
BACKGROUND
Proton pump inhibitors (PPIs) are 
recommended for the treatment 
of Helicobacter pylori infections, 
gastrointestinal reflux disease and 
non-steroidal anti-inflammatory 
drug-induced gastric ulcers.1 The 
apparent efficacy and safety observed 
in this class of drugs have been the 
principal cause for their popularity 
in dispensing. In Australia by 2012, 
the cost of these medications to the 
government had reached almost 
$200 million and they were fifth 
on the top ten list of drugs by cost 
to government.2

It has long been recognised that 
severe physiologic stress can cause 
gastric mucosal damage, and it 
has been shown that a significant 
proportion (75–100%) of critically 
ill patients will have endoscopically 
identifiable lesions within the first 1–3 
days of admission to the intensive 
care unit (ICU). Determining the 
true incidence of clinically significant 
gastrointestinal bleeding is difficult but 
has been estimated to occur in a much 
smaller percentage (1.5–4%).3 This 
bleeding has been associated with an 
increase in morbidity and mortality.

The incidence of bleeding from 

stress-related mucosal damage 
appears to be decreasing owing to 
therapeutic advances and a better 
understanding of the mechanisms 
involved in the loss of integrity of 
mucosal defence mechanisms. It is 
believed that stress-related gastric 
mucosal bleeding (SRGMB) is related 
to local ischaemia in the presence 
of acid.4 The use of gastric acid 
suppression agents has formed the 
basis of therapeutic prevention and 
treatment of SRGMB, and because 
PPIs are the most potent antisecretory 
drugs available, by irreversibly 
blocking the proton pump in gastric 
parietal cells, they have become 
the treatment of choice to prevent 
SRGMB.

Despite the fact that clinically 
significant SRGMB occurs only in a 
small minority of patients and that 
research has demonstrated that not all 
critically ill patients need prophylaxis 
for SRGMB,5 the routine use of acid 
suppression therapy is a widely 
accepted practice, extending to use 
for post-operative cardiac surgical 
patients, the majority of whom do 
not meet the criteria for critical 
illness. The aim of this retrospective 
observational study was to audit the 

use of acid suppression therapy and 
the incidence of clinically significant 
SRGMB events in post-operative 
cardiac surgical patients. The ultimate 
intention was to expand to a larger 
prospective study to address the 
question of whether elective post-
operative cardiac surgical patients 
need prophylactic acid suppression. 
The secondary aim of this study was 
to identify the dispensing of these 
medications on discharge to patients 
who had no previous indication for 
use of a PPI or H2 blocker.

METHODS
This study was conducted at a 
630-bed tertiary referral Australian 
hospital. The cardiac surgical clinical 
information database was utilised 
to identify patients admitted to 
the cardiac surgical ICU following 
cardiac surgery between January and 
December 2008. The medical records 
of a sample of 208 patients were 
collected and examined.

The audit design was based on the 
specific inclusion parameters outlined 
in Figure 1. Using these inclusion 
parameters, the audit was conducted 
for 78 patients aged 35 years and older 
who had been electively admitted 
into the cardiac surgical ICU. Patients 
who had prior history of peptic ulcer 
disease or upper gastrointestinal 
bleeding and/or patients who had 
received acid suppression therapy 
before admission to hospital were 
excluded. Gastro-oesophageal 
reflux disease was not a criterion 
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for exclusion, however subsequent 
treatment with acid suppression was. 
All-cause post-operative SRGMB in 
the cardiac surgical ICU was identified 
in the audit process. Data identifying 
patients for whom the non-indicated 
acid suppression was dispensed were 
derived from prescription records in 
pharmacy dispensing software.

RESULTS
Over the period of the audit, 78 of 
208 patients who fitted the inclusion 
parameters were identified (Figure 1). 
Table 1 provides details of the age and 
gender of the patients. Each patient 
received an acid suppression IV bolus 
dose (either IV esomeprazole 40mg 
daily for one day or IV ranitidine 50mg 
three times daily for one day) and 
subsequent oral acid suppression 
treatment (either oral omeprazole 
20mg or 40mg daily or oral ranitidine 
150mg twice daily).

No episodes of SRGMB were 
recorded in the medical records of any 
of the audited patients. Twenty (27%) 
patients who were treated with acid 
suppression therapy before admission 
were identified to have been discharged 
with prophylactic treatment. Seventeen 
of these patients were prescribed 
omeprazole, whereas three patients 
received ranitidine. Patients who were 
prescribed acid suppression therapy 
upon discharge were supplied with 
5-days’ supply to last them until they 
visited a community doctor. A follow-
up of 18 of the 20 patients who were 
discharged from the hospital with post-
operative acid suppression without 
a clinical indication revealed that 13 
patients were still taking this treatment 
six months after discharge.
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associated with an increased risk of 
SRGMB such as a requirement for 
ventilation for more than 24 hours or 
significant renal impairment. Patients 
required minimal inotropes. In view of 
these characteristics, the patients did 
not meet accepted criteria for critical 
illness.5 A best-evidence review in 2012 
addressing the issue of routine stress 
ulcer prophylaxis for cardiac surgical 
patients concluded that the current 
evidence is marginally in favour of the 
use of prophylactic PPIs; however, this 

is associated with an increased risk of 
hospital-acquired pneumonia.6

It is notable that slightly more than 
80% of the patients in the audit were 
male; however, this can be partly 
explained by the fact that 70% of the 
patients who undergo cardiac surgery 
in this unit are men. In Australia, heart 
disease is more prevalent in men than 
women. In 2010 the heart attack rate 
for men (603.7 per 100,000 people) 
was more than double the rate for 
women (296.4 per 100,000 people).

The audit also highlighted the 
inconsistency in the prescription of 
stress ulcer prophylaxis in the cardiac 
surgical ICU at that time. Some 
patients received ranitidine and some 
omeprazole. While ranitidine was used 
only for a minority of the patients, 
this drug has a good safety profile and 
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TABLE 1: Mean age of total patients and audit patients
Gender Mean age of all patients 

(range), years
Total patients, 
no. (%) of patients 

Mean age of audit patients 
(range), years

Patients included in audit, 
no. (%) of patients 

Male 61 (37–88) 149 (71.2) 64 (42–83) 63 (84)

Female 62 (40–84) 58 (27.9) 64 (40–84) 12 (16)

Total 66 (37–88) 208 64 (40–84) 75

DISCUSSION
Acid suppression therapy is used 
routinely for stress ulcer prophylaxis 
in the cardiac surgical patients. 
The fact that there was no bleeding 
documented in the follow-up of 
these patients could be due to the 
fact that they received prophylaxis, or 
alternatively simply because this group 
of patients is not at risk of stress ulcers. 
These were patients electively admitted 
with no history of acid suppression 
use. They did not have risk factors 

* PUD = Peptic ulcer disease

FIGURE 1: Retrospective audit design
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was widely used for SRGMB before 
the advent of PPIs, and it has not been 
shown to be as effective in critically 
ill patients. Since this audit we have 
developed work unit guidelines for 
clinicians to ensure consistency when 
prescribing stress ulcer prophylaxis.

At the time of the audit, our service, 
while designed to cease unnecessary 
drug treatment on discharge, did not 
operate over a 24-hour, 7-day cycle 
and we observed that a number of 
these patients were still discharged on 
medications without valid indication. 
This unnecessary continuation of acid 
suppression therapy exposes patients to 
risk factors potentially leading to further 
avoidable and expensive complications.

The results of this study highlight 
the need for appropriate medication 
management in an accurate and 
timely process of continuum of care. 
Electronic discharge prescription 
has been introduced at the hospital 
since this audit was undertaken. 
The ward pharmacist reconciles 
each prescription prior to discharge, 
with the patient’s primary carer 
receiving the discharge information 
electronically as soon as it is completed. 
Ward pharmacists are also taught to 
recognise and target those patients 
who have potential compliance issues. 
They may then recommend a dosing 
aid be introduced. This is organised 
with the patient’s community 
pharmacy. These strategies may help to 
avoid the continuation of unnecessary 
medications on discharge.

Recently, PPIs have been linked to a 
number of potentially severe adverse 
events. They have been shown to be 
associated with an increased risk of 
community-acquired pneumonia; the 
mechanism for which is thought to 
be inhibition of gastric acid secretion 
allowing bacterial overgrowth in the 
upper alimentary tract and resultant 
translocation to the lungs. The fact 
that patients are being inappropriately 
discharged on these medications makes 
this even more significant. 

Another emerging concern is that 

to be of particular significance in 
the patients to prevent re-occlusion 
of stents or grafts. In 2009, initial 
studies reported an increased risk 
for adverse cardiovascular events, 
after it was found that there was 
a significant decrease in the anti-
aggregation effect of clopidogrel with 
omeprazole (but not pantoprazole). 
At the time, the United States Food 
and Drug Administration and the 
European Medicines Agency advised 
against the use of this combination. 
More recent evidence has shown no 
difference in adverse cardiovascular 
events when clopidogrel is 
administered with a PPI. It is 
now recommended that if both 
clopidogrel and a PPI are indicated, 

pantoprazole is the preferred choice.
This study was relatively small 

and retrospective in nature. Acute 
gastrointestinal bleeding is a potentially 
life-threatening event and the 
mortality rate associated with upper 
gastrointestinal haemorrhage remains 
high, approximately 6–10%. Therefore, 
it is important that a large randomised 
controlled study is undertaken to 
elucidate the issue of the possible 
need for stress ulcer prophylaxis, 
even for those undergoing relatively 
uncomplicated cardiac surgery.

CONCLUSION
The results from this small study not 
only highlighted the importance of 
prescribing guidelines for clinicians to 
ensure consistency with prescribing 
but also alerted us to the continued 
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prescribing of medications without 
proven indication, which in turn could 
be associated with serious and costly 
outcomes, as well as unnecessary drug 
procurement expenditure. Further 
randomised controlled research is 
needed to ensure that an evidence base 
can be derived to support the delivery 
of the best possible standard of care for 
patients undergoing cardiac surgery.
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by altering the gastric acidity to manage 
and/or prevent gastric diseases, PPIs 
may reduce dietary calcium absorption 
through inhibition of acid secretion. 
Alternatively, they may reduce bone 
resorption by inhibiting osteoclastic 
vacuolar proton pumps. Through 
these mechanisms it is possible that 
use of PPI therapy increases the risk of 
osteoporotic fractures. The widespread 
use of PPIs and an association with 
increased fracture risk is of importance 
in a public health sense, especially when 
these agents are prescribed for patients 
who may at greater risk of fracture due 
to age or comorbidities.

The probable importance of 
gastric acid in protecting against 
enteric infection is highlighted 

by results of the studies that have 
shown an increase in the incidence 
of nosocomial Clostridium difficile 
and an association with recurrence of 
enteric infections in patients taking 
PPIs. C. difficile is a gram-positive, 
anaerobic toxigenic bacterium and 
is the most common infectious 
cause of nosocomial diarrhoea. At its 
worst it can result in death from toxic 
megacolon. In the United States, 
C. difficile now rivals methicillin-
resistant Staphylococcus aureus
as the most common healthcare-
associated infection.

A possible interaction between 
PPIs and clopidogrel has recently 
become a focus of attention. This 
potential interaction could have 
particular significance for cardiac 
patients as clopidogrel is prescribed 

The results of this study highlight 
the need for appropriate 
medication management in an 
accurate and timely process of 
continuum of care.
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1.  TRUE or FALSE? Proton pump inhibitors
(PPIs) were fifth on the top ten list of 
drugs by cost to government.
A  TRUE    B  FALSE

2.  Select the CORRECT statement/s. 
A  Severe physiologic stress can cause gastric

mucosal damage.
 B  Clinically significant gastro-intestinal 

bleeding is associated with an increase in 
morbidity and mortality. 

 C  Stress-related gastric mucosal bleeding 
(SRGMB) is related to local ischaemia in the 
presence of acid.

 D  The use of gastric acid suppression 
agents has formed the basis of therapeutic 
prevention and treatment of SRGMB, and 
the H2 antagonists are the most potent 
antisecretory drugs available.

3.  TRUE or FALSE? No episodes of SRGMB
were recorded in the medical records of 
any of the audited patients in this study. 
A  TRUE    B  FALSE

4.  Of the eighteen patients’ follow-up, how 
many of them continued taking post-
operative acid suppression six months 
after discharge from hospital?
A  None of them
B  6 
C  10
D  13 
E  All of them

5.  TRUE or FALSE? Use of prophylactic PPIs
in routine stress ulcer prophylaxis for 
cardiac surgical patients is associated 
with an increased risk of hospital-
acquired pneumonia.
A  TRUE    B  FALSE

6.  Select the CORRECT statement/s.
A  PPIs have been shown to be associated 

with an increased risk of community 
acquired pneumonia.

 B  PPIs may reduce dietary calcium 
absorption.

 C  PPIs have been associated with an 
increased risk of nosocomial infection due 
to Clostridium difficile.

 D  PPIs are second-line agents for the 
treatment of stress ulcer prophylaxis in the 
critically ill due to their side effect profile.

7.  TRUE or FALSE? The use of PPI therapy
decreases the risk of osteoporotic 
fractures.
A  TRUE    B  FALSE

8.  Which of the following PPIs would be 
preferred If both clopidogrel and a PPI
are indicated in cardiac patients?
A  Lansoprazole
B  Omeprazole 
C  Pantoprazole 
D  Rabeprazole
E  No PPIs are recommended, avoid

combination

9.  Strategies that may reduce the 
unnecessary continuation of medication
at discharge discussed in this study 
include: (Select ALL that apply)
A  Medication reconciliation at the time of 

discharge.
 

 B  Application of a Medication 
Appropriateness Index to all medicines 
written up on the hospital discharge 
prescription.

 C  Dosing aids organised with the patient’s 
community pharmacy for patients who are 
identified as at risk for non compliance.

 D  Electronic discharge information sent to 
patient’s primary carer.

10.  Which of the following were identified 
as part of this audit of cardiac surgical 
patients? (Select ALL that apply)
A  An increased risk of nosocomial infection in

patients prescribed stress ulcer prophylaxis 
within the cardiac unit.

 B  Inconsistent prescribing practices with 
respect to stress ulcer prophylaxis 
within the cardiac unit.

 C  Inadequate use of stress ulcer prophylaxis 
within the cardiac unit leading to clinically 
significant bleeding and excess morbidity.

 D  Unnecessary continuation of stress ulcer 
prophylaxis in a significant proportion of 
patients discharged from the cardiac unit 
into the community.
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