2022 Nov. 
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•Low ~ 90%
• Intermediate ~ 94%

•High ~  98%

THE PILOT TRIAL

“…use of various O2 targets did not 
affect survival or mechanical 

ventilation-free days through 28 days.”

What is the optimal SpO2 target? 

Low? Intermediate? High?

Semler MW, et al. PILOT Investigators. Oxygen-Saturation 
Targets for Critically Ill Adults Receiving Mechanical 

Ventilation. N Engl J Med. 2022 Nov. 

Oxygenation Targets
Oxygenation:

• SpO2 92% - 98% 
• PaO2 75-100 mmHg
→ adjust PEEP; FiO2

Ventilation:
• EtCO2 35-40 mmHg
• PaCO2 35-45 mmHg

→ adjust RR; Tidal Volume
Schmidt H, et al. Oxygen Targets in Comatose Survivors of Cardiac Arrest. N Engl J Med. 2022 Oct

Panchal AR, et al. 2020 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation. 2020.

The light is on…Awareness with Paralysis

Pappal RD, Fuller BM, et al. Awareness With Paralysis in Mechanically Ventilated Patients in the 
Emergency Department and ICU: A Systematic Review and Meta-Analysis. Crit Care Med. 2021 Mar 

AWP Incidence?
OR: 0.1-0.2%
• ICU: 10.7%
• ED: 14.2%
• Overall (ED+ICU) = 12.3%.

• Pooled estimate of AWP from 
good-quality studies

~1.9–3.4%.
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The light is on…Awareness with Paralysis
• Single-center, prospective, observational

• 383 mechanically ventilated ED patients.

• Recall of AWP assessed by interview 
after extubation before hospital 
discharge.

• Three expert reviewers determined 
whether patients had AWP.

Pappal RD, Fuller BM, et al. The ED-AWARENESS Study. Ann Emerg Med. 2021 May

The light is on…Awareness with Paralysis

• The prevalence of AWP = 2.6%.

• Exposure to rocuronium higher 
in the AWP group at 70% 

• vs 31.4% with other NMBs.

• AWP group had higher mean 
values on threat perception 
scale 

• vs No AWP group -- 13.4% vs 8.5%.

Pappal RD, Fuller BM, et al. The ED-AWARENESS Study. Ann Emerg Med. 2021 May

The light is on…Awareness with Paralysis

• Q1: What is the prevalence of recalled 
awareness with paralysis (AWP) in 
intubated ED patients?

• Q2: What clinical variables are associated 
with AWP?

Driver BE, et al. Recall of Awareness During Paralysis Among ED Patients 
Undergoing Tracheal Intubation. Chest. 2023 Feb.
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The light is on…Awareness with Paralysis

• Q1: What is the prevalence of recalled 
awareness with paralysis (AWP) in 
intubated ED patients?

• Q2: What clinical variables are associated 
with AWP?

Driver BE, et al. Recall of Awareness During Paralysis Among ED Patients 
Undergoing Tracheal Intubation. Chest. 2023 Feb.

The light is on…Awareness with Paralysis

Pappal RD, Fuller BM, et al. Awareness With Paralysis in Mechanically Ventilated Patients in the Emergency 
Department and ICU: A Systematic Review and Meta-Analysis. Crit Care Med. 2021 Mar. 

Pappal RD, Fuller BM, et al. The ED-AWARENESS Study. Ann Emerg Med. 2021 May.

Driver BE, et al. Recall of Awareness During Paralysis Among ED Patients Undergoing Tracheal Intubation. 
Chest. 2023 Feb.

1.9-7.4%

SEDATION IN THE ED

Fuller BM, Roberts BW, Mohr NM, et al. The ED-SED Study. Crit Care Med. 2019.

Definitions:
Deep Sedation Avg RASS: -4

(standard practice)

vs 
Light Sedation Avg RASS: -1

(study group)
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RASS

Light Sedation!

Mortality

Morbidity

Fuller BM, Roberts BW, Mohr NM, et al. 
The ED-SED Study. Crit Care Med. 2019.

Image: https://handbook.bcehs.ca/clinical-resources/clinical-scores/richmond-agitation-and-sedation-rass/

>4% decr: light vs 
deep sedation

Decreased:
- Vent Free Days
- ICU Free Days
- Delirum/Coma

RAAS Goal = 0 to -1

SEDATION

Fuller BM, et al. Crit Care Med. 2022 Aug

SEDATION
Feasibility and Clinical Outcomes

Fuller BM, et al. Crit Care Med. 2022 Aug

Intervention Group 
(n = 219)

Pre-intervention 
(n = 196)

-2-3RASS

38.8%60.2%Deep Sedation

69.1%49.2%Ever achieved light sedation

3.6%2.6%Awareness with paralysis 

22.0 (9.0)19.9 (10.6)Ventilator-free days

20.8 (8.7)18.1 (10.4)ICU-free days

15.2 (9.2)14.3 (10.1)Hospital-free days

10.0%20.4%Mortality
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Use of a Drone-Delivered Automated External
Defibrillator in an Out-of-Hospital Cardiac Arrest

Schierbeck S, et al. Use of a Drone-Delivered Automated External Defibrillator in an Out-of-Hospital Cardiac Arrest. N Engl J Med. 2022 May
Schierbeck S, et al. Automated external defibrillators delivered by drones to patients with suspected out-of-hospital cardiac arrest. Eur Heart J. 2022

1. Optimizing Hemodynamics
• Early Pressors > Fluids

2. IV Fluids
• No difference - balanced fluids vs saline.
• Restrictive Fluids for volume overload?
• No difference in other conditions.

“CRITICAL CARE IN THE ED”
SUMMARY

3. Mechanical Ventilation
• Lung Protective Ventilation is essential!
• Normalize oxygenation & ventilation.

4. Sedation
• Awareness with Paralysis is more than we think.
• Prioritize adequate sedation before & during 

intubation.
• Keep sedation light after.

“CRITICAL CARE IN THE ED”
SUMMARY
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QUESTIONS?

Emergency Medicine

Saint Louis University

Thank You!
Kene Chukwuanu, MD
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