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OBJECTIVES: Acute lower gastrointestinal hemorrhage (LGIH)
is a common indication for hospitalization. However, there are
few published studies of related health care resource utilization.
Resource utilization, length of stay (LOS) and direct medical
costs were characterized in a cohort of patients admitted for non-
malignant LGIH to centres in Ontario.
METHODS: Consecutive admissions for LGIH were identified
at four Ontario hospitals. Profiles of resource utilization, LOS and
estimates of direct medical costs were compiled through detailed
chart review and adaptation of an administrative database. All
centres were participants in the Ontario Case Cost Project.
Linear regression models of log-transformed data were con-
structed to identify demographic variables predictive of LOS and
case cost. 
RESULTS: Among 124 patients enrolled (mean age 58.8 years)
the average case cost was $4,832 (SD $7,187) for 7.5 days in hos-
pital (SD 12.0). Diverticular disease was the bleeding source most
often identified (34.6%), followed by hemorrhoids (13.7%) and
ischemic colitis (9.7%). Older age and comorbid illness, specifi-
cally coronary artery disease (CAD), were associated with both
increased LOS and higher case cost in univariate regression
analyses. Age persisted as the lone independent predictor of LOS
in the multivariate model (P<0.05, R2=0.076), and age and CAD

were both independent predictors of cost (P<0.05, R2=0.109) in
a stepwise multiple linear regression analysis. Neither sex nor
nonsteroidal anti-inflammatory drug use predicted LOS or cost. 
CONCLUSIONS: Admissions for acute LGIH are associated
with significant resource utilization, particularly among elderly
patients with CAD.
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Utilisation des ressources pour l’hémorragie
digestive basse aiguë : L’Ontario GI Bleed
Study

OBJECTIFS : L’hémorragie digestive basse aiguë (HDBA) est une indi-
cation fréquente de l’hospitalisation. Par contre, peu d’études ont été pu-
bliées sur l’utilisation des ressources en soins de santé qui y sont associées.
L’utilisation des ressources, la durée du séjour et les coûts médicaux directs
ont été caractérisés auprès d’une cohorte de patients admis pour HDBA
non maligne dans des centres de santé ontariens.
MÉTHODES : Les admissions consécutives pour HDBA ont été identi-
fiées dans quatre hôpitaux ontariens. Les profils d’utilisation des ressources,
la durée des séjours et les estimations des coûts médicaux directs ont été
compilés par le biais d’un examen détaillé des dossiers et par l’adaptation

suite à la page suivante
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Lower gastrointestinal hemorrhage (LGIH) is a common
indication for hospitalization worldwide. In the United

States, the annual incidence of hospitalization is 21 to 27
per 100,000 population (1,2), and in one report, LGIH
accounted for 0.7% of total hospital discharges (3). Despite
this illness burden, there are few published studies of associ-
ated resource utilization and medical costs. The Ontario GI
Bleed Study was initiated to quantify hospital resource uti-
lization, estimate direct medical case costs for gastrointesti-
nal hemorrhage and identify their relationship with
demographic variables. Similar analyses of acute non-
variceal upper gastrointestinal hemorrhage have been
reported previously (4,5).

MATERIALS AND METHODS
The study was conducted at four hospitals in Ontario. Sites
1 and 3 were teaching centres affiliated with Canadian
medical schools, and sites 2 and 4 were community hospi-
tals with no such associations. All sites were participants in
the Ontario Case Cost Project (OCCP) (see below). The
research ethics boards of each participating institution
approved the study on the condition that individual centres
would not be identified by name. 

In Canada, health care is funded publicly and adminis-
tered by provincial governments. Hospital global budgets in
Ontario are negotiated annually with the provincial min-
istry of health, whereas physicians are reimbursed sepa-
rately, largely on a fee-for-service basis.

Consecutive admissions for LGIH were identified at
each site. The discharge records of all admissions during
the fiscal years 1994/95 and 1995/96 were searched for the
following International Classification of Diseases, ninth revi-
sion codes as a primary or secondary discharge diagnosis:
578.9 (gastrointestinal hemorrhage), 569.3 (hemorrhage
from anus/rectum) and 578.1 (blood in stool). A manual
chart review was then undertaken to confirm eligibility
according to the following criteria: age 18 years or older at
admission and LGIH as the primary indication for hospi-
talization.  Patients were excluded for any of the following
reasons: bleeding attributed to gastrointestinal malig-
nancy; diagnosis of liver cirrhosis; or known bleeding
diathesis (including therapeutic anticoagulation). These
criteria were imposed to identify cases in which the man-
agement of bleeding was the principal issue throughout

hospitalization. For patients with multiple admissions dur-
ing the study period, only data from the first admission
were used.

The following descriptive data were extracted for each
patient: age at admission; sex; date and time of arrival and
discharge; and use of nonsteroidal anti-inflammatory drugs
(NSAIDs). Documentation of prespecified comorbid diag-
noses (coronary artery disease [CAD], diabetes mellitus,
hypertension, chronic obstructive pulmonary disease or
asthma, congestive heart failure and dysrhythmias) was
sought from medical admission and progress notes. The pre-
sumed primary source of bleeding was inferred from physi-
cian notes and discharge summaries. Time spent in the
emergency department, medical ward, intensive care and
stepdown units was tabulated to determine the ward-
specific and total length of stay (LOS).

Resource utilization profiles for each patient were
adapted from a hospital administrative database developed
in collaboration with the OCCP. The OCCP was a joint
initiative of the Ontario Ministry of Health and the
Ontario Hospital Association, involving 16 hospitals (6).
Each participating centre developed a detailed, itemized
cost database indexed by individual patient encounter.
Costing algorithms abided by the Guidelines for Management
Information Systems in Canadian Health Care Facilities (7),
which fully allocate hospital expenditures among standard-
ized functional cost centres such as nursing, clinical labora-
tory, diagnostic imaging and pharmacy. Resources and
services within functional cost centres are assigned variable
costs for relevant material supplies, plus a workload-
indexed proportion of fixed or overhead costs, such as
labour, equipment and capital infrastructure (including
depreciation). For each subject, a total case cost per admis-
sion was estimated by multiplying numbers of resource units
by the total (ie, fixed plus variable) cost per resource unit.
Direct nonmedical and indirect costs were not assessed, and
physician reimbursement was not reflected in the estimates
of total case costs.

The following demographic variables known to influ-
ence prevalence and/or outcome of LGIH were tested for
their individual associations with case cost by linear
regression: age at admission, sex, NSAID use and the pres-
ence of prespecified comorbid illnesses (2,8-12).
Univariate and unforced, stepwise multiple regression
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d’une base de données administratives. Tous les centres participaient à
l’Ontario Case Cost Project. Des modèles de régression linéaires des don-
nées log-transformées ont été construits pour identifier les variables
démographiques pouvant prédire la durée du séjour et les coûts des cas.
RÉSULTATS : Chez les 124 patients inscrits (moyenne d’âge 
58,8 ans), le coût moyen par cas a été de 4 832 $ (É.-T. : 7 187 $) pour
une hospitalisation de 7,5 jours (É.-T. : 12,0). La diverticulite a été la
source de l’hémorragie la plus souvent identifiée (34,6 %), suivie des
hémorroïdes (13,7 %) et de la colite ischémique (9,7 %). La vieillesse
et la présence de comorbidités, plus précisément de coronaropathie,
ont été associées à un séjour plus long et à un coût par cas plus élevé

lors des analyses de régression univariées, alors que l’âge persistait à
titre de facteur de prévisibilité indépendant du séjour hospitalier dans
le modèle multivarié (p < 0,05, R2 = 0,76) et l’âge et la coronaropathie
ont tous deux été des facteurs de prévisibilité indépendants du coût 
(p < 0,05, R2 = 0,109) dans le cadre d’une analyse de régression linéaire
multiple par étapes. Ni le sexe ni le recours à des anti-inflammatoires
non stéroïdiens n’ont semblé exercer une influence sur la durée du
séjour ou sur le coût.
CONCLUSION : Les admissions pour HDBA ont été associées à une
utilisation significative des ressources, particulièrement chez les
patients âgés souffrant de coronaropathie.
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models were constructed using the above variables to iden-
tify independent predictors of case cost.  

Despite similar costing algorithms, it was anticipated
that the costs assigned to individual resource units might
differ among centres and add variation to the total esti-
mated case costs. For this reason, LOS was used as a sec-
ondary, surrogate measure of resource utilization (13), and
regression models using LOS as the dependent variable
were also constructed. Logarithmic transformations of
dependent variables (case cost and LOS) were undertaken
to reduce skew, render distributions closer to normal and
facilitate regression analysis.

All costs are reported in Canadian dollars (CDN$1.00=
US$0.65), and were converted to year 2002 dollar equiva-
lents using the health and personal care component of the
Consumer Price Index for Canada. 

RESULTS
Patient cohort
A total of 124 eligible patients admitted with LGIH were
identified at the four sites (Table 1). Sixty patients
(48.8%) were male, and the average age was 58.8 years
(SD 19.0). Thirty-six patients (29.0%) were using
NSAIDs at the time of admission. The majority, 89
patients (71.8%), suffered from none of the prespecified
comorbid illnesses.  

The source of bleeding was identified as diverticular dis-
ease in 43 patients (34.7%), hemorrhoids in 17 (13.7%),
ischemic colitis in 12 (9.7%), Crohn’s disease in 11 (8.9%),
polyposis in 10 (8.1%), ulcerative colitis in eight (6.5%),
angiodysplasia in seven (5.6%), infection in four (3.2%),
other sources in eight (3.2%) and an unknown source in
four (3.2%) patients.  

One patient (0.8%) died. Three patients were trans-
ferred to other institutions. Resource utilization, LOS and
case costs for the latter were not captured after transfer
because the receiving centres were not participants in the
OCCP. All of the remaining patients survived to discharge
from hospital.

RESOURCE UTILIZATION AND CASE COSTS
Consumption of key resources specific to the management
of LGIH is summarized in Table 2. A mean of 6.7 complete
blood counts (SD 7.2) and 1.1 coagulation profiles (SD 2.2)
were performed per patient. One hundred patients (80.6%)
underwent endoscopy, principally colonoscopy. Twelve
patients (9.7%) underwent surgery because of recurrent or
persistent hemorrhage.  

Overall, the mean LOS was 7.5 days (SD 12.0, median
5.0, interquartile range 3 to 7) (Table 2). Patients spent an
average of 0.2 days in the emergency room (SD 0.4) and 0.5
days in the intensive care or stepdown units (SD 1.6). Of
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TABLE 1
Characteristics of 124 patients consecutively enrolled at four Ontario hospitals for lower gastrointestinal
hemorrhage

Academic Community

Site 1 (n=26) Site 3 (n=33) Site 2 (n=32) Site 4 (n=33) Total (n=124)

Mean age (years) 60.0 56.1 52.1 67.1 58.8

Male sex (%) 15 (57.7) 18 (54.5) 10 (31.3) 17 (51.5) 60 (48.4)

NSAID use (%) 9 (34.6) 7 (21.2) 8 (25.0) 12 (36.4) 32 (29.0)

Comorbid illness (%)

0 13 (50.0) 28 (84.8) 25 (78.1) 23 (69.7) 89 (71.8)

1 8 (30.8) 3 (9.1) 4 (12.5) 7 (21.2) 22 (17.7)

2 or more 5 (19.2) 2 (6.1) 3 (9.4) 3 (9.1) 13 (10.5)

Bleeding source (%)

Diverticular bleed 8 (30.8) 7 (21.2) 5 (15.6) 23 (69.7) 43 (34.7)

Hemorrhoids 6 (23.1) 3 (9.1) 7 (21.9) 1 (3.0) 17 (13.7)

Ischemic colitis 3 (11.5) 1 (3.0) 4 (12.5) 4 (12.1) 12 (9.7)

Crohn’s disease 2 (7.7) 4 (12.1) 4 (12.5) 1 (3.0) 11 (8.9)

Polyposis 3 (11.5) 3 (9.1) 3 (9.4) 1 (3.0) 10 (8.1)

Ulcerative colitis 0 (0.0) 5 (15.2) 1 (3.1) 2 (6.1) 8 (6.5)

Angiodysplasia 4 (15.4) 1 (3.0) 2 (6.3) 0 (0.0) 7 (5.6)

Infection 0 (0.0) 0 (0.0) 4 (12.5) 0 (0.0) 4 (3.2)

Other 0 (0.0) 6 (18.2) 2 (0.1) 0 (0.0) 8 (6.2)

Unknown 0 (0.0) 3 (9.1) 0 (0.0) 1 (3.0) 4 (3.2)

NSAID Nonsteroidal anti-inflammatory drug
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the 15 patients who spent time in an intensive care or step-
down unit, the average stay was 3.9 days (SD 3.0). The
mean direct medical cost was C$4,832 per admission (SD
$7,186, median $2,128, interquartile range $1,354 to
$3,957).

SUBGROUP ANALYSES 
The mean case costs and LOS in selected subgroups are pre-
sented in Table 3. Patients aged 75 years and older (n=32)
incurred mean costs of $7,167 for 11.8 days in hospital com-
pared with mean costs of $4,020 for 6.0 days in hospital for
those under age 75 years (n=92).  

Patients with none of the prespecified comorbid illnesses
had a mean case cost of $4,229 compared with $5,796 and
$7,869 for patients with one and two or more comorbid ill-
nesses, respectively. The mean case cost for patients with
CAD (n=14) was $9,402 for 9.57 days in hospital.

Data for the 43 patients with diverticular disease as the
primary source of bleeding were analyzed separately (Table
3). Compared with patients with nondiverticular bleeds,
these patients were older (73.3 versus 52.2 years, P<0.05),
more likely to use NSAIDs (53.5% versus 16.0%, P<0.05)

and more likely to suffer at least one comorbid illness
(44.2% versus 19.8%, P<0.05). However, their average case
costs and LOS were marginally lower at $3,965 versus
$5,292 (P=0.45) and 6.7 days versus 7.93 days (P=0.33),
respectively.  

Mean case costs and LOS were higher for patients admit-
ted to academic centres ($6,775 for 9.9 days, n=59) than
community centres ($3,068 for 5.3 days, n=65, P<0.05)
despite similar age, sex, NSAID use and comorbid illness
(Table 2). Colonoscopy was performed more often in the
academic centres (0.80 versus 0.57 per patient, P<0.05),
whereas more patients underwent sigmoidoscopies in com-
munity centres (0.40 versus 0.20 per patient, P<0.05).
However, this study was neither intended nor designed
a priori to test for differences among individual participat-
ing centres.

LINEAR REGRESSION MODELS
Because case costs and LOS were not normally distributed,
a logarithmic transformation of both dependent variables
was performed before all regression analyses. This reduced
the skew from 2.88 to 0.17 for case costs and from 6.71 to
0.43 for LOS.  

In univariate linear regression, age and number of
comorbid illnesses were associated with both prolonged
LOS and increased case cost (P<0.05). When individual
comorbid illnesses were tested for their association with
LOS and cost, only CAD showed a significant association
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TABLE 2
Resource utilization and case costs per admission for
124 patients consecutively enrolled at four Ontario
hospitals for lower gastrointestinal hemorrhage
(values represent means)

Academic Community
Sites 1, 3 Sites 2, 4 Total 

(n=59) (n=65) (n=124)

Laboratory

CBC 7.63 5.82 6.68

INR 1.80 0.51 1.12

Blood transfusion 1.73 1.55 1.64

Radiology

X-rays 2.00 0.88 1.41

Barium enema 0.15 0.18 0.17

Ultrasound 0.27 0.09 0.18

Red blood cell scan 0.15 0.14 0.15

Angiogram 0.22 0.01 0.11

Abdominal CT 0.12 0.01 0.06

Endoscopy

Colonoscopy 0.80 0.57 0.68

Sigmoidoscopy 0.20 0.40 0.31

Gastroscopy 0.27 0.28 0.27

Surgery 0.15 0.04 0.10

Total LOS (days) 9.93 5.32 7.52

Total case cost (CDN$) 6,775 3,068 4,832

CBC Complete blood count; CT Computed tomography; INR International
normalized ratio; LOS Length of stay; X-rays Combined chest and abdominal
films

TABLE 3
Subgroup analysis of direct medical case costs and
length of stay

Case costs Length 
(mean of stay

2002 CDN$) (days) n

Age (years)

20-39 4,227 6.1 26

40-59 3,155 6.0 27

60-74 4,880 6.0 39

75-86 7,167 11.8 32

NSAID use

Yes 4,745 7.7 36

No 4,867 7.4 88

Comorbid illness

0 4,229 7.4 89

1 5,796 7.4 22

2 or more 7,329 8.2 13

Bleeding source

Diverticular 3,965 6.7 43

Other 5,292 7.9 81

NSAID Nonsteroidal anti-inflammatory drug
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(P<0.05). Neither sex nor NSAID use at admission pre-
dicted LOS or cost.

In a stepwise, multiple linear regression model, age per-
sisted as the lone predictor of LOS in the multivariate
model (P<0.05, R2=0.076); however, age and CAD were
copredictors of cost (P<0.05, R2=0.109) using log-
transformed data. A scatterplot depicting the relationship
between age, history of CAD and case cost is shown in
Figure 1.

When the population was restricted to those with diver-
ticular hemorrhage, regression models showed only age to
be an independent predictor of cost (R2=0.109) and LOS
(R2=0.119).

DISCUSSION
The present study characterized a consecutive cohort of
patients admitted with acute LGIH and managed in a
Canadian health care setting. The average direct medical
case cost was $4,832 for 7.5 days in hospital, and was posi-
tively correlated with age and history of CAD. Patients
over age 75 years with CAD incurred an average case cost
of $6,713 for 8.8 days in hospital.

In the present study, older age and a history of CAD
were predictors of higher direct medical case costs for
LGIH. These results are congruent with other evidence
that age influences resource utilization (4,5) and outcome
(14,15) in upper gastrointestinal hemorrhage and other
medical illnesses (16-18). Comorbidity, specifically CAD,
has also been correlated with a poorer outcome and
rebleeding in upper gastrointestinal hemorrhage (15,19). In
lower gastrointestinal bleeding after polypectomy, age has
been associated with higher transfusion requirements (20).
Comorbidity (one component of a composite risk score) has
been shown to predict the outcome of LGIH (9). 

Diverticular disease was the most common source of
bleeding in the present study (34.7% of patients). Costs and
LOS in this group were slightly lower than those of patients
with nondiverticular bleeds, despite increased age and
greater comorbidity. This may reflect, in part, the self-
limited nature of most diverticular bleeds (21).

NSAIDs have been identified as a risk factor for LGIH
(10,12,22), particularly in patients with diverticular disease
(11). In our population, NSAID use was more prevalent
among patients with diverticular bleeding (53%) than
among those with nondiverticular sources (16%). However,
NSAID use was not associated with increased resource uti-
lization. Similarly, rates of hospitalization for LGIH were
higher among men than among women (1), but our analy-
sis did not identify sex as a predictor of resource utilization
once bleeding occurs.

Hospital teaching status and attending physician spe-
cialty have been shown to affect LOS and case costs in
upper gastrointestinal hemorrhage (23,24); however, there
are no equivalent data for LGIH. In our study, mean case
costs and LOS were higher among patients admitted to aca-
demic centres than to those admitted to community cen-
tres, despite ostensibly similar patient profiles at admission.

However, these data must be interpreted with extreme cau-
tion. Patients were not matched a priori for diagnosis or ill-
ness severity, and variations in resource use may reflect
inherent differences in patient acuity and case-mix.
Furthermore, costs and LOS were underestimated for the
three subjects transferred to other centres. Accordingly, our
data require careful, prospective validation.  

To our knowledge, there are no similar published esti-
mates of direct medical case costs for LGIH with which to
compare our findings. The mean case cost for management
of bleeding peptic ulcer disease in a similar Canadian study
was $2,953 for 5.7 days in hospital (1997 Canadian dollars)
(5). Although health care standards in Canada and the
United States are similar (25-27), our results may not be
generalizable to practice settings outside of Ontario. The
transfer of economic evaluations of health care technolo-
gies across jurisdictions is limited by differences in practice
patterns, population profiles and reimbursement structures
(28). Thus, decision makers in such settings must still look
to validate our results with locally relevant data.  

Better understanding and recognition of differences in
resource utilization among demographic subgroups is
needed to target care pathways and/or practice guidelines
for the management of LGIH. Strategies that avoid, stream-
line or shorten admissions may yield the greatest savings
when applied to resource-intensive subgroups, such as the
elderly. For example, rapid colonoscopy protocols for LGIH
have been found to achieve substantial cost savings (29,30),
and early discharge algorithms for upper gastrointestinal
hemorrhage are receiving increased attention (19). While
our data are useful to protocol development, additional
information from larger populations and/or bleed registries
is required.

Ontario GI Bleed Study
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Figure 1) Scatter plot with regression line of log-transformed total
direct medical case cost per admission versus patient age and history of
coronary artery disease (CAD)
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In summary, we have shown that admissions for LGIH
consume substantial health care resources, particularly
among elderly patients with CAD. In an era of constrained
health care resources, careful examination of factors that
influence resource utilization and case costs is needed.
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