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STRUCTURED ABSTRACT  
Question: Does prophylactic pantoprazole reduce the risk of gastro-
intestinal (GI) bleeding in critically ill patients admitted to the in-
tensive care unit (ICU)? 
 
Setting: From January 2016 through October 2017, 33 ICUs in Den-
mark, Finland, the Netherlands, Norway, Switzerland, and the Unit-
ed Kingdom served as study sites.  
 
Participants: Patients considered for the study were 18 years of 
age or older and admitted to the ICU for an acute condition with at 
least 1 risk factor for clinically important GI bleeding including 
shock, anticoagulation use, renal-replacement therapy, mechanical 
ventilation expected to last >24 hours, history of liver disease or 
ongoing coagulopathy. 
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Intervention/Exposure: The study was an international, multicenter, 
stratified, parallel-group, placebo-controlled, and blinded clinical tri-
al. Enrolled patients were randomized to receive intravenous (IV) 
pantoprazole 40 mg or placebo as a single daily dose from randomi-
zation until ICU discharge or death (maximum of 90 days). 
 
Outcomes: The primary outcome was death within 90 days of ran-
domization. Secondary outcomes included clinically important GI 
bleeding (i.e. overt GI bleeding with at least 1 of the following with-
in 24 hours of bleeding onset: spontaneous decrease in systolic blood 
pressure, mean arterial blood pressure, or diastolic blood pressure of 
20 mmHg or more, treatment with a vasopressor or a 20% increase in 
vasopressor dose, decrease in hemoglobin of at least 2 g per deciliter, 
or transfusion of 2 or more units of packed red cells); infectious ad-
verse events in ICU (new-onset pneumonia or Clostridioides difficile 
infection); serious ICU adverse reactions; acute myocardial infec-
tion; and percentage of days alive without the use of life support.  
Outcome data were assessed by chart review while mortality was 
identified using regional and national registries, or direct contact 
with participants or surrogates.  
 
Data Analysis: Intention-to-treat and per protocol analyses were per-
formed. Binary logistic regression was used to estimate the relative 
risk of the primary outcome adjusted for the trial site. The primary 
outcome in the per-protocol population was also assessed in prespec-
ified subgroups. Dichotomous secondary outcomes were also evaluat-
ed using a binary logistic regression of the intention -to-treat popula-
tion adjusted for stratification variables and predefined risk factors. 
Unadjusted chi-square testing for binary outcome measures was also 
performed.  Importantly, there was no adjustment for multiple com-
parisons of the secondary outcomes. A 2-sided P-value of <0.05 was 
considered statistically significant for the primary outcome with 95% 
confidence intervals (CI).  
 
Funding: Innovation Fund Denmark. 
 
Results: During the study period, 3,298 patients were enrolled with 
1,645 randomly assigned to the pantoprazole arm, while 1,653 were 
assigned to the placebo arm. Ninety-day vital data were obtained for 
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99.5% of participants. Baseline characteristics were comparable in 
both groups except for chronic lung disease, coagulopathy, and emer-
gency surgery. At 90 days after randomization, no difference was 
seen in mortality rate, 31.1% (n=510) in the pantoprazole group vs 
30.4% (n=499) in the placebo group (relative risk [RR] = 1.02; 95% 
CI 0.91-1.13, P=0.76). In addition, no difference was seen between 
both groups for the composite secondary outcome of clinically im-
portant ICU events, 21.9% (n=360) in the pantoprazole group vs 
22.6% (n=372) in the placebo group (RR = 0.96, 95% CI 0.83 -1.11). 
While fewer patients in the pantoprazole group had a clinically im-
portant GI bleed compared to the placebo group (2.5% vs 4.2%; RR = 
0.58, 95% CI: 0.40-0.86), the absence of correction for multiple com-
parisons limited the interpretation of the relative risk. Results were 
similar with adjustment for baseline risk factors and in the per -
protocol population. The proportions of patients in either group with 
the other secondary outcomes and with single components of the 
composite outcome were similar between groups.  

Figure 1: Death by 90 days after randomization to pantoprazole and placebo group (relative risk, 1.02; 95% 
confidence interval, 0.91 to 1.13). 

Figure 2: Occurrence of at least 1 clinically important intensive care unit event (relative risk, 0.96; 95% CI, 
0.83 to 1.11).  
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COMMENTARY 
 
Why Is This Important?   
It is estimated that 2.5% of adults ad-
mitted to the ICU develop upper GI 
bleeding.1 Historically, antisecretory 
therapies including proton pump inhibi-
tors (PPI) or histamine-2 receptor block-
ers (H2RB) have been used for stress 
ulcer prophylaxis.2  However, the quan-
tity and quality of  the evidence  sup-
porting stress ulcer prophylaxis is low.3 
Results of the landmark Proton Pump 
Inhibitors vs Histamine-2 Receptor 
Blockers for Ulcer Prophylaxis Treat-
ment in the Intensive Care Unit 
(PEPTIC) trial did not show any differ-
ence in in-hospital mortality among ICU 
patients receiving either PPI or H2RB, 
although clinically important upper GI 
bleeding was reported in fewer patients 
in the PPI group (1.3% vs 1.8%, RR = 
0.73; 95% CI: 0.57-0.92).4 Other trials 
have also reported similar findings.3,5 
Recently, PPI use has been associated 
with infection-related complications in 
the ICU,6 raising a debate about the 
benefits vs risks of PPI prophylaxis in 
the ICU. This international multicenter 
study by Krag et al attempts to provide 
more evidence on the utility of proton 
pump inhibitors in the ICU for the pre-
vention of clinically significant out-
comes.7 
 
Key Study Findings 
It is important to first note that the over-
all rate of clinically significant GI 
bleeding in the ICU was low in general.  

Caution 
While this study by Krag et al suggests 
that PPI prophylaxis does not impact 
ICU outcomes of mortality, comparable 
with the results of the PEPTIC trial, it is 
important to emphasize that the trial 
was not powered to detect differences 
in certain outcome measures, including 
the subgroup analyses. The GI bleeding 
rate of 4.2% in the placebo group was 
higher than the 2.5% observed in the 
pantoprazole group. Unfortunately, no 
P-value was computed because no ad-
justment for multiple comparisons was 
performed. The study design also did 
not mandate diagnostic endoscopy to 
assess the source of the bleeding.  
 
Importantly, the authors also allude to 
the fact that the 5%-point difference in 
90-day mortality that the study was 
powered for might be considered large. 
Finally, a sub-group analysis based on 
receipt of enteral nutrition which could 
have impacted the outcomes was also 
not performed.  
 
My Practice  
We have not systematically examined 
the patterns of PPI use for prophylaxis 
among our ICU patients. However, an-
ecdotally, practice patterns vary among 
ICU healthcare providers with stress ul-
cer prophylaxis for ICU patients still 

risk of GI bleeding, there was no differ-
ence in mortality at 90 days or the 
number of clinically important ICU 
events between patients that received 
pantoprazole or placebo.  

The investigators showed that among 
adult patients in the ICU who were at 
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being commonly prescribed. This may 
stem from the fact that GI bleed risk as-
sessment is yet to be standardized,8 and 
as such, ICU providers would initiate 
prophylaxis based on their subjective 
risk assessment. We also routinely initi-
ate enteral feeding via nasojejunal tubes 
as early as possible, which may play a 
role in reducing GI bleed risk in our pa-
tient population. 
 
For Future Research  
More research is needed to standardize 
GI bleed risk assessment among patients 
admitted to the ICU.8 Not only would 
this help define the highest risk cohorts 
that may indeed benefit from stress ul-
cer prophylaxis, but this improved risk 
stratification could be incorporated in 
future trials' study design to make re-
sults more clinically relevant. In addi-
tion, the composite secondary outcomes 
used in this study (comparable to those 
in the PEPTIC trial) have been de-
scribed as difficult to interpret and un-
validated.8  Future studies exploring the 
impact of PPI use on ICU outcomes 
should also consider composite out-
comes that may be more similar in path-
ophysiological mechanisms.  
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