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Operating room
ICU

• Hypoxemia
• Shock
• Metabolic acidosis
• Full stomach
• Operator’s 

experience
• Equipment 

availability

• Difficult ventilation
• Difficult intubation
• Full stomach



• National Audit Project of Adverse Airway Events in UK in 2008-9
• Major events: death, brain injury, emergent surgical airway, ICU admission
• Locations: ICU, Operating Rooms, ED

• 20% of all major events from ICU (1 major event/6 ICUs/year) and 8% from ED

• High morbidity resulting from adverse airway events in critically ill
• 61% of airway complications in ICU led to death or brain damage 
• Comparison rate was 14% in Operating Room

2008 - 2009



Capnography was largely underused or misinterpreted in ICU and ED

Lack of capnography contributed to 74% of airway 
related deaths reported from ICU

Br J Anaesth. 2011 May;106(5):632-42.



Jarzebowski M. et al. Curr Opin Anaesthesiol 2022 Apr 1;35(2):109-114

Tracheal intubation is a risky procedure in critical care!





• International prospective observational study 
conducted from 1 October 2018 to 31 July 
2019

• Convenience sample of 197 sites across 5 
continents. 

• Inclusion criteria: adult (≥ 18 years) 
critically ill patients undergoing in-hospital TI

Russotto et al. JAMA 2021;325(12):1164-1172

INTUBE STUDY INTUBE STUDY



At least one of the following events < 30 min from the start of TI

INTUBE Study – Primary outcome 

(1) severe hypoxemia (SpO2< 80%)
(2) cardiac arrest;
(3) cardiovascular instability (either: systolic arterial pressure < 65 mmHg 

recorded at least once; systolic arterial pressure < 90 mmHg for > 30 
minutes; new requirement for, or increase of vasopressors; fluid bolus > 15 
ml/kg to maintain the target blood pressure)

Russotto et al. JAMA 2021;325(12):1164-1172

INTUBE STUDY: primary outcome



• 3,659 patients screened for eligibility

• 2,964 patients enrolled, undergoing 3,058 
intubations, including 94 reintubations

• 2,964 patients followed up for the full 30 
minutes

• 2,943 patients followed up until ICU 
discharge

Results

Russotto et al. JAMA 2021;325(12):1164-1172

Results
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INTUBE STUDY: primary outcome



Repeated intubation attempts are associated 
with severe hypoxia and cardiac arrest 

Russotto et al. JAMA 2021;325(12):1164-1172



Patients experiencing the overall 
outcome, cardiovascular instability 
and cardiac arrest had a higher risk 
of mortality at 28-days from 
intubation

Adjusted 28-day mortality
OR 1.44  (95% CI 1.19 – 1.74, p < 0.001)

Long-term outcome

Russotto et al. JAMA 2021;325(12):1164-1172

Long-term outcome



Intubation setting



Intubation procedureIntubation procedure



Use of waveform capnography
to confirm intubation

ICU ED WARD

40% of all TIs 23.3% of all TIs 6.9% of all TIs

Russotto et al. JAMA 2021;325(12):1164-1172

Use of waveform capnography to 
confirm tracheal intubation



• Esophageal intubation in 5.6% of 
procedures

• Capnography not used in 70% of 
patients with esophageal intubation

• Lowest SpO2 during procedure in 
patients with esophageal intubation!



Russotto V and TM Cook. BJA 2021. 

Equipment 
unavailability?

Not identified as priority? Inappropriate reliance
on clinical signs



Increased 
adrenergic 
stimulation

Bluted/abolished by induction agents 
and opioids

COLLAPSE

Adrenergic response and intubationAdrenergic response and intubation



The higher the baseline systolic blood 
pressure, the higher its post-intubation 
drop!

Russotto et al. Am J Respir Crit Care Med. 2022 Aug 15;206(4):449-458



Russotto et al. Am J Respir Crit Care Med. 2022 Aug 15;206(4):449-458



Median dose/weight = 1.12 (0.71–1.67) mg/kg

Russotto et al. JAMA 2021;325(12):1164-1172

Propofol use worldwide



Propofol was more
frequently used by
anesthesiologists (49.2%)
compared with
nonanesthesiologists (i.e.,
emergency physicians and
intensivists) (32.0%)
patients, P < 0.001.

Russotto et al. Am J Respir Crit Care Med. 2022 Aug 15;206(4):449-458



Propofol is the single modifiable intervention 
associated with cardiovascular collapse in 
critically ill patients

(OR 1.28, 95% CI 1.05 - 1.57)

Russotto et al. Am J Respir Crit Care Med. 2022 Aug 15;206(4):449-458



The EvK Clinical trial: 
an open-label RCT

• Matchett et al., Intensive 
Care Med. 2022; 48: 78-91

• 801 critically ill patients 
(USA), emergency intubation

• etomidate vs ketamine
• Day 7 survival lower with 

ethomidate (77.3%) than 
ketamine (85.1%) 

• Day 28 survival not different



• 168 pts randomized to 500 ml of 
crystalloids fluid bolus 

• 169 pts randomized to no fluid bolus 
before induction

• Primary outcome: hemodynamic 
collapse between induction and 2 
min after intubation

• Trial interrupted for futility 

PREPARE (2019)

Janz et al. Lancet Respir Med 2019 Dec;7(12):1039-1047



PREPARE II (2022)

Russell et al. JAMA. 2022;328(3):270-279

PREPARE II (2022)



S.N. Myatra, V. Russotto et al. Anaesth Crit Care Pain Med (2020) 101158

Potential solutions
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