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Abstract

Objective: We aimed to compare the efficacy and risks of proton pump inhibitor (PPI) versus

histamine-2 receptor blocker (H2B) use for stress ulcer prophylaxis (SUP) in critically ill patients

with sepsis and risk factors for gastrointestinal bleeding (GIB).

Methods: In this retrospective cohort study, we used the Medical Information Mart for Intensive

Care III Clinical Database to identify critically ill adult patients with sepsis who had at least one

risk factor for GIB and received either an H2B or PPI for �48 hours. Propensity score matching

(PSM) was conducted to balance baseline characteristics. The primary outcome was in-hospital

mortality.

Results: After 1:1 PSM, 1056 patients were included in the H2B and PPI groups. The PPI group

had higher in-hospital mortality (23.8% vs. 17.5%), GIB (8.9% vs. 1.6%), and pneumonia (49.6% vs.

41.6%) rates than the H2B group. After adjusting for risk factors of GIB and pneumonia, PPI use

was associated with a 1.28-times increased risk of in-hospital mortality, 5.89-times increased risk

of GIB, and 1.32-times increased risk of pneumonia.

Conclusions: Among critically ill adult patients with sepsis at risk for GIB, SUP with PPIs was

associated with higher in-hospital mortality and higher risk of GIB and pneumonia than H2Bs.
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Introduction

Critically ill patients admitted to the inten-
sive care unit (ICU) are at risk of develop-
ing gastrointestinal (GI) bleeding owing to
stress ulcers,1 which is associated with a
prolonged length of stay (LOS) in the
ICU and an increased risk of death.2 To
prevent GI bleeding in these critically ill
patients, ICU doctors frequently prescribe
stress ulcers prophylaxis (SUP).3 Proton
pump inhibitors (PPIs) and histamine type
2 receptor blockers (H2Bs) are the most
commonly used SUP agents.4,5

Sepsis has been considered a risk factor
for the development of stress ulceration and
GI bleeding for many years,6 and SUP is
recommended by the Surviving Sepsis
Campaign guidelines for patients with
sepsis or septic shock who have risk factors
for GI bleeding.7 Although these guidelines
further recommend either H2Bs or PPIs
when SUP is indicated, there is limited evi-
dence of the effects of H2Bs in comparison
with PPIs when used as SUP in critically ill
patients with sepsis.

A recent meta-analysis of a general pop-
ulation of patients in the ICU suggested
that PPIs are the most effective agents in
preventing clinically important GI bleed-
ing.8 However, two retrospective studies
found that PPIs were associated with a
higher rate of GI bleeding than H2Bs.9,10

In clinical practice, PPIs are more common-
ly prescribed by critical care providers, pos-
sibly because of their superior acid
suppression capability in comparison with
H2Bs.11 However, PPI use is not without

risk. Some studies have shown that patients

receiving PPIs have a higher risk of noso-

comial pneumonia,12 Clostridium difficile

infection (CDI),13 and myocardial

infarction.14

Accordingly, it is reasonable to evaluate

the comparative effects of SUP using PPIs

and H2Bs on important outcomes in

patients with severe sepsis or septic shock.

We conducted a retrospective cohort study

to compare two strategies for SUP among

adult patients with sepsis or septic shock

who have risk factors for GI bleeding.

Specifically, we hypothesized that PPIs are

associated with a lower occurrence of GI

bleeding and in-hospital mortality than

H2Bs but may increase the risk of pneumo-

nia and CDI.

Methods

Data source

The study data were extracted from the

Medical Information Mart for Intensive

Care III (MIMIC-III) Clinical Database.

Briefly, this is a large database containing

data from 53,423 distinct hospital admis-

sions of adult patients admitted to the

ICU of Beth Israel Deaconess Medical

Center (BIDMC) in Boston in the United

States between 2001 and 2012.15 The data-

base is freely available online. We used

the most recent version (version 1.4)

in this study.
The study was exempt from institutional

review board approval and the requirement
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for informed consent because any investiga-
tor who completes the required training
course online receives approval to access
and use data from the MIMIC-III database
from the Institutional Review Board of
BIDMC and the Massachusetts Institute
of Technology.

Our study adhered to the Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) statement.16

Patient inclusion and exclusion criteria

We included adult patients (aged 16 years
and over) with sepsis or septic shock who
were admitted to the BIDMC ICU between
2001 and 2012. Only those who received
SUP and had risk factors for GI bleeding
were included in the analysis.

The use of SUP was defined as the
administration of either an H2B or PPI
for 48 hours or more during the ICU stay.
Patients with risk factors for GI bleeding
were defined as having one or more of the
following conditions: mechanical ventila-
tion for more than 48 hours, renal replace-
ment therapy (RRT), coagulopathy on the
first day of ICU admission, higher organ
failure scores, or pre-existing liver disease.7

Only data for each patient’s first ICU
admission were used in this study. In this
study, the definition of sepsis was in agree-
ment with the Third International
Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3), which is defined
as infection plus sequential organ failure
assessment (SOFA) score �2 points.17

Patients were excluded if any of the fol-
lowing conditions were present: (1) age over
89 years; (2) GI bleeding listed as a primary
diagnosis (defined using International
Classification of Diseases, Ninth Revision
[ICD-9] codes) or diagnosis on hospital
admission (diagnosis query strings used);
(3) variceal bleeding listed as a primary or
secondary diagnosis; (4) a history of peptic
ulcer disease; (5) length of ICU stay <2

days or >100 days; (6) administration of

both an H2B and PPI (concomitantly or

consecutively) during the ICU stay; or (7)

missing data for analysis.

Variables and outcomes

We collected demographic (age, sex, body

mass index), disease severity, and interven-

tion information from the MIMIC-III data-

base. We also collected information on the

following confounding covariates that may

affect the use of PPIs or H2Bs or increase

the risk of GI bleeding: coagulopathy,

thrombocytopenia, acute kidney injury,

chronic hepatic disease, corticosteroid use,

vasopressor use mechanical ventilation >48

hours, RRT during the ICU stay,

Elixhauser comorbidity index,18 Simplified

Acute Physiology Score II (SAPS II),

SOFA score at ICU admission, and use of

enteral nutrition.
The primary outcome was in-hospital

mortality. The secondary outcomes were a

diagnosis of secondary GI bleeding, diagno-

sis of secondary pneumonia, CDI, and hos-

pital LOS. GI bleeding, pneumonia, and

CDI were defined using ICD-9 codes. We

further examined whether blood transfu-

sion was received in patients diagnosed

with secondary GI bleeding; clinically

important and overt bleeding was defined

if these patients received transfusion.

Missing and extreme values

For all selected baseline variables, we deter-

mined whether there were any missing values

and their patterns. If a missing variable had

a pattern of being missing completely at

random or missing at random, the character-

istics between non-missing and missing

groups were compared. If important baseline

characteristics showed no statistical signifi-

cance between the non-missing and missing

groups, the mean of the non-missing group

was imputed for the missed variable. If
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significant differences were present in some
critical baseline variables, the stratified mean
was imputed. Extreme values for continuous
variables were also examined. An extreme
value was defined as exceeding 1.5 times
the interquartile range (IQR); if present,
the value was changed to the value nearest
1.5 times the IQR value.

Propensity score matching (PSM) and
balance diagnosis

Similarity between the groups was
described using the standardized mean dif-
ference (SMD). An important imbalance
was defined as SMD larger than 0.1. After
checking the balance of the baseline varia-
bles, we built a propensity score model
using the unbalanced variables, described
in Table 1. We performed 1:1 PSM using
the nearest neighbor method and caliper
width of 0.02. After matching, a PSM den-
sity plot of the PPI and H2B groups was
drawn before and after matching. The
imbalance was checked using the SMD.

Logistic regression and survival analysis

The primary outcome of our study was in-
hospital mortality; therefore, Kaplan–
Meier survival curves were used to compare
in-hospital mortality between PPI and H2B
groups after matching. A Cox proportional
hazards model was used to estimate the
hazard ratio (HR) and 95% confidence
interval (CI) for in-hospital death and PPI
or H2B use. We performed a log-rank test
to compare differences in the survival
curves. For the secondary outcome, we per-
formed multivariate logistic regression for
GI bleeding and pneumonia.

Statistical analysis

Categorical variables are presented as fre-
quency and percentage and were compared
using the chi-square test. If the expected cell
number were less than 5, Fisher’s exact test

was used. Normality was checked for all
continuous variables using the

Kolmogorov–Smirnov test. Continuous
variables with a non-normal distribution

are presented as median and IQR, and the
Mann–Whitney U test was used for

comparisons.
All analyses were completed using R ver-

sion 3.6.2 (The R Project for Statistical
Computing, Vienna, Austria). PSM and

survival analysis were conducted using the
R packages “Matchit”, “survival” and

“survminer”. A two-sided p value <0.05
was considered statistically significant.

Results

Study population

After screening 53,423 distinct ICU admis-

sions for adult patients (aged 16 years or
above) admitted to the BIDMC ICU from

1 June 2001 to 31 October 2012, we identi-
fied 20,438 adult patients who fit the Sepsis-

3 definition. Additionally, 8503 patients
with at least one GI bleeding risk factor

and H2B or PPI use were eligible for further
exclusion. Our final study cohort comprised

1111 (23.7%) patients exposed to an H2B
more than 48 hours after ICU admission

and 3569 (76.3%) patients who received
PPIs for more than 48 hours. The total

4680 patients had an average age of 66.56
(53.20–77.08) years and 56.39% were men

(Figure 1).

Baseline characteristics

Baseline characteristics of the H2B and PPI

groups are shown in Table 1. Before PSM,
patients in the PPI group had higher

median [IQR] SOFA scores (7.0 [4.0, 9.0]
vs. 6.0 [4.00, 8.0]; p< 0.001), SAPS II

(44.0 [36.0, 54.0] vs. 42.0 [33.0, 51.0];
p< 0.001), and Elixhauser comorbidity

scores (13.0 [7.0, 19.0] vs. 11.0 [5.0, 17.0];
p< 0.001) than patients in the H2B group.
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The PPI and H2B groups also showed sta-
tistically significant differences in most
baseline variables, such as coagulopathy
and acute or chronic kidney injury. Using
PSM, 1056 patients who received H2Bs
were matched with those who received
PPIs. Age, sex, SAPS II, SOFA score,
Elixhauser comorbidity score, and other
confounding variables were well balanced
between the two groups.

Outcomes

Before PSM, patients in the PPI group had
significantly higher in-hospital mortality

(27.1% vs. 17.3%, p< 0.001), GI bleeding
rates (9.2% vs. 1.6%, p< 0.001), and clini-
cally important and overt bleeding (6.9%
vs. 1.0%, p< 0.001) than patients in the
H2B group. The rate of CDI and pneumo-
nia and hospital LOS were not significantly
different between the two groups.

After PSM, in-hospital mortality (23.8%
vs. 17.5%, p< 0.001), rate of GI bleeding
(8.9% vs. 1.6%, p< 0.001), clinically
important and overt bleeding (6.3% vs.
1.0%, p< 0.001), and pneumonia (49.6%
vs. 41.6%, p< 0.001) were higher in the
PPI group than in the H2B group. The

Figure 1. Flowchart of variables included in the study.
GIB, gastrointestinal bleeding; H2B, histamine type 2 receptor blocker; PPI, proton pump inhibitor; ICU,
intensive care unit; LOS, length of stay.
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rate of CDI and hospital LOS were similar
between the two groups (Table 2).

Survival analysis

We further explored the risk factors for GI
bleeding and pneumonia, which were the
two secondary outcomes that showed statis-
tically significant differences between the
PPI and H2B groups. The results are pre-
sented in Tables S1 and S2. After adjusting
for baseline characteristics, such as conges-
tive heart failure, hypertension, diabetes,
anticoagulation, body mass index,
Elixhauser comorbidity score, SOFA
score, SAPS II, and vasopressors, we deter-
mined that PPI use was associated with a
5.89-times higher risk of GI bleeding and a
1.32-times higher risk of pneumonia.

Kaplan–Meier curves for the PPI and
H2B groups are shown in Figure S1. We
found that the use of H2Bs was associated
with better survival than the use of PPIs
(log-rank test, p¼ 0.018). Figure S2
presents the forest plot for the Cox model.
This plot shows that after controlling for
other factors, use of PPI was associated
with a 1.28-times increased risk of in-
hospital death. The use of vasopressors
(HR¼ 2.16, 95% CI 1.77–2.63, p< 0.001),
congestive heart failure (HR¼ 1.26, 95%
CI 1.04–1.54, p¼ 0.02) and presence of GI
bleeding (HR¼ 1.49. 95% CI 1.07–2.08,
p¼ 0.018) were also associated with an
increased risk of hospital mortality.
Ampicillin use was associated with a
decreased risk of in-hospital death
(HR¼ 0.53, 95% CI 0.34–0.81, p¼ 0.004).

Discussion

The findings of this retrospective study
demonstrated that compared with H2Bs,
the use of PPIs in adult patients with
sepsis who have risk factors for GI bleeding
increases the risks of in-hospital mortality,
GI bleeding, and pneumonia. The results of T
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this study provide a basis for drug selection
when SUP is indicated in patients with
sepsis or septic shock. Further randomized
studies are needed to confirm these results.

To our knowledge, there are quite a few
data available in the literature regarding the
efficacy of PPIs versus H2Bs in prophylaxis
of GI bleeding among a heterogeneous pop-
ulation in the ICU. However, our study
specifically focused on critically ill patients
with sepsis who have risk factors for GI
bleeding. We found that in-hospital mortal-
ity was higher among these patients when
PPIs were used for prophylaxis, as com-
pared with H2Bs (23.8% vs. 17.5%). Our
finding is similar to a recent clinical trial
(PEPTIC), which showed that the in-
hospital mortality rates of using PPIs
versus H2Bs for SUP in mechanically ven-
tilated patients in the ICU were 18.3%
versus 17.5%. However, the reported differ-
ences were not significant.19 The results of
the present study were also consistent with
a previous cost-effectiveness study, which
suggested that the use of H2Bs for prophy-
laxis in critically ill patients may increase
survival, reduce costs, and avoid complica-
tions more than the use of PPIs.20 However,
our results are inconsistent with a recent
study in patients receiving extracorporeal
membrane oxygenation (ECMO), which
found no significant differences in terms
of endoscopic hemostasis and in-hospital
mortality between the PPI and H2B
groups. One reason for this contradiction
is that in-hospital mortality is much higher
in patients receiving ECMO (�53%) than
in our study population; therefore, PPIs or
H2Bs may not have an effect on mortality
in the former population. Additionally, the
definition of GI bleeding in that study dif-
fered from that in our study.21

The greater effectiveness of H2Bs
observed in the present study was also sup-
ported by two previous respective stud-
ies.9,10 Several case reports have
demonstrated that PPIs may induce

thrombocytopenia, which potentially
explains the association between the greater
risk of bleeding and PPI use.22

Furthermore, studies using animal models
indicate that H2Bs can reduce reperfusion
injury, which may alleviate oxidative stress
injury and be associated with less severe
mucosal damage.23 However, those findings
obtained from clinical practice are contrary
to the findings of a recent meta-analysis,
which indicated greater efficacy of PPIs
than H2Bs for GI bleeding prophylaxis in
critically ill patients. A possible reason for
this difference may be the heterogeneity of
the study population and methodological
limitations.11,24 Another possible explana-
tion is that compared with those larger
retrospective studies, the size of this
meta-analysis of clinical trials was relatively
small.

It remains controversial whether PPIs
for SUP increase the risk of hospital-
acquired pneumonia.4 PPI use may
decrease gastric acidity, altering normal
intestinal flora and leading to the over-
growth of gastric bacteria.25 The results of
the present study are similar to those of pre-
vious studies,8 which demonstrated that
PPI use was associated with an increased
risk of pneumonia.

Limitations

The current study has several limitations.
First, GI bleeding and some covariates
were defined using ICD-9 codes.
Limitations to ICD-9 coding have been pre-
viously reported, but these remain the main
approach for extracting data from large
database studies. Another limitation of
using ICD-9 codes is the inability to estab-
lish any temporal relationships between
covariates and outcomes.26 Second, we did
not determine whether patients had
received acid suppressants, enteral nutri-
tion, anticoagulation, or other drugs
before ICU admission, which may be

8 Journal of International Medical Research



associated with an increased risk of GI

bleeding. Third, we did not assess the

source of bleeding and cannot differentiate

between stress ulcers and other causes of GI

bleeding. Therefore, the proportion of

patients with GI bleeding may be overesti-

mated. Finally, a pivotal limitation is that

the choice of PPIs or H2Bs for each patient

was not randomly assigned. The data in the

MIMIC-III database are recorded during

routine clinical care and are not explicitly

for retrospective data analysis. We con-

ducted PSM to reduce selection bias and

confounding; however, some unknown fac-

tors may influence the outcomes. For exam-

ple, prophylaxis-prescribing habits may

not be captured in PSM. Therefore, future

well-designed and randomized clinical

trials to assess the comparative effectiveness

of PPIs versus H2Bs among patients

with sepsis are needed to confirm our

findings.

Conclusion

Among critically ill adult patients with

sepsis who are at risk for GI bleeding, PPI

use was found to be associated with higher

risks of in-hospital mortality, GI bleeding,

and pneumonia than H2B use. This result

supports the use of an H2B over a PPI for

SUP in critically ill adult patients with

sepsis and GI risk. Additional randomized

clinical trials are needed to confirm these

results.
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Appendix

Figure S1. Kaplan–Meier curve comparing survival between PPI and H2B groups.
H2B, histamine type 2 receptor blocker; PPI, proton pump inhibitor.
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Figure S2. Forest plot for Cox proportional hazards model of in-hospital mortality.
GI, gastrointestinal; H2B, histamine type 2 receptor blocker; PPI, proton pump inhibitor.

Table S1. Logistic regression for gastrointestinal bleeding.

Gastrointestinal bleeding Odds ratio (95% confidence interval) p valuea

Drug (PPI vs. H2B) 5.89 (3.57–10.31) <0.0001

Hypertension 0.57 (0.38–0.85) 0.02

Adjusted for congestive heart failure, hypertension, diabetes complications, anticoagulation, body mass index, SOFA, SAPS

II, and vasopressors.
aTwo-way comparison between H2B and PPI groups.

H2B, histamine type 2 assessment receptor blocker; PPI, proton pump inhibitor; SAPS II, Simplified Acute Physiology

Score II; SOFA, sequential organ failure; odds ratio; CI, confidence interval.

Table S2. Logistic regression for pneumonia.

Pneumonia OR (95% CI) p valuea

Drug (PPI vs. H2B) 1.32 (1.11–1.57) 0.002

Anticoagulation 1.47 (1.21–1.80) 0.0001

aTwo-way comparison between H2B and PPI groups.

H2B, histamine type 2 receptor blocker; PPI, proton pump inhibitor; OR, odds ratio; CI, confidence interval.
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