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Abstract
AIM: To calculate the proportion of potentially pre-
ventable hospitalizations due to peptic ulcer disease 
(PUD), erosive gastritis (EG) or duodenitis (ED).

METHODS: Retrospective cohort study using ICD-10 
codes to identify all patients with upper gastrointes-
tinal hemorrhage secondary to endoscopically proven 
PUD, EG or ED during the period from March 2007 to 
October 2010 in three major metropolitan hospitals in 
Melbourne, Australia. Patients were divided into “high 
risk” (those who would benefit from gastroprotection) 
and “not high risk” groups as defined by established 

guidelines. Mean Rockall score, transfusion require-
ment, length of stay, rebleeding rates, need for sur-
gery and in-hospital mortality was compared between 
“high risk” and “not high risk” groups. Within the “high 
risk” group, those on gastroprotection and those with 
no gastroprotection were also compared.

RESULTS: Five hundred and seven patients were 
included for analysis of which 174 were classified as 
high risk. Median values of complete Rockall Score (5 
vs  4, P  = 0.002) and length of stay (5 d vs  4 d, P  = 
0.04) were higher in the high risk group but in-hospital 
mortality was lower (0.6% vs  3.9%, P  = 0.03). 130 
out of the 174 patients in the high risk group were not 
taking recommended gastroprotective therapy prior 
to hospitalization. Past history of PUD (OR = 3.7, P  
= 0.006) and clopidogrel use (OR = 3.2, P  = 0.007) 
significantly predicted prescription of gastroprotective 
therapy. Using proton pump inhibitor protection rates 
of 50%-85% from published studies, an estimation of 
13% to 22% of the total number of the hospitaliza-
tions due to PUD or EG/ED related bleeding may have 
been preventable.

CONCLUSION: Up to one fifth of all hospitalizations for 
bleeding secondary to PUD or EG/ED are potentially pre-
ventable.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Gastroprotective therapies reduce the risk of 
bleeding from peptic ulcer disease. For certain high 
risk groups, the risk reduction is significant: in the or-
der of 50%-85%. Despite this, gastroprotection is still 
underutilised in this setting. It is unclear what propor-
tion of hospitalizations that occur due to peptic ulcer 
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Patients who receive NSAIDs experience more PUD-
related complications resulting in hospitalizations in the 
absence of  gastroprotection[19,29]. However, it is unclear 
what proportion of  PUD-related hospitalizations is po-
tentially preventable with adequate gastroprotection. The 
aim of  the present study was, therefore, to assess the pro-
portion of  patients hospitalised for PUD, erosive gastritis 
(EG) or duodenitis (ED) who met eligibility criteria for 
gastroprotection and to elicit rates of  gastroprotection in 
these patients. Such data were used to calculate the pro-
portion of  potentially preventable hospitalizations due to 
PUD or EG/ED.

MATERIALS AND METHODS
Study design
All patients admitted with gastrointestinal bleeding at 
three major metropolitan hospitals in Melbourne, Austra-
lia - Box Hill Hospital and Maroondah Hospital between 
March 2007 and October 2009, and Austin Hospital 
between March 2008 and October 2010 - were identi-
fied. ICD-10 codes were used for gastric/duodenal/pep-
tic ulcers, gastritis, duodenitis, haematemesis, melaena 
and unspecified gastrointestinal hemorrhage to ensure 
completeness of  capture. Those who underwent upper 
gastrointestinal endoscopy with or without intervention 
during the index hospitalization were then selected using 
procedure codes. All case histories were reviewed, and 
those in whom PUD or EG/ED were deemed to be the 
cause of  the UGIH were selected for analysis. Patients 
with gastritis or duodenitis that was not felt to be the 
cause of  the UGIH by the endoscopist, as well as bleed-
ing felt to be due to portal hypertensive gastropathy or 
duodenopathy, were excluded. Demographic, clinical (in-
cluding co-morbid illnesses and medications), laboratory 
and endoscopic data were recorded.

The selected patient population was divided into “high 
risk” and “not high risk” groups according to their risk 
of  developing complications from PUD without gas-
troprotective therapy. Patients at high risk were defined 
according to guidelines published by the American Col-
lege of  Cardiology Foundation, the American College of  
Gastroenterology, the American Heart Association and 
Gastroenterological Society of  Australia[10-12] (Table 1).

This study was approved by the Ethics Committees 
for Austin Health (reference H2011/04239) and Eastern 
Health (reference LR92/1112).

Statistical analysis
Once identified, patients at high risk were evaluated for a 
history of  use of  gastroprotective therapies. Patients not 
taking gastroprotective therapies prior to admission were 
then assessed for the potentially preventable nature of  
their hospitalization, assuming an efficacy of  50%-85% 
from previous prospective studies. Patients at high risk 
and those not at high risk were compared for clinical 
endpoints, including Rockall Score, blood transfusion 
requirement, length of  hospital stay, in-hospital rebleed-
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disease bleeding is preventable. This original research 
finds that adherence to gastroprotective therapies in 
high risk populations is poor, and that up to one fifth of 
all hospitalizations due to peptic ulcer disease related 
bleeding are potentially preventable.

Boyapati R, Ong SY, Ye B, Kruavit A, Lee N, Vaughan R, Nan-
durkar S, Gibson P, Garg M. One fifth of hospitalizations for 
peptic ulcer-related bleeding are potentially preventable. World 
J Gastroenterol 2014; 20(30): 10504-10511  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v20/i30/10504.htm  
DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10504

INTRODUCTION
Upper gastrointestinal hemorrhage (UGIH) is a major 
cause of  morbidity and mortality worldwide, accounting 
for about 30 to 160 hospitalizations per 100000 popula-
tion per year and a mortality of  6 per 100000 per year[1-6]. 
About half  of  these episodes are related to peptic ulcer 
disease (PUD). The annual cost to the United States 
from these hospitalizations is estimated at between one 
and two billion dollars[7].

The predominant risk factors for peptic ulcer disease 
are Helicobacter pylori (H. pylori) infection, antiplatelet and 
non-steroidal anti-inflammatory drug (NSAID) use[8]. 
The epidemiology has shifted towards the latter in the 
past few decades as a result of  reducing prevalence of  
H. pylori as well as increasing eradication rates and a later 
age of  presentation[9]. Patient groups at highest risk of  
bleeding include those with advanced age, prior history 
of  PUD, use of  NSAIDs at high dose for prolonged pe-
riods (> 2 wk), or concurrent antiplatelet, anticoagulant 
or corticosteroid therapy[10-12].

The risk of  bleeding from PUD is reduced by the 
use of  gastroprotective therapies such as proton pump 
inhibitors (PPIs), high dose H2 receptor antagonists 
(H2RA) or misoprostol[10,11]. PPI therapy in groups at 
high risk reduces the risk of  bleeding by 50%-85%[13-20] 
and is more effective than H2RA[21]. A large randomised 
controlled trial[15] showed a UGIH hazard ratio of  0.13 
(P = 0.001) in those patients taking a dual antiplatelet 
therapy with a concurrent PPI compared to placebo. An-
other randomised controlled trial comparing clopidogrel 
alone with concurrent PPI demonstrated a similar risk 
reduction in UGIH[14]. Endoscopic findings of  gastric 
ulcers or duodenal ulcers have also been shown to be 
reduced with concurrent PPI use for clopidogrel alone 
(HR = 0.10)[22] and aspirin alone (RR = 70%)[16]. Obser-
vational studies have demonstrated risk reductions of  
between around 40%-70% for aspirin[13,23], 50%-80% for 
clopidogrel[18,23], 85% for dual antiplatelet therapy[13] and 
50%-87% for those on NSAIDs[13,17,20,23]. Despite this 
evidence, gastroprotection in patients at high risk for 
PUD bleeding is still underutilised, with adherence by 
clinicians and patients ranging from 15%-40%[19,24-28].



Table 2  Baseline patient characteristics  n  (%)

Table 1  “High risk” group selection

ing, mortality and need for surgery. Logistic regression 
was performed to assess the impact of  each indication 
for gastroprotective therapy on observed incidence of  
gastroprotection in patients deemed to be at high risk of  
bleeding secondary to PUD or EG/ED, with seven in-
dependent variables incorporated into the model: age ≥ 
60 years, past history of  PUD, and intake of  NSAIDs, 
aspirin, corticosteroids, clopidogrel, or anticoagulants.

Statistical analyses were performed using Microsoft 
Excel (Microsoft 2010), GraphPad Prism v5.04 (Graph-
pad software, 2010) and SPSS v20 (IBM Corporation 
2011). The Mann Whitney test was used for comparison 
of  non-parametric data, and χ 2 and Fisher’s exact test 
were used for comparison of  2 × 2 contingency tables. 
A P value of  less than 0.05 was considered statistically 
significant.

RESULTS
In total, 2406 episodes were identified across the three 
hospitals. As shown in Figure 1, after careful review 
of  patient histories, 1899 patients were excluded from 
analysis. Most of  these episodes were excluded either 
due to the indication for gastroscopy being something 
other than suspected UGIH (e.g., lower gastrointestinal 
bleeding or abdominal pain/dyspepsia) or because the 
UGIH was deemed by the endoscopist to be unrelated 
to PUD or EG/ED. In a few cases, the case notes were 
unavailable. Thus, 507 patient episodes were selected for 
final analysis. The baseline characteristics of  the selected 
patients are shown in Table 2. No significant differences 
were noted between the three hospitals.

One hundred and seventy-four patients were classi-
fied as high risk and hence met criteria for gastroprotec-
tion. A significant proportion (47%) was on aspirin at 
the time of  the UGIH. Smaller proportions were taking 
NSAIDs (24%), clopidogrel (14%), corticosteroids (9%) 
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Non-selective NSAID users COX-2 inhibitor users Anti-platelet users

Past history of PUD Y Y Y
Concurrent antiplatelet or anticoagulant therapy Y Y Y
Concurrent corticosteroid therapy Y
Age ≥ 60 yr Y
Both: Age ≥ 60 yr and concurrent corticosteroids Y Y
High dose, duration > 2 wk Y

Patients were considered as high risk according to guidelines [use of non-steroidal anti-inflammatory drug (NSAIDs), cyclooxygenase-2 (COX-2) inhibitor 
and/or anti-platelet agents in addition to features as listed in the first column; Y: High risk group; PUD: Peptic ulcer disease.

2406 Patient episodes identified

507 Patients selected for analysis

95 Maroondah Hospital 218 Austin Hospital194 Box Hill Hospital

1899 Patient episodes excluded (1878 not 
peptic ulcer or EG/ED related bleeding, 21 

case notes not available)

Figure 1  Patient episode selection. EG: Erosive gastritis; ED: Erosive duodenitis.

Characteristics Total Patients

(n  = 507)
Demographic Age > 65 yr 335 (66)

Male 313 (62)
Medication use Aspirin 239 (47)

NSAIDS 124 (24)
Anticoagulant   71 (14)

Clopidogrel   70 (14)
Corticosteroids 46 (9)

Comorbidity Ischaemic heart disease 150 (30)
Diabetes 114 (22)

Atrial fibrillation   72 (14)
Renal failure   66 (13)

Cerebrovascular disease   58 (11)
Malignancy   51 (10)

Chronic obstructive pulmonary disease 40 (8)
Cirrhosis 20 (4)

Haematological malignancy 14 (3)
Aortic stenosis   9 (2)

NSAIDS: Non-steroidal anti-inflammatory drug.
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Table 3  Comparison of outcomes during hospitalization for 
patients classified as “high risk” with those “not high risk” 
according to concurrent medication use (see text)  n  (%)

and anticoagulants (14%). Patients at high risk were iden-
tified by dividing the 507 patients according to a number 
of  mutually exclusive criteria as shown in Figure 2.

As shown in Table 3, the median complete Rockall 
Score was higher (P = 0.002) in patients considered at 
high risk compared with those not considered at high 
risk for clinically relevant end-points. Length of  stay was 
higher (P = 0.043) in the high risk group, but in-hospital 
mortality was lower (P = 0.03). There was no difference 
in mean blood transfusion quantity, length of  stay, re-
bleeding or need for surgery.

Ninety-three (18%) patients were on gastroprotective 

therapy prior to hospitalization, which comprised PPI in 
79 and HR2A in 14. Of  the 333 patients in the “not high 
risk” group, 49 (15%) were on gastroprotective therapy 
prior to hospitalization (36 PPI; 13 H2RA). Of  the 174 
high risk patients, 44 (25%) were on gastroprotective 
therapy prior to hospitalization (43 PPI; 1 H2RA). Those 
in the high risk group were more likely to be prescribed 
gastroprotection prior to hospitalization compared to 
those in the low risk group (RR = 1.72, P = 0.004).

One hundred and thirty of  the total number of  hos-
pitalizations (507) were deemed at high risk for bleeding, 
but were not on appropriate gastroprotective therapies 
at the time of  admission. If  it is assumed that protection 
offered by PPI therapies is 50%-85% from studies (as 
above), then between 65 and 110 (13%-22%) of  the total 
number of  patient hospitalizations due to bleeding from 
PUD or EG/ED were potentially preventable.

There was no significant difference in any of  the 
clinical outcomes during hospitalization for patients at 
high risk who received gastroprotection when compared 
with those patients who did not receive gastroprotection 
(Table 4).

On logistic regression analysis, a past history of  PUD 
[OR = 3.7 (1.5-9.2), P = 0.006] and concurrent clopido-
grel therapy [OR = 3.2 (1.4-7.4), P = 0.007] significantly 
predicted prescription of  gastroprotective therapy, but 
not age or aspirin, NSAID, corticosteroid or anticoagu-
lant intake.

DISCUSSION
Peptic ulcer disease contributes to a significant health-
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174 Patients

Non-selective NSAID Users No non-selective NSAID Use

46 aged ≥ 60 Aged < 60 COX-2 selective No COX-2 selective

Aspirin No aspirin

Clopidogrel

4 previous PUD

6 concurrent anti-
platelet/anti-
coagulant/CS

5 high dose 
≥ 2 wk 
duration

4 concurrent CS 
and PHx PUD/
anticoagulant

19 previous PUD 34 dual anti-platelets 7 aged ≥ 60 and CS

1 concurrent anticoagulants

26 concurrent 
antiplatelets

22 concurrent 
anticoagulant

Figure 2  High risk patient selection according to mutually exclusive groups. NSAID: Non-steroidal anti-inflammatory drug; PUD: Peptic ulcer disease; COX-2: 
Cyclooxygenase-2.

High Risk Not High Risk P  value

(n  = 174) (n  = 333)
Median Rockall Score (IQR)
Pre-endoscopic   3 (2-4)   3 (1-4) < 0.0011

Complete   5 (4-6)   4 (3-6)     0.0021

Median packed red cells units 
transfused (IQR) 

  3 (1-4)   2 (0-4)     0.1941

Median length of stay in days (IQR)     5 (3-10)   4 (3-7)     0.0431

Rebleeding 13 (7.5)   42 (12.6)     0.0772

Need for surgery   4 (2.3) 17 (5.1)     0.1322

In-hospital mortality    1 (0.6)3  13 (3.9)4     0.0302

1Mann-Whitney test; 2χ 2 test; 3Cause of death: uncontrolled bleeding (1); 
4Cause of death: Decompensated heart failure (1), acute myocardial infarc-
tion (2), advanced malignancy (5), decompensated cirrhosis (1), hospital 
acquired pneumonia (1), uncontrolled bleeding (1), uncertain from case 
notes (2). IQR: Interquartile range.
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tection is optimised in those patients at highest risk is 
prudent. Continuing education of  health care providers 
regarding PUD prophylaxis is required, as well as rein-
forcement with electronic reminder systems. One study 
found that a combination of  physician education and a 
computer alert at time of  physician prescription led to 
a 41% increase in the use of  gastroprotection amongst 
NSAID users[32]. Similar systems could be developed for 
patients deemed to be at high risk for UGIH.

However, by itself, such measures may not result in 
optimal outcomes. Although the proportion of  patients 
on antiplatelet agents or aspirin with an inappropriate 
indication for these medications is beyond the scope of  
this study, an approach to rational prescribing by physi-
cians from a variety of  disciplines may be as relevant as 
appropriate gastroprotective therapy. In addition, these 
medications are often purchased over-the counter and 
self-initiated by patients. Appropriate H. pylori testing 
and eradication in certain groups prior to commencing 
ulcerogenic medications has also been shown to be of  
benefit. Hence, in order to maximise the use of  gastro-
protective therapies, a multi-modality approach may be 
required, whereby an information campaign for physi-
cians, pharmacists and the wider public is conducted. 
Electronic reminder systems at the point of  sale may be 
an approach worth considering.

Of  note, most of  the hospitalizations from UGIH in 
this study occurred in patients not considered high risk 
as per current expert consensus guidelines. This is not an 
unexpected finding given the baseline population in the 
“not high risk” group is much larger than the far more 
specifically defined “high risk” group. Clearly, the focus 
of  guidelines on higher risk patients is due to the greater 
potential for risk reduction, leading to more targeted rec-
ommendations to maximise the benefit from gastropro-
tection whilst minimising costs in the real world setting.

Patients deemed at high risk for PUD bleeding were 
noted to have longer inpatient stays and higher pre-
endoscopic and complete Rockall Scores than patients 
not deemed at high risk. This is not surprising given 
the overlapping nature of  co-morbidities requiring anti-
platelet therapy and those comprising the Rockall Score. 
However, the finding of  a higher mortality in patients 
not at high risk of  bleeding (13 of  333) compared with 
those at high risk (1 of  174) was somewhat unexpected. 
This can be explained by noting that most of  the deaths 
in the lower risk group were in patients with advanced 
co-morbid illnesses but without specific indications for 
gastroprotective therapy (Table 3).

Furthermore, patients who received gastroprotec-
tion prior to admission did not have significantly dif-
ferent outcomes of  hospitalization than those who did 
not receive gastroprotection. Though this finding seems 
to be counter-intuitive, one may hypothesise that once 
bleeding has occurred despite gastroprotective therapy, 
the primary determinants of  outcome are underlying co-
morbid illnesses and ulcer risk stigmata rather than the 
previous use of  gastroprotection per se.
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Table 4  Comparison of outcomes during hospitalization in 
high risk patients according to the use of gastroprotection vs  
no gastroprotection  n  (%)

Gastroprotection
(n  = 44)

No gastroprotection
(n  = 130)

P  value

Median Rockall 
Score (IQR)
Pre-endoscopic    3 (3-4) 3 (2-4)   0.351

Complete    5 (4-6) 5 (3-6)   0.581

Median packed red 
cells units transfused 
(IQR) 

   3 (2-4) 3 (1-4)   0.811

Median length of 
stay in d (IQR) 

     5 (3-11) 5 (3-8)   0.821

Rebleeding      5 (11.4) 8 (6.2)   0.312

Need for surgery    1 (2.3) 3 (2.3) 1.02

In-hospital mortality 0 (0)  1 (0.8)3 1.02

care burden worldwide. Hospitalizations for UGIH due 
to PUD and EG/ED account for significant morbidity, 
mortality and healthcare expense. While gastroprotective 
therapies have been demonstrated to reduce these hos-
pitalizations, the potential impact for their use has not 
been previously quantified in actual practice. Indeed, the 
current study has identified the failure to institute such 
preventive therapy maybe primarily responsible for up to 
a fifth of  all hospitalizations for bleeding secondary to 
PUD or EG/ED.

In this retrospective cohort study of  three major 
metropolitan hospitals, a third of  patients hospitalised 
with UGIH due to PUD or EG/ED were deemed at 
high risk for bleeding secondary to PUD according to 
published guidelines, and hence met criteria for gastro-
protective therapy. Although there was a higher rate of  
gastroprotective therapy use in the high risk group, only 
around a quarter of  these patients were taking these 
therapies prior to admission. These results are consis-
tent with previous studies[24-28] that suggest very low 
rates of  gastroprotective agent prescriptions for those 
on NSAIDS. The alarming implication of  this is the 
number of  patients admitted to hospital with potentially 
preventable bleeding.

The effectiveness of  gastroprotection has been demon-
strated in numerous studies, which reduces the likelihood 
of  UGIH by 50%-85% in high risk patients. Assuming 
this figure, about one in five patient hospitalizations 
with bleeding secondary to PUD or EG/ED may have 
been prevented with attention to gastroprotection by the 
physician prescribing the agent or agents associated with 
gastrointestinal bleeding. As an analogy, the benefit of  
statins in secondary prevention of  hospitalizations for 
ischaemic heart disease is about 30%[30], and of  antiplate-
let agents in secondary prevention after ischaemic stroke 
about 22%[31]; both of  which are well recognised and 
practised.

An improvement in practice such that gastropro-

There were no significant differences for any variables between the 2 
groups. 1Mann-Whitney; 2Fisher’s Exact test; 3Cause of death: uncontrolled 
bleeding (1). IQR: Interquartile range.
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A past history of  PUD and concurrent clopidogrel 
therapy significantly predicted use of  gastroprotective 
therapy. This may reflect possible changes from aspirin 
to clopidogrel in patients who have had a UGIH in the 
past whilst on aspirin.

Rockall score was used rather than Blatchford score 
for a number of  reasons. The Rockall score is the most 
well validated scoring system for UGIH[33]. The Blatch-
ford score’s high sensitivity and poor specificity in iden-
tifying high risk groups has led to its use in identifying 
patients who can be triaged for early discharge or outpa-
tient endoscopy[34]. In our study, all patients included in 
the analysis were hospitalised and had undergone endos-
copy which forms part of  the Rockall score.

There are some limitations to this retrospective analy-
sis. The case records may have contained incomplete 
recording of  medications on arrival. However, this ap-
plies to both the intake of  aspirin and NSAIDs as well 
as gastroprotective therapies, such that any bias would 
be bi-directional and hence may have only a slight net 
bias in either direction. Furthermore, documentation of  
the presence or absence of  previous H. pylori eradication 
therapy may have been incomplete, hence not enabling 
adequate analysis for impact of  this factor to overall risk 
of  bleeding secondary to PUD or EG/ED.

It is important to consider the potential morbidity 
from long-term PPI therapy in advocating increased pre-
scription of  these treatments. These include iron deficien-
cy, B12 deficiency, hypomagnesaemia, rebound hyperse-
cretion, osteoporosis, interactions with other medications, 
increased rates of  Clostridium difficile infection and ventila-
tor acquired pneumonia[35].

The observed in vitro interaction between omepra-
zole and clopidogrel with inhibitor effect on the en-
zyme CYP 2C19, with potential reduction in efficacy of  
clopidogrel, remains an unresolved issue. Reassuringly, 
a large recent prospective randomised controlled trial 
demonstrated no increase in cardiovascular events with 
this combination[15].

A full cost-effectiveness analysis of  PPI therapy as 
gastroprotective therapy is beyond the scope of  this study, 
but has been addressed in previous studies. The number 
needed to prevent one episode of  UGIH over six months 
with a PPI has been estimated at 382 (low dose aspirin), 
230 (clopidogrel), 97 (dual antiplatelet agents) and 265 
(NSAIDs)[13]. The COGENT trial[15] separately estimated 
the number-needed-to-treat for dual antiplatelet agent 
users to be 98. Studies using a Markov model comparing 
lifelong low dose aspirin alone with aspirin and a PPI esti-
mated a per life-year saved incremental cost-effectiveness 
ratio (ICER) of  $10433 to $51505[36] and $19000[37]. A 
nested case control study estimated an ICER of  €4907 
per NSAID ulcer complication prevented with PPIs[38]. 
Variation in healthcare costs around the world, both for 
gastroprotective therapies and hospitalization, need to 
be considered in calculating a relative cost-effectiveness 
analysis for individual countries. In addition, alternative 
measures such as physician and community education on 

appropriate use of  ulcerogenic therapies as outlined previ-
ously need to be considered.

In conclusion, gastroprotective therapies are still un-
derutilised in patients at high risk of  hospitalization sec-
ondary to UGIH. Up to one fifth of  all hospitalizations 
due to PUD or EG/ED related bleeding may be pre-
ventable by optimal use of  gastroprotection. Measures 
to educate health professionals and reminder systems at 
the point of  sale of  antiplatelet agents and NSAIDs are 
required to minimise gastrointestinal complications.
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