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Abstract

Background & Aims—We investigated 30- and 90-day rates and causes of, risk factors for, and
interventions to reduce hospital readmission in patients who received medical treatment for
inflammatory bowel diseases (IBD).

Methods—We performed a systematic search of publications through July 1, 2018 for studies of
rates of hospital readmission and associated causes and risk factors in patients who received
medical treatments for IBD. Our final analysis included 17 cohort studies (6324 patients) of
hospitalized adults with IBD who had received medical treatment, along with reported readmission
rates with detailed chart review. We performed random effects meta-analysis to estimate 30- and
90-day rates of readmission and identified causes and risk factors associated with readmission. We
also performed qualitative analyses of studies that focused on interventions to reduce readmission.
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Results—Overall, the 30-day rate of readmission was 18.1% (95% ClI, 14.4-22.4) and the 90-day
rate was 26.0% (95% Cl, 22.7-29.6). On meta-regression, studies with higher proportions of
patients with ulcerative colitis than Crohn’s disease reported higher risks for readmission. Most
common reasons for readmission were IBD flare, infection, or complications from unplanned
surgeries during hospitalizations. Consistent risk factors for 30-day readmission were admission
for pain control (odds ratio [OR], 2.27; 95% ClI, 1.69-3.03), need for total parenteral nutrition on
discharge (OR, 2.13; 95% ClI, 1.36-3.35), and prior or unplanned surgery during admission (OR,
3.11; 95% ClI, 2.27-4.25). Only one study focused on interventions (specialized inpatient IBD
service) to reduce risk of readmission.

Conclusions—Overall 30- and 90-day rates of readmission for patients who received medical
treatment for IBD are 18.1% and 26.0%, respectively. IBD flares and infections are common
reasons for readmission, and inadequate pain control and need for parenteral nutrition were
common risk factors. Interventional studies to reduce risk of readmission are needed.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic relapsing and remitting condition that affects
approximately 2 million people in the United States (US) and places a heavy economic
burden on the healthcare system.12 IBD is one of the top 5 most expensive gastrointestinal
conditions, with annual costs exceeding $10 billion in the US alone.»:2 In population-based
cohorts, approximately 50-80% of patients with IBD require hospitalization and these
contribute a significant percentage of direct medical costs with approximately 30% of
patients accounting for over 80% of total IBD-related healthcare costs.3 In a nationally
representative longitudinal cohort study, using the Nationwide Readmission Database, of
47,402 patients with IBD, our group estimated that medically-treated IBD patients spent a
median 6 days in the hospital annually with a subset of high-need, high-cost patients
spending over 45 days in the hospital annually with one hospitalization every 2 months, and
a substantial number of these hospitalizations are preventable.*

It is imperative to identify patients at-risk for frequent readmissions, to implement
population health management strategies to achieve the triple aim of improving quality and
outcomes, and reducing costs of care.® Recent claims-based studies, for example, those
utilizing Nationwide Readmissions Databases have relied on non-validated administrative
claims codes to identify patients with IBD, are limited to 1 year, and provide limited
information on outpatient management, medication use and other objective parameters that
may significantly modify risk of readmission.5-9 Moreover, these are typically encounter-
based estimates, rather than individual patient-level estimates. Other large studies estimate
rate and risk factors associated with surgically-treated IBD.10:11

Therefore, we sought to a perform systematic review with meta-analysis to estimate 30- and
90-day rates, causes and risk factors associated with readmission in medically-treated
patients with IBD. We focused on electronic health record-based studies, with more granular
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details surrounding readmissions. In addition, we qualitatively synthesized interventions that
have been shown to reduce the risk of readmission.

METHODS

We conducted this systematic review and meta-analysis according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines, and the process followed an a
priori established protocol.12

Selection Criteria

We included cohort studies of patients with medically-treated IBD, diagnosed based on
electronic health records, reporting 30- and/or 90-day rate of readmission, with or without
causes and/or risk factors associated with readmission. In addition, we separately analyzed
studies reporting interventions to reduce risk of readmission in patients with IBD. We
excluded studies conducted in surgically-treated patients (patients admitted electively for
surgery) and studies using large administrative databases due to lack of detailed clinical data.

Search Strategy

We conducted a comprehensive search of multiple electronic databases (Ovid MEDLINE,
Ovid Embase, EBM Reviews, Scopus and Web of Science) from inception through
November 30, 2017 with no language restrictions; the search was subsequently updated
using PubMed on July 1, 2018. The search strategy was designed and conducted by an
experienced medical librarian (L.J.P) with input from the study’s investigators (N.N., J.K.,
S.S.), using controlled vocabulary supplemented with keywords, expanded terminology and
varying algorithms for cohort studies. The details of the search strategy are included in the
online supplement. Of note, our search encompassed patients with cirrhosis as part of a
broader project on readmission risk. Two authors independently (N.N and J.K.) reviewed the
title and abstract of studies identified in the search to exclude studies that did not meet the
inclusion criteria as set forth a priorito address the research question of interest. After
reviewing the title and abstracts of potential studies, we examined the remaining articles’
full text to determine whether the study included relevant information. Next, the
bibliographies of selected articles and review articles on the topic were manually searched
for additional inclusion into our meta-analysis. Lastly, a manual search of conference
proceedings of major gastroenterology conferences between 2013-2018 (Digestive Diseases
Week, American College of Gastroenterology annual meeting, Crohn’s and Colitis
Congress) was reviewed to identify additional studies published only in abstract form.
Disagreements regarding inclusion/exclusion of studies were resolved by a third author
(S.S).

Data Abstraction

We collected data on the following study-, hospitalization- and patient-related characteristics
using a standardized form: (1) Study characteristics: primary author, time period of study/
year of publication, location of the population studied, IBD subtypes; (2) Hospitalization
characteristics: reasons for index admission and readmission (e.g., reasons for readmissions
were categorized as cardiac, infections, genitourinary, gastrointestinal, IBD-specific,
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endocrine/metabolic, psychiatric, hematological/neoplasms, and other), length of stay, ICU
stay, surgery at index admission, total parenteral nutrition, medications (e.g. steroids/
narcotics, immunomodulators, biologics), follow-up after discharge; (3) Patient
characteristics: demographic data (e.g., age; proportion of males, Caucasians, private
insurance, Crohn’s disease (CD) vs. ulcerative colitis (UC), prior surgery, perianal disease,
psychiatric comorbidity; disease duration, medications at time of index admission (e.g.
steroids/narcotics, immunomodulators, biologics). We also collected data on prediction
models for readmission where available.

Outcomes Assessed

Our primary outcome of interest was 30-day risk of readmission. Secondary outcomes of
interest included 90-day risk of readmission, reasons for readmission, and risk factors
associated with readmission. In studies reporting interventions to reduce risk of readmission,
we sought to assess program structure and effectiveness. To ensure stability of association
and identify factors associated with heterogeneity, we performed subgroup and/or sensitivity
analysis based on geographical location of the centers included in the study, IBD disease
phenotype, and publication type (full text vs. abstract). In addition, meta-regression was
performed to analyze the effect of age, sex and IBD phenotype mix of cohorts.

Statistical Analysis

RESULTS

Pooled estimates, with accompanying 95% confidence intervals (Cl), on readmissions rates
were calculated using the DerSimonian and Laird random-effects model. For meta-analysis
of risk factors associated with hospital readmissions, we reported odds ratio (OR) with
accompanying 95% Cl, if >2 studies reported that risk factor. Statistical heterogeneity was
assessed using the 12 statistic with a 12>50% considered to be substantial heterogeneity. Due
to high heterogeneity, formal assessment of publication bias was not conducted. Statistical
significance was defined at the 0.05 level. All calculations were performed using
Comprehensive Meta-analysis, version 2 (Biostat, Englewood, New Jersey, USA).

We identified 852 unique studies using our search strategy and reviewed 94 studies in detail
and ultimately included 17 studies (6324 patients) in the quantitative analysis.13-2° The
study selection flowsheet is included in Figure 1. Of these 17 studies, 7 studies were full
length articles and 10 were abstracts. Sixteen studies were conducted in the United

States13-15.17-29 gn( 4]|13-16.18-26,28.29 h;t o studies were conducted at single centers.
17,27

Table 1 shows the study-level characteristics of included studies. Fourteen studies included
both patients with CD and UC, and three studies focused only on patients with UC.14:19.23
One study included both adults and pediatric patients.2* Mean age of the patients ranged
from 37 to 60 years of age, and proportion of males ranged from 38% to 96%. In studies that
reported the medication history of patients who were admitted to the hospital, 21-89% of
patients were on corticosteroids and 10-71% of patients were on immunomodulators.
15,19,20,23-28 \ean length of hospital stays ranged from 4 to 7 days. Overall, full-text articles
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were deemed to be at low risk of bias, whereas abstracts were deemed to be at high risk of
bias due to paucity of information reported.

Readmission rate

Overall, 30-day readmission rate (15 studies) was 18.1% (n=1077/5586; 95% CIl 14.4-22.4),
with considerable heterogeneity (12=93%) (Figure 2), while 90-day readmission rate (5
studies) was higher at 26.0% (n=368/1426; 95% CI 22.7-29.6) with moderate heterogeneity
(12=54%). In studies with only patients with UC, 30-day readmission rate was similar
(19.3%, 95% CI 6.8 — 43.8).

On subgroup analysis, no significant difference was observed in studies published in full text
(18.4%; 95% Cl, 13.8-24.1) vs. abstracts (19.8%; 95%C Cl, 14.5-26.3) (p=0.73), or in
studies from North America (16 studies; 19.6%; 95% ClI, 15.9-24.0) vs. Australia (1 study;
12.9%; 95% Cl, 8.5-19.2) (p=0.07). On meta-regression, risk of readmission was higher in
studies in which proportion of patients with UC (vs. CD) was higher; study-level age and
sex distribution did not significantly impact 30-day rates of readmission.

The most common reasons for readmissions were flare of underlying IBD, infections/sepsis,
abdominal pain or surgical complications in patients who underwent unplanned surgery
during hospitalizations (Table 1).

Risk factors associated with 30-day readmission

Supplementary Table 1 details differences in demographic-, clinical-, index hospitalization-
and discharge characteristics of patients who were vs. were not readmitted. Eight studies
reported data on predictors for 30- day readmission rate (Table 2).19.21-2325-28 patients who
were admitted for pain control (OR, 2.26; 95% Cl, 1.66 — 3.07), required total parenteral
nutrition on discharge (OR, 2.13; 95% CI, 1.36 — 3.35) and either had prior surgery or
underwent unplanned surgery during admission (OR, 3.11; 95% CI 2.27 — 4.25) were more
likely to be readmitted within 30 days (Table 3). Seven studies included data on patient-level
characteristics in patients who were readmitted to the hospital compared to those who were
not.13.23-28 |n one study, patients with readmission were significantly older as compared to
patients who were not readmitted.26 Sex, race/ethnicity and insurance status was not
consistently different between those who were readmitted vs. not readmitted. Studies did not
report information on outpatient/interval evaluation and management of patients after
discharge from index hospitalization, to ascertain potential impact of transitional care on risk
of readmission.

One study by Hazratjee and colleagues developed a prediction model to ascertain risk of
readmission.2® Five factors were associated with risk of readmission: benzodiazepines given
during admission (HR 3.0, 95% CI 1.7-5.1), pain control on admission (HR 2.2, 95% ClI
1.4-3.6), lack of narcotic prescription on discharge (HR 2.2, 95% CI 1.3-3.7), abscess
drainage (HR 3.4, 95% 1.9-6.3), and discharge to assisted home care or assisted-care facility
(HR 3.2, 95% CI 1.8-5.7). Performance of this prediction model, based on the bias-correct
c-statistic was 0.757, which is the same as the area under the receiver operator curve (AUC)
metric.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 6

Interventions to reduce readmission

There were very few studies focusing on interventions to reduce readmission. Law et a/
reported on impact of a specialized IBD service on post-discharge outcomes in a time-
interrupted cohort with lower rates of readmission at 90 days for all IBD-related
hospitalizations.2# The authors found that implementation of a specialized IBD team may
allow for optimization of medical therapy on discharge, facilitated closer follow-up with
outpatient providers and allowed earlier recognition of the need for surgical intervention and
increased multidisciplinary collaboration leading to lower readmission rates.

DISCUSSION

In this systematic review and meta-analysis of 17 cohort studies in medically-treated patients
with IBD, we observed a 30-day and 90-day readmission rate of 18.1% (95% CI 14.4-22.4)
and 26.0% (95% CI 22.7-29.6), respectively. Most common reasons for readmission were
related to flare of underlying IBD, infections/sepsis, abdominal pain and surgical
complications in patients who underwent unplanned surgery during hospitalizations. Most
consistent risk factors associated with 30-day readmission include initial hospitalization for
pain control, need for total parenteral nutrition on discharge, and patients who had prior
surgery or underwent unplanned surgery during admission. Very few studies have evaluated
interventions to reduce risk of readmission, with one study evaluating role of an inpatient
IBD specialist service. No studies have evaluated the role of post-discharge transitional care
on risk of readmission. Overall, these findings demonstrate high risk of short-term
readmission in patients with IBD, and provide impetus to study interventions, particularly
post-discharge transitional care coordination, to reduce readmission in patients with IBD.

Our short-term readmission risk estimates are similar to estimates from national claims-
based analyses, using Nationwide Readmissions Databases, which reported 30- and 90-d
readmission rates of 10-20%°230 and 24%,° respectively. These nationally representative
studies used single administrative claims codes for IBD to identify patients hospitalized with
IBD, and hence were unable to adequately verify IBD diagnosis or provide details of disease
phenotype and complications.

Current studies are limited in comprehensive assessment of risk factors associated with
readmission, and none of the studies account for impact of evaluation and management post-
discharge on risk of readmission. Only one study developed a prediction model predicting
short-term readmission in hospitalized patients with IBD, using patient-level covariates —
Hazratjee and colleagues identified pain management in IBD as one of the major drivers of
readmission while infection control with abscess drainage and being discharged to another
facility as other risk factors for readmission; interestingly, lack of narcotic prescription on
discharge was associated with higher risk of readmission, potentially related to inadequate
pain control post-discharge.2> With the advent of the Electronic Health Record (EHR) and
its deluge of data and novel analytic approaches such as machine learning, higher fidelity
risk models are becoming more common. Using the national Veterans Administration
database, Waljee and colleagues observed that a random forest machine learning prediction
model incorporating longitudinal data readily available in electronic medical records,
outperforms traditional logistic regression in predicting risk of hospitalization and
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corticosteroid use within 6 months; risk of readmission was not studied.3! More importantly
the EHR allows automated risk calculation and integration of predictive analytics into the
clinical workflow for decision support, which eliminates the need for manual data entry for
risk score calculation. Several studies have shown improved outcomes embedding more

complicated prediction models, automatically calculated by the EHR, within routine care.
32-34

Several electronic health interventions have recently demonstrated potential benefit in
decreasing risk of readmission. In a community practice-based, insurance-supported,
smartphone-based application for patient engagement, integrated with clinical decision
support, Project Sonar has demonstrated decline in rates of hospitalization, especially in
engaged patients. In a randomized trial of telemedicine-based patient engagement and
monitoring, Cross and colleagues demonstrated decrease in rate of hospitalization, though
cost-benefit may be offset by the increase in non-invasive diagnostic tests, telephone calls
and electronic encounters.3® These interventions may be particularly effective in a subset of
patients hospitalized with IBD, particularly those identified to be at high risk of readmission.
Specific assessment for modifiable risk factors for re-admission prior to hospital discharge
could be undertaken to facilitate early outpatient follow-up and reduce readmission.

While our study was the first of its kind to synthesize and summarize the available data on
rates, reasons and risk factors for short-term readmissions in patients with IBD, there are
several limitations. First, most of the included cohort studies were from single centers, in the
United States, and may not be representative of the general population; however, nationally
representative cohort studies have also observed similarly high rates of readmission. Second,
studies were unable to account for hospitalization outside of the index health system.
Fragmentation of care (readmission to a non-index hospital) may occur in 26-33% patients
with IBD and contributes to inferior patient outcomes.36 Due to this, our estimates on
readmission risk may be underestimated. Third, there is limited information on potentially
modifiable risk factors for readmission, without details of post-discharge interventions in
hospitalized patients that may modify risk of readmission.

In conclusion, in this systematic review and meta-analysis of medically treated IBD patients,
we observed approximately 1 in 5 medically-treated patients with IBD may be readmitted
within 30 days of index hospitalization. Disease-(IBD flare) and treatment-related
(infections, surgical complications) factors are the most common reasons for readmission.
Development of population health management strategies focusing on identification of high-
risk patients and development and implementation of multi-dimensional post-discharge
transitional care interventions is warranted to improve quality of care, population health
outcomes and reduce costs of care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flow Diagram summarizing study identification and selection
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Rzk ME, 2016 30-d 0300 0.255% 0.344 [ ]
Syal G, 2017 a0-d 013z Q.07 077 [}
Tinsley A, 2015 30-d on7 .08 0.160 ||

084 2148 0.227 1)

-1.00  -0.50 0.00 .50 1.00
Figure 2.

Forest plot showing 30-day readmission rate in adult medically-treated patients hospitalized

with IBD
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