INNOVATIONS IN CARE DELIVERY

Management of Inflammatory Bowel Disease
Patients With Clinical Care Pathways Reduces
Emergency Department Utilization
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Background: Standardizing care through pathways has the potential to reduce emergency department (ED) utilization. We developed and
evaluated inflammatory bowel disease (IBD) care pathways for that purpose.

Methods: Over 2014-2016, IBD patients were retrospectively stratified into those managed and not managed by pathways. Patient data were
extracted, and negative binomial regression used to predict the annual number of ED visits.

Results: There was a difference of 30.7 ED visits/100 patients between managed and nonmanaged at 12 months (P < 0.001). The incidence rate

ratio of total ED visits occurring annually was 0.750 (P = 0.008).

Conclusions: Management with IBD care pathways reduces ED utilization.

Lay Summary

We developed and implemented care pathways for inflammatory bowel disease. Retrospective analysis showed pathway-managed patients had
lower rates of emergency department use at 12 months, suggesting that management with such pathways can be an effective means to improve

care.
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INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn dis-
ease (CD) and ulcerative colitis (UC), is a lifelong inflammatory
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condition that has significant implications for health, employ-
ment, quality of life, and healthcare system burden.'”* The
direct economic cost of IBD-related healthcare services in
Canada is extremely high, reaching almost $12,000 per IBD
patient per annum and will most likely continue to rise.* Over
the past 2 decades, the prevalence and incidence of IBD have
been climbing steadily in the Western world, including Canada
and the province of Alberta.>

Treatment options for IBD patients have improved dra-
matically due to the introduction of immunosuppressants and
biologics.”® Early biologic initiation has subsequently led to
significant decreases in complications, hospitalizations, and
surgical rates.”!! One would expect a comparable decrease in
unplanned IBD care, such as emergency department (ED) utili-
zation, but surprisingly, ED utilization continues to increase.'> '
Population-based studies from the United States suggest a 165%
increase in IBD-related ED visits from 1994 to 2005 and a 52%
increase from 2006 to 2014.'*!5 Whether a result of unpredict-
able disease course, unexpected emergence of flares and compli-
cations, or high prevalence of extraintestinal manifestations and
comorbidities, ED remains one of the most common points of
interaction between IBD patients and the healthcare system. 4!

In Canada, less data have been reported, but 1 study re-
ports ED attendance as high as 76% for the incident and 49%
for prevalent IBD cases over a period of 3 years.! Out of IBD
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patients who visited the ED, only 15.4% were admitted to hos-
pital.’® This implies some degree of preventability of ED visits
among the IBD population. Furthermore, 60% of patients in a
European cohort felt that an ED visit could have been avoided
if there was better management and more information available
to them regarding their disease.!” Ultimately, the cause for the
high rate of ED utilization in IBD is multifactorial and neces-
sitates further study.

Various interventions have been tested with the attempt to
reduce ED use among patients with chronic diseases, including
case management, acute disease management and education,
primary care linkage, navigation, coordination, increasing spe-
cialist access,’ and standardization of care.”” A common ap-
proach to standardizing care is the implementation of clinical
care pathways.” Such interventions have been effective in re-
ducing ED utilization among ED users with asthma, anxiety
disorders, and alcohol dependence.”’*® Literature on the ef-
fect of clinical care pathways for IBD is sparse®! and, to our
knowledge, they have not been thoroughly investigated for re-
ducing ED utilization by IBD patients.

IBD specialists at the University of Alberta and
University of Calgary developed and implemented an innova-
tive model of care, using Inflammatory Bowel Disease Clinical
Care Pathways (IBD CCP). The aim of this study was to eval-
uate the impact of the IBD CCP model on ED use and pre-
dictors of ED utilization, for both total and IBD-related visits.

MATERIALS AND METHODS

Setting

The IBD Unit provides specialized, comprehensive, evi-
dence-based, long-term IBD care to approximately 3400 IBD
patients from the Edmonton region and surrounding areas,
including rural Northern Alberta. The IBD Unit integrates a
coordinated network of care providers (IBD specialists, IBD
nurses, dietitians, and colorectal surgeons). This multidiscipli-
nary team provides routine and semiurgent coordinated care to
IBD patients.

IBD CCP Development, Implementation,
and Uptake

To standardize care for IBD patients, IBD care providers
at the [redacted institutions] developed the IBD CCP over a
series of working group meetings in 2013. These IBD CCP are
structured, standardized, evidence-based management algo-
rithms, identifying an appropriate sequence of diagnostic and
clinical interventions, and timeframes for IBD patients. They
contain recommended diagnostic tests, medication doses, fol-
low-up appointment intervals, admission orders, and discharge
planning instructions specific to IBD patients. They are sup-
ported by systematic reviews of published evidence and are
comprised of protocols, algorithms, and checklists that help to
harmonize clinical and administrative IBD care.
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The IBD CCP were accepted by the IBD specialists at
the IBD Unit and incorporated into their routine clinical prac-
tice and office administration. They were initially introduced in
a paper-based format, followed by electronic PDF documents.
They were also made available in a web-based format on the
clinic’s web site http://www.ibdclinic.ca/ibd-ccp, which could be
accessed as a shortlisted URL from within electronic medical
record (EMR) software used at the institution.

Study Design

This is a retrospective, observational, single-center study,
designed to provide a proof-of-principle for the IBD CCP
model of care.

Study Population and Inclusion

The inclusion criteria were: patients over 17 years of
age with a confirmed diagnosis of IBD who had at least 1 ap-
pointment with an IBD specialist at the IBD Unit during April
2014-September 2016 with an ICD-9-CA code(s) indicative of
CD (555.x), UC (556.x), or other and unspecified noninfectious
gastroenteritis and colitis (558.9, including indeterminate co-
litis) in the primary diagnosis field. To assess the impact of the
IBD CCP on the ED visits rate, patients were stratified into 2
groups. The “managed” group consisted of IBD patients who
were under the care of IBD specialists and specialized IBD
nurses at the IBD Unit in the 18 months preceding the study
period, during which IBD care was provided according to the
IBD CCP. The “nonmanaged” control group included IBD pa-
tients who were not under the care of the IBD specialists and
specialized IBD nurses at the IBD Unit over 18 months pre-
ceding the study period.

Data Sources

Patient demographics, clinical and disease informa-
tion, comorbidities (including malignancy, psychiatric ill-
ness, asthma, anemia, diabetes, hypertension, dyslipidemia,
gastroesophageal reflux disease, kidney disease, obesity,
Barrett esophagus, and celiac disease), vitamin and mac-
ronutrient deficiencies (vitamin D, vitamin B12, iron, and
calcium), surgical and medication history data were ex-
tracted from the EpicCare Ambulatory EMR (Epic Systems
Corporation, Verona, WI), and via manual review of patient
charts. Data for ED visits were obtained from the National
Ambulatory Care Reporting System (NACRS).3

ED Utilization

All ED visits were stratified into IBD-related vs non-
IBD-related based on the presence of any presentations asso-
ciated with IBD (in the form of ICD-10 codes) in the first 5
positions of the NACRS record.* The clinical definition of a
presentation as IBD-related was determined a priori, decided
upon by consensus between authors R.N.F. and E.L. If no
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IBD-related presentations were identified in the first 5 posi-
tions of the NACRS record, the ED visit case was classified as
non-IBD-related.

All ED visits were captured as cumulative at 12 months
before and 3, 6, and 12 months after the IBD specialist’ appoint-
ment at the IBD Unit which served as the baseline timepoint.
For each IBD patient, the IBD-related and non-IBD-related
visits were captured separately, and their sum constituted the
total number of ED visits.

ED visits rate was calculated as the number of ED visits
throughout the observation study period divided by the patients’
population in the cohort and multiplied by 100. Therefore, the
ED visits rate (“ED rate”) was represented as the ED visits rate
per 100 patients at each of the study timepoints.

Statistical Analysis

Parametric statistical methods were applied for anal-
ysis of baseline patient characteristics and group compar-
ison, as the data were normally distributed. Continuous
data were presented as the mean and standard deviation (u £
SD), whereas categorical data were presented as a percentage
and number (% (n)). Means were compared using a 2-tailed
independent-samples ¢ test.>*3 Proportions were compared
using Fisher exact test. Due to the multiple comparisons
problem, the Benjamini-Hochberg procedure was performed
with a false discovery rate setup as 5% to strengthen statis-
tical conclusions.3¢

The ED visits data were not normally distributed for
the study cohort (Kolmogorov—-Smirnov test). Therefore,
nonparametric statistical methods were applied to analyze
ED visit data. Negative binomial regression was used to pre-
dict the annual number of ED visits based on the IBD CCP
management status, demographics, phenotypical, clinical,
and disease-specific factors. Unadjusted (univariate anal-
ysis) and, using purposeful selection methods (cutoff of
P < 0.10), adjusted models were constructed for ED visit
rates: 1 for all ED visit types and 1 for only IBD-related ED
visits.’®* The primary reference group consisted of patients
not managed using IBD CCP. The “main effects” models
were explored for interaction and confounding, assump-
tions of the negative binomial distribution were tested and
confirmed.*

A combination of software was used: SPSS 23.0* for de-
scriptive and exploratory analyses, R 3.5.1 for regression ana-
lyses (MASS, visreg, and stargazer packages*#), and Tableau
10.5% for data visualization. P-value <0.05 established statistical
significance, unless otherwise specified (Benjamini-Hochberg
procedure).

Ethical Considerations
The study was approved by the University of Alberta
Health Research Ethics Board (Pro00069433).

RESULTS

Patient Characteristics

The initial cohort of IBD patients meeting study inclu-
sion criteria was comprised of 2552 patients. Of these, patients
with lymphocytic colitis (n = 43), collagenous colitis (n = 20),
indeterminate colitis (n = 28), and Behget disease (n = 3) were
excluded from the study as the CCP did not apply to them spe-
cifically. As a result, 2458 IBD patients with CD (n = 1504) and
UC (n = 954) constituted the study cohort.

Baseline characteristics of the IBD patients stratified by
managed vs nonmanaged are presented in Table 1. The mean
age of the IBD patient cohort was 41.4 * 15.9 years, ranging
from 17 to 91 years old. The mean age at IBD diagnosis was
29.6 £ 14.6 years and ranged from 2 to 88 years. The mean
time from the disease onset was 12.3 + 10.8; 68.1% of patients
had IBD for over 5 years, and almost a half (48.1%) had IBD
greater than 10 years. Over a third (34.5%) of patients trialed
2 or more different groups of the IBD medications prior to or
at the time of enrollment in the study. Biologic therapy was the
most prevalent and nearly the same proportions of patients
were on S5-aminosalicylic acid (33.3%) as those on immunosup-
pressants (32.0%). Of all patients, 12.3% received corticosteroid
therapy and 3.3% developed steroid dependence. A larger pro-
portion (61.2%) of patients had CD (n = 1504),*” with a signifi-
cantly greater prevalence in managed patients (P = 0.003).

IBD CCP Managed Patients’ Covariates

IBD CCP managed and nonmanaged patients were com-
pared across baseline patient characteristics to identify possible
covariates which might contribute to the ED visit occurrence
(Table 1). Of patients in the study, 84.3% (n = 2072) were man-
aged using IBD CCP. More patients with CD than with UC were
managed using IBD CCP throughout the observation period
(86.0% vs 81.6%, P =0.003). The majority of managed patients
tended to live in Edmonton (54.0% vs 45.9%, P = 0.004) and
Greater Edmonton (64.0% vs 23.6%, P < 0.001). Compared to
nonmanaged patients, they were also more likely to be receiving
immunosuppressive (33.8% vs 22.0%, P < 0.001) and biologic
therapy (46.3% vs 23.3%, P < 0.001). Over one-third of them
were on 2 or more medications historically vs only one-fifth
among nonmanaged patients (P < 0.001). Managed patients
also made up a greater proportion of patients with vitamin and
micronutrient deficiencies, namely vitamin D deficiency (58.9%
vs 34.2%, P < 0.001; 48.1% vs 19.4%, P < 0.001, respectively).
The vast majority of managed and nonmanaged patients had a
primary care provider (PCP, 92.6% vs 86.3%, P < 0.001).

It is also important to note that proportions of fre-
quent ED users (stratified by >3, >5, or >10 visits in the pre-
ceding year) did not differ significantly between managed and
nonmanaged patients in the whole study cohort or within CD
and UC groups.
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TABLE 1. Comparison of Baseline Patient Characteristics Between IBD Patients Managed Using IBD CCP and Not
Managed Using IBD CCP

IBD CCP Managed IBD CCP Nonmanaged
Patient Characteristics Total (n = 2458) (n=2072) (n = 386) P ()
Demographical information
Age, years, p £ SD 414159 414 +158 434+ 16.5 0.020
Sex
Male, % (n) 48.9 (1201) 48.4 (1002) 51.6 (199) 0.249
Residing in Edmonton, % (n) 52.7 (1295) 54.0 (1118) 459 (177) 0.004
Residing in Greater Edmonton,* % (n) 62.4 (1533) 64.0 (1326) 53.6 (207) <0.001
IBD disease characteristics
CD, % (n) 61.2 (1504) 62.5(1294) 54.4 (210) 0.003
Age at diagnosis, years, p £ SD 29.6 £ 14.6 293 %144 31.5%£15.7 0.011
Disease duration, years, p £ SD 12.3+10.8 12.3+10.9 12.0£10.3 0.656
Medication history, at any time over the
course of the disease
Two and more IBD medication 34.5 (847) 36.9 (765) 21.2(82) <0.001
groups trialed, % (n)
5-ASA, % (n) 33.3(818) 33.3(689) 33.4 (129) 0.953
Oral 32.2(790) 32.2 (667) 31.9 (123) 0.953
Rectal 6.2 (153) 6.3 (130) 6.0 (23) 0.909
Immunosuppressants, % (n) 32.0 (786) 33.8(701) 22.0 (85) <0.001
Aczathioprine 25.8 (633) 27.2 (563) 18.1 (70) <0.001
6-Mercaptopurine 1.4 (35) 1.5 (1) 1.0 (4) 0.484
Methotrexate 5.1 (125) 5.5(114) 2.8 (11) 0.029
Biologic therapy, % (n) 42.7 (1050) 46.3 (960) 23.3(90) <0.001
Anti-tumor necrosis factor agents
Infliximab 22.2 (545) 24.4 (505) 10.4 (40) <0.001
Adalimumab 15.1 (371) 16.0 (332) 10.1 (39) 0.002
Golimumab 0.8 (19) 0.9 (18) 0.3 (1) 0.341
Anti-integrin agent
Vedolizumab 3.2(79) 3.5(72) 1.8(7) 0.114
Anti-interleukin 12/23 agent
Ustekinumab 3.7(90) 3.9 (81) 2.309) 0.142
Corticosteroids, % (n) 12.3 (302) 12.2 (252) 13.0 (50) 0.673
Oral
Prednisone 6.6 (161) 6.3 (131) 7.8 (30) 0.313
Budesonide 4.9 (121) 5.0 (104) 4.4 (17) 0.701
Rectal 2.1(52) 2.2 (45) 1.8(7) 0.847
Steroid dependence, % (n) 3.3(80) 3.5(73) 1.8(7) 0.087
Narcotics, % (n) 9.0 (221) 8.7 (180) 10.6 (41) 0.244
Surgical history, at any time over the
course of the disease
IBD-related surgical history, % (n) 30.6 (752) 31.1(644) 28.0 (108) 0.230
Jejunal resection 0.2 (6) 0.3 (6) 0.0 (0) 0.290
Ileal resection 6.8 (167) 6.7 (139) 7.0 (27) 0.837
Tleocecal resection 10.8 (265) 10.7 (223) 10.9 (42) 0.945
Ileal resection and right hemicolectomy 3.9 (96) 3.8 (78) 4.7 (18) 0.403
Right hemicolectomy 1.7 (42) 1.8 (38) 1(4) 0.267
Subtotal colectomy 2.3(57) 2.4 (49) 2.1(8) 0.726
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Table 1. Continued

IBD CCP Managed IBD CCP Nonmanaged
Patient Characteristics Total (n = 2458) (n =2072) (n = 386) P (%%
Total colectomy and end ileostomy 3.3(82) 3.4 (70) 3.1(12) 0.787
Total colectomy and ileal pouch/anal 3.1(75) 3.3(68) 1.8 (7) 0.124
anastomosis
No. IBD-related surgeries, p £ SD (range) 1.82 £2.00 1.78 £ 2.06 2.00 £ 1.74 0.468
Vitamin and micronutrient deficiencies
Vitamin and micronutrient 55.0 (1352) 58.9 (1220) 34.2 (132) <0.001
deficiencies, % (n)
Health status
Weight status
BMI, kg/m?, p + SD 27.2+6.12 27.2+6.1 27.1+t6.2 0.849
Underweight 2.7 (56) 2.6 (48) 3.0 (0.682) 0.682
Overweight 31.2 (654) 31.5(577) 29.2(77) 0.478
Smoking status
Current smoker 15.4 (377) 15.4 (318) 15.4 (59) 1.000
Healthcare utilization
Has PCP, % (n) 91.6 (2249) 92.6 (1916) 86.3 (333) <0.001
Frequent ED visits, 23 in 1 year 15.4 (379) 14.8 (307) 18.7 (72) 0.065
before appointment at the IBD Unit
Frequent IBD-related ED visits, 23 in 6.8 (167) 6.6 (136) 8.0 (31) 0.321

1 year before appointment at the IBD Unit

Values are expressed as p = SD or % (n). Analyses are based on 2-sided 7 test and Fisher exact test. The Benjamini-Hochberg procedure was applied with a false discovery rate set

up as 0.05. P-values for significantly different results are bolded.

*Greater Edmonton (Edmonton census metropolitan area) was defined according to the Electoral of Statistics Canada as a conglomeration of 5 cities (Edmonton, Fort Saskatch-

ewan, Leduc, St. Albert, and Spruce Grove).*
5-ASA, 5-aminosalicylic acid; BMI, body mass index.

ED Utilization

Cumulatively, there were a total of 937 ED visits at
3 months, 1738 ED visits at 6 months, and 3190 ED visits at
12 months. Out of those, IBD-related ED visits constituted
34.8% at 3 months, 37.1% at 6 months, and 37.9% at 12 months.
The 3190 total ED visits consisted of 984 IBD patients, while
the 1211 IBD-related visits were had by 510 IBD patients.
The CD patients accounted for the majority of IBD-related
visits—69.6%, 68.6%, and 67.9% at 3, 6, and 12 months, respec-
tively. The top-10 ED visit reasons/diagnoses for IBD-related
and non-IBD-related visits among IBD patients in the study
cohort are presented in Table 2.

A difference of 30.7 ED visits/100 patients between man-
aged and nonmanaged patients at 12 months corresponded to
636 actual total ED visits avoided annually for all IBD patients
in the study who were managed using IBD CCP. The difference
in ED visit rates between the 2 cohorts is shown in Figure 1,
which visualizes the ED rate trend lines at 3, 6, and 12 months
follow-up, and 3, 6, and 12 months prior to baseline appoint-
ment with the IBD Unit.

During the first 3 months, there were 28.6% fewer (35.9
vs 50.3, P < 0.001) ED visits among all managed IBD patients
compared to nonmanaged (Fig. 1A). The relative difference

was similar for both IBD-related and non-IBD-related visits
with 30.7% and 27.5% difference between managed and
nonmanaged patients, respectively (Figs. 1B, C). The absolute
IBD-related ED rate decrease was greater for managed patients
compared to those nonmanaged at the 3-month timepoint (0.9
ED visits/100 patients, 9.1%).

At the 6-month timepoint, the absolute difference in ED
rate between managed and nonmanaged patients widened,
compared to the 3-month timepoint (15.4 vs 14.4), while the
overall rate for both decreased (Fig. 1A). For the IBD-related
visits, nonmanaged group ED rate increased while the man-
aged group decreased, with an absolute difference of 9.5 ED
visits/100 patients (Fig. 1B).

By the 12-month timepoint, the ED visit rate for man-
aged and nonmanaged IBD patients converged, with an abso-
lute difference of only 0.5 ED visits/100 patients (Fig. 1A). This
convergence was also seen for IBD-related visits, with an abso-
lute difference of 2.3 ED visits/100 patients (Fig. 1B), and for
non-IBD-related visits with an absolute difference of 2.8 ED
visits/100 patients (Fig. 1C).

Across both CD and UC and IBD-related and non-IBD
related visit types, a trend with significantly lower ED rates for
managed IBD patients compared to nonmanaged ones over the
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TABLE 2. Top-10 ED Visit Reasons/ED Diagnoses Among IBD Patients in the Study Cohort

IBD-Related ED Visits

Non-IBD-Related ED Visits

ICD-10-CA® Diagnosis

ICD-10-CA* Diagnosis

Code(s) Visit Diagnosis Code Visit Diagnosis
R104/R520/R1010/R1039/ Abdominal pain/acute pain/Right J069/J029/J329 Acute upper respiratory tract
R1031 upper quadrant pain/Left lower infection/acute pharyngitis/
quadrant pain sinusitis
K922/T810/K625/K921 Gastrointestinal hemorrhage/ N390 Urinary tract infection
postprocedural hemorrhage/melena
K566 Intestinal obstruction R074/R073 Chest pain
E860 Dehydration N200/N23 Nephrolithiasis/renal colic
7480 Attention to surgical dressings R51/R42 Headache/dizziness
and sutures
RI113/R111 Nausea with vomiting/nausea J189 Pneumonia
K590 Constipation S9349 Sprain and strain of ankle
D649 Anemia 7760 Issue of repeat prescription
A419 Sepsis LO311 Cellulitis
R53 Malaise and fatigue M545 Low back pain

Source: AHSDRRX-—NACRS.*

course of 12 months was evident (Figs. 1D-I). Of note, there
were no significant differences in proportions of frequent ED
users (defined by >3, >5, or >10 visits) in the follow-up period,
between managed and nonmanaged patients.

Predictors of ED Visits for IBD Patients

The results for univariate (unadjusted) and multivar-
iate (unadjusted) negative binomial regression analyses are
presented in Table 3. The possible contributing factors inves-
tigated included demographics, disease-specific, clinical, and
medication-related covariates. Parameters were considered for
model inclusion based on statistically significant differences
between managed and nonmanaged patient groups, or signif-
icance in univariate prediction of ED visit rates. Purposeful
selection was applied to determine the main effects models
(Table 3).

In the univariate model for total ED visits, management
with IBD CCP was associated with a lower rate of ED visits
[incidence rate ratio (IRR), 0.803; 95% confidence interval
(CI), 0.641-0.996]. This corresponded to 19.7% fewer ED visits
among managed patients compared to nonmanaged. In the
multivariate model, the association between management with
IBD CCP was actually stronger (IRR, 0.750; 95% CI, 0.683—
0.823). Covariates associated with lower rates of ED visits in-
cluded male sex, place of residence within Greater Edmonton
and immunosuppressant use as part of a prior or current treat-
ment regimen (Table 3). Covariates which increased likelihood
of ED visits included CD, IBD-related surgical history, use of
biologic and/or corticosteroid therapy, vitamin and micronu-
trient deficiencies, having 2 or more comorbidities, and pres-
ence of a PCP (Table 3).
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In the univariate model for IBD-related ED visits, pa-
tients managed with IBD CCP had a lower rate of ED visits,
but this was not statistically significant (IRR, 0.821; 95% CI,
0.603-1.105). In the multivariate model, the association be-
tween management with IBD CCP vs nonmanaged patients
was stronger but still not quite significant (IRR, 0.785; 95% CI,
0.580-1.056). Covariates associated with lower rates of IBD-
related ED visits included male sex, place of residence within
Greater Edmonton, and immunosuppressant use as part of a
prior or current treatment regimen (Table 3). Covariates which
increased likelihood of ED visits were CD, IBD-related surgical
history, use of biologic and/or corticosteroid therapy, vitamin
and micronutrient deficiencies, and presence of a PCP (Table 3).
Overall, the covariates for total and IBD-related ED visits were
almost exactly the same, except for comorbidity, which was
only a significant predictor in the total ED visit model.

Interaction Between IBD CCP Management
and PCP

We found little evidence of effect modification when
testing for interactions between management with IBD CCP
and other covariates in either model. However, there was an in-
teraction with the presence of a PCP in the model for total ED
visits. Displayed in Supplementary Table S1, management with
CCP was significantly associated with a lower rate of ED visits
when patients had a PCP (IRR, 0.693; 95% CI, 0.555-0.865),
but this was not significantly associated when patients did not
have a PCP. Additionally, having a PCP was associated with a
higher ED visit rate for patients who were not managed with
CCP (IRR, 3.096; 95% CI, 1.654-5.793), but this was not sig-
nificant when patients were managed with CCP.
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FIGURE 1. Temporal trends in ED visits per 100 patients per 3 months, before and after baseline appointment at the IBD Unit (month 0) for: (I) All IBD
patients; (Il) Crohn’s disease; (lll) Ulcerative colitis; (A) Total ED visits; (B) IBD-related ED visits; (C) non-IBD-related ED visits. The solid black line repre-
sents the ED rate for IBD patients managed using IBD CCP. The dotted grey line represents the ED rate for IBD patients not managed using IBD CCP.

DISCUSSION

Summary and Strengths of the Study

In this study, we analyzed the impact of the innovative
IBD CCP model on the unplanned IBD care utilization, namely
ED use. We carried out an analysis of potential contributing
confounders of ED utilization. We demonstrated a significantly
lower occurrence of ED visits among IBD patients managed at
the University of Alberta using the IBD CCPs.

This study had a large sample size to compare the IBD
CCP intervention to alternative care. The data retrieval process
using both the EMR system and NACRS complimented by
the manual chart review helped to minimize misclassification
bias. Deterministic data linkage assisted in collecting an ex-
tensive number of patient characteristics and IBD-associated
parameters from different sources, allowing us to compare the
2 groups for preexisting differences and confounders. By having
complete data for all patients in the study, we were able to pro-
vide a more accurate estimation of ED rate reduction. The
results of the study may thus be generalizable to the IBD pop-
ulation across at least Alberta and possibly Canada, since we
had patient representation from a wide range of locations both
within and outside of the province. However, it may be more

difficult to extrapolate the exact effect of implementing CCPs
in smaller community or nonacademic settings.

The IBD Population Presenting to the ED

The epidemiology of IBD patients attending the ED has
not been well studied and remains limited.'"* We provided a
detailed snapshot of the main demographic, phenotypic, and
clinical characteristics of this IBD subpopulation in Alberta,
exploring predictors of ED use. The most common complaints
at the time of ED attendance among our IBD patients (abdom-
inal pain and hematochezia) were similar to those reported
previously in the literature.'® Also consistent with previous find-
ings, CD patients were overrepresented in the ED.'*

Frequent ED users are an important subpopulation.
Canadian and European studies consistently identified fre-
quent users as a small proportion (up to 4%) of all ED
users.*®®3! However, they account for a disproportionately
high healthcare cost. Despite the high prevalence of frequent
ED users in our study cohort (Supplementary Table S2), there
were not any significant differences in proportions between
managed and nonmanaged patients, both prior and during
the study period. Prospective assessments of disease activity
may have helped elucidate the relationship. Further research
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TABLE 3. Results of Univariate (Unadjusted) and Multivariate (Adjusted) Negative Binomial Regression Analysis for
the Impact of IBD Patient Management With CCPs, Demographics and Disease Characteristics, on Annual ED Visit
Rates

Univariate (Unadjusted) Multivariate (Adjusted)

Variable IRR 95% CI P IRR 95% CI P
Model for annual rate of total ED visits (IBD and non-IBD-related)
Managed using IBD CCP 0.803 0.641-0.996 0.050 0.750 0.603-0.928 0.008
Sex
Female ref ref
Male 0.715 0.608-0.841 <0.001 0.744 0.637-0.868 <0.001
Residing in Greater Edmonton* 0.349 0.298-0.408 <0.001 0.373 0.319-0.435 <0.001
Disease type
ucC ref ref
CD 1.323 1.118-1.562 0.001 1.210 1.019-1.436 0.030
Previous IBD-related surgery 1.452 1.223-1.729 <0.001 1.207 1.017-1.433 0.033
Medication history
Immunosuppressants 0.794 0.667-0.947 0.010 0.706 0.593-0.840 <0.001
Biologic therapy 1.485 1.262-1.748 <0.001 1.408 1.192-1.664 <0.001
Corticosteroids 1.543 1.220-1.972 <0.001 1.395 1.116-1.756 0.004
Vitamin or micronutrient deficiency 1.531 1.300-1.801 <0.001 1.364 1.160-1.604 <0.001
Two or more comorbidities 1.592 1.342-1.894 <0.001 1.323 1.123-1.561 0.001
Has PCP 1.648 1.205-2.224 0.001 1.497 1.112-2.000 0.007
Model for annual rate of IBD-related
ED visits only
Managed using IBD CCP 0.821 0.603-1.105 0.201 0.785 0.580-1.056 0.114
Sex
Female ref ref
Male 0.625 0.500-0.782 <0.001 0.651 0.525-0.806 <0.001
Residing in Greater Edmonton* 0.410 0.328-0.511 <0.001 0.442 0.355-0.547 <0.001
Disease type’
ucC ref ref
CD 1.340 1.062-1.688 0.013 1.106 0.869-1.405 0.419
Previous IBD-related surgery 2.024 1.607-2.559 <0.001 1.752 1.390-2.213 <0.001
Medication history
Immunosuppressants 0.745 0.585-0.951 0.018 0.693 0.544-0.883 0.002
Biologic therapy 1.667 1.334-2.085 <0.001 1.607 1.280-2.021 <0.001
Corticosteroids 1.811 1.321-2.523 <0.001 1.662 1.231-2.267 0.001
Vitamin or micronutrient deficiency 2.104 1.679-2.637 <0.001 1.805 1.444-2.257 <0.001
Has PCP 1.697 1.093-2.597 0.016 1.709 1.125-2.585 0.014

Significant P-values are bolded.

*Greater Edmonton (Edmonton census metropolitan area) was defined according to the Electoral of Statistics Canada as a conglomeration of 5 cities (Edmonton, Fort Saskatch-
ewan, Leduc, St. Albert, and Spruce Grove).*

"Retained in model due to clinical relevance.

needs to be conducted to characterize these frequent ED Explanation of Findings

users in the IBD population, which we intend to do. Precise
prediction of future ED use has become a frequent target of
machine learning techniques such as Random Forests, and
creating such models may be useful in the design of targeted
interventions.’>5

We did not identify a large number of significant clin-
ical differences between managed and nonmanaged patients
who presented to the ED. The fact that managed patients were
receiving immunosuppressants and biologics more often than
nonmanaged might be a sign of their IBD being under closer
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and more aggressive clinical management. At the same time, it
might be a surrogate of more aggressive disease. Another expla-
nation might be related to the administrative context as patients
must be followed by an IBD specialist/gastroenterologist and be
entered into special registries in order to be eligible to receive
biologic therapy.

A higher proportion of managed patients also had CD,
resided in the Greater Edmonton area, and had vitamin defi-
ciencies documented. The CD finding may reflect more severe
and complicated disease, and/or confounding by indication.
Place of residence within Edmonton likely represents better ac-
cess to IBD specialist care. This is consistent with recent find-
ings that those with better access to gastroenterologists were
both more likely to receive nonemergent specialist care, and
had a lower risk of visiting the ED.!"® Higher vitamin deficiency
in managed patients was an interesting finding. This may also
be confounding by indication, where those with more severe
disease (contributing directly or through the use of deficiency-
inducing medications such as glucocorticoids) may be both
more likely to have these deficiencies and to seek specialist
care.’ On the other hand, those managed by CCP may be more
likely to undergo micronutrient deficiency testing.

Our regression models highlighted some important influ-
ences on ED visit rates. Overall, the model for total and IBD-
related visits was almost identical, the only difference being the
presence of 2 or more comorbidities, having a significant as-
sociation with total ED visits, less so with IBD-related, which
was anticipated. Many of the risk factors in the model were
expected and consistent with previous literature, such as Crohn,
biologic therapy, corticosteroids use, and vitamin deficiencies,
particularly vitamin D.'*1%57 However, age and duration of dis-
ease were neither protective nor a risk factor in this population,
contradicting the literature.'

Males had an underrepresented use of the ED, com-
pared to females, which has been previously reported in IBD
populations and others.'”” Thiopurine use was also found to
be protective by Nugent et al, although they did not theorize
why.!® We could assume that thiopurine use (especially mono-
therapy) represents less severe disease, and this would be sup-
ported modestly by the decrease in IRR when adjusting for
biologic therapy, compared to univariate. Further analysis
also showed that biologic combination therapy compared to
immunomodulators alone was associated with higher ED visit
rates (Supplementary Table S3). It is also possible that combi-
nation therapy places the patient at increased risk of infections
and other complications of immunosuppression, including as-
sociated trips to the ED.

Nonintuitively, we found IBD patients who had a PCP
were more likely to visit the ED. This paradox was previously
published in the literature for other populations, and might be
related to patients having unmet needs or being frequent care
seekers and having dissatisfaction with their provider.’"%*¢!
It seems that there are multiple differences in ED users that

contribute to increase healthcare utilization, including both pri-
mary and emergency care. The interaction of PCP status with
IBD CCP management was also an interesting and unexpected
finding, which we have not seen previously reported. It could
be related to care coordination between specialists and PCP, or
an issue of specialist access—since those nonmanaged patients
group may not be seeing a gastroenterologist at all. However,
because the interaction was found in model fitting techniques
and not prespecified or expected, we did not collect data re-
quired to fully explain this finding.

Limitations of the Study

Limitations of our study included its retrospective and
single-center design. The results are subject to any error in the
administrative NACRS database. We did not assess whether
ED visits led to patient admission nor did we account for
healthcare costs associated with further unplanned events. It
is important to note that medications, extra intestinal mani-
festations, and comorbidities were captured as occurring at
any time in the patient’s history prior to, but not exactly at
the time of baseline. We also did not have specific data on
disease activity which may have contributed to the higher ED
utilization. We did not perform an evaluation of the societal
and nonhealth benefits of the IBD CCP intervention outside
of the actual ED visits, such as time saved on the ED visits,
workplace absenteeism avoided, and psychosocial gains from
ED avoidance.

Another key limitation is the assumption of the inclu-
sion criteria. We assume that patients in the managed group,
by virtue of being seen at the IBD clinic over 18 months prior
to the study period (and during which the IBD CCP were im-
plemented), were managed according to the IBD CCP. This as-
sumption leaves a question of whether the “non CCP-managed”
group were managed by any gastroenterologist, or no gastroen-
terologist at all. Unfortunately such data were not available. It
would be preferred to isolate the effect of the CCPs through
a cluster randomized clinical trial comparing similar practices
with and without the CCP.

CONCLUSIONS

Clinical care pathways provide a standardized, patient-
centered, comprehensive, and holistic approach to patient
care. They have been studied in a variety of settings (sur-
gical intensive care unit, bipolar disorder, asthma, chronic
obstructive pulmonary disease, stroke rehabilitation, etc.),
but not in IBD, to our knowledge, until now.®*%¢ This study
provides evidence that the IBD CCP model can lead to IBD
care optimization in outpatient IBD settings, as well as de-
creased ED utilization.” As a “proof-of-principal,” the study
suggests utility in allocating healthcare resources to the im-
plementation of IBD CCP at a larger scale as an effective
clinical intervention with potential large cost savings to the
healthcare system.
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The major limitations of this study are the retrospective
design and setting at an academic tertiary center with access
to more advanced medical therapy. Future studies will be done
with prospective, 2 group design to address these limitations.
Further work is being done to determine if the IBD CCPs in
their current form are cost-effective, and to embed CCPs into
the EMR system through automated alerts, call-to-actions,
grouped order sets, and instructions.

SUPPLEMENTARY MATERIAL
Supplementary data are available at Crohn's & Colitis
360 online.
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