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The gastric mucosa is vulnerable in critically ill patients. 
The term stress-related mucosal disease describes the 
common mucosal damage in the gastrointestinal tract 
ranging from small single lesions to multiple gastric 
ulcers and major bleeding complications in intensive care 
patients. The underlying pathophysiology comprises 
hemodynamic and inflammatory elements. Systemic factors 
(hypotension and/or vasopressor therapy) act together 
with local alterations of splanchnic blood flow, e.g., due 
to high ventilation pressures. This may not only cause 
direct ischemic damage but also leads to a reduction in 
gastric mucosal defense by inhibition of cyclooxygenase or 
lipoxygenase pathways and decline of prostaglandin levels 
(especially PGE2) (1). 

Thus, stress ulcer prophylaxis has been an integral part 
of critical care and is recommended by current guidelines (2) 
in order to avoid gastrointestinal bleeding. Pharmacological 
stress ulcer prophylaxis with proton pump inhibitors (PPI) 
or, less frequently, histamine 2 receptor antagonists (H2RA) 
is routinely used in intensive care units (ICU) around the 
world (3). At the same time, gastrointestinal bleedings are 
very rarely seen in critically ill patients at the ICU, even 
though risk factors such as anticoagulant and antiplatelet 
therapies might be more prevalent than decades ago (3,4). 
However, the practice of routine pharmacological stress 
ulcer prophylaxis in critical care medicine has been needing 
thorough revision for a long time for three main reasons: 
(I) it is based on trials conducted more than 20 years ago 
(5,6); since then, a lot has changed in critical care; (II) 
no trial ever established a survival benefit for stress ulcer 

prophylaxis; (III) there are rising concerns about infectious 
and other complications of stress ulcer prophylaxis. A 
recent publication by Alhazzani and coworkers describes 
the results of a proof-of-concept trial on ten ICUs, which 
compared placebo vs. PPI for stress ulcer prophylaxis, and, 
in addition, summarizes the available evidence in a meta-
analysis (7). This work is a major step forward in generating 
updated scientific evidence regarding the current routine of 
administering acid-suppressing drugs at the ICU.

Relevance of stress ulcer prophylaxis in light of 
advances in critical care medicine

The evidence for the current practice of stress ulcer 
prophylaxis is based on work from about 2 decades ago. 
Several prospective trials at that time had revealed that 
pharmacological stress ulcer prophylaxis can effectively 
prevent gastrointestinal bleeding in critically ill patients, 
with the highest evidence for patients requiring mechanical 
ventilation for >48 h or patients with coagulopathies 
(1,8). However, over the last decades, our daily practice 
at the ICU underwent major changes. We now routinely 
minimize hypoperfusion states in patients by aggressive fluid 
resuscitation (9). This is facilitated by improved hemodynamic 
monitoring and implementation of more advanced methods 
in daily routine such as transpulmonal thermodilution 
and stroke volume variation analysis (10). Additionally, 
we learned that lower tidal volumes and lower plateau 
pressures improves outcome in ventilated patients (11).  
Especially high airway pressure is one of the key factors 
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underlying impaired gastric perfusion and damage (1). All 
these changes have not only improved general outcome, 
but likely also affected the frequency of stress-related 
gastric damage, lesions and ulcers. Consequently, the rate 
of clinically relevant upper gastrointestinal bleedings from 
stress lesions have significantly decreased in the past (12).

Moreover, we now understand much better that patients 
benefit from early enteral nutrition; this is incorporated into 
updated algorithms and daily practice (13). Besides other 
effects, enteral nutrition promotes mesenteric perfusion 
and protects the gastric and intestinal mucosa in critically 
ill patients (14). Accordingly, retrospective studies found 
no benefit for pharmacological gastric ulcer prophylaxis in 
enterally fed patients (15). 

Survival benefit as the ultimate outcome of 
prophylactic measures at the ICU

In weighing risks and benefits of an intervention, especially 
a prophylactic one, survival benefit would be the desirable 
ultimate goal. While several older trials could demonstrate 
a reduction in bleeding incidence in patients receiving 
pharmacological stress ulcer prophylaxis, none could ever 
connect it to an improved survival (1). This fact is striking, 
because patients experiencing a clinically relevant upper 
gastrointestinal bleeding do show increased mortality rates (16).  
Thus, it remains unclear if gastrointestinal bleedings during 
the course of critical illness are prognostically relevant events 
per se or epiphenomena of disease severity. In addition, 
improved endoscopic and radiological embolization 
techniques tremendously changed the management in 
case of overt gastrointestinal bleedings, further reducing 
the mortality related to gastrointestinal hemorrhages. 
For instance, in a large retrospective analysis (7,376 ICU 
patients) from our own center, only 44 (0.6%) developed 
gastrointestinal bleedings at the ICU (0.6%), of which only 2 
(0.003%) could not be sufficiently controlled (17).

Risks of routine PPI administration at the ICU

The gastric acid is a natural barrier against pathogens. Acid 
suppression by pharmacological stress ulcer prophylaxis 
removes this barrier and allows colonization of the stomach. 
Hence, many investigations—although mainly from 
observational studies—found increased rates of infectious 
complications in critically ill patients receiving stress ulcer 
prophylaxis, primarily Clostridium difficile associated colitis (18)  

and nosocomial pneumonia (19). Further concerns, raised 
from large observations in the general population, include 
that PPI might be associated with adverse cardiovascular 
events, independently of clopidogrel use (20), as well as 
with osteoporosis (1). Additionally, PPI favor intestinal 
colonization with multi-resistant bacteria such as 
vancomycin-resistant Enterococcus faecium (VRE) or multi-
resistant Klebsiella pneumonia (21). Additional risks at the 
ICU are the potential toxicity of PPI to the liver and the 
bone marrow as well as drug-drug-interactions (1).

Scientific evidence from recent clinical trials

Considering the limitations of the current evidence 
underlying the clinical practice of pharmacological stress 
ulcer prophylaxis and the outstanding relevance of this 
topic in critical care medicine, there is a clear need for 
new, robust and reliable scientific evidence. Fortunately, 
those data are now slowly arriving (Table 1). In the single-
center randomized double-blind exploratory POP-UP trial 
(n=214), no difference between pantoprazole and placebo 
was noted in mechanically ventilated patients regarding 
either bleeding or infectious complications (22). Another 
more recent prospective, double-blind, randomized and 
placebo-controlled trial (n=102) found no difference in 
bleeding complications, when pantoprazole or placebo 
was used in addition to enteral nutrition in mechanically 
ventilated patients (23).

Alhazzani et al. have now taken the next step to 
build better evidence. In their REVISE pilot trial, they 
demonstrate the feasibility of a randomized, international, 
double-blinded and multicenter trial investigating the 
effect of pantoprazole vs. placebo in mechanically ventilated 
patients (7). Their reported pilot data from 49 patients 
on pantoprazole compared with 42 patients on placebo 
revealed even higher number of clinically relevant bleedings 
(3 vs. 2, or 6.1% vs. 4.8%, respectively) in the pantoprazole 
treatment arm. Hospital or overall mortality did not show 
significant differences. Furthermore, there was a trend 
towards reduced infectious complications in placebo-treated 
patients (7). In principle, these pilot data are reassuring that 
withdrawing pantoprazole from ICU patients is feasible and 
not associated with an eminent high risk of gastrointestinal 
bleedings or mortality. A large prospective trial from this 
group of investigators is currently running and recruiting. 
In addition, with the SUP-ICU trial by Krag and 
colleagues, a second large multicenter trial is underway (24). 
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Conclusions

At the moment, the current practice of routinely using 
pharmacological  stress ulcer prophylaxis is  being 
revised. While patients with defined risk settings for 
clinically relevant gastrointestinal bleedings may benefit 
from maintaining this strategy, the majority of ICU 
patients probably deserves an individualized risk-benefit 
assessment, which will likely result in withholding or 
early discontinuation of PPI in a large proportion of 
patients. It will be exciting to see the data from ongoing 
large trials and to revise our daily algorithms accordingly. 
The administration of a PPI is certainly not a risk-free 
prophylactic intervention, and we are only starting to 
apprehend some of the changes that they provoke in the 
intestinal microbiome and other anti-infective defense 
mechanisms of the body. 
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