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Predictors of ICU Admission and Outcomes 1 Year Post-Admission
in Persons with IBD: A Population-based Study
Charles N. Bernstein, MD,*,† Allan Garland, MD, MA,*,‡,§ Christine A. Peschken, MD, MSc,*,‡

Carol A. Hitchon, MD, MSc,* Hui Chen, MSc,§ Randy Fransoo, PhD,‡,§ and Ruth Ann Marrie, MD, PhD*,‡

Background: To determine predictors of intensive care unit (ICU) admission and to assess health care utilization (HCU) post-ICU admission among
persons with inflammatory bowel disease (IBD).

Methods: We matched a population-based database of Manitobans with IBD to a general population cohort on age, sex, and region of residence and
linked these cohorts to a population-based ICU database. We compared the incidence rates of ICU admission among prevalent IBD cases according to
HCU in the year before admission using generalized linear models adjusting for age, sex, socioeconomic status, region, and comorbidity. Among incident
cases of IBD who survived their first ICU admission, we compared HCU with matched controls who survived ICU admission.

Results: Risk factors for ICU admission from the year before admission included cumulative corticosteroid use (incidence rate ratio, 1.006 per 100 mg
of prednisone; 95% confidence interval, 1.004–1.008) and IBD-related surgery (incidence rate ratio, 2.79; 95% confidence interval, 1.99–3.92). Use of
immunomodulatory therapies within 1 year, or surgery for IBD beyond 1 year prior, were not associated with ICU admission. In those who used
corticosteroids and immunomodulatory medications in the year before ICU admission, the use of immunomodulatory medications conferred a 30% risk
reduction in ICU admission (incidence rate ratio, 0.70; 95% confidence interval, 0.50–0.97). Persons with IBD who survived ICU admission had higher
HCU in the year following ICU discharge than controls.

Conclusions: Corticosteroid use and surgery within the year are associated with ICU admission in IBD while immunomodulatory therapy is not.
Surviving ICU admission is associated with high HCU in the year post-ICU discharge.

(Inflamm Bowel Dis 2015;21:1341–1347)
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P ersons with inflammatory bowel disease (IBD) have high rates
of health care utilization (HCU), with an annual frequency of

hospitalizations exceeding 20%.1 Admissions for critical illness,

as measured by intensive care unit (ICU) admission, occur with
increased frequency in the IBD population after adjusting for age,
sex, socioeconomic status (SES), and comorbidity.2 However, the
existing literature on critical illness among patients with IBD is
sparse. We recently published one of the few such studies, explor-
ing the incidence of ICU admission in IBD and mortality among
those admitted to the ICU.2 The risk of ICU admission was higher
for patients with Crohn’s disease (CD) (hazard ratio, 2.31; 1.95–
2.75) than ulcerative colitis (UC) (hazard ratio, 1.37; 1.13–1.65).
Compared with controls admitted to ICUs, mortality rate 1 year
post-ICU admission was increased in both CD (relative risk [RR],
1.42; 95% confidence interval [CI], 1.09–1.77) and UC (RR, 1.38;
95% CI, 1.01–1.78).2

Many relevant and unanswered questions remain about
critical illness in IBD. For instance, it is not known what
characteristics of these patients, their illness, and their treatments
are associated with a higher risk of developing critical illness.
Answering this question is relevant because it might illuminate
modifiable risk factors. Preventing ICU admission might be
associated with preventing other adverse outcomes after discharge
from the ICU. Beyond mortality, it is unclear as to what other
long-term consequences of critical illness in IBD occur. Although
critical care itself is an economic burden, it would be important to
determine if surviving an ICU admission presents an additional
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health care burden postdischarge. This is relevant to health care
providers caring for these individuals and for policymakers
planning health services.

Therefore, we aimed to determine if HCU, including
hospitalizations, surgery, physician visits, and use of disease-
specific medications, is associated with ICU admission. We
further aimed to determine if persons with IBD had higher
HCU in the year post-ICU admission compared with persons from
the general population admitted to ICUs.

METHODS

Data Source
This study used anonymized population-based administra-

tive data from the Canadian province of Manitoba for the period
April 1, 1984 to March 31, 2010 that were housed in the
repository at the Manitoba Centre for Health Policy. Manitoba’s
1.2 million residents receive universal health care delivered by
Manitoba Health, the provincial health authority.3 All health ser-
vice claims include a unique personal health identification number
that identifies the person who received the service. Hospitalization
records include the patient’s unique identifier, dates of admission
and discharge, and diagnostic codes recorded using International
Classification of Disease (ICD)-9 (before 2004) or ICD-10 (from
2004 onward). Physician claims include the patient’s unique iden-
tifier, date of service, and 3-digit ICD-9-CM code for one diag-
nosis. The Drug Program Information Network captures all
outpatient prescription drug dispensations, including the date,
drug name, and drug identification number, for all residents.4

The population registry captures demographic information (sex,
date of birth, and date of death) and dates of health care coverage.

Study Population
As previously reported, we identified Manitobans with IBD

on the basis of a validated algorithm: $5 unique hospital or out-
patient physician claims for a diagnosis of either CD (ICD-9 CM
code 555) or UC (ICD-9 CM code 556).5 For persons registered
with Manitoba Health for less than 2 years, the definition was $3
unique hospital or physician claims for a diagnosis of either CD or
UC. From 2004 and onward, ICD-10 codes were used for
hospital-based claims (K50 for CD and K51 for UC). Prevalent
cases were identified as far back as 1984. To identify incident
cases, we excluded individuals with CD or UC claims during a 5-
year run-in period before the index date. Hence, the first year we
chose to include cases as incident was 1989. After identifying the
IBD cohort, we selected a general population cohort, matched on
sex, exact year of birth, and region of residence based on 6-digit
postal code (we used the first 3 digits if a full postal code match
was not possible). We excluded anyone with any claims for CD or
UC from this cohort. We also excluded individuals with multiple
sclerosis or rheumatoid arthritis and related disorders because we
also explored critical illness in those populations, separately. We
obtained up to 5 controls for each case. General population

controls were assigned the same index dates as their matched
cases and had to be alive on the index date.

ICU Admission
Admissions to the ICU were identified using codes for

special care units6 included in hospital discharge abstracts, as
previously described.2 Among prevalent IBD cases, we identified
ICU admissions in each year from fiscal years 2000/2001 to 2009/
2010, to determine the annual incidence of ICU admission. The
findings were age- and sex-standardized to the 2007 Canadian
population to aid comparisons with other studies.

Previous HCU
For further analysis, we identified members of the IBD

population admitted to the ICU to explore the risk of ICU
admission associated with various aspects of previous HCU,
including hospitalizations, physician visits, and prescription drug
use. First, we compared IBD cases admitted to the ICU for the
first time with IBD cases who were not admitted to an ICU. For
persons who were not admitted to the ICU, we randomly assigned
a pseudo-ICU date corresponding to the date of an actual ICU
admission in the IBD population. We report frequency (percent)
for categorical variables and mean (SD) or median (interquartile
range) for continuous variables. We compared HCU between the
groups using chi-square tests, Fisher’s exact tests, t tests, and
Wilcoxon tests as appropriate.

We then estimated the annual incidence rate of ICU
admission in the IBD population according to the amount of
HCU using generalized linear models. We used generalized
estimating equations with an exchangeable correlation to account
for repeated hospitalizations by individuals.7 We included an offset
for the duration of Manitoba Health coverage. The independent
variables of interest were hospitalizations (any versus none), number
of physician visits (tertiles), and total cost of prescription drugs
excluding IBD-specific therapy (disease-modifying and immuno-
modulatory therapy) (quartiles). Immunomodulatory therapy in-
cludes azathioprine, 6-mercaptopurine, methotrexate, cyclosporine,
tacrolimus, infliximab, and adalimumab. We included separate
terms for immunomodulatory therapy (any use versus none), and
cumulative corticosteroid use in prednisone equivalents8 in the year
before ICU admission.

Covariates for this model included age, sex, comorbidity
status, SES, and region of residence. As described previously, we
classified comorbidity status using a modified version of the
Charlson Comorbidity Index.2 The Charlson Comorbidity Index
is a weighted summary index of 17 chronic conditions and pre-
dicts HCU following ICU admission.9 SES was divided into quin-
tiles based on average household income in the postal code of
residence by linkage to census data. Region of residence was
classified as urban (population $50,000) or rural.

Subsequent HCU
We also analyzed HCU among survivors of ICU admission.

For comparison with our previous work regarding mortality after
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ICU admission, we used an incident cohort of persons with IBD
for this analysis and compared them with persons admitted to the
ICU from the matched control group. For these groups, we
measured utilization in the year before and in the year after ICU
admission using the following measures that focused on the
frequency and intensity of use, including (1) proportion with any
hospitalizations, (2) proportion with any ICU-containing hospital-
izations, (3) number of hospital days, (4) number of outpatient
physician visits, and (5) total costs of prescription drugs excluding
those specific to IBD.

For multivariable analysis, we constructed general linear
models of these post-ICU resource use variables, where the
independent variable of interest was population (IBD versus
general population matches, as well as separate analyses for
persons with CD and UC). To adjust for differing follow-up time
between individuals, we used an offset equal to the fraction of the
year following incident ICU care that the patient survived and was
resident in Manitoba. Other covariates were age, sex, SES, region
of residence, comorbidity, and HCU in the year before ICU
admission (any previous hospitalization, number of physician
visits) as described above. The model was logistic for binary
outcomes (proportion hospitalized), and zero-inflated negative
binomial for the number of hospital days, and Poisson for the
number of physician visits.

The University of Manitoba Health Research Ethics Board
and the Manitoba Health Information Privacy Committee
approved the study. Statistical analyses were conducted using
SAS V9.2 (SAS Institute Inc., Cary, NC).

RESULTS

Characteristics Associated with
ICU Admission

From 1984 to 2010, we identified 8224 prevalent persons
with IBD, of whom 7098 were alive during the period 2000 to
2010, which was used to evaluate the incidence of ICU admission.
Characteristics of these persons are reported in Table 1. Their
crude 10-year average annual incidence of ICU admission was
0.74% (95% CI, 0.67%–0.81%).2 Compared with persons with
IBD who never got admitted to ICU, those admitted to ICU were
more likely to be male, older at IBD diagnosis, urbanites, of the
lowest SES, and to have higher comorbidity (Table 2).

During the 1 year before ICU admission, persons with IBD
admitted to an ICU, as compared with persons with IBD who were
never admitted to an ICU, had more HCU in every category we
assessed. Specifically, they were more likely to have been
hospitalized (40.5% versus 11.9%, P , 0.0001), had more physi-
cian visits (median, 18 versus 8, P , 0.0001), had higher prescrip-
tion drug costs for non-IBD drugs ($1670 versus $502, P ,
0.0001), had more use of immunomodulatory therapy (18% versus
11.7%, P ¼ 0.0003), and had more use of corticosteroids (823 mg
versus 251 mg of prednisone dose equivalents, P , 0.0001)
(Table 2). Within the year before admission to ICU, compared with

controls, persons with IBD were more likely to have been hospital-
ized (40.5% versus 26%, P , 0.0001) and to have had a higher
median number of physician visits (18 versus 12, P , 0.0001)
(Table 2). When we repeated the analysis for CD and UC separately,
we found that persons with UC admitted to an ICU compared with
persons with UC not admitted to an ICU were more likely to be male,
whereas in CD, there was no difference in being admitted to an ICU
by sex. All other variables were similar for CD and UC (Table 3).

In a generalized linear model, we found several factors to
be associated with ICU admission. Consistent with findings in an
incident IBD cohort,2 older age, male sex, urban residence, and
higher burden of comorbidity were associated with an increased
risk of ICU admission. SES was not associated with ICU admis-
sion. After accounting for these factors, several measures of HCU
during the previous 1 year remained independently associated
with risk of ICU admission. These included hospitalization (inci-
dence rate ratio [IRR] 1.78; 95% CI, 1.35–2.35; P , 0.0001),
number of physician visits (highest tertile versus lowest IRR 2.17;
95% CI, 1.45–3.23; P ¼ 0.0001), prescription costs for non-IBD–
related drugs (highest quartile versus lowest IRR 4.31; 95% CI,
2.08–8.95; P , 0.0001), use of corticosteroids (IRR 1.006 per
100 mg prednisone; 95% CI, 1.004–1.008; P , 0.0001), and
surgery for IBD (IRR 2.79; 95% CI, 1.99–3.92; P , 0.0001).
Having had a surgery for IBD beyond 1 year from ICU admission
was not associated with a risk for ICU admission (P ¼ 0.99).
Among those admitted to the ICU who had surgery (69,
18.5%), 31 (44.9%) underwent procedures for the small intestine
while 38 (55.1%) underwent procedures for the large intestine. For
CD, 36.7% of those admitted to the ICU had previous surgery, with
46.8% (22 of 77) undergoing procedures for the large intestine. For

TABLE 1. Demographic Characteristics of Prevalent
IBD Cases

Characteristica IBD (n ¼ 7098)

Female, n (%) 3852 (54.3)

Age at IBD diagnosis, mean (SD) 38.6 (16.5)

Urban, n (%) 4732 (66.7)

SES, n (%)

Quintile 1 1046 (14.7)
Quintile 2 1380 (19.4)

Quintile 3 1516 (21.4)

Quintile 4 1536 (21.6)

Quintile 5 1543 (21.7)

Not calculated 77 (1.1)

Charlson Comorbidity Index, n (%)a

0 6473 (91.2)

1 307 (4.3)
$2 318 (4.5)

aThe only significant difference between IBD cases and matched controls for
demographic variables was for Modified Charlson Comorbidity Index, where IBD cases
were less likely than controls to have index of 0 (P , 0.0001).
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UC, 13.5% of those admitted had previous surgery, with 72.7%
involving the large intestine. The use of immunomodulatory medi-
cations was not associated with ICU admission (P ¼ 0.62).

To further evaluate the association of IBD therapy with
ICU admission, we performed an analysis stratified by the use of
corticosteroids in the previous year. In those who used cortico-
steroids and immunomodulatory medications in the year before
ICU admission, the use of immunomodulatory medications
conferred a 30% risk reduction in ICU admission (IRR 0.70;
95% CI, 0.50–0.97; P ¼ 0.033). In those not using corticoste-
roids, immunomodulatory drug use conferred no protection
against ICU admission (IRR 0.97; 95% CI, 0.75–1.27; P ¼ 0.84).

Health Care Resource Utilization in the Year
Post-ICU Admission

Of the 4580 incident cases of IBD, 293 (6.4%) were admitted
to an ICU versus only 794 (3.2%) of matched, non-IBD controls.
Of these, 258 IBD cases (88.1%) and 652 controls (82.1%)
survived their ICU admissions; these surviving patients with IBD

were less likely to be women, were younger at ICU admission, and
had a lower burden of comorbidity (see Table, Supplemental
Digital Content 1, http://links.lww.com/IBD/A785).

We assessed HCU variables in the 1 year post-ICU
admission. After age and sex standardization, the surviving IBD
cases were more likely to be hospitalized, had more hospital days
and physician visits, and higher non-IBD–related prescription drug
costs as compared with matched controls (Table 4). On multivari-
able analysis, adjusting for age, sex, region of residence, comor-
bidity, and hospitalizations before ICU admission, IBD cases were
still more likely to be hospitalized than matched controls (RR 1.63,
95% CI, 1.19–2.22). Similarly, persons with IBD also had signif-
icantly more mean days in hospital once admitted (IRR 1.93; 95%
CI, 1.42–2.63). Persons with IBD admitted to an ICU also had
more post-hospital physician visits (IRR 1.24; 95% CI, 1.11–1.38).

We repeated these analyses identifying CD and UC
separately in the model. In the year post-ICU admission, persons
with CD had a higher likelihood of being admitted to hospital
compared with their matched controls than persons with UC

TABLE 2. Characteristics of Persons with IBD Who were Admitted to an ICU (IBD-ICU) and Persons with IBD not
Admitted to an ICU (IBD-Non-ICU) During the Period 2000 to 2010

Characteristic IBD-ICU (n ¼ 373) IBD-Non-ICU (n ¼ 6725) P

Female, n (%) 181 (48.5) 3671 (54.6) 0.02

Age at diagnosis, mean (SD) 49.0 (16.7) 38.0 (16.2) ,0.0001

Age at ICU admission (or at pseudo-admission), mean (SD) 61.2 (16.0) 48.1 (16.7) ,0.0001

Mean duration of follow-up from the index date, mean (SD), yr 15.4 (6.8) 14.4 (7.7) 0.014

Region of residence, n (%)
Urban 281 (75.3) 4451 (66.2)

Rural 92 (24.7) 2274 (33.8) 0.0003

SES, n (%)

Quintile 1 73 (19.6) 973 (14.5)

Quintile 2 83 (22.0) 1297 (19.3) 0.023

Quintile 3 72 (19.3) 1444 (21.5)

Quintile 4 71 (19.0) 1465 (21.8)

Quintile 5 74 (19.8) 1469 (21.7)
Not calculated — —

Modified Charlson Index, n (%)

0 264 (70.8) 6209 (92.3)

1 50 (13.4) 257 (3.8)

$2 59 (15.8) 259 (3.8) ,0.0001

HCU

Any acute care hospitalization in year before ICU admission,a n (%) 151 (40.5) 802 (11.9) ,0.0001

No. (%) in highest tertile of physician visits 315 (84.4%) 3423 (50.9%) ,0.0001
Any 5-ASA drug use in the year before ICU admission, n (%) 161 (43.2) 2144 (31.9) ,0.0001

Any immunomodulatory drug use in the year before ICU admission, n (%) 67 (18.0) 784 (11.7) 0.0003

Mean cumulative prednisone dose equivalents (SD) 822.5 (1914.6) 250.7 (1330.2) ,0.0001

Median prescription drug costs (p25–p75) 1669.7 (800.8–2877.0) 501.9 (67.7–1342.2) ,0.0001

5-ASA, 5-aminosalicylate.
aFor persons who were not admitted to the ICU, we randomly assigned a pseudo-ICU date corresponding to the date of an actual ICU admission in the IBD population.
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compared with their controls (Table 5). Persons with CD also had
relatively more hospital days and physician visits.

DISCUSSION
We found that persons with IBD who were admitted to an

ICU were more likely to be male, older, live in urban centres, and
to have lower SES and higher comorbidity scores than persons
with IBD who were not admitted to an ICU. In the year before
ICU admission, persons with IBD are also more likely to have

used corticosteroids and more likely to have had surgery. Use of
immunomodulatory medications did not confer an increased risk
for ICU admission and in fact reduced the likelihood of being
admitted, among those using corticosteroids. Not surprisingly,
persons with IBD admitted to ICU had higher HCU in the year
before admission by any parameter (hospitalizations, physician
visits, prescription drug costs). We have previously reported that
persons with IBD generally have higher HCU than unaffected
controls.10–12 Some of this difference reflects IBD-specific utiliza-
tion, but outpatient utilization for non-IBD–specific reasons is

TABLE 3. Characteristics of Persons with IBD Who were Admitted to an ICU (IBD-ICU) and Persons with IBD not
Admitted to an ICU (IBD-Non-ICU) During the Period 2000 to 2010

Characteristic CD-ICU (n ¼ 210)

CD-Non-ICU

(n ¼ 3487) P UC-ICU (n ¼ 163)

UC-Non ICU

(n ¼ 3237) P

Female, n (%) 131 (62.4) 2032 (58.3) 0.24 50 (30.7) 1649 (50.9) ,0.0001

Age at diagnosis, mean (SD) 45.5 (17.4) 35.7 (15.5) ,0.0001 53.6 (14.6) 40.4 (16.6) ,0.0001

Age at ICU admission (or at pseudo-
admission), mean (SD)

63.1 (14.3) 46.4 (16.2) ,0.0001 65.1 (14.0) 49.7 (17.2) ,0.0001

Mean duration of follow-up from the
index date, mean (SD), yr

15.9 (6.6) 15.1 (7.8) 0.14 14.3 (6.9) 13.7 (7.5) 0.32

Region of residence, n (%) 0.012 0.0081

Urban 159 (75.7) 2350 (67.4) 122 (74.8) 2095 (64.7)

Rural 51 (24.3) 1137 (32.6) 41 (25.2) 1142 (35.3)
SES, n (%) 0.086 0.23

Quintile 1 41 (19.5) 501 (14.4) 32 (19.6) 470 (14.5)

Quintile 2 50 (23.8) 694 (19.9) 32 (19.6) 605 (18.7)

Quintile 3 45 (21.4) 741 (21.2) 27 (16.6) 706 (21.8)

Quintile 4 36 (17.1) 786 (22.5) 35 (21.5) 685 (22.6)

Quintile 5 s s 37 (22.7) 732 (22.6)

Not calculated s s 0 (0) 41 (1.3)

Modified Charlson Index, n (%) ,0.0001 ,0.0001
0 156 (74.3) 3257 (93.4) 108 (66.3) 2978 (92.0)

1 22 (10.5) 109 (3.1) 28 (17.1) 119 (3.7)

$2 32 (15.2) 121 (3.5) 27 (16.6) 140 (4.3)

HCU

Any acute care hospitalization in
year before ICU admission,a n (%)

90 (42.9) 492 (14.1) ,0.0001 61 (37.4) 321 (9.9) ,0.0001

No. (%) in highest tertile of
physician visits

184 (87.6) 1866 (53.5) 13 (80.4) 1586 (490)

Any 5-ASA drug use in year before
ICU admission, n (%)

74 (35.2) 894 (25.6) 0.0021 87 (53.3) 1258 (38.9) 0.0002

Any immunomodulatory drug use
in year before ICU admission,
n (%)

44 (20.9) 584 (16.7) 0.11 23 (14.1) 228 (7.0) 0.0008

Mean cumulative prednisone dose
equivalents (SD)

703.7 (1625.6) 234.7 (847.5) ,0.0001 975.7 (2228.6) 234.7 (847.5) ,0.0001

Median prescription drug costs (p25–
p75)

1183.6 (433.8–3269.0) 208.3 (21.2–791.9) ,0.0001 1439.4 (477.0–3101.0) 177.7 (14.5–802.6) ,0.0001

5-ASA, 5-aminosalicylate; s, suppressed.
aFor persons who were not admitted to the ICU we randomly assigned a pseudo-ICU date corresponding to the date of an actual ICU admission in the IBD population.
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also higher. Post-ICU admission, persons with IBD had higher
HCU than controls who were admitted to an ICU; this was espe-
cially marked for repeat hospitalizations and physician visits.
Hence having a critical illness may have a greater impact from
a quality of life, health burden, and economic burden on persons
with IBD than other persons in the general population matched for
age, sex, SES, and comorbidity.

These results should foster approaches that could reduce the
need for critical care in persons with IBD. An obvious consider-
ation would be to ensure that patients with IBD are cared for early,
comprehensively, and expeditiously when active disease emerges.
Specifically designed intervention studies are needed to determine
whether such strategies can reduce ICU admissions. Furthermore,
limiting the use of corticosteroids and surgery, although unavoid-
able in some, should be a consistent goal. This is even more an
issue in CD than in UC where HCU post-ICU admission is higher
compared with controls. Elsewhere, our group has reported that
rates of surgery in both UC and CD have been declining.13,14 This
declining rate that has been evident in other jurisdictions is
welcome news for the IBD population.15,16 Although well-timed
surgeries can provide long-lasting states of remission,17 surgery is
associated with critical illness and also is one of the strongest risk
factors for death among persons with IBD.18

Conversely, fears regarding immunomodulatory therapies,
especially biological therapy, have been mostly allayed as more
data on their long-term toxicities have emerged.19 These therapies
should continue to supplant corticosteroids where possible. The
toxicity of corticosteroids is well known and they are known to be
a major contributor to infection in general and postopera-
tively.20,21 Nonetheless, corticosteroid use has been remarkably
consistent over the past 20 years at a rate of approximately 3%
to 5% per year in the same Manitoba population-based IBD
cohort used in this study.22 Within the first 5 years of disease, 1
in 5 patients with IBD have used at least 3000 mg of prednisone
or its equivalent, and by 10 years of disease, nearly two-thirds
have been exposed to corticosteroids.22 We have shown although
that concurrent use of immunomodulatory therapy with cortico-
steroids is associated with reduced ICU admissions, such that if
corticosteroids are deemed to be necessary therapy clinicians
should also be using immunomodulatory therapy. That immuno-
modulatory therapy use alone did not protect against ICU admis-
sion may reflect more long-standing use of these agents. To fully
interpret the relationship of long-standing use of immunomodula-
tory therapy to serious outcomes such as ICU admission, this
analysis would need to account for adequacy of drug dosing
and disease phenotype, both of which are beyond the scope of
this report.

Previously, we reported on the costs of managing persons
with IBD and reported that biological therapy consumed a dispro-
portionate percentage of costs.23 Because the use of biological
therapy in the early years of their availability was mostly for the
more acutely ill of patients, we also observed that their use was
typically accompanied by more HCU at least within the first 36
months.24 Although the direct costs of biologic therapies are prob-
lematic, especially as their use is liberalized to less ill patients, the
answer is not less use of biological therapies but rather reduced
costs of these therapies. Our data suggest that therapies that can be
less expensive, such as corticosteroids or even surgery (especially if
uncomplicated), can also be associated with more expensive care
downstream (ICU admission, post-ICU discharge increased HCU).
This could undoubtedly impact on quality of life. For those who do
require an ICU admission, they will likely have more physician
visits and more recurrent hospitalizations and spend more money
on medications in the year post-ICU discharge.

TABLE 5. Multivariable Association of HCU After ICU
Admission and CD and UC as Compared with Matched
Controls

Outcome

CD UC

OR/RR (95% CI) OR/RR (95% CI)

Any hospitalizationa 1.82 (1.22–2.71) 1.44 (0.95–2.17)

No. hospital daysa 2.14 (1.48–3.11) 1.69 (1.13–3.11)

No. physician visitsb 1.39 (1.21–1.60) 1.07 (0.93–1.24)

OR, odds ratio.
aAdjusted for age, sex, region of residence, comorbidity, and any hospitalizations before
ICU admission; SES and number of physician visits in the year before ICU admission did
not improve model fit and were not retained.
bAdjusted for age, sex, region of residence, comorbidity, any hospitalizations, and
number of physician visits before ICU admission.

TABLE 4. Age and Sex-standardized Outcomes in the 1 Year Post-ICU Admission for IBD Cases and Their
Matched Controls

Outcome IBD (95% CI) Control (95% CI) Rate Ratio (95% CI)

Any hospitalizations after ICU (%) 53.6 (47.6–59.7) 35.9 (32.2–39.6) 1.49 (1.20–1.81)

Any ICU admissions (%) 8.6 (5.2–12.1) 7.5 (5.5–12.1) 1.15 (0.65–2.02)

No. hospital days after ICU 15.1 (14.7–15.6) 6.43 (6.24–6.61) 2.35 (1.58–3.51)

No. physician visits per person-year 32.5 (31.8–33.2) 25.3 (24.9–25.7) 1.28 (1.13–1.44)

Mean drug costs (excludes IBD drugs) $3248 ($3240–$3256) $2123 ($2119–$2127) 1.53 (1.05–2.20)
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There are some limitations to our study. The use of
administrative data does not allow for determining disease
phenotype or severity. It would be helpful to know what issues
related to having surgical procedures within the year before ICU
admission factored into this association. However, the use of our
population-based administrative dataset limits referral center bias
and is comprehensive. Our dataset captures all health system
contacts with physicians and for hospitalizations and surgeries,
since 1995 for prescription medications, and at least 93% of all ICU
admissions within the province of Manitoba. Because the epide-
miology of IBD within Manitoba is consistent with that elsewhere
in Canada,25 and as universal health care is available in all 10
Canadian provinces and practice approaches do not widely differ
across the country, we feel our results are likely representative for
all of Canada. There is a higher threshold to admit persons to an
ICU in Canada than in the United States,26 so rates of ICU admis-
sion in the United States among persons with IBD may differ.

Persons with IBD are more likely to get admitted to ICU
than their age, sex, and geographically matched controls within
the province of Manitoba. Persons with IBD who get admitted to
an ICU compared with persons with IBD who are not admitted to
an ICU have higher rates of HCU in the year before ICU
admission. In particular, corticosteroid use and surgery within the
year before ICU admission were significant risk factors after age,
sex, comorbidity, and SES adjustment. Once persons with IBD
survive an ICU admission, they are more likely to incur greater
HCU over the ensuing year than controls who survived an ICU
admission. This includes a higher likelihood of rehospitalization.
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