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Funding



Research Question
In invasively ventilated critically ill adults, what 
is the effect of pantoprazole versus placebo on:

• Clinically important upper GI bleeding (primary efficacy outcome)

• 90-day mortality (primary safety outcome)

• VAP, C difficile infection, patient-important upper GI bleeding, renal 
replacement therapy, ICU and hospital mortality (secondary outcomes)

• RBC transfusions, renal function, duration of mechanical ventilation/ICU and 
hospital stay (tertiary outcomes)



•Equipose regarding the benefit on clinically- and 
patient-important bleeding with PPI

•Equipose regarding the risk of death with PPI
• Compared to placebo  
• Compared to H2 receptor antagonists

•Equipose regarding the risk of pneumonia and 
C difficile with PPI

Rationale

Krag M et al. N Engl J Med 2018;379:2199-208

Krag M et al. N Engl J Med 2018;379:2199-208

PEPTIC investigators. JAMA 2020;323:616-26

Wang Y et al. Intensive Care Med 2020;46:1987-2000



• Investigator-initiated, peer-review funded

• Randomized 1:1, stratified for site and prehospital PPI use

• Concealed, double-blind

• 4,821 critically ill patients

• 68 hospitals, 8 countries, 5 continents

• Supported by the CCCTG and ANZICS-CTG

Design



Vanstone MG et al. J Crit Care 2024;81:154761



Clinically Important GI Bleeding Patient Important GI Bleeding 

SBP or DBP or MAP> 20mm/Hg
(With/without vasopressor initiation or ⇧)

---

OrthostaticSBP > 10mm/Hg +⇧HR > 20/min  
(With/without vasopressor initiation or ⇧)

---

Vasopressor initiation Vasopressor initiation

 Hemoglobin > 2g/dl ---

Transfusion > 2 U RBCs Transfusion > 1 U RBC

Therapeutic endoscopy Diagnostic or Therapeutic Endoscopy

Angio-embolization CT-angio (with/without embolization)

Surgery Surgery

--- Resulting in death

--- Resulting in disability

Readmission to ICU for GI bleed Resulting in prolonged hospitalization



To judge whether each 
bleeding episode fulfills 
the definition of clinically 
important upper 
GI bleeding, blinded to 

a) study drug

b) center  

c) the other adjudicator

To delineate 

a) scope of the 
adjudication process 

b) components of the 
clinically important upper 
GI bleeding definition

c) agree on how each 
criterion will be 
adjudicated as fulfilled

To randomize each 
bleeding event to:

a) an adjudication 
committee member

b) a second adjudicator 
who will review all 
bleeding events

a) If disagreement, 
occurs, the 2 adjudicators 
will discuss the case  

b) If agreement ensues, 
the final consensus holds

c) If disagreement 
persists, a third 
adjudicator will 
independently review 

2 3 4

Bleeding Adjudication

1

ADJUDICATION 
PROCESS CALIBRATION EXERCISE RANDOM ALLOCATION 

ADJUDICATOR 
AGREEMENT

Cook D et al. Contemp Clin Trials Commun 2024;39:101284



INCLUSION
▪ > 18 years old in any ICU
▪ Expected need of invasive mechanical ventilation >48 hours

▪ PPI indicated (DAPT, previous GI bleeding)
▪ PPI contraindicated
▪ Mechanical ventilation > 72 hours
▪ Received > 24 h PPI or H2RA in ICU 
▪ Limitation of life support/palliative care
▪ Pregnancy
▪ Patient, proxy, physician decline

EXCLUSION

Randomize

Pantoprazole
40 mg IV

Placebo

A priori consent

Consent to continue

Until extubation



•4800 patients (85% power, absolute risk reduction 1.5%, type 1 error 5%)

• Sequential Holm-Šidak approach to adjust for multiple 
significance testing (secondary & tertiary outcomes, subgroups)

•No imputation (< 2% with missing data)

• Subgroup analyses (APACHE II, prehospital PPI, age, sex, COVID, type of admission)

• Sensitivity analyses (adjusted for site, unadjusted for prehospital PPI, per protocol, 
competing risk of death)

Sample size and statistics



• Members
• Danny McAuley (Belfast, Northern Ireland)

• Ian Roberts (London, England)

• George Tomlinson (Toronto, Canada)

• Mortality review 
• At 25% sample size (1200 patients)

• Interim analysis
• At 25% sample size (2400 patients)

• Haybittle-Peto, p < 0.001

Data monitoring Committee



Results



82% 
informed 
consent 

rate



Baseline characteristics



Intervention N (%)
At least one dose 4650 (96.5%)

≥80% of days on mechanical ventilation 4699 (97.5%)

≥90% of days on mechanical ventilation 4537 (94.1%)

Median 5 days (3 to 10) on the intervention



Cointerventions N (%)
Invasive mechanical ventilation 4821 (100%)

Inotropes/vasopressors 3791 (78.6%)

Renal replacement therapy 620 (12.9%)

Corticosteroids 2396 (49.7%)

Prophylactic unfractionated heparin
Prophylactic low-molecular weight heparin

Any therapeutic heparin
ASA

1313 (12.1%)
2973 (61.7%)
850 (17.6%)
896 (18.6%)



Primary outcomes



Secondary and tertiary outcomes



105

Clinically Important 
Bleeding

Patient Important 
Bleeding

31 4

Patient vs clinically important bleeding
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Subgroup analyses



Subgroup analyses



Sensitivity Analyses
Pantoprazole Placebo HR (95% CI)

Adjusted for prehospital PPI

Clinically important GI bleed 25/2385 (1.0) 84/2377 (3.5) 0.30 (0.19,0.47)

90-Day Mortality 696/2390 (29.1) 734/2379 (30.9) 0.94 (0.85,1.05)

Adjusted for Center

Clinically important GI bleed 25/2385 (1.0) 84/2377 (3.5) 0.30 (0.19,0.47)

90-Day Mortality 696/2390 (29.1) 734/2379 (30.9) 0.94 (0.85,1.05)

Competing Risk Analysis

Clinically important GI bleed 25/2385 (1.0) 84/2377 (3.5) 0.30 (0.19,0.47)

≥ 80% intervention exposure

Clinically important GI bleed 10/1786 (0.6) 21/1671 (1.3) 0.43 (0.20,0.91)

90-Day Mortality 472/1780 (26.5) 472/1669 (28.3) 0.93 (0.82,1.05)





Updated meta-analysis

PPIs may increase mortality in more severely ill patients and decrease 
mortality in less severely ill patients (low to moderate credibility)

Wang Y et al. NEJM Evid 2024;3:EVIDoa2400134



• Risk factors of patient-important bleeding

• Cost-effectiveness analysis

• Pandemic adaptation analysis

• COVID-19 cohort substudy

• And more…

Next steps
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