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If you knew that, for every 80 patients to whom you
prescribed an acid-suppressive drug, 1 patient would de-
velop a ventilator-associated pneumonia, and that, for
every 100 patients to whom you prescribed these drugs, 1
patient would develop a Clostridium difficile infection,
would you continue to prescribe these drugs? What if you
knew that you needed to prescribe acid-suppressive drugs
to more than 100 patients to prevent 1 patient from having
a diagnostic endoscopy?

Every clinician involved in the administration of acid-
suppressive drugs to critically ill patients should read the
observations presented in a recent article in this journal
[1]. Krag and colleagues [1] have conducted an interna-
tional, multi-centre, observational study and provide a
modern and relatively precise estimate of the incidence
of, and risk factors for, gastrointestinal (GI) bleeding in

critically ill patients. Notwithstanding the methodological
limitations that the authors acknowledge, these are very
important data directly pertaining to clinical practice.

The investigators obtained data from 1034 patients and
report that 2.6 % (95 % confidence intervals 1.6, 3.6 %)
of patients had an episode of clinically important bleed-
ing. This estimate of incidence is within the historically
quoted range of 0.1–4 % [2]. Interestingly, almost 50 %
of bleeding episodes were reported in the first 2 days of
admission, suggesting that not all bleeds will be amenable
to prevention with acid-suppressive prophylaxis com-
menced in the ICU. Furthermore, some of the bleeding
episodes recorded would not be due to ‘stress-related
mucosal damage’ (SRMD), but to separate pathologies,
e.g. oesophageal and gastric varices [3]. Previous en-
doscopy data from critically ill patients who developed
clinically significant bleeding indicate that at least one-
third of such patients have pathology unrelated to SRMD
[4], and given that patients with previous admissions for
gastrointestinal bleeding and/or those at high risk of al-
ternative causes of bleeding (e.g. liver cirrhosis) were
included, non-SRMD bleeding would have likewise oc-
curred frequently in the study by Krag and colleagues.
This is relevant when interpreting these incidence data, as
non-SRMD bleeding is also unlikely to be prevented by
administration of acid-suppressive drugs.

The term ‘clinically significant bleeding’ reflects the
concept that an episode of bleeding is important to clin-
icians, but do these bleeding episodes meaningfully
impact on patients’ ultimate outcomes? Clinicians worry
about bleeding because historical studies have reported a
strong association with mortality [5, 6]. However, even
when acid-suppressive drugs have shown a reduction in
episodes of clinically significant bleeding, this has not
translated into a reduction in mortality [5, 6]. These re-
sults suggest that bleeding simply identifies patients at
greater risk of dying and, when treated, bleeding per se
does not cause death [3]. Data from Krag and colleagues
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[1] support this hypothesis: when the investigators con-
ducted an adjusted analysis accounting for possible
confounders, bleeding was not associated with mortality.

One reason for the lack of association with mortality is
that bleeding may be caused by relatively easy-to-treat
pathology. The majority of bleeding episodes in this
study were treated only with acid-suppressive drugs (17
patients required only pharmacotherapy and 10 an inva-
sive procedure). Perhaps only bleeding requiring an
intervention such as blood transfusion or endoscopy
should be considered important, and data from Krag and
colleagues suggest that, even if 100 % effective, a pre-
ventative strategy would need to be administered to more
than 100 patients to prevent one endoscopy.

The study by Krag and colleagues was limited by an
inability to collect data related to adverse effects associ-
ated with acid-suppressive drugs. Other investigators have
reported that acid-suppressive drugs increase the relative
risk of pneumonia and C. difficile infections up to 50 %
and between 50 and 100 %, respectively [2, 7–9]. Given
that the reported incidence of patients developing venti-
lator-associated pneumonia is *10 % and C. difficile
infections *3 % [8, 10], there is the potential that, for
every 100 patients who receive acid-suppressive therapy,
an extra patient could develop pneumonia and 1 could
develop a C. difficile infection. These outcomes are likely
to be as important to patients as gastrointestinal bleeding
[10, 11], and any benefits of prophylaxis would then be
counter-balanced or outweighed by these adverse effects.

Despite the potential for harm when prescribing a drug
for primary prophylaxis, guidelines frequently include rec-
ommendations for the prophylactic administration of acid-
suppressive drugs to critically ill patients [12]. This may
explain the widespread use of these drugs [1, 13]. In addition
to the considerations outlined regarding the potential ad-
verse effects of these medications, the costs incurred with
these frequently prescribed drugs demand that further data
are available to inform and guide clinical practice [14].

Only an adequately powered study will determine the
impact of the strategy to prophylactically administer these
drugs. Because the events (reduction in clinically sig-
nificant bleeding or increase in pneumonia and C. difficile
infection) occur infrequently, and very rarely, if ever, di-
rectly cause death, an extraordinarily large cohort would
need to be studied to determine any effect on mortality.

For these reasons, we suggest that a non-inferiority
study focusing on bleeding that is truly important, while
also collecting data related to possible adverse effects, is a
pragmatic approach to evaluate the merits of empiric
prescription of acid-suppressive drugs. Although tradi-
tional effectiveness trials ascertain whether a novel
treatment is superior to the standard treatment, the non-
inferiority study is required to evaluate the extent to
which withdrawal of a conventional or standard treat-
ment, or its substitution with a novel treatment that is less
expensive, will lead to a reduction in benefit [15]. In the

proposed non-inferiority study, in which the conventional
treatment would be the empiric use of an acid-suppressive
drug and the novel treatment placebo, investigators would
determine whether the increase in gastrointestinal bleed-
ing with placebo was sufficiently small to warrant
withholding prophylaxis (the non-inferiority margin in
Fig. 1). Look back at the scenario with which this com-
mentary began: the greater the extent to which
prophylaxis increased pneumonia or C. difficile infec-
tions, the greater the increase in bleeding clinicians would
find acceptable. We believe that the comparison of pro-
phylaxis against placebo is ethically justifiable, as
clinicians should primum non nocere, and the withdrawal
of conventional treatment may only slightly increase the
rate of clinically significant bleeding, but this risk is
balanced, or even outweighed, by additional episodes of
pneumonia, C. difficile infection, and the cost resulting
from the widespread prophylactic administration of acid-
suppressive drugs.

In summary, the study by Krag and colleagues indicate
that acid-suppressive drugs continue to be frequently
prescribed, but that gastrointestinal bleeding due to
SRMD now appears to be an infrequent occurrence.
Furthermore, the need for an intervention that is tru-
ly important to patients is even less frequent. Based on
these observations, the potential benefit from acid-sup-
pressing drugs is likely to be very small. Moreover,
prophylaxis is not benign, and may be associated with an
increase in adverse events that are at least as important to
patients as gastrointestinal bleeding. Resolving this im-
portant issue in the management of critically ill patients
will, we believe, require an adequately-powered, ran-
domised-controlled, non-inferiority study comparing
placebo to an acid-suppressive drug.

Researchers would need to determine the boundaries of
primum non nocere, or how much bleeding risk is
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Fig. 1 The non-inferiority study design to evaluate the use of
empiric acid-suppressive drugs
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tolerable, with the withdrawal of conventional treatment
(placebo) when compared to conventional treatment
(prophylactic use of an acid-suppressant drug). This
would define the non-inferiority margin. If placebo in-
creased the rate of bleeding (both point estimate and 95 %
confidence interval) by less than the pre-defined mar-
gin (Fig. 1) then withdrawal of conventional treatment is

proven non-inferior, which suggests that clinicians should
stop the conventional approach to prophylactically ad-
minister acid-suppressive drugs (particularly if burden or
harm with acid-suppressive drugs is established).
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