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OBJECTIVES: From the Canadian Registry of patients with Upper Gastrointestinal Bleeding and Endoscopy
(RUGBE), we determined clinical outcomes and explored the roles of endoscopic and pharmacologic
therapies in a contemporary real-life setting.

METHODS: Analysis of randomly selected patients endoscoped for nonvariceal upper gastrointestinal bleeding
at 18 community and tertiary care institutions between 1999 and 2002. Covariates and outcomes
were defined a priori and 30-day follow-up obtained. Logistic regression models identified predictors
of outcomes.

RESULTS: One thousand eight-hundred and sixty-nine patients were included (66 ± 17 yr, 38% female, 2.5 ±
1.6 comorbid conditions, hemoglobin, 96 ± 27 g/L, 54% received a mean of 2.9 ± 1.7 units of
blood). Endoscopy was performed within 24 h in 76%, with ulcers (55%) most commonly noted.
High-risk endoscopic stigmata and endoscopic therapy were reported in 37%. Rebleeding, surgery,
and mortality rates were 14.1%, 6.5%, and 5.4%, respectively. Decreased rebleeding was
significantly and independently associated with PPI use (85% of patients, mean daily dose 56 ±
53 mg) in all patients regardless of endoscopic stigmata, (odds ratio (OR):0.53, 95% confidence
interval, 95% CI:0.37–0.77) and endoscopic hemostasis in patients with high-risk stigmata
(OR:0.39, 95% CI:0.25–0.61). PPI use (OR:0.18, 95% CI:0.04–0.80) and endoscopic therapy
(OR:0.31, 95% CI:0.11–0.91) were also each independently associated with decreased mortality in
patients with high-risk stigmata.

CONCLUSIONS: These results appear to confirm the protective role of endoscopic therapy in patients with high-risk
stigmata, and suggest that acute use of PPIs may be associated with a reduction of rebleeding in
all patients, and lower mortality in patients with high-risk stigmata. Independent prospective
validation of these observational findings is now required.

INTRODUCTION

Despite the advent of endoscopic hemostatic techniques that
have been shown to be efficacious in randomized trial settings,
the mortality associated with nonvariceal upper GI bleeding
has changed little over the past 30 yr (1–3). This observa-
tion has been attributed to a sicker population, and the un-
derutilization of these endoscopic therapies (4). The acute

∗The list of all the RUGBE investigators is available in the Appendix.

administration of high-dose intravenous (IV) proton pump
inhibitors (PPI) has recently been shown, also in random-
ized trial settings, to provide additional benefit and fur-
ther decrease rebleeding in patients undergoing endoscopic
hemostasis for high-risk ulcer lesions (5–8). The main aim
of this study was to describe the outcomes of patients with
acute nonvariceal upper GI bleeding in a contemporary,
broadly generalizable “real-life” setting. Additional analy-
ses assessed predictors of outcome, including, as part of ex-
ploratory analyses, a determination of the impact of modern
endoscopic and pharmacologic therapies. Our corresponding
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additional hypotheses were that both PPI use and endoscopic
therapy would be associated with improved outcomes.

METHODS

The RUGBE Initiative and Data Collection
Specialized software including a commercially avail-
able generic endoscopic reporting system (GI-TracTM,
AD/MediTrac, Las Vegas, NV) linked to a project-specific re-
search database was developed. This software was distributed
to 18 participating sites across Canada, establishing a net-
work of centers from which source data were collected—the
Registry in patients with Upper Gastrointestinal Bleeding un-
dergoing an Endoscopy (RUGBE) study group. In an effort to
increase the generalizability of the findings, 6 community and
12 tertiary care institutions were included. Specially trained
research assistants collected and entered the data retrospec-
tively from hospital records into the specialized electronic
databases. Missing data were minimized since only data that
were commonly recorded after initial presentation were col-
lected. All data were denominalized, entered electronically,
and downloaded into a central repository on a monthly basis.
They were reviewed at a single national location for inter-
nal logic of patient flow and biological plausibility. All data
queries were resolved within the month following original
data entry. Ten percent of all records were audited on a quar-
terly basis by comparing them to the source data recorded
in the hospital charts, thus further validating the abstracted
information. Additional chart audits were performed to en-
sure the completeness of follow-up information as discussed
below. Personnel from a clinical research organization, who
also performed quarterly audits of all sites, trained all re-
search nurses in a standardized fashion at a common start-up
meeting and at each initial on-site visit prior to the first pa-
tient entry. All participating research staff and monitors used
a glossary that included definitions of all variables entered in
the registry to facilitate and standardize abstracted informa-
tion.

Patient Population
All patients presenting for medical attention because of overt
upper GI bleeding or a history of hematemesis/coffee ground
vomiting, melena, hematochezia, or a combination of any of
the above within 24 h preceding admission were considered
for the study (6, 9, 10). Furthermore, upper GI bleeding was
confirmed only if a member of the medical or nursing staff
documented and witnessed either hematemesis, melena, or
the recovery of bloody nasal gastric aspirate, or if they noted
black tarry material on rectal examination (6, 9, 10). Patients
were entered in the registry only if an upper GI endoscopy was
performed. Patients in whom esophageal, gastric, or duodenal
varices were noted to be the source of bleeding were excluded
from the registry. The volume of patients who fulfilled these
criteria treated across all sites would not allow a complete in-
clusion of cases, particularly as we wanted to study over a 2-yr

period the introduction of IV PPIs onto the Canadian prac-
tice setting. We purposefully thus only included a sampling
of eligible patients. This sampling was carried out at regu-
lar intervals using randomly varying sequential time series to
avoid any systematic bias in patient selection. The proportion
of cases enrolled at each center from all possible candidate
patients was related to the assignment of a part-time or full-
time research nurse to that particular participating institution.
An audit of all patients presenting over a fixed time period, at
each participating institution, was carried out to better iden-
tify the possibility of any selection bias in the way in which
the study population was sampled. Patients initially assessed
at another institution for the episode of bleeding and sub-
sequently transferred to one of the participating sites were
tracked separately. The reference time was the onset of initial
presentation to the emergency room or when bleeding started
if the patient was already in hospital for other reasons.

Study Variables
INDEPENDENT VARIABLES. Recorded information in-
cluded the following independent variables: demographic
information (age, sex, site, date of endoscopy); historical
data (presenting symptoms, comorbid illnesses, the patient’s
health status on presentation using the American Society
of Anesthesiologists (ASA) classification (11), relevant past
medical history, medication intake, thorough evaluation of
the time elapsed from the onset of the bleeding); physical
examination findings (hemodynamic data, rectal exam, naso-
gastric tube use, and findings); initial laboratory data (CBC,
INR, platelets); and resuscitative efforts (type and quantity
of fluids, timing of administration). The endoscopic compo-
nents of the database were created to be compatible with Min-
imal Standard Terminology (12) and included identification
of the bleeding lesion, description of stigmata of bleeding,
method of endoscopic hemostasis if any, number of therapeu-
tic attempts, timing, and conditions in which the endoscopy
was performed. The performance of other therapies (surgery,
angiography), administration of pharmacologic therapy for
bleeding (types and method of administration), and relevant
Helicobacter pylori-related information obtained during the
initial bleeding event were also recorded.

OUTCOMES. The outcomes included the frequency of con-
tinued bleeding and rebleeding, surgical therapy, transfu-
sions, hospital stay, and mortality. A priori definitions for
all outcomes were adopted according to adaptations of es-
tablished definitions in the literature (6, 9, 10). Continued
bleeding was defined as (a) spurting arising from an artery
on the initial endoscopic examination that did not respond to
endoscopic therapy, or the persistence following initial en-
doscopy of; (b) the presence of a bloody nasogastric aspirate;
(c) shock with a pulse greater than 100 beats/min, a sys-
tolic blood pressure of under 100 mmHg, or both; and/or (d)
the need for substantial replacement of blood and fluid vol-
ume (transfusion of greater than 3 units of blood within 4 h)
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following endoscopic therapy (6, 9, 10). Persistent bleeding
in many cases was confirmed during surgery, which was per-
formed within a few hours of admission. Rebleeding was
defined by recurrent vomiting of fresh blood, melena, or both
with either shock or a decrease in hemoglobin concentra-
tion of at least 2 g/L following initial successful treatment
including resuscitation and endoscopic therapy, if indicated
(modified from Daneshmend et al. (10)). The outcomes of
continued bleeding and rebleeding likely formed a spectrum
in this retrospective data collection, and an a priori decision
was taken to group them together for the purposes of all analy-
ses even though this conservative decision may subsequently
lead to an underestimation of protective effects attributable
to some therapies. Additional information regarding patient
transfer to and from other institutions and any readmission
was also noted. All data were recorded for the full duration of
the initial medical encounter. The data abstraction of charts
for all patients included a subsequent medical records chart
review, after RUGBE had been completed, which assessed all
charts of included patients for a full 30 days following the
initial emergency room visit, admission, or onset of bleeding
while in hospital. This audit also ensured capture of possible
readmissions or admissions following an initial emergency
room discharge.

Data Analysis
DESCRIPTIVE. Owing to the nature of the study design,
principally descriptive data were generated for the indepen-
dent and dependent variables listed above. All categorical
data were expressed as proportions. All continuous data were
expressed as means ± standard deviations. Where appropri-
ate, alternate descriptive statistics such as quartile ranges,
and medians with ranges for categorical and continuous data
respectively are reported.

MODELING. We generated predictors of outcome, based on
clinical considerations that related to baseline patient char-
acteristics or therapies administered. We determined inde-
pendent predictors of mortality and rebleeding in patients
with low- and high-risk endoscopic stigmata, since the rec-
ommended management of patients differs according to en-
doscopic findings both with regard to endoscopic hemostasis
and the use of high-dose IV PPI (3). Patients with rebleed-
ing/continued bleeding and those going on to surgery were
grouped together with regard to predictive modeling. Stan-
dard step-wise logistic regression analysis techniques were
used for model creation and selection (SAS, Cary, NC). Inde-
pendent variables were tested for multicollinearity, and only
included in the model if none was noted. Levels of signifi-
cance for the independent predictors were considered based
on whether or not the 95% confidence intervals (95% CI) for
the corresponding odds ratios crossed 1 or not. For all predic-
tive models presented below, we excluded patients transferred
from other institutions as the historical, physical exam, initial
laboratory, and in some cases, endoscopic findings would be

misleading since they were only captured following admis-
sion to the referred participating institution.

EXPLORATORY ANALYSES. Since the registry is a “natu-
ral” experiment (with utilization of a multitude of PPI doses),
we sought a threshold PPI dose that may be associated with
improved outcomes. Standard calculation of a daily dose of
medication would not be meaningful because of confounding
by indication, as both patients at high risk for rebleeding as
well as those who did rebleed, may have been started on a
specific medication at a specific dose. To resolve these issues
statistically, we used a well-recognized statistical methodol-
ogy termed propensity scores (13, 14), which was defined as
a patient’s probability of being prescribed an IV PPI, given all
available covariates. Patients with similar propensity scores
have similar characteristics, and exhibit similar baseline risks.
Calculated using a logistic regression model and used as cat-
egorical or continuous covariates in multivariate analyses,
propensity scores effectively remove 90% or more of possi-
ble selection bias (13, 14) and create a quasi-randomization
among patients within similar scores with regard to mea-
surement of outcomes. Patients were stratified into quintiles
according to their propensity scores, from the least likely
to receive IV PPIs (propensity scores <20%) to the most
likely (propensity scores ≥80%). The PPI daily dose was cat-
egorized into 0, 1–50, 51–100, 101–150, and >150 mg/day.
Separate logistic regression models were used to compare
mortality and rebleeding between PPI daily dose categories
adjusting for propensity scores. In these analyses, we de-
cided a priori to include adjustment for all possible con-
founders that would be identified in our predictive models of
outcome.

Ethics
The registry was approved by the Institutional Ethics Review
Boards of all participating centers. The approval by the Di-
rector of Professional or Hospital Services was also obtained
at all sites. In addition, patient consent was obtained where
required by local regulations.

RESULTS

Study Population
A total of 1,878 patients were entered in the RUGBE reg-
istry between September 1999 and December 2001 (with data
queries collected until January 2002). Nine of these patients
were subsequently excluded because of bleeding secondary
to esophageal varices. The mean enrollment per site was 104
± 80 patients. The medical record audit designed to ensure
an adequate, nonbiased sampling of patients was carried out
in 14 sites, and revealed that 56% of all patients seen in these
institutions were entered in RUGBE over a mean 11.5 ±
4.9 study-months. Furthermore, the 1,163 cases (62% of all
RUGBE population) enrolled by the top six recruiting centers
represented 82% of all patients with upper GI bleeding seen
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Table 1. Study Population Characteristics
Low Risk (n = 1177) High Riskα (n = 692) Total (n = 1869)

Mean Mean Mean
Population (n = 1869) (median, IQR∗∗) CI95/SD∗ (median, IQR∗∗) CI95/SD∗ (median, IQR∗∗) CI95/SD∗
Male 61 58.8–63.4 64 60.6–67.7 62 59.7–64.1
Age (yr) 67(70; 56–79) yrs ± 17 yr 66 yrs (69; 54–78) ± 16 yr 66 yrs (70; 55–79) ± 17 yrs
Number of comorbid conditions 2.5(2.0; 1.0–3.0) ± 1.6 2.6(2.0; 1.0–4.0) ± 1.7 2.5(2.0; 1.0–3.0) ± 1.6
ASA Score†

1–2 48% 45.0–50.7 28% 24.5–31.2 40% 37.8–42.3
3 42% 38.7–44.4 51% 47.4–54.9 45% 42.7–47.3
4–5 11% 8.9–12.4 21% 17.9–24.0 14% 12.4–15.6

Inpatient at the time of onset bleed 25% 22.4–27.3 26% 22.4–29.0 25% 23–27
Transferred patients 6% 4.6–7.3 11% 8.7–13.5 8% 6.5–9.1
Past history of upper GI bleed 18.4% 16.1–20.7 21.0% 17.8–24.2 19.5% 17.1–20.9
Past history of PUD 25% 22.8–28.1 28% 24.5–31.6 27% 23.9–28.1
Symptoms on presentation

Melena 66% 63.3–68.7 75% 71.7–78.2 69% 67.2–71.4
Hematemesis 28% 25.6–30.7 32% 28.5–35.5 30% 27.5–31.6
Coffee ground vomiting 30% 27.4–32.6 24% 20.9–27.3 28% 25.8–29.8
Hematochezia 13% 10.9–14.8 19% 16.4–22.3 15% 13.6–16.9

Medications at presentation
Aspirin‡ 41% 38.5–44.2 38% 34.6–41.8 40% 38.0–42.4
NSAIDs 19% 16.7–21.2 20% 17.5–23.6 20% 17.7–21.4
COX–2 3.8% 2.7–4.8 2.5% 1.3–3.5 3.3% 2.5–4.1
Coumadin 11% 8.9–12.4 11% 8.3–12.8 11% 9.2–12.0
Heparin 10% 7.9–11.3 13% 10.5–15.5 11% 9.5–12.3
Steroids 6.3% 4.9–7.7 7.2% 5.3–9.2 6.7% 5.5–7.8

Rectal exam yield
Melena 23% 21.0–25.9 27% 23.4–30.0 25% 22.7–26.6
Bright red blood 5% 3.6–6.0 6% 4.4–8.1 5% 4.3–6.4
Occult blood positive 25% 22.1–27.1 26% 22.7–29.2 25% 23.1–27.1
Not documented 35.1% 32.3–37.8 33.1% 29.6–36.6 34.5% 32.2–36.5

Naso-gastric aspirates yield
Coffee ground material 13% 10.7–14.5 9% 7.1–11.4 11% 9.9–12.8
Bright red blood 6% 5.1–7.9 12% 9.9–18.4 9% 7.4–9.9
Tube not placed/documented 71% 68.0–73.2 72% 68.4–75.1 71% 69.0–73.1

Initial hemodynamic instability 29% 26.2–31.7 37% 33.2–40.8 32% 29.7–34.2
Lab results

Initial mean hemoglobin (g/L) 99(97; 81–117) ± 30 SD 91(89; 75–106) ± 25 SD 96(94; 78–113) ± 27 SD
Hematocrit 0.30(0.29; 0.24–0.35) ± 0.08 SD 0.27(0.27; 0.22–0.32) ± 0.07 SD 0.29(0.28; 0.23–0.34) ± 0.08 SD
Platelet count 255(237; 184–310) × 109/L ± 123 × 109 SD 245(228; 172–296) × 109/L ± 119 × 109 SD 251(234; 180–306) × 109/L ± 121 × 109 SD
INR 1.5(1.1; 1.0–1.3) ± 1.8 SD 1.6(1.2; 1.1–1.4) ± 1.6 SD 1.5 (1.2, 1.0–1.3) ± 1.7 SD

∗SD = standard deviation; CI95 = 95% confidence interval.
∗∗IQR = Interquartile range.
†ASA score refers to the American Society of Anesthesiologists classification of a patient’s severity and acuity of disease index (11).
αHigh-risk stigmata includes active bleeding(spurting and oozing), visible vessels, visible vessels with clots.
‡Mean daily dose of aspirin was 342 ± 517 mg.

in those institutions during the study period. Patient charac-
teristics are listed in Table 1.

Initial Management and Endoscopic Data
IV fluids were administered to 78% of patients within 3.4 ±
6.9 h of admission or bleeding onset in hospitalized patients.
Both crystalloid solutions (74%) and frozen plasma (15%)
were used, with a mean of 2.9 ± 1.7 (median: 2, interquar-
tile range (IQR 2.0–4.0): 2) units of blood given to 54% of
patients.

Overall, 2,484 endoscopic procedures were performed
with a median of one procedure per patient (range 1–6).
An endoscopy was first performed in 76% of patients within
24 h of presentation to the emergency room or of the on-
set of bleeding in patients already hospitalized (Fig. 1). Re-
peat endoscopy was performed in 25% of patients. Findings
on endoscopy included ulcers (56%) (gastric (47%), duo-
denal (42%), esophageal (11%)) duodenal and gastric ero-
sions (10%), and esophagitis (9%), with other lesions, includ-
ing Mallory–Weiss tear, Dieulafoy lesions, vascular lesions,
tumors, and polyps being less prevalent. Blood without a
specific associated lesion was noted in 1%, and endoscopy
was normal in 3.6%. Actively bleeding lesions were found in
27% of patients (3% spurting, 22% oozing, and 2% unspec-

ified). Among patients with high-risk endoscopic stigmata,
74% had an endoscopic treatment. No active bleeding was re-
ported in 69% (47% clean base, 10% visible vessel, 7% clot,
5.2% pigmented material). Of the 37% of patients receiving
endoscopic therapy, injection therapy alone was performed in
38%, isolated thermal therapy in 23%, combination thermal
and injection therapy in 34%, and hemoclips (alone or in
combination) in 3%, and other 2%. Detailed results on the
endoscopic findings are reported elsewhere (15).

Pharmacotherapy
The first dose of medication was administered within 10.7 ±
16.7 h following presentation to hospital or onset of bleeding
in patients already hospitalized. A PPI (oral and/or IV) was
given during hospitalization or emergency room visit to 85%
of patients. Overall, 66% received at least one dose of an oral
PPI, while 56% of patients received at least one dose of an
IV PPI. The mean daily dose of PPI was 56 ± 53 mg, and
included 92 ± 65 mg of an IV and 33 ± 30 mg of an oral
preparation. In Canada, the only approved IV PPI available
during the study period was IV pantoprazole, although in 1%
of cases, IV omeprazole was administered through a special
access plan. Among patients with high-risk endoscopic le-
sions, the mean daily doses of IV and oral PPI were 105 ±
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Figure 1. Timing of endoscopy following initial presentation with bleeding.

61 mg and 39 ± 30 mg, respectively. Overall, 24% received
an oral and/or IV H2 receptor antagonist (ranitidine 51%,
famotidine 48%). Nineteen percent of patients received both
a PPI and a H2 receptor antagonist, and 7.1% received either
octreotide (6.3%) or somatostatin (0.8%). These percentages
are not mutually exclusive.

Endoscopic and PPI therapy were used together in 34%
of all patients (with IV PPI in 27.4%, and oral PPI in
26.3%). Among patients receiving a PPI, 11% underwent
endoscopic therapy, while 94% of patients undergoing endo-
scopic hemostasis also received a PPI (with a mean daily dose
over 100 mg in 42%). Of the 1,177 patients with low-risk stig-
mata, 66.1% received PPI therapy without endoscopic treat-
ment, 45.0% received at least one dose of IV PPI, and 64.0%
received at least one dose of oral PPI.

Management of H. Pylori
Testing for H. pylori was performed during the hospital stay
in 47% of patients (77% histology, 9% rapid urease testing,
6% serology, and 8% others). Among patients with gastro-
duodenal ulcers who were tested, H. pylori was found in 45%
of patients overall (43.1% for gastric and 53.5% for duodenal
ulcers), and 0.6% of whom had used NSAIDs. Eradication
therapy was initiated during hospitalization in only 10% of
cases within a mean of 70.6 ± 12 h.

Outcomes
Continued and/or rebleeding during the same hospitalization
or a subsequent admission within 30 days occurred in 14.1%
of patients, with 6.5% requiring surgery, and 5.4% dying.
The mean age of patients who died was 72 ± 12.6 yr. Among
these patients, 38% (37/98) had continued bleeding (70.5 ±
14 yr), and 13.3% (13/98) had rebleeding (67.9 ± 16 yr).
Mean length of stay was 5.6 ± 6.1 days (median: 2.0, IQR:
2.0–7.0), and included a mean of 0.89 days in the intensive
care unit. Overall, 11.7% of patients were discharged directly
from the emergency room. Full 30-day follow-up information

was available for 1,758 (94.1%) patients; readmissions or
admissions following an initial discharge from the emergency
room were noted in only14 (0.8%) patients.

Predictive Models
Predictors of rebleeding/continued bleeding/surgery in-
cluded the patient’s health status, rectal examination find-
ings, nasogastric tube aspirate, and the presence of high-risk
endoscopic stigmata (Table 2). Protective therapies included
the acute use of a PPI (initiated before the outcome) in pa-
tients with or without high-risk endoscopic lesions, and the
performance of endoscopic therapy in patients with high-risk
endoscopic stigmata (Table 2, Fig. 2A). Institution, type of in-
stitution (tertiary vs nontertiary setting), geographic location
(by province), and the timing of endoscopy were all assessed
in the overall patient analyses and none was found to be a
significant predictor of outcome.

Table 2. Logistic Regression Model to Determine Significant Pre-
dictors of Rebleeding∗

Predictors (n = 1677) Odds Ratio Estimates

Point Estimate CI95

Health status 1.94 1.44–2.62
Rectal exam 1 3.76 2.26–6.26
NGT aspirate 1 2.55 1.70–3.82
Endoscopic high-risk stigmata 4.81 3.26–7.1
PPI use 0.53 0.37–0.77
Endoscopic treatment† 0.39 0.25–0.61

∗For the purposes of predictive modeling, patients who experienced rebleeding,
continued bleeding or surgery were grouped together.
†Values are for all patients, except for endoscopic treatment, which applies only to
patients with endoscopic high-risk stigmata for rebleeding, including active bleeding
(spurting and oozing), visible vessels, and clots.
Health status = class 1 or 2 versus others as determined by the ASA score (11);
(severely stable, severely unstable or moribund vs healthy or moderately healthy).
NGT aspirate 1 = a nasogastric tube aspirate showing bright blood versus other
findings
PPI use = use of a PPI prior to the episode of rebleeding.
Rectal exam 1 = a rectal examination showing bright blood versus other findings.
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Significant baseline predictors of increased mortality in-
cluded increasing age (per decade, OR: 1.36, 95% CI:
1.13–1.61), decreasing systolic blood pressure at initial as-
sessment (per 10 mm–Hg, OR: 1.18, 95% CI: 1.08–1.30),
increasing number of comorbidities (1 or none vs more, OR:
1.19, 95% CI: 1.04–1.35), worsening health status (severely
stable, severely unstable or moribund vs healthy or moder-
ately healthy, OR = 9.52, 95% CI: 3.37; 26.31), bright blood
on rectal examination (OR: 2.95, 95% CI: 1.29–6.76), bright
red blood in nasogastric tube aspirate (OR: 2.14, 95% CI:
1.11–4.10), inpatient status at onset of bleeding (OR: 2.77,
95% CI: 1.64–4.66), and rebleeding (OR: 5.29, 95% CI: 3.23–
8.65). Among patients who were outpatients at onset of bleed-
ing, significant predictors in those with high-risk endoscopic
stigmata included comorbidities and low systolic blood pres-
sure (Table 3). Protective therapies in these patients included
the acute use of a PPI, and the performance of endoscopic
therapy (Table 3, Fig. 2B). Additional analyses showed that
further adjustment for setting of care (community vs tertiary)
did not alter the results, and that a survivor bias (or in this
case early mortality bias) did not play a role in the noted
significant association between decreased mortality and PPI
use.

Exploratory PPI Dose Threshold Analysis
In this set of analyses, adjustment was initially carried out
according to the following possible confounders of outcome:
age, sex, comorbidity, health status, rectal exam findings, na-
sogastric tube aspirate findings, blood pressure, inpatient sta-
tus at the time of bleed, the initial hemoglobin level, the nature
and risk of the endoscopic lesion, the number of transfused
units of blood, the time of the endoscopy, and the performance
of endoscopic therapy. Higher compared to lower propensity
scores (20–40%, 40–60%, 60–80%, and 80–100% likelihood
of receiving an IV PPI vs a comparator group of 0–20%) were
associated with a higher risk for rebleeding, even after adjust-
ing for known possible confounders. The search for a dose
threshold did not yield a significant cut-off but suggested
a trend for a daily dose of 100 mg or more as being more
strongly protective (OR: 0.44, 95% CI: 0.27–0.71).

Table 3. Predictors of Mortality in Patients with High-Risk Stigmata
Who Were not in Hospital When the Bleeding Started

Effects (n = 432) Odds Ratio Estimates

Point Estimate CI95

Age by decade∗ 1.50 1.03–2.16
Comorbidity >2 vs ≤2∗ 2.92 1.02–8.4
Low systolic blood 1.46 1.16–1.87

pressure (per 10 mmHg)∗

PPI use∗ 0.18 0.04–0.80
Endoscopic treatment∗ 0.31 0.11–0.91

∗Significant predictors (odds ratio does not cross 1).
Comorbidity = patients with 2 or fewer comorbid conditions versus patients with

3 or more.
Systolic blood pressure = systolic blood pressure at the initial assessment.
Baseline hemoglobin = hemoglobin at the initial assessment.
PPI use = use of a PPI during the patient’s hospitalization.
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Figure 2. Treatments that have significant protective effects on (A)
rebleeding or (B) mortality. For the purposes of predictive model-
ing, patients who experienced rebleeding, continued bleeding, or
surgery, were grouped together. PPI use = use of PPI prior to re-
bleeding, for the outcome of rebleeding, or at any time during hos-
pitalization for the outcome of mortality.

DISCUSSION

Most descriptive results noted in RUGBE, such as patient
demographics and endoscopic findings, including the preva-
lence of stigmata, were comparable to previously published
large databases, excluding patients with varices (1, 16–22).
The rebleeding rate of 14.6% is comparable to that reported in
other recent large “real-life” databases (18, 23), and includes
patients with continued bleeding. Access to endoscopy was
also similar to that reported (18), as was the modest use of
combination endoscopic therapy. The baseline clinical pre-
dictors of mortality and rebleeding that we identified are sim-
ilar to those previously reported in the literature (24). In the
analyses, the different obtainable components that make up
the Rockall score were included individually in the model.
We have assessed validation of the Rockall scoring scheme
in a separate study (25).

Despite adopting a conservative approach by grouping re-
bleeding, continued bleeding, and surgery in the predictive
modeling, endoscopic and pharmacological treatments were
shown to be independent predictors of improved outcomes.
No single clinical trial had, to date, been large enough to
demonstrate a significant reduction in mortality attributable
to endoscopy although it had been reported by metaanalyses
(26–28). The RUGBE results also demonstrate a decrease
in mortality attributable to PPI use in this subgroup—also a
new finding, which is probably related to the large number of
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patients included in the registry and is supported by observed
trends from smaller randomized trials (8), and a preliminary
metaanalysis report (29). Because of the nature of the study
design, these findings need to be considered exploratory and
require prospective confirmation, although it is unlikely that a
prospective controlled trial will be initiated that can include
a sufficient patient number to better define many of these
observations.

RUGBE suggests confirmation that both endoscopic ther-
apy and PPI use decrease rebleeding in patients with high-risk
stigmata, as shown previously in randomized trials of patients
with bleeding ulcers (5–8, 26–30). Perhaps the most interest-
ing finding is the independent and significant decrease in
rebleeding attributable to PPI use that was noted in patients
without high-risk stigmata, most of whom did not undergo en-
doscopic therapy. The reasons for this may include adequate
statistical power to demonstrate a small but significant benefit
since the rebleeding rate in these patients is quite low (31).
Alternatively, high-risk stigmata may have been incorrectly
diagnosed as low risk, although a large number of incorrect
diagnoses would have been necessary to provide the mag-
nitude of observed protective effect, and the prevalence and
distribution of the observed endoscopic stigmata, as stated be-
fore, was in keeping with those reported in similar registries
(17, 21, 32, 33). In this regard, it is interesting to note that
although wide interobserver variation exists in endoscopic
diagnoses (34), a recent Canadian study demonstrated good
agreement for bleeding lesions among 30 endoscopists, half
of whom participated in the RUGBE registry (35).

The clinical significance of this possible, more generalized
benefit attributable to PPI use remains unclear as the proba-
bility of rebleeding in this patient population is already quite
low (31), particularly in patients with clean base ulcers who
can be discharged home directly from the emergency room
(36). However, the cost implications of this additional effect
in patients with low-risk stigmata in any bleeding lesion are
potentially significant and may, if confirmed, favor a policy
of PPI administration to all patients prior to endoscopy, as
has been suggested in recent decision modeling (37, 38).

Even though the protective effects associated with the use
of endoscopic therapy and PPIs are statistically independent
of each other, PPI use was administered in association with
endoscopic therapy in 34% of the patients. Unfortunately, the
data collected in the registry do not allow us to identify the
magnitude of effect in relation to whether the PPI was given
before or after endoscopic therapy.

An attempt to examine the effect of therapeutic combi-
nations did not yield clinically useful information due to
shrinking numbers; similarly, subgroup modeling attempt-
ing to isolate effects in patients bleeding from causes other
than ulcers quickly lost the needed statistical power to allow
for meaningful assessment (data not shown).

The respective contributions of oral versus IV PPI to im-
proved outcomes cannot fully be evaluated, particularly as
both high-dose IV and oral administration have been shown
efficacious (5–8, 39–42). We attempted to better define an op-

timal threshold for decreased rebleeding, yet such an analysis
must be considered only exploratory as we could not deter-
mine with precision a quantitative estimate of actual doses
that were given prior to a rebleed, in contrast to the qualitative
PPI use covariate.

The adopted study design is not an experimental one, and
thus is not as rigorous as that of a randomized controlled
trial (43). In this sense, again, the demonstrated associations
should be seen as suggestive, especially since biologically
plausible, but require prospective independent confirmation.
However, it is recognized that observational databases can be
useful adjuncts to randomized controlled trials to determine
whether efficacy under the controlled conditions in specialist
centers translates into effective treatment in routine practice
(43). Furthermore, the common concept that observational
trials overestimate treatment effect has recently been chal-
lenged by a number of investigators (44, 45).

Methodological limitations can nonetheless threaten the
internal validity of registries. These include the complete-
ness of follow-up, ascertainment of outcomes, possible pa-
tient selection bias, and inadequate adjustment for confound-
ing when attempting to identify predictors of outcome and
treatment effects (43). The external validity of the trial may
also be questioned due to the method of patient selection.
We attempted to address these possible shortcomings by es-
tablishing conservative and a priori definitions for all study
variables including outcomes, by training all research per-
sonnel in a standardized fashion and providing them with a
glossary, by enforcing strict data verification and validation
protocols, and by completing an audit that ensured complete
30-day follow-up. We also attempted to optimize the random
nature of subject selection by having the research nurses ran-
domly select the charts to review; a separate audit confirmed
the unlikelihood of patient selection bias. We increased re-
cruitment as a proportion of all eligible patients at the sites
where nurses were hired on a full-time, rather than a part-time
basis. In this regard, the lack of confounding attributable to
center, institution-type, or geographical area further validates
the adequacy of the patient selection process. With regard to
follow-up, although it is possible that some patients may have
rebled and gone to another hospital at that time, such an event
is unlikely in the manner in which patients were cared for in
the participating institutions. In addition, when considering
the usual timing of a rebleed (8), and the mean duration of
hospital stay of patients included in RUGBE, we feel quite
confident that the numbers of missed negative outcomes is
very low.

Regarding other adjustment of possible confounding, even
though we cannot exclude unknown sources of bias, the pre-
dictive models that examined baseline clinical predictors and
the exploratory propensity score analyses adjusted for all
recognized possible confounders of outcome and these are
very much in keeping with previously published results (24).
Furthermore, the results we observed that identified protec-
tive effects attributable to PPI use and endoscopic therapy,
have either been reported before, or if novel, are biologically
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plausible findings if one considers the rationale for using pro-
found acid suppression (26, 27, 30, 46, 47) coupled to sample
size considerations.

In conclusion, results from the RUGBE registry data on
patients with a variety of nonvariceal UGI bleeding lesions
have shown that endoscopic therapy and the acute use of
PPIs may both decrease rebleeding and mortality in se-
lected patients exhibiting high-risk stigmata. This acute PPI
use may also independently and significantly decrease re-
bleeding in patients with low-risk endoscopic lesions. Ad-
ditional studies are now required to confirm these findings,
determine the optimal method and dose of PPI administra-
tion, and assess the impact of newer endoscopic treatment
methods.
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