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Abstract

Background

Paediatric patients are at high risk of experiencing an unplanned hospital readmission
(UHR) since their transition from acute healthcare services typically requires caregivers to
negotiate the transition process and manage post-hospital care at home. Studies examining
paediatric UHRs and associated risk factors have been predominately conducted in America.
Australian studies have focused on specific health condition related UHRS, such as asthma
or mental health. There is a dearth of research identifying risk factors associated with
paediatric all-cause UHRSs in Australia. Existing evidence on the hospital-to-home transition
process and recovery experience has mainly been generated from surveys or interviews with
healthcare providers and parents/caregivers. There is a need to directly observe how
transition information is communicated by healthcare providers, especially nurses to
caregivers, and to gather qualitative information through interviews with those involved

about their experience.

Aim & Objective

This study aimed to investigate paediatric UHR at a tertiary children's hospital in
Western Australia (WA). The six study objectives were to (1) comprehensively review
research-based evidence related to the transition of care at discharge for paediatric patients;
(2) systematically examine predictive models for UHRs and to investigate and assess the
characteristics of each model; (3) examine the prevalence and characteristics of all-cause
UHRs at a tertiary children’s hospital in WA from 2010 to 2014; (4) identify risk factors
associated with 30-day all-cause unplanned hospital readmission at a tertiary children’s
hospital in WA based on an administrative inpatient dataset; (5) assess whether adding
clinical information and written discharge documentation variables improve prediction of
30-day same hospital unplanned readmission compared to administrative information using
machine learning analyses; and (6) observe and describe nurse-caregiver communication of

paediatric hospital-to-home transition information.

Methods

An extensive analysis of the literature and research evidence was conducted to address
Study Objectives 1 and 2. A mixed-methods sequential explanatory research design with
two phases was selected to address Study Objectives 3 to 6. Phase 1 of the research design
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involved three stages of collection and analysis of quantitative data, while Phase 2 involved

five stages of collection and analysis of qualitative data.

Phase 1/Stage 1 addressed Study Objective 3, a retrospective audit of a five-year
administrative inpatient dataset examining prevalence and characteristics of paediatric
UHRs. A total of 16 variables were extracted, including socio-demographic and
administrative hospital information. Mean * standard deviation or median were calculated
for continuous variables, while counts and percentages were used for categorical variables.
Results of Stage 1 informed the selection of the outcome measurement as 30-day all-cause
readmissions for stage 2. ldentification of the measurement also informed the sampling

process for participants in Phase 2.

Phase 1/Stage 2 addressed Study Objective 4, which identified predictors of 30-day
readmission by analysing the same 16 variables as in Stage 1 using forward stepwise
multivariate logistic regression. The area under the receiver operating characteristic curve/c-
statistic was calculated for the predictive model. Stage 2 informed which additional variables

would be extracted and the selection of cases for Stage 3.

Phase 1/Stage 3 addressed Study Objective 5, which utilised machine learning analysis
to develop predictive models by adding 11 clinical information variables and 13 written
discharge document variables extracted from medical records. Three groups of variables
consisting of a total of 40 variables were compared by sequentially fitting three logistic
regression models: (1) Administrative variables only; (2) Administrative and clinical
variables; (3) Administrative, clinical, and written discharge documentation variables. A
multi-pronged approach to prediction was used to test consistency and robustness across
models, including standard logistic regression to four machine learning approaches (stepwise
logistic regression, random forest, elastic net, and gradient boosted trees). Results of Phase

1 identified a clear need to explore nurse-caregiver communication at discharge.

Phase 2 addressed Study Objective 6, which involved five stages, is guided by the
Transitions Theory. Four core components of the theory include the nature of the transition,
nursing therapeutics, transition conditions and patterns of response. Purposive sampling of
patients with three health conditions associated with the most frequent UHRs was selected,

including appendectomy, tonsillectomy and/or adenoidectomy, or bronchiolitis.

Phase 2/Stage 1 involved direct clinical observations of 31 transition experiences
focusing on nurse-caregiver hospital-to-home transition information communication at the

time of discharge; Stages 2—4, included semi-structured interviews of nurses and caregivers’



Abstract

perceptions and experiences of transitions of care at discharge and caregivers’ views of post-
hospital recovery since discharge; and Stage 5 reviewed the usage of hospital services post-
discharge medical records for those patients in Stage 1. Phase 2 supplemented, elaborated
on and confirmed the quantitative results of Phase 1 that the quality of transition information

impacts the experience of children and caregivers at discharge and post-hospital discharge.

Findings

Study Objectives 1 and 2 were met and presented as Chapter Two consisting of three
peer-reviewed journal publications and two chapter sections. A comprehensive literature
analysis identified the limited Australian research evidence examining paediatric transition
experience at discharge and all-cause unplanned hospital readmissions risk factors. A review
of previously published research studies highlighted the need for a more robust research
design, including quantitative and qualitative data, to address the overall aim. As a result, a
mixed-method sequential explanatory research approach was adopted for this study. Study
Obijectives 3 to 6 were met and presented in Chapter Four as four peer-reviewed publications.
Publication 4 (Phase 1/Stage 1) addressed Study Objective 3 and reported the 30-day UHR
rate as 3.03% (discharge-base analysis) and 4.55% (patient-based analysis) at the
participating hospital. Fifty-one percent of readmissions occurred by Day-5 post-discharge.
The time intervals from discharge date to readmission date varied for diagnosis-specific

readmissions of paediatric patients.

Publication 5 (Phase 1/Stage 2) addressed Study Objective 4 and identified seven
significant predictors, including patients aged > 13-year-old; utilised private insurance as an
inpatient; with greater social-economic advantage; admitted on Friday; discharged on
Friday/Saturday/Sunday; > 4 diagnoses at the index admission; and length of stay (LOS) >
15 days or longer. The model had a moderate predictive performance of a c-statistic of 0.645.

Publication 6 (Phase 1/Stage 3) addressed Study Objective 5 and found that the inclusion
of written discharge documentation variables significantly improved readmission
predictions compared with models based only on administrative and/or clinical variables in
standard logistic regression analysis. The highest prediction accuracy was obtained using a
gradient boosted tree model (c-statistic 0.654), followed closely by random forest and elastic
net modelling approaches. Predictors of UHR included patients' social history (legal custody
or Department for Child Protection), languages spoken at home other than English,
completeness of Nursing Admission and Discharge Planning Form, and timing of issuing

discharge summary.
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Publication 7 (Phase 2/5 Stages) addressed Study Objective 6 and identified six common
components of verbally delivered hospital-to-home transition information. The duration of
nurse-caregiver communication and the approach used to deliver transition information
primarily depended on nurses' years of experience and speciality practice area. Caregivers
indicated they were either overwhelmed with the amount of information provided or felt the
information was inadequate or inconsistent. Some caregivers perceived their child was not

ready for discharge and felt uncertain about providing care at home.

Eight caregivers reported delayed recovery post-discharge from unexpected health
issues. Seven presented to the Emergency Department within 2-19 days post-discharge, of
which three were readmitted. Primary caregivers of the three readmitted patients all had
limited English language proficiency and were not present when hospital-to-home transition

information was provided.

Conclusion

Analyses and triangulation of the quantitative and qualitative data confirmed the
literature that transitioning a paediatric patient from hospital to home is a multifaceted and
challenging process. The findings also confirmed the complexity of deriving predictive
models to predict paediatric unplanned hospital readmissions. Identifying predictors
associated with paediatric readmission will facilitate healthcare providers to recognise and
target children at higher risks of UHRs. These identified predictors need to be incorporated
into the preparation and delivery of hospital-to-home transition information to reduce or
prevent adverse events, such as unplanned Emergency Department (ED) visits and

readmissions.

Gaining the insights of nurse-caregiver communication of hospital-to-home transition
information at the time of discharge and during the recovery experience will inform the
future development of an evidence-based, comprehensive transition framework. Key
components of the framework include: specific transition information for patients at higher
risk of UHRs, early commencement of the transition plan, implementation of a validated
discharge readiness assessment tool, provision of interpreter services for families with
language barriers, utilisation of “teach-back™ technique when transition information is
communicated, and completion and distribution of hospital discharge summaries. The
framework could be utilised in clinical practice by healthcare providers to improve
individualised transition planning and consistency of transition information delivery from

healthcare providers to caregivers.

Vi
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This study also recommends the inclusion of a comprehensive educational plan
emphasising the importance of hospital-to-home transition information and discharge
planning/process in ward orientation programs. This needs to be specifically focused for
junior and casual staff to ensure consistency of information delivery. Ensuring tertiary
hospitals have comprehensive electronic medical record systems is also warranted to
facilitate access to clinical information and written discharge documentation information.
Analysis of clinical data would in turn to inform changes in clinical practice care and
potentially improve patient outcomes.

Future research should consider examining the most significant findings of this study
that more than half of the UHRs occurred within five days post-discharge. A study
examining WA linkage data including UHRs to the same or a different hospital across the
breadth of WA is also recommended. This will provide opportunity to capture true
prevalence of paediatric unplanned readmissions in WA.

This study will provide opportunity to improve the quality and safety of paediatric hospital-

to-home transition and, as a result, reduce unplanned paediatric hospital readmissions.

Vii
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Glossary of Terms

In this study, a primary caregiver means the legal
guardian of a paediatric patient, for instance parent or
foster parent.

In this study, acute care setting means acute hospital
setting, in particular, Princess Margaret Hospital
(PMH) for Children, Western Australia

Hospital readmission is typically measured from an
“index hospitalisation,” which is the first
hospitalisation for a particular clinical condition;
subsequent admissions within a specified time period
(30 days in this study) after the index hospitalisation are
considered readmissions.

In this study, the prevalence of readmissions was
calculated on both discharge-based and patient-based
analysis because some patients had more than one
index admission and readmission during the 5-year data
retrieving period. If the patient had more than one
unplanned readmission after being discharged within
the 30 days, only the first readmission was included for
the discharge-based analysis.

Discharge-based analysis UHRs
= Number of UHRs/Total number of discharges.

Patient-based analysis UHRs
= Number of patients experienced UHR/Total number
of patients.
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Chapter 1

Introduction to the Study

Transitioning paediatric patients from hospital to home is recognised as a multifaceted
and challenging process. Insufficient hospital-to-home transition planning and inconsistent
delivery of transition information may result in an unplanned Emergency Department
presentation and/or hospital readmission. While there have been multiple attempts to
understand the complexities associated with the transition of care from the acute hospital
setting to home, this has had minimal impact in terms of reducing the occurrence of unplanned
hospital readmissions (UHRs). The development and use of reliable predictive models to
assist the identification of patients at high risk of readmission is also limited. Further
investigation of predictive models which identify at risk patients and facilitate strategies to

be implemented to potentially reduce the likelihood of readmission, is warranted.

This thesis is presented as seven peer-reviewed journal publications, including three
comprehensive literature analyses and four primary studies. The primary studies were
conducted at a tertiary children’s hospital in Perth, Western Australia (WA) and involved
analysis of an administrative inpatient dataset, direct clinical observations, interviews of both
nurses and caregivers plus examination of patient medical records. Together, the findings of
these studies confirm not only the complexities associated with developing reliable
predictive models for paediatric UHRs but also the inconsistencies in communicating

hospital-to-home transition information.

Chapter One presents an overview of key concepts of the study including transitions of
care, communication of hospital-to-home transition information for paediatric patients,
UHRs, and risk factors associated with paediatric UHRs. The rationale for employing a
sequential explanatory mixed-method research design for this study and the significance of
research findings to patients’ outcomes and healthcare services are discussed. Study aims and
objectives are identified and situated within the context of transitioning paediatric patients

from an acute hospital setting to home. The chapter concludes with an outline of the thesis.

1.1 Transitions of Care

Transitioning patients within and across health care facilities or from hospital to home
has been gradually conceded as a complex process rather than a single event at a point in

time. The transition of care process is defined as “a set of actions designed to ensure the
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coordination and continuity of healthcare as patients transfer between different locations or
different levels of care within the same location” (Coleman & Boult, 2003, p. 556). Issues
associated with the process of transitioning patients and their ongoing care needs are
acknowledged as complex and multifaceted. Differing individual requirements of the
transition process are acknowledged as dependent on the physical, intellectual and psych-
social condition of each patient. As a result, they may present as an unplanned hospital
readmission following a patient’s discharge to their home or transfer to another facility

(Noyola et al., 2014; Schattner, 2014; Wish, 2014).

Ensuring continuity in the delivery of ongoing care when transitioning patients from
hospital (acute healthcare setting) to home (primary care setting) has been recognized as one
of the most significant, costly and problematic aspects of healthcare practice (Kripalani et
al., 2007). Ineffective communication during the delivery of transition of care information
is identified as a major contributing factor to adverse events that directly risk patient safety
(Garvey et al., 2012; Kaehne, 2011; Kripalani et al., 2007; Laugaland et al., 2011; Wong et
al., 2010), accounting for 41% of avoidable hospital readmissions (Muecke et al., 2010;
Russell et al., 2011; Wong et al., 2007).

An international study by Schoen et al. (2005) surveyed chronically ill adults in six
countries about their experience of hospital-discharge and delivery of hospital-to-home
transition information. Australian patients reported higher rates of communication failure
throughout hospitalisation (14.2%; n = 351). The most frequent comment made by 5% of
respondents, was that they did not receive clear instructions about symptoms to monitor

following hospital discharge. This study also suggested transitioning patients experience

a high rate (20%) of Emergency Department return visits and/or readmissions resulting
from complications experienced during the recovery phase post-hospital discharge
(Schoen et al., 2005).

An Australian Research Council -funded research project — Effective Communication in
Clinical Handover (2011-2014) analysed the spoken, written and non-verbal
communications used by healthcare providers during clinical handover of patients
transferring between health facilities. The results identified both the scale and significance of
problems associated with communicating information. These include (1) standardisation of
transitioning processes and documentation; (2) skills and training required to engage high-
risk patients and their carers actively in the transition process, and (3) patients and caregivers’

confidence and understanding of their role in improving transition of care experience.
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Encouraging patient and caregiver participation in care, especially in decision-making
as part of the transition plan is therefore essential to improve patient safety and enhance
quality outcomes. Research evidence suggests that when healthcare providers use
communication strategies that invite patient/caregiver input, such as giving the patient space
to tell their story, express their anxieties and ask questions, risks may be both identified and
managed more effectively (Eggins & Slade, 2012; Russell et al., 2011; Slade et al., 2011).

1.2 Hospital-to-home Transition Information for Paediatric Patients

Compared to the adult literature, there are considerably fewer studies examining the
experience of children who transition from hospital to home. Early research evidence noted
that sufficient hospital-to-home transition planning and comprehensive transition of care
information for the child post-discharge are critical to improve patients’ and caregivers’
post-discharge experience (Keatinge et al., 2009) and to prevent adverse outcomes for
patients including unplanned ED visits and/or readmission (Berry et al., 2014; Nemetchek
et al., 2019). Transition information provided to caregivers is described in two main forms
in the literature. The first form uses education-based terms, such as ‘discharge instruction’
(Coleman et al., 2013; Lerret et al., 2014) or ‘discharge teaching” (Lerret et al., 2015; Weiss
et al., 2017). The second uses information sharing/exchange-based terms, including ‘patient
handover’ (Hesselink et al., 2012) and ‘transfer of information” (Lerret & Weiss, 2011). In
this study, the information provided at the time of discharge is referred to as ‘hospital-to-
home transition information’ to highlight the critical need to ensure continuity in the delivery

of ongoing care for patients transitioning from hospital to home.

Previous studies have shown that caregivers perceived a higher level of readiness for
discharge when provided with comprehensive hospital-to-home transition information. This
also resulted in decreased unplanned hospital readmission rates for children (Lerret et al.,
2015; Parikh et al., 2018). In this study readiness for discharge from a caregivers’ perspective
refers to whether caregivers feel ready to take their child home and fully understand the
transition information and continued care requirements. Ineffective or insufficient
communication of transition of care information increases the risk of a patient experiencing

delayed recovery, unplanned ED visit, or readmission (Harlan et al., 2010).

Research also suggests healthcare providers may lack sufficient knowledge and
understanding of the approach and potential benefits of preparing caregivers for transition
from hospital-to-home and the ongoing care required post-discharge. As a result, patients and

caregivers may lack confidence and understanding of their roles and how they contribute to
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the transition process and recovery experience (Berry et al., 2014; Keatinge et al., 2009). In
Australian research up to 22% of patients and/or caregivers reported they had not been
involved as much as they wanted in decisions about their transitional care (Canary & Wilkins,
2017; Eggins & Slade, 2012; Slade et al., 2011).

Caregivers take on significant responsibilities to provide continued care for their
child/children post-discharge from an acute hospital (Pinto et al., 2015). Many patients require
ongoing treatment, medication administration, follow-up appointments and monitoring of their
health conditions to determine whether further medical advice or treatment is needed. In
addition, caregivers also face the challenges of maintaining the family routine and juggling
their own work and wellbeing (Ford et al., 2012; Pinto et al., 2015; Pinto et al., 2010).
Caregivers and children described three types of experiences following discharge from
hospital, uncomplicated recovery; prolonged recovery due to unexpected issues, for example,
pain management following surgery; and unplanned Emergency Department presentation or

hospital readmission because of worsened health conditions (Ford et al., 2012).

1.3 Unplanned Hospital Readmissions

Unplanned hospital readmission rate is defined by the Australian Institute of Health and
Welfare (2013) as the percentage of unplanned or unexpected readmissions within 28 days
of being discharged and which is related to the index admission. International literature,
primarily measures UHR as within 30 days of discharge (Bosco 3rd et al., 2014; Markham
et al., 2019; Schattner, 2014). In this study 30-day UHR measurement is used to allow for

international comparison.

Literature has generally identified the UHR rates as either all-cause UHR or condition-
specific UHR. All-cause UHR refers to an unplanned hospital readmission from any cause
for a population within a specified time frame. In contrast, condition-specific UHR is the
readmission of a patient with a specific health condition, for example asthma, within a
specific population in a given time period (Chung et al., 2015). Australian research suggests
more than 30% of Australian patients, who had undergone a surgical procedure, were
unexpectedly readmitted to hospital within 28 days from their initial discharge, with issues
related to the initial index admission. The three most frequently cited surgical procedures
associated with those readmitted patients were tonsillectomy and adenoidectomy,
prostatectomy or hysterectomy (Australian Institute of Health and Welfare, 2013). From a
paediatric perspective, an Australian study by Awad et al. (2004) retrospectively examined

10,772 paediatric day case surgeries over a 3-year period and found that 242 (2.2%)
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paediatric patients were unexpectedly readmitted to hospital following their discharge due

predominantly to pain and/or surgical complications.

Unplanned hospital readmissions not only disrupt the routines of patient and/or
family/caregivers but also results in significant additional cost to the healthcare system
(Centers for Medicare & Medicaid Services, 2013; Jencks et al., 2009). In the United States
of America (USA) it has been estimated that 7.8 million (20%) of patients discharged from
hospital were readmitted to the same hospital or another hospital related to the index
admission and this accounted for US$17.4 billion of hospital payments by Medicare (Centers
for Medicare & Medicaid Services, 2013; Centre, 2011; Jencks et al., 2009). In the United
Kingdom (UK) approximately 35% of patients were identified as having experienced a
UHR, and this is estimated to cost 11 billion pounds per annum (5.3 million admissions in
2010/11) (Health & Social Care Information Centre, 2011). The estimated cost of UHRs in
Australia is Australian $1.5 billion annually (Considine et al., 2019).

1.4 Risk Factors Associated with Unplanned Hospital Readmission

In view of the negative impact UHRs have on patients, caregivers and the healthcare
system, there has been increased emphasis directed toward identification of paediatric
patients, who are at higher risk of readmission (Auger & Davis, 2015; Beck et al., 2006;
Colleretal., 2013; Khan et al., 2015; Toomey et al., 2016; Wijlaars et al., 2016). Identifying
paediatric patients more at risk allows healthcare providers to implement strategies to
improve delivery of hospital-to-home transition information prior to discharge and
potentially reduce unplanned readmissions (Leppin et al., 2014). The reported significant
risk factors associated with paediatric all-cause unplanned readmissions include
comorbidity, type of health insurance, illness severity, age, gender, ethnicity, and day of
admission (Auger & Davis, 2015; Beck et al., 2006; Coller et al., 2013; Khan et al., 2015;
Toomey et al., 2016; Wijlaars et al., 2016).

The identification of risk factors relies largely on the number and types of variables
included in the statistical analysis (Zhou, Roberts, et al., 2019) and this depends on how
easily the administrative databases and/or medical records can be accessed. The main
variables identified in literature are referred to as socio-demographic, hospital administrative
variables (admission type, length of stay, principal diagnosis and comorbidities), and

clinical/medical variables (vital signs or laboratory/image test results).

Additional studies investigated the quality of written discharge documentation, such as

a follow-up plan or discharge summary, and whether it contributed to UHR (Coller et al.,
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2013; Feng et al., 2017; Topal et al., 2014). Results were varied, while all studies
acknowledged the vital role written information has on the quality of hospital-to-home
transition experience, inconsistencies in content of transition information were identified due
to variations in data extraction and analysis of written information. An additional issue to
emerge in these studies was associated with the extraction of written discharge
documentation as a data collection method due mainly to the significant amount of time
required and therefore the cost associated with extracting information (Choudhry et al.,
2016; Coghlin et al., 2014; Olsen et al., 2012).

Several attempts have been made to develop predictive models as a way of potentially
reducing avoidable/preventable UHR. Measurements included in the development of
predictive tools varied across five studies due to differences in population, sample size and
geographical location (Billings et al., 2012; Edward et al., 2013; Franchi et al., 2013; Halfon,
2002). The performance of predictive tools/models was reported as either low in terms of

sensitivity and predictability or there was a lack of validation in clinical settings.

Recent research has utilised advanced machine learning analysis to predict UHRs instead
of standard regression methods (Wiens & Shenoy, 2018). Machine learning refers to a field
of computer science that aims to build and adapt models, which teach computer (machine) to
"learn" through experience (existing data). Machine learning involves the construction of
algorithms that adapt models to improve their ability to make predictions (Meyfroidt et al.,
2009). The most frequently applied machine learning approaches in research studies include
random forests, least absolute selection and shrinkage operator, and gradient boosted decision
trees. The number of paediatric studies using an advanced machine learning approach remains
limited. So far there have been six studies which have analysed administrative datasets. There
is a need to base the development of predictive models on more comprehensive data extracted
from medical records using machine learning analysis (Ehwerhemuepha et al., 2020; Janjua
etal., 2019; Stiglic et al., 2014, Taylor et al., 2020; Wolff et al., 2019).

1.5 Study Setting

This study was conducted at a major paediatric hospital facility which is part of the
Western Australian public health system. The Australian healthcare system has adopted a
hybrid model where, in addition to the mandatory public health insurance, citizens,
permanent residents, and refugees can either pay and/or use private health insurance in the
public health system. Health insurance arrangements allow individuals access to both public

and private hospitals (Dixit & Sambasivan, 2018). While the Commonwealth Government
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of Australia administers the public health insurance system known as the Medicare scheme,
state and territory governments share responsibility for managing their individual
state/territory based health care system. While comprehensive, the system is under pressure
due to increased demand, shortage of workforce, greater acuity in care requirements,

increased utilisation and rising costs.

The Western Australian public health system is recognised as one of the most effective
and efficient by the Organisation for Economic Co-operation and Development (Dixit &
Sambasivan, 2018). Western Australia spans more than 2.5 million square kilometres and is
the largest area in the world covered by a single health authority. Western Australia’s public
health system (WA Health) consists of over 80 hospitals, including seven tertiary, eight
secondary and 70 country sites (Government of Western Australia Department of Health,
n.d.). There is only one public acute tertiary children’s hospital in WA providing paediatric
healthcare services to the community as part of the Children and Adolescent Health Service.
Bed capacity at the time of this study was 220, and the hospital provided care for neonates,
children, adolescents and young adults. Inpatient and outpatient visits total approximately
250,000 annually (Child and Adolescent Health Service, 2018).

The current Australian public health insurance system is struggling with increasing
inpatient hospital demand and UHRs is one of the major contributing factors. In Western
Australia, the prevalence of 28-day all-cause readmissions to the same hospital across all
metropolitan public health services has increased from 2.1% (2010-11) to 3.9% (2014-15)
(Government of Western Australia Department of Health, 2011, 2012, 2013, 2014, 2015).

1.6 Rationale for Study

Paediatric patients are at high risk of experiencing unplanned hospital readmission since
their transition from an acute healthcare setting typically requires caregivers to negotiate and
manage the transition process and post-transition care on their behalf (Beal et al., 2004; Berry
et al., 2017). Studies examining the characteristics of paediatric UHR and associated risk
factors have been predominately conducted in the USA. Australian studies identifying risk
factors have focused on specific health conditions, such as asthma (Veeranki et al., 2017;
Vicendese et al., 2015), or mental health (Barker et al., 2010). There is a dearth of research
evidence examining the characteristics of paediatric patients who experience all-cause UHRS

and the associated risk predictive factors in Australia.

Previous studies have focused on wide ranging, but very different aspects of the hospital

to home transition of care experience. These studies have primarily been conducted in
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isolation with a single rather than multifaceted research focus. What is urgently required is
an integrated, rigorous research approach, including both quantitative and qualitative
methods. Existing evidence on the transition of care process and post-transition experience
of children and caregivers has mainly been generated from surveys or interviews with
parents/caregivers and healthcare providers. There is a need to directly observe and
document how transition of care information is communicated by healthcare providers,
especially from nurses to caregivers, and to gather qualitative information about the

experience via interviews with those involved.

1.7 Aim and Objectives

This study aimed to investigate paediatric unplanned hospital readmission to a tertiary

children’s hospital in WA. The specific objectives related to this study were to:

1. Comprehensively review research-based evidence related to the transition of care at
discharge for paediatric patients;

2. Systematically examine predictive models for UHRs and to investigate and assess the
characteristics of each model;

3. Examine the prevalence and characteristics of all-cause UHRs at a tertiary children’s
hospital in WA from 2010 to 2014;

4. ldentify risk factors associated with 30-day all-cause unplanned hospital readmission at
a tertiary children’s hospital in WA based on an administrative inpatient dataset;

5. Assess whether adding clinical information and written discharge documentation
variables improve prediction of 30-day same hospital unplanned readmission compared
to administrative information using machine learning analyses;

6. Observe and describe nurse-caregiver communication of paediatric hospital-to-home

transition information.

1.8 Significance of the Study

This study aligns with World Health Organisation priorities for action on patient safety
specifically in relation to communication and implementation of Australian National Safety
and Quality Health Service (NSQHS) Standards (Australian Commission on Safety and
Quality in Health Care, 2012). A significant aspect of the study is the development of a
paediatric predictive risk model. A reliable model, based on hospital morbidity and clinical
audit data, would fill a significant knowledge gap about what paediatric risk factors,

including aspects of communication, are most salient for paediatric patients. Identification
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of specific risk factors would enable paediatric patients at high risk of an UHR following
their initial index admission to be managed more effectively. Strategies aimed at reducing

UHR could include individualised hospital-to-home transition planning.

Analysis of authentic clinical observations conducted in a paediatric hospital discharge
context will enable the generation of objective descriptions of nurse-caregiver hospital-to-
home transition of care communication. Systematic investigation of the content and
communication of transition of care information using direct clinical observations could
inform the development of an evidence-based, comprehensive framework that can be

translated into resources and recommendations for patients and healthcare providers.

Outcomes resulting from this study could make a significant contribution to improving
paediatric patient safety, reducing inefficiencies in hospital bed usage, and changing the
economic impact associated with a poor transition experience from the acute hospital
setting to home.

1.9 Thesis Structure

The thesis is presented in five chapters. Each chapter provides an outline detailing the
layout and content. Seven peer-reviewed journal publications are embedded in the thesis, of
which, three publications (Publication 1-3) are in Chapter Two and the remaining four
(Publication 4-7) are in Chapter Four. Figure 1.1 displays the journal publications addressing

each study objective.

Chapter One, Introduction to the Study, is an overview of the project’s background, study
setting, rationale and significance. Aims and objectives of the study have also been identified.

Chapter Two, Exploring the literature, including three publications (Publication 1-3).
Publication 1 presents an integrative review examining the experiences and outcomes of
transitioning adolescent and young adults between health care settings. In particular, the
experiences of young adults with chronic disease and/or disabilities transitioning from
paediatric healthcare settings to adult healthcare services are highlighted. An additional
literature review examining paediatric hospital-to-home transition processes and post-
transition recovery experiences is included and presented in Section 2.3. Publication 2
provides an updated systematic review on the performance of predictive models for 28-day
or 30-day UHRs in the adult population. Publication 3 systematically reviews risk factors
associated with paediatric UHRs. Section 2.6 of Chapter Two is an updated review of research

evidence examining risk factors associated with paediatric unplanned readmission.
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Chapter Three, Methodology, provides a detailed description of the research design. A
sequential explanatory mixed-method approach is used as the overarching research design.
The chapter provides a rationale for the approach and describes how each phase provides
information to inform the development of the next. The first phase of the study utilised a
retrospective cohort quantitative data collection strategy and this was followed by a
prospective qualitative strategy. Within each phase, methods of sampling, data collection,

data analysis and ethical considerations are noted.

Chapter Four, Research Outcomes, consists of four peer-reviewed published journal
publications (Publication 4-7). Publication 4 investigates prevalence and characteristics of
all-cause same hospital unplanned readmissions at a tertiary children’s hospital based on a
5-year inpatient electronic administrative dataset. Publication 5 identifies risk factors
associated with 30-day all-cause paediatric UHRs using the same dataset as the first
publication. A predictive model is developed, and model prediction performance is evaluated
using the collected dataset. Publication 6 addresses the research question whether the
addition of clinical information and written discharge documentation variables improves
unplanned readmission predication when compared to using administrative variables only.
This publication also applied advanced machine learning analysis techniques in addition to
standard logistic regression analysis to ensure consistency and robustness across models.
Publication 7 qualitatively explores communication of hospital-to-home transition of care
information between nurses and caregivers via analysis of direct clinical observations and
semi-structured interviews. Patients’ usage of hospital services within 30 days post-hospital

discharge is also included as a measure of the quality of the transition of care experience.

Chapter Five, Discussion, discusses study findings based on the aim and objectives of
this study. Recommendations for clinical practice, education, policymaking, and research
are formulated based on the results. The project’s strengths and limitations are discussed,

and a reflection of the challenges is shared.

Chapter Six, Conclusion, provides final conclusion of the study. Knowledge translation

activities and dissemination of research findings to the research site is also presented.

The reference list is presented as per the 71" APA referencing style comprising references
cited in the thesis chapters and the seven publications. The Appendices are presented at the
end of the thesis document including copyright clearance confirmation, publication

engagement evidence, ethics approvals, and all relevant data collection documents.
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Figure 1.1

Journal Publications and Additional Literature Supporting the Study Objectives

To comprehensively review the research-based evidence related to the transition of
care at discharge for paediatric patients.

Objective 1

» Publication 1: Transitioning adolescent and young adults with chronic disease and/or disabilities
from paediatric to adult care services — An integrative review.

+ A further comprehensive review on paediatric hospital to home transition experience and recovery
post-hospital discharge was undertaken and presented in Chapter Two, Section 2.3.

Obiective 2 To systematically examine predictive models for unplanned hospital readmissions
jective and to investigate and assess the characteristics of each model.
» Publication 2: Utility of models to predict 28-day or 30-day unplanned hospital readmissions: An
updated systematic review.

* Publication 3: Risk factors associated with paediatric unplanned hospital readmissions: a systematic
review.

* New literature on risk factors associated with paediatric unplanned hospital readmissions was
undertaken and presented in Chapter Two, Section 2.6.

To examine the prevalence and characteristics of all-cause unplanned hospital
readmissions at a tertiary children’s hospital in WA from 2010 to 2014.

Objective 3

* Publication 4: A 5-year retrospective cohort study of unplanned readmissions in an Australian
tertiary paediatric hospital.

To identify risk factors associated with 30-day all-cause unplanned hospital
)5 e iV readmission at a tertiary children’s hospital in WA based on an administrative
patient dataset.

* Publication 5 Risk factors associated with 30-day all-cause unplanned hospital readmissions at a
tertiary children’s hospital in Western Australia.

To assess whether adding clinical information and written discharge documentation
)5 e i/ variables improve prediction of 30-day same hospital unplanned readmission
compared to administrative information using machine learning analyses.

* Publication 6 Using machine learning to predict paediatric 30-day unplanned hospital readmissions:
A case-control retrospective analysis of medical records including written discharge documentation.

To observe and describe nurse-caregiver communication of paediatric hospital-to-
home transition of care information.

Objective 6

* Publication 7 Nurse-caregiver communication of hospital-to-home transition information at a
tertiary paediatric hospital in Western Australia: A multi-stage qualitative descriptive study.

11



Chapter 2

Exploring the Literature

2.1 Chapter Overview

Chapter Two explores in-depth Study Objectives 1 and 2. Key concepts examined
include transitions of care processes, performance of predictive models, paediatric risk
factors associated with unplanned hospital readmission, and current research evidence
influencing risk prediction of UHRs. The chapter is presented in seven sections. Following
Section 2.1 Chapter Overview, Section 2.2 presents Publication 1, an integrative review
examining the current research evidence on adolescent and young adults with chronic
disease and/or disabilities transitioning from paediatric to adult healthcare services. Section
2.3 presents a comprehensive literature review of hospital-to-home transition processes and
recovery experiences of paediatric patients and their caregivers.

Section 2.4 and 2.5 present published systematic reviews (Publication 2 and 3)
examining the (1) performance and utility of predictive models for 28-day or 30-day UHRs;
and (2) risk factors associated with paediatric UHRs. These publications provide a deeper
understanding of the effectiveness of risk predictions models and known risk factors, which
contribute to UHRSs.

Section 2.6 critically reviews the literature, which has emerged since publication of the
systematic review in Section 2.5, to ensure the discussion and recommendations from this

study are contemporary. Section 2.7 provides a summary to conclude Chapter Two.

2.2 Publication 1

Zhou, H., Roberts, P.A., Dhaliwal, S.S., & Della, P.R. (2016). Transitioning
adolescent and young adults with chronic disease and/or disabilities from
paediatric to adult care services — An integrative review. Journal of Clinical
Nursing, 25, 3113-3130. http://doi.org/10.1111/jocn.13326

The Journal of Clinical Nursing (JCN) was selected for this publication as it is an
international, peer-reviewed, scientific journal that publishes high quality research evidence
that is directly relevant to nursing practice. The JCN focuses on clinical needs and the
implications for nursing interventions and models of service delivery. The impact factor of
this journal was 1.456 for Year 2016. Confirmation of adherence to copyright requirements

is evidenced in Appendix A.1.
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This publication has been cited 52 times by 2 August 2021 as per Scopus (Appendix

D.1). Scopus is an abstract and citation database that indexes to 36,000+ journals, books and

conference proceedings across engineering, health sciences, humanities and science

disciplines.

Specific objective of Publication 1 was:

To comprehensively review the research-based evidence on transitions of care for

adolescents and young adults with chronic illness/disabilities.

Main findings of Publication 1 were:

A total of 61 studies were included.

Six main themes emerged from data synthesis included Timing of transition;
Perceptions of the transition; Preparation for the transition; Patients’ outcomes post-
transition; Barriers to the transition; and Facilitating factors to the transition.

The identified five major barriers were inadequate preparation prior to transition; lack
of resources and accessibility of healthcare services; complex health conditions;
excessive parental involvement in the care of patients; insufficient

communication/information exchange among healthcare providers.

13
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'JCN

Journal of Clinical Nursing

REVIEW

Journal of
Clinical Nursing

Transitioning adolescent and young adults with chronic disease and/or
disabilities from paediatric to adult care services — an integrative review

Huagiong Zhou, Pamela Roberts, Satvinder Dhaliwal and Phillip Della

Aims and objectives. This paper aims to provide an updated comprehensive
review of the research-based evidence related to the transitions of care process for
adolescents and young adults with chronic illness/disabilities since 2010.
Background. Transitioning adolescent and young adults with chronic disease and/
or disabilities to adult care services is a complex process, which requires coordi-
nation and continuity of health care. The quality of the transition process not
only impacts on special health care needs of the patients, but also their psychoso-
cial development. Inconsistent evidence was found regarding the process of transi-
tioning adolescent and young adults.

Design. An integrative review was conducted using a five-stage process: problem
identification, literature search, data evaluation, data analysis and presentation.
Methods. A search was carried out using the EBSCOhost, Embase, MEDLINE,
PsycINFO, and AustHealth, from 2010 to 31 October 2014. The key search
terms were (adolescent or young adult) AND (chronic disease or long-term ill-
ness/conditions or disability) AND (transition to adult care or continuity of
patient care or transfer or transition).

Results. A total of 5719 records were initially identified. After applying the inclusion
criteria a final 61 studies were included. Six main categories derived from the data
synthesis process are Timing of transition; Perceptions of the transition; Preparation
for the transition; Patients’ outcomes post-transition; Barriers to the transition; and
Facilitating factors to the transition. A further 15 subcategories also surfaced.
Conclusions. In the last five years, there has been improvement in health out-
comes of adolescent and young adults post-transition by applying a structured
multidisciplinary transition programme, especially for patients with cystic fibrosis
and diabetes. However, overall patients’ outcomes after being transited to adult
health care services, if recorded, have remained poor both physically and psy-
chosocially. An accurate tracking mechanism needs to be established by stake-
holders as a formal channel to monitor patients” outcomes post- transition.

What does this paper contribute

to the wider global clinical

community?

Evidence of improvement in
health outcomes of adolescent
and young adults with chronic
disease and/or disabilities post-
transition by applying a struc-
tured multidisciplinary transition
programme, especially for
patients with cystic fibrosis and
diabetes since 2010.

The identification of ‘readiness
to transition’ as a critical element
to improve patient outcomes.
The need to establish an accurate
tracking mechanism to monitor
patients’ outcomes post-transi-
tion.
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Introduction

The need to provide transitioning care to adolescents and
young adults was first recognised during the 1980s in the
USA due to increased numbers of paediatric patients with
chronic illnesses/disabilities surviving to adulthood (Blum
1991, Blumn et al. 1993). Transitioning patients within and
across health care facilities has been gradually conceded as
a complex process rather than an event or a single step at a
point in time (Department of Health Western Australia
2009, Gilliam et al. 2011, Stewart et al. 2014, Westwood
et al. 2014), The transition of care process is, therefore,
defined as ‘a set of actions designed to ensure the coordina-
tion and continuity of health care as patients transfer
between different locations or different levels of care within
the same location’ (Coleman & Boult 2003, p. 556). Expe-
riences associated with transitioning adolescent and young
adults not only impacts on their special health care needs,
but also psychosocial development, including ability to con-
solidate identity, achieve independence and establish adult
relationships (de Silva & Fishman 2014).

There are an cstimated 4-5 million (18-4%) of youth
aged 12-18 requiring special health care needs in the USA
(McManus et al. 2013). Of these, it is reported only 40%
of them receive transitional services to adult health care,
work, and independence as per established national transi-
tion core outcomes (Department of Health Western Aus-
tralia 2009, McManus ef al. 2013). Additional research
from the USA suggests delays in the transition of young
adults with special care needs, approximately 445,000/year,
results in these adults continuing to reside under paediatric
health care services (Fortuna ef al. 2012). In particular,
Collins et @l. (2012) and de Beaufort et al. (2010) found
patients aged 16-17 years with chronic medical conditions
remained predominantly under the care of paediatricians
(70% of their visits); while patients aged 17-24 were con-
tinuing to be scen by a pacdiatrician for 16% to 36% of
their visits (Heaton et al. 2013, Stewart et al. 2014).

The timing of the transition to the adult care services has
always been the centre of debate. Late transition (>18 years
old) can lead to poor patient outcomes mainly due to the
late exposure to the adult care settings and lack of indepen-
dence (van Staa ef al. 2011b, Paul ef al. 2013). Others
argue that early transition could be associated with

increased risk of psychosocial issues (Helgeson et al. 2013).
The ideal time to transit adolescent and young adult with
chronic illnesses/disabilities may not be associated with
chronological age, especially with patients who have com-
plex health conditions (O’Sullivan-Oliveira et al. 2014, de
Silva & Fishman 2014).

Patients often feel anxious and concerned at the thought
of being transited to adult care services. Providing sufficient
preparation prior to the transition is, therefore, critical
(Fegran et al. 2014, de Montalembert & Guitton 2014).
Regardless of this awareness, research suggests many
patients were unsure of the process with only 21% of par-
ents/primary carers reporting their child had discussions
with the adult health care provider prior to the transition
(McManus et al. 2013). Patients also reported that the
transition was not carried out systematically due to what
they believed was a lack of coordination (Bindels-de Heus
et al. 2013).

Patients have also observed differences between the two
care settings during the transition process (de Silva & Fish-
man 2014). Paediatric health care providers sometimes
ignore the growing independence of adolescents. In con-
trast, adult care providers encourage adolescent patients to
take responsibility for their health even though this may
lead to neglect of physical, psychological and social devel-
opment {Valenzuela et al. 2011, Hanna & Woodward
2013, Huang et al. 2014, de Silva & Fishman 2014). As a
result, adolescents and young adults often feel lost in adult
care services leading to lower rates of follow-up appoint-
ments, attendance and medication compliance (van Staa
et al. 2011a).

A range of approaches and strategies (Kingsnorth et al.
2007, Crowley et al. 2011), especially structured transition-
ing programmes, have been developed and implemented to
improve patients’ health outcomes (Grant & Pan 2011,
Chaudhary ez al. 2013). Evidence on the effectiveness of
these programmes is not conclusive, which may be duce to
wide variations in the structure and delivery of those pro-
grams (Doug et al. 2011, Hankins et al. 2012).

Aim

This paper aims to provide an updated comprehensive

review of the research-based evidence related to the

© 2016 The Authors. Journal of Clinical Nursing Published by John Wiley & Sons Ltd
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transitions of the care process for adolescents and young
adults with chronic illness/disabilities since 2010, The
results of this review will recommend critical elements for
developing transition programmes.

Methods

Design

The design is an integrative review, a method of research
that appraiscs, analyses and integrates literature on a topic
so that new frameworks and evaluations are generated
(Torraco 2003). This methodology allows the inclusion of
studies with diverse data collection methods (Whittemore
& Knafl 2005). The PRISMA statement was also used, in
combination with the integrative review, to structure the
review, minimise analysis bias and systematically present

findings.

Literature search strategies

This review was conducted to synthesise the research evi-
dencee from 2010 to 31 December 2014, Areicles cligible for
inclusion were those published in English with full-text
access. Eligible studies were peer reviewed, with clear evi-
dence of research methodology, including qualitative, quan-
titative, mixed methods and systematic reviews.

A search was carried out on the following databases:
CINAHL., Embase, MEDLINE, PsycINFO and AustHealth.
Database-specific subject headings and relevant text words
were used. Search strategies contained terms related to
(adolescent or young adult or adolescent* or teen*) and
(chronic disease or long-term ill* or long-term condition*
or chronic ill* or chronic condition* or disability or dis-
abled children or disabled person) and (transition to adult
carc or continuity of patient carc or transfer* or transi-
tion*),

Search outcomes

The combined database search generated a total of 5719
records, 120 duplicates were removed. Titles and abstracts
were appraised to confirm those that fitted the review ques-
tion (n = 5491 excluded). The remaining 108 records were
reviewed against selection criteria. A further 47 records
were excluded as conference abstracts (26), nonresearch
paper (17), and nonmedical transition (4). A hand search of
the reference lists was also conducted with no further
results. A hand search of the reference lists was also con-
ducted, and no additional studics were identified. A total of
61 studies were included. Figure 1 is a flowchart of the
process of the study selection.

Paediatric transition to adult care services

Data evaluation

The quality of included articles was appraised indepen-
dently by the first author (HZ) who has more than 20 years
of paediatric nursing experience, and the fourth author
(PD), a professor of nursing. Meta-analysis of Statistics
Assessment and Review Instrument (MAStARI) and Quali-
tative Asscssment Review Instrument (QARI) were used to
assess the methodological quality of the 61 studies (The
Joanna Briggs Institute 2011). No studies were further
excluded on the basis of quality assessment.

Data extraction and synthesis

Ttem-by-item comparison of extracted data enabled coding
and grouping, which identified six main categories. All
authors validated emerging patterns throughout the analysis
process (Whittemore & Knafl 2005). The categories pro-
vided the framework to organise the literature and compare
the studies systematically (Torraco 20035).

Results

Study demographics

Sixty-one studies were included (see Table 1), and the
majority was conducted in the USA (31), followed by UK
(7), Canada {7) and the Netherlands (6). The study designs
employed included nonexperimental quantitative studies
(35), qualitative design (15), mixed methods design (6), and
systematic review (5). Of the 35 quantitative studies, the
majority were conducted using survey. Semi-structured indi-
vidual interviews and focus group were the primary data
collection methods of the qualirative studies. The main
focus of the studies included chronic illness/condition in
general (24), disabilities (9), and diabetes (3).

Six categorics cmerged from the 61 studics: timing of
transition; perceptions of the transition; preparation for the
transition; patients’ outcomes post-transition; barriers to
the transition; and facilitating factors to the transition. The
data analysis also identified a further 15 subcaregories.

Category 1 Timing of transition

The category timing of transition (12/61 included studies)
consisted of three subcategories: timing to educate patients
about transition process; the preferred timing to trausit;
and the age transited.,

Three studies explored the preferred timing to begin the
education of paediatric patients with chronic illnesses/dis-
abilitics about the transition process. Two studies suggested
the most appropriate time is early teens (11-12 years) or
time of the diagnosis (10-14 years) (Price et al. 2011,

© 2016 The Authors. Journal of Clinical Nursing Published by John Wiley & Sons Ltd
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de Silva & Fishman 2014); whereas Sebastian et al. (2012)
argued 14 years or later.

Nine studies investigated the preferred timing of being
transited to adult care services. Eight studies suggest that
preferred timing relates to chronological age (mid teen —
early twenties) (de Beaufort et al 2010, Dowshen &
D’Angelo 2011, Gilliam et al. 2011, Godbout et al. 2012,
Sebastian ef al. 2012, Fernandes et al. 2014, Rutishauser
et al. 2014, de Silva & Fishman 2014). Others are of the
view that the timing of transit should not rely on
chronological age, but be based on the level of maturity
and responsibilities of each patient (Gilliam et al. 2011,
O’Sullivan-Oliveira et al. 2014, de Silva & Fishman
2014).

Five studies examined the age of patient transited to
adult care services. Of the five studies, four indicated that
transition occurred between the ages of 18, or after gradu-
ating from high school, to 19 years (Huang et al. 2011,
Garvey et al. 2012, Godbourt ef al. 2012, Sebastian et al.
2012). The remaining study reported greater delays with
patients in their early twenties (Fortuna et al. 2012).

—

AE Records identified through five electronic

E databases searching

£ (n=5719)

3

= Duplicates removed
) (n=120)
—_— Records after removal of duplicates

(n=5599)

o

£

@ Records after title and abstract of the Records excluded due to

records screened irrelevance
-/ (n=108) (n=5491)
—
Records excluded as no access of
» full text (conference abstract only)

-y (n=26)

8 v

&

] Full-text articles assessed for

eligibility
(n=82)
—_— Records excluded {n = 21)
Non-research paper (n=17)
Non-medical transition (n = 4)
'g Studies included in the review
(n=61) .
Figure 1 Flow chart for the search and study

— selection process (PRISMA).

Category 2 Perceptions of the transitions

Twenty-eight included studies investigated the perceptions
of patients, parents and health care providers rowards the
transition process.

From patients’ perspective, 13 studies examined their
pre-transition perceptions. Patients expressed negative feel-
ings towards the idea of transition. They felt anxious about
the thought of the upcoming transition (Valenzuela et al.
2011, Chaudhary et al. 2013, Rutishauser et al. 2014,
Thomson et al. 2014) or were unwilling to be transited
(Bryant et al. 2011) because they were uncertain or con-
cerned about the process (Bryant et al. 2011, Godbout
et al. 2012, Applebaum et al. 2013, Swift et al. 2013, de
Silva & Fishman 2014}. In particular, patients were wor-
ried if they would be accepted by the adult care services
{Swift et al. 2013, Stewart et al. 2014). However, in three
other studies, patients verbalised they were ready and keen
to transit (Wong et al. 2010, van Staa et al. 2011b, Dickin-
son & Blamires 2013).

Patients, after transit to the adult care services, acknowl-
edged challenges and considerable differences between the

© 2016 The Authors. Journal of Clinical Nursing Published by John Wiley & Sons Ltd
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two health care services with regard to environment and
care delivery (Price et al. 2011, Valenzuela er al. 2011,
Hilderson et al. 2013, Huang et al. 2014, de Silva & Fish-
man 2014, Van Staa & Sattoe 2014). In general, some
patients felt satisfied with the transition process (Bhaumik
et al. 2011, Price et al. 2011, Godbout et al. 2012, Chaud-
hary et al. 2013, Sonneveld et al. 2013) and considered the
transition as an opportunity for individual growth (van Staa
et al. 2011a, Valenzuela ef al. 2011). Other patients were
less satisfied with the transition process, and they even felt
pushed into the adult care service (Bhaumik et al. 2011,
Bryant et al. 2011, de Silva & Fishman 2014) without suffi-
cient preparation (Blackman & Conaway 2014, Van Staa
& Satroe 2014).

For parents/carers, leaving paediatric care services was
more challenging than for patients (van Staa ef al. 2011a).
Prior to the transition, parents/primary carers indicated
concerns about the process (Kingsnorth et al. 2011, Swift
et al. 2013). They also felt stressed about the future, and
this was over and above the ongoing suffering of living
with their child (Dupuis et al. 2011, Kingsnorth et al.
2011). Parcnts were also worried about being labelled as
over-advocating or being ‘difficult’ in the transition process.
Only limited evidence revealed positive feelings of the par-
ents towards the transition and this related to their aware-
ness of the transition plan (Wong et al. 2010, Knapp et al.
2014).

Only one study explored parental perceptions on their
child’s transition process. Parents expressed their feeling of
being abandoned and lost during the transition process.
They were also fearful in navigating adult care services
(Davies et al. 2011),

In terms of how health care providers perceived the tran-
sition process variations were evident between paediatric
and adulr scrvices, Adult health care providers considered
paediatric service providers were over protective; whereas
adult health care providers were perceived as uncaring
towards the adolescent and young adult patients by paedi-
atric health care providers (de Silva & Fishman 2014).
Also, 40% of adult health care providers felt uncomfortable
caring for the young adult patients (Hunt 8 Sharma 2013).
Further half of them were unwilling or not keen to accept
the young adult patients (McLaughlin et al. 2014).

Category 3 Preparation for the transition

It has been recognised that preparing the adolescent and
young adult patients for transition impacts significantly on
paticnts outcomes post-transition (Bindels-de Heus et al.
2013, Dickinson & Blamires 2013). It is essential, there-
fore, to assess the patients’ readiness for the transit

However, no single assessment tool/instrument has been
widely accepted as the most reliable tool (de Silva & Fish-
man 2014).

A systematic review conducted by (Stinson et al. 2013)
focused on the transition readiness assessment instruments/
tools and concluded that the tools from the eight included
studics were neither reliable nor valid, including Transition
Readiness Assessment Questionnaire (TRAQ). In a more
recent review, ten transition readiness assessment tools were
examined with a focus on the psychometric properties of
the tool. The review argued that TRAQ demonstrated ade-
quate content validity, construct validity, and internal con-
sistency. As a result TRAQ was recommended as the best-
validated tool to assess the adolescents and young adults’
readiness for the transition (Zhang et al. 2014).

In other research, Schwartz et al. (2013) identified that
the Social-Ecological Model of Adolescent and Young
Adulc Readiness to Transition (SMART) proved to be a
valid tool. The reliability was supported by other studies
that examined the four-specific components discasc-related
knowledge (Fredericks et al. 2010, van der Toorn et 4l.
2013), skills/sclf-cfficacy (Fredericks et al. 2010, Sawicki
et al. 2011, van Staa et al. 2011b, Applebaum et al. 2013,
van der Toorn et al. 2013), relationships/communication
(van der Toorn et al. 2013), and psychosocial/femotions
(Fredericks et al. 2010)., The SMART measured the
patients’ beliefs/expectations, developmental maturity (pa-
tient only), goals/motivation to determine if the patients are
ready to be transferred to the adult care service {Schwartz
et al. 2013).

Additional characteristics also identified as impacting the
quality of the preparation process include gender (Freder-
icks et al. 2010, Sawicki et al. 2011, McManus et al.
2013), age (Fredericks et al. 2010, Sawicki et al. 2011,
McManus et al. 2013, Knapp et al. 2014), cthnicity group
(McManus et al. 2013), family annual income (McManus
et al. 2013), severity of the illness (Sawicki et al. 2011,
McManus et al. 2013), level of psychosocial support
(Pakdeeprom et al. 2012), patients’ attitude towards transi-
tion (van Staa et al. 2011b, Pakdeeprom et al. 2012),
source and type of paediatric care (Duke & Scal 2011), and
health insurance access (Fortuna et al. 2012, McManus
et al. 2013).

Category 4 Patients’ outcomnes post-transition

Five included studies evaluated the effectiveness of transi-
tion programmes. In general, patients valued the structure
and guidance offered by the programmes, especially those
that assisted patients to gain independence socially and
physically (Chaudhary et al. 2013, Huang ez al. 2014), to

© 2016 The Authors. Journal of Clinical Nursing Published by John Wiley & Sons Ltd
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comply with adult clinic visits (Hankins et al. 2012), and
to engage in career development activities (Brewer et al.
2011, Croke & Thompson 2011). Patients also appreciated
being informed about drugs and alcohol prevention and
meeting adult health care providers prior to transition
(Price et al. 2011). However, regardless of the implemented
available transition programmces, paticnts’ anxicty levels
towards the transition did not alter (Chaudhary et al.
2013).

Sixteen studies measured the outcomes of the patients
who had not been involved in a structured transition pro-
gram. There was no systematic evaluation of the outcomes
mainly due to the lack of tracking mechanisms for trans-
ferred patients (Gilliam et al. 2011). The transition record
was often incomplete, so the total number of reported tran-
sitions was based on estimation (Bhaumik ez 4l. 2011, Gil-
liam et al. 2011). Patients articulated that the care they
received post-transition was inconsistent and of a less stan-
dard compared to the paediatric setting (Bhaumik et al.
2011, Goossens et al, 2011, Park et al. 2011, van Staa
et al. 2011a, Helgeson et al. 2012, Paul et al. 2013, Sonn-
eveld et al, 2013). This was evidenced by poor medication
adherence (van Staa et al. 2011a, de Silva & Fishman
2014) and low clinic attendance or even cessation of fol-
low-up appointments {Goossens et al. 2011, van Staa et al.
2011a, Helgeson et al. 2012, de Silva & Fishman 2014).
Also, two studies examined the social outcomes of patients
compared to those without chronic health conditions.
Patients with chronic illnesses/disabilities experienced poor
educational and vocational opportunities with low graduat-
ing rates from college and lower incomes (Maslow et al.
2011, Baumann et gl. 2013).

Despite the lack of structured transition programmes,
four studies reported positive patient outcomes a year or
morc after being transited, These included gencral satisfac-
tion with care provision (Dickinson & Blamires 2013),
treatment (Godbout et @l. 2012) and advice on their future
life (Nishikawa et @l. 2011). One study also reported that
patients had similar rates of marriage and having children
as when compared to those without childhood illness
(Maslow et al. 2011).

Category 5 Barriers to the transition

Five major barriers were identified as impacting the transi-
tion process. The first barrier related to inadequate prepara-
tion prior to transition. Patients reported not being referred
to a specific adult HCP (Garvey et al. 2013), not receiving
information from an adult HCP (Wong et al. 2010, Kachne
2011, Garvey et al. 2012, Paul et al. 2013, Rutishauser
et al. 2014, de Silva & Fishman 2014), not being offered a

Paediatric transition to adult care services

visit prior to transition to the adult care service (Garvey
et al. 2012, Hilderson et al. 2013), and poor communica-
tion between the health care providers (Wong et al. 2010,
Kachne 2011, Garvey et al. 2012, de Silva & Fishman
2014). Patients also reported a lack of satisfaction with the
transition process due to unavailability of structured writ-
ten-plans  (Bhaumik et al. 2011, Gilliam et al. 2011,
Kaehne 2011, van Staa et al. 201la, Shrewsbury et al.
2014) and the lack of coordination of the process (Bhaumik
et al. 2011, Davies et al. 2011, Huang et al. 2011, Kaehne
2011, Paul ez al. 2013, Sonncveld et al. 2013).

Ability to access and use adult care services was consid-
ered as the second major barrier. Issues include lack of
resources (Bhaumik ez al. 2011, Davies et al. 2011, Gilliam
et al. 2011, Huang et al. 2011, Collins et al. 2012, God-
bout et al. 2012, Sebastian et al. 2012, Paul ez al. 2013,
OrSullivan-Oliveira et al. 2014, Stewart et al. 2014), lim-
ited availability of the clinicians’ time (Bhaumik et al.
2011, Collins et al. 2012, Sebastian et al. 2012), limited
health insurance coverage (Dowshen & D’Angelo 2011,
Gilliam et al. 2011, Huang et al. 2011), long waiting lists
(Hovish et al. 2012), and lack of a wracking mcchanism
after patients are transited (Gilliam er al. 2011). Inconsis-
tencies in the provision of care to patients were also consid-
ered as a limitation. This was seen as resulting from the
different model of care delivered in the adult care setting as
compared to the paediatric setting (Huang et al. 2011, Gar-
vey et al. 2012, 2013, Hovish et al. 2012). Specifically,
insufficient communication, especially handing
patients’ information from paediatric to adult health service
providers were identified (Dowshen & D’Angelo 2011, Gil-
liam et al. 2011, Huang et al. 2014, de Silva & Fishman
2014, Stewart et al. 2014).

Complex health conditions posed the third barrier to the
transition process. The transition was impacted according
to health service providers by patients’ impaired cognitive
development and mental health issues (Davies et al. 2011,
Gilliam ef al. 2011, van der Toorn et al. 2013). Other
issues included patients’ negative attitude towards the tran-
sition (Wong et al. 2010, Gilliam et 4. 2011, Rutishauser
et al. 2014, de Silva & Fishman 2014), difficulties leaving a
familiar environment (Dowshen & D’Angelo 2011, van der
Toorn et al. 2013, Fernandes et al. 2014, O’Sullivan-Oli-
veira et al. 2014, Rutishauser et al. 2014}, insufficient
knowledge and self-management skills (Gilliam et al. 2011,
Sonneveld et al. 2013, de Silva & Fishman 2014) and espe-
cially poor medication and follow-up adherence (Gilliam
et al. 2011, van der Toorn et al. 2013).

Excessive parental involvement in the care of patients

over

was perceived as the fourth barrier to the transition by both
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nurses and physicians (Huang et gl. 2011, de Silva & Fish-
man 2014), This was evidenced by parents’ negative atti-
tude towards adult care services (Wong eral 2010,
O’Sullivan-Oliveira et al. 2014), over controlling of their
child (Huang et al. 2011, Sonneveld e al. 2013, de Silva &
Fishman 2014), and over-reliance on the paediatrician
(Bindels-de Heus et al. 2013, van der Toorn et al. 2013,
Fernandes et al. 2014, de Silva & Fishman 2014).

The final barrier involves the inability of some paediatric
health care providers to relinquish care of the patient
(Dowshen & D’Angelo 2011, de Silva & Fishman 2014).
Paediatric health care providers found it difficult to hand
over patients to the adult care services due to long-estab-
lished rapport with patients and their families (Gilliam
et al. 2011, O’Sullivan-Oliveira et al. 2014). In contrast,
adult health care providers faced challenges relating to non-
familiarity with the treatment and clinical parameters of
the patients {Dupuis ez al. 2011, Huang et al. 2011, Hunt
& Sharma 2013, Stewart et al. 2014),

Category 6 Facilitating factors to the transition

Nine included studics explored factors that enable the tran-
sition process. Facilitating factors include preparation prior
to transit (Wong et al. 2010, Hovish et al. 2012), a struc-
tured written plan/program to guide the transition process
(Gilliam et al. 2011, Hovish et al. 2012, Sebastian et al.
2012), a key health care provider from paediatric care ser-
vices to coordinate the transition process (Collins et al.
2012, Hovish et al. 2012), the quality of hezlth care provi-
ders and relationship built-up with the patients (Wong
et al. 2010, Swift et al. 2013), parents acting as a facilitator
(Davies er al, 2011, Kingsnorth et af. 2011, van der Toorn
et al. 2013), and patients’ self-management skills (Wong
et al, 2010, de Silva & Fishman 2014).

Discussion

We conducted this integrative review to synthesise the
research evidence from 2010-2014 on transitions of care
for the adolescents and young adults with chronic illnesses/
disabilities. This integrative review adds to the body of
knowledge of 16 previous review papers published <2010
(Refers to Table 2).

Congruent evidence was found in this review that
patients should be made aware they will need ro transition
to adult services. The ideal timing to transit patients to
adult care services broadly ranged from the late teens to the
carly twenties. It was arguced that patients should be tran-
sited according to their developmental stage and self-man-
agement abilities, which is similar to three prior review

papers (While et al. 2004, Jalkut & Allen 2009, Fegran
et al. 2014). In reality, however, patients were mostly tran-
sited in their late teens, especially at the ‘iconic’ age of high
school graduation (Watson et al. 2011, Hanna & Wood-
ward 2013).

The majority of patients in this review expressed negative
feclings towards transition, which was consistent with four
previous review papers (Jalkut & Allen 2009, Wang ¢t al.
2010, Hanna & Woodward 2013, Fegran et al. 2014).
Some patients were even apprehensive about their future
when surrounded by older and sicker patients (Lugasi et al.
2011). Consistent evidence from this and a previous review
(Lugasi ef al. 2011) suggests that parents/carers felt reluc-
tant towards the transition with general concern expressed
about the process and feelings of abandonment. Health care
providers with adolescent care experience considered the
transition as part of their routine practice while others with
only adult care experience felt uncomfortable to care for
adolescent and young adults. Paediatric health care provi-
ders, however, displayed a lack of trust in adult health care
providers by being unwilling to hand over care of the
paticnts (Jalkut & Allen 2009).

Evidence from this review indicates there has been an
increased effort to prepare patients prior to transition by
assessing readiness, which was not formally recognised in
any of the previous review papers. However, inconclusive
evidence was found on the effectiveness of transition readi-
ness assessment tool.

This review compared to the seven previous reviews
found that most ‘programs’ identified in the literature
were approaches or services, and not formally structured
transition programs. The main content of the approaches
or services from previous reviews included (1) introduc-
tion of transition coordinator; (2) self-management skill
training; (3) flexibility of adult clinic service delivery; and
(4) assessment of readiness (Kingsnorth et al. 2007, Crow-
ley et al. 2011, dc Jongh et al. 2012, Hanna & Wood-
ward 2013). It was noticed that most approachesiservices
developed were for specific health conditions, i.e., cystic
fibrosis (Doug et al. 2011), diabetes (Crowley et al. 2011,
Hanna & Woodward 2013), and physical disabilities
(Kingsnorth et al. 2007) rather than for more generic use.
Four studies argued that patients with health conditions,
such as HIV/AIDS, severe intellectual disability and obe-
sity, received very little attention when transitioning from
paediatric to adult health services (Dowshen & D’Angelo
2011, Gilliam et al. 2011, Maslow et al. 2011, Shrews-
bury et al. 2014).

Also, Grant and Pan (2011} analysed five structured
transitioning programmes for the young adult population
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with chronic illnesses/disabilities. Overall, the appraised
intervention/services and programmes were found to be
useful, especially for diaberic patients trying to maintain
glycosylated haemoglobin levels (Crowley et al. 2011,
Hanna & Woodward 2013). However, the validation and
sustainability of most of the intervention and programs were
questioned (Kingsnorth et al. 2007, Doug et al. 2011, Grant
& Pan 2011, Watson et al. 2011, de Jongh er al. 2012,
Hanna & Woodward 2013), There is limited evidence on
developing and implementing transitioning programmes for
young adults with complex health needs, such as cercbral
palsy and autism (Watson et al. 2011).

The review also found poor patients’ outcomes both clin-
ically and psychosocially afrer being transited without
structured transition programmes, which was supported by
two previous review papers (Lugasi et al. 2011, Bloom
et al. 2012, Hanna & Woodward 2013). Some patients
articulated that they were treated like adults being part of
decision-making and taking more control of their health
conditions (Lugasi et al. 2011).

Both this review and five previous reviews agreed on five
major barricrs hindering the transition process, including
lack of planned transition process, insufficient preparations,
poor health care service accessibility, ineffective communi-
cation between health care services and a negative attitude
by patients towards the transition process (Jalkut & Allen
2009, Lotstein et al. 2010, Wang et al. 2010, Lindsay et al.
2011, Lugasi et al. 2011).

Facilitating factors associated with a smooth transitioning
process were identified by four earlier review studies and
were consistent with the outcomes of this review. Patients
and cheir carers appreciated gradual preparation following
a structured transition programme, consistency of care,
high quality of adult health care providers, parental sup-
port, and the patients taking responsibilitics of their own
health (While ez al. 2004, Rapley & Davidson 2010, Lugasi
et al. 2011).

The limitation of this integrative review is associated
with the search strategy which might have excluded rele-
vant non-English research studies. The main weakness of
the included studies in this integrative review was the lack
of objective data made
to research design. More than half of the included studies
{32/61) was nonexperimental self-report surveys. Only two
our of 135 included qualitative studies specified the
methodology and underlining philosophy being employed -
phenomenological theory.

resulting from compromises

An integrated, rigorous rescarch approach including both
quantitative and qualitative methods to examine effective-
ness of the transition programme is urgently recommended.

Due to inconclusive evidence, further validation of the two
identified transition readiness assessment tools (SMART vs.
TRAQ) is needed. Most importantly, inconsistent outcomes
measures need to be addressed to improve the quality of
patients’ transitioning experience.

Conclusion

In the last five vears, there has been improved health out-
comes for adolescents and young adults with chronic ill-
nesses/disabilities  post-transition through the use of a
structured multidisciplinary transition programme, espe-
cially for patients with cystic fibrosis and diabetes. How-
ever, overall patient outcomes following the transit, if
recorded, have remained poor both physically and psy-
chosacially. Active preparation for transitioning paediatric
patients with ongoing special health care needs should
commence in their early teens. Parents/primary carers, pae-
diatric health care providers, and the receiving adult health
carc providers also nceded to be included in the prepara-
tion. Patients’ readiness for transition needs to be accu-
ratcly and rcgularly assessed by applying validated
measurement tools. The priority for stakeholders and
health care providers for both paediatric and adult services
is to develop a standardised and evidence-based transition
program, which must be user-friendly to all patients rather
than condition specific. The information with regard to
patients’ diagnosis, investigation, management plan, and
family/social background is required to be communicated
and shared by the health care providers. Training pro-
grams also need to be organised for adult health care pro-
viders to improve their medical knowledge and
communication skills. This review also strongly recom-
mends the need for accurate tracking mechanism to be
cstablished by health care scrvices to monitor paticnts’
outcomes post-transition, which will ultimately improve
the transitioning care for adolescents and young adults
with chronic illnesses/disabilities.
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Chapter 2. Exploring the Literature

2.3 Review of Paediatric Hospital-to-home Transition Processes and Recovery
Experiences

Following publication of the integrative review examining the experience of adolescents
and young adults transitioning from paediatric to adult healthcare services, a literature
review was conducted to explore paediatric hospital-to-home transition processes and
recovery experiences. The objectives of the literature review were to synthesise research
evidence focussed on (1) healthcare provider and caregivers’ perceptions of the transition
process; (2) content and delivery of hospital-to-home transition information; (3) caregivers
perceptions of readiness for discharge; (4) post-hospital recovery experience; (5) impact of
limited English proficiency on the transition process and the recovery experiences of
patients/caregivers; and (6) effectiveness of interventions to improve paediatric transition

processes and recovery experiences.

2.3.1 Search strategy and search outcomes

Three electronic databases, namely Medline, CINAHL, and Embase (Ovid), were
initially searched from 2009 to 2019 on 7" January 2020, followed by an updated search of
Year 2020 on 8" January 2021. Key search terms were ‘child/infant/adolescent/paediatric’,
‘discharge/discharge  plan/discharge = procedure’ ‘discharge  service/program’,

‘communication’, and ‘transition’/‘continuity of care’.

Search strategies focused on inclusion of studies which examined the transition process
and recovery experience of both caregivers and paediatric patients discharged from hospital
to home. Studies published in English with full-text access were eligible for inclusion.
Studies published in peer-reviewed journals with detailed description of study design and
methods were also included. Conference abstracts were excluded. Studies that involved
transitioning patients between health care institutions were excluded from this review as the
focus related to discharging patients from acute healthcare services to home. Studies
examining communication but not focused during the transition process and time of

discharge were also excluded.

The screening process used for the initial search is illustrated in Figure 2.1. A total of
7,851 records were identified. Of those 1,878 duplicated records were removed leaving
5,973 records to be screened. A further 5,884 records were excluded due to irrelevance. Of
the remaining 89 records, 21 conference abstracts were also excluded. Full text of 68 records

were retrieved and reviewed against the selection criteria, a further eight studies were then
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excluded as three were not focused on communication during the transition process and at
the time of discharge, two were cited in a previously published literature review, two had
mixed paediatric and adult patients, and one examined transition between institutions not
from hospital to home. Examination of the reference lists of the remaining 60 studies
identified seven additional studies to be included in this literature review resulting in a total

of 67 studies.

Figure 2.1

Flow Chart for the Search and Study Selection Process (PRISMA)
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Assessment of the quality of each study was conducted using the Joanna Briggs Institute
critical appraisal tools which examines specific study designs of all included studies (The
Joanna Briggs Institute, 2011). In particular, the Meta-analysis of Statistics Assessment and
Review Instrument (MAStARI) was used to assess quantitative studies and the Qualitative
Assessment Review Instrument (QARI) was for the qualitative studies. No further studies

were excluded based on the assessment outcomes.

2.3.2 Characteristics of included studies

A total of 67 studies were included in the literature review with a notation that six
studies addressed more than one objective. Table 2.1 is a summary of characteristics of all
the included studies. The majority of studies were conducted in the USA (n =51, 76%),
followed by Australia (n = 4), Canada (n = 4), Brazil (n = 2), and the UK (n = 2). One study
was identified from Norway, Saudi, and Uganda. Half of the included studies employed
quantitative research design (n = 34), 22 were qualitative, eight were literature reviews, and

three were mixed-methods studies.

The main data collection methods utilised for the majority of included studies were
survey, medical record audits, or one-on-one or focus group interviews. There were 48
included studies conducted at single site locations, 12 were multi-sites, and seven
reviewed existing evidence. The main results extracted from the 67 studies were
synthesised and are presented in Table 2.1 according to the six previously identified

objectives of this literature review.

2.3.3 Paediatric hospital-to-home transition process

A total of nine studies from four countries, USA (n = 5), Australia (n = 2), Norway and
Uganda, examined hospital-to-home transition processes from healthcare providers and/or
caregivers’ perspectives. The overwhelming views expressed by both the healthcare
providers and caregivers in relation to the transition processes were associated with the
complexities and barriers. Healthcare providers, in three studies, commented that paediatric
hospital-to-home transition process are more often than not dependent on individual hospital
protocols or physician preferences (Berry et al., 2014; Canary & Wilkins, 2017; Nemetchek
et al., 2019). Complexities and barriers identified by healthcare providers as hindering the
transition process included (1) shortage of both human and physical resources due to heavy
workload (Nemetchek et al., 2019); (2) differing expectations (Barone et al., 2020;
Nageswaran et al., 2020), (3) lack of role clarity (Barone et al., 2020; Nemetchek et al.,
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2019), and (4) communication breakdown between healthcare providers and caregivers
(Nageswaran et al., 2020; Voie et al., 2018). Healthcare providers did identify two positives,
teamwork (Canary & Wilkins, 2017; Nemetchek et al., 2019) and motivation as contributing
factors influencing effective transition processes (Nemetchek et al., 2019).

Three qualitative studies reviewed caregivers’ experiences using semi-Structured
interviews. Caregivers identified three barriers as hindering the transition process (Barone
et al., 2020; Canary & Wilkins, 2017; Nemetchek et al., 2019). These included lack of
resources (Barone et al., 2020; Canary & Wilkins, 2017), insufficient hospital-to-home
transition information (Barone et al., 2020; Nemetchek et al., 2019), and insufficient
psychological preparation in relation to the ongoing medical care needs of their child
following discharge. This was more evident for caregivers who had children with complex
medical conditions (Barone et al., 2020; Canary & Wilkins, 2017).

In addition, some caregivers suggested a paucity of information about the transition
process (Aydon et al., 2018; Barone et al., 2020) and lengthy delays between notifications
of discharge and physically leaving the hospital (Keatinge et al., 2009) impacted their view
of the transition process. Other caregivers felt they were rushed out of the hospital (Aydon
et al., 2018) and this impacted their perception of the quality of transition of care information
provided at the time of discharge. They were also of the view that this potentially could
increase the likelihood of adverse outcomes such as unplanned ED visit and UHRs post-

hospital discharge (Berry et al., 2014).

2.34 Content and delivery of hospital-to-home transition information

Five studies from three countries, USA (n=3), Australia and Canada, examined
hospital-to-home transition of care information and found that predominantly this
information was provided verbally by healthcare providers to caregivers. Additional written
information was provided to some caregivers but this was not consistent across the research
(Curran et al., 2018; Gutman et al., 2018; Keatinge et al., 2009; Lakhaney & Banker, 2020;
Unaka, Statile, Haney, et al., 2017). Two specific aspects of hospital-to-home transition
information delivery were examined by the research. These included what components of
hospital-to-home transition of care information are essential and what determines quality of
information delivery as perceived by both healthcare providers and caregivers. Quality of
hospital-to-home transition of care information considers measures such as usefulness,

comprehensiveness and consistency.
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Healthcare providers listed seven key components as comprising hospital-to-home
transition of care information from their perspective. These include date of admission and
discharge, discharge diagnosis, treatment and investigations during hospitalisation,
discharge medication, immunisations status, imaging or laboratory test results, and follow-
up arrangements (Coghlin et al., 2014; Lakhaney & Banker, 2020). Caregivers on the other
hand indicated the main components of transition information from their perspective needed
to include warning signs suggesting the need for further medical attention (Curran et al.,
2018; Gutman et al., 2018; Unaka, Statile, Haney, et al., 2017), medication administration
(Glick et al., 2017; Gold et al., 2020; Gutman et al., 2018; Lerret et al., 2014), who to contact
(Unaka, Statile, Haney, et al., 2017), restrictions of activities (Lerret et al., 2014), and
principal admitting diagnosis (Unaka, Statile, Haney, et al., 2017).

Three studies examined caregivers’ views on the quality of transition information
delivered verbally by healthcare providers prior hospital discharge. Two studies suggested
caregivers were satisfied with the components included in the information and the delivery
(Bhansali et al., 2016; Weiss et al., 2017) while the third reported they had received
inconsistent transition of care information (Keatinge et al., 2009). Inconsistencies included
the contents and amount of transition information, information was not based on patients or

family needs, or timing of delivering information (Keatinge et al., 2009).

Quality of written transition of care information was measured in terms of
comprehension and usefulness. In an American study of medical records auditing, researchers
found almost 40% (n =200) of written information corresponded to a 10th-grade reading
level which is considered suboptimal in terms of how easy it was to understand. The accepted
literacy level of written information for caregivers is 8th-grade (Unaka, Statile, Haney, et al.,
2017). In research by Keatinge et al. (2009) 12 caregivers who had contacted the Emergency
Department post-hospital discharge were interviewed. Seven caregivers indicated that the

written hospital-to-home transition of care information was generally not helpful.

Two studies investigated what evidence of provision of hospital-to-home transition
information by healthcare providers was recorded in the patients’ notes. In an American
study by Rush et al. (2020), 368 electronic patient medical records were reviewed and of
those 41% did not have any written evidence about what transition information was
provided. This was similar to findings in a Jamaican study which reviewed 131 medical
charts. Of those reviewed, 14% of charts recorded client teaching had been provided within
the first 72 hours of admission, and 18.3% on the day of discharge. Only 6.9% records had
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written evidence of the commencement of hospital-to-home transition planning within 24
hours of admission (Abdul-Kareem et al., 2019).

2.3.5 Caregivers perceptions of readiness for discharge

Readiness for discharge refers to a patient’s readiness, from a medical perspective, to
be discharged from hospital to home and whether the caregiver is sufficiently prepared and
feels comfortable and confident to provide ongoing care (Lerret, 2009; Lerret et al., 2015;
Weiss et al., 2017). Two studies examined caregivers’ views on whether they felt well-
informed by the healthcare providers before discharge regarding the continued care needs
for their child and would they be able to recognise signs and symptoms of
improvement/deterioration and required care (Aydon et al., 2018; Bhansali et al., 2016).
While most caregivers indicated they felt sufficiently informed, some caregivers, did
indicate they felt they received limited transition of care information some of which was not
fully understood requiring them to ask staff for clarification (Aydon et al., 2018; Ronan et
al., 2020). Others indicated they felt either overloaded with the transition information, or
that they were given inconsistent or conflicting information from the healthcare providers
(Lerret, 2009; Ronan et al., 2020).

In terms of the quality of transition of care information, comprehension and consistency
were positively associated with both caregiver’s (Glick et al., 2017; Lerret, 2009; Lerret et
al., 2014; Lerret et al., 2015; Weiss et al., 2017) and nurse’s perception of readiness for
discharge (Weiss et al., 2017). Effective/efficient coordination and delivery of hospital to
home transition of care information was also found to be significantly associated with higher

level of caregiver readiness for discharge (Lerret, 2009; Lerret et al., 2015).

From a psychological perspective some caregivers identified they did not feel ready to
take their child home (Bhansali et al., 2016; Gaskin et al., 2020; Keatinge et al., 2009), while
others described feeling uncertain about looking after their child at home without the
constant monitoring and support from healthcare providers (Ford et al., 2012; Ronan et al.,
2020; Solan et al., 2015).

Socio-demographic factors were also cited in three studies as impacting both healthcare
providers and caregivers’ perception of readiness for discharge. One study from the USA
reported patients of white race experienced shorter hospital length of stay (LOS) and were
associated with higher scores on the readiness assessment by nurses (Weiss et al., 2017).

Four additional American studies also found that caregivers, who were immigrants, with a
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mental health condition (Lion et al., 2020; McGowan et al., 2019), and limited English
proficiency (Glick et al., 2017; McGowan et al., 2019; Obregon et al., 2019) reported lower
level of perceiving they were ready for discharge.

Caregivers’ perception of whether they felt ready for discharge was significantly
associated with how well in retrospect patients coped post-discharge, how the family
managed (Lerret & Weiss, 2011; Lerret et al., 2015; Weiss et al., 2017) and if patients
adhered to the medical requirements and follow-up requirements post-hospital discharge
(Lerret & Weiss, 2011).

2.3.6 Post-transition recovery experience

Caregivers experiences of the post-transition recovery phase following hospital
discharge varied across 16 reviewed studies. Some caregivers felt their experiences were
straightforward while others experienced delayed recovery, or even complications requiring
readmission for their child (Ford et al., 2012; Leary et al., 2020; Lion et al., 2020). Most
caregivers were relieved when they returned home and gradually developed confidence in
their child’s needs following discharge (Ford et al., 2012; Gaskin et al., 2020; Pinto et al.,
2015; Solan et al., 2015). They expressed feeling more comfortable and in control in their
home environment (Aydon et al., 2018; Pinto et al., 2015). As well, they enjoyed the
autonomy of caring for their child without having direct monitoring and instructions from
the healthcare providers (Aydon et al., 2018; Pinto et al., 2015). During the recovery period,
some children, developed ongoing issues which required management. These included
ongoing pain (Ford et al., 2012; Pinto et al., 2010), decreased appetite, lethargy, limited
movement, poor quality of sleeping, and anxiety or even aggression (Pinto et al., 2010).
Caregivers of these children experienced higher levels of anxiety, feelings of isolation, and
poor general health. As a result, caregivers expressed in retrospect that they did not feel
confident taking care of their child at home (Barone et al., 2020; Gaskin et al., 2020; Pinto
et al., 2010).

Caregivers also encountered issues such as patient non-compliance with discharge
medication and difficulty in terms of attendance at follow-up appointments and for
laboratory/imagining tests. Apprehension in relation to possible new symptoms and
reoccurrence that may require readmission was found to also add to the caregivers’ view of
the post-hospital discharge experience (Lerret et al., 2014; Pinto et al., 2015; Ronan et al.,
2020). As a result, caregivers felt the need to be vigilant in monitoring the child’s condition

in an effort to avoid possible readmission, but this resulted in caregivers feeling exhausted
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and sleep deprived (Gaskin et al., 2020; Leary et al., 2020; Pinto et al., 2015). In addition,
caregivers also identified challenges associated with maintaining family routine and
fulfilling other social responsibilities (Aydon et al., 2018; Barone et al., 2020; Gaskin et al.,
2020; Lerretetal., 2014; Pinto et al., 2015). Many caregivers described feeling overwhelmed
providing the required continued care to their child post-hospital discharge and as a result
they felt they were neglecting the needs of other family members (Lerret et al., 2014; Pinto
et al., 2015; Ronan et al., 2020).

Four studies explored coping strategies utilised by caregivers in dealing with the
challenges of having a child discharged from an acute hospital. Caregivers generally relied
on their immediate or external families for emotional support and physical assistance during
the child’s recovery period (Lerret et al., 2014; Pinto et al., 2015). Others indicated they
had learnt from other children’s experiences or friends’ who had a child who had been
discharged from hospital (Pinto et al., 2015). Some caregivers also utilised community
services, such as visiting nurse or local child health nurse, for additional support and
information (Aydon et al., 2018). Most importantly, caregivers remained vigilant in
monitoring and assessing the child’s health conditions to avoid readmission (Ford et al.,

2012; Lerret et al., 2014; Pinto et al., 2015).

Nine studies examined reasons and contributing factors resulting in unplanned ED
representations or UHRs. A mixed methods study conducted in American using survey,
interview and chart audit reported 14.4% of unplanned ED visits following hospital
discharge (Weiss et al., 2017). Two studies reported the 30-day UHR rate of 1.9 — 6.7%
(Parikh et al., 2018; Weiss et al., 2017). The main reasons for ED presentation and unplanned
readmission were related to child’s illness not resolving or had worsened (Navanandan et
al., 2017), medication dosage error, child not adhering to treatment, or missed follow-up
appointments (Glick et al., 2017).

Patients’ age, type of health insurance, medical history, readiness for discharge and
ineffective communication of transition of care information were identified as the predictors
for unplanned ED visits and hospital readmission. Child’s age and nurses’ assessment of
discharge readiness were inversely associated with ED use post-hospital discharge (Weiss et
al., 2017). Patients with complex medical conditions and utilising public health insurance

increased the likelihood of readmission (Glick et al., 2017).

Four studies identified ineffective communication of transition of care information as

associated with adverse outcomes post-hospital discharge. Some caregivers indicated they
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did not receive all key components of transition information (Navanandan et al., 2017) while
others experienced difficulties in understanding and applying information due to limited
English proficiency (LEP) within the family (Glick et al., 2017), mental exhaustion,
information overload, and usefulness of information (Glick et al., 2017; Glick et al., 2020;
Solan et al., 2015).

These findings were supported by research evidence that caregivers were calmer if they
perceived that transition of care information given prior to discharge corresponded to what
they experienced at home (Pinto et al., 2010). Caregivers also expressed the need for
individualised transition of care information rather than generalised information (Gold et al.,
2020; Lerret et al., 2014; Pinto et al., 2010). This included information specifically about
nutrition, behaviour, schooling, management of symptom reoccurrences, and administration
of discharge medication. Caregivers also emphasised the need to have more time
communicating with the healthcare providers regarding the transition information prior to
discharge (Pinto et al., 2010; Ronan et al., 2020).

2.3.7 Impact of caregivers with limited English language proficiency on patients’
transition and recovery experience

Twelve included studies examined the impact of language proficiency on patients’
experiences of the hospital-to-home transition of care and recovery experience. The
overwhelming view from these studies was the negative impact on patients’ health outcomes
and experience due to their caregivers’ limited language proficiency. All included studies
examined a range of issues associated with language proficiency and recovery experiences
including communication between healthcare providers and caregiver and comprehension

of transition information.

A large American study retrospectively examined 72-hour ED return visits resulting in
hospitalisation. Of 119,782 patients 11.7% of families were identified speaking a language
other than English as their primary language. Compared to families with English as their
first language, they had 30% greater chance of experiencing a returned ED visit and
admission (Gallagher et al., 2013). This suggests that language proficiency of the caregiver
is a significant issue impacting recovery experiences for patients. This is supported in an
American qualitative study using semi-structured in-depth interviews with 18 parents.
Caregivers with LEP experienced challenges associated with parental role shift, care for
patients requiring ongoing use of medical equipment, and adherence to provider advice
(White et al., 2017).
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Four observational cohort studies (Gallagher et al., 2013; Ju et al., 2017; Samuels-
Kalow et al., 2017; Samuels-Kalow et al., 2013) and one survey (Morrison et al., 2014)
assessed health outcomes of paediatric patients with LEP families compared with patients
with fluent English speaking families. The results demonstrated that patients of families with
LEP are at higher risk of medication errors (OR =3.7) (Samuels-Kalow et al., 2013),
unplanned ED visits (OR =1.3 to 3.49) (Gallagher et al., 2013; Morrison et al., 2014;
Samuels-Kalow et al., 2017), and UHRs (Ju et al., 2017). A qualitative study interviewing
31 caregivers of 20 children who present to an ED in America also identified receiving
conflicting information due to limited health literacy or been judged when they represented
to ED (Samuels-Kalow, Rhodes, et al., 2016).

Three of the studies, conducted in the USA (n = 2) and Canada, identified five main
factors impacting communication between caregivers with LEP and healthcare providers.
Davis (2019) surveyed 31 hospital associated language services of the USA and analysed
written transition information handout for caregivers at the time of discharge. Gutman
(2018) analysed 47 video recordings of ED encounters with LEP families in Canada.
Factors included use of medical jargon by healthcare providers when communicating with
caregivers (Samuels-Kalow, Rhodes, et al., 2016), limited use of translation services by
both healthcare providers and caregivers (Davis et al., 2019; Gutman et al., 2018),
difficulties in translating the uncommon languages for immigrants (Davis et al., 2019),
aligning professional interpreter service and the discharge event (Davis et al., 2019;
Samuels-Kalow, Rhodes, et al., 2016) and the final factor related to a lack of protected time
for healthcare providers to communicate transition information due to heavy workload
(Samuels-Kalow, Rhodes, et al., 2016).

Two further studies assessed comprehension of caregivers with LEP. The first study
was conducted across at multi-site neonatal intensive care unit utilising a comprehensive
eight question assessment tool. Of the caregivers who responded 31% could only answer
up to a maximum of three questions (Enlow et al., 2019). Caregivers’ comprehension scores
corresponded with the nurses’ rating of patient readiness for discharge, but not with the
caregivers’ perceptions of their own readiness for discharge (Enlow et al., 2019). The
second study involved video recording of 101 communication encounters in the ED with
Spanish-speaking caregivers at the time of discharge (Gutman et al., 2018). Thirty-one
percent of those videoed did not use interpreter services and only 13% of caregivers were

asked their level of comprehension on the discharge information. This further highlights the
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challenges caregivers with limited language proficiency experience in understanding

transition information.

The conclusions from these studies indicated that the recovery experience is
significantly impacted if the caregivers’ English language proficiency is limited. As a result,
patients were found to be at higher risk of medication errors, unplanned ED visits related to
the initial index admission and unplanned readmissions of patients within 30-days.

2.3.8 Interventions to assist caregivers with limited English language proficiency

In responding to the impact LEP has on caregivers’ experiences and patients’ recovery
following hospital discharge, studies have explored families’ needs. Caregivers with LEP
expressed their desire for structured transition of care information using simplified language.
They indicated they required not only verbal communication but also a physical hands on

demonstration of specific care (Samuels-Kalow, Rhodes, et al., 2016).

Five studies examined the interventions implemented to assist families of LEP (Davis
et al., 2019; Gutman et al., 2018; Hamline et al., 2018; Samuels-Kalow, Hardy, et al., 2016;
Zurca et al., 2017). Interventions included professional interpreter services, teach-back
technique to deliver transition of care information, and processes undertaken to facilitate
communication. The use of professional interpreter services for families with LEP was
evaluated by two USA studies. A cross-sectional survey conducted in one of the studies
revealed that over 80% of the LEP families (n = 52) indicated in retrospect that having an
interpreter would have helped their understanding of the information discussed by the
physicians and nurses. Nineteen of the 52, who participated in multidisciplinary team
meetings about their hospitalised child, voiced the need of an interpreter but only one family
was provided the service (Zurca et al., 2017). The second study examined the effectiveness
of having a professional interpreter at the time of discharge and found this was associated
with significantly higher quality of transition of care information content and delivery (odds
ratio (OR) = 7.1; 95% confidence interval (Cl) [1.4-37.0]) and improved caregiver’s level
of comprehension (OR = 6.1; 95% CI [2.3-15.9]) (Gutman et al., 2018).

Three studies suggested use of teach-back technique in preparing families with LEP for
the delivery of hospital-to-home transition information. Teach-back technique, is a
communication method used by healthcare providers to engage and confirm patient and/or
caregivers understanding of the information provided to them (Gutman et al., 2018; Hamline

et al., 2018; Samuels-Kalow, Hardy, et al., 2016). In general, caregivers in two studies felt
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the technique could assist in confirming and clarifying information reducing the likelihood
that key hospital-to-home transition of care information is not forgotten or misunderstood
(Gutman et al., 2018; Hamline et al., 2018). Some participants, however, felt they were being
treated differently, whilst those participants with sufficient health literacy felt the technique
was unnecessary. Therefore, when applying the technique, it is suggested that healthcare
providers present a clear explanation of the intention of the teach-back technique to

encourage parents not to take offence (Samuels-Kalow, Hardy, et al., 2016).

Only one included study examined the processes and policies healthcare services utilise
to facilitate communication with patients and/or their families with LEP (Davis et al., 2019).
The study was conducted at a children’s hospital in America and analysed whether hospitals
had processes/policies in place to ensure provision for translation of hospital-to-home
transition of care information. Thirty one children’s hospitals and associated language
services were analysed. The majority of the services had a written translation policy (81%)
and translated hospital-to-home transition of care information (74%). Healthcare services
did however have differing policies associated with interpreters assisting with translation of
information verbally. Healthcare services generally used pre-translated documents (87%) or
staff interpreters (81%). Other options used to improve communication included document
libraries, pre-translated electronic health record templates, staff-edited machine translations,
and sight translation, which refers to in-the-moment verbal translating of a written document

in the target language (Davis et al., 2019).

2.3.9 Effectiveness of interventions to improve transition and recovery
experiences

Nineteen of the 67 included studies examined the effectiveness of differing strategies or
approaches to improve the transition and recovery experience for caregivers and paediatric
patients. Interventions mainly focused on hospital-to-home transition of care information
content, delivery and transition processes. To improve hospital-to-home transition
information delivery, studies implemented a wide range of different options such as iPad
App or audio recordings of hospital-to-home transition of care information (Lerret et al.,
2020; Lion et al.,, 2019), provision of comprehensive written transition information
(Akinsola et al., 2017; Almidani et al., 2017; Jiang et al., 2018; Parikh et al., 2018), written
transition information at 7™" grade literacy level (Unaka, Statile, Jerardi, et al., 2017) , and
sending General Practitioner discharge summaries electronically or via automatic faxing

(Harlan et al., 2010). Interventions to facilitate the transition process were the allocation of
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a transition care coordinator in charge of the process (Hall et al., 2018; Logsdon & L.ittle,
2020; Sklansky et al., 2019; Vigna et al., 2018), provision of a discharge care bundle
(Hamline et al., 2018; Holland et al., 2016; Parikh et al., 2018; Parikh et al., 2020;
VanderVeen, 2020), implementation of electronic medical records (Olivarez et al., 2017),
and use of teleconference (Patra et al., 2020) or text message reminder following discharge
(Kenyon et al., 2019).

Outcome measurements used to determine the effectiveness of implemented
strategies/approaches varied across the 13 studies and included the number of adverse events
(UHRs or unplanned ED presentation), hospital to home transition experiences (LOS,
discharge timing — prior to noon, satisfaction, medication compliance, and quality of life),
and usefulness of hospital-to-home transition of care information (how easy it is to read,
understanding/comprehension, ease of use, helpfulness, discharge documentation record
compliance). The most statistically significant results across the 19 studies were
interventions related to the delivery of hospital-to-home transition of care information and
these included information written in native language (Jang et al., 2018; Lerret et al., 2020),
allocation of discharge care coordinator for hospital to home transition planning (Hall et al.,
2018; Logsdon & Little, 2020; Vigna et al., 2018), designated time for the multidisciplinary
team to discharge a patient (Sklansky et al., 2019; VanderVeen, 2020), standardised or
electronic discharge summary process (Harlan et al., 2010), and provision of a transition
bundle including follow-up care, hospital-to-home transition planning, teach-back based

parental education, and contingency planning (Hamline et al., 2018; Parikh et al., 2020).

2.3.10  Summary

This section has presented a comprehensive literature review examining the research
evidence related to transitioning paediatric patients from inpatient wards or the Emergency
Department to home and the subsequent post-transition experience. A total of 67 studies
were identified using comprehensive database and hand searches. The analysis of the
literature confirmed that discharging a paediatric patient is a multifaceted and challenging
process. Hospital-to-home transition processes and practices vary considerable across
hospitals and this may impact the quality of the delivery of transitions of care information
and potentially increases the likelihood of adverse events, such as unplanned Emergency

Department visits or readmission following the initial discharge.

Hospital-to-home transition of care information is commonly offered shortly before the

patient leaves hospital. As a result, caregivers may not fully comprehend the information
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and/or seek clarification of their child’s care needs at home. The content of transition
information is not tailored to individual needs hence some caregivers felt satisfied with the
information while others felt the information they received was either overwhelming,

insufficient or inconsistent.

Caregivers also expressed mixed feelings about how ready they thought their child was
to go home and as a result caregivers and patients had varied recovery experiences.
Assessing level of readiness for discharge is not a routine procedure in all hospitals.
However, research literature has shown patients, who experienced delayed recovery or
adverse outcomes also experienced limited hospital-to-home transition preparation and had
a lower level of perceived readiness for discharge. The negative health outcome experience
is even more prominent in patients from families with limited English proficiency when
interpreter service support is not arranged. To date, interventions to improve paediatric
discharge and recovery experience while mainly targeting transition information delivery

and the discharge process, remains largely inconsistent across studies and settings.

Overall, a standardised paediatric hospital to home transition guideline needs to be
developed to facilitate delivery of information which is comprehensive, understood and
useful (Nemetchek et al., 2019). The guideline should include when the hospital to home
transition plan is initiated, monitoring and evaluation of progress, and documentation of
completion of the transition plan (Berry et al., 2014). Caregivers also suggests more advanced
notice of hospital to home transition plans are need from the staff (Aydon et al., 2018; Solan
etal., 2015). Timing of information delivery is considered critical. Caregivers preferred early
preparation for the hospital-to-home transition plan, for instance, commencing at the time of

admission, but not during a child’s medical procedure (Keatinge et al., 2009).

A hospital-to-home transition checklist and readiness for discharge assessment are also
suggested to be used to monitor and follow up with the transition plan, although some
healthcare providers perceived the assessment could delay the discharge process (Canary &
Wilkins, 2017). In preparation for discharging a patient and their families, caregivers
suggested healthcare providers use plain language (Keatinge et al., 2009) and that ambiguous
terms are removed from hospital-to-home transition information (Berman et al., 2019).
Specific and targeted transition information should be provided to meet individualised needs
(Keatinge et al., 2009). For patients of LEP families, an interpreter should be arranged and
teach-back techniques should be applied when communicating transition information
(Hamline et al., 2018). Both caregivers and healthcare providers recommended that written
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information should include clear instruction in bullet points (Canary & Wilkins, 2017,
Keatinge et al., 2009) and that this is translated to their native language for LEP families as
well as being provided in English (Gold et al., 2020; Jang et al., 2018).

Furthermore, caregivers need to be prepared not only physically but also
psychologically for fatigue and disappointment due to delayed recovery. Strategies need to
be discussed with caregivers to balance family, work, and child’s needs as well as self-care
(Berman et al., 2019). Caregivers expressed their need to be connected post-hospital
discharge with community-based support services (Canary & Wilkins, 2017; Martens et al.,
2018; Nemetchek et al., 2019), physical resources and financial support (Berman et al., 2019;
Leary et al., 2020; Martens et al., 2018), dietary supplies and instructions, medical needs and

knowledge and telephone contacts (Martens et al., 2018; Ronan et al., 2020).
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Table 2.1

Characteristics and Main Findings of the Included 67 Studies

Study Design/
Reference Data Collection Setting Participants Main Results
Transition Process
Barone Pilot of novel program A tertiary children’s 11/12 consented families  Clinician perceptions
2020 using photovoice hospital of children with medical o  Famijlies not sufficiently prepared to go home with medical technology
USA methodology complexity returned e Lack of continuity of care
photographs/7 Parental perceptions
completed interviews. ,  pegire for considerations from healthcare providers to individual family
15 healthcare providers context including resources, housing suitability, financial status when making
Interviewed decisions on hospital-to-home transition
Nagewaran Qualitative study — Focus 9 hospitals 14 hospital- and Domain 1: Home health orders
2020 group 5 community agencies community-based e  Specific and accurate home health orders
USA stakeholders

e Discharge summary completion before leaving the hospital
18 home health nurses Domain 2: Communication

e Discharge summary provides useful information for home health
providers/Primary care provider

e  Primary care provider desires communication with hospital-based
healthcare providers

Domain 3: Resources

e Unavailable resources for Primary care provider to solve clinical problems
(nurse-to-nurse hand over or who to contact when needs clarification)

Domain 4: Caregiver preparation

e  The importance of transition preparation

e Differences between hospital care-based practice and home care-based
practice
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Study Design/
Reference Data Collection Setting Participants Main Results
Nemetchek Qualitative — Focus groups 7 hospitals (5 public & 2~ 58 (Nurse, Physician, Barriers
2019 & in-depth interviews private not-for-profit) Administrator) o Insufficient resources and education for caregivers
Uganda Focus groups x 14 o Discharge process based on hospital specific protocols or clinician preference
In-depth interviews x 7 e Ineffective communication between healthcare providers and caregiver
e Lack of human and physical resources of healthcare services
Enablers
e  Teamwork
e  Motivation to improve paediatric transitions to home
Recommendations
A standardised national paediatric discharges guideline
Appropriate community referral and follow-up
Aydon Qualitative — Open-ended A tertiary Women & Neonatal ICU 40 parents e Lack of informed discharge process or not well understood
2018 question interviews, Infant Hospital (20 couples) e Felt rushed out the hospital
Australia online survey and
telephone interviews
Berman Qualitative — In-depth, A tertiary children’s 15 parents (14 mothers & 5 broad categories of needs
2018 Semi-structured hospital 1 father) of 18 NICU Communication: Clear, concise, ongoing, timely
USA Interviews patients e Parent role clarity: Transition process to remove patient monitoring
e  Emotional support: Preparation for the level of fatigues/disappointment;
Balance self-care and child’s needs; establish community connection
e Knowledge and training: Continuity of care information, Management of
unexpected health issues or equipment related issue
e  Financial support
Voie Qualitative — Open-ended A tertiary children’s 2 NICU nurses and 2 3 Main challenges
2018 question interviews hospital Public health nurses. e  Different expectations and lack of communication between NICU nurses and
Norway public health nurses
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Lack of role clarity and interactions between the two groups of nurses
Public health nurses’ competence was not recognised by NICU nurses and
caregivers
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Study Design/
Reference Data Collection Setting Participants Main Results
Canary Qualitative — Focus groups A regional tertiary care Parents (3 in a focus group Discharge problems
2017 and interviews centre +5 interviews) e Parents: Medication problems, delay in discharge, lack of communication
USA Primary care providers (13 opportunities
!n a fO_CUS group + 2 e  Parents & Healthcare providers: Delay in getting prescribed medication
interviews) e  Healthcare providers: Insufficient communication on medication
Hospitalists (6 interviews) administration
Teamwork
e  Teamwork is essential to effective discharge processes for all parties
Ideal discharge
e  Parents: Early preparation of discharge — at the time of admission;
Suggestions of a discharge checklist & readiness assessment
e  Healthcare providers: Concerns over potential delay by assessing readiness
for discharge
e All groups: To streamline discharge documentation — Discharge instructions
with bullet points and specific follow up plan
Berry A narrative literature Literature search not Not reported Impact of Lack of standards for paediatric hospital discharge care delivery
2014 review reported e Poor quality of paediatric hospital discharge
USA e Hindered quality improvement efforts
e Adversely affects the health and wellbeing of children and their families after
they leave the hospital
Recommended discharge process framework
o Initiate paediatric discharge care; Develop discharge care plans
e  Monitor discharge progress; Finalise discharge
Keatinge Two qualitative studies - A 38-bed regional All-cause; Varied timeframe from notification of discharge to physical leaving the hospital
2009 Semi-structured interview ~ hospital’s general Study 1: 7 parents, who
Australia paediatric ward telephoned a paediatric

telephone triage service
seeking information
about their child’s post-
discharge care.

Study 2: 12 parents of
children admitted to a
regional hospital’s
general paediatric ward.
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Study Design/
Reference Data Collection Setting Participants Main Results
Transition Information Communication & Readiness for Discharge
Gold Qualitative focus-group- A children’s hospital 24 parents of children with Parental ideals for discharge medication education
2020 based study medical complexity e Information quality: Complete, consistent information, and in preferred
USA 12 native English speakers language
vs. 12 native Spanish e Information delivery: Appropriate education timing and delivery by experts
speakers e Individualised information: Consideration of parental literacy and level of
information desired
e  Self-efficacy: Information results in parents’ confidence to provide continuity
of care at home
Glick Quantitative comparison ~ An urban public hospital ~ English/Spanish speaking  Parent perceived and actual comprehension of instructions for discharge
2020 study parents of Inpatients e Actual comprehension was lower than parental perceived comprehension
USA <l2years with at least | Plan complexity and low health literacy were associated with overestimation
daily discharge meds an complexity and low hea eracy were associate overestimatio
of comprehension
Rush Quantitative chart audit A tertiary children’s Electronic medical records e  Discharge communication was documented for 59% patients
2020 hospital of 368 patients >1 e Communication was significantly less likely to occur for patients with
USA chronic complex technology dependence, older patients, and those who were admitted to a
condition (CCC) teaching service
e  The quality of discharge summaries did not differ for patients with or without
technology dependence
Lakhaney Quantitative chart audit A teaching children’s Completio_n rate, accuracy e 7 elements: admission date, discharge date, discharge diagnosis, medications,
2020 hospital and quality of 200 e immunisations, pending laboratory tests, and follow-up appointments
USA discharge summaries

Abdul-Kareem
2019
Jamaica

Quantitative — Chart audits 6 units of a tertiary
hospital

131 Mixed adults (88) &
Paeds (43) charts
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discharge diagnosis, medications, and follow-up appointments had the lowest
rates of completion and accuracy

The quality of the hospital course and patient instructions was varied

No difference in quality scores on the basis of the number of authors or
medical complexity

Significant more inaccuracies in discharge medications for patients with CCC
than those without (63% vs 35%; p<0.001)

14% records had documented evidence of client teaching within 72h of
admission

18.3% reflected client teaching on the day of discharge

6.9% records had documented evidence of nurses commencing discharge
plan within the first 24h of admission
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Study Design/
Reference Data Collection Setting Participants Main Results
Curran Qualitative — A 4-round 12 hospitals (9 paediatrics) 1% Round =41 ED e  Consensus of 30 content items over 6 illness presentations:
2018 modified Delphi study clinicians diarrhoea/vomiting, abdominal pain, fever, and bronchiolitis, asthma, minor
Canada 27 Round = 38 ED head injury without concussion
clinicians e Majority of items (n = 19/63.3%) were associated with instructions on
31 Round = 37 ED instances when to return to the ED department
clinicians
4% Round = 37 ED
clinicians
Unaka Quantitative — Chart A large urban tertiary Randomly selected 200 e Median readability score corresponded to a 10th-grade reading level
2017 review Written discharge  children’s hospital charts — patients median e  Median PEMAT score was 73%
USA instruction Readability age = 3.1 Years v 36% of instructions scored below 70% — Suboptimal understandability
(FRY Readability e  Completeness:
Scale); v Diagnosis was described in only 33% of the instructions
Understandability v Explicit warning signs were listed in most instructions, but 38% did not
(Patient Education specify contact details if warning signs developed
materials Assessment
Tool-PEMAT);
Completeness (5 criteria)
Weiss Quantitative — Survey & 2 Units of a paediatric 194 parents of children e Quality of teaching (9.1/10)
2017 Telephone interview & hospital: a 16-bed had >2 days hospital stay e  The amount of content about discharge was 6.1/10
USA Electronic records audit ~ Medical respiratory &a ~ from 2012 — 2013 o Parental perception of discharge teaching delivery was positively associated
22-bed neurologic unit with both parent (B = 0.54) and nurse perception (B = 0.16) of readiness for
discharge
e  White race and shorter length of stay were associated with higher nurse
assessment scores on readiness for discharge
Bhansali Qualitative — A descriptive A tertiary children’s 174 parents o 15% felt less than “completely prepared”
2016 interview & records hospital within 24 hours of e 83% matching within interview responses and the medical record, but more
USA review for hospital course events than the discharge plan

hospital discharge
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Few significant differences in understanding between trainee-based teams and
the attending physician—run unit
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Study Design/
Reference Data Collection Setting Participants Main Results
Lerret Quantitative — Survey 5 paediatric transplant Solid organ transplant; e  Care coordination (p = 0.02) and quality of discharge teaching (p<0.01) was
2015 6 questionnaires at centres 51 parents on the day of significantly associated with parental readiness for discharge
USA discharge & 5 discharge; 49 Parentsat ¢  Readiness for discharge was significantly associated with
questionnaires post- 3-week post-discharge; v’ Post-discharge coping difficulty (p = 0.04) & medication administration
discharge 47 Parents at 3-month & 6- (p = 0.03) at 3 months post-discharge
month post-discharge v' Post-discharge coping difficulty (p = 0.04) & family management
(p = 0.02) at 6 months post-discharge
Coghlin Quantitative — Online or 16 paediatric hospital All-cause; 7 clinical elements were reported as essential by >75% of both primary care

2014 by fax Survey medicine programs 201 of 320 Primary Care  Providers and healthcare providers:

USA Providers (63%) and 71 e  Dates of admission and discharge; Discharge diagnoses; Brief hospital course
of 147 hospitalists (48%) e  Discharge medications; Immunizations given during hospitalisation
responded e  Pending laboratory or test results; Follow-up appointments

Primary Care Providers
e  Received discharge communication significantly less often than healthcare
providers (71.8% vs 85.1%; p<.01);
e  Considered communication to be complete significantly less often than
healthcare providers (64.9% vs 79.1%; p<.01)
Lerret Mixed-methods — 3 paediatric hospitals Solid organ transplant; e  Discharge teaching included medication knowledge, restrictions and warning
2014 Observations & 37 parents signs
USA Interview e Readiness for discharge depended on discharge education method
(consistency vs. complexity and support vs. need for encouragement)
Keatinge Two qualitative studies— A 38-bed regional All-cause; Both studies
2009 Semi-structured hospital’s general Study 1: 7 parents, who Verbal as well as written information is helpful
Australia interview paediatric ward

telephoned a paediatric
telephone triage service
seeking information
about their child’s post-
discharge care.

Study 2: 12 parents of
children admitted to a
regional hospital’s
general paediatric ward.
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Plain language usage is important

Information provided by healthcare providers are sometimes inconsistent
Parents need information specific to their particular circumstances

Study 1

The amount and delivery method of discharge information varied

All parents received some verbal information

Written discharge summary is generally not helpful

The telephone triage role is to ""filling the gap™"

Information needs and when & how: Access to reassurance & Specific
requirements for additional discharge information
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Study Design/
Reference Data Collection Setting Participants Main Results
Study 2
e Information should be simple and concise in language
e  Brochure is needed for a particular illness and an information sheet relating to
post-discharge care
Timing to deliver information — not when child having a procedure
e  Time frame between discharge notification and exit from hospital varies
e  Lack of sleep and its impact on retention of discharge information
McGowan Quantitative — Survey A Women & Infants Immigrant (n=176)and e  Immigrant mothers were more likely to be older, gravida>1, multiracial or
2019 Fragile Infant Parental Hospital native (n = 556) mothers people of colour, and non-English speaking; have less than a high school
USA Readiness Evaluation of babies at education; and receive Medicaid but less likely to have child protective
NICU>5days services involvement, substance abuse, and mental health disorder (MHD)
e Immigrant mothers with poorer perceptions of infant well-being, maternal
well-being, maternal comfort, and time impact.
e Immigrant status, non-English primary language, and MHD are associated
with lower readiness scores
e Increased years of in the USA and MHD is related to low readiness scores
Obregon Quantitative — Survey A major tertiary medical ~ 1037 discharged families e  No difference of being prepared for discharge for both groups
2019 centre (NICU); 90 had LEP e LEP families were less likely to be prepared with technical baby care skills
USA (AOR =0.32; 95% CI 0.13-0.81)
Aydon Qualitative — Open-ended A tertiary Women & NICU 40 parents (20 Transition from hospital to home pre-discharge
2018 question interviews, Infant Hospital couples) e  First impression: Overwhelmed with ‘high-tech’ equipment but impressed
Australia online survey and

telephone interviews
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with staff competence

What do | need to know: Information needs changes over time; well informed
about the care and progress vs. lack of information that needing to ask the
staff vs. overloaded information vs. inconsistent or conflicting information
Being involved in my baby’s care: staff needs to assess parental needs as
parents can do more as baby stabilises

Getting ready to take my baby home: Lack of informed discharge process or
not well understood

Transition from hospital to home

Preparing to go home: Parents are taught continuity of care to prepare for
home

Discharge day: Many parents felt rushed when leaving the hospital and
suggest more notice and a better plan from the staff
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Study Design/
Reference Data Collection Setting Participants Main Results
e  Arriving at home:
v Most parents felt prepared but some did not feel mentally/physically
ready
v" Some expressed being anxious about taking their baby home without the
constant monitoring and support from nursing and medical staff
3 main recommendations from both Pre- & Post-Discharge
o  Effective parent — staff communication
e  Feeling informed and involved
e  Being prepared to go home
Martens Qualitative — a semi- A children’s hospital Foster parents 4 Main Themes & 13 Subthemes
2018 _structt_Jred telephone e  Knowing the child: Medical history, Baseline and routine & First meeting the
USA interview child
o  Medical legal issues: Custodial determination & Access to information
Complexities of multi-stakeholder communication
v Contact with biological parents
v Department of Health and Human Services communication
v" Communication with the inpatient team
Post-discharge preparation and support
v" Availability of nonmedical supplies;
v" Availability of dietary supplies and instructions
v" Medical needs and knowledge; Telephone contacts; Home services
Lerret Quantitative 3 paediatric hospitals Solid organ transplant; Care coordination was associated with readiness for hospital discharge
2011 study — Survey 37 parents e Readiness for hospital discharge subsequently impacted post-discharge
USA coping difficulty, adherence difficulty with medical follow-up, and family
impact
Lerret Integrative review Literature search ended 38 included studies e Four concepts impacting on discharge readiness: Support, identification of
2009 2008 unique and individual needs, education, and communication and coordination
USA e  The varying perceptions of readiness for discharge between healthcare
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providers and patients underscore the importance of communication and
coordination
e  Common themes: Meaningful interaction and confidence building
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Study Design/
Reference Data Collection Setting Participants Main Results
Post-Transition Recovery Experience
Barone Pilot of novel program A tertiary children’s 11/12 consented families e  Develop new routines and seek normality
2020 using photovoice hospital of children with medical ¢  Learning how to be a parent and a family
USA methodology complexity returned o Impact of medical technology usage on everyday life
photographs/7 e  Experience social stigma and isolation
completed interviews
15 healthcare providers
were interviewed
Gaskin Longitudinal mixed A tertiary children’s 16 parents of 12 infants Prior to Discharge
2020 methods using semi- hospital following 1° stage e All parents experienced signs of stress disorder
UK structured interview and cardiac surgery e 4 had symptoms of PTSD
survey e  Fear and uncertainty about going home
8-week following Discharge
e  Feeling relived, relaxed and positive
Survival — Psychological needs
e Anxiety and depression score decreased
Survival — Physical and physiological needs
e  Self-care
e  Home preparation and alteration to adapt equipment needs
Survival — Financial needs
e A burden to family that unable to resume work
Leary Qualitative semi-structured A paediatric hospital of an 20 parents of children with Challenges faced with chronicity of care and transitions of care, which contribute
2020 interview urban academic medical medical complexity to readmission
USA centre during 30-Day UHRs e  Frequency of hospital utilisation
e  Symptom confusion
e  Lack of inpatient continuity
e  Resources need but not received
o Difficulty filling prescripts
Ronan Systematic review 13 included studies from  Parents’ experience of Experiences & Needs
2020 Jan 2009 — Sept 2019 hospi_tgl-to-home e Emotional processes
UK transition v' Before discharge: Sense of loss, fear, concerned, unprepared and

uncertain
v" Home: Overwhelmed, exhausted and stressed
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Study Design/
Reference Data Collection Setting Participants Main Results
. Communication
v' Significant communication breakdown between hospital and
community services — lack of coordination
v" Mixed experience of communication between parents and healthcare
providers — Poor vs. prepared and confident
v' Desire to be involved in the planning period to avoid confusion
v" Need to be contacted immediately post-discharge
Priorities for the transition
e  Coordination
v Discharge readiness — fit for discharge
v' Early education and preparation for discharge is needed
v' Desire to be home early in the day not in the evening or overnight
e Support and resources for the transition
v Inconsistent delivery of discharge information
e  Desire a healthcare provider, especially an experienced nurse, in the
community
Lion Survey on A children’s hospital Day-3: 3651 (61%) e  System barriers, skill barriers, cultural distance, and marginalization are
2020 Day-3 of admission & families completed associated with socially disadvantaged/low income families and 30-Day UHR
USA 2-8 weeks post-discharge survey,
then 1734 (48%)
completed the follow-up
survey
Aydon Qualitative — Open-ended A tertiary Women & NICU 40 parents (20 e  Enjoyed the autonomy of caring for their baby at home and felt more
2018 question interviews, Infant Hospital couples) comfortable and in control
Australia online survey and e  Caring at home environment resulted in new challenges
telephone interview e Accessing community services to build a network for support and
information
Parikh Quantitative — Online 45 hospitals in the PHIS Asthma (5-17 years) e  30-day UHR rate: 1.9-3.9%
2018 survey 17,115 respondents e 3-month UHR rate: 5.7-9.1%
USA 116,457

56



Chapter 2. Exploring the Literature

Study Design/
Reference Data Collection Setting Participants Main Results
Canary Qualitative — Focus groups A regional tertiary care Parents (3 in a focus group Care chasm
2017 and interviews centre +5 interviews) e Parents: Lack of support or resources to meet needs at discharge
USA Primary care providers (13 e  Lack of a detailed plan of care
in a focus group + 2 e  Parental emotional struggles over the complexities of providing complicated
interviews) care at home; or need to internalise new realities for the sick child
Hospitalists (6 interviews) Discharge paradox
e  Contradiction: Ongoing significant medical care needs that provided in the
hospital but being told ready for discharge
Glick Systematic review Literature search ended 1st 64 studies consisted of 48 e  Medication dosing and adherence errors
2017 January 2017 ED studies and 16 e  Missed follow-up appointments
USA Hospital studies e Misunderstood return precaution instructions
e  Errors related to complex discharge plans (multiple medicines or
appointments), limited English proficiency, and public or no insurance
Navanandan Quantitative — Survey A paediatric ED 72hours returned ED visits e 495 had returned ED visits
2017 500 caregivers e  Reasons included child’s illness not resolved (51%) or worsened (41%)
USA e 41% of caregivers were not instructed on all key components of discharge;
e 47% of caregivers were no educated on anticipated duration of illness;
e  Complete delivery of discharge instructions was associated with ED
satisfaction (OR =5.7; 95% CI 3.8-8.5)
Weiss Quantitative — Survey & 2 clinical units of a 194 parents of children e  Post-discharge coping difficulty within 3 weeks was 1.7/10
2017 Telephone interview & paediatric hospital: had >2 days hospital stay e  ED visit (30-day) without readmission: n = 28 (14.4%)
USA Electronic Records audit a 16-bed respiratory from 2012-2013 e 30-day readmission: n = 13 (6.7%)
medical unit & a 22-bed e Nurse: Discharge readiness was negatively associated with readmission
neurologic care unit e Parents: College qualifications more prone to post-discharge coping difficulties
e  Parent: Readiness was negatively related to post-discharge coping difficulty
e Child’s age was inversely associated with ED use post-discharge
e Ahigher admission synergy score (indicating minimal vulnerability/ high

predictability/high resilience) were positively related to readmission
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Study Design/
Reference Data Collection Setting Participants Main Results
Solan Qualitative — Focus groups A 500-bed tertiary All-cause; 4 main themes & subthemes
2015 & Individual interviews  children's hospital 61 parents of 11 focus e “Inafog”: Barriers to comprehending information are mental exhaustion;
USA groups & 4 individual Handling uncertainty; Information overload; Usability of information
interviews o “What I wish I had”: Information desired; Suggested improvements in the
discharge process
o “Am I ready to go home?”: Emotional discharge readiness; Clinical
discharge readiness
e “I'm home, now what?”: Knowing contacts to seek help; Desiring a call or
nurse home visit; Caring for a sick child; Confidence in caring for a sick child
Pinto Qualitative — Symbolic Family preference (Home 11 families with child had e  Resuming control of child:
2015 interactionism/theoretica X 4; Day care X 4; acute health conditions v" Prioritizing the child and providing continuing treatment
Brazil | reference & Grounded Parent's workplace x 3) & experienced UHRS; v Monitoring and making decisions without direct support of healthcare
theory Diagnoses: bronchiolitis providers
Unstructured interview & X 4, gastroenteritis x 2 v' Recognizing the signs of child improvement
Observation and others; 15 interviews v' Feeling relieved about return home
Jan 2008 to July 2009; v" Remaining alert
v Feeling apprehensive/threatened balancing family function
e Facing difficulties adjusting to new demands
v Having conflicts; Feeling overwhelmed
v’ Fears relapsing of the child's disease
v/ Being touched by other disease experiences
v" Developing confidence in the child's recovery; Remaining shaken
e  Theme 1: Mobilising to restore functional balance — Family struggles to
resume normality post-hospitalisation
e Theme 2: Suffering from possibility of a child's readmission — Family is
impacted from the possibility of readmission from disease recurrences
e Theoretical model: Seeking prevention of child rehospitalisation to avoid
suffering
Lerret Mixed-methods study 3 paediatric hospitals Solid organ transplant; e  Coping at home post-discharge:
2014 Quantitative observations 37 parents v" 'The new normal'; 'Watchful waiting', ‘Medications'
USA & Interview Knowledge needs: Situation specific vs. generic information
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Adherence difficulties: Medications, follow up appointment and/or laboratory
test or imaging investigation
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Study Design/
Reference Data Collection Setting Participants Main Results
Ford Qualitative — Exploratory A children’s unit withina  All Cause; 6 Main themes
2012 interpretive study tertiary general hospital  Families of 8 children (9~ e  The central role of the family: Mother as well as immediate/extended families
Australia Diaries & Semi-structured 12 years) with 1 to 9 e Going home: Feeling relived or nervous/uncertain about ability to care the
interviews days admission; child
4 elective and 4 e  Preparation for discharge and information: Felt fully informed or not well-
emergency surgeries; prepared
1 patient required e  Pain: Children are expected and experienced different level of pain
unplanned readmission e  Increased vigilance in assessing the child's progress and well-being
Different trajectories of recovery process: Straightforward or delayed
recovery or even complications requiring re-hospitalisation
Pinto Integrative review Literature search 1990— 16 included studies e  Biopsychosocial manifestations
2010 Recovery post-hospital 2005 v" Harms to family cohesion along the recovery process
Brazil discharge v Child: Loss of appetite, apathy, aggression, separation anxiety, trouble

sleeping, pain, limited mobility and self-care ability
v Parents: Higher anxiety after discharge, low confidence in child's
recovery, feeling of isolation, less healthy
e  Factors related to biopsychosocial manifestation
v Children: Number, time, and cause of admissions, quantity of invasive
procedures, age and gender of patients
v' Parents: Severity of disease, longer hospitalisation, duration of staying
home with child after hospital discharge
e  Support and information needs
v" More time of healthcare providers to communicate post-hospital
discharge care
v"Information was too generalised: Suggesting nutrition, behaviour, going
back to school, symptom reoccurrences prevention, use of medication
prescribed
v Parents were calmer when perceiving that information received
regarding child's health recovery corresponded to what they were
experiencing at home
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Study Design/
Reference Data Collection Setting Participants Main Results
Impact of caregivers with limited English language proficiency on patients’ transition and recovery experience
Davis Mixed-methods study — Children’s Hospital Online survey to e  81% with written translation hospital policy
2019 multimodal analysis Association language Children’s Hospital e  74% translated discharge instructions
USA Translating discharge services (n = 200) were  Association language o Either pre-translated documents (87%) or staff interpreters (81%)
instruction for LEP contacted services contacts e Barriers
(n=31); v Difficulty translating uncommon languages
Online environment scan v" Mismatched discharge and translation time frames
of Children’s Hospital v" Inconsistent clinical staff use of translation services
Association translation v Institutional policies differed regarding the appropriateness of allowing
policy (n = 22); interpreters to assist with translation
County-level census data e  Strategies: To establish document libraries, pre-translated electronic health
record templates, staff-edited machine translations, and sight translation
Enlow Quantitative — Survey Multi-site NICU of tertiary 137 participants 31% unable to answer >3 of 8 questions
2019 The Parent Health Literacy ~ hospital Lower scores were significantly associated with lower ratings of discharge
USA Activities Test readiness by nurses, but not parents
e  Scores improved slightly from admission to discharge (p = 0.049)
Gutman Qualitative ED of a tertiary children’s 101 discha_rge_ e 31% of communications did not use professional interpretation
2018 Video-recorded ED visits hospital communication e 70% patients received complete discharge education content
USA interactions from 47 v 65% received instructions on medication dosing

for Spanish-speaking
LEP families

LEP patient visits
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v 55% were given return precautions
13% included an open-ended question to assess caregiver comprehension, but
included teach-back.
Professional interpreter use was associated with
v" Complete discharge education content (OR =7.1; 95% CI 1.4-37.0)
v' High-quality provider assessment of caregiver comprehension
(OR =6.1; 95% Cl, 2.3-15.9)
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Study Design/
Reference Data Collection Setting Participants Main Results
Ju Quantitative — Retrospecti A children’s tertiary 67,473 encounters e 7-day UHR rate =3.9%
2017 ve cohort study hospital e  30-day UHR rate = 8.2%
USA e  LEP patients were more likely to be younger, poorer, Hispanic, lower
severity of illness (SOI), government-subsidized insurance
No increased risk of UHRs compared LEP to EP
White LEP increased odds (AOR = 1.46 for 7-day & AOR = 1.32 for 30-day)
compared to white EP
e  Poorest LEP higher risks (AOR = 1.77 for 7-day & AOR = 2.00 for 30-day)
compared with the poorest EP patients
e  Hispanic ethnicity (AOR = 1.26 for 7-day & AOR = 1.14 for 30-day)
e  Greater SOl (AOR = 1.04 for 7-day & AOR = 1.05 for 30-day)
Presence of a complex chronic condition (AOR = 2.31 for 7-day &
AOR = 3.03 for 30-day)
Zurca Quantitative — A cross- An urban tertiary care 109 English- & 52 LEP LEP families were significantly less likely to:
2017 sectional study PICU with Spanish-Speaking o pe engaged in the rounds
USA parents responded the o ynderstand the material discussed on rounds
survey (88% rate) e be present during medical team evaluation of child
e report medical team spent enough time speaking with them
e report PICU nurses spent enough time speaking with them
e rely on their nurses for medical updates
e 53% of physicians and 41% nurses used an interpreter “often”
Samuels-Kalow Quantitative — A A tertiary care paediatric 202 English- & Spanish- e 23% LEP
2017 secondary analysis; ED Speaking parents of e 6.9% of the sample had a return visit within 72 hours
Canada Chart review children 2-24months o After adjustment for confounders, LEP was associated with
with fever and/or v Higher risk of ED Return visit within 72 hours (OR = 3.49; 95% ClI
respiratory illness 1.02-11.90)
v Decreased risk of a second visit within the year (OR = 0.28; 95% ClI
0.12-0.66)
White Qualitative — In-depth, Seven different hospitals 18 mothers and fathers of e 3 types of parental uncertainties: Parental role shift, caring through
2017 Semi-structured interviews NICU babies (mean equipment, and adherence to provider advice
USA LOS = 63.58 days) .
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Coping strategies: Reorientation, calibrating appropriate responses, and
limiting exposure

Parental experiences, communication interactions, and expectations in the
NICU complicate parental uncertainties post-discharge and negatively affect
parental perceptions of self-efficacy, readiness and competency
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Study Design/
Reference Data Collection Setting Participants Main Results
Samuels-Kalow Qualitative — A modified  Two tertiary care centres  Levels of health literacy Main Barriers related to
2016 grounded theory (Adult & Paediatric) screened and balanced in o ED providers
Canada In-depth interviews the purposive sampling v Use of medical terminology -need for simplified/lay language and
Health literacy 31 parents & 20 patients materials both verbal and written
v Need for verbal teaching and demonstration
v Desire for increased information
e  Systems of care
v Absence of protected time for discharge communication
e Concern over conflicting information by limited health literacy
e Concern over provider judgment regarding ED returns
Samuels-Kalow Qualitative Two tertiary care centres  Levels of health literacy e All participants perceived teach-back technique could
2016 In-depth interviews on ED  (Adult & Paediatric) screened and balanced in v Help them confirm learning
Canada the purposive sampling v' Avoid forgetting key information
31 parents & 20 patients v' Improve doctor-patient communication
e Participants with sufficiency health literacy felt teach-back being waste of
time or unnecessary
e Participants with limited health literacy felt teach-back being
condescending or judged
e The suggested techniques for introducing the technique include
v" Encouraging parents not to take offense
v" Being explicit about the reasons for verifying comprehension
Morrison Quantitative — Survey A paediatric ED 503 caregivers e 55% low health literacy
2014 e Children of caregivers with low health literacy is associated with
USA v Prior ED visits (AOR = 1.5; 95% CI 1.2-1.8)
v"Increased non-urgent index ED visit (AOR = 2.4; 95% CI 1.3-4.4)
Gallagher Quantitative — Retrospecti  ED of a paediatric tertiary 119,782 patients over 32 e  11.7% a language other than English as their primary language
2013 ve cohort study hospital months e Return ED visit 1.2% vs. 1.6% of LEP patient
USA o LEP patient is more likely represent to ED (OR = 1.3; 95% CI 1.12-1.50)
e  After controlling for age, emergency severity index, time of day
(AOR =1.43; 95%CI 1.23-1.66) are significantly associated with ED revisit
Samuels-Kalow Quantitative — Prospective A tertiary care paeds ED 145 (69%) of 210 English- e  32%parents (n = 46) had an acetaminophen dosing error.
2013 observational study & Spanish-Speaking e Spanish-speaking parents were significantly more likely to have a dosing
Canada parents of children 2— error (OR = 3.7; 95% CI 1.6-8.1),

24months with fever
and/or respiratory illness
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Even after adjustment for language of discharge, income, and parental health
literacy (ARO =6.7; 95% ClI 1.4-31.7)
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Study Design/
Reference Data Collection Setting Participants Main Results
Interventions to improve transition process and recovery experience

Lerret Two group Pre-Post quasi  24-bed Surgical vs. 211 vs. 184 paediatric e Higher quality of discharge teaching scale-delivery

2020 experiment study — Medical Wards of a patient discharges No difference in care coordination measures

USA ePED app paediatric hospital
Logsdon QI Project — Logic model  16-bed paediatric CCU Pre: 40 parental e A 12.71% increase in discharge before noon increased by 12.71%

2020 for the evaluation design knowledge assessments e A 11.92% decrease in LOS

USA A discharge coordinator vs. Post: 31 e Less deficits of parental knowledge

role 18 nurses surveyed Nurses were satisfied with discharge process

Parental knowledge,
Nurses satisfaction of
discharge process

Parikh RCT A children’s hospital 32 children (K-8 gradeon e  Medication in-hand at discharge (100%)
2020 H2H — A patient-centred Medicaid for asthma) e School-based asthma therapy (100%)
USA 5-component program e Referral for home trigger assessments (100%) — 87.5% families reported

extremely helpful
e  4-week post-discharge home visits (44%)
Communication with primary care provider (100%)
e  Patient navigator support at 3 days (81.3%)
No difference in healthcare usage outcomes

Patra Pre-post pilot study A rural academic Patients: Pre-1321 vs. e Significant improvements in patient satisfaction measures on the discharge domain
2020 Bundle intervention: Risk children’s hospital Post-1413 v' Speed of discharge process (78.9 vs 82.6, p = 0.008)
USA identification and v Instructions for discharge (79.7 vs. 88.6, p<0.0001)
intervention — use of v' Discharge readiness (79.7 vs. 88.6, p<0.0001)
handouts, scheduling of v" Overall discharge process (79.4 vs. 86.1, p<0.0001)
follow-up appointments, e  97.8% usage of discharge risk assessment checklist
post-discharge phone v' Identified risks may complicate transition of care in approx. half of the
call, faC|I|tated_by_ patients
advanced paediatric v' 3.75% patients with an incorrect or no primary care provider in the EMR

provider A . . . . . .
e  Significant improvement in arranging primary care provider appointment

before discharge
e  Significant improvement in patients receiving handouts
e Nosignificant difference in 7-Day UHR

LOS: Significant decrease (4.08 vs. 3.43 days, p = 0.005)
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Study Design/
Reference Data Collection Setting Participants Main Results
VanderVeen Narrative review on 15 peer-reviewed studies  Patient with e  Reduced UHR rate
2020 multidisciplinary from 2001 to 2019 bronchopulmonary Approach includes Respiratory support, Pharmacologic interventions,
USA approach for hospital-to- dysplasia Immunisations, Nutrition, Developmental therapies, and follow-up programs
home transition Improved patients health outcomes — decreased rate of readmission for
patients on supplemental O2
Lion Quantitative — Survey A children’s hospital Day surgery — 66/83 e  61% high school education and 89.2% spoke Spanish
2019 Audio recorded discharge (79.5%) Parents with e 4.5/5 for ease of use, helpfulness and understandability
USA instruction card LEP randomly assigned o 949 shared the card with others; 45.2% listened >5 times
to Intervention (N =31) o  Pparents used the card reviewing medications and engaging others in
and Control (n = 35) providing care for the child
Jang Quantitative — RCT A medical centre 20 LEP parents need e  No difference in comprehension scores between the two groups
2018 Standardised Quiz & interpreter of children e 91% parents preferred written instructions in Spanish and could improve
USA Survey (ENT) randomly into comprehension (p<0.01)
Written discharge \_’Vritten _discharge e No significant effect on patient satisfaction
instruction in native Instructions in
language Spanish/10 and
English/10
Kenyon Quantitative — A pilot A tertiary children’s Parents of patients 2-13 e 78% families (n = 32) transmitted medication adherence data
2019 RCT hospital years e 96% caregivers (n = 25) chose to receive daily reminders
USA Survey Intervention (n = 21) e No difference in daily medication adherence between groups
Text message reminder Control (n = 20) e Adherence trajectories were lower than the 80% threshold
post discharge
Sklansky Quality improvement A tertiary urban children’s 20,133 discharges e  Discharges before noon increased by 6.2%
2019 A multidisciplinary hospital e LOS significantly decreased from 47 to 43hours
USA discharge timing
designation in the
electronic health record
Hall Systematic review — Meta- Literature Search ended 4 RCT studies included e Intervention group significantly less readmitted compared to controls
2018 analysis /Caseworker- November 2017 e No significant effects on ED or GP presentations
Australia assigned discharge plan e One study reported quality of life, but no differences between groups
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Study Design/
Reference Data Collection Setting Participants Main Results
Hamline Meta-Analysis Systematic Review Search 71 included studies e  PClIs: Communication between the inpatient and outpatient healthcare
2018 Hospital-to-home ended July 2017 providers
USA interventions: Provider e CCls: Care coordination, defined as those that involved intentional
communication organisation of patient care activities
interventions (PClIs); e  FEIs: Family engagement, which included family education and/or
Care coordination involvement in patient care
interventions (CCls); e  Follow-up care (CCI); Discharge planning (CCI); Teach-back based parental
Family engagement education (FEI); Contingency planning (FEI) were associated with reduction
interventions (FEISs) in UHR and ED revisit post hospital discharge
e Bundled CCls and FEIs were associated with lower use in patients with
chronic illnesses and neonates
Parikh Quantitative — Online 45 hospitals in the PHIS ~ Asthma e  2-discharge bundle: Content of education + communication with the primary
2018 survey 5-17 years patients medical doctor
USA Discharge education 17,115 respondents o 3-discharge bundle: Content of education + medications in hand + home-
bundles x 2 /16,457 based environmental mitigation;
e  Discharge bundles decreased 30-day UHRs but not statistically significant
Vigna Quantitative — Survey A paediatric heart centre 30 patients in intervention e  Overall average score of the composite proportion responding with “Strongly
2018 Discharge specialist role (discharge specialist Agree” was higher among intervention group, compared to control (p<0.001)
USA impacts on readiness for Role) and 30 on control e 12/18 items significantly higher
discharge readiness group
Almidani Quantitative — Chart Paediatric department of a e  Asignificant drop in the number of delinquent records
2017 review Standardisation tertiary hospital e From 1,131 delinquent records at the end of the fourth quarter of 2011 vs.
Saudi Arabia process of discharge 15 in the fourth quarter of 2016
summary e  The discharge documentation compliance rate has improved from 50% and
maintained around 80%s
Akinsola Quality improvement A tertiary ED 329 DCI (Pre) vs. 1,434 e Intervention: Written discharge instruction complement verbal instructions
EJOSlA?\ Chart review DCI (Post) e 8 key elements of good quality discharge instruction:

ED written discharge care
instruction (DCI)
compliances
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v' Customized note; Explanation of presenting complaint/diagnosis
v' Test(s) performed; Test(s) results

v" New medication(s); Reason for medication(s)

v' Reasons to follow-up; Follow-up physician's/specialty name

Bundle measure of all 8 elements increased from 23% (PRE) to 79% (POST)
(p<0.001)
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Study Design/
Reference Data Collection Setting Participants Main Results
Olivarez Quantitative — A cross- A tertiary care paediatric ~ English- & Spanish- e  Minimal differences between English and Spanish- speaking families in
2017 sectional observational ED Speaking interactional elements and basic dialogue during discharge.
USA study Electronic Medical e  Spanish-speaking families had longer wait times to discharge once the
Records (EMR) decision to discharge was made.
implementation e Implementation of EMR added efficiency in terms of seeing a physician after
arrival and equalizing the discharge instruction process between both groups.
Unaka Quality improvement A 42-bed A multidisciplinary team e Quality improvement Cycle
2017b Pre: Audit and feedback of unit of a large, urban of physicians, nurses, v Education and implementation of a general discharge instruction
USA data vs. Post (6months): tertiary children’s and template
Readability scored,; hospital parents v' Visible reminders and tips for writing readable discharge instructions
Chart review v" Implementation of disease-specific discharge instruction templates
Discharge instructions v Individualized feedback to staff on readability and content of written
discharge instructions
e Discharge written instructions at 7th grade
e Readability level increased from 13% to 98% and sustained for 4months
e  The reliable use of the templates was associated with improvements
Holland 2016 Qualitative Study — Chart A 86-bed magnet All-cause; 28 patients (9 e Atotal of 517 phrases were mapped
USA review children's hospital 6.2 years) with>one o 11 of the 42 Omaha System problems were identified. The most frequent
Exploratory thematic discharge plan problem was health care supervision (297/517; 57.4%).
analysis using Omaha documentation entries by | 5 oo System intervention categories were used: Teaching, guidance, and
System Text from 67 Social workers or counselling, case management, and surveillance
clinical notes Discharge planning ' '
nurses
Harlan Quality improvement — A 271-bed tertiary All-cause; 2,530 patient e Success and timeliness of discharge information transfer to primary care
2010 PDSA prospective, paediatric hospital discharged over 34 providers were significantly improved
USA cross-sectional weeks

Identification of primary
care provider; Electronic
and legible discharge
instructions; and
Automatic faxing to
primary care provider

730 Pre-intervention
236 Intervention
1,562 Post-intervention

Contents remained unchanged
Potential causes of suboptimal discharge communication include
v" Multiple individuals working on parts of the discharge process
v' Leverage Points:

= Poor education of patient about home needs

= Handwritten discharge order

= Duplicate entry of same information

Incomplete discharge instructions
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2.4 Publication 2

Zhou, H., Della, P.R., Roberts, P.A., Goh, L., &Dhaliwal, S.S. (2016). Utility of
models to predict 28-day or 30-day unplanned hospital readmissions: An updated
systematic review. BMJ Open, 6:€011060. http://doi:10.1136/bmjopen-2016-
011060

The BMJ Open was selected for this publication as it is a well recognised and cited
journal with impact factor of 2.659 in 2016. It is a fully online, open access journal, publishes
medical research studies from all disciplines and therapeutic areas. Confirmation of

adherence to copyright requirements is evidenced in Appendix A.2. This publication has

been cited 115 times by 2 August 2021 as per Scopus (Appendix D.1).

Specific objectives of Publication 2 were:

e To provide an updated systematic review on predictive models for 28-day or 30-day
unplanned hospital readmission

e To investigate and assess the characteristics of predictive models.
Main findings of Publication 2 were:

e Atotal of 60 studies with 73 unique predictive models were reviewed.

e A wide-range c-statistic was reported in 56/60 studies (0.21-0.88). 11 of 13 predictive
models for medical condition-related readmissions were found to have consistent
moderate discrimination ability (c-statistic > 0.7).

¢ Only two models were designed for the potentially preventable/avoidable readmissions
and had c-statistic>0.8.

e The variables ‘comorbidities’, ‘length of stay’ and ‘previous admissions’ were
frequently cited across 73 models.

e The variables ‘laboratory tests’ and ‘medication’ had more weight in the models for

cardiovascular disease and medical condition-related readmissions.
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ABSTRACT

Objective: To update previous systematic review of
predictive models for 28-day or 30-day unplanned
hospital readmissions.

Design: Systematic review.

Selling/daia source: CINAHL, Embase, MEDLINE
from 2011 to 2015.

Participants: All studies of 28-day and 30-day
readmission predictive model.

Outcome measures: Characteristics of the included
studies, performance of the identified predictive models
and key predictive variables included in the models.
Results: Of 7310 records, a total of 60 studies with 73
unigue predictive models met the inclusion criteria. The
utilisation outcome of the models included all-cause
readmissions, cardiovascular disease including
pneumenia, medical conditions, surgical conditions and
mental health condition-related readmissions. Overall, a
wide-range C-statistic was reported in 56/60 studies
(0.21-0.88). 11 of 13 predictive models for medical
condition-related readmissions were found to have
consistent moderate discrimination ability (C-statistic
>0.7). Only two models were designed for the
potentially preventable/avoidable readmissions and had
C-statistic >0.8. The variables ‘comorbidities’, ‘length of
stay’ and ‘previous admissions’ were frequently cited
across 73 models. The variables ‘laboratory tests' and
‘medication’ had more weight in the models for
cardiovascular disease and medical condition-related
readmissions.

Conclusions: The predictive models which focused on
general medical condition-related unplanned hospital
readmissions reported moderate discriminative ability.
Two models for potentially preventable/avoidable
readmissions showed high discriminative ability. This
updated systematic review, however, found inconsistent
performance across the included unigue 73 risk
predictive models. It is critical to define clearly the
utilisation outcomes and the type of accessible data
source before the selection of the predictive model.
Rigorous validation of the predictive models with
moderate-to-high discriminative ability is essential,
especially for the two models for the potentially
preventable/avoidable readmissions. Given the limited
available evidence, the development of a predictive

Strengths and limitations of this study

w This is an updated systematic review (2011—
2015) of the literature relating to risk predictive
models for unplanned hospital readmissions.

n This updated systematic review followed rigorous
methodology applying comprehensive electronic
database search, strict inclusion, exclusion and
quality assessment criteria to synthesise current
literature on characteristics and properties of risk
predictive models for 28-day or 30-day
unplanned hospital readmissions.

= The outcomes of the predictive models included
in this systematic review were restricted to
28-day or 30-day unplanned hospital
readmission.

model specifically for paediatric 28-day all-cause,
unplanned hospital readmissions is a high priority.

INTRODUCTION
Unplanned hospital readmissions cause a dis-
ruption to the normality of patients and/or
family/carers’ lives and result in a significant
financial burden on the healthcare system.'
In the USA, it has been estimated that 7.8
million (20%) of hospital-discharged patients
were readmitted. This accounted for $17.4
billion of hospital payments by Medicare.® *
In the UK, the figures suggested ~35% of
unplanned hospital readmissions, costing 11
billion pounds per annum (5.3 million
admissions in 2010/201 1).5

Unplanned hospital readmission rate is
considered as a performance indicator to
measure a hospital’s quality of care.® 7
Unplanned hospital readmission is defined
as the percentage of unplanned or unex-
pected readmission to the same hospital
within 28 days of being discharged.” *
However, the literature has widely used
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Open Access 8

30 days within the context of measurement of hospital
readmissions.! ¢ 7

One of the strategies to reduce the unplanned hos-
pital readmission rate is the application of predictive
models to identify patients at high risk for readmission.
Preventive approaches can then be developed and
applied to target the identified high-risk patients. A pre-
vious systematic review'® was conducted in 2011 on the
risk predictive models for adult medical patients’ hos-
pital readmissions. A total of 30 studies with 26 predict-
ive models were included, and the overall performance
of reviewed models was poor. It is, however, worth
noting that studies conducted in developing nations and
studies that focused on paediatric patients and adult psy-
chiatric and surgical patients were excluded.

Since 2011, there has been increased interest in either
developing new predictive models or validating existing
models due to high inpatient demand on the healthcare
system.' ' However, the performance of risk predictive
models has varied significantly. The purpose of this sys-
tematic review is to update previous systematic review on
predictive models for 28-day or 30-day unplanned hos-
pital readmissions and to investigate and assess the
characteristics of these models.

METHODS

Search strategy and data sources

An electronic database search was carried out using the
CINAHL, Embase and MEDLINE to identify studies
published between 2011 and 2015. The key search terms
included ‘unplanned readmission* or rehospitali** AND
(‘predict*> AND ‘model*’) OR ‘ROC or Cstatistic*” OR
‘sensitivity or specificity’ (see online supplementary
appendix 1 for full search strategy).

Inclusion/exclusion criteria

Articles eligible for inclusion were those published in
English with full-text access from 2011 to 2015. Only
peerreviewed studies were included in this review. The
study design of included studies needed to be clearly
stated together with details of the performance of the
risk predictive model reported. Abstract-only references
were excluded. Studies included in the previous system-
atic review'® were excluded due to overlapping of the
search period (1985-August 2011). Studies that included
patients discharged from hospital but still receiving treat-
ment, that is, intravenous antibiotics, via ambulatory
care or hospital in the home programmes were also
excluded.

Study selection and data extraction

Inigal literature searches were conducted by HZ and
PD. Two authors (HZ and LG) independently screened
titles, abstracts and appraised full papers against the
inclusion and exclusion criteria. The process of exclu-
sion was relatively straightforward and only a handful of
studies warranted discussion between the authors (HZ,

LG, SD, PD and PR) and to reach consensus as to
whether they met the inclusion criteria.

Data were extracted from the final included studies by
three authors (HZ, LG and SD). The data extraction
included study characteristics, model performance and
key variables of the predictive model. Study character-
istics included study setting, population, data source, the
timing of data collection, sample size, study design,
model name if applicable, model utilisation outcome
and readmission rate (table 1). Measures assessing pre-
dictive model performance, including discrimination,
calibration, cut-off values used to identify patients at
high risk of being readmitted to the hospital, sensitivity,
specificity, positive predictive value (PPV) or negative
predictive value (NPV), were extracted (table 2). Model
discrimination is commonly assessed using C-statistic or
the area under the receiver operating characteristic
curve. Values of the Cstatistic measurement range from
0.5 to 1.0. A value of 0.5 indicates that the model is no
better than chance at making a prediction of member-
ship in a group, and a value of 1.0 indicates that the
model perfectly identifies those within and not within a
group. Models are typically considered reasonable when
the Cwstatistic is higher than 0.7 and strong when the
Cstatistic exceeds 0.8.”' Variables of the readmission risk
predictive model were also extracted and presented in
table 3. The studies were grouped based on the model
utilisation outcome in the three tables. Disagreements
between two reviewers about the extracted data were
resolved through group discussion.

Quality appraisal

Six domains of potential bias™ were used to appraise
the quality of included studies critically. The assessment
of risk for bias was completed by two independent
reviewers (HZ and SD). The ratings of ‘yes’, ‘partly’, ‘no’
or ‘unsure’ were given to each domain and then an
overall risk of ‘low” or ‘high’ was assigned to each study.
The six domains are:

1. Study participation: ‘Was source population clearly
defined?” and “Was the study population described?’
or ‘Did the study population represent source popu-
lation or population of interest?”

2. Study attrition: ‘Was completeness of follow-up
described and adequate?’

3. Prognostic factor measurement: ‘Did prognostic
factors measure appropriately?”

4. Outcome measurement: ‘Was outcome defined and
measured appropriately?’

5. Confounding measurement and account: ‘Were con-
founders defined and measured?’

6. Analysis: ‘Was analysis described and appropriate?’
and ‘Did analysis provide sufficient presentation of
data?’

Data synthesis

Pooling of quantitative data was not possible as the
included studies were not homogeneous. Therefore, the

2
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Table 1 Characteristics of 49 included studies on 28-day or 30-day unplanned hospital readmission (UHR) predictive models

Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years)  source rate
All-cause UHRs (14)
Escobar et al'® ED 30 30-day all-cause Retrospective cohort A total of 360 036 Mean=64.1 1 June 2010~  Derivation:
USA Discharge 30 LACE readmissions 21 hospitais patients 31 December 12.5%; Validation:
(validation) Electronic medical 179 978 derivation set 2013 12.4%
records 180 058 validation set
Yu et al'” Institution-specific prediction ~ 30-day all-cause Retrospective cohort  Hospital 1=2441 >65 Not reported H1=23%
USA model readmission 3 hospitals Hospital 2=26 520 H2=20%
LACE (validation) Hospital 3=45 785 H3=18%
Baillie et al'® Prediction model 30-day all-cause Retrospective and Retrospective: 120396  Not reported—adult  August 2009- Retrospective:
USA readmissions prospective cohort discharges September 14.4%;
3 hospitals prospective validation 2012 Prospective:
15.1%
Choudhry et a'? ACC Admission and 30-day all-cause Retrospective cohort A total of 126 479 Mean=66.01 1 March 2010- 7.25%
USA Discharge model readmissions patients (readmission) 31 July 2012
8 hospitals 94 859 derivation set 57.65 (no
31 619 internal and readmission)
6357 external
validation
Gildersleeve and Risk of readmission score 30-day all-cause Retrospective cohort  Derivation: 8700 Mean=60.6 2010 14.1%
Cooper'® (RRS) readmission 1 community patients
USA hospital Validation: 8189 Mean=65 2011 14.8%
patients
Kruse et af® Unnamed 30-day all-cause Retrospective cohort 463, 351 Index >18 1 October 9.7%
USA readmission 91 hospitals— admissions 2008-31
Health Facts August 2010
Database
Richmond?' Unnamed 30-day all-cause Retrospective cohort 4717 patients splitinto  Mean=77.27 January 2010-  14.4%
USA readmission for state-level database  a derivation (80%) and December
patients>65 years validation sample 2012
(20%)
Shulan ef af? Unnamed 30-day all-cause Retrospective cohort 8718 patients Mean=67.04 2011 16.2%
USA readmission centralised database Derivation (50%) (UHRs); 66.43 (no
Validation (50%) UHRs)
van Walraven et aP® LACE+ (extension of a 30-day all-cause Retrospective cohort 499 996 patients/ >18 2004-2009 11.8%
Canada validated index) readmission centralised database 858 410 index
hospitalisations
Cotter et ai'® LACE index (validation) 30-day all-cause Retrospective cohort 507 patients Mean=85 2010 17.8%
UK readmission centralised database
Continued
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Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years) source rate
Regression model Retrospective cohort 502 patients (validation 14.8%
centralised database cohort)
Khan et af* Rehospitalisation Risk Score 30-day all-cause Retrospective cohort 227 patients Average=79 Single day on 15%
USA readmission 10 hospitals/EMRs 26 January
2011
Lee®® Unnamed 28-day all-cause Retrospective cohort 11 951 patients Ranged from 0 to 70 2009 28.9%
Korea readmission 1 tertiary hospital Derivation (70%}); +
Validation (30%)
van Walraven ef af® CMG score {case-mix groups) 30-day all-cause Retrospective cohort  Random 200 000 Mean age of 1 April 2003— 6.8%
Canada LACE index (validation) readmission 4 health databases  patients of 3277 033 Derivation: 58 31 March 2009
Combined CMG score and Derivation: 100 000 Validation: 57.9
LACE index Validation: 100 000
van Walraven ef af” LACE+ 30-day all-cause Retrospective cohort  Random 500 000 of Mean=57.9 1 April 2003— 14%
Canada LACE+ with CMG score readmission 4 health databases 3 277 033 patients then  (derivation); 57.9 31 March 2009
1/2 derivation and ¥ (validation)
validation
Cardiovascular disease-related UHRs including pneumonia (11)
Hebert et al'® CHF model 30-day readmission on Retrospective cohort A total of 3968 patients Mean=61 1 August 16.2%
USA PNA model Congestive heart failure/ A tertiary medical Derivation: 3572 2009-31 July
AMI model pneumonia/acute centre 2011
Combined model myocardial infarction Historical validation: 1 August 17.7%
1756 2008-31 July
2009
Random sample: 396 16.2%
lannuzzi et af® Vascular surgery readmission  30-day readmission on Retrospective cohort 24 929 patients Mean=69.5 (UHRs), 2011 10.1%
USA risk score patients after vascular National Surgical 69.7 (no UHRs)
surgery Database
Keyhani et af® CMS-based model 30-day readmission on Retrospective cohort 3436 patients Mean=69.5 (UHRs}, 2007 12.8%
USA CMS-based model plus social patients with stroke 114 hospitals 66.9 (no UHRs)
Risk factors
CMS-based model plus social
risk and clinical factors
Rana et af° Electronic medical record 30-day readmission on Retrospective cohort 1660 AMI admissions Mean=67.8 January 2009- 6.3%
Australia {EMR) model ischaemic heart disease A regional heaith Derivation cohort: 1107  (derivation cohort); December
HOSPITAL score (validation) of patients after AMI service—tertiary Validation cohort: 653 validation cohort: 2011
Comorbidities (validation) hospital 68.4
Continued
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Table 1 Continued

Chapter 2. Exploring the Literature

Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years) source rate
Shahian et af' Unnamed 30-day readmission post  Retrospective cohort 162 572 admissicns >65 2008-2010 12.6-23.6%
USA coronary artery bypass National Database
grafting (846 hospitals)
Shams et af*? Potentially avoidable 30-day avoidable Retrospective cohort 5600 admissions HF: mean=71.3 2011-2012 13.09%
USA readmission (PAR) readmission on Veterans Health (PARY); vs 68.6 (no
pneumonia/HF/AMI/ Administration data UHRs)
COPD Intemnal validation AMI: mean=73.3
External validation 478 patients (PAR) vs 69,3 (no August and
UHRs) September
2012
CMS endorsed model 30-day readmission
(validation)
Sharif et af® Unnamed 30-day readmission on Retrospective cohort 8263 patients Mean=57 (UHRs); January 2009- 8.9%
USA patients aged 40— A large national no UHRs—age not November
64 years with COPD commercial reported 2011
insurance database
Lucas et aP* Complex all-variable model; 30-day readmissions on  Retrospective cohort A total of 230 864 Median=56 2011 5-16% across
UsSA parsimonious readmission patients post general, National Surgery patients surgical
score vascular, and thoracic Database Derivation: 162 159 specialties
surgery (70%): Validation:
68 705 (30%)
Wallmann et aP® Unnamed 30-day readmission on Retrospective cohort 35 531 admissions Mean=67.9 2003-2009 Derivation: 4.4%,;
Spain cardiac-related disease 1 tertiary centre Derivation cohort: Validation: 4.7%
24 881
Validation cohort:
10 650
Wasfy et a*® Risk score for 30-day 30-day readmission after Retrospective cohort 36 060 surviving to Mean=68.1 (UHRs); 1 October 10.4%
USA readmission after PCI percutaneous coronary centralised database discharge 64.3 (no UHRs) 2005-30
{parsimonious) intervention September 30
2008
Krumholz et a” Claims model 30-day readmission on Retrospective cohort  Derivation cohort: Mean=78.7 Half of 2006 18.9%
USA acute myocardial Medicare Claims 100 465
infarction (AMI) Database Validation cohort:
321088
Medical record model Derivation cohort: 2005 and half 19.96%
130 944 of 2006
Validation cohort:
130 944
Cardiovascular disease-refated UHRs including pneumonia—heart failure only (11)
Betihavas et af® Unnamed 28-day readmission on Retrospective cohort 280 patients Mean=69 (no Not reported 13%
Australia patients with chronic Multicentre 94 (no UHRs); 37 UHRs); 79 (UHRs)
heart tailure (28-D UHRs)

72
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Table 1 Continued

Chapter 2. Exploring the Literature

Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years) source rate
Di Tano ef a® Unnamed 30-day readmission on Prospective cohort 1520 patients Mean=72 Not reported 6.25%
ltaly acute HF National Registry
Database
Huynh et af*® The non-clinical model 30-day readmission on Retrospective cohort  Non-clinical—1537 Mean=80 2009-2012 25.4%
Australia The clinical model HF state-wide data patients
The combined model linkage Clinical—977 patients
available
Raposeiras-Roubin ~ GRACE risk score 30-day readmission on Retrospective cohort 4429 patients Mean=77 (UHRs); 2004-2010 1.3%
et af' HF after acute coronary A single cenire 68 (no UHRs)
Spain syndrome
Sudhakar et ar*? Readmission Risk score 30-day readmission on Retrospective cohort 1046 admissions from Mean=65.2 September 35.28%
USA patients with CHF A tertiary hospital/ 712 patients 2011-August
chart review 2013
Fleming et af® Unnamed 30-day readmission on Retrospective cohort 3413 admissions Mean=74 (derivation 1 October 24.2%
USA patients with HF 1 tertiary medical Derivation: cohort); validation 2007-30 (derivation)
centre Validation=3:1 cohort: 74.6 August 2011
(2566:847)
Wang et al'* LACE index (validation) 30-day readmission on Retrospective cohort 253 patients Mean: 57.67 (no June 2012- 24.5%
USA patients with CHF An urban public UHRs); 56.17 June 2013
hospital (UHRs)
Eapen et af*® Unnamed 30-day readmission on Retrospective cohort 33 349 patient Median=80 1 January 22.8%
USA heart failure Centers for 70% in derivation 2005-31
Medicare database  cohort December
30% in validation 2009
cohort
Zai et af*® The telemonitoring-based 30-day readmission on Retrospective cohort 100 patients Average age of 66.8  July 2008— 38%
USA readmission model; the heart failure Patients enrolled in November
psychosocial readmission the telemonitoring 201
model (validation) program
Au et af” Five administrative 30-day readmission on Retrospective cohort 59 652 patients Mean=76 April 1999 and  19%
Canada data-based models: Charlson; HF 4 health databases 2009
CMS Krumholz
Keenan; LACE; LACE+
Watson et af'® The psychosccial readmission 30-day readmission on Retrospective cohort 729 Mean=71.4 1 October 13.3% (all
USA model HF 1 tertiary hospital 2007-30 female)
September
2008
Cardiovascular disease-refated UHRs including pneumonia—pneumonia only (2)
Mather ef af'® Hartford Hospital model 30-day readmission on Retrospective cohort 956 index admissions >65 January 2009- 15.5%
USA CMS Model (validation) pheumonia A ltertiary hospital March 2012
Continued
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Table 1 Continued

Chapter 2. Exploring the Literature

Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years) source rate
Lindenauer et af® Administrative claims model 30-day readmission on Retrospective cohort  Derivation cohort: Mean=80 Half of 2006 17.4%
USA pneumonia Medicare enrolment 226 545
database Validation cohort:
762 721
Medical record model 47 429 cases Half of 2006 17.0%
and 2005
General medical condition-related UHRs (10)
Shadmi et af’ Preadmission Readmission 30-day readmission on Retrospective cohort  Total: 33 632 Mean=68.2; 67.5 1 January 16.8%
Israel Detection Model medical patients Clalit Health admissions (no UHRs); 72.5 2010-31 March
Services/EMR Derivation: 22 406 (UHRs) 2010
Validation: 11233
Tsui et af? Unnamed 28-day readmission on Retrospective cohort  Total: 327 529 >65 Derivation: 7.8%
Hong Keng elderly medical patients 41 hospitals/EMS episodes 2005 7.6%
Derivation: 165 216 Validation:
Validation: 162 313 2006
Donzé et af® Unnamed 30-day readmission on Retrospective cohort 10 275 admissions Mean=61.5 (no 1 July 2009-30 Total:22.3%; 8%
USA medical patients due to 1 tertiary medical UHRs); 60.8 June 2010 —PARs
end-of-life care centre including 3 (potentially
hospitals avoidable
readmissions
(PARs)
He et af* Unnamed 30-day readmission on Retrospective cohort  Medical patients: Mean=50.3 (JHH) Medical 11.5% (JHH)
USA medical patients and JHH (tertiary centre) 26 091 (JHH)+16 194  51.5 (BMC) patients: 8.7% (BMC)
chronic pancreatitis (CP) BMC (community (BMC) January 2012—
hospital) April 2013;
Patients with CP: 3218  Mean age: 51.4 CP discharged  15.6% (JHH)
(JHH)+706 (BMC) (JHH) from January 7.8% (BMC)
51.4 (BMC) 2007-April
2013
Taha et af® Readmission Risk Score 30-day readmission on Retrospective cohort 858 index Mean=54 1 April 2010- 16%
USA {RRS) general internal 4 teaching and 2 hospitalisations (derivation); 30 June 2010
medicine services non-teaching Derivation cohort: 613 validation cohort: 54
general internal Validation cohort: 245
medicine services
Donzé et al'* HOSPITAL score 30-day readmissions on  Retrospective cohort 10 731 discharges Mean=61.3 1 July 2009-30 8.5%
USA general medical patients ~ Multicenire health June 2010
services
Tan et af® LACE index (validation) 30-day readmission on Retrospective 127 550 patients >21 1 January 4.87-18.43%
Singapore general medical patients  The largest fertiary 2006-31
general hospital December
2010
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Table 1 Continued

Chapter 2. Exploring the Literature

Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years) source rate
Billings ef a’ PARR-30 30 days readmission on  Retrospective cohort 576 868 admissions Adult 1 April 2008 12.2%
USA general medical patients  centralised database and 31 March
2009
Zapatero et af’” SEMI INDEX 30-day readmission on Retrospective cohort  Derivation cohort: Median=70 for two January 2006— 12.4%
Spain general medical patients  National Health 999 089 patients; cohorts December
Database Validation cohort: 2007
510 588 patients 2008 12.5%
(internal)
Gruneir ef af® LACE index (validation) 30-day readmission on Retrospective cohort 26 045 patienis 18-105 2007 12.6%
Canada general medical patients & hospitals
Medical condition UHRs—cirrhosis only (2)
Singal et af® Unnamed 30-day readmissions on  Retrospective cohort A total of 838 patients Mean=52.5 January 2008— 27%
USA patients with cirrhosis 1 large safety-net with 1291 admissions December
hospital Derivation: 968 2009
Validation: 323
Volk et af® Cirrhosis readmission 30-day readmission on Retrospective cohort 402 patients >18 1 July 20061 41%, 22% of
USA prediction model cirrhosis 1 tertiary hospital July 2009 which are PARs

Medical condition UHRs—chronic kidney disease only (1)

Perkins et af'
USA

Unnamed

Medical condition UHRs—HIV only (1)

Nijhawan et af®
USA

Medical condition UHRs—acute pancreatitis (1)

Whitlock ef af®
Usa

Unnamed

Unnamed

Surgical condition-related UHRs (6)

Taber et af*
USA

Lawson et af®
USA

B0DRA with fixed variable vs
30DRA with fixed variables
and dynamic clinical data

Unnamed

{demographic, preoperative
and postoperative risk factors)

30-day readmission on
patients with CKD
second to HF

30-day readmission on
HiV-infected patients

30-day readmission on
acute pancreatitis

30-day readmission on
patients following kidney
transplantation

30-day readmission on
patients following
colectomy

Retrospective cohort
2 inpatient facilities

Retrospective cohort
1 tertiary hospital

Retrospective cohort
2 hospitals

Retrospective cohort
An institution

Retrospective cohort
NsQIP

607 patients with
chronic kidney disease

2402 index admissions
randomly split (1/2)
into derivation vs
validation

Derivation cohort: 248
Validation cohort: 198

1147 patients
Derivation; internal
validation using
random iteration of
50% sampling

12 981 patients

Mean=72.3 (UHRs});
74.1 (no UHRs)

Mean=43

Mean=51.6
derivation
Validation: 52.3

Mean=51 (no
UHRs); 52 (UHRs)

>65

1 July 2004-28
February 2010

March 2006—
November
2008

1 June 2005-
31 December
2007

1 January
2008-31
QOctober 2009

2005-2012

2005-2008

19.1%

24.4%

19%
23%

M%

13.5%
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Table 1 Continued

Chapter 2. Exploring the Literature

Duration of
Study design/data retrieved data  Readmission
Reference Model name Model outcome source Sample size Age group (years) source rate
lannuzzi et af® Endecrine surgery 30-day readmission on Retrospective cohort 34 046 cases Mean=54 (no 2011-2012 2.8%
USA Readmission Risk Score patients following NSQIP—a large Derivation and UHRs); 55 (UHRs)
cervical endocrine national clinical validation cchort
cperations database (numbers were not
specified)
Mesko et aF” Unnamed 30-day readmission on Retrospective cohort 1291 admissions/1236  Mean=65.6 (UHRs), 1 May 2010-30 3.6%
USA total hip and knee A readmission patients 68.3 (no UHRs) April 2011
arthroplasty database
Moore et af® Unnamed (quality indicator 30-day readmission on Retrospective cohort 57 524 patients >16 1 April 2005- 6.6%
Canada based) trauma 57 trauma centres 28 February
2010
Graboyes et aP® Unnamed 30-day readmission on Retrospective cohort 1058 patients—1271 Mean=52 (no 1 January 7.3%
USA otolaryngology patients A tertiary hospital hospital admissions UHRs); 56 (UHRs) 2011-31
December
2011
Mental health condition-related UHRs (1)
Vigod et af”® READMIT (41 points) 30-day readmission after Retrospective cohort  Derivation: 32 749 Median=41 (UHRs); 1 April 2008- 8.42-10%
Canada discharge from acute National health data  patients 44 (no UHRSs) 31 March 2011

psychiatric units

Validation: 32 750
patients

ACS, acute corenary syndrome; AMI, acute myocardial infarction; AP, acute pancreatitis, CHF, congestive heart failure; CKD, chronic kidney disease; COPD, common cbstructive pulmonary

disease; EMRs, electronic medical records; GRACE, global registry of acute coronary events; HF, heart failure; PCI, percutaneous coronary intervention; PREADM, preadmissicn readmission

detection model; PNA, peptide nucleic acid.
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Chapter 2. Exploring the Literature

Table 2 Performance of predictive models for 28-day or 30-day unplanned hospital readmissions (UHRs)

Calibration Threshold Sensitivity Specificity PPV NPV
Reference Model name Discrimination (ROC) (H&L) (%) (%) (%) (%) (%)
All-cause UHRs (14)
Escobar et al'® ED 30 Validation: 0.739 0.40 >20
Discharge 30 Validation: 0.756 0.60 >30
LACE (validation) Validation: 0.729 0.40 >60
Yu et al'” Institution-specific prediction 0.74 (hospital 2)
model 0.64 (at admission)
0.72 (after discharge)
LACE (validation) 0.55 (hospital 2)
Baillie et af'® Prediction model Retrospective: 0.62 40 85 31 89
Prospective: 0.61 39 84 30 89
Choudhry et af'? ACC Admission Model Derivation data set: 0.76 Derivation data set: 11 70 71
Internal validation: 0.75 36.0 (p<0.001)
Average (500 simulations in Internal validation
derivation data set): 0.76 data set: 23.5
External validation data set with (p=0.0027)
recalibration: 0.76 External validation
with recalibration: 6.1
(p=0.641)
ACC Discharge Model Derivation data set: 0.78 Derivation: 31.1 1 70 7
Internal validation: 0.77 (p<0.001)
Average: 0.78 Internal validation:
External validation data set with 19.9 (p=0.01)
recalibration: 0.78 External validation
with recalibration:
14.3 (p=0.074)
Gildersleeve and Risk of readmission score Derivation cohort: 0.74 21.6 (p=0.0086) 14 749 54.4 222 926
Cooper'® (RRS)
Validation cohort: 0.70 79.2 55.4 226 942
Kruse et af® Unnamed Derivation set: 0.668
Validation set: 0.657
Richmond?' Unnamed 0.60 47 78
Shulan et af? Unnamed Derivation cohort: 0.80
Validation cohort: 0.70
van Walraven et aP® LACE+ (extension of a 0.768 (1 hospitalisation per patient) H-L »2 50.3
validated index) 0.730 {all hospitalisations) H-L % 10972
Cotter et al'® LACE index (validation) 0.55
Regression model 0.57 47 54 47
Continued
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Chapter 2. Exploring the Literature

Calibration Threshold Sensitivity Specificity PPV NPV
Reference Model name Discrimination (ROC) (H&L) (%) (%) (%) (%) (%)
All-cause UHRs (14)
Khan et af* Rehospitalisation risk score 19 97 28 19 98
21 58 63 21 90
27 42 81 27 89
Lee®® Unnamed ROC was graphically illustrated, but
no actual number was reported
van Walraven et af® CMG Score 0.637 p=0.0079
LACE index (validation) 0.72 P<0.0001
Combined CMG Score and  0.743 p<0.0001
LACE
van Walraven et af’ LACE+ (validation) 0.743
LACE+ with CMG score 0.753
Cardiovascular disease-related UHRSs including pneumonia (11)
Hebert ef al'® CHF model Derivation cohort: 0.64-0.73; p>0.05
PNA model Historical validation: 0.61-0.68;
AMI model Random sample combined:
Combined model 0.63-0.76
lannuzzi et af® Vascular surgery readmission Derivation dataset: 0.67 0.09
risk score Validation dataset: 0.64 0.66
Keyhani et af® CMS-based model 0.636 0.866
CMS-based model plus 0.646 0.462
social risk factors
CMS-based model plus 0.661 0.856
social risk and clinical factors
Rana et af° EMR model 0.78 5 65 78 21 83.6
HOSPITAL score (validation) 0.60 62 50 13 78.9
Comorbidities (validation) 0.53 65 45
Shahian et aP' Unnamed 0.648
Shams et af? Potentially avoidable Retrospective cohort: 0.836 91.95 97.65 86.61 98.65
readmission (PAR) Validation internal: 0.818/external:
0.809
CMS endorsed model 0.63
{validation)
Continued
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Table 2 Continued

Chapter 2. Exploring the Literature

Calibration Threshold Sensitivity Specificity PPV NPV
Reference Model name Discrimination (ROC) (H&L) (%) (%) (%) (%) (%)
Cardiovascular disease-related UHRs including pneumonia (11)
Sharif et af*® Unnamed (basic model vs Basic model (patient characteristics
final model) only): 0.677; final model (additional
provider-level and system-level
factors)
Derivation set: 0.717
Validation set: 0.73
Wallmann et a® Unnamed 0.75 4 66 70 10 98
Wasfy et af® Risk score for 30-day Validation data set: 0.67 >24
readmission after PCI
{parsimoenious)
Lucas et af* Complex all-variable model Derivation data set: 0.721
Validation data set: 0.724
Parsimonious readmission Derivation data set: 0.696 1.2 100 0 8 !
score Validation data set: 0.702
24 99 6 8 99
4.7 92 28 10 98
8 77 52 12 97
11.8 55 73 15 95
14.6 37 85 17 94
17.2 21 92 19 93
20.3 9 97 21 93
222 2 100 22 92
40 0 100 40 92
Krumholz et aP” Claims model Derivation cohort: 0.63
Validation cohort: 0.62-0.63
Medical record model Derivation cohort: 0.58
Validation cohort: 0.59
Cardiovascular disease-related UHRs including pneumonia—heart failure only (11)
Betihavas et af® Unnamed 0.8
Di Tano et af® Unnamed 0.695
Huynh et a/*® The non-clinical model 0.66
The clinical model 0.72
The combined model 0.76
Raposeiras-Roubin ~ The GRACE risk score 0.79 p=0.83 37.9 82.5 62.8 5.6 991
et al!
Continued
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Chapter 2. Exploring the Literature

Calibration Threshold Sensitivity Specificity PPV NPV
Reference Model name Discrimination (ROC) (H&L) (%) (%) (%) (%) (%)
Sudhakar et al*? Readmission Risk (RR) All age group—0.61 >29 33 80 47 69
USA Score >65 years—0.59
Random selection—0.58
>24 61 52 41 71
>21 83 27 38 75
Fleming et af*® Unnamed Derivation cohort: 0.69
Validation cohort: 0.66
Wang et ai'* LACE index (validation) >10
Eapen ef ai*® Derivation cohort: 0.59
Validation cohort: 0.59
Zai et al*® The telemonitoring-based 0.21 50 81 61 72
readmission model
The psychosocial model 0.67 87 32 44 80
(validation)
Au et al” Five administrative 0.57-0.61
data-based models
Watson et af*® The psychosacial 0.67
readmission model
Cardiovascular disease-related UHRs including pneumonia—pneumonia only (2)
Mather et ar*® Hartford Hospital model Derivation data set: 0.71 p=0.96
Validation data set: 0.67
Lindenauer etaf®  Administrative claims model  0.63
CMS medical record model  0.59
General medical condition-related UHRs (10)
Shadmi et af' PREADM Derivation data set: 0.70
Validation data set: 0.69
Tsui et af? Unnamed Derivation data set: 0.819 p<0.05
Validation data set: 0.824
Donzé et af® Unnamed 0.85
Continued
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Table 2 Continued

Calibration Threshold Sensitivity Specificity PPV NPV
Reference Model name Discrimination (ROC) (H&L) (%) (%) (%) (%) (%)
General medical condition-related UHRs (10)
He et af? Unnamed Medical Validation
patient Within CVon 0.75 21 50 84 29 93
site JHH
CVon 0.79 30 50 88 28 95
BMC
Across  Teston  0.81 9 47 88 27 95%
site BMC
Teston 0.78 30 58 76 24 93
JHH
CP Within CVon 0.71 21 50 68 34 84
site JHH
CVon 0.65 30 56 79 20 955
BMC
Across Teston 0.65 9 85 41 11 97
site BMC
Teston 0.73 30 60 71 27 91
JHH
Taha et af® Readmission Risk 12 18 95
Score
16 18 90
20 20 89
24 21 86
28 28 85
32 38 84
Donzé et al HOSPITAL score Derivation data set: 0.69  Derivation data set; p=0.28 5.2-18.4
(2013)" Validation data set: 0.71  Validation data set: p=0.15
Tan et af® LACE index (validation) 0.70 13.1 (p=0.107) 16
Billings etal''  PARR-30 0.70 50 5.4 99.5 59.2
Zapatero et af” SEMI INDEX 0.876 Derivation cohort 7.4-22
p=0.247 (<50 years group)
p=0.1 (51-70 years group)
p=0.182 (71-90 years group)
p=0.227 (>90 years group)
Validation cohort
p=0.350 (<50 years group)
p=0.1 (51-70 years group)
p=0.246 (71-90 years group)
p=0.617 (>90 years group)
Gruneir et af®  LACE index (validation) 16
Continued
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Reference Model name

Medical condition UHRs—cirrhosis only (2)

Singal etaf® Unnamed

Volk et af® Cirrhosis readmission prediction model

Medical condition UHRs—chronic kidney disease only (1)
Perkins et af' Unnamed

Medical condition UHRs—HIV only (1)

Nijhawan Unnamed

et af?

Medical condition UHRs—acute pancreatitis (1)
Whitlock Unnamed

et af?

Surgical condition-related UHRs (6)

Taber etaP*  30DRA with fixed variable

USA
30DRA with fixed variable and dynamic
clinical data

Lawson et a®® Unnamed

lannuzzi Endocrine surgery Readmission risk
et af® score

Mesko et aP”  Unnamed

Moore et af®  Unnamed

Graboyes Unnamed

et af®

Mental health condition-related UHRs (1)
Vigod eta®  READMIT

Calibration Threshold
Discrimination (ROC) (H&L) (%)

Derivation cohort: 0.68
Validation cohort: 0.66
0.65

0.792 20
50
80

Derivation: 0.72
Validation: 0.70

Derivation cohort: 0.88
Validation cohort: 0.83

0.63 p=0.061 10

0.731 p=0.603 10
0.728

Derivation cohort:
0.676

Validation cohort:
0.646

Derivation data set:
0.59

Validation data set:
0.59

0.651

p=0.083

p=0.592

Intercept,

slope 0.000370;
1.0001

0.85

Derivation data set:
0.631

Validation data set:
0.63

p=0.868

Sensitivity
(%)

69
28.5
1.7

Specificity
(%)

73.4
97.1
99.8

PPV
(%)

38.3
70.2
66.7

57.7

62.8

NPV
(%)

90.9
85
19.1

63.8

73.3

NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.
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Chapter 2. Exploring the Literature

Table 3 Summary of significant variables included in the predictive models for unplanned hospital readmissions (UHRs)

k] = » ) ) »®
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Ali-cause UHRs (14)
Escobar ef af'® ED 30 and Discharge 30 v v v v v
LACE index (validation) v v v v
Yuetal'” Institution-specific prediction model v v v v 4 v
LACE index (validation) v v v v
Bailiie et al'® Prediction model v
Choudhry et af'? ACC Admission and Discharge Model 7 s S s s s '
Gildersleeve and Cooper™ Risk of Readmission Score (RRS) v s v v v v v
Kruse et af® Unnamed " v A v v
Richmond®’ Unnamed v v v as v
Shulan et af? Unnamed v v v
van Walraven et aP® LACE+ (validation) v v v v v v v
Cotter et af'® LACE index (validation) v v v v
Regression model v
Khan et af* Rehospitalisation Risk Score v v P v v
Lee®® Unnamed s v v
Ali-cause UHRs (14)
van Walraven et af® CMG score v
LACE (validation)
Combined CMG and LACE v v v v v
van Walraven et af” LACE+ (validation)
Combined CMG and LACE+ v v v v v s ' '
Cardiovascular disease-related UHRSs including pneumonia (11)
Hebert et a/'® CHF model v v v /77 v
PNA model v v s v
AMI model v v v v ¥
Combined model 's v v v 7 v
lannuzzi et af® Vascular surgery readmission risk score v v 7 v 4 v
Keyhani et af® CMS-based Model ' 7
CMS-based Medel plus social risk factors v v v
CMS-based madel! plus social risk and clinical factors 4 v v
Rana et af® EMR Model v v 7/ v
Shahian et a’*' Unnamed s v
Shams et a** PARs v v v v 7
CMS endorsed model (validation)
Sharif et a® Unnamed v v 7 v v
Lucas et a Complex all-variable model 4 A A A v ‘a4 v v
Parsimonious readmission score v v
Wallmann et ai* Unnamed ' 4 v v
Wasfy et af® Risk score after PCI (parsimonious) ' s v v v '
Krumholz et af” Claims model (administrative) v v
Medical record model ' v v v v v
Continued
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Table 3 Continued
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Reference Model name EE§§88§§8§$§58§§E§§E‘§5§§§§§E§§EE§§§$$§ g
Cardiovascular disease-related UHRs including pneumonia—heart failure only (11)
Betihavas et a*® Unnamed v
Di Tano et af® Unnamed v v v
Huynh et ar'® Non-clinical model s ' ' v
Clinical model s 7 v v
Combined model 's 's v v s v
Raposeiras-Roubin et al'’ The GRACE Risk Score v v v v v
Sudhakar et a*? Readmission Risk Score v v v v v v
usa
Fleming et ai** Unnamed 7 7/ 7 v
Wang et af** LACE index (validation)
Eapen et ar'® Unnamed v 7 VR v S
Zai et ar® The telemonitoring based readmission model v v
The psychosocial readmission model (validation)
Au etal”’ Charlson (validation) e v
CMS Krumholz {validation)
Keenan (validation) v v v
LACE (validation)
LACE+ (validation)
Watson et af*® The psychosocial readmission model v v
Cardiovascular disease-related UHRSs including pneumonia—pneumonia only (2)
Mather et al*® Hartford Hospital Model v v v v
CMS Model (validation})
Lindenauer et af” Claims mode! (administrative) v v '
Medical record model v ' v s ' v
General medical condition UHRs (10)
Shadmi et af’ PREADM s v v v v
Tsui et af® Unnamed v v v v
Donzé et al (2014)>* Unnamed v Fs v
He et af* Unnamed v v v
Taha et aP® Readmission Risk Score (RRS) v v v v 7
Donzé et al (2013)"* HOSPITAL score v v/ v v
Tan et af® LACE index (validation)
Billings et ai'' PARR-30 v v v 4
Zapatero et af” SEMI INDEX v v v
Gruneir et af® LACE index (validation)
Medical condition UHRs—cirrhosis onty (2)
Singal et af® Unnamed v v v v v
Volk et af® Cirrhosis readmission prediction model v v v
Medical condition UHRs—chronic kidney disease (1)
Perkins et af' Unnamed v v v s v o
Continued
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included studies were qualitatively synthesised and pre-

subis [eyA ~ . .
sented in narrative form.
o
iuanedino jo asn
swoldwisg
RESULTS
obesn sasuelsqns N .
uorssnupe, Literature search result
Xapul 18 S3INPasoad S The initial electronic database search produced 7310
sisouboud ||esanQ records. After removal of 1798 duplicates, a total of 5512
suopejuesad a3 references of potential relevance to this systematic
enojaad Jo Jequn review remained. Titles and abstracts were then
uojssiwpe o 299 - ,
snojaaud Jo sequiny appraised and.ea_(cluded 5333 records due to irrelevance.
suopeoipayy Of the remaining 179 relevant references, 98 were
suoneaduwo) excluded as they were conlerence abstracts. A total of 81
! SSS references were reviewed as full text and a further
enesadorsod f d as full text and a further 21
suoneulwexs) were excluded against selection criteria. A total of 18 of
1eaishud the 21 excluded studies developed and/or validated risk
Aure jo biuen predictive models for the 48-hour™ or 72-hour™ inten-
i Bm:q;: sive care unit readmissions or the 3-month to l-year
y unplannec ospital readmissions.””™  One study
Aanfu Pl U h pit 1 1 " )
uoissiwpe jo ady focused on participants who were discharged to a hos-
xapu| pital in the home-hospital programme receiving intra-
a1 dpisy\ aoueinsuy venous antibiotics.”’ The other study,”® which had been
HRIESH included in the previous systematic review,'” was also
e!“'l':mua; excluded. It was also found that the same result was pub-
WowuoAg lished in two articles;”® therefore, the later year article™
1noy abieyssig was tjxc.lude‘d. A.hand search of reference list of the
uomisodsip remaining 60 articles was also conducted and no add-
eYISIQ itional studies were identilied. Finally, a total ol 6
aba tional stud dentified. Finally, a total of 60
lerospydeSowag S studies were included in this systematic review. Figure 1
025 Buiy Aeq > is a flow chart as per the Preferred Reporting Items for
BaBYIsIp admxaq Systematic Reviews and Meta-Analyses of the screening
suoneadwod . - o :
Heal process of the database search results. The overall risk of
SSUPIGIOWO) SNSNSNSNN . . . .
m N bias of the 60 studies was low when evaluated against the
wopsrgsuR, poorg six d?m.alm 01 poEent{aé1 bme‘;. }l\ll ‘sr.u(]iles (::Sf“be_(‘l ?lle
paem Bumuupy population of interest adequately for key characteristics,
sisouBelp Buwpy . the response rate information  was C!carly stated,
© adequate proportion of the study population had com-
k| plete data on all independent variables, the outcome
E variable readmission was measured with sufficient accur-
£ g acy and the method of statistical analysis was appropriate
g g for the design of the study.™
s
© c
2 o3 g Study characteristics
22 E E Table 1 summarises the characteristics of the final
L 8 3 included studies of this systematic review. The 60 studies
= %% > i were conducted in several countriess USA (n=41),
® E £2E 2 § Canada (n=7), Australia (n=3), Spain (n=3), and one
s £ @ -~ “r
E| 285 £%gegne £|D from Hong Kong, Korea, Israel, Italy, Singapore and the
[ QD @ E [ ) S|le N N o
3|58 E£58EE E.\g g UK. Of the included studies, the majority employed
= c = OO s£gv8eEccel .
E >5 g 5 _885a555¢ gla retrospective data except two. One study'® used retro-
o w . . T
j:’ T E— I | spective and prospective data and the other’ Y collected
1] - . . .
5 |2 rospective data, Fifty-seven included studies accesse
€ £ £ § |2 pective data, Fift Tuded stud d
B g 2 2 I healthcare data of either tertiary hospital, centralised or
2 g . . . ..
£ g% %%% g &, &&mg g national health information databases. The remaining
- o . . . € 5 -
S AL §% Fsnsoglx three studies used community hospital data.'® ** ** The
S X% % 558 5|8 . . .
i HEEEEER g E; o §§1§ a duration of retrieved data source ranged from 1 single
5 TESED3 E@s 8L gl  acr itals? ears’” of four hes ar
g § 22858 §gggfse2 day across 10 h[.)Sp]["llS to 1()_36113 of four healthcare
databases. All included studies were based on adult
18 Zhou H, el al. BM. Open 2016;6:6011060. doi-10.1136/bmjopen-2016-011060
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—
Records identified through electronic
E database searching (2011 to 2015)
® (n=7310)
2
:‘_E Duplicates removed
2 (n=1798)
- A\
- Records after removal of duplicates
(n=5512)
I
2 v
c
E Records after Title and Abstract of the Records excluded due to
8 records screened irrelevance
(n=179) (n=5333)
Records excluded as no access of
—_— # full text (conference abstract only)
(n=98)
= Records excluded against the
% inclusion criteria (n=21)
E’ Full-text articles assessed for Not 28- or 30-day readmission (n=18)
w eligibility — Participants were still receiving
(n=81) intravenous antibioties (n=1}
Studies were included in the previous
— systematic review (n=1)
Same result reported in two articles,
therefore, one was excluded (n=1})
7 Hand search of reference list of the
- » remaining 60 articles with no
% further article identified
c
- Studies included in the review
{n =60)
~—

Figure 1 Flow chart for the search and study selection process (PRISMA). PRISMA, preferred reporting items for systematic

reviews and meta-analyses.

patients’ (aged 2>18years) healthcare data and the
mean age, if reported, ranged from 43 to 85 years.

The 60 included studies reported unique 73 predictive
models for 28-day or 30-day unplanned hospital readmis-
sions. A total of 68 of the unique 73 predictive models
were developed between 2011and 2015 and 5 were exist-
ing models, which were further validated or applied to
compare with other developed/existing models. The
model utilisation outcome included all-cause admissions
(14 swdies),** 131627 ardiovascularrelated  disease
including pneumonia (24 studies,'” **®° of which 11
studies focused on heart failure only), medical/internal
medicine conditions (15 studies),'' '* 2170%
ditions (6 studies)™® and mental health conditions.
A wotal of 17 models were based on administrative data
and the remaining models were derived or validated
using administrative and/or clinical/medical records
data. The sample size varied from 100 patienss™ to
nearly a million®” patients. The unplanned hospital
readmission rate ranged from 2.8%" (n=34046) to
38%%% (n=100).

surgical con-
70

Performance of predictive models for 28-day or 30-day
unplanned hospital readmissions

Table 2 displays the measures of all included predictive
models. Multivariable logistic regression model was used
in all included studies. In logistic regression, the
outcome variable is the log of the odds of the event
(probability of readmission/(1—probability of readmis-
sion)). Once the linal model is determined, the multi-
variable logistic regression allows for the calculation of
probability of readmission for cohort studies. The pre-
dicted probabilities of the final multivariable logistic
model are also used for computing the receiver operat-
ing characteristic (ROC) curve and the calculation of
the ROC, a measure of model discrimination.

Overall, 56 of the 60 included studies reported model
discriminative ability (C-statistic), ranging from 0.21%% to
0.88.°% The area under curve for validation studies
ranged from 0.53™ 1o 0.83,° being slighly lower than
those for the derivation study, 0.21% o 0.88.%° For all-
cause unplanned hospital readmission models, the
C-statistic was reported by 14 studies ranging from 0.55

Zhou H, et al. BMJ Open 2016;6:€011060. doi:10.1136/bmjopen-2016-011060
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1o 0.80.* Among 16 developed models and 2 existing
glode»ls,b 8 Il‘lCW 31;§?=£s1<?1|17d|r?ﬂﬁﬁii{gllg models had a

Istatistic value >0.70.°° eesres

Regarding cardiovascular disease-related readmissions
(24 studies), the Cestatistic ranged from 0.21%° 10 0.836™
across 32 developed models and 5 existing models. Of
those, only nine developed models had a Cstatistic value
50,7050 92 31 35 38 40 A1 49 50 1, particular, 13 of the 17
models (12 developed and 5 existing) from 11 studies
with the special focus on heart failure-related readmis-
sions were presented with C-statistic <0703 W 21 gy
surgical-related readmissions (6 studies), the Cestatistic
ranged from 059" o 0.85% among 7 developed
models. Three of the seven models showed
moderate-to-high discrimination abilit.” * * Patients
with heart failure in the telemonitoring program were
less likely to be admitted, with the reported Cestatistic
being 0.21.* This indicates that the telemonitoring
program was effective in identifying and intervening in
patients who were reporting symptoms and thus reduced
the likelihood of readmission.

However, 10 of 13 developed models and 1 existing
model for medical condition-related readmissions (15
studies) were found to have consistent moderate discrim-
ination ability. Four developed models also demon-
strated high discrimination  ability with  Cstatistic
exceeding 0,80, 52 37 63

This updated systematic review also identified one
study on mental health condition-related unplanned
hospital readmission. A predictive model, READMIT
<(R) Repeat admissions; (E) Emergent admissions; (D)
Diagnoses, and unplanned Discharge; (M) Medical
comorbidity; (I) prior service use Intensity; and (T)
Time in hospital>, was derived and validated using a
3year Canadian National Health Database with a
Costatistic of 0.63.

One existing predictive model, the LACE index,
although validated by eight studies, demonstrated incon-
sistent model performance. The LACE index was first
developed by van Walraven et al”™ in 2010 10 predict the
risk of unplanned readmission or death within 30 days
after hospital discharge in medical and surgical patients.
The model was derived and validated based on adminis-
trative data with a Csstatistic of (.684. The model
includes the length of hospitalisation stay (L), acuity of
the admission (A), comorbidities of patients (C) and
number of emergency department visits in the 6 months
before admission (E). Five studies validated the LACE
index model using healthcare data of Canada,
Singapore, the UK and the USA to predict all-cause
readmission {4),” 1617 26 heart failure readmission
(1)** and general medical condition-related readmission
(2)."* " The discriminative ability of the model
(C-statistic), ljel)orled by six studies, varied from 0.51 to
079,15 16 17 26 56 58

An extension of the LACE index to predict early
death or all-cause 30-day urgent hospital readmission
was further derived using administrative healthcare data

and named as LACE+ index by van Walraven e af'’ in
2012. The LACE+ index, in addition to four predictive
variables, included patient age and sex, teaching status
of the discharging hospital, acute diagnoses and proce-
dures performed during the index admission, number
of days on alternative level of care during the index
admission and number of elective and urgent admis-
sions 1o hospital in the year before the index admission.
The LACE+ index had a C-statistic of 0.771, which
exceeded the performance of LACE index. The LACE+
index was further validaled by two large Canadian retro-
spective studies, The performance of the model was
0.61%" for patients with heart failure and 0.73% for
patients with all-cause hospital readmissions.

A Canadian study compared the performance of dif-
ferent models within the same population for 30-day
readmission or death due to heart failure. A total of
59 652 patients’ admission information was retrieved
from four health databases over a 10-year period. Five
models were examined in the sludy,'ﬁ namely
Charlson, CMS Krumholz, Keenan, LACE index and
LACE+. The five models had the C-statistic of 0.57-
0.61. In terms of types of data sources used o develop
or validate the 73 unique predictive models, adminis-
trative healthcare data were used for 17 models but
were found/identified with inconsistent discriminative
ability,. A total of 13 of the 17 medels reported
Cestatistic between 0.55 and 0.7, and the remaining
four models reported C-statistic between 0.7 and (.876.
Similarly, the performance of the remaining 56
models using clinical/medical data varied between
0.21 and 0.88 (C-statistic).

Only two models™ 7 were developed targeting the
potentially avoidable/preventable unplanned hospital
readmissions. The outcome measure of the models
focused on the end-ol-life patients‘r’}" and pneumonia,
heart failure, acute myocardial infarction and chronic
obstructive  pulmonary disease. Both models had
C-statistic >0.8 (0.85 and 0.83, respectively).

Sensitivity and specificity were calculated by 16 of the
60 included swudies. The sensitivity of the predictive
model ranged from 5.4% (PARR-30 model, Patients at
Risk of Re-admission within 30 days)'' w0 91.95%
(potentially aveidable readmission (PAR) model),*
while  specificity values were  between  22%
(Rehospitalisation Risk Score)® and 99.5% (PARR-30
model)."!

A total of 14 of the 60 included studies reported the
PPV (5.6"-86.61%") and NPV (19.1°'-99.1%*") of the
readmission risk predictive model. Similarly, only 17
studies calibrated the developed predictive models and
mostly presented as p value, except one study™ that
reported the model calibration as the value of intercept
and slope.

Predictive risk of readmission assessed in all
included studies, but only 14 of the included 60 studies
specified thresholds for risk categories. Thresholds
ranged from 4% 10 80%.°'

was
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Key variables included in the readmission risk predictive
model

A total of 28 types of significant variables were extracted
from the 73 unique predictive models for unplanned
hospital readmissions as shown in table 3. Overall, the
top 10 significant variables included in the 73 risk pre-
dictive models are comorbidities (n=54), demographic/
social (n=45), length of stay (n=29), number of previous
admissions (n=29), laboratory tests (n=25), medications
(n=21), index type of admission (n=17), procedures at
index admission (n=16), admiuing diagnosis (n=14) and
number of previous emergency departinent presenta-
tions (n=14) (refer to figure 2). The key demographic/
social variables consisted ol age (n=26), gender (n=25),
living arrangement (n=12), race (n=8) and marital
status (n=06).

The variables ‘comorbidities’, ‘length of stay’ and
‘number of previous admissions’ remained as the most
frequently cited predictive risk variables against all util-
isation outcomes. However, the variables ‘laboratory
tests” and ‘medication’ were more commonly included
the predictive models for cardiovascular
disease-related and medical condition-related unplanned
hospital readmissions compared with all-cause, mental
health and surgical condition-related unplanned hos-
pital readmissions.

in

DISCUSSION

A total of 60 studies with 73 unique risk predictive

readmissions were included in this systematic review. The
discrimination ability (C-statistic) of the 73 models varied
largely from 0.21 to 0.88. Inconsistent performances were
found among models for all-cause readmission, cardiovas-
cular disease-related readmission and surgicalrelated
readmission. However, most of the predictive models for
the general medical condition-related readmission
exceeded Cstatistic of 0.7. In comparison, Kansagara
et al'’ included 26 models with the focus of adult medical
patients only. A total of 13 predictive models measured
30-day readmissions; of these, 10 models performed
poorly and only 3 models reported C-statistic >0.70. The
outcome measures of the other 13 models ranged from
4l-day to 4-year unplanned hospital readmission; as a
result of the vast difference in the time frame, the
Cestatistic also varied from 0.53 to 0.75.

This updated systematic review has certain limitations.
The studies included in this systematic review were
limited compared with studies that were published in
English with full-text access. The outcomes of the pre-
dictive models included in this systematic review were
also restricted to 28-day or 30-day unplanned hospital
readmission. A meta-analysis is not permitted in this sys-
tematic review as the included studies were heteroge-
neous due to diversity of cohort of population, duration
of retrieved data source, sample sizes and geographical
locations. It was noted that the sample size was reported
in different units, that is, (index) admission/hospitalisa-
tion, cases, patients or discharges, as shown in table 1.

models for 28-day or 30-day unplanned hospital The lack of standardised calculation could also
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Figure 2 Pareto chart of significant variables included in the predictive models. BMI, body mass index; ED, emergency
department.
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contribute to the broad range of readmission rates (2.8
38%}); thus, the results were not comparable. This sys-
tematic review also found the sample size is not asso-
ciated with the model predictive ability. Of the included
73 unique models, Zai et al'® derived a model based on
the selected 100 readmitted patients with heart failure
and scored the lowest Cstatistic of 0.21. In contrast,
Whitlock ef al* retrieved around 200 readmitted patents
with acute pancreatitis and developed a model with the
highest discrimination ability (C-statistic=0.88).

There has been increased recognition that some
unplanned hospital readmissions are associated with the
diagnosis of the initial hospitalisation and could be
potentially prevented or avoided through systematic dis-
charge process. In 20006, a Swiss stu(ly94 compared three
models (non-clinical model, Charlson-based model and
SQLape model, A patient classification system, also
designed to adjust for costs and other outcomes) to iden-
tify potentially preventable readmission risk on over
60 000 medical patients. The Cestatistics of the three
models were 0.67, 0.69 and 0.72, respectively, which
indicated poor-to-reasonable discrimination ability. In
contrast, this systematic review identified two high-
performance models™ * for potentially avoidable/pre-
ventable readmissions with Cestatistic >0.8. The PAR
model™ was also high in other predictive model perform-
ance indicators, such as sensitivity (91.95%), specificity
(97.65%), PPV (86.61%) and NPV (98.65%). However,
the two models were developed based on comparatively
smaller sample size of 5600 and 10275 using
American healthcare data collected over a 12-month
period. Overall, the number of potentially preventable
readmissions remains unclear due to lack of standardised
identilication process.%'%

Compared with the previous systematic review,"” there
were more studies in this review using clinical medical
record data to develop disease-specific predictive models.
However, the debate whether a predictive model should
be developed using administrative data or clinical/
medical records data remains inconclusive. Three key vari-
ables extracted from the 73 unique models, ‘comorbidity’,
‘length of stay’ and ‘previous admissions’, were based on
administrative data and were consistent with the findings
of a previous systematic review.'’ The latest evidence has
shown that variables based on clinical medical data, that is,
‘laboratory tests’ and ‘medications’, were also valued in
models for predicting cardiovascular-related and medical
condition-related readmissions. Of note, ineffective com-
munication in transitions ol care is reported as a major
contributing factor to adverse events that directly risk
patient safety.™ 1"’ Poor communication at discharge also
leads to preventable unplanned readmissions and fre-
quent problems with the continuity of medication man-
agement.'” 1" None of the examined 7% models cited
the comprehensiveness of discharge information as a pre-
dictor to unplanned hospital readmissions.

All included studies in this systematic review were
based on adult population. To date, only two paediatric

predictive models were identified and both were based
on American paediatric populations. One retrospective
multicentre study'™ retrieved 12-month administrative
data from 38 children’s hospitals. A model was devel-
oped and internally validated with a high discrimination
ability (C-statistic=0.81). However, the model outcome
measure was 12-month all-cause readmissions. In com-
parison, a $0-day hospital readmission model'™ was
developed based on 5376 paediatric patients following
plastic surgery procedures. The study accessed prospect-
ive medical records, and the model had moderate dis-
crimination ability of C-statistic 0.784.

The performance of the 73 unique predictive models
in this review was assessed using a variety of statistical
measures. Inconsistency of reported statistical measures
noted in the included 60 swudies, of which 2
studies™ *® reported threshold as the only model per-
formance measurement. A US framework for assessing
the performance of predictive models' argued the
importance of reporting discrimination and calibration
lor a risk predictive model. In all included 60 studies, the
most reported measure of the risk predictive model is the
ROC (Csstatistic). The interpretation of the risk predictive
model discriminative ability (CGestatistic) was inconsistent.
For instance, a study"’ examined five predictive models
and concluded that the models had moderate discrimin-
ation ability based on the Gestatistic of 0.57-0.6; whereas
models are typically considered reasonable when the
Cstatistic is higher than 0.7 by Hosmer and Lemeshow.”’

was

CONCLUSION

The risk predictive models which focused on general
medical conditions in relation to unplanned hospital
readmissions reported moderate discriminative ability.
Two models™ ** for potentially preventable /avoidable
readmissions showed high discriminative ability. This sys-
tematic review, however, found inconsistent performance
across the included unique 73 risk predictive models for
unplanned hospital readmissions.

The variables ‘comorbidities’, ‘length of stay’ and ‘pre-
vious admissions’ were frequently cited across the exam-
ined unique 73 models, and ‘laboratory tests’ and
‘medication’ variables had more weight in the models
for cardiovascular disease and medical conditions in
relation to readmissions. However, comprehensiveness of
discharge information was not included in any of the
examined models.

This review highlighted the need for rigorous valid-
ation of the risk predictive models with moderate-to-high
discriminative ability be undertaken, especially the two
models™ ** for the potentially avoidable hospital read-
missions. There is a need to review and update predict-
ive maodels. Specifically this is essential for paediatric
28-day all-cause unplanned hospital readmissions as
limited evidence was found.

Findings from this updated systematic review revealed
an increasing number of developed risk predictive
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models for specific disease-related unplanned hospital
readmission using  clinical/medical records data.
Findings from this systematic review also confirm the
limited applicability of hospital readmission risk predict-
ive models. The performance of the applied existing
models was inconsistent. It is, therefore, essential to
clearly define utilisation outcomes and the type of
accessible data sources prior to determining which risk
predictive model to use. For example, most of the
models were developed based on healthcare data from
the USA, which might not be applicable 1o patients
from other settings.
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Specific objectives of Publication 3 were:

e To systematically review the current literature on risk factors of paediatric all-cause,

surgical procedure and general medical condition related UHRSs.

e To synthesise the identified risk factors associated with paediatric UHRs.

Main findings of Publication 3 were:

e Atotal 44 included studies with 36 significant risk factors were extracted.

e For all-cause UHRs, ethnicity, comorbidity and type of health insurance were the most
frequently cited factors.

e For surgical procedure related UHRs, specific surgical procedures, comorbidity, length
of stay (LOS), age, the American Society of Anaesthesiologists class, postoperative
complications, duration of procedure, type of health insurance and illness severity were
cited more frequently.

e The four most cited risk factors associated with General medical condition related
UHRs were comorbidity, age, health service usage prior to the index admission and
LOS.
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ABSTRACT

Objective To synthesise evidence on risk faciors associated
with paediatric unplanned hospital readmissions (UHRs).
Design Systematic review.

Data source CINAHL, EMBASE {Ovid) and MEDLINE from
2000 10 2017.

Eligibility criteria Studies published in English with full-

text access and focused on paediatric All-cause, Surgical
procedure and General medical condition related UHRs were
included.

Data extraction and synthesis Characteristics of the
included studies, examined variables and the statistically
significant risk factors were extracted. Two reviewers
independently assessed study quality based on six domains
of potential bias. Pooling of extracted risk factors was not
permitted due to heterogeneity of the included studies. Data
were synthesised using content analysis and presented in
narrative form.

Results Thirty-six significant risk factors were extracted from
the 44 included studies and presented under three heaith
condition groupings. For All-cause UHRs, ethnicity, comorbidity
and type of health insurance were the most frequently cited
factors. For Surgical procedure related UHRSs, specific surgical
procedures, comorbidity, length of stay {LOS), age, the
American Society of Anaesthesiologists class, postoperative
complications, duration of procedure, type of health insurance
and illness severity were cited more frequently. The four most
cited risk factors associated with General medical condition
related UHRs were comorbidity, age, health service usage prior
to the index admission and LOS.

Conclusions This systematic review acknowledges the
complexity of readmission risk prediction in paediatric
populations. This review identified four risk factors across

all three heaith condition groupings, namely comorbidity;
public health insurance; longer LOS and patients<12 months
or between 1318 years. The identification of risk factors,
however, depended on the variables examined by each of the
included studies. Consideraticn should be taken into account
when generalising reported risk factors to other institutions.
This review highlights the need to develop a standardised set
of measures to capture key hospital discharge variables that
predict unplanned readmission among paediatric patients.

INTRODUCTION

Unplanned hospital readmission (UHR) rate
has been recognised as a key performance
indicator for measuring the quality of care
in paediatric healthcare services.! Hospital

Strengths and limitations of this study

» This is the first systematic review of the literature
from 2000 to 2017 on risk factors associated with
paediatric unplanned hospital readmissions.

» The rigorous methodology applied to this systematic
review used a comprehensive electronic databases
search strategy, strict inclusion, exclusion and qual-
ity assessment criteria to synthesise characteristics
of the included studies, examined variables and the
statistically significant risk factors.

» Pooling of extracted significant risk factors was not
possible because the included studies were not ho-
mogeneous due to the different diagnoses, exam-
ined variables and follow-up time frames to identify
readmissions. Therefore, data extracted from the
included studies were synthesised using content
analysis and presented in narrative form.

readmission is defined as subsequent admis-
sions within a specified period after the
initial/index hospilalisa\Lion.2 * Paediatric
UHRs rates range from 3.4% to 28.6% and
cost healthcare systems such as UK, USA and
Canada up Lo $1billion per annum.*
Identification of risk factors associated with
UHRs is increasingly being examined as a
strategy 1o assist in reducing these rates. A
systematic review'® conducted in 2011, identi-
fied 26 risk predictive models from 30 exam-
ined studies focused on adult general medical
condition related UHRs. Readmission length
of time measures used ranged from 30 days
o 12 months. Overall, the performance of
the 26 models was poor. The most commonly
identified risk factors were medical comorbidity
and wuse of medical services before the index admis-
ston. In a 2016 systematic r(sview,11 limited 10
28-day or 30-day readmissions and focused on
aclult health conditions, a total of 60 studies
and 73 risk predictive models with inconsis-
tent performance was noted. The predictive
models focusing on general medical condi-
tions showed moderate discriminative ability.
Risk factors cited most frequently for all
UHRs were comorbidities, length of stay (LOS)

BM)

Zhou H, et al. BMJ Open 2019;9:e020554. doi:10.1136/bmjopen-2017-020554 1

94



Chapter 2. Exploring the Literature

and previous hospilal admissions. For condition-specific
readmissions, such as cardiovascular and general medical
diseases laboratory lests and medication were more associ-
ated with readmissions."!

There is only one review'” within the paediatric litera-
ture examining UHRs. This review focused on asthma-re-
lated UHRs and included 29 studies. Five significant
predictive factors, including age <5 years old or adolescent;
being African American; public or no insurers; previous hospital-
isations prior to the index admission; underlying chronic complex
conditions were identified. To date, there is no published
review paper on risk factors associated with UHRs for
general paediatric patients. This paper aimed to systemat-
ically review the current literature on risk factors of paedi-
atric All-cause, Surgical procedure and General medical
condition related UHRs. The objectives were to assess
characteristics of included studies and to synthesise the
identified risk factors.

METHODS

Asystematic review was performed and reported according
to the 2009 PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) Statement."?

Data sources and search strategy

An electronic database search was carried out using the
CINAHL, EMBASE(Ovid), MEDLINE to identify studies
published from 2000 to 2017. The key search terms
included (‘Readmission’ or rehospitali* or readmission™
or readmit* or re-admission*) AND (child* or infant* or
toddler* or bab* or newborn* or neonat® or school age*
or preschool or paediatric* or pediatric* or kid* or boy*
or girl*) OR (adolescen™ or teen™ or youth or juvenile®
or young person* or young people*) (see online supple-
mentary appendix for full search strategy).

Inclusion/exclusion criteria

Articles eligible for inclusion were those published in
English with full-text access. The focus of the included
studies was paediatric patients with UHRs. Eligible studies
were published in peerreviewed journals with details of
study design clearly stated and reported statistical anal-
ysis procedure/s. Abstract only references were excluded.
Studies that included patients discharged from rehabilita-
tion health services but readmitted to acute hospitals were
excluded from this systematic review as it only focused
on hospital readmission following discharge from acute
healthcare services. Newborn or preterm newborn studies
related UHRs were excluded as the index admission was
the birth hospitalisation. In addition, studies focused on
mental health condition related UHRs were also excluded
due to the specialised nature of the discipline.

Study selection

After the initial literature searches, two authors inde-
pendently screened titles, abstracts and appraised full
papers against the inclusion and exclusion criteria. The

process of exclusion was relatively straightforward and
only a handful of studies warranted discussion between
authors, to reach consensus as to whether they met the
inclusion criteria. Moreover, the reference list of all
identified relevant records were searched for additional
studies.

Data extraction

Data were extracted from the 44 included studies. The
data extraction comprised study characteristics, exam-
ined variables and statistically significant risk factors.
Study characteristics included study setting, population,
data source, timing of data collection, sample size, study
design, model utilisation outcome, readmission rate
and statistical analysis test/s used to identify risk factors
(table 1). All examined variables or confounding factors
and the significant risk factors were extracted into table 2
and detailed information was included in the online
supplementary table. Studies were grouped based on the
health conditions in both tables. Disagreements between
two reviewers about the extracted data were resolved
through group discussion.

Quality assessment

Two independent reviewers completed the assessment of
study quality. Six domains of potential bias'! were used to
assess the 44 included primary research studies. The six
domains are: 1. Study participation: “Was source popula-
tion clearly defined?’ 2. Study attrition: ‘Was complete-
ness of follow-up described and adequate?’ 3. Prognostic
factor measurement: ‘Did prognostic factors measure
appropriately?’ 4. Outcome measurement: “Was outcome
defined and measured appropriately?’ 5. Confounding
measurement and account: ‘Was confounders defined
and measured?’ 6. Analysis: “Was analysis described
and appropriate?” The ratings of ‘Yes’, ‘Partly’, ‘No’ or
‘Unsure’ was given to each domain and then an overall
risk of ‘low’ or *high’ was assigned to each study.

Data synthesis

Pooling of extracted significant risk factors was not
possible because the included studies were not homo-
geneous due to the different diagnoses, examined vari-
ables and follow-up time frames to identify readmissions.
Therefore, data extracted from the included studies were
synthesised using content analysis and presented in narra-
tive form.""

Patient and public involvement
Patients and or public were not involved in this systematic
review.

RESULTS

The initial electronic database search produced 11859
records. After removal of 4145 duplicates, a total of
7714 records remained. Titles and abstracts were then
appraised and 7579 records were excluded due to irrele-
vance. Of the remaining 135 relevant references, a further
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Table 2 Continued

General medical conditions {n=16)

20)

Surgical procedures (n

All-cause (n=8)

Health condition graup

106

105

04

Reference number

Hospital service (specialties)

Surgical division

Surgical locations

ASA, the American Society of Anaesthesiologists; UHR, unplanned hospital reagmission.

varied from 7 days for CCC,™ all surgical admissions,”
or circumcision™ 1o 1year for All-cause,” 7 asthma'™ and
chronic respiratory failure™ related UHRSs. Thirtv-one of
the 44 included studies adopted 28-day or 30-day UHRs
measurement. The duration of time for the retrieved
data used in the swdies ranged from 3months™ to
10years™ ' The majority of included studies involved
patients younger than 18 years. Five studies included
patients older than 18 vears with either blood disorder
disease,'"™ CCC,* gastric bleed,” spinal fusion” or all
surgeries.™

Of included studies, the sample size was recorded in
various units, such as Patients, Admissions, Index admis-
sions, Hospitalisations, Index discharges, Discharges or Proce-
dwres. The sample size ranged from 100 admissions” %%
to 866 221 patients.' UHR rates, if reported, varied from
<1% following postcircumcision”™ to 40% in patients with
chronic respiratory failure.™

All included studies emploved logistic regression or
equivalent to analyse the data. Most studies reported OR
with 95% CI and the result is considered as statistically
signilicant when the p value is less than 0.05, Six included
studies also reported risk predictive model perfor-
mance. One model’ demonsuated high discriminative
ability (Ce-statistic=0.81} for 12Z-month All-cause UHRs.
The other models had moderate discrimination ability
to predict 30day UHRs following cardiac conditions,'”
plasl.ic,[“) thoracic :-L11"9;c1‘i::s.y'(i scoliosis surgm'ics,13 or all
surgical admissions™ (C-statistic of 0.75, 0.784, 0.71, 0.769
and 0.74, respectively).

Examined variables/Confounding factors and Significant risk
factors

The variables or confounding factors examined varied
across the 44 included studies. The number of examined
variables of each included study ranging from 24 to 44.”
Two of the included studies, after applying statistical anal-
vsis tests to the examined variables, vielded inconclusive
ﬁn(ling,:if'“’“?1 Thirty-six differing but significant risk factors
were extracted and presented under the three health
condition groupings (All-cause, Surgical procedure and
General medical condition).

Risk factors associated with All-cause UHRs

The least number of studies (n=8) in the systematic review
related 1o All-cause UHRs. Risk factors associated with
All-cause UHRs and cited more [requently are comor-
bidity, ethnicity and health insurance. Patients’ comor-
bidlity was identified by four studies® **® with OR ranging
from 1.2 to 5.61. Of these, chronic conditions (n=3} was
more frequenty cited as a risk for readmission. Three
studies cited race/ethnicity as a risk factor. Compared
with other race/ethnicities, patients of Black race’ "or
Asian”® had 50% more likelihood of being readmitted.
Patients from families with only public health insurance
were identified at risk for readmission by three studies
(OR=1.31101.48).”” One study by Khan 2005, however,
identified patients with private health insurance were 1.14

101

Zhou H, et al. BiAJ Open 2019;9:e020554. doi:10.1136/bmjopen-2017-020554



Chapter 2. Exploring the Literature

Y
Records identified through electronic
g databases search {2000 to 2017)
= (n=11,859)
©
£ | Duplicates removed
= (n=4,145)
@
z
Records after removal of duplicates
-/ (n=7,714)
~—
Records excluded due to irrelevance
{n=7,579)
=2
£
5 Records after Title and Abstract of the records
o screened
ﬁ fn=135) Records excluded as no access of full text
> (conference abstract only)
(n=22)
P Records excluded (n=75)
-Non-English publication (n=4)
v -Mixed Pediatric & Adult patients (n=3)
- -Mixed Planned & Unplanned HRs (1)
= Full-text articles assessed against the inclusion -Mixed ED revisits & UHRs (n=3)
] & exclusion criteria for eligibility -Patients initially discharged from a
o0 (n=113) subacute rehabilitation facility then
w admitted to hospital {(n=3)
-Integrative review (Chung 2015) (n=1)
-Studies (Year 2000-2014) cited by Chung
— (2015) (n=21)
—_— Mental health (n=14)
Pre-term/newborn (n=14)
Newborn {(n=11)
o
% Hand search of reference list of the
3 remaining 38 articles with 6 further
E \ 4 articles identified
Studies included in the review
(n=44)

Figure 1 Flowchart for the search and study selection process (PRISMA).

times more likely to be readmitted to a different hospital.
Other significant risk factors related to All-cause UHRs
are displayed in table 2.

Risk factors associated with surgical procedure related UHRs
The greatest number of risk factors contributing to UHRs
were found in the grouping of studies Surgical Proce-
dure. Within the 20 included studices, the most frequently
cited risk factors are comorbidity, specific surgeries, LOS,
age, the American Society of Anaesthesiologists (ASA)
class, development of complications during index admis-
sion, duration of surgery, type ol health insurance and
illness severity. Patients’ comorbidity” ™ 7 8 3575 54
specific surgical proccrlurcsﬂ FTTIORTES wore cach cited
in nine differing studies. The type of comorbiditics were
not consistent among the studies (OR=1.12t0 10.08).

In general, patients with longer LOS at index admis-
sion were found in seven studies to be at greater risk of
readmission following surgical procedures (OR=1.01to
13.96)™ 73 B8 although one study” found shorter

than 3days of hospitalisation at the index admission was
a risk factor for patients who underwent spinal fusion
(OR=1.89).

Agc at index admission or surgery” 7 and the
ASA class” PEIEHR Gore dited in six differing studies.
Age, however, was inconsistent across the studies. For
(:xamp](‘, paticnts cither younger than ])‘("ArTN with
wological surgeries or older than 13vears™ with ENT
surgeries were more likely 1o be readmitted. The ASA
class of 3 and above was associated with higher risk of
UHRs (OR=1.78t0 7.62). In four studics, paticnts who
developed medical or postoperative complications at
the index admission were at risk of readmission with OR
ranging from 1.34 1o 11.92.7 %875
727387 TETERG o

Public insurance, longer operating time,

o : 727086
severe health conditions prior to surgeries T were all
cited three times in diflerent studies as increasing the risk
of patients UHRs. Other significant risk factors related 1o

surgical procedure related UHRs are displayed in table 2.

Zhou H, ef al. BMJ Open 2019;9:e020554. doi:10.1136/bmjopen-2017-020554

9

102



Chapter 2. Exploring the Literature

Risk factors associated with general medical condition
related UHRs

Sixteen studies were reviewed that examined General
medical condition related UHRs. Four most frequently
cited risk factors are comorbidity, age, health service usage
prior to the index admission and LOS. A total of eight
studies identified Palients’ comorbidity as a risk factor
(OR=1.1to 3.61).% ™9 7M1V The mose frequently
cited comorbidity was chronic conditions (n=5).

Age of patients at index admission was cited as a risk
factor by five studies” """ 1% 1% yith OR ranging from 1.1
to 4.11. In particular, patients younger than 1 month'""'"!
or patients between 12 and ISyears”m 14 were more likely
to be readmitted. Three studies™ ¥ ' reported patients
with previous hospitalisation prior to the index admis-
sion were at higher risk of readmissions (OR=4.7 0 7.3).
A further three studies™ ' ' cited LOS as a risk factor
with OR ranging from 1.13 to 1.56. Patient stays >4 days
for Asthma'"! or >7 days for Pneumonia'™ are more like
to be readmitted. Other significant risk factors related to
General medical condition related UHRs are displayed
in table 2.

DISGUSSION

This systematic review identifies risk factors associated
with paediatric UHRs. A total of 44 studies were reviewed
and 36 differing significant risk factors were extracted.
There are only four consistently cited paediatric read-
mission risk factors across all included studies, namely
comorbidity, public health insurance, longer LOS at the
index admission and patients either younger than 12
months or those 13-18 years of age. The results demon-
strate a shift in focus from All-cause UHRs to condition
specific related UHRs, especially those involving surgical
procedures. Overall, the 36 significant risk factors varied
among studies focused on condition-specific related read-
missions and some risk factors were not reported consis-
tently across studies.

This systematic review has certain limitations. The data-
base search was restricted to English publication only and
full-text access was also required to allow comprehensive
data extraction. Meta-analysis was not performed on the
extracted significant risk factors as the included studies
were not homogeneous due to the different diagnoses,
examined variables and follow-up time frames to iden-
tify readmissions. This systematic review did not estab-
lish a definite cut-off age during the literature search
although 0-18 years is a widely accepted definition for
paediatric patients. Consequently, five included studies
had patients in their late teens or young adulthood
(19-24 years).4 SOSTOLI02 The inclusion of late adolescent
and young adult under paediatric health services care is
consistent with the finding of delayed transitions from
paediatric to adult healthcare services.'"” This systematic
review did not restrict the follow-up time frame used by
studies to identify UHRs, which resulted in data collec-
tion spanning 7 days to 21years. This in turn contributed

to a vast range of paediatric UHRs rates of <1% to >40%.
Nineteen included studies in this review investigated
28-day, 30-day or 31-day paediatric UHR rates, ranging
from 1.3%" to 38%.”° * The number of predictive
models with performance reported for paediatric UHRs
(n=6) is very limited compared with the adult population
(n=94)."" "' This systematic review did not identify any
paediatric based studies examining potentially prevent-
able UHRs reported risk prediction model performance.
In comparison, there are two developed models'™ '™ with
high discriminative ability for adult patients.

CONCLUSION

This systematic review acknowledges the complexity of
UHRs risk prediction in paediatric populations. The
evidence on the utility of developed predictive models for
paediatric UHRs, comparison to adult population litera-
ture, is very limited as no existing models have been vali-
dated externally. This review identified four consistently
cited risk factors associated with paediatric UHRs. These
include comorbidity, public health insurance, longer
LOS at the index admission and patients either younger
than 12 months or 13-18 years old. The identified risk
factors depended on what variables were examined in
each of the included studies. Therefore, consideration
should be taken into account when generalising reported
significant risk factors to other institutions.

This review concludes that a focus on the develop-
ment of potentially preventable/avoidable UHRs risk
predictive models for paediatric patients is required as
some unplanned readmissions might be unavoidable
due to medical complexity.'" Future studies should
use a combined approach of administrative and clinical
medical data. Also, there is a need to examine if paedi-
atric potentially/avoidable UHRs are associated with
patients’ social complexity (ie, language proficiency) and
comprehensiveness of discharge information (written
and verbal communication).

The utmost priority is to develop a standardised set
of measures to capture key hospital discharge variables
that predict unplanned readmission among paedi-
atric patients. Key challenges include time frame used
to measure readmissions, unit of measure on which to
record/ calculate readmission and variables to be exam-
ined. Establishing the most appropriate length of time
(being discharge to readmission) to measure UHRs is
the first challenge. The second is to standardise the unit
of measure that should be used to calculate the readmis-
sion rate, while the final challenge is to determine what
variables should be extracted and examined to identify
risk factors associated with UHRs. Once these challenges
have been addressed, a parsimonious predictive model,
with high sensitivity and specificity, can be developed for
use in all healthcare settings, to identify and implement
quality improvement plans for patients with high risk of
UHRs.
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2.6 Updated Literature Review on Risk Factors Associated with Paediatric
Unplanned Hospital Readmissions

The systematic review (Zhou, Roberts, et al., 2019) presented in Section 2.5 critically
analyses research evidence from years 2000 to 2017 pertaining to risk factors associated with
paediatric UHRs. Following publication, an updated literature search was undertaken to
identify new information, which had emerged since the initial publication. This was
important to ensure the latest research evidence on the identification of paediatric

readmission risk factors was included.

2.6.1 Search strategy

Three electronic databases, CINAHL, EMBASE(Ovid) and MEDLINE, were searched
in August 2019 and January 2021 using the same search strategies as the previous systematic
review. A total of 8,944 records were generated from three electronic databases from 1st
January 2018 till 31st December 2020. After removal of 1,232 duplicates, a total of 7,712
records remained. Titles and abstracts were then screened, and 7,558 irrelevant records were

excluded. Of the remaining 154 records, a further 37 conference abstracts were excluded.

Atotal of 117 records were reviewed as full-text, and a further 59 were excluded against
inclusion and exclusion criteria. Excluded studies included mixed paediatric and adult
patients (n = 12), newborn/pre-term newborn related UHRs (n = 12), unplanned intensive
care unit readmissions (n = 10), mixed adverse events/morbidities (n =9), and mental
health condition related UHRs (n = 8). Studies examining mixed unplanned Emergency
Department visits and UHRs (n = 2), mixed planned hospital readmission and UHRs
(n = 2), or reoperation (n = 2) were excluded. A study published in French (n = 1) was also
excluded as well as a publication which was retracted. A hand search of reference lists of
the remaining 58 studies identified five additional studies. A final total of 63 studies were
included in this updated literature review. Figure 2.2 is a PRISMA flowchart to display the

screening process of the updated database search results.
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Figure 2.2

PRISMA Flowchart of the Screening process of the updated database search results

r ™
Records searched from 1 January 2018 to 31
c December 2020
-% (n =8,944)
,}__’ Duplicates removed
= > (n=1,232)
ﬁ Y
Records after removal of duplicates
—— (n=7,712)
' ™
. Records excluded due to irrelevance
" (n=7,558)
E Y
E Records after Title and Abstract of the records
o screened
3 {n=154)
Records excluded as no access of full text
(conference abstract only)
— » (n=37)
)
Records excluded (n=59)
h J - Mixed Pediatric & Adult patients (n=12)
-":. Full-text publications assessed against the ) Pre—term/nelw?orn (n=12)
E inclusion & exclusion criteria for eligibility o PI‘FU readmission (n=10) L
‘B (n=117) ™ - Mixed Adverse events/morhidity (n=9)
w - Mental health (n=8)
- Mixed Planned & Unplanned HRs (n=2)
- Mixed ED revisits & UHRs (n=2)
- Reoperation (n=2)
- Article been retracted (n=1)
) - Language in French (n=1)
- < Hand search of reference list of the
% remaining 58 publications with 5 further
= publications identified
E v
Studies included in the review
(n=63)
A S

Assessment of the quality of the included 63 studies were carried out using the six
domains of potential bias and overall risk of bias was low. The studies provided clear and
adequate descriptions on characteristics of population, response rate, independent variables,
the outcome variable measurement, and statistical analysis method (Zhou, Roberts, et al.,

2019). No further studies were excluded based on the assessment outcomes.

2.6.2 Characteristics of the included studies

Characteristics of the final included studies are summarised and displayed in Table 2.2.
The majority, almost 80% of the 63 included studies, were conducted in USA (n = 50). The
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others were undertaken in China (n=2), UK (n=2), and one each in Australia, Canada,
Chile, Lebanon, India, South Africa, Spain, Sweden and Taiwan. Sixty percent of the included
studies (n = 27) accessed data from multiple sites and the others retrieved data from a single
site healthcare service. Three quarters of the included studies (n = 47) were based on health
administrative databases, 15 studies reviewed patients’ medical records, and one study used
survey to collect data. The data retrieval period ranged from one year (Bavishi et al., 2018;
Chew et al., 2020; Hong et al., 2019; Johnson et al., 2018; Mears et al., 2019; Parikh et al.,
2018; Vedantam et al., 2018; Veeranki et al., 2018) to 14 years (Wong et al., 2020).

The included studies are grouped and presented according to the three health condition
groupings used in the previous systematic review (Zhou, Roberts, et al., 2019), all-cause
related UHRs (n = 11), general medical conditions related UHRs (n = 14), and surgical
procedure related UHRs (n = 38). General medical conditions consisted of respiratory
conditions (n =7), complex chronic conditions (n = 2), neurology (n = 2), febrile seizure
(n=1), diabetic ketoacidosis (n=1), and pulmonary hypertension (n=1). Surgical
procedures included all surgical admissions (n = 3), cardiothoracic surgeries (n = 8), Ear,
Nose and Throat (ENT) surgeries (n=6), abdominal surgeries (n=6), neurosurgeries
(n =5), trauma (n = 3), urological surgeries (n = 3), plastic surgeries (n = 2), ophthalmology

surgery (n = 1), and orthopaedic surgeries (n = 1).

The majority of included studies (n = 47) employed retrospective study designs and the
remaining 16 studies prospective data collection methods including structured interview,
survey, and review of medical records. Forty-two included studies used 30-day unplanned
hospital readmission as the measure, others varied from 3—7 days for all-cause, neurology
UHRs. Follow up periods of data retrieval ranged from six months (Rodriguez et al., 2019)
to 11 years (Milford et al., 2019; Roth et al., 2018).

Most of the included studies involved patients younger than 18 years, but three involved
patients older than 18 years with all-cause readmission (Ehwerhemuepha et al., 2020),
congenital heart surgery (Benavidez et al., 2019), or spinal cord tumour surgery (Janjua et
al., 2019). The sample size of included studies ranged from 125 admissions (Rodriguez et
al., 2019) to 390,745 patients (Markham et al., 2019). The reported UHR rates varied from
<1% following general surgeries (Evans et al., 2019; Mears et al., 2019) to 48% for all-cause
UHRs (Rodriguez et al., 2019). “Patients” or “Admissions” were the commonly used
measurement units for sample size, but some studies reported “Hospitalisations”,

“Discharges”, “Cases” or “Procedures”.
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Apart from generally used logistic regression analysis, four studies applied machine
learning data analysis methods in the identification of unplanned hospital readmission
predictors. In particular, two studies used the Least Absolute Shrinkage and Selection
Operator (LASSO) (Ehwerhemuepha et al., 2020; Janjua et al., 2019), Gradient booting trees
(XGBoost) (Taylor et al., 2020), or Naive Bayes, Support Vector Machines (SVM), and
Multilayer Perception methods (Wolff et al., 2019). Eight included studies reported predictive
model performance. Four models for surgical procedure related UHRs had c-statistics of 0.54
(Jiang et al., 2018) to 0.802 (Brown et al., 2019). Five models for all-cause UHRs had c-
statistics of 0.645 (Zhou, Della, et al., 2019) to 0.86 (Ehwerhemuepha, Finn, et al., 2018).
One model for medical condition related UHRs had c-statistics of 0.67 (Leary et al., 2019).

2.6.3 Examined variables/confounding factors and significant risk factors

The number of examined variables or confounding factors of the included studies ranged
from 1 (Mears et al., 2019) to 35 (Ehwerhemuepha et al., 2020). Two included studies had
inconclusive findings (Evans et al., 2019; Parikh et al., 2018). A total of 25 types of
significant paediatric UHRs risk factors were extracted and presented as per the three health

condition groupings in Table 2.3.

2.6.4 Risk factors associated with all-cause UHRS

A total of 12 types of significant risk factors were extracted from 11 studies, including
socio-demographic and clinical factors. The most frequently cited risk factors were
comorbidity (n =8), LOS (n =6), type of index admission (n = 6), age (n =5), and socio-
economic status (n = 3).

2.6.4.1 Socio-demographic factors

Four socio-demographic factors were identified as significantly associated with All-
cause UHRs. These included age, socio-economic status, race/ethnicity, and type of
insurance. Age was cited by five studies, but results were inconsistent. Three studies cited
patients under 1-year-old were more likely to be readmitted (Kumar et al., 2019; Markham
et al., 2019; Pershad et al., 2020), while the other two found teenage patients were at greater
risk of UHRs (Ehwerhemuepha, Bendig, et al., 2018; Zhou, Della, et al., 2019). Patients of
a family with lower socio-economic status were cited by two studies as a predictors of UHRS
(Ehwerhemuepha, Bendig, et al., 2018; Kumar et al., 2019). In comparison, one study found
patients with advantaged socio-economic status had 20% more chance to be readmitted in
Western Australia (Zhou, Della, et al., 2019).
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Patients of Native American or Hispanic ethnicity were also significantly associated
with UHRs (Markham et al., 2019; Rodriguez et al., 2019). One Australian single site study
reported patients who were admitted and used private health insurance as more likely to be
readmitted (Zhou, Della, et al., 2019); while two American studies identified users of the
government payer health insurance system as the predictor of UHRs (Markham et al., 2019;
Pershad et al., 2020).

2.6.4.2 Clinical factors

Nine clinical factors were identified as risk factors of All-cause UHRs. The factors
included comorbidities, previous usage of health services prior to index admission, date of
index admission, type of index admission, LOS, principal diagnosis of index admission, date

of index discharge, type of medication during index admission, and clinical decision making.

Patients with comorbidities, especially complex chronic conditions, were consistently
cited by eight studies with odds ratio from 1.31 to 2.67 as more likely to be readmitted
(Ehwerhemuepha, Finn, et al., 2018; Ehwerhemuepha et al., 2020; Kumar et al., 2019;
Markham et al., 2019; Pérez-Moreno et al., 2019; Pershad et al., 2020; Taylor et al., 2020;
Zhou, Della, et al., 2019). Emergency index admissions were cited as a readmission predictor
by five studies (Ehwerhemuepha, Bendig, et al., 2018; Ehwerhemuepha, Finn, et al., 2018;
Pérez-Moreno et al., 2019; Rodriguez et al., 2019; Taylor et al., 2020), but one study found
elective index admission is associated with increased risk of readmission (Ehwerhemuepha
et al., 2020).

Six studies identified patients with longer LOS at the index admission as more likely to
be readmitted (Ehwerhemuepha, Bendig, et al., 2018; Ehwerhemuepha, Finn, et al., 2018;
Ehwerhemuepha et al., 2020; Pershad et al., 2020; Taylor et al., 2020; Zhou, Della, et al.,
2019). Patients discharged on Friday (Zhou, Della, et al., 2019) and weekend (Markham et
al., 2019; Zhou, Della, et al., 2019) or in autumn (Ehwerhemuepha et al., 2020) were cited
as a risk factors of 30-day UHRs.

Patients with ED visits, hospitalisation, and a 30-day readmission in the six months prior
to the index admission were likely to be readmitted (Ehwerhemuepha, Finn, et al., 2018;
Ehwerhemuepha et al., 2020; Taylor et al., 2020). Patients admitted on Friday were more
likely to experience 30-day UHRs (Zhou, Della, et al., 2019). Patients with a specific

principal diagnosis at the index admission had more chance of readmission, especially
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neoplasms (OR =2.17; 95% CI [1.85-2.55]) (Ehwerhemuepha, Finn, et al., 2018;
Ehwerhemuepha et al., 2020).

Type of medication (intrathecal or adrenergic agonist), rout of medication
(intravenously), and at least one oral medication during index admission were also identified
as risk factors of UHRs (Ehwerhemuepha et al., 2020). In addition, an American study
reviewed 26 medical records of patients who were readmitted within 3 days of discharge.
The doctors involved in readmitting the patients were interviewed. The study found doctors,
who were unsure in decision making about the need for readmission, increase the patients’

likelihood of experiencing UHR (Rodriguez et al., 2019).

2.6.5 Risk factors associated with surgical procedure related UHRS

A total of 18 types of significant risk factors were extracted from 38 studies. The four
most frequently cited risk factors were complications during index admission (n =13),

comorbidity (n = 12), age (n = 11), and severity of illness (n = 9).

2.6.5.1 Socio-demographic factors

Six socio-demographic factors were significantly associated with surgical procedure
related UHRs. Factors included age, gender, race/ethnicity, socio-economic status, type of
insurance, and location of residence. Eleven studies cited age as a risk factors of UHRs
following index surgical procedures. Of the eleven studies, ten studies identified patients
younger than five years were more likely to be readmitted (Barakat et al., 2020; Bavishi et
al., 2018; Benavidez et al., 2019; Hsueh et al., 2018; Janjua et al., 2019; Mahle et al., 2019;
Marston et al., 2019; Roth et al., 2018; Russell et al., 2018; Valero et al., 2020). One study
found patients younger than 13 years had 18% more chance of UHRs related to assault-

related injury (Cortolillo et al., 2020).

Ethnicity were cited as a readmission predictor by six studies. Patients of Hispanic or
African race had 2.5 more times to be readmitted (Benavidez et al., 2019; Cashen et al.,
2020; Kogon et al., 2019; Mahle et al., 2019; Roth et al., 2018; Russell et al., 2018). From
an insurance perspective five studies cited type of insurance as a risk factor of UHRs. Four
studies identified either patients using government insurance or Medicaid were associated
with increased (30% to 129%) risk of readmission (Benavidez et al., 2019; Janjua et al.,
2019; Roth et al., 2018; Russell et al., 2018). One study, however, found patients using

private insurance were likely to be readmitted (Cortolillo et al., 2020).
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Patients of families earning median household income or living in medium metro country
or small country were significantly associated with UHRs (Chew et al., 2020; Cortolillo et
al., 2020; Wheeler et al., 2018). In addition, female patients were more likely to be readmitted
than males for patients following trauma or appendectomy (Cortolillo et al., 2020; Valero et
al., 2020), but one study found male patients experienced a greater chance of readmission

following endoscopic retrograde cholangiopancreatography (Barakat et al., 2020).

2.6.5.2 Clinical factors

Twelve clinical factors were identified as risk factors of surgical procedure related
UHRs and included comorbidities, previous usage of health services prior to index
admission, hospital characteristics, type of index admission/surgical procedure, principal
diagnosis/surgical procedure of index admission, surgical risk assessment, severity of illness,
laboratory results, and complications during index admission, LOS, date of index discharge,
and discharge disposition.

A total of thirteen studies found that patients, who developed complications during the
index admission, had up to 163 times more chance of being readmitted (Benavidez et al.,
2019; Blough et al., 2019; Cheon et al., 2019; Garcia et al., 2018; Hsueh et al., 2018; Janjua
et al., 2019; Johnson et al., 2018; Kogon et al., 2019; Kulaylat et al., 2018; Lee, Fields,
Boddapati, et al., 2020; Lee, Fields, McCormick, et al., 2020; Maddux et al., 2018; Zheng et
al., 2019). The commonly reported inpatient complications were post-operative pulmonary

complications, wound complications, or seizure.

Patients in nine studies with high severity of illness scores at index admission was cited
as at risk of experiencing UHRs (Benavidez et al., 2019; Blough et al., 2019; Cortolillo et
al., 2020; Janjua et al., 2019; Johnson et al., 2018; Kogon et al., 2019; Maddux et al., 2018;
Mahle et al., 2019; Marston et al., 2019). Comorbidities, especially CCC, were also cited as
risk factor of UHRs by twelve studies (Barakat et al., 2020; Berry et al., 2020; Chew et al.,
2020; Cortolillo et al., 2020; Garcia et al., 2018; Kogon et al., 2019; Kulaylat et al., 2018;
Lee, Fields, Boddapati, et al., 2020; Lee, Fields, McCormick, et al., 2020; Maldonado et al.,
2018; Milford et al., 2019; Russell et al., 2018). The reported comorbidities included cardiac,
endocrine, renal, haematology, and genetic syndromes. Prolonged LOS of index admission
was also cited as a predictor of UHRs by nine studies (Cashen et al., 2020; Johnson et al.,
2018; Kogon et al., 2019; Lee, Fields, Boddapati, et al., 2020; Maddux et al., 2018; Mahle
et al., 2019; Valero et al., 2020; Wheeler et al., 2018; Zheng et al., 2019).
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Ten studies identified patients, who underwent specific surgical procedures, are more
likely to be readmitted. The procedures include ENT, Renal, 3" degree burn, neurosurgical,
trauma related procedures, or complicated abdominal surgeries (Delaplain et al., 2020;
Egberg et al., 2020; Hsueh et al., 2018; Kulaylat et al., 2018; Maddux et al., 2018; Omling
et al., 2020; Valero et al., 2020; Vedantam et al., 2018; Vivas et al., 2020; Wheeler et al.,
2018). Patients assessed as high surgical risk had a four times greater likelihood to be
readmitted (Benavidez et al., 2019; Cortolillo et al., 2020; Kogon et al., 2019; Kulaylat et
al., 2018; Maddux et al., 2018; Vivas et al., 2020). The commonly used risk assessments
were the American Society of Anaesthesiologists (ASA) class, Risk Adjustment for

Congenital Heart Surgery (RACH), and wound classification.

An emergency admission requiring surgical intervention procedure was consistently
cited by four studies as a risk factor of readmission (Benavidez et al., 2019; Kulaylat et al.,
2018; Mears et al., 2019; Zheng et al., 2019) as did patients who had been discharged to care
facilities or to home with/without services (Maddux et al., 2018; Russell et al., 2018). In
addition, patients who left hospital against medical advice were 147% more likely to be
readmitted (Cortolillo et al., 2020).

Patients with specific laboratory results, such as Galectin-3, tumorgenicity 2, N-terminal
prohormone for congenital heart surgeries were associated with higher risks of readmission
(Brown et al., 2019; Parker et al., 2019) as were patients who underwent cardiac surgery
prior to the index admission (Kogon et al., 2019), were admitted to a medium beds hospital
with approximate 2,000 hospitalisations annually (Cortolillo et al., 2020) or were discharged

on a weekday following congenital heart operation (Kogon et al., 2019).

2.6.6 Risk factors associated with general medical conditions related UHRs

A total of 14 types of significant risk factors were extracted from ten studies. The most
frequently cited risk factors were comorbidity (n =7), age (n =6), lower socio-economic

status (n = 4), and higher levels severity of illness at the index admission (n = 3).

2.6.6.1 Socio-demographic factors

Five socio-demographic factors were significantly associated with general medical
condition related UHRs. Identified factors included age, gender, race/ethnicity, socio-
economic status, and environmental factors. Patients younger than three years had up to five
times more likelihood of be readmitted (Ardura-Garcia et al., 2018; Burns et al., 2018;
Okubo et al., 2018). One study found patients 12—18 years were significantly associated with
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UHRs (Veeranki et al., 2018). Female gender was found by two studies associated with
readmission for patients with asthma (Ardura-Garcia et al., 2018; Bhatt et al., 2020), but
male patients with febrile seizure experienced higher rate of readmission (Okubo et al.,
2018). Patients of African-American ethnicity were significantly associated with UHRs
(Ardura-Garcia et al., 2018).

Low to median socio-economic status was identified as a predictor of UHRs by five
studies (Ardura-Garcia et al., 2018; Awerbach et al., 2018; Bhatt et al., 2020; Okubo et al.,
2018; Veeranki et al., 2018). In addition, two studies reported patients who utilised
Medicare/government payer health insurance systems had a more than 4.79 greater chance
of being readmitted.

Air quality was identified by two studies as a readmission predictor for patients with
respiratory diagnoses. A recent study found elevated level of ozone and PM2 s concentration
contributed 2% — 8% more likelihood of being readmitted (Beck et al., 2006). In addition,
patients with passive smoke exposure had more than 4.55 times the chance of bronchiolitis
related UHRs (Burns et al., 2018).

2.6.6.2 Clinical factors

Nine clinical factors were identified as risk factors of general medical condition related
UHRs. The factors included, previous usage of health services prior to index admission,
comorbidities, type of index admission, hospital characteristics, principal diagnosis of index
admission, severity of illness, LOS, date of index discharge, and discharge disposition (the
final place or setting to which the patient was discharged, i.e., home or community

healthcare facilities).

Patients with pre-existing health conditions, especially chronic lung disease, had up to
12 times more likelihood of UHRs (Ardura-Garcia et al., 2018; Bhatt et al., 2020; Burns et
al., 2018; Kessler et al., 2020; Leary et al., 2019; Wang et al., 2019; Wong et al., 2020).
Patients with higher severity of illness were consistently cited by three studies as a risk
factors of UHRSs (Auger et al., 2019; Hong et al., 2019; Veeranki et al., 2018).

Emergency Department visits or hospitalisation in the six months prior to the index
admission doubled the likelihood of readmission (Ardura-Garcia et al., 2018; Leary et al.,
2019). Patients who take regular medications prior to the index admission were also four and

half times more likely to be readmitted (Hong et al., 2019).
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Readmission risk was doubled when their index admission was to either tertiary
hospitals or urban hospitals (Bhatt et al., 2020; Veeranki et al., 2018). In addition, patients
with hypertension or viral pneumonia who were admitted to a hospital were also significantly
associated with UHRs (Awerbach et al., 2018; Wong et al., 2020). Patients with longer than
two days of hospital stay at the index admission were 26-195% more likely to be readmitted
(Kessler et al., 2020; Leary et al., 2019; Veeranki et al., 2018).

Patients discharged to community healthcare facilities (Leary et al., 2019; Veeranki et
al., 2018) or sent home with arranged hospital in the home health care services (Kessler et
al., 2020) were significantly associated with UHRs. In addition, patients whose caregiver
discharged them against medical advice doubled the chance of readmission (Bhatt et al.,
2020). Patients with medical admissions or discharged on a weekday were also more likely
to be readmitted (Leary et al., 2019).

2.6.7 Summary

An updated electronic databases search was conducted examining risk factors associated
with paediatric unplanned hospital readmission from 2018 to 2020 using the same search
strategy as the published systematic review (Publication 3) in section 2.5. A total of 63
studies met the selection criteria, compared to 44 studies from 2000 to 2017, illustrating the
rapid growing importance of this area in identifying paediatric patients at high risk of being

readmitted following an initial index admission.

The additional included studies were reviewed and grouped into three health condition
groups used in the previous systematic review of All-cause UHRs, Surgical procedure
related UHRS, and General Medical Conditions related UHRs. Of the 63 included studies,
38 (60%) were pertinent to surgical procedure related UHRs, which is similar to the initial
systematic review (20/44 studies). Nine studies reported model performance, compared to
six in the published systematic review. Additionally, four studies from this updated literature

review utilised machining learning analysis methods in the identification of risk factors.

A total of 25 different types of risk factors were extracted from the 63 included studies
and reviewed as per health condition groupings. Overall, the top four frequently cited risk
factors associated with paediatric UHRS across three groups are comorbidity (n = 27), age
of patient at index admission/procedure (n = 22), complications during the index admission

(n =13), and severity of illness (n = 12), which differed from the previous systematic review
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results of comorbidity, public health insurance; longer LOS, and age of patients as the top
four risk factors (Zhou, Roberts, et al., 2019).

In terms of variables impacting hospital-to-home transition process, two of the 63
included studies examined follow up planning (Kumar et al., 2019), transition of care
information (Kumar et al., 2019; Rodriguez et al., 2019), readiness for discharge (Rodriguez
et al., 2019), however, none of these variables were significantly associated with UHRs.
Additionally, two studies examined the impact of parental health-literacy (Rodriguez et al.,
2019) and English proficiency (Leary et al., 2019) on their child’s UHRs, but the results

were inconclusive.
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Characteristics of the 63 Included Studies Published in 2018 to 2020 on Risk Factors related to Paediatric UHRs

Medical Outcome Follow-up Proportion
Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis
All-Cause Related (11)

Ehwerhemuepha  All-cause 7-Day UHRs Retrospective A tertiary paediatric 50,241 patients 29 Days—21  2013-2017 4.46% Least absolute
2020 hospital Years shrinkage and
USA Electronic medical selection

records operator
(LASSO)
regression
AUC =0.778

Pershad All-cause 7-Day UHRs Retrospective An urban tertiary 17,707 0—>18 Young  Oct 2012 — Sept 2.3% Generalised
2020 paediatric hospital admissions adults 2015 estimating
USA & Pediatric Health 13,642 patients equation (GEE)

Information System
(PHIS) &
Hospital’s
electronic medical
record

Taylor All-cause 3, 7, and 30-Day Retrospective Children’s hospital 1,111,323 0-18 Years 2016-2017 1.6% (3-Day)  Gradient boosting
2020 UHRs association children 2.4% (7-Day) tress (XGBoost)
USA pediatric Health 1,321,376 4.4% (30-Day)  30-Day

Information System  admissions AUC = 0.811
(CHAPHIS) 3-Day

database AUC =0.771
7-Day

AUC =0.778

Pérez-Moreno All-cause 30-day UHRs Retrospective Paediatric ward of a 5,459 Patients <16 Years Jun 2012 - Nov 4.1% Cox regression
2019 Identification of tertiary hospital 2015 model
Spain early UHRs Medical records

Kumar All-cause <15-; 15-30; 31-60 Prospective Paediatric department 6,179 Admissions 1 Monthsto 15 Feb 2016 - Overall 3.0% t-Test
2019 Day UHRs of a tertiary general Years Jan 2017 Chi-Square Test
India hospital
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Medical Outcome Follow-up Proportion
Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis
Medical records
Markham All-cause 30-Day UHRs Retrospective 43 paediatric 390,745 0-17 Years Oct 2014 - 8.2% Generalised linear
2019 hospitals Hospitalisations Sep 2015 mixed
USA Administrative modelling
database
Rodriguez All-cause 3-Day Preventable  Prospective A tertiary children’s 121 Patients & Not specified 20 July 2016 — 48% t-Test
2019 UHRs hospital; Medical 125 3 Feb 2017 preventable Chi-Square Test
USA records & interview  Readmission UHRs Content analysis
Cases
Wolff All-cause 30-Day UHRs Retrospective A paediatric hospital 56,558 Mean =5.78 + July 2011 - Oct 3.72% Support Vector
2019 Administrative cost ~ Admissions 5.04 2017 Machines
Chile coding system (SVM™);
Multilayer
perception
(MLP);
Naive Bayes
Method (NB)
Zhou All-cause 30-Day UHRs Retrospective A tertiary paediatric 73,132 Patients Mean=6.3+  2010-2014 4.55% c-statistic = 0.645
2019 hospital 5.37 vs.
Australia Inpatient electronic 5.71+4.95
dataset Years
Ehwerhemuepha  All-cause 30-Day UHRs Retrospective A tertiary paediatric 38,143 Patients 29 Daysto 18  July 2013 — 10.4% c-statistic = 0.86
2018 hospital Years June 2017
USA Medical records
Ehwerhemuepha  All-cause 7-Day UHRs Retrospective A tertiary paediatric 19,702 29 Daysto21  Sept 2014 -Aug 3.85% Multivariable
2018 hospital Admissions Years 2016 logistic
USA Medical records regression
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Medical Outcome Follow-up Proportion
Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis
Surgical Related (38)

Barakat Endoscopic 30-Day UHRs Retrospective The National 11,060 Patients <20 Years 2005-2014 13.3% Multivariable
2020 retrograde Inpatient Sample logistic
USA cholangiopancr (NIS) and the regression

eatography National
(ERCP) Readmission
Database (NRD)

Berry Hip 30-Day UHRs Retrospective 49 children’s 3,753 Children 4-19 Years 2015-2018 8.9% Univariable
2002 reconstruction hospitals with analysis
USA neurological

Cccc
4,058 Surgeries

Cashen Fontan 1-Year UHRs Retrospective 3 Institutions 297 Children <15 Years 2009-2014 15% Multivariable
2020 circulation/Car Chart review logistic
USA diac surgery regression

Chew Airway surgery  30-Day UHRs Retrospective The NRD 10,289 4.96+5.84 2014 8.6% Multivariable
2002 22 states Procedures Years logistic
USA over 7,210 regression

Admissions

Cortolillo Assault/ Trauma 1-Year UHRs Retrospective The NRD 46,294 Patients <18 Years 2010-2014 11.4% Multivariable
2020 logistic
USA regression

Egberg Total Abdominal 30-Day UHRs Retrospective The NSQIP-P 489 13-17 Years 2012-2017 19.4% Multivariable
2020 Colectomy Hospitalisations logistic
USA (TAC) of Children regression

with ulcerative
colitis

Delaplian Trauma 7-Day & 30-Day Retrospective 28 Hospitals 82,532 Patients <18 Years 2000-2017 21.14% Mixed-effects
2020 UHRs The Cerner Health 95,158 regression
USA Facts database Admissions 7- Day

AUC =0.737
30-Day
AUC =0.799

Lee Spinal deformity  90-Day UHRs Retrospective The NRD 2,856 Patients <18 Years 2012-2017 17.6% Multivariable
2020a surgery logistic
USA regression
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Medical Outcome Follow-up Proportion
Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis
Lee Fusion surgery 30-Day & 90-Day  Retrospective The NRD 30,677 Patients ~ 10-18 Years 2012-2015 30-Day (2.9%) Multivariable
2020b for idiopathic UHRs 90-Day logistic
USA scoliosis (1.4%) regression
Omling Appendectomy  30-Day UHRs Retrospective The National Patient 38,939 Patients <18 Years 2001-2014 1.9% Multivariable
2020 Register logistic
Sweden regression
Valero Appendectomy  30-Day UHRS Retrospective The Colombia’s 21,674 Children  12.15+3.93 July 2013-Sept  1.5% Generalised
2020 Contributory Health Years 2015 multilevel
USA System mixed model
Vivas Spine deformity  90-Day & 2-Year  Retrospective A multicentre 218 Children Mean = 14.2 2008-2014 90-Day (8.7%)  Multivariable
2020 surgery UHRs Database Years 2-Year logistic
USA (7.3%) regression
Mahle Heart 30-Day & 1-Year  Retrospective Clinical Trials in 227 Discharges <14 Years 2Jan 2011 -31 29.5% Multivariable
2019 transplantation UHRs Organ Dec 2013 logistic
USA Transplantation regression
Multi-institutions
Marston Choanal Atresia  30-Day UHRs Retrospective The NSQIP-P 178 Children Median Age 2012-2015 15% Univariate
2019 Repair database 135 to 466 analysis
USA Multi-institutions Days
Mears General 30-Day UHRs Prospective A large general 2,616 Children <18 Years 2016 0.9% t-test
2019 Surgeries tertiary hospital 1,398 Elective
UK Hospital 1,218 Emergency
Episode Statistics
Software
Maldonado Augmentation 30-Day UHRs Retrospective The NRD (22 states 1,873 Cases <18 Years 2010-2014 19.6% Multivariable
2018 Cystoplasty /50% of all US logistic
USA hospitalisations) regression
Zheng General 30-Day UHRs Retrospective Paediatric general 3,263 Patients Mean July 2010 - 9% Multivariable
2019 Surgeries surgical department UHR =356+  June 2017 logistic
China of a tertiary hospital 3.73 regression
Medical records Mean
Control =3.5
8+3.63 Years
Evans Tonsillectomy 30-Day UHRs Retrospective A tertiary children’s 427 Patients 24-42 Months  July 2014 — 0.94% Chi-Square test
2019 hospital July 2017 Wilcoxon test
USA Medical records
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Medical Outcome Follow-up Proportion

Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis

Brown Congenital Heart 30-Day UHRs Prospective A tertiary hospital via 162 Patients 1-18 Years 2010-2014 13% c-statistics = 0.802
2019 Surgery The society of
USA Throacic Surgeons

Congenital Heart
Surgery Database

Blough Palatoplasty 30-Day UHRs Retrospective The Pediatric 3,616 Patients Mean = 12.2 2012-2015 2.4% Multivariable
2019 National Surgical Months logistic
USA Quality regression

Improvement
Program Database

Benavidez Congenital Heart 30-Day UHRs Retrospective State Inpatient 8,585 Patients <19 Years 2009-2011 11.3% Generalised
2019 Surgery Databases estimating
USA (Washington, New equation

York, Florida, and
California)

Kogon Congenital Heart 30-day UHRs Retrospective The Society of 56,429 Patients <18 Years 2014-2016 11% Multivariable
2019 Surgery Thoracic Surgeon logistic
USA Congenital Heart regression

Surgery Database
100 centres

Parker Congenital Heart 30-day UHRs Prospective A tertiary children’s 162 Patients 2 Yearsto 17.3 2010-2014 12.9% Multivariable
2019 Surgery hospital Years logistic
Lebanon Medical records regression

review

Cheon Low —risk skin 30-Day UHRs Retrospective The American College 6,730 Patients Mean =6.70 + 2012-2014 0.61% Multivariable
2018 and soft tissue of Surgeon’s (ACS- 5.14 Years logistic
USA surgery NSQIP-P). regression

Janjua Spinal Cord 30- & 90-Day Retrospective The Nationwide 397 Patients <20 Years 2010-2015 10.8% (30- LASSO analysis
2019 Tumour UHRs Readmission Day); 16.0%

USA Surgery Database (90-Day)

Milford Nissen 1-Year UHRs Retrospective A children’s hospital 187 Patients Mean = 28 2004-2015 29% Mann-Whitney U
2019 fundoplication Medical records Months Test Chi-Square
South Africa review Test

Bavishi Dilation of 30-Day UHRs Retrospective The ACS-NSQIP-P 171 Endoscopic  0—17.6 Years 2015 Endo-7.6% Univariate logistic
2018 laryngotracheal Vs 116 Open Open-9.5% regression
USA stenosis Procedures
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Medical Outcome Follow-up Proportion

Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis

Garcia Kasai procedure  30-Day UHRs Retrospective The ACS-NSQIP-P 190 Patients Mean = 62 2010-2015 15.3% Multivariable
2018 for biliary Days logistic
USA atresia regression

Hsueh Tonsillectomy 30-Day UHRs Retrospective The National Health 17,326 Patients <18 Years 1997-2012 1.81% Multivariable
2018 Insurance Research logistic
Taiwan Database regression

Johnson Tonsillectomy/ 30-Day UHRs Retrospective The Nationwide 9,079 Patients <18 Years 2013 3.6% Univariate logistic
2018 Adenoidectomy Readmission regression
USA Database (NDR)

Jiang Urology surgery  30-Day UHRs Not Defined The NDR; The state 8,006 — NDR <18 Years Not Defined Not Defined AUC
2018 Inpatient Database 6,236 — CCS-0.63
USA & The State SID/SEDD VWI - 0.54

Emergency Rhee — 0.56
Department
Databased

Kulaylat All Surgery 30-Day UHRs Retrospective The NSQIP-P 130,274 Patients <5 months till  2013-2014 3.9% Multivariable
2018 >12 Years logistic
USA regression

Maddux Trauma 1-Year UHRs Retrospective The National Trauma 51,591 Patients <18 Years 2007-2012 5.4% Multivariable
2018 Data Bank & The logistic
USA NSQIP regression

Markham Orbital cellulitis  30-Day UHRSs Retrospective The Pediatric Health 1,828 Patients 2-18 Years 2007-2014 Not Defined Chi-Square test
2018 Information System
USA (PHIS)

Russell Tracheotomy Not Defined Retrospective The PHIS - 48 8,009 Patients 0-17 Years 2007-2013 36% Cox-proportional
2018 hospitals hazard model
USA

Roth Hypospadias 30-Day UHRs Retrospective 43 hospitals 45,264 Patients  Mean = 1.8 2004-2015 1.2% Logistic regression
2018 repair Years with fixed and
USA random effects

Vedantam Epilepsy surgery 30-Day UHRs Retrospective The NSQIP-P 280 Surgeries 0-18 Years 2015 7.1% c-statistic = 0.71
2018
USA

Wheeler Burn 30-Day UHRs Retrospective The NRD 11,940 Patients ~ 1-17 Years 2013-2014 2.7% Multivariable
2018 logistic
USA regression
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Medical Outcome Follow-up Proportion
Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis
Medical Related (14)
Baek Asthma 30-Day URHs Retrospective A children’s hospital 111 patients 5-18 Years 2010-2014 NA Conditional
2020 Hospital database logistic
USA regression
Bhatt Diabetic 30-Day URHs Retrospective The Nationwide 87,815 2-18 Years 2010-2014 4.6% Multivariable
2020 Ketoacidosis Readmissions Hospitalisations logistic
USA Database regression
Kessler Epilepsy 30-Day URHs Retrospective The Nationwide 42,873 1-17 Years 2013-2014 10.4% Multivariable
2020 Readmissions Admissions logistic
USA Database regression
Wong RSV 30-Day URHs Retrospective The Alberta Health 10,212 Children <5 Years July 2004 — 4.2% Cox proportional
2020 Services Discharge with 10,967 June 2017 hazard model
Canada Abstract Database Admissions
(Province Database
)
Ardura-Garcia Asthma 15-Day to Systematic 3 RCTs; 33 44-37,267 0-20 Years 15Day to 3 Not specified Not specified
2019 3-Year Review Observational Patients Years Follow
UK UHRSs studies; 5 Databases Up Period
searched on 9™
January 2017
Auger Complex 30-Day URHs Retrospective A tertiary children’s  Of 41,422 index <18 Years 2008-2012 9.4% Multivariable
2019 Medical hospital hospitalisations logistic
USA Conditions Medical records — 595 pairs regression
matched
Wang Mycoplasma 90-day UHRs Retrospective Paediatric wards ofa 424 <14 Years Jan 2016 - 11.3% Multivariable
2019 Pneumoniae tertiary hospital Hospitalisations Feb 2017 logistic
China Pneumonia Medical records regression
Parikh Asthma 30-Day UHRs Prospective Survey on 13 asthma- 45 of 49 hospitals 5-17 Years 2015 5.7% Chi-square test
2018 specific discharge responded
USA components (92%)
Multi-institutions
Leary Complex chronic  30-Day UHRs Retrospective An academic medical 2,296 Index 6 Monthsto 18 Oct 2010 -July  8.2% c-statistic = 0.67
2019 conditions centre admissions Years 2016
USA Electronic health records
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Medical Outcome Follow-up Proportion
Reference Condition measures Study Design Data source Sample size Age period readmitted Data Analysis
Hong Neurology 44%  7- & 30-Day Retrospective A large freestanding 923 Admissions <18 Years 2017 3.0% (7-Day);  Multivariable
2019 UHRs<7days  UHRs children’s hospital 6.9% (30- logistic
USA Electronic medical Day) regression
records
Awerbach Pulmonary 30-Day UHRs Retrospective The PHIS — 49 13,580 Patients <18 Years 2005-2014 26.3% Multivariable
2018 hypertension tertiary paediatric logistic
USA hospitals regression
Burns Bronchiolitis 30-Day UHRs Retrospective A children’s hospital 299 Patients <2 Years Jan 2010 — May 9.0% Multivariable
2018 Medical records 2015 logistic
USA review regression
Okubo Febrile seizure Not Clearly Retrospective The Nationwide 40,956 Patients <6 Years 2010-2014 3.45 cases per  Multivariable
2018 Defined Readmission 1000 person- logistic
USA Database (NRD) — months regression; Cox
12 states proportional
hazard model
Veeranki Asthma 30-Day UHRs Retrospective The NRD 12,842 Patients ~ 6-18 Years 2013 2.5% Cox’s
2018 proportional
USA hazards model
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Examined Variables of Included 63 Studies and Significant Risk Factors Associated with Paediatric UHRs

Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Ehwerhemuepha  All-cause 7-Day UHRs Demographic (Sex, Race/Ethnicity, Age) LASSO regression model consists of:
2020 Social determinants of health (Medical insurance type, Proportion of Severity of illness (Charlson comorbidities > 2, CCC > 1,
USA single parents by zip code, Proportion of vacant houses by zip No. Catheters, CT, MRI in previous 6Months, Surgical
code, Median income by zip code) procedures previous 6Months, Rothman Index scores)
Health care resource use (LOS/Index admission, Cumulative Health care resources use (Previous hospitalisations > 1),
LOS/Previous 6Months, Previous UHR/6Months, Previous History of UHRs > 1, History of planned readmission > 1,
planned readmission/6Months, Previous hospitalisations/6Months,  LOS > 3days, ED visits > 2, Previous visits, Primary care
Types of index admission, Outpatient encounters/6Months, no shows, Season of discharge_Fall, Planned
Previous ED visits/6Months, Catherisation, CT scans, and admission_Yes, Cumulative LOS)
MRIs/Previous 6Months, Procedures/Previous 6Months, Devices  Diagnosis x 8 [Neoplasms (C00-D49), Conditions affecting
or implants (Previous 6Moths) ears and eyes (HO0—H95), Health services (Z00-Z99),
Diagnoses (ICD-10-CM code_22 listed) Heart diseases (105-109, 120-152), Conditions from
Severity of illness and acuity (ED index admission, CCI, Discharged ~ perinatal period (P00-P96), Blood and immune conditions
from ICU, ICU Stay during index admission, No. of CCC, (D50-D89), Malnutrition (E40-E46), Injury and poison
Average PEWS score, Pediatric Rothman Index scores (5 (S00-T88)]
Criteria), Index visit catherisation, CT scans, and MRIs, Index Medication (No. Intrathecal medications, No. Adrenegic
visit procedures, Current or index visit devices or implants, agonists)
Encounter type (inpatient versus observation), Average pain score) Medication taken via intravenous
Medication classes (10 Listed) No. Oral medications
Medication route (6 listed)
Other variables (Season of discharge, Day of week of discharge,
Primary care no shows/Previous year), Primary care visit
cancellation/Previous year)
Pershad All-cause 7-Day UHRs Demographic (Age, Sex, Race/Ethnicity, Insurance payer, clinical LOS (OR =1.03; 95%ClI 1.01-1.04)
2020 (heart rate at discharge, the Paediatric Medical Complexity Government insurance (OR = 1.35; 1.10-1.66)
USA Algorithm (PMCA)Medical Complexity Algorithm, and hospital

characteristics (length of stay (LOS) in days, surgical indicator,

ICU flag, weekday versus weekend discharge)
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Complex Chronic (OR = 2.67; 95% CI 2.15-3.32)
Neonatal (OR = 3.72; 95% CI 2.21-6.27)

Infant (OR = 1.95; 95% CI 1.53-2.49)

Toddler (OR = 1.29; 95% CI 1.01-1.64)
Teenager (OR = 1.45; 95% CI 1.12-1.89)



Chapter 2. Exploring the Literature

Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Taylor All-cause 3-,7-,and 30-day = Demographic (Age, Sex, Ethnicity, Race, Insurance payer), Previous Previous unplanned hospital readmission, ED Admission
2020 UHRs UHR prior to the index admission, Admission type, LOS, Had an type at index admission, Medical complexity/CCC, LOS
USA infection, Had a surgical complication, Had a medical
complication, PMCA, CCCs
Pérez-Moreno All-cause <15-day UHRs Age, Severity based on high-flow oxygen therapy or admission to Underlying disease (HR = 1.51; 95% CI 1.07-2.27)
2019 Preventable/ the intensive care unit (ICU) during stay, Underlying disease, Emergency visits (HR = 1.66; 95% CI 1.11-2.48)
Spain Eearly UHRs Emergency visits, Mean LOS, Respiratory admission,
Gastrointestinal admission
Kumar All-cause <15- & Age, Sex, Kuppuswami scale, Local/migrant, Religion, Source of Lack of health information like television,
2019 15-30 & 31-60 health information, Primary health care giver, Educational status  |ower socio-economic status,
India Day UHRs of the mother, Birth order, Adequate breastfeeding, Length of stay |nagequate breastfeeding,
(LOS), Comorbidities, PICU admission, Procedure during PICU Younaer age
admission, Follow-up planned, Follow-up in OPD or Special - ger age,
clinic OPD, follow-up explained to attendants in their own Mlgrantg . o ] .
language, Danger signs explained Comorbidities (cardiac disease, anaemia, malnutrition, and
global developmental delay)
Markham All-cause 30-Day UHRs Day of discharge, Age, Gender, Race/Ethnicity, Payer, Median Weekend Discharge (OR = 1.12; 95% CI 1.09-1.14)
2019 household income quantile, Any CCC, Any Technology Age 0-30days (OR = 1.21; 95% CI 1.13-1.30)
USA Dependence, Number of Chronic Conditions, Admitted through  Age 31-365days (OR = 1.39; 95% CI 1.33-1.45)
ED, ICU Stay Native American (OR = 1.18; 95% CI 0.93-1.50)
Government Payer (OR = 1.04; 95% CI 1.01-1.07)
Any CCC (OR =1.26; 95% CI 1.22-1.30)
Technology dependency (OR = 1.15; 95% CI 1.11-1.20)
> 1 to 5+ Chronic conditions (OR = 1.71 to 5.93; 95% ClI
5.62-6.27)
Protective factors:
Age 5-9years (OR = 0.85; 95% CI 0.81-0.89)
Age 10-14years (OR = 0.97; 95% CI 0.93-1.02)
Admitted through ED (OR = 0.93; 95% CI 0.91-0.99)
Rodriguez All-cause 3-Day Preventable  Quantitative variables Preventability:
2019 UHRs LOS of index admission, Time between discharge and readmission, Problems with clinical decision-making readmissions
USA LOS of UHR; Date of initial discharge (P<0.001),

Age, Sex, Medical complexity (Previously healthy, simple past
medical history, complex past medical history), Number of
admissions in a year prior to study (0 to 4+), Health-literacy
problem;
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Issues with the discharge process in readmissions (p=0.01),
Clinically related admission and readmission (p=0.004)
Weekday of initial discharge (p=0.02).
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Reference

Medical Condition

Outcome measures Examined Variables

Significant Risk Factors
All-Cause Related

Wolff
2019
Chile

All-cause

Race/Ethnicity, COI — childhood opportunity index (a measure of
education, health, environment, and economy based socio-
economic status), Insurance;

Qualitative content analysis themes from physician responses

Clinical factors: Unclear diagnosis at the time of discharge,
Discharging patient before clinically back to baseline,
Unexplained changes in the patients clinical course after
discharge, Unless patients are kept in the hospital unnecessarily,
some readmissions will occur;

Factors related to a lack of consensus on discharge or readmission:
Family preference to be discharged influenced the primary team,
Discharge based on subspecialty recommendations instead of
primary-team opinion, Discharge between primary team and the
ED providers on the necessity of readmission, Family preference
to be readmitted influenced the primary team and ED providers

Qualitative content analysis themes from family responses

Clinical factors: Inadequate medical workup, Unclear diagnosis at
the time of discharge, Clinical condition worsened at home,
Discharge instruction

Factors related to a lack of consensus on discharge or
communication: Disagreement on readiness for discharge between
the family and primary team, Poor communication

30-Day UHRs Administrative cost coding system (Age, Sex, Ethnic group,
Anonymized geographical information/postal code, Public
insurance plan, Principal diagnosis, Secondary diagnosis, Tertiary
diagnosis, and Main procedure performed); Patient’s admission
(Date of admission, The service in which he/she was admitted, and
His/her origin); Internal transfers (Date/hour, Service of origin and
internal destination); Patient’s discharge (Discharge date, Service
that performs the discharge, Patient’s destination)
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Clinically unnecessary readmissions:

Hispanic ethnicity (p=0.02),

Outside-hospital transfer (p=0.05)

Problems with clinical decision-making (p=0.01).
Qualitative data highlighted:

Disagreement on readiness for discharge and the necessity of
readmission among various providers and family

Area Under the Curve:

The NB: 0.654

The SVM: 0.597

The MLP1: 0.643

The MLP2: 0.539

NO SIGNIFICANT FACTOR is reported
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related

Zhou All-cause 30-Day UHRs Age, Gender, Index admission status, Funding source for inpatients, >16 years (OR = 1.46; 95% CI 1.07-1.98)
2019 Type of insurance, Source of referral transport, State/Territory of  Utilising private insurance as an inpatient (OR = 1.16; 95%
Australia residence, Care type provided, economical social status,

Ehwerhemuepha  All-cause
2018
USA

30-Day UHRs

Interpreter service requirement, General anaesthetics (GA) at
index admission, PICU at index admission, LOS, Day of index
admission date, Day of discharge from index admission, Number
of co-diagnoses

Demographics/Socio-economic data (Sex, Race/ethnicity, LOS,

Age, Median income by zip code/$10,000, Percent vacant houses
by zip code, Percent single parent by zip code, Low income
primary medical insurance); Resource use (Planned
admission/Admitted through ED, ED visits within last 6 months,
Previous inpatient visits within the last 6 months, History of 30-
day readmission within last 6 months, Ambulatory resource use
within last 6 months); Severity of illness/medical complexities
(Charlson’s comorbidities, Complex chronic conditions/CCC, ICU
stay at the index admission); The paediatric Rothman Index -pRI
(Vital signs, Laboratory results, Nursing assessment results that
may be direct or proxy risk factors of readmission); 18 ICD-10-
CM diagnosis Chapters

129

Cl11.00-1.34)
With greater socio-economic advantage (OR = 1.20; 95% CI
1.02-1.41)
Admitted on Friday (OR = 1.21; 95% CI 1.05-1.39)
Discharged on Friday (OR =1.26, 95% CIl 1.10-1.44)
Discharged on Saturday (OR = 1.34, 95% CI 1.15-1.57)
Discharged on Sunday (OR =1.24, 95% CI 1.05-1.47)
> 4 Co-diagnoses (OR = 2.41; 95% CI 2.08-2.80)
LOS > 15 days (OR = 2.39; 95% CI 1.83-2.98)
Protective factors:
Aeromedical service (OR = 0.47; 95% CI 0.31-0.71)
Had a procedure under GA during the index admission
(OR =0.67; 95% CI 0.64-0.76)
LOS 2-3 days (OR =1.23; 95% CI 1.07-1.42)
LOS 4-6 days (OR =1.42; 95% CI 1.20-1.67)
LOS>7 days (OR = 1.80; 95% CI 1.51-2.14)
1 ED visits in last 6 month (OR =1.27; 95% CI 1.11-1.45)
>2 ED visits in last 6 month (OR = 1.30; 95% CI 1.12-1.50)
1 Previous admission in last 6 month (OR = 1.86; 95% ClI
1.59-2.17)

> 2 Previous admission in last 6 month (OR = 2.39; 95% CI
1.94-2.94)

1 History of 30-day readmission in last 6 month (OR =1.27;
95% CI 1.06-1.53)

> 2 History of 30-day readmission in last 6 month
(OR =2.75; 2.19-3.44)

Admitted through ED (OR = 1.15; 95% CI 1.02-1.29)
1 CCC (OR =1.63; 95% CI 1.42-1.87)
>2 CCC (OR =1.66; 95% CI 1.43-1.92)
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related
18 ICD-10-CM diagnosis Chapters
Neoplasms (OR = 2.17; 95% CI 1.85-2.55)
Blood and/or immune (OR = 1.30; 95% CI 1.14-1.48)
Nervous, eye, ear, and/or mastoid (OR = 1.21; 1.08-1.37)
Circulatory disease (OR = 1.33; 95% Cl 1.14-1.56)
Health status and/or services factor (OR = 1.20; 1.06-1.35)
Protective factors
Planned index admission (OR = 0.65; 95% CI 0.52-0.82)
pRI of 10 percent increment (OR = 0.86; 95% CI 0.81-0.90)
Maximum pRI occurred last 24 hours of hospitalisation
(OR =0.85; 95% CI 0.75-0.95)
Diagnosis Chapter of Respiratory disease (OR = 0.75; 95%
Cl1 0.66-0.85)
Diagnosis Chapter of External morbidity causes (OR = 0.64;
95% CI 0.45-0.89)
Ehwerhemuepha  All-cause 7-Day UHRs Demographic (Sex, Age, Race/Ethnicity), Type of health insurance  Older age (OR = 1.03; 95% CI 1.02-1.04)
2018 as payer, Malnutrition (OR = 1.84; 95% CI 1.39-2.39)
USA Acute/emergent admission, Number of previous emergency LACE variables
gepaftmf”tt_(ED)t ‘fSitSRWit_hit” th;(;&:_? m(zgtgs)'d'-_osv o Longer LOS (OR = 1.33; 95% Cl 1.28-1.37)
reregistration status, Registered dietitian iagnosis o icci — .
malngtrition; LACE Reagmission model variables (gLOS, Acute Acute/Emt_argent a(im|53|?n ((?R " 1'10i95% C11.05-1.16)
and/or emergent admission, The Charlson’s Comorbidity Index Comc_)rwlty (OR _1'31’ 95% C11.25-1.37)
Score, and Number of ED visits in the previous 6 months ED visit in the previous 6 month (OR = 1.23; 95% CI 1.15—
(excluding visits that resulted in hospitalisation) 132)
Surgical Related
Barakat Endoscopic 30-Day UHRs Age, Sex, Race/ethnicity, Hospital region, Teaching status, Elective Male (OR =1.17; 95% CI 1.16-1.18)
2020 retrograde procedure status, LOS, Comorbidities (obesity, diabetes) and Age/0—4 years (OR = 1.95; 95% Cl 1.93-1.97)
USA cholangiopancreato history of liver transplantation, Type of ERCP procedure, Primary - age/59 years (OR = 1.13; 95% CI 1.10-1.15)
graphy (ERCP) cause for hospitalisation Comorbidity/Obesity (OR = 1.10; 95% CI 1.07-1.14)
History of liver transplant (OR = 2.01; 95% CI 1.79-2.25)
Berry Hip reconstruction 30-Day UHRs Underlying neurological CCCs, No. Co-occurring chronic >4 co-existing chronic conditions (Increased by 250%,
2002 conditions; Demographic characteristics (Sex, Age at admission, p<0.001)
USA Payer, Ethnicity); Clinical characteristics (Side of surgery, Site of

surgery)
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related
Cashen 1-Year UHRs Age, Weight, Sex, Race/Ethnicity, Institution/Centre site, Cardiac Centre B (OR =6.1; 95% Cl 2.3-16.3)
2020 circulation/Cardiac lesion, Comorbidities, Operative procedures prior to the Centre C (OR = 2.3; 95% CI 0.7-7.0)
USA completion Fontan procedure, Operative details (Type of Fontan  african-American/Black (OR = 2.5; 95% CI 1.0-6.0)
procedure, Presence of fenestration, Additional surgical Post-operative LOS > 14 days (OR = 3.3; 95% CI 1.5-6.9)
procedures during the Fontan operation - - D
including Pulmonary arterioplasty, Atrial septectomy, Tricuspid
valvuloplasty, Repair of superior vena cava stenosis, Aneurysm
repair, Aortic valve repair, Maze procedure); post-operative
complications, durations of ICU and hospital stay, Discharge
medications, Discharge echocardiogram findings; ED visits post-
discharge (Chief complaint, <= Admitting diagnosis, treatment,
and disposition)
Chew Airway Surgery 30-Day UHRs Age, Gender, Patient residency location, Type of insurance, Median No. Diagnosis (OR = 1.02; 95% CI 1.00-1.03)
2020 household income of patient zip code, Teaching hospital status, No. CCC (OR = 1.13; 95% CI 1.09-1.16)
USA No. Comorbid diagnoses, No. CCC, No. procedures, Quartile 1 median household income per zip code
(OR =1.2;95% CI 1.02-1.41)
Cortolillo Assault/Trauma 1-Year UHRs Ownership of hospital, Age, Injury mechanism, Injury servery (ISS), <13 Years (OR = 1.18; 95% CI 1.10-1.28)
2020 Hospital characteristics (Bed size, Teaching), Median household  Females (OR = 1.43; 95% CI 1.34-1.52)
USA income, Payer, Discharge disposition, CCCs
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Firearm injury (OR = 2.5; 95% CI 2.10-2.97)
ISS>15 (OR = 1.29; 95% CI 1.20-1.38)
Medium beds hospital (OR = 1.61; 95% CI 1.43-1.82)

Median household income $64K (OR = 1.85; 95% CI 1.70-
2.03)

Private insurance (OR =1.12; 95% CI 1.13-1.3)

Left hospital against medical advice (OR = 2.47; 95% ClI
1.66-3.68)

CCC>1 (OR =1.14; 95% CI1 1.03-1.27)

Protective factors

Investor-owned hospital (OR =0.79; 95%CI 0.67-0.93)

Penetrating (OR = 0.38; 95& CI 0.32-0.44)

Large bed size hospital (OR = 0.84; 95% CI 0.75-0.94)

Metropolitan teaching hospital (OR = 0.64; 95% CI 0.58—
0.7)

Non-metropolitan hospital (OR = 0.54; 95% CI 0.41-0.72)

$48,000-$63,999 household income (OR = 0.89; 95% ClI
0.81-0.97)
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Egberg Total Abdominal 30-Day UHRs Patient-related variables (Age at index surgery, Sex, Weight, TAC + Proctectomy (AOR = 2.4; 95% CI 1.1-5.2)
2020 Colectomy (TAC) Race, Ethnicity); Surgery-related variables (Duration of
USA operation (hours), Time
under anaesthesia (hours), Paediatric-trained surgeon (Y/N),
Procedural approach, Case/admission type, Procedure type (TAC
vs TAC + proctocolectomy); Patient variables associated with
the surgical hospitalisation (Prior steroid exposure within 30
days of the index procedure, Blood transfusion within 48 hours of
surgery, Preoperative laboratory values/albumin, hematocrit, and
platelets, LOS of index surgical admission
Delaplian Trauma 7-Day & 30-Day Demographics (Age, Sex, Race/Ethnicity); Proxy of social LOS>4 days (OR = 1.25-1.51)
2020 UHRs determinants of health (Health insurance/payer); Source of No. Previous visits > 1 (OR = 1.94-2.44)
USA admission, and resource utilisation (LOS, History of ED use, Previous ED visits > 3 (OR = 1.33)
History of_hospltallsatlons, History of the past readm.lssmns within No. Previous readmission > 1 (OR = 1.46-2.54)
the preceding 6 months); Surgical procedures (Auditory, . . . o .
Cardiovascular, Digestive, Haematologic, Lymphatic, Tyr_)e_ of mde_x admission/Elective readmission from a prior
Integumentary, Musculoskeletal, Nervous, Respiratory, visit ((_)R___l'474)_ ]
Urinary/reproductive systems); No. medications administered ~Traumatic injury/Poisoning (OR = 1.242)
during the Hospitalisation Traumatic injury/Complications of surgical/medical care
(OR =1.20)
Protective factors
Traumatic injuries (Thorax, Knee, Lower leg, Hip/thigh,
Elbow/forearm, Shoulder/upper arm)
Lee Spinal deformity 90-Day UHRs Age, Sex, Comorbidities (15 CCC listed), Insurance, Income Pre-existing pulmonary disease (OR = 1.5)
2020a surgery percentile, Surgical factors, Hospital ownership, Hospital teaching Obesity (OR = 3.4)
USA stafuls Cachexia (OR = 27)

Non- teaching hospital (OR = 3.5)
inpatient return to operating room (OR =1.9)
LO S>8 days (OR = 1.5);
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related

Lee Fusion surgery 30-Day & 90-Day  Demographics (Age, Sex, Income percentile, Primary payer); 30-Day UHR
2020b UHR Comorbidities 17 CCC listed); Surgical characteristics (Blood LOS>5 days (OR = 1.8; 95% CI 1.6-2.2)
USA transfusion, Autograft, BMP use, Osteotomy, Fusion levels); Anaemia (OR = 2.0; 95% CI 1.6-2.5)

Hospital characteristics (Teaching status/location) Hypothyroidism (OR = 3.0; 95%Cl 2.0-4.5)

Fluid & electrolyte disorders (OR = 1.8; 1.5-2.3)

Obesity (OR = 2.9; 95% CI 2.2-4.0)

Chronic use of anticoagulants (OR = 7.0; 95% CI 3.0-16.4)
Intraop dural tear (OR = 2.7; 95%CI 1.6-4.7)

Index stay complication: SIADH (OR =4.7; 95% CI 2.6-8.4)
31-90Day Readmission

LOS>5 days (OR = 2.8; 95% CI 2.2-3.6)

Obesity (OR = 3.6; 95% CI 2.3-5.6)

Chronic use of anticoagulants (OR = 29.7; 95% CI1 12.8—

66.7)
Index stay complication: SMA (OR = 24.7; 95% Cl 9.4—
25.3)
Omling Appendectomy 30-Day UHRs Type of appendicitis, Type of treatment/procedure, Gender, Age, Complicated appendicitis (AOR = 5.5; 95% CI 4.08-5.53)
2020 Year of diagnosis
Sweden
Valero Appendectomy 30-Day UHRs Age, Sex, Type of surgery, Comorbidities (11 listed), Geographic Age younger than 1 year (Other categories OR<1.0)
2020 region/Place of procedure, Insurer. Female (OR =1.53; 95% CI 1.22-1.91)
USA

Laparoscopic surgery (OR = 1.80; 95% CI 1.21-2.69)

Appendectomy with peritoneal drainage (OR = 1.69; 95%
Cl 1.30-2.19)

Surgeries performed in the Atlantic, Pacific and ‘other
departments’’ (OR = 2.07-3.00)
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Reference

Medical Condition

Outcome measures Examined Variables

Significant Risk Factors
All-Cause Related

Vivas
2020
USA

Mahle
2019
USA

Marston
2019
USA

Mears
2019
UK

Maldonado
2018
USA

Spine deformity
surgery

Heart transplantation

Choanal atresia
repaired

General Surgeries

Augmentation
Cystoplasty

90-Day &
2-Year UHRs

30-Day & 1-Year
UHRs

30-Day UHRs

30-Day UHRs

30-Day UHRs

Demographic information (Age, BMI, Gender)
Comorbidities (Intellectual disability, Verbal communication, Cross
motor function classification, Institutionalised, Epilepsy, Feeding
status, Activity level)
Surgical procedure (Surgical time, Estimated blood loss, EBL per

blood volume, levels fused, Pre-op Halo, Intra-op Halo, Fusion to
pelvis, Surgical approach/instrumentation, Staged procedure, Rod
type)
Hospitalisation characteristics (LOS, Length of ICU, Intubation);

Radiographic characteristics (Pre-op curve type, Risser score,
Triradiate cartilage, Preop imaging/7 listed, Postop imaging)

CP CHILD questionnaire data (Actiniteis of daily living/personal

care, Positioning, transferring and mobility, Comfort and

emotions, Communication and social interaction, Health, Overall

QOL, Total score)

Surgical and nonsurgical indications (Infection, Gastrointestinal

issues, Instrumentation failure, Medical causes, Neurological

complaints, Pain, Pulmonary complications, Need for reoperation)
Age at transplant, LOS, the United Network for Organ Sharing

(UNOS) status code (UNOS status), Sex, Ethnicity

Age, Ventilator dependency, Oxygen support, Cardiac risk factors,

Esophagus/Gl disease, Development delay, Steroid use,
Nutritional support

Elective admission vs. Emergency admission

Age, Sex, Primary Diagnosis, Payer, Median household income
quartile for zip code, Number of CCCs, Elective index admission,
LOS, Discharge destination, Hospital characteristics (Bed size,

Ownership, Annual case volume, Safety-net hospital)
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p<0.10 for 90-Day UHR

Operative time/Minute increases 0.7% readmission
Decreased lumbar lordosis/Degree increases 2% readmission
Protective factor

Tolerating Oral feeds

Infant (OR = 1.61; 95% CI 1.26-2.07)

LOS/30day (OR =1.30; 95% CI 1.16-1.44)

UNOS Status 1B/2 (OR =1.67; 95% CI 1.21-2.3)

Hispanic or Latino (OR = 1.45; 95% Ci 1.06-1.24)

Age <10 days (OR =3.1; 95% CI 1.1-9.1)

Ventilator dependence among the non-syndromic cohort
(OR =5.46; 95% CI 1.9-15.6)

The emergency cohort UHRs was 1.5% compared to 0.4%
in the elective cohort, 4times higher (p = 0.002)

Indication of neurogenic bladder (OR = 3.82; 95% CI 1.03—
14.20)
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Zheng General Surgeries 30-Day UHRs Age, Sex, Operative time (minutes), Operative blood loss (ml), Emergency surgery (OR =2.73; 95% CI 1.35-6.19)
2019 Emergency surgery, Initial surgery-related risk level, ASA Major complications (OR = 2.43; 95% Cl 1.12-4.71)
China classification, Surgeon level, Operation on weekend, Time of case  The jnjtial hospital LOS (OR = 3.46; 95% 1.67-7.53)
start, Contaminated or dirty wound, Major complications, The
initial hospital LOS
Evans Tonsillectomy 30-Day UHRs Demographics (Gender, Age); Body habitus (Height, Weight); Inconclusive
2019 Comorbidities; Oral intake; Medication usage (IV steroids, IV
USA narcotics, Oxygen therapy); Attending physician, Distance from
the hospital, Payer
Brown Congenital heart 30-Day UHRs Age, gender, Weight, prematurity, Mortality category (STAT level), Clinical model alone ROC of 0.617
2019 surgery Prior cardiothoracic operation, Non-cardiac congenital anatomic  Pre-operative biomarkers ROC of 0.754
USA abnorr_nality, Chromosomal abnormqlity or syndrome, Pre- Pre- & post-operative biomarkers ROC of 0.802
operative factors; Pre & Post-operative biomarkers Prior cardiothoracic operation (p=0.031)
Pre-operative factor (p=0.001)
Higher STAT category (p=0.003)
Pre-OP Soluble suppression of tumorgenicity 2
OR =1.66; 95% CI 1.16-2.37 vs.
Clinical model + biomarker OR = 1.85; 95% CI 1.02-3.36
Post-OP Soluble suppression of tumorgenicity 2
OR =2.26; 95% CI 1.36-3.75 vs.
Clinical model + biomarker OR = 1.74; 95% CI 1.63-4.76
Post-OP Galectin-3
OR =2.12; 95% CI 1.02-4.37 vs.
Clinical model + biomarker OR = 1.72; 95% CI 0.67—4.38
Post-OP N-terminal prohormone of brain natriuretic
peptide
OR =1.19; 95% CI 0.94-1.51 vs.
Clinical model + biomarker OR = 1.07; 95% CI 0.72-1.59
Blough Palatoplasty 30-Day UHRs Age, Weight, Total procedural relative value unit, Operation time, Requiring nutritional support (OR = 2.6)
2019 ASA classification, Ventilator dependence, Other airway problem, Unplanned reoperation (OR = 63.6)
USA Tracheotomy, Oesophageal, gastric, intestinal disease,

Bronchopulmonary dysplasia/CLD, Cardiac risk factors, Previous

cardiac surgery, Cognitive issue, CVA/TBI, Neuromuscular

disorder, Steroid dependence, Hematologic disorder, Failure to
thrive/weight loss, Nutritional support, Additional ventilation

requirement, Wound heading complication, LOS
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related
Benavidez Congenital Heart 30-Day UHRs Patient-level characteristics (age, sex, race, household income, Age <1year (AOR =1.4;95% CI 1.1-1.9)
2019 Surgery insurance status, genetic syndromes, co-morbidities, RACHS (1~ Hispanic (AOR = 1.2; 95% CI 1.01-1.4)
USA 4+) Surgical risk category, and complication) and admission Government insurance (AOR = 1.3; 95% CI 1.1-1.7)
chgrﬁgtirlstlcs (weekend;gglssmn, urgent/emergent admission, Emergent admission (AOR = 2.0; 95% CI 1.6-2.3)
and high resource use ) RACHS 3 (AOR = 2.4: 95% Cl 1.7-3.3)
RACHS 4+ (AOR = 2.0; 95% CI 1.3-2.9)
Complication during index admission (AOR =1.3; 95% ClI
1.1-1.5) High resource use during index admission
(AOR =1.4;95% CI1 1.0-1.9)
Kogon Congenital Heart 30-Day UHRs Preoperative characteristics Non-cardiac abnormalities (AOR = 1.24)
2019 Surgery Age, Age at surgery, Sex, Race, Hispanic ethnicity (Y/N), Weight at Chromosomal abnormalities or genetic syndromes
USA surgery (kg), Prematurity, Any Chromosomal abnormalities or (AOR =1.24)
genetic syndromes (Y/N), Any preoperative risk factors, Preoperative mechanical circulatory support (AOR = 1.36)
Mechanical ventilator support, Mechanical circulatory support, Other preoperative factors (AOR = 1.21)
Any fgrm of |nsuran.ce._ Prior cardiac surgery (AOR = 1.31),
Operatuve Characte_rlstlcs Hispanic ethnicity (AOR = 1.13),
Op_eratlon type (Cardiopulmonary bypass — CPB vs. No CPB), CPB Higher STAT level 3-5 (AOR = 1.22 to 2.62)
time, .
STAT mortality score/procedural complexity (Society of Thoracic Prtool cir:lggg p(.)s:g)sritlil gll_ OSr \(,'VA okR>I 41('107 per day from O
Surgeons/European Association for Cardio-Thoracic Surgery), ; ys, AVR = p_e e ays),
Postoperative LOS, Any postoperative complication, Major Major compllcatl_on (AOR__ 1_'27)’
morbidity Other postoperative complications (AOR = 2.00)
Date of discharge Discharge on a weekday (AOR =1.07)
Protective factors
Premature Neonates (AOR = 0.79; 95% CI 0.68-0.93)
Weight among non-premature neonates (AOR = 0.86; 95%
C10.77-0.93)
Parker Congenital Heart 30-Day UHRs Biomarkers: Galectin-3 & ST2; Age, Gender, Weight, Prematurity, — Galectin-3 Postoperative mid-tercile (AOR = 6.17; 95% ClI
2019 Surgery the Society of Thoracic Surgeons (STAT) level, Comorbidities, 1.50-25.43)
Lebanon Prior cardiac surgery, Persistent shock at the operation, ST2 Post-operative Highest tercile (AOR = 4.98; 95% CI
mechanical ventilation usage 1.06-23.32)
Cheon Low —risk skinand ~ 30-Day UHRs Age, Sex, Race/ethnicity, Surgical specialty, ASA (American Postoperative pulmonary complication (OR = 22.52; 95% ClI
2018 soft tissue surgery Society of Anaesthesiologists physical status classification), 2.82-57.44)
USA Gestational age, Nutritional status, Co-morbidities, Postoperative

complications
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Postoperative wound complication (OR = 163.56; 95% CI
27.62->999.99)
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related
Janjua Spinal Cord Tumour  30-Day UHRs & Patient demographic data including Age, Gender, Payer status, and ~ 30-Day UHRs
2019 Surgery 90-Day UHRs Median household income quartile — zip code; Age<5 years (OR = 2.97)
USA The admission and hospital characteristics included Admission type  Medicaid (OR = 3.30)
(non-elective vs. elective), Hospital bed size (small or medium vs.  \jajignant tumour (OR = 2.78)
large), ToFaI annual hospitalisations per hospital, I—_|ospita| type APR-DRG severity of illness score of 3 or 4 (OR = 5.79)
(metropolitan non-teaching vs. metropolitan teaching), and . .
Hospital location (large metropolis with >1 million residents vs. APR-DRG risk of mortality score>1 (OR = 3.87)
small metropolis with <1 million residents). 90-Day UHRs
Tumour location, and tumour characteristics (malignant vs. benign) ~Age<5 years (OR = 2.21)
were determined using the ICD diagnosis and procedure codes. Medicaid (OR = 2.29)
Complications; The all patient refined DRG (APR-DRG) severity of Malignant tumour (OR = 1.92)
illness score APR-DRG severity of illness score of 3 or 4 (OR =4.18)
APR-DRG risk of mortality score>1 (OR = 2.76)
Any complication during index admission (OR = 1.88)
Major complication during index admission (OR = 2.55)
Milford Nissen 1-Year UHRs Underlying medical conditions, Age, Weight, Presence of Comorbidity of Cardiac disease and Oesophageal atresia
2019 fundoplication malnutrition, Length of hospital, Type of Surgery
South Africa
Bavishi Dilation of 30-Day UHRs Age, Tracheostomy status, Prematurity, Sex, Race, Congenital Endoscopic procedure:
2018 laryngotracheal malformations, Prior cardiac surgery, Underlying pulmonary Age<1 Year (OR = 4.21) — 95% Cl is not reported
USA stenosis disease, Immune disease, Brain disease, Gl disease, Cardiac
disease
Garcia Kasai procedure for ~ 30-Day UHRs Age, Gender, Race/Ethnicity, Prematurity, Preoperative Prematurity (OR 3.88; 95% CI 1.08-13.95)
2018 biliary atresia comorbidities from the NSQIP-P were grouped t by systems, 30-day complication event (OR 4.09; 95% Cl 1.41-11.87)
USA Preoperative laboratory values, Operative factors (Operative time,
ASA class, Perioperative blood transfusion, Postoperative LOS,
30-day postoperative complication
Hsueh Tonsillectomy 30-Day UHRs Gender, Age, Hospital level, Indication of procedure (infection, Age 0-2.9 Years (OR = 2.70; 95% CI 1.60-4.54)
2018 OSA, tumour), Comorbidity, other ENT procedures, Usage of Age 3-5.9 Years (OR = 1.61; 95% 1.23-2.10)
Taiwan NSAIDs, Usage of steroid
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Indication of procedure-OSA (OR = 1.36; 95% CI 1.08-
1.73)

Indication of procedure-Tumour (OR = 11.73; 95% CI 4.93—
27.91)

NSAIDs use (OR = 1.61; 95% CI 1.26-2.07)
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Johnson Tonsillectomy * 30-Day UHRs Age, Gender, Primary payer, Median income by zip code, Postop complication of care (OR = 3.3; 95% CI 1.5-7.3)
2018 Adenoidectomy Indications for surgery (OSA, tonsillitis), Haemorrhage Intubation & mechanical ventilation (OR = 4.0; 95% ClI
USA complicating the procedure, Respiratory complications, any 1.30-12.4)
complication of medical or surgical care, respiratory intubation LOS (OR = 1.03; 95% CI 1.00-1,06)
and mechanical ventilation
Jiang Urology surgery 30-Day Age, Gender, Primary payer, WWI, CCI, Rhee, Specific procedure  NO SIGNIFICANT FACTOR is reported
2018 UHRs Focus is on the model performance
USA
Kulaylat All Surgeries 30-Day UHRs Age, Sex, Race, Comorbidities, ASA, Wound classification, ASA-Server (OR =1.63; 95% CI 1.5-1.77)
2018 Operative details, Specialty, Pre-op or Post-op complications ASA-Life threatening (OR = 1.29; 95% CI 1.07-1.54)
USA
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Wound classification-Clean-contaminated (OR = 1.37; 95%
Cl 1.24-1.51)

Wound classification-Dirty (OR = 1.95; 95% CI 1.68-2.26)

Urgent/Emergent operation (OR = 1.37; 95% CI 1.26-1.48)

Preoperative complication (OR = 1.24%; 95% CI 1.12-1.38)

Postoperative complication (OR = 22.87; 95% CI 20.87—
25.06)

Comorbidity: Endocrine, Cardiac, GI, CNS, Renal,
Haematology, Immunosuppressive, Nutritional (OR = 1.17
- 1.86)

Neurosurgery (OR = 2.05; 95% CI 1.8-2.32)

Protective factors

Age<5 months (OR = 0.76; 95% CI 0.67-0.85)

Age 6-12 Years (OR =0.86; 95% CI 0.78-0.94)

Specialty of Orthopaedics, Urology, ENT, Plastic surgery
(OR =0.38-0.69)
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Maddux Trauma 1-Year UHRs Demographics (Age, Gender); Injury group (Non-traumatic brain Inflicted injury (OR =1.37; 95% CI 1.22-1.53)
2018 injury/TBI, TBI, TBI + other); Injury mechanism, Any burn, Injury severity-Head/neck Abbreviated Injury Scale, per
USA Injury severity, Index hospitalisation stay (ICU, LOS); Index point (OR = 1.09; 95% CI 1.03-1.15)
hospitalisation events (Intracranial pressure-1CP monitor, Admitted to ICU during index admission (OR = 1.19; 95%
craniotomy, seizure, caro_llac arrest); !ndex. hospltallsa}tlon Cl 1.07-1.33)
e o oo g% LOS,parday (OR = L3 55%C1 103 103
' ' Seizure during index admission (OR = 2.35; 95% CI 2.03—
2.74)
Had RBC transfusion (OR = 1.72; 95% CI 1.48-2.01)
Discharged to Home with services (OR = 1.74; 95% CI
1.21-2.49)
Discharged to care facility (OR = 1.62; 1.21-2.16)
Protective factors
Age, per year (OR =0.98; 0.97-0.99)
Only TBI (OR = 0.82; 95% CI 0.69-0.98)
Motor vehicle injury (OR = 0.83; 95% CI 0.73-0.94)
With Burn (OR = 0.80; 95% CI 0.64-1.00)
Markham Orbital cellulitis 30-Day UHRs Age, Sex, Race/ethnicity, Primary payer, Season, Region, Surgical ~ No significant statistical findings
2018 intervention, PICC stay, ICU stay, CMI (relative weight assigned
USA to each discharge on the basis of the ARP-DRG SOI)
Russell Tracheotomy Not defined Age, Gender, Race/ethnicity, Primary payer, Disposition, Discharge Age<30 days (AHR = 1.32; 95%Cl 1.11-1.58)
2018 season, Number of CCC, Specific CCC, Risk adjustment for Hispanic race/ ethnicity (AHR = 1.34; 95%CI 1.20-1.50)
USA conggr_wital heart surgery (RACHS) score, Underlying m_edical Government insurance (AHR = 1.21; 95%Cl 1.10-1.33)
ﬁﬁ):ddilct;?r;soﬁzsizglﬁéed with tracheostomy, Other underlying >2 CCC (AHR = 1.96; 95%CI 1.34-2.86)
Discharge to home (AHR = 1.19; 95%CI 1.08-1.32
Protective factors
Trauma diagnosis at tracheotomy (AHR = 0.83; 95%ClI
0.69-1) Ventilator dependency (AHR = 0.88; 95%ClI
0.81-0.97)
Roth Hypospadias repair ~ 30-Day UHRs Age at initial operation, Insurance status, Race/ethnicity, Presence  Age of 1-2 Years (OR = 1.46; 95%CI 1.21-1.76)
2018 or absence of readmission or reoperation within 30 days, Presence  Age of 3-5 Years (OR = 1.69; 95%CI 1.24-2.29)
USA of repeat hypospadias repair (same ICD-9 code), and presence or

absence of another urethral operation
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Black race (OR = 1.34; 95%CI 1.04-1.71)
Hispanic (OR = 1.41; 95%CI 1.07-1.86)
Medicaid (OR = 1.24; 95%CI 1.02-1.50)
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Vedantam Epilepsy surgery 30-Day UHRs Age at surgery, Gender, Race, ASA classification, LOS, Weight Hemi-spherectomy (OR = 4.11; 95% CIl 1.48-11.42)
2018 category, Comorbidities, Procedures, Disposition Protective factors
USA Female (OR = 0.34; 95% Cl 0.12-0.99)
Wheeler Burn 30-Day UHRs Age, Gender, Household income by zip code, Primary payer, Patient TBSA > 10% (AOR = 1.81; 95% CI 1.18-2.79)
2018 location/residence, Number of CCC, The total body surface area  3d degree burn (AOR = 2.68; 95% CI 1.69-4.24)
USA (TBSA) %, Burn degree, Burn site/s, Severity of illness based on Index LOS of 2-3 days (AOR = 1.72; 95% CI 1.72; 95% Cl
DRG, Burn mechanism, LOS, Major surgical procedure 1.14-2.70)
Residence of medium metro county (AOR = 1.93; 95% ClI
1.14-3.29)
Residence of small county (AOR = 2.04; 95% CI 1.06-3.92)
Medical Related
Baek Asthma 30-Day & >31 Day Age, Gender, Ethnicity, Type of insurance, Days to readmission, Elevated ozone (OR = 1.02; 95% CI 1.001-1.045)
2020 URHs Season, PMzs, Ozone, Temperature PM..s concentrations (OR = 1.080; 95% CI 1.01-1.16).
USA The effects of ambient air pollutants on hospital
readmissions
Varied by age and season.
Bhatt Diabetic 30-Day URHs Age, Gender, Female, APRDRG risk mortality, Severity of illness,  Age/5-11Years (OR = 2.73; 95% CI 1.34-5.58)
2020 Ketoacidosis Median household income category as per zip code, Primary Age/12-18Years (OR = 4.93; 95% CI 2.46-9.88)
USA payer, Admission type, Hospital bed size, Hospital location &

teaching status, Location of hospital (Metropolitan/Non),
Admission day
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Female (OR = 1.56; 95% CI 1.34-1.82)

Risk mortality/2 (OR = 1.36; 95% CI 1.03-1.80)
Comorbidity/Depression (OR = 1.88; 95% CI 1.03-1.80)
Comorbidity/Psychosis (OR = 1.94; 95% CI 1.35-2.79)

Discharge against medical advice (OR = 2.15; 95% CI 1.36—
3.39)

Protective factors

Median household income for zip code/51-75 percentile
(OR =0.75)

Median household income for zip code/76-100 percentile
(OR=0.73)

Private payer (OR = 0.50)

Self-pay/others (OR = 0.73)

Admitted to metropolitan teaching hospital (OR = 0.57)
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related

Kessler Epilepsy 30-Day URHs Age, Sex, Primary payer, Zip code quartile, Control/Ownership of ~ Medicare/Primary Payer (AOR =4.79; 95% CI 1.05-21.93)
2020 hospital, Hospital bed size, Hospital teaching status, LOS, Index  |ndex LOS = 2days (AOR = 1.26; 95% Cl 1.07-1.49)
USA hospitalisation disposition, Co-diagnosis/hospital events, Adverse  |pdex LOS > 3days (AOR = 1.95; 95% CI 1.68-2.26)

events Index disposition/Home with home health care

(AOR =1.67; 95% CI 1.25-2.23)

Chronic condition/Index admission characteristics
Tracheostomy (AOR = 2.04; 95% CI 1.58-2.65)
Gastrostomy (AOR = 1.90; 95% CI 1.62-2.23)
Intellectual disability (AOR = 1.46; 95% CI 1.13-1.89)
Developmental delay (AOR = 1.17; 95% CI 1.01-1.35)
Cerebral palsy (AOR = 1.29; 95% CI 1.11-1.50)
Intractable epilepsy (AOR = 1.53; 95% CI 1.28-1.82)
Protective factors
Age >3Years (OR = 0.84-0.75)

Wong RSV 30-Day URHs Demographics (Age, Sex, Gestational age) Comorbidity_CHD (OR = 2.93; 95% CI 1.08-6.79)
2020 Comorbidity (Congenital heart disease/CHD, Chronic lung disease, RSV admission clinical diagnosis_Pnemonia (OR = 2.57;
Canada Trisomy 21) Past medical history (Previous intubation, Previous 95% CI 1.07-5.61)

non-invasive ventilation, Previous cardiopulmonary bypass)
Clinical diagnosis (Bronchiolitis, Pneumonia, URTI)
Markers of RSV severity (PICU admission, Intubation, Non-
invasive ventilation, Cardiopulmonary bypass, LOS)
Ardura-Garcia Asthma 15-Day to 3-Year ~ NA as Systematic Review Previous history of emergency for asthma

2019
UK

Auger
2019
USA

Complex Medical
Conditions

UHRs

30-Day URHSs

Patient hospitalisation characteristics (Age, Race/Ethnicity, Gender,
Insurance, LOS)

Medical complexity at index discharge (Number of scheduled
medications, Number of as-needed/PRN medications, Number of
scheduled doses per 24hours, Medical technology, Specific types
of medical technology, Home healthcare after discharge)

Change in Medical State Complexity (Any new CCC, Any new technology)
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Previous hospital admissions for asthma

Younger age

African-American ethnicity

Low socio-economic status

Female

Concomitant allergic diseases

Change in complexity: when adjusting for patient
characteristics

New diagnosis of a CCC (AOR =1.75; 95% CI 1.11-2.75)

New technology (AOR = 1.84; 95% CI 1.09-3.10)
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Significant Risk Factors

Reference Medical Condition  Outcome measures Examined Variables All-Cause Related
Parikh Asthma 30-Day UHRs Asthma-specific discharge components: Risk Factors: Inconclusive
2018 Hospital education (Content of education, Format of education, Protective factors
USA Dedicated individual); Medications and devices in-hand (Spacer,  Having comprehensive content of education (p<0.029)
Beta-agonist, Controller medication, Steroids for current
exacerbation, Steroids for future exacerbation); Contact with
Primary Medical Doctor (Communication with PMD at discharge,
Scheduled PMD appointment), Post discharge (Environment
mitigation, Home visits, Post-discharge phone call)
Wang Mycoplasma 90-day UHRs Socio-demographic: Sex, Age Influenza A co-infection (OR = 4.746; 95% CI1 1.19-1.89)
2019 Pneumoniae Before and after admission: Days before admission, Febrile day Protective factors
China Pneumonia before admission, Body temperature on admission, LOS Age (OR = 0.82; 95% CI 0.71-0.94)
Clinical manifestation at presentation: Wheezing day, Cough day, Body temperature (OR = 0.65; 95% Cl 0.52—0.84)
Diarrheal
Radiographic finding: Normal, Light diffuse shadowing,
Consolidation, Pleural effusion
Severity on admission: ICU admission, Mechanical ventilation
Laboratory results: WCB, Neutroophil, Lymphocyte, Monocyte,
CRP, LDH, LBDH
Leary Complex chronic 30-Day UHRs Socio-demographic factors: Age, Race/Ethnicity, Sex, Non-English  Previous admissions (AOR = 1.70; 95% CI 1.16-2.46)
2019 conditions (CCCs) primary language, Insurance, Neighbourhood per capita income Previous ED visits (AOR = 2.04; 95% Cl 1.31-3.11)
USA Measures of hospital use: Any admissions & emergency department  Number of CCC categories of 2 (AOR = 1.56; 95% Cl 1.06-2.26)
(ED)] visits in the 6 months leading up to index admission Number of CCC categories of 3 (AOR = 1.72; 95% CI 1.06-2.26)
Clinical measures: CCC category, Number of CCC categories, Medical admission (AOR = 1.75; 95% CI 1.23-2.49)
Technqlogy assistance, Number O_f home medlcatlons at Discharge disposition with service (AOR = 1.69; 95% CI
admission, Admission type (Surgical/Medical) 1.17-2.44)
Hospitalisation and Discharge characteristics: Any ICU use, . - . . _ .
Dir;charge disposition, LOgS, Weekday versus w);ekend discharge Dlé%a;%iglig?smon to other facilities (AOR =1.15; 95%
during index admission LOS 2-5days (AOR = 1.15; 95% CI 0.78-1.72)
LOS > 6days (AOR = 1.45; 95% CI 0.90-2.33)
Weekday discharge (AOR = 1.23; 95% CI 0.84-1.85)
Hong Neurology 7-Day UHRS & Age, Income, discharge occurring on a weekend, admission to the ~ 30-Day UHRs
2019 30-Day UHRs paediatric intensive care unit (PICU), use of multiple antiepileptic Multiple AEDs (OR = 4.5; 95% CI 2.1-9.7)
USA drugs (AEDs), and involvement of multiple subspecialties
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Multispecialty care (OR = 2.6; 95% 1.0-6.9)
7-Day UHRs
PICU admission (OR =2.1; 95% CI 1.0-5.3)
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Significant Risk Factors

Reference Medical Condition ~ Outcome measures Examined Variables All-Cause Related

Awerbach Pulmonary 30-Day UHRs Age, Bronchopulmonary dysplasia (BPD), Congenital heart disease  Lower hospital volume of pulmonary hypertension
2018 hypertension (CHD), admissions (OR = 1.14; 95% CI 1.23-1.57)
USA ICU during index admission, Type of insurance, LOS, Gender, Public insurance (OR =1.26; 95% CI 1.16-1.38)

Pulmonary hypertension pharmacotherapy, Race, Respiratory Protective factors
infection during hospitalisation, Volume of patients with 110 <7 Years old (OR = 0.85; 95% Cl 0.78-0.94)
pulmonary hypertension admitted to hospital 7-13 Years old (OR = 0.77; 95% CI 0.66-0.89)
> 13 Years (OR = 0.89; 95% CI 0.77-0.91)
CHD (OR = 0.84; 95% CI 0.77-0.99)

Burns Bronchiolitis 30-Day UHRs Demographic variables (Age, Sex, Race, Insurance type); Clinical ~ Age<2 months (OR = 3.9; 95% CI 1.62-9.18)
2018 factors (Breastfeeding status, Gestational age, LOS during index Passive smoke exposure (OR = 4.55; 95% CI 1.86-11.06)
USA admission, Family history of asthma, chronic lung disease, Chronic lung disease (OR = 12.9; 95% CI 1.99-84.87)

asthma, acute otitis media on examination, respiratory syncytial
virus positive, and Down’s syndrome). Environmental factors
(Day care exposure, presence of siblings, and passive smoke
exposure; Interventions included palivizumab, and the following
treatments of suction, neo-synephrine, albuterol, epinephrine,
hypertonic saline, antibiotics, steroids, intubation/mechanical
ventilation, intravenous fluids, oxygen — high-flow nasal cannula)

Okubo Febrile seizure Not Clearly Patient characteristics (Age, Sex), Date of admission Multivariable regression model:

2018 Defined (weekend/weekday), Utilisation of ED services, Primary payer Age of 1 Year (AOR = 3.26; 95% CI 1.51-7.02)
USA information (private, Medicare/Medicaid, other types/self-pay

including no insurance, or no information), Median household
income quartiles for counties of residence, Patient county location

of residence; Patient chronic medical conditions — Pediatric

complex chronic conditions classification system version 2 (CHD,
kidney, pulmonary, endocrine, hematologic, gastrointestinal, and

neurologic diseases; cancer or leukaemia; and autoimmune

disease); Hospital characteristics (Government, not-for-profit or
private hospital), Bed size (small, medium, or large), and teaching

status (teaching or non-teaching) of the hospital.
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Age of 2 Year (AOR = 5.09; 95% CI 2.25-11.5)

Age of 3 Year (AOR =3.17; 95% CI 1.13-8.95)

Male (AOR = 1.75; 95% CI 1.13-2.70)

Very low income (AOR = 2.57; 95% CI 1.39-4.76)

Cox proportional hazard model — Hazard Ration (HR):
Age of 1 Year (HR =2.27; 95% CI 1.30-3.93)

Age of 2 Year (HR = 3.10; 95% CI 1.72-5.59)

Age of 3 Year (HR = 2.08; 95% CI 1.02-4.23)

Male (HR = 1.5; 95% CI 1.13-1.98)

Very low income (HR = 1.61; 95% CI 1.05-2.47)
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Reference

Medical Condition

Outcome measures Examined Variables

Significant Risk Factors
All-Cause Related

Veeranki
2018
UkogSA

Asthma

30-Day UHRs

Patient Characteristics: Age (6-11 vs. 12-18 years), Sex, Median
household income, Primary insurance type, patient county location

(“Central” counties of metro areas of >1 million population,
“Fringe” counties of metro areas of >1 million population,

Counties in metro areas of 250,000-999,999 population, Counties

in metro areas of 50,000-249,999 population, and
Micropolitan/10,000—49,999), and paediatric complex chronic
condition (PCCC) status;

Admission Characteristics: Type of admission (weekend/weekday),

Utilisation of ED, LOS (<2, 2-4 and >4 days), and discharge
disposition (routine or unfavourable discharge); and

Hospital characteristics: Ownership (government, not-for- profit or

private hospital), Bed size (small, medium, or large), and

Teaching status (urban non-teaching, urban teaching, or rural) of

the hospital.

Aged 12-18 years (HR = 1.59; 95% CI 1.22-2.07)
Resided in center counties (HR = 1.50;95% CI 1.00-2.24

Resided in Micropolitan counties (HR = 2.46; 95% CI 1.36—
4.45)

>4-days LOS at index admission (HR 1.56; 95% CI 1.02—
2.38)

Urban hospital (HR =2.11; 95% CI 1.03-4.32)
Teaching hospital (HR = 2.25; 95% CI 1.16-4.39)

(Disposition)-Unfavorable discharge (HR = 2.53; 95% Cl
1.33-4.79)

Diagnosed with a PCCC (HR = 3.21; 95% CI 2.31-4.47)
Protective factors
Private insurance (HR = 0.69, 95% CI 0.51-0.95)
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2.7 Chapter Summary

Chapter Two has presented extensive research literature analysis and has
comprehensively met Study Objectives 1 and 2. This chapter consisted of three peer-

reviewed journal publications and two sections of systematic review updates.

2.7.1 Study Objective 1

Study Objective 1 was met through an exploration of literature examining transitions of
care process at discharge for paediatric patients. This initially resulted in a published
integrative review (Publication 1) of 61 studies (2010 to October 2014) on transitioning
adolescent and young adult with chronic disease and/or disabilities from paediatric to adult
healthcare services. In general, patients’ outcomes both physically and psychosocially
following the transition were poor. However, implementation of a structured transition
program involving multiply stakeholders and patients with specific diagnoses, such as cystic
fibrosis and diabetes, did improve health outcomes. The three main recommendations from
the review were (1) early preparation for transition is essential for patients, caregivers and
healthcare providers from both paediatric and adult healthcare services; (2) accurate and
regular assessment of patients and caregivers’ readiness for transition; (3) communication
and sharing of patients’ information between healthcare providers and healthcare services

prior to transition is essential.

A systematic review of literature was conducted and presented as chapter section 2.3.
Sixty-seven studies from years (2009 to 2020) focusing on the transition of paediatric
patients from acute hospital to home was undertaken. The literature analysis revealed
discharging a paediatric patient is a complex and challenging process. The evidence suggests
both caregivers and patients, who experienced adverse events post-discharge, such as an
unplanned ED visit and readmission, had one or more of the following risk factors;
insufficient or inconsistent delivery of hospital-to-home transition of care information,
caregiver with limited language proficiency, lower level of readiness for discharge, and/or
limited hospital to home transition planning and preparation. Congruent with
recommendations made by Publication 1, this review highlights the importance of early
commencement of the hospital-to-home transition process, readiness for discharge
assessment, tailored transition information to meet patient’s individual/family needs, and use

of interpreter services for families with limited language proficiency.
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2.7.2 Study Objective 2

Study Objective 2 was achieved via two published systematic reviews (Publication 2
and 3) and an updated systematic/literature review presented as chapter section 2.6. These
publications and the review were conducted to examine risk factors and predictive models
for UHRs. Publication 2, an updated systematic review extracted 73 unique predictive
models from 60 studies (2011 to 2015). Inconsistent predictive model performance were
revealed, except in models which predict general medical conditions, readmissions with
consistent moderate discriminative ability. The most frequently cited risk factors associated
with UHRs for adult population were ‘comorbidities’, ‘length of stay’ and ‘previous

admissions’.

Publication 3, a systematic review focused on risk factors associated with paediatric
UHR. Thirty six significant risk factors were extracted from 44 included studies (2010 to
2017). An updated literature review using the same search strategy from 2018 to 2020 found
a further 63 studies, which reinforces the increasing importance within the healthcare system
in identifying paediatric patients at greater risk of experiencing an unplanned hospital
readmission. The updated literature review extracted a total of 24 different types of
significant risk factors. After combining the findings of Publication 3 and the updated
literature review, the most frequently cited risk factors across all studies included

‘comorbidity’; ‘type of health insurance’; ‘LOS’, ‘age’, ‘severity of illness’, and

‘complication during the initial index admission’.

2.7.3 Recommendation for future research

Literature analysis related to Study Objectivel found that the quality of hospital-to-
home transition processes impacts on the experience for caregivers and paediatric patients.
The majority of studies to date have been conducted in USA healthcare settings using either
survey or interview study design. There is a need to directly observe the transition process,
especially the delivery of hospital-to-home transition information from healthcare providers

to caregivers at the bedside of a hospital.

The findings from the systematic reviews pertaining to Study Objective 2 acknowledges
the complexity of unplanned hospital readmission risk prediction in paediatric populations.
Predictive model performance and validation for paediatric readmissions, compared to adult
population literature, is limited. The review also emphasises that identification of risk factors
largely depends on the examined variables by each study. Most of the studies were based on
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administrative data and conducted in the USA. There is a dearth of published Australian
studies, especially from Western Australia, on paediatric all-cause unplanned hospital
readmission. The need to develop a predictive model using not only administrative data, but
also clinical data and written discharge documentation data on hospital-to-home transition
information is imperative to enable more precise and reliable identification of paediatric

patients at risk of an unplanned readmission.
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Methodology

3.1 Chapter Overview

Chapter Three provides a comprehensive description of the overarching study design.
Study methods utilised within the research are presented including data sources, collection
methods and analysis plan. Ethical considerations of each stage of the research are also
discussed. Study Objectives 3 to 6 are addressed by applying a mixed method sequential
explanatory research design. A detailed description of each method used in the sequential
process has been published in the following four peer-reviewed journal publications which
form part of the thesis.

Zhou, H., Della, P.R., Roberts, P.A., Porter, P., & Dhaliwal, S.S. (2018). A 5-year
retrospective cohort study of unplanned readmissions in an Australian tertiary
paediatric hospital. Australian Health Review. https://doi.org/10.1071/AH18123

Zhou, H., Della, Della, P.R., P. Porter, P., & Roberts, P.A. (2019). Risk factors
associated with 30-day all-cause unplanned hospital readmissions at a tertiary
children’s hospital in Western Australia. Journal of Paediatrics and Child Health.
https://doi.org/10.1111/jpc.14492

Zhou, H., Albrecht, M.A., Roberts, P.A., P. Porter, P., & Della, P.R. (2021). Using
machine learning to predict paediatric 30-day unplanned hospital readmissions: A
case-control retrospective analysis of medical records, including written discharge
documentation. Australian Health Review. https://doi.org/10.1071/AH20062

Zhou, H., Roberts, P.A. & Della, P.R. (2021). Nurse-Caregiver communication of
hospital-to-home transition information at a tertiary pediatric hospital in Western
Australia: A multi-stage qualitative descriptive study. Journal of Pediatric
Nursing, 60, 83-9. https://doi.org/10.1016/j.pedn.2021.02.017

3.2 Study Design

The extensive analysis of literature in Chapter Two highlights the limited research
evidence and the complex nature of transitioning paediatric patients from the acute hospital
setting to home. The development and use of reliable predictive models to identify paediatric
patients at high risk of unplanned readmission is also limited. At the time of thesis
submission there is no published research evidence examining paediatric all-cause UHRS in
Western Australia.
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A mixed-methods sequential explanatory research design was selected to address the
study objectives. This design involves two-phases of sequential data collection commencing
initially with a quantitative phase followed by a qualitative phase. Results from Phase 1 are
used to inform the sampling process for the subsequent qualitative phase. The qualitative
Phase 2 supports the explanation of significant quantitative results (Cameron, 2009;
Creswell, 2003). The selection of this study design facilitates a comprehensive
understanding of the identification of predictive factors for UHRS, nurse-caregiver
communication of hospital-to-home transition information at discharge for paediatric

patients and subsequent unplanned ED presentations and UHRs.

When quantitative and qualitative methods are integrated, information is drawn from a
wide range of sources including an electronic administrative inpatient dataset, medical
records, nurses and caregivers within a two-phase process (Creswell, 2003). The data which
emerged from the two phases addresses Study Objectives 3 — 6 (Ivankova et al., 2006). An
overview of study design, data sources, data collection methods, and data analysis of each
stage in both phases of the study is presented in a flow chart (Figure 3.1).

321 Phase 1 of study

Phase 1 of the study involved a 3-stage retrospective audit of an inpatient dataset. Stage
1 of this phase examined the prevalence and characteristics of paediatric UHRs. Results of
Stage 1 informed the decision to select 30-day all-cause readmissions as measurement of
unplanned hospital readmission in Stage 2 and identified the selection criteria for

participants in Phase 2.

Stage 2 identified readmission risk factors via a retrospective cohort analysis of the
administrative dataset. Results of Stage 2 informed which additional variables would need

to be extracted and selection of cases for Stage 3.

Stage 3 involved a case-control retrospective analysis of medical records to develop
predictive models through the addition of clinical information variables and written
discharge document variables. Case selection for Stage 3 was based on the findings of Stage
2. The results of Phase 1 of the study identified a clear need to explore nurse-caregiver

communication on hospital-to-home transition information at discharge in greater depth.
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Figure 3.1

Flow Chart of Study Design
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3.2.2 Phase 2 of study

Phase 2 of this study involved five stages of qualitative data collection and analysis,
which enabled nurse-caregiver communication of hospital-to-home transition information
on the day of discharge to be observed and described. Transitions Theory was used to guide
formation of the research questions and selection of the research method in Phase 2 (Meleis
et al., 2000; Meleis & Trangenstein, 1994).

The development of Transitions Theory was based on a concept analysis of existing
transition theories and five primary studies examining transition experiences from an
immigration, human development, and health-illness perspective (Meleis et al., 2000). Four
core concepts emerged from the analysis to describe Transitions Theory. These are nature of
the transition, transition conditions, patterns of response, and nursing therapeutics. Each
concept has multiple sub-concepts and the linkage among the concepts and sub-concepts are

displayed in Figure 3.2. The nature of transitions refers to types, patterns, and properties of
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the transition. Transition conditions consist of personal, community, and societal
characteristics that impact the transition. The patterns of response describe transition
processes and outcomes following the transition. Nursing therapeutics refers to care provided
to facilitate the transition occurring (Meleis et al., 2000; Meleis & Trangenstein, 1994).

Figure 3.2

A Middle-range Theory

Nature of Transitions Transition Conditions: Facilitators & Inhibitors Patterns of Response
Types Process Indicators
Personal
Developmental Feeling Connected
Situational - Meanings Interacting
Health/1liness Cultural beliefs & attitudes Location and Being Situated
Organizational Socioeconomic status Developing Confidence and
Preparation & knowledge Coping
Patterns 3
Single Ouicome Indicators
Multiple
Sequential P - - | | Mastery
Simultancous Rl l Community L—’I Society | o~ Fluid Integrative Identities
Related -
> Unrelated
Properties
Awarencss
Engagement v 4
Change and Nursing Therapeutics
Difference
Transition Time g | 'y
Span
Critical Points and
Events

Note: This figure displays the core concepts and sub-concepts of the transitions theory. From Experiencing
transitions: An emerging middle-range theory”, by E. Im, 2000, Advances in Nursing Science, 23(1), p. 17.
Copyright 2000 by Wolters Kluwer.

Nurses, as one of the most significant frontline healthcare providers, are routinely
involved in transitioning patients and their caregivers from one setting to another based on
the needs of patients. Transitions Theory provides a conceptual framework which identifies
the complexity and linkages associated with transitioning patients from hospital to home
(Im, 2011). This study acknowledges that paediatric patients are at increased risk of adverse
outcomes when they transit from acute healthcare services to the home environment as
children frequently require ongoing medical care or close monitoring at home post-hospital
discharge. Transitions Theory facilitated the research team in this study to formulate research
questions against the core components. The nature of the transition is reflected by
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characteristics of patient’s admission, discharge and location; while the child, nurse and
caregiver represent transition conditions. Patterns of response include perceptions of nurse-
caregiver communication of transition information, recovery experience and utilisation of
healthcare services Nursing therapeutics refers to hospital-to-home transition information
delivery to prepare caregivers to provide post-transition care for their child at home (Refers
to Table 1 of Publication 7).

Transitions Theory also informed selection of research methods in Phase 2. Stage 1 of
Phase 2 involved direct clinical observations of the discharge experience focusing on nurse-
caregiver hospital-to-home transition information communication. Stages 2, 3, and 4
included semi-structured interviews of nurses and caregivers to obtain information about
their personal perspectives, and experiences of transition of care at discharge and recovery
post-hospital discharge. Stage 5 involved a retrospective audit of each patient’s medical file

of patients’ from Stage 1 to determine usage of hospital services post-discharge.

Phase 2 supplemented, elaborated and confirmed the quantitative results of Phase 1 that
the quality of the communication of the hospital-to-home transition of care information
significantly impacts the experience of paediatric patients and caregivers both at discharge
and post-hospital discharge (Creswell et al., 2003). The findings of the quantitative and
qualitative phases are integrated in the study discussion and conclusion (Creswell, 2003). A
matrix of study design and methods addressing specific study objectives is presented in

Table 3.1. Methods included data source, data collection and data analysis.
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Research Design and Methods Matrix

Chapter 3. Methodology

Objectives

Methodology/Data Source

Data Collection

Data Analysis

Publication 4/ Stage 1 — Study Objective 3

To examine the prevalence and characteristics of all-cause
UHRs at a tertiary children’s hospital

Publication 5/Stage 2 — Study Objective 4

To identify risk factors associated with 30-day all-cause
unplanned hospital readmission at a tertiary children’s
hospital based on administrative patient dataset

Publication 6/Stage 3 — Study Objective 5

To assess if adding clinical information and written
discharge documentation variables improves
prediction of 30-day same hospital unplanned
readmission compared to administrative information
using machine learning

Phase 1: Quantitative method

Retrospective audit of inpatient dataset Data extraction form: 16

(2010 to 2014) from a tertiary
children’s hospital

Retrospective cohort comparative
study use the same dataset as in
Stage 1

A retrospective matched case-control
study of auditing medical records
(Randomly selected cases based on
results of Stage 2)

variables

Same as Phase 1

Data extraction form: 40
variables

Descriptive analysis: meanz standard
deviation; Median with interquartile
range; Counts and percentages

Univariate analysis & Forward
stepwise multivariable logistic
regression; Model discrimination
test: c-statistic

Logistic Regression vs. Machine
learning analysis methods including
Stepwise Logistic Regression;
Random Forest; Elastic Net; and
Gradient Boosted Tree; Model
discrimination test was carried out
as Phase 2
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Objectives Methodology/Data Source Data Collection Data Analysis

Phase 2: Qualitative method
Publication 7/Study Objective 6

To observe and describe nurse-caregiver communication
of pediatric hospital-to-home transition information

Stage 1: To observe the hospital-to-home transition Direct clinical observation on Observational checklist Content analysis of qualitative data;
experience including direct nurse-caregiver transitions of care at discharge Descriptive analysis of quantitative
communication at discharge; & To describe content and (patients were purposed selected data same as Phase 1 Stage 1
delivery of transition information by nurses at discharge based on Phase 1 Stage 1 result)

Stage 2: To explore the views of caregivers regarding Semi-structured interview with Interview questions Same as previous Stage
communication of hospital-to-home transition caregivers immediately post-
information discharge

Stage 3: To explore nurses’ views of the process involved =~ Semi-structured interview with nurses Interview questions Same as previous Stage
in hospital-to-home transition information post discharging patients from an
communication practice inpatient ward

Stage 4: To explore the views of caregivers regarding Semi-structured phone interview with  Interview questions Same as previous Stage
recovery experience post-discharge caregivers 2—4 weeks post-discharge

Stage 5: To review patients’ usage of hospital services Retrospective audit of medical records Data collection form same Descriptive analysis same as Phase 1
within 30 days post-discharge Stage 1
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3.3 Data Source

As displayed in Table 3.1, a diverse range of data sources were utilised in this two-phase
mix-methods sequential explanatory study. The main data source accessed in Phase 1 was
an electronic administrative inpatient dataset of a tertiary children’s hospital in WA dated
from 2010 to 2014. The data was extracted from the Hospital Morbidity Data System
(HMDS) of the Western Australia Department of Health. Exclusion criteria used in the data
extraction included (1) Emergency department presentations and/or emergency department
short-stay unit admissions; (2) Patients who died during hospitalisation; (3) Discharges of
mothers attached to neonatal patients who were transferred to the tertiary children’s hospital
from maternity hospitals; (4) Patients whose parent, guardian or carer discharged them
against medical advice; (5) Patients transferred to other hospitals due to incomplete
hospitalisation and variations in the discharge process. In the final stage of this phase medical
records of the randomly selected patients selected to be involved in Phase 1 were reviewed
to extract additional clinical information and to include written information about the

transition of information at the time of discharge.

In Phase 2, caregivers of paediatric patients, who were admitted with one of the three
diagnoses associated with frequent UHR identified in Phase 1 of the study, tonsillectomy
and/or adenoidectomy, appendectomy, or were admitted with bronchiolitis during the data
collection period, were invited to be involved. Three wards were selected for the direct
clinical observations and interviews given they admit the most number of patients with one
of the three diagnoses. The wards included a short-stay surgical unit, a general surgical ward,
and a general medical ward. Caregivers, present at the time of discharge of the patient, and
staff who provided direct care for the patients and delivered hospital-to-home transition of
care information were invited to participate in the direct clinical observations and semi-
structured interviews. It was noted that not all caregivers present at discharge who received
hospital-to-home transition of care information were the primary caregiver for the child at
home post-hospital discharge. The final stage of phase 2 involved a review of medical
records of the patients included in Stage 1 to identify if there had been any usage of hospital

services within 30 days of the initial discharge.
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3.4 Data Collection

The total time to complete data collection for the two phases including ethics approvals
was three years. An overview of data collection method used to carry out each stage of this

project are presented as per data source (Table 3.1).

3.4.1 Phase 1 Quantitative data collection
34.1.1 Stage 1 Retrospective audit of administrative dataset

Data extraction in Phase 1/Stage 1 was guided by four research questions: (1) What is
the 5-year prevalence of UHRs? (2) What are the characteristics of UHRs? (3) What is the
time interval from index admission to UHRs? and (4) What principal diagnoses at index
admission were associated with frequent UHRs? (Refers to data collection form as
Appendix B.1).

Unplanned hospital readmissions were identified using admission type (emergency) and
the principal diagnosis of the subsequent admission following the index admission.
Considering some patients had more than one index admission within the 5-year
administrative inpatient dataset, prevalence of UHRs was calculated based on cases (all
discharges) and patient-based.

The time interval between the index admission and the readmission was calculated based
on the timing of discharge from the index admission to the subsequent unplanned
readmission. The day of discharge from the index admission (Day 0) until 30 days after
being discharged (Day 30) was considered as an unplanned readmission as this aligned with
the majority of the literature. Identification of the top principal index admission diagnoses

was assessed on the readmission counts.

A total of 16 variables were extracted from each patient including social-demographic
and administrative hospital information. Extracted variables were age, gender, admission
status, LOS, funding source as an inpatient, health insurance status, source of referral
transport, state/territory of residence, care type, socio-economic indexes for areas (SEIFA),
distance to hospital, general anaesthetic, Intensive Care Unit (ICU) stay, day of admission

date, day of discharge date, and number of co-diagnosis.
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3.4.1.2 Stage 2 Retrospective cohort comparison

Phase 1 Stage 2 used the same dataset and thel6 extracted variables used in Phase 1
Stage 1 to address the research question, what risk factors are associated with paediatric

UHRs based on the administrative inpatient dataset.

3.4.1.3 Stage 3 Retrospective matched case-control study

Stage 3 of this phase addressed two research questions (1) if adding clinical information
and written discharge documentation improves prediction of 30-day same hospital
unplanned readmissions compared to examining only administratively collected variables;
and (2) if applying machine learning approaches increase prediction accuracy compared with
standard logistic regression analysis. Written discharge documentation in this project refers
to not only the discharge summary but also the last entry in the patient progress notes by

physicians, allied healthcare providers, and nurses.

In addition to the 16 extracted variables from the administrative dataset, 11 variables
of clinical information and 13 variables of written discharge documentation were manually
extracted from patients’ medical records against a developed data collection form

(Appendix B.2).

The 11 clinical information variables included significant social history (legal custody
issue or patient was under the care of child protection unit), language spoken at home other
than English, abnormal laboratory result, imaging result, and vital signs, addition of new
medication at discharge to existing medication regime, number of co-diagnosis recorded in
the patient progress notes, known allergies, and usage of hospital services 12 months prior
to the index admission (number of ED presentation, hospitalisation, and outpatient clinic
attendance). The electronic administrative dataset provided by the WA HMDS included
patients discharged from 2010 to 2014, however, the information on hospital services usage
was not available for patients discharged in year 2010. Therefore, the PhD candidate

manually extract the information from medical records of patients included in the study.

The 13 extracted written discharge documentation variables were based on the last
written entry made by the healthcare providers in the patients’ progress notes and/or from a
clinical care pathway, Nursing Admission and Discharge Planning Form and/or operation
sheet. The variables included completeness of Nursing Admission and Discharge Planning
Form — nursing admission part, completeness of Nursing Admission and Discharge Planning

Form — nursing discharge planning part, last written entry made by physician, nurse, or allied
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healthcare providers, the written evidence of discharge information by physician and nurse,
written evidence of discharge medications information included by the physician and/or
nurse, and post discharge follow up information made by physician/nurses; consistency of
written discharge documentation among healthcare providers, and delay in issuing discharge

summary (the date of discharge summary been issued against the date of discharge).

A total of 3,330 patients experienced at least one unplanned hospital readmission
between 2010 and 2014. Five hundred and fifty patients from the 3,330 total were randomly
selected and matched with 550 patients who had not experienced an unplanned hospital
readmission (Zhou et al., 2018). The matching was performed based on age, gender,
principal diagnosis of index admission, and proportion of patients with the principal
diagnosis in the initial dataset based on the results of Phase 1 Stage 1. The randomisation
and matching was computed using Coarsened Exact Matching (Blackwell et al., 2009). Due
to the unavailability of medical records for some patients, the final number of paired patients
was 470 (total patients = 940).

Sample size was calculated based on previously reported association between written
discharge documentation and UHRs. An earlier study identified the absence of a written
discharge plan was related to an odds ratio of 1.55 for readmissions (Topal et al., 2014).
Other frequently reported risk factors related to UHRS, such as comorbidity, the odds ratios
ranged from 1.18 to 5.61 (Beck et al., 2006; Berry et al., 2011; Wijlaars et al., 2016).
Therefore, an odds ratio of written discharge documentation is suitable for a baseline power
calculation.  When assuming a 40%  written discharge  documentation
absence/incompleteness from a dataset, 332 matched case-control pairs (total = 664) are
required for the power = 0.8 and alpha = 0.05 (Schlesselman & Stolley, 1982). The sample

size was 940, which provided a final power to detect a variable with an odds ratio of 1.45.

3.4.2 Phase 2 Qualitative data collection
3421 Stage 1 Direct clinical observations

Phase 2 Stage 1 involved (1) observation of the hospital-to-home transition experience
including direct communication of information between nurses and caregivers at discharge;
and (2) description of content and delivery of hospital-to-home transition information
provided by nurses at discharge. Direct clinical observations were conducted over seven
weeks from mid-October to early December 2017. A maximum of three observations a day
were undertaken depending on availability of patient discharges and participants’ consent.
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An observational checklist was developed based on the Calgary — Cambridge Guides
Communication Process Skills, an established and validated instrument to evaluate a
practitioner's communication skills (Kurtz et al., 2005; Simmenroth-Nayda et al., 2014).
Additional items were developed and added to the instrument to obtain greater depth and
detail about the environment in which the communication took place, such as layout of the
room (single vs. multiple beds), levels of noise, and physical location of patient, caregiver
and nurse. The revised checklist was reviewed and approved by the hospital ethics committee
and a panel of experts including academics and senior nursing staff to ensure face validity
of the checklist (Appendix B.3).

The checklist was used to capture interactions between nurses and caregivers at
discharge focusing on rapport development, non-verbal behaviour, use of language,
involvement of caregivers, and provision of hospital-home transition information (Kurtz et
al., 2005). A minimum 30 observations were planned (Bernard, 2000; Morse, 1994) to
ensure there was saturation of data. If after 30 observations data saturation was not reached
further observations would be carried out until three consecutive observations with no new
themes were obtained in accordance with the ‘stopping criterion’ (Francis et al., 2010). In

Phase 2 Stage 1, data saturation was achieved by a total of 31 observations.

The PhD candidate who has extensive experience in paediatric inpatient care completed
all the direct clinical observations. The candidate undertook long-service-leave from the
hospital whilst completing the direct clinical observations to ensure non-biased recruitment.
This allowed each caregiver to make an independent decision about participating in the study
as the PhD candidate was not involved in providing direct care to their child (Green et al.,
2007). Potential patients who were to be discharged either that day or the following day were
identified by the candidate at nursing handover from night shift to morning shift. The PhD
candidate then approached nurses and caregivers explaining the research and inviting them
to be involved in the study. In order to minimize impact of the PhD candidate’s presence on
participants’ behaviour, during the direct clinical observations, a discreet, and appropriate
distance was maintained, whilst remaining sufficiently close to observe (Green et al., 2007).
Each observation was recorded using a digital recorder. Field notes were also taken to capture
the flow of communication and additional information on the discharge experience (Phillippi
& Lauderdale, 2017). Characteristics of all participants, such as age, gender, educational

background or employment status, were also obtained following the observations.
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3.4.2.2 Stage 2, 3 and 4 Semi-Structured interviews with nurses and caregivers

Stage 2 and Stage 3 involved individual semi-structured interviews with each nurse and
caregiver immediately following discharge of the patient from the ward. Interviews were
guided by a set of developed questions based on the literature (Appendix B.4 and Appendix
B.5). Nurses who had completed the discharge were interviewed and asked their views of
the discharge experience and the delivery of the hospital-to-home transition information.
Caregivers were asked about their views of the (1) discharge experience; (2) verbal and non-
verbal communication practice of nurses at discharge; (3) recall and comprehension of
hospital-to-home transition information using teach-back techniques (Griffey et al., 2015;
White et al., 2013); and (4) readiness for discharge. Interviews were scheduled in a quiet
room on the ward with a sign “Meeting in progress, please do not enter” on the door. The
patients and/or other children were cared for by a family member or nurse while the

interviews were conducted.

During Stage 4, caregivers, who had been interviewed in Stage 2, were then invited to
be reinterviewed two weeks after the initial discharge. The aim of the follow up interview
was to ask their views about how useful the hospital-to-home transition information had been
and to enable them to describe the recovery experience (Appendix B.4). Interviews of those
caregivers who agreed to be involved were conducted by phone at a time convenient for
caregivers and were digitally recorded with written consent.

3.4.2.3 Stage 5 Audit patient medical records

The final stage of data collection for Phase 2 involved an audit of the medical records
of those patients’ who had agreed to take part in Phase 2. Medical records were reviewed to
identify usage of hospital services within 30 days of patients’ discharge. Each record was
assessed to identify if there had been an unplanned ED presentation and/or hospital
readmissions and if so was it associated with the initial index admission. Patients’ medical

records were reviewed using the data collection form as in Appendix B.6.

35 Data Analysis

Quantitative data was analysed using SPSS Version 23-25, except for Phase 1 Stage 3
which used R package (version 3.5.1) (R Core Team, 2019), with p-values less than 5%
considered as statistically significant (Table 3.1). Patients who experienced an unplanned
hospital readmission were compared with patients who were not readmitted. This enabled
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any potential readmission risk factors to be identified and predictive risk models for

paediatric patients to be developed.

Phase 1 Stage 1, involved an audit of the administrative dataset, analysed baseline
characteristics of all patients using mean * standard deviation or median (inter-quartile
range) for continuous variables, while counts and percentages were used for categorical
variables. In this study, the prevalence of readmissions was calculated on both discharge-
based and patient-based analysis because some patients had more than one index admission
and readmission during the 5-year data retrieving period. If the patient had more than one
unplanned readmission after being discharged within the 30 days, only the first readmission
was included for the discharge-based analysis. Discharge-based analysis UHRs = Number
of UHRs/Total number of discharges. Patient-based analysis UHRs = Number of patients

experienced UHR/Total number of patients.

Phase 1 Stage 2, involved identification of risk prediction factors based on the
administrative dataset used as in Stage 1. Univariate analysis was applied to the two groups
of data (16 variables) to test for the presence of any difference in baseline characteristics
between the groups using chi-square for categorical variables and t-test for continuous
variables. Any of the 16 variables, with statistically significant results, were then put into the
forward stepwise multivariate logistic regression analysis to remove variables which were
not statistically significant. The final multivariate logistic model consisted of statistically

significant predictors (p<0.05) (Donzé et al., 2013).

Discrimination was assessed by plotting the receiver operating characteristic (ROC)
curve and calculating the area under the ROC curve (AUC) or c statistic. The ROC curve is
a plot of true positives (sensitivity) against false positives (1-specificity) that provides a
summary of sensitivity and specificity across a range of cut points for a continuous predictor
(Hanley & McNeil, 1982). The c-statistic refers to the probability that the predicted risk is
higher for a case than for a non-case and a c statistic of 1 indicates perfect discrimination
and the predicted risks are higher for all cases than non-cases even if the predicted risk differs
from the observed risk (Billings et al., 2006; Hanley & McNeil, 1982).

Phase 1 Stage 3, focused on the development of risk prediction models based on
administrative dataset and the addition of medical records information. Three groups of
variables consisting of 40 variables in each group, were compared by sequentially fitting
three logistic regression models: (1) Administrative variables only; (2) Administrative and

clinical variables; (3) Administrative, clinical, and written discharge documentation
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variables. Analysis of deviance test was performed using Chi-squared (¥2) method for
determining significance. To complement the logistic regression analysis, machine learning

analysis were applied to highlight variables of substantial relevance for prediction.

A multi-pronged approach to prediction was used to find consistency and robustness
across all models. Comparisons between standard logistic regression to machine learning
approaches including stepwise logistic regression, random forest, elastic net, and gradient
boosted trees were undertaken (the detailed description of each machine learning approach
was published in Publication 6). For each model, the performance was evaluated based on
the c-statistic performance for the 10-fold cross-validation repeated 10 times. For models
with in-built selection (stepwise regression, gradient boosted tree, and elastic net) variable
selection was done through the model fitting procedure. For the random forest, the top 10
variables were selected according to their importance. Variable importance quantifies the
relative contributions of each variable to the model, defined as the number of times a variable

is selected for splitting, weighted by the improvement to the model, and averaged.

In Phase 2 Stage 1 the audio recordings of direct clinical observations were transcribed
verbatim by a professional transcriber. The semi-structured interviews of nurses and
caregivers in Stage 2 were transcribed by the PhD candidate verbatim (Graneheim &
Lundman, 2004). All transcripts were read and re-read to allow for immersion of data (Green
et al., 2007). Content analysis of the transcripts and field notes was undertaken by the PhD
candidate using the NVivo 11 and one of the Supervisors using a manual coding process
(Hsieh & Shannon, 2005). Initial nodes/codes were assigned to segments of text based on
similar meaning words. The nodes/codes were then organised as themes and subthemes
(Graneheim & Lundman, 2004). Manual coding of the transcripts was completed inductively
based on the categorisation and classification of meaningful text segments. This led to the
emergence of themes and subthemes. The development of themes and subthemes were
discussed by the PhD candidate and Supervisor until consensus was achieved to ensure
consistent interpretation of the transcripts (Graneheim & Lundman, 2004). Data was
organised into the three principal procedures/diagnosis used in the study and then each was
compared with other. Differences and similarities across themes based on principal

diagnosis/procedures were identified.

3.6 Ethical Considerations

Ethics approvals were obtained from the Human Research Ethics Committee of (1)
Princess Margaret Hospital for Children, (2) Department of Health WA, and (3) School of
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Nursing, Midwifery and Paramedicine (SONM&P), Curtin University prior to the
commencement of data collection. No foreseeable risks for patients and/or nurses and
caregivers were identified in either phase of the study. Waivers for consent were sought for
Phase 1from the participating hospital and the Department of Health WA due to the volume
of patient numbers accessed in the dataset and medical records. There are approximately
28,000 admissions at the participating tertiary children’s hospital annually so the estimated
number of index admissions from 2010 to 2014 is 140,000. Obtaining consent for the number
of patients admitted over the selected five year period was not feasible. Variables extracted
from the HMDS are routinely collected for monitoring and measurement of clinical,

financial, safety and quality outcomes in the Australian health system.

In Phase 1 Stage 1 and Stage 2, the Unique Medical Record Number (UMRN) of each
patient was discarded once the linkage had occurred and no further identifiable data was
extracted prior transporting the data file from the Department of Health WA to the SONM&P,
Curtin University. The data file from the Department of Health WA was transported by the
use of file encryption, My File Transfer (MyFT). Passwords were sent in separate emails.

A subset of patients” UMRN was requested for Phase 1 Stage 3 to access medical
information to further examine UHRs. Unique Medical Records Numbers were kept in a
password protected file stored on the password protected laptop, and each UMRN was
assigned a numerical code. Data from the chart review was entered directly into the SPSS
file on the laptop. The SPSS file was transferred to the password protected computer at the
SoNM&P. Upon completion of chart review, the real UMRNS were destroyed, meaning only

the assigned patient code and chart review data remain in the SPSS file.

For Phase 2, a participant information sheet introducing the investigators and
explaining details of the study was provided to seek written consent from nurses and
caregivers prior to conducting observations and interviews (Appendix B.7, B.9, B.11, and
B.13). Written consent was obtained from all participants involved in stage 1- 4 of Phase 2
(Appendix 0, 0, 0, and 0).

All participants of Phase 2 were informed that they could choose not to participate and
could withdraw at any time without compromising their welfare or position. All collected
data was strictly confidential. A numerical code was allocated to each participant involved
in Phase 2 Stage 1. The UMRN of patients, for Phase 2 Stage 5, were entered into a code

book and kept in a secure place separate from other data. The UMRN was used for auditing
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patients’ usage of hospital service post-discharge. After completing the chart review, the
UMRN was destroyed.

Quantitative data were entered into the SPSS-23 and qualitative data into the NVivo-10.
All extracted data from both phases of the study are stored at SONM&P, Curtin University,
using a password protected computer in a restricted research office with swipe access and a
locked filing cabinet in which the laptop is kept. Only Professor Phillip Della and the PhD
candidate have access to the computer. Computers at Curtin University have firewall

protection and anti-virus and spyware protection.

The results are reported in aggregate and tabular form to protect the identity of the
participants. Results are presented at appropriate national and international conferences and
published in appropriate journals. No names or medical records numbers are included in any
of the reports or publications.

The SPSS dataset is downloaded to an encrypted CD and will be retained for seven years
after the completion of the study in a locked archive room at Curtin University. Hard copy
of collected data and written consent are stored safely in a locked cupboard at the School of
Nursing and Midwifery, Curtin University, indefinitely in accordance with the National
Health Medical Research Council guidelines, WA state law, and the Child and Adolescent
Health Service guidelines.
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Research Outcomes

4.1 Chapter Overview

This chapter presents the research outcomes addressing Study Objectives 3 to 6; the
chapter has five sections. Following the chapter overview, Section 4.2 presents Publication
4, a peer-reviewed published journal article describing prevalence and characteristics of all-
cause unplanned hospital readmissions at a tertiary children's hospital using a 5-year
inpatient electronic administrative dataset. Section 4.3 presents Publication 5, a peer-
reviewed published journal article, identifying risk factors associated with 30-day all-cause

paediatric unplanned hospital readmissions based on the same dataset as Publication 4.

Section 4.4 presents Publication 6, a peer-reviewed published journal article applying
advanced machining learning analysis technigues to examine whether the addition of clinical
information and written discharge documentation variables improves unplanned readmission
prediction compared with administrative variables alone. Section 4.5 presents Publication 7,
a peer-reviewed published journal article, observing and describing hospital-to-home
transition information communication between nurses and caregivers. Patients' usage of

hospital services within 30 days post-hospital discharge is also reported.

4.2 Publication 4

Zhou, H., Della, P.R., Roberts, P.A., Porter, P., & Dhaliwal, S.S. (2018). A 5-year
retrospective cohort study of unplanned readmissions in an Australian tertiary
paediatric hospital. Australian Health Review. http://doi.org/10.1071/AH18123

This publication addressed Study Objective 3: To examine the prevalence and
characteristics of all-cause unplanned hospital readmissions from 2010 to 2014 at a tertiary

children's hospital in Western Australia.

The Australian Health Review was selected for this publication as it is an international,
peer-reviewed journal. The Australian Health Review publishes aspects of health policy,
management and governance; healthcare delivery systems; and other matters of interest to
those working in health care. The Australian Health Review is a valuable resource for health
organisations, including government departments, hospitals, and primary healthcare

services. The impact factor of Australian Health Review is 1.082 in 2018. Confirmation of
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adherence to copyright requirements is evidenced in Appendix A.3. This publication has

been cited four times by 2 August 2021 as per Scopus (Appendix D.1).

Specific objectives of Publication 4 were:

e To determine the 5-year prevalence in paediatric admissions and characteristics of
unplanned hospital readmissions;

e To examine the time interval between the paediatric unplanned hospital readmission
and the index admission;

e To characterise principal index admission diagnoses associated with frequent paediatric

readmissions.
Main findings of Publication 4 were:

e 4,070 discharges (3.03%) and 3,330 patients (4.55%) experienced at least one 30-day
unplanned hospital readmission.

e More than half of readmissions occurred by Day 5 post-discharge, 73.6% by Day 10,
and 86.1% by Day 5.

e Minimal differences in the rate of readmissions on Days 28, 29 and 30 (0.2%).

e The majority of readmissions for croup and epiglottitis occurred by Day 5.

e The majority of readmissions for acute bronchiolitis and obstructive sleep apnoea
requiring tonsillectomy and/or adenoidectomy occurred by Day 15.

e The majority of readmissions for acute appendicitis and abdominal and pelvic pain

occurred by Day 30.
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Abstract

Objective. The aim of this study was to examine the characteristics and prevalence of all-cause unplanned hospital
readmissions at a tertiary paediatric hospital in Western Australia from 2010 to 2014.

Methods. A retrospective cohort descriptive study was conducted. Unplanned hospital readmission was identified
using both 28- and 30-day mecasurements from discharge date of an index hospital admission to the subscquent related
unplanned admission date. This allowed international comparison.

Results. Inall, 73 132 patients with 134 314 discharges were identified. During the 5-year period, 4070 discharges
(3.03%) and 3330 patients (4.55%) were identified as 30-day unplanned hospital readmissions. There were minimal
differences in the rate of readmissions on Days 28, 29 and 30 (0.2%). More than 50% of readmissions were identified as a
5-day readmission. Nearly all readmissions for croup and epiglottitis occurred by Day 5; those for acute bronchiolitis
and obstructive sleep apnoea requiring tonsillectomy and/or adenoidectomy occurred by Day 15 and those for acute
appendicitis and abdominal and pelvic pain occurred by Day 30.

Conclusion. This study highlights the variability in the distribution of time intervals from discharge to readmission
among diagnoses, suggesting the commonly used 28- or 30-day readmission measurement requires review. It is crucial
to establish an appropriate measurement for specific paediatric conditions related to readmissions for the accurate
determination of the prevalence and actual costs associated with readmissions.

What is known about this topic? Unplanned hospital readmissions result in inefficient use of health resources.
Australia has used 28 days to measure unplanned readmissions. However, the 30-day measurement is commonly
used in the literature. Only five Australian studies were identified with a focus on readmissions associated with specific
paediatric health conditions.

What does this paper add? This is the first known study examining paediatric all-cause unplanned same-hospital
readmissions in Western Australia. The study used both 28- and 30-day measures from discharge to unplanned readmission
to allow international comparison. More than half the unplanned hospital readmissions occurred between Day 0 and Day 5
following discharge from the index admission. Time intervals from discharge date to readmission date varied for
diagnosis-specific readmissions of paediatric patients.

‘What are the implications for practitioners? Targeting the top principal index admission diagnoses identified for
paediatric readmissions is critical for improvement in the continuity of discharge care delivery, health resource utilisation
and associated costs. Because 52% of unplanned readmissions occurred in the first 5 days, urgent investigation and
implementation of prevention strategies are required, especially when the readmission occurs on the date of discharge.

Received 18 June 2018, accepted 13 September 2018, published online 29 October 2018

Journal compilation © AHHA 2018 Open Access CC BY-NC-ND www.publish.csiro.au/journals/ahr
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B Australian Health Review

Introduction

Billions of dollars of additional costs are incurred with unplanned
hospital readmissions."> Rehospitalisation has both a physio-
logical and psychological effect on patients and their family or
carers.> > In Australia, the unplanned hospital readmission rate
is defined as the percentage of unplanned readmissions to
the same hospital within 28 days of discharge.® However, most
studies in the literature use 30 days to measure readmission
rates.” "> All-cause unplanned hospital readmission rates in
children range from 3.4% to 22.4% based on 30-day to 2-year
follow-up periods.’?>* ' An American study'® examined
30-day unplanned hospital readmissions across 72 children’s
hospitals over a 12-month period, finding that the readmission
rate was 6.5% and that the three most common principal diag-
noses associated with readmissions were seizure, bronchiolitis
and pneumonia. Furthermore, the most common reason for
readmission in nine of 10 readmissions was the same diagnosis
as the index admission.'® For condition-specific unplanned read-
missions, prevalence ranges from 19% to 31% for mental health
conditions based on 12-month measurements,'®'? from 4.5%
to 38% for respiratory diseases based on 28-day to 1-year
measurements®® 2* and from 0.3% to 27.8% for general surgeries
based on 7-day to 1-year measurements.?% >

There is limited published literature measuring all-cause
paediatric unplanned hospital readmissions in Australia. Five
Australian studies were identified with a focus on specific health
condition-associated readmissions; these studies examined
readmissions across mental health conditions,'® asthma,>*?*
term live-born infants®® and paediatric intensive care patic::nts.3 6
Unplanned readmission rates ranged from 0.8%>° to 38%.%® In
Western Australia (WA), the prevalence of 28-day all-cause
readmissions to the same hospital across all metropolitan public
health services almost doubled from 2.1% in 2010-11 to 3.9%
in 2014-15.7*!

Study aim

The aim of the present study was to characterise the frequency
and nature of all-cause unplanned hospital readmissions in a
tertiary paediatric hospital in WA from 2010 to 2014. Specific
objectives were to: (1) determine the S-year prevalence in
paediatric admissions and characteristics of unplanned hospital
readmissions; (2) examine the time interval between the paedi-
atric unplanned hospital readmission and the initial hos-
pitalisation; and (3) characterise principal index admission
diagnoses associated with frequent paediatric readmissions.

Methods
Study design

A retrospective cohort descriptive study was conducted at the
Princess Margaret Hospital for Children (PMH, which was
relocated and renamed to Perth Children’s Hospital on 10 June
2018), a 220-bed public acute care hospital with approximately
250000 patient visits (in-patient and out-patient) each year. At
the time of the study, the PMH was the only tertiary paediatric
facility providing care for children and adolescents within WA

H. Zhou et al.

Data source

Patients of all ages discharged from the PMH between 1 January
2010 and 31 December 2014 were extracted as an electronic
administrative in-patient dataset from the WA Hospital Morbid-
ity Data Collection (HMDC). Emergency department presenta-
tions and/or emergency department short-stay unit admissions
were excluded from the study. In addition, deceased patients and
discharges of mothers attached to nconatal patients who were
transferred to the PMH from maternity hospitals were excluded
from the study, as were patients whose parent, guardian or carer
discharged them against medical advice and those patients
transferred to other hospitals (because of incomplete hospitalisa-
tion and variations in the discharge process).

Ethics approvals were sought from the human ethics research
committees of the PMH, Curtin University and Department of
Health, WA.

Qutcome measures

Hospital readmission is measured from an index admission,
the first hospitalisation for a specific clinical condition, to the
subsequent unplanned admission. Subsequent admissions that
are related to the index admission and occurred unexpectedly
within a specified time interval are considered unplanned hos-
pital readmissions. The identification of unplanned hospital
readmissions in this study was based on the combination of
admission type (emergency) and the principal diagnosis of the
subsequent admission following the index admission.

Covariates of interest

Variables extracted from the HMDC included demographic and
clinical information for each patients. Demographic variables
included age, sex and residential postcode. Clinical data included
the date of admission, date of discharge, principal discharge
diagnosis, date of readmission, date of discharge from the
readmission and the principal diagnosis of readmission. Age
was coded into six groups: infants aged <12 months, preschool
children aged 1-4 years, primary school children aged 5-8 years,
late primary school children aged 9—12 years, lower secondary
school children aged 13-15 years, upper secondary school
children and young adults aged >16 years. It is also worth
noting that the age limit to be admitted to PMH is <16 years
unless special permission is granted by the hospital executives
for patients with a pre-existing medical condition.*?

Residential postcodes of each patient were converted into
Socio-economic Indexes for Areas (SEIFA), a broad definition
of relative socioeconomic status regarding people’s access to
material and social resources and their ability to participate in
society.*’ The Index of Relative Socio-economic Advantage
and Disadvantage (IRSAD) was used in this study with scores
that ranged from a percentile 0 to 100%. Lower IRSAD
scores relate to households with a greater socioeconomic
disadvantage.*

In the present study, 4403 condition-specific principal
diagnoses based on the International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision,
Australian Modification (ICD-10-AM)* diagnoses codes were
initially extracted from the HMDC. These ICD-10-AM codes
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were then grouped according to their first three characters,
resulting in 494 groups.**

The date of discharge from the index admission (Day 0) until
30 days after being discharged (Day 30) was examined in this
study.

Identification of the top principal index admission diagnoses
was based on readmission counts.

Data analysis

Data were analysed using SPSS version 23.0 (IBM Corp.,
Armonk, NY, USA). The baseline prevalence of index admis-
sions and readmissions was calculated on discharge-based and
patient-based data because some patients had more than one
index admission and readmission during the 5-year period. If
the patient had more than one unplanned readmission after
being discharged within the 30 days, only the first readmission
was included for the discharge-based analysis. Patient charac-
teristics are described as the mean =+ s.d. or median with inter-
quartile range (IQR) for continuous variables, and as counts
and percentages for categorical variables.

Results

In all, 137621 discharges from the PMH between 2010 and
2014 involving 75 524 individual patients were extracted from
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the HMDC. Seven hundred and fifteen discharges, associated
with maternity issues and attached to neonatal patients were
excluded from the study, as were 192 deceased patients and
136 patients who left the hospital against medical advice.
A further 2264 discharges were transfers to other hospitals
and were therefore also excluded. Thus, 134314 discharges
of 73132 patients were included in the final analysis. Of
the 73 132 patients, 740 experienced more than one 30-day
unplanned hospital readmission; of these 740 patients, 403
had two readmissions, 151 patients had three readmissions
and 186 patients had four or more unplanned readmissions. Of
the 134 314 discharges, 1479 were admitted with a principal
diagnosis of T81 (complications of procedures, not elsewhere
classified). In particular, patients were admitted to the PMH
when they experienced postoperative complications following
an initial surgical procedure that had been performed at other
public or private hospitals. The top two postoperative com-
plications were haemorrhage and haematoma (n=1024) and
wound infection (n=258). The remaining 197 complications
were varied.

Characteristics of all discharges

Based on analysis of all discharges, the number of hospitalisa-
tions was similar across the 5-year data collection period

Table 1. Summary of all discharges between 2010 and 2014 from the Princess Margaret Hospital for Children

All percentages are based on the total for a year. Data were analysed on the basis of both discharges (where patients may have multiple visit) and patients.
Unless indicated otherwise, data are presented as the mean £ s.d. or as r (%)

Year of discharge Total
2010 2011 2012 2013 2014
Analysis based on all discharges
Overall
No. discharges 24957 26165 27298 28067 27827 134314
Mean +s.d. 6.2+5.1 6.1£5.1 6.3%5.1 6351 6.2+5.1 6.2+£5.1
Age (years)
<l 3364 (13.5) 3588 (13.7) 3675 (13.5) 3686 (13.1) 3885 (14.0) 18198 (13.5)
14 8494 (34.0) 8683 (33.2) 8869 (32.5) 9191 (32.7) 9061 (32.6) 44298 (33)
5-8 4873 (19.5) 5336 (20.4) 5539 (20.3) 5843 (20.8) 5931 (21.3) 27522 (20.5)
9-12 4137 (16.6) 4370 (16.7) 4630 (17.0) 4691 (16.7) 4312 (15.5) 22140 (16.5)
13-15 3227 (12.9) 3353 (12.8) 3752 (13.7) 3856 (13.7) 3666 (13.2) 17854 (13.3)
>16 862 (3.5) 835(3.2) 833 (3.1) 800 (2.9) 972 (3.5) 4302 (3.2)
Sex
Male 14422 (57.8) 15169 (58.0) 15504 (56.8) 16371 (58.3) 16341 (58.7) 77807 (57.9)
Female 10535 (42.2) 10996 (42.0) 11794 (43.2) 11696 (41.7) 11486 (41.3) 56507 (42.1)
Analysis based on patients
Overall
No. discharges 16777 14707 14409 13935 13304 73132
Mean+s.d. 6.0£5.0 59+50 58+5.0 5650 53+49 57£50
Age (years)
<1 2383 (14.2) 2466 (16.8) 2543 (17.6) 2551 (18.3) 2717 (20.4) 12660 (17.3)
14 5694 (33.9) 4751 (32.3) 4536 (31.5) 4390 (31.5) 4294 (32.3) 23665 (32.4)
5-8 3323 (19.8) 2843 (19.3) 2887 (20.0) 2825 (20.3) 2562 (19.3) 14440 (19.7)
9-12 2855 (17.0) 2505 (17.0) 2349 (16.3) 2282 (16.4) 2056 (15.5) 12047 (16.5)
13-15 2152 (12.8) 1908 (13.0) 1927 (13.4) 1715 (12.3) 1550 (11.7) 9252 (12.7)
216 370 (2.2) 234 (1.6) 167 (1.2) 172 (1.2) 125 (0.9) 1068 (1.5)
Sex
Male 9798 (58.4) 8602 (58.5) 8179 (56.8) 8140 (58.4) 7702 (57.9) 42421 (58)
Female 6979 (41.6) 6105 (41.5) 6230 (43.2) 5795 (41.6) 5602 (42.1) 30711 (42)
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(Table 1). The total number of discharges exceeded 24900
each year, with a mean age of 6.2+5.1 years. Regarding
patient-based analyses (Table 1), the number of patients hospi-
talised in each year of the study was similar, with a mean age
of 5.7 + 5.0 years. Overall, one-third of patients were aged from
1 to 4 years, and 1.5% of patients were aged >16 years. There
were 16% more male than female patients.

Table 2. Summary of patient characteristics for those with and

without unplanned hospital readmissions within 30 days of discharge

Data were analysed on the basis of both discharges (where patients may

have multiple visit) and patients, Unless indicated otherwise, data are

presented as n (%). IQR, interquartile range; LOS, length of stay of the
index admission; SEIFA, Socie-economic Indexes for Areas

Readmission No readmission
within 30 days within 30 days
Analysis based on all discharges
Total no. patients 4070 130244
Sex
Male 2230 (54.8) 75577 (58.0)
Female 1840 (45.2) 54667 (42.0)
Age (years)
<1 682 (16.8) 17516 (13.4)
14 1219 (30.0) 43079 (33.1)
5-8 713 (17.5) 26809 (20.6)
9-12 640 (15.7) 21500 (16.5)
13-15 696 (17.1) 17158 (13.2)
>16 120 (2.9) 4182 (3.2)
Age (years)
Mean=s.d. 63+£54 6.2+5.1
Median (IQR) 5.0(1.0-11.0) 5.0 (2.0-10.0)
LOS (days)
Mean=s.d. 47+13.7 25+74
Median (IQR) 1.0 (1.0-4.0) 1.0 (1.0-2.0)
SEIFA percentile
Mean=s.d. 62.6+27.1 6L.1£275
Median (IQR) 67.0 (40.0-87.0)  65.0 (40.0-87.0)
Analysis based on patients
Total no. patients 3330 69802
Sex
Male 1850 (55.6) 40571 (58.1)
Female 1480 (44.4) 29231 (41.9)
Age (years)
<l 610 (18.3) 12050 (17.3)
14 938 (28.2) 22727 (32.6)
5-8 578 (17.4) 13862 (19.9)
9-12 543 (16.3) 11504 (16.5)
13-15 581 (17.4) 8671 (12.4)
>16 80 (2.4) 988 (1.4)
Age (years)
Mean=s.d. 6354 57+49
Median (IQR) 5.0 (1.0-11.0) 5.0 (1.0-10.0)
LOS (days)
Mean +s.d. 4.7+ 14.1 24+£6.6
Median (IQR) 1.0 (1.0-4.0) 1.0 (1.0-2.0)
SEIFA percentile
Mean=s.d. 628272 61.0£27.6
Median (IQR) 67.0 (40.0-87.0)  65.0 (40.0-87.0)
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Characteristics of 30-day unplanned hospital readmissions

Based on analysis of all discharges, readmission rates ranged
from 2.97% to 3.03%, with more male than female patients
featuring in both the with- and without-readmission groups
(Table 2). From a patient-based analysis perspective (Table 2),
4.55% of patients (n=3330) experienced 30-day unplanned
hospital readmissions, which ranged from 3.86% to 5.04%
over the 5-year data extraction period. The mean age of
the with-readmission group was 6.3 5.4 years, compared
with 5.7 + 4.9 years in the without-readmission group. Length
of stay of the index admission was almost double in the with-
versus without-readmission group (4.7 & 14.1vs 2.4 = 6.6 days
respectively). The mean SEIFA percentile was similar in
these two patient groups.

Time interval from index admission to unplanned hospital
readmission

Fig. | shows the time interval from the discharge date of the index
admission to the date of readmission of all-cause unplanned
hospital readmissions. Each day from Day 0 to Day 7 accounted
for more than 5% of unplanned hospital readmissions (Fig. 1a).
The highest number of readmissions (532; 16%) occurred on
Day 1, followed by Day 2 (n=345; 10.4%) and Day 3 (n=251;
7.5%). Of note, 208 readmissions (6.2%) occurred on Day 0.
There were minimal differences in the rate of readmissions on
Days 28, 29 and 30 (0.5%, 0.7% and 0.5% respectively). Fig. 15
shows the cumulative percentage of unplanned hospital read-
missions from Day 0 to Day 30. More than half the readmissions
(52%; n=1732) occurred between Day 0 and Day 5, with 73.6%
(n=2450) occurring in the first 11 days (Days 0-10) and 86.1%
(n=2868) occurring in the first 16 days (Days 0-15).

The distribution of time intervals from discharge to unplanned
readmission varied between each index admission diagnosis
(Fig. 2). Nearly all the readmissions (98%) for the diagnosis
code JOS5 (croup and epiglottitis) occurred by Day 5 after dis-
charge, whereas readmissions for the G47 (sleep disorders) and
J21 (acute bronchiolitis) diagnoses primarily (>95%) occurred
by Day 15. Readmissions related to other diagnoses (e.g. K35
(acute appendicitis), R10 (abdominal and pelvic pain) and R56
(convulsions) were spread across the 30 days after discharge
(Fig. 2). Fig. 2a shows the percentage of condition-specific
associated readmissions from Day ¢ to Day 30, whereas
Fig. 2b shows the cumulative percentage of readmissions.

Principal index admission diagnoses associated
with frequent paediatric readmissions

The top 10 principal index diagnoses associated with unplanned
readmissions are given in Table 3. The most frequent diagnosis
was G47 (sleep disorders — obstructive sleep apnoea (OSA)
syndrome requiring tonsillectomy and/or adenoidectomy), fol-
lowed by K35 (acute appendicitis leading to appendectomy)
and J21 (acute bronchiolitis). The three most common reasons
for readmission are summarised in Table 3. The most common
readmission diagnosis was the same diagnosis for the top 10
index admission diagnoses, especially J45 (asthma; 89%). Read-
missions related to postoperative complications of initial surgical
procedures ranged from 40.5% to 85.7%, with diagnoses
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Fig. 1.

Time from discharge after the index admission to the subsequent unplanned readmission showing (a) the percentage

and () cumulative percentage of unplanned readmissions on each day after discharge.

including G47 (OSA), J35 (chronic diseases of tonsils and
adenoids) and K35 (acute appendicitis).

Discussion

This study provides a baseline of the prevalence and character-
istics of all-cause unplanned readmissions to the PMH using
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a large administrative dataset. The study identified a rate of
3.03% readmissions based on discharge analysis and a rate of
4.55% based on patient analysis. Studies conducted in other
countries examining all-cause 30-day paediatric readmissions
found considerable variations in prevalence rates. In terms of
discharge-based analysis, three studies reported readmission
rates of 10.3%,'? 8.8%% and 6.5%.' In another three studies,
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Fig. 2. Time from discharge after the index admission to the subsequent unplanned readmission for three
principal diagnoses at index admission showing (@) the percentage and (b) cumulative percentage of unplanned

readmissions on each day after discharge. G47, sleep disorders

obstructive sleep apnoea syndrome requiring

tonsillectomy and/or adenoidectomy; K35, acute appendicitis leading to appendectomy; JOS, croup and

epiglottitis.

readmission rates based on patient analysis were found to
be 3.4%,'% 4.5%” and 18.7%."' Two studies described readmis-
sion rates of 6.5%" and 8.8%"° based on both discharge
and patient analyses. Of these eight studies, six examined read-
missions to both the same and different hospitals,®%'>!3:1545
The two studies'®™' that the examined same-hospital

readmissions reported much higher rates than found in this
study. As highlighted in a recent systematic review,*® caution
is required when comparing readmission rates in the literature,
because this is dependent on whether readmissions are based
on discharges or patients, and whether readmissions are to the
same or different hospitals.
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Identification of the frequent principal index admission
diagnoses associated with unplanned readmissions is commonly
based on total counts.'® The top 10 diagnoses in this study
(Table 3) are consistent with those found in an American
study,'5 except for one diagnosis, seizure. An Australian
government report stated more than 30% of patients experienced
an unplanned readmission following their initial surgical proce-
dure.” The most frequent surgical procedure was tonsillectomy
and/or adenoidectomy, which is consistent with our findings in
a paediatric population.” The present study also supported the
findings of Berry ef al.'® that most readmissions are for the
same diagnosis or complications associated with the initial
admission. The top diagnoses identified in the present study
could be targeted to improve continuity of care at discharge and
therefore to reduce the readmission rate.*~

Most studies in the literature use a period of 30 days to
measure unplanned hospital readmissions, although some stud-
ies have used 7 days®**>*7 to measure readmissions. Berry
et al."® found that 39% of all-cause readmissions occurred in
the first 7 days after discharge and that 61.6% occurred in the
first 14 days. In the present study, 52% of readmissions occurred
within the first 5 days after discharge, 73.6% occurred in
the first 10 days and 86.1% occurred in the first 15 days. The
difference in unplanned hospital readmission rates between
Days 28 and 30 was 0.2%, confirming that the findings across
both periods are comparable. Fig. 2 clearly shows that some
diagnoses are captured as Day 30 readmissions (K35, R10
and R56), whereas others are more accurately characterised as
Day 15 readmissions (G47 and J21) or Day 5 readmissions (J0S5).
These findings sup})ort the Australian Independent Hospital
Pricing Authority’s*® emphasis on the need to establish appro-
priate time intervals to measure readmission according to
specific health conditions.* This will lead to accurate determi-
nation of the prevalence and true cost of readmissions.™’
This is particularly important because of the need to improve
efficiencies in resource utilisation within the healthcare system,
as directed by funders, including government and private health
insurance.**"*

Limitations

The present study is limited by the fact WA has one tertiary
paediatric hospital (the PMH). The present study did not
include index admissions to the PMH but then readmitted
to non-pacdiatric hospitals or admission and readmissions
to non-paediatric hospitals with paediatric wards. A future
study incorporating WA linkage data would address these
omissions and enable patients admitted to both non-paediatric
hospitals and then the PMH with unplanned hospital read-
missions to the same or a different hospital to be captured.
This study was a 5-year audit of an administrative database;
individual in-patient files were not accessed to capture specific
clinical information.

Conclusions

The present study is the first to date to examine paediatric
all-cause unplanned same-hospital readmissions in WA based
on an in-patient administrative dataset of all PMH discharges
from 2010 to 2014. The study found a higher same-hospital

H. Zhou et al.

readmission rate compared with the WA metropolitan public
hospitals,s-'q' but lower than the rates in the US® ! 1, UK'? and
Canada.'* The present study identified that the commonly used
30-day readmission follow-up period requires review because
there are differences in the time intervals from discharge to
readmission among diagnoses. It is critical to establish the
most suitable measurement for readmissions for the accurate
determination of the prevalence and true costs of readmissions.
Investigations and strategies to reduce the occurrence of 5-day
readmissions because of their high prevalence and readmissions
on the discharge date are urgently needed. Identification of
top index admission diagnoses for paediatric readmissions is
essential to improve continuity of care at discharge with the
aim of reducing unplanned hospital readmissions.
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4.3 Publication 5

Zhou, H., Della, P.R., Porter, P., & Roberts, P.A. (2019). Risk factors associated with
30-day all-cause unplanned hospital readmissions at a tertiary children's hospital
in Western Australia. Journal of Paediatric and Child Health.
http://doi.org/10.1111/jpc.14492

This publication addressed study objective 4: To identify risk factors associated with
30-day all-cause unplanned hospital readmission at a tertiary children's hospital based on an

administrative inpatient dataset.

The Journal of Paediatric and Child Health was selected for this publication as it
publishes peer-reviewed original research articles of scientific excellence in paediatrics and
child health. The impact factor of Journal of Paediatric and Child Health is 1.71 in 2019.
Confirmation of adherence to copyright requirements is evidenced in Appendix A.1l. This
publication has been cited twice by 2 August 2021 as per Scopus (Appendix D.1).

Main findings of Publication 5 were:

e Seven significant risk factors were identified; age at index admission > 13 years old;
utilising private insurance as an inpatient; with greater social-economic advantage;
admitted on Friday; discharged on Friday/Saturday/Sunday; > 4 diagnoses at the index
admission; LOS > 15 days or longer.

e Two significant protective factors are patient required a general anaesthetic during
index admission and patients transferred to the hospital via aeromedical service.

e The area under the receiver operating characteristic curve of the predictive model based

on an administrative dataset is 0.645.
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ORIGINAL ARTICLE

Risk factors associated with 30-day all-cause unplanned hospital
readmissions at a tertiary children’s hospital in Western Australia
Huagiong Zhou,"? Phillip R Della,? Paul Porter®* and Pamela A Roberts?

'General Surgery Ward/Nursing, and *Emergency Department, Perth Children’s Hospital, “School of Nursing, Midwifery and Paramedicine, Curtin University,
Perth and “Paediatrics, Joondalup Health Campus, Joondalup, Wester Australia, Australia

Aim: To identify risk factors associated with 30-day all-cause unplanned hospital readmission at a tertiary children’s hospital in Western Australia.
Methods: An administrative paediatric inpatient dataset was analysed retrospectively. Patients of all ages discharged between 1 January 2010
and 31 December 2014 were included. Demographic and clinical information at the index admission was examined using multivariate logistic
regression analysis.

Results: A total of 3330 patients (4.55%) experienced at least one unplanned readmission after discharge. Readmission was more likely to occur
in patients who were either older than 16 years {odds ratio {OR) = 1.46; 95% confidence interval {Cl} 1.07—1.98), utilising private insurance as an
inpatient {OR = 1.16; 95% CI 1.00-1.34), with greater socio-economic advantage (OR = 1.20; 95% CI 1.02-1.41), admitted on Friday (OR = 1.21;
95% ClI 1.05-1.39), discharged on Friday/Saturday/Sunday (OR = 1.26, 95% Cl 1.10-1.44; OR = 1.34, 95% Cl 1.15-1.57; OR = 1.24, 95% Cl
1.05-1.47, respectively), with four or more diagnoses at the index admission (OR = 2.41; 95% Cl 2.08-2.80) or hospitalised for 15 days or longer
{OR = 2.39; 95% Cl 1.88-2.98). Area under receiver operating characteristic curve of the predictive model is 0.645.

Conclusions: A moderate discriminative ability predictive model for 30-day all-cause same hospital readmission was developed. A structured
discharge plan is suggested to be commenced from admission to ensure continuity of care for patients identified as being at higher risk of
readmission. A recommendation is made that a designated staff member be assigned to co-ordinate the plan, including assessment of patients’
and primary carers’ readiness for discharge. Further research is required to establish comprehensive paediatric readmission rates by accessing
linkage data to capture different hospital readmissions.

Key words: 30-day; all-cause unplanned hospital readmission; paediatric; risk factor.

What is already known on this topic What this paper adds
= Follow-up periods for published studies on risk factors associ- = This is the first published Australian study that developed a mod-

ated with all-cause paediatric unplanned readmissions are either
30 days or 1- 2 years,

Published studies an risk factors for 30-day all-cause paediatric
unplanned readmissions have mainly been conducted in the
USA, UK or Canada.

The frequently cited significant risk factors associated with
readmission include comorbidity, type of health insurance and ill-
ness severity.

Unplanned hospital readmission rate has been widely accepted as
a service performance indicator to evaluate the quality of health-
care delivery.! A recent systematic review” examined research
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erate discriminative ability predictive model for all-cause paediat-
ric unplanned hospital readmissions using an administrative
inpatient dataset.

Patients who were admitted on Friday or discharged on Friday,
Saturday or Sunday or experienced a longer length of hospital
stay are at higher risk of being readmitted.

Requiring a general anaesthetic during the index admission or
patients transferred to hospital via an aeromedical service are
lactors associated with decreased risk of readmissions.

evidence on paediatric unplanned hospital readmissions [rom
2000 to 2017. Some American studies used 365 days to measure
the all-cause unplanned readmissions, and the prevalence was
from 16.7° to 21.8%.% Other studies examined all-cause 30-day
unplanned readmissions, and the rates were reported to be
3.8-18.7% (USA),”™ 8.8 (UK)” and 3.4% (Canada)." Unex-
pected readmissions not only increase the costs of health-care
dclivery but also result in bed shortages and incfficient use of
health-care resources. Families or carers of readmitted children
also experience unexpected interruptions of their daily activities.

© 2019 The Authors Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal

Australasian College of Physicians)
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As a result, paediatric patients waiting for a hospital bed for elec-
tive procedures or children requiring admission via emergency
departments may experience cancellation and/or a long waiting
period before admission as an inpatient.'"’

There has been increased emphasis in recent literature related
to the identification of paediatric patients who are at higher risk
of being readmitted following initial hospitalisation.” %2
Improvement of transitions of care following discharge targeting
those patients will assist in reducing unplanned readmissions.*?
The reported significant risk factors associated with all-cause
readmissions include comorbidity, type of health insurance, ill-
ness severity, age, gender, ethnicity and day of admission.>*°

In Australia, approximately 1.2% of patients, including both
adults and children, experienced a 28-day unplanned readmission
following elective surgeries in a public hospital. Readmission rates
range from 3.6% for tonsillectomy and adenoidectomy, 3.2% fol-
lowing hysterectomy, 2.8% for prostatectomy and 0.3% for cata-
ract extraction.''

In Western Australia (WA), the prevalence of 28-day all-cause
readmissions 1o the same hospital across all metropolitan public
health services has increased from 2.1% (2010-2011) to 3.9%
{2014-2015)." Studies conducted in Australia examining risk fac-
tors associated with paediatric readmissions have focused on spe-

'*1® and mental health

cific health conditions, such as asthma
conditions.'” This study aimed to identify risk factors associated
with 30-day all-causc unplanned hospital readmission based on an
electronic administrative dataset at a tertiary children’s hospital in
Western Australia. Australia uses 28 days to measure the all-cause
unplanned readmission. However, the 30-day measurement is
commonly used in the literature. The selection of the 30-day mea-
surement for this study is to allow international comparison.'®

Methods
Study design

A retrospective cohort study was conducted using an electronic
administrative inpatient dataset extracted from the WA Hospital
Morbidity Data Collection for all patients discharged from Prin-
cess Margaret Hospital for Children (PMH, which was relocated
and renamed Perth Children’s Hospital on 10 June 2018). Prin-
cess Margaret llospital was a 220-bed tertiary paediatric facility in
WA providing care for children, adolescents and young adults.
Inpatient and outpatient visits totalled approximately 250 000
each year.'” This study was approved by the Human Ethics
Research Committee of PMH, Department of Health, WA and
Curtin University.

Population

This study defined a cohort of patients of all ages with at least
one discharge from PMIT between 1 January 201¢ and
31 December 2014, Transfers to other hospitals, deaths and dis-
charges against medical advice were excluded due to incomplete
hospitalisation and variances in the discharge process. Discharges
of mothers attached to neonatal patients who were transterred to
PMH from a maternity hospital were also excluded from this
study.

H Zhou et al.

Outcome measures/response variable

The 30-day unplanned hospital readmission is the responsce vari-
able for this study. Index admission is the initial hospitalisation
for a specific clinical condition, whereas unplanned hospital
readmission is the subsequent unexpected hospitalisation related
to the index admission within 30 days of discharge from the ini-
tial admission, The identification of unplanned readmissions in
this study was based on hospital admission type (unplanned/
emergency/non-elective) and the diagnosis of subsequent same-
hospital admission related to the index admission. Admissions
were considered new index admissions when they occurred more
than 30 days following the previous index admission.” Only the
first index admission was selected for this study for patients who
had more than one index admission within the 5-vear study
period.

Covariates of interest/extracted variables

A total of 16 variables were extracted from the administrative
database of Hospital Morbidity Data Cellection, including
patients’ age at admission, gender, residential postcode, admis-
sion status, funding source as inpatients, insurance status, source
of referral transport, state of residence, care type, interpreter ser-
vice requirement, intensive care unit stay, general anaestbelic,
length of stay, date of admission, date of discharge and number
of co-diagnoses.

Age was  recoded six  groups as follows: Intants
(<12 months), pre-school children (1-4 years), primary school
children (5-8 years), late primary school children (9-12 years),
lower secondary school children (13-15 years) and upper second-
ary school children and young adults (216 years). The age limit

into

to be admitted at PMH is 15 years unless special permission is
granted by the hospital executives for patients with pre-existing
medical conditions.'”” A patient's residential postcode was
converted into Socio-Economic Indexes for Areas, which repre-
sents people’s accessibility 10 material and social resources and
participation in society. The Index of Relative Social-Economic
Advantage and Disadvantage, with a score of 0-100%, was used
in this study. The lower percentage relates to those households
with a greater socio-economic disadvantage.”’ Insurance status
for this study was coded as either privately insured or no private
health insurance. In terms of tunding source for hospital inpa-
tients, there is a unique health insurance arrangement in West-
ern Australia, where a patient with private health insurance can
choose to be admitted to a public hospital as: (i} a public patient
(government funded), and therefore, private health insurance
tunds are not used or (ii) a private patient using private health
insurance funds. Date of admission and discharge was coded as
weekdays compared with weekend and designated public holi-
days from 2010 to 2014.

Data analysis

Statistical Package for the Social Sciences version 23.0 was used
to analyse the data. Covariates/extracted variables of patients
who experienced 30-day all-cause unplanned same hospital
readmission (with-readmission group - coded as 1) were com-
pared with patients who had non-recadmission  (without-

Journal of Paediatrics and Child Health (2019)
© 2016 The Authors
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readmission group — coded as 0) to identify readmission risk fac-
tors. Characteristics of the patients were described using
mean = standard deviation for continuous variables, while
counts and percentages were used for categorical variables.

Univariate analysis was used to test for the presence of any dif-
ference in the 16 covariates/extracted variables between the
groups. The ¥? test was used for categorical variables, and the
independent sample t-test was used to investigate associations
between the extracted variables and unplanned hospital
readmissions. All significant variables that emerged from the uni-
variate analysis were included in the development of the multi-
variate logistic regression model. Forward elimination was used
to remove variables not statistically significant. The effects of all
wvariables were expressed as odds ratios (OR) and associated 95%
confidence intervals (CI). A P value of less than 0.05 was consid-
ered to be statistically significant. The final multivariate logistic
model consisted of the least statistically significant predictors.

Sensitivity and specificity were calculated to distinguish
patients who experience unplanned readmission. Sensitivity
measures the percentage of patients with readmission during
the 5-year study period and those who are correctly identified
by the model. Conversely, specificity is defined as the propor-
tion of patients who did not experience readmission and who
were correctly identified. The area under the receiver operating
characteristic (ROC) curve was also generated to demonstrate
the discriminative ability of the model. The ROC shows the
trade-off between true positives (sensitivity) and false negatives
(1-specificity) at all possible thresholds.

Results

The initial extracted administrative inpatient dataset consisted of
137 621 discharges from PMH during the 5-year study period.
Following exclusion of patients who were either deceased
(n = 192), had left against medical advice (n = 136), were trans-
ferred to other hospitals (7 = 2264) or were mothers attached to
neonatal patients (n =715), a total of 134 314 discharges from
73 132 patients were included in the final analysis. The mean age
of all patients was 5.74 £ 4.97 years. One-third of patients
(32.3%) were aged from 1 to 4 years compared to 14.1% of
patients who were older than 13 years. There were more male
(58%) than female patients (42%).

Of the 73 132 patients, 3330 (4.55%) experienced at least one
30-day unplanned hospital readmission. Table 1 summarises
patients’ characteristics based on 16 covariates/extracted variables
of the with-readmission group and without-readmission group.
The mean age of the with-readmission group (6.3 & 5.4 years)
was older in comparison to the without-readmissions group
(5.7 £ 4.9 years). There were more male than female patients in
both groups. The length of the index hospital admission was
almost twice as long in the with-readmission group compared to
the without-readmission group (4.7 = 14.1 vs. 2.4 + 6.6 days).

Univariate analysis identified 12 of the 16 covariates/extracted
variables as being significantly associated with unplanned
readmission (Table 2); however, there was no difference between
the with- and without-readmission group in terms of the
patient’s type of health insurance, the Australian state of resi-
dence, hospital care type and usage of interpreter service. For-
ward stepwise multivariable logistic regression analysis identified

Journal of Paediatrics and Child Health (2019}
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Table 1 Patients’ characteristics based on 16 covariates/extracted
variables of the with-readmission group and without-readmission group

With-30 UHRs Without UHRs
(n = 3330), (n = 69 802),
Covariates/Extracted variables n (%) n (%)
Age, year
Mean + 5D 6.3 £5374 571+ 4946
<1 610 (4.8) 12 050 (95.2}
1-4 938 (4) 22727 (96)
5-8 578 (4) 13 862 (96)
9-12 543 (4.5) 11504 (95.5)
13-15 581 (6.3) 8671 (93.7)
=16 80 (7.5) 988 (92.5)
Gender
Male 1850 (4.4) 40 571 (95.6)
Female 1480 (4.8) 29 231 (95.2)
Index admission status
Elective 856 (3.9) 20 982 (96.1)
Emergency 2474 (4.8) 48 820 (95.2)
Funding source for inpatients
Australian health-care 2976 (4.5) 63 883 (95.5)
agreements
Private health insurance 294 (6.4) 4314 (93.6)
Others 60 (3.6) 1605 (96.4)
Type of health insurance
Privately insured 1432 (4.7) 29310 (95.3}
No private health insurance 1898 (4.5) 4, 0492 (95.5)
Source of referral transport
Private/Public transport 2363 (4.6) 48 774 (95.4)
Ambulance 467 (5.5) 8676 (94.5)
Aeromedical service 25 (3) 810 (97)
State/Territory of residence
WA 3312 (4.6) 69 376 (95.4)
Non-WA 18 (4.1) 426 (95.9)
Care type provided
Acute care 3256 (4.5) 68 325 (95.5)
Other types 72 (4.8) 1551 (95.2)
IRSAD, %
Mean &+ SD 62,77 £27.214  61.04 £ 27.555
0-10 51 (3.7) 1320 (96.3)
11=20 264 (4.1) 6227 (95.9)
21-30 226 (4.3) 4972 (95.7)
31-40 352 (4.4) 7570 (95.6)
41-50 400 (4.6) 8214 (95.4)
51-60 253 (4.2) 5843 (95.8)
61-70 304 (4.5) 6391 (95.5)
71-80 227 (4.8) 4509 (95.2)
81-90 566 (4.6) 11 678 (95.4)
91-100 687 (5) 13 078 (95)
Interpreter service
Required 9(2.8) 308 (97.2)
Not required 3321 (4.6) 69 494 (95.4)
GA at index admission
No 1960 (5.2) 35420 (94.8)
Yes 1370 (3.8) 341382 (96.2)
ICU stay at index admission
No 3255 (4.5) 68 887 (95.5)
Yes 75 (7.6) 915 (92.4)
(Continues)
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Table 1 (Continued)
With-30 UHRs Without UHRs
(n = 3330), {n = 69 802),
Covariates/Extracted variables n (%) n (%)
LOS at index admission, day
Mean + SD 4.65 + 14.146 242 + 6.634
1 1747 (3.5) 48 560 (96.5)
2-7 1178 (6.1) 18030 (93.9)
8-14 219 (10.2) 1916 (89.8)
=15 186 (12.6) 1296 (87.4)
Day of index admission date
Monday 507 (4.5) 10 706 (95.5)
Tuesday 487 (4) 11 781 (96)
Wednesday 588 (4.9} 11 510 (95.1)
Thursday 530 (4.4) 11 491 (95.6)
Friday 565 (5.1} 10 584 (94.9}
Saturday 307 (4.3) 6786 (95.7)
Sunday 346 (4.7) 6944 (95.3)
Weekdays 2619 (4.6} 54 761 (95.4)
Weekend and public holiday 711 (4.5) 15 041 (95.5)
Day of discharge from index
admission
Monday 446 (4.2) 10113 (95.8)
Tuesday 477 (4.2} 10 975 (95.8}
Wednesday 511 (4.2) 11 608 (95.8)
Thursday 521 (4.2) 11 952 (95.8)
Friday 655 (5.2) 11 937 (94.8)
Saturday 406 (5.4} 7134 (94.6)
Sunday 314 (4.9) 6083 (95.1)
Weekdays 2551 (4.4} 55391 (95.6)
Weekend and public heliday 779 (5.5) 14 411 (94.5)
Number of co-diagnoses
0 1162 (3.2) 35 564 (96.8)
1 936 (4.4) 20 278 (95.6)
2 497 (6.4) 7234 (93.6)
3 263 (8.1) 2982 (91.9)
24 329 (9.1} 3744 (91.9)

GA, general anaesthetics; ICU, intensive care unit; IRSAD, Index of Rela-
tive Social-Economic Advantage and Disadvantage; LOS, length of stay;
SD, standard deviation; UHRs, unplanned hospital readmissions; WA,
Western Australia.

nine factors that were associated with unplanned hospital
readmission within 30 days after discharge (Table 2).
Readmissions were more likely in patients who were
13-15 years of age (OR = 1.30; 95% CI 1.14-1.48) or older than
16 years of age (OR = 1.46; 95% CI 1,07-1.98), utilising private
health insurance as an inpatient at a public hospital (OR = 1.16;
95% CI 1.00-1.34) or with a high Index of Relative Social-
Economic Advantage and Disadvantage of 90-100% (OR = 1.20;
95% CI 1.02-1,41). Patients admitted on Friday (OR = 1.21; 95%
CI 1.05-1.39) or discharged on Friday/Saturday/Sunday are sig-
nificantly associated with increased risk of readmission
(OR = 1.26; 95% CI 1.10-1.44; OR = 1.34; 95% CI 1.15-1.57;
OR = 1.24; 95% CI 1.05-1.47, respectively). The likelihood of
being readmirted also increased when patients had more than

H Zhou et al.

one diagnosis (OR = 2.41; 95% CI 2.08-2.80) or longer than a
24-h hospital stay (OR = 2.39; 95% CI 1.88-2.98). Unplanned
readmission was less likely in patients who were transferred to
hospital via an aeromedical service (OR 0.47; 95% CI
0.31-0.71) or had a procedure under general anaesthetics
{GA) during the index admission (OR = 0.67; 95% 0.64-0.76).

The ROC curve was generated to illustrate the discriminative
ability of the 30-day unplanned hospital readmission predictive
model with an area under the ROC curve of 0.645 + 0.011
(Fig. 1). The sensitivity of the model is represented through the
vertical axis, which identifies patients who are likely to be
readmitted. Identification of patients who are not likely to be
readmitted is represented via the horizontal axis. For a sensitivity
of 80%, the model achieved 62% specificity, For a sensitivity of
70%, the model has 50.5% specificity.

Discussion

This is the first published study in WA that developed a multivar-
iate logistic regression model for 30-day all-cause paediatric
unplanned hospital readmission using a recent administrative
inpatient dataset. Overall, 4.55% of patients discharged from
PMH were readmitted to the same hospital. The 30-day same-
hospital readmission rate in this study was comparatively lower
than rates reported in three hospitals in the USA
(6.5-18.7%).>™® It was, however, higher than the Australian
prevalence of 28-day all-cause readmissions across all metropoli-
tan public health services (2.1-3.9%) from 2010 to 2014.'*

The predictive model developed in this study consists of seven
risk factors and two protective factors, and the model had a mod-
erate discriminative ability to predict readmissions. Results from
this study confirmed earlier research conducted in Canada'® —
that readmissions are more likely to occur in patients with more
than one diagnosis at the index admission. Length of stay associ-
ated with index admission was not significantly associated with
readmission in two US studies®” compared to the findings of this
study — that patients with a longer hospital stay were at a higher
risk of being readmitted.

Patients aged between 15 and 18 years were found to be sig-
nificantly associated with readmission in a study conducted in
the USA.® This is similar to findings from this study, which identi-
fied that patients older than 13 years were nearly 1.5 times more
likely to be readmitted compared with younger patients. This
may be related to adolescents and young adults with underlying
chronic health conditions**®** Further research is rec-
ommended® to examine whether, potentially, some unplanned
hospital readmissions may be unavoidable due to medical
complexity.?

The association between weekend admission/discharge and
unplanned readmission was examined using a single children’s
hospital administrative dataset.” Findings from this study identi-
fied that readmissions were more likely to occur when patients
were admitted on weekends (OR = 1.09; 95% CI 1.004-1.18).
Our study found that not only Friday admissions but also Friday
and weekend discharges were associated with higher risks of
unplanned readmission. The ‘weekend effect’ on unplanned hos-
pital readmission for both adults and paediatric patients has been
confirmed.”?* Care provided over the weekend may be different
from weekdays due to limitations in the availability of clinical
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Table 2 Univariate and multivariate analyses: Association of 16 covariates/extracted data with unplanned hospital readmission of paediatric patients
at Princess Margaret Hospital for Children (2010-2014)

Variables Univariate OR {upper and lower 95% Cl) P value Multivariate OR (upper and lower 95% Cl) P value
Age, yeart
Overall 0.000* 0.000*
5-8 Reference
<1 1.21 (1.08-1.36) 0.001*
1-4 0.99 (0.89-1.10) 0.850
9-12 1.13 (1.00-1.28) 0.042*
13-15 1.61 (1.43-1.81) 0.000# 1.30 (1.14-1.48) 0.000*
216 1.94 (1.52-2.48) 0.000%* 1.46 (1.07-1.98) 0.016*
Gender
Male Reference
Female 1.11 (1.04-1.19) 0.003*
Admission status
Elective Reference
Emergency 1.24 (1.15-1.35) 0.000*
Funding source as inpatients+
Overall 0.000%*
Australian health care agreements Reference
Private health insurance 1.46 (1.29-1.66) 0.000* 1.16 {1.00-1.34) 0.049*
Others 0.80 (0.61-1.04) 0.098
Type of nealth insurance
Privately insured Reference
No private health insurance 1.04 (0.97-1.12) 0.247
Source of referral transportt
Overall 0.009% 0.001*
Private/Public transport Reference
Ambulance 1.11 (1.00-1.23) 0.043*
Aeromedical service 0.64 (0.43-0.95) 0.027% 0.47 (0.31-0.71) 0.000*
State/Territory of residence
WA Reference
Non-WA 1.13 (0.70-1.81) 0.613
Care type provided
Overall 0917
Other types of care Reference
Acute care 0.977 [0.24-4.01) 0.974
IRSAD (%)1
Overall 0.042% 0.008*
51-60 Reference
0-10 0.77 (0.53-1.12) 0171
11-20 0.98 (0.82-1.17) 0.814
21-30 1.05 (0.87-1.26) 0.604
31-40 1.07 (0.91-1.27) 0.397
41-50 1.13 (0.96-1.32) 0.153
61-70 1.10 (0.93-1.30) 0.28
71-80 1.16 (0.97-1.40) 0.107
81-90 1.12 {0.96-1.30) 0.145
91-100 1.21 (1.05-1.41) 0.010* 1.20 (1.02-1.41) 0.024*
Interpreter service
Not required Reference
Required 0.61 (0.32-1.19) 0.146
ICU stay at index admission
Noe Reference
Yes 1.74 (1.37-2.10) 0.000*
Had GA at index admissiont
No Reference
Yes 0.72 (0.67-0.77) 0.000* 0.67 {0.64-0.76) 0.000*
(Continues)
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Table 2 (Continued)
Variables Univariate OR {upper and lower 95% Cl} P value Multivariate OR (upper and lower 95% Cl} P value
LOS at index admission, day+
Overall 0.000* 0.000*
1 Reference
2-7 1.82 (1.68-1.96) 0.000* 1.42 (1.30-1.55) 0.000*
8-14 3.18 (2.74-3.68) 0.000* 2.35 (1.97-2.82) 0.000%
=15 3.99 (3.40-4.69) 0.000* 239 (1.88-2.98) 0.000*
Day of index admission datet
Overall 0.002* 0.004*
Thursday Reference
Monday 1.03 (0.91-1.16) 0.678
Tuesday 0.90 {0.79-1.02) 0.088
Wednesday 1.11 (0.98-1.25) 0.096
Friday 1.16 (1.03-1.31) 0.018* 1.21 {1.05-1.39) 0.007*
Saturday 0.98 (0.85-1.13) 0.792
Sunday 1.08 (0.94-1.24) 0.275
Week days Reference
Weekend and public holidays 0.99 (0.91-1.08) 0.787
Day of discharge from index admissiont
Overall 0.000* 0.000*
Thursday Reference
Monday 1.01 (0.88-1.14) 0.978
Tuesday 0.99 (0.87-1.12) 0.844
Wednesday 0.99 (0.87-1.12) 0.877
Friday 1.25 (1.11-1.40) 0.000* 1.26 (1.10-1.44) 0.001*
Saturday 1.29 (1.13-1.48) 0.000* 1.34 {1.15-1.57) 0.000%
Sunday 1.17 (1.02-1.35) 0.03* 1.24 {1.05-1.47) 0.012*
Weekdays Reference
Weekend and public holidays 1.18 {1.08-1.27) 0.000*
Number of Co-diagnosest
Overall 0.000* 0.000%
0 Reference
1 1.41 (1.29-1.54) 0.000* 1.28 (1.16-1.41) 0.000*
2 2.10 (1.89-2.34) 0.000* 1.73 {1.53-1.95) 0.000%
3 2.70 {2.35-3.10) 0.000* 2.10(1.80-2.46) 0.000*
24 3.86 (3.45-4.32) 0.000% 2.41 (2.08-2.80) 0.000*

*P < 0.05 (statistically significant results}). findicates variables were included in the multivariate analysis. Cl, confidence interval; GA, general
anaesthetics; ICU, intensive care unit; IRSAD, Index of Relative Social-Economic Advantage and Disadvantage; LOS, length of stay; OR, odds ratio; WA,

Western Australia.

services, including allied health providers and discharge liaison
nurse, and variations in the skills of nursing staff. These limita-
tions may result in incomplete discharge processes and
early/immature discharge. This study has shown that the highest
percentage of unplanned readmissions is related to Friday admis-
sion and PFriday discharge (refer to Table 1). With the compara-
tively large number of discharges on Friday, parents may not
receive comprehensive discharge information, impacting the con-
tinuity of care following discharge from the hospital.>* Friday dis-
charge may also be related to parental wishes of having their
child at home over the weekend when the patient was not clini-
cally ready to be discharged.

A recent study® conducted in the UK identified that patients
at a socio-economic disadvantage were more likely to be
readmitted. In comparison, this study found that patients

residing in areas of greater socio-economic advantage were sig-
nificantly associated with readmission. In addition, patients
utilising private health insurance when admitted to a public
hospital were identified as a risk predictor for readmission.
Inconsistent findings were reported by two US studies examin-
ing the type of health insurance. One study® cited having pri-
vate insurance (OR = 1.14; 95% CI 1.04-1.24) as a significant
predictor, but the other study® reported that patients who only
have public insurance were at a higher risk of readmission
({OR 1.48; 95% CI 1.20-1.83). Coller® commented that
unplanned hospital readmission is not only an indicator of the
quality of health care but also a measure of health service
accessibility. In this study, paediatric patients with private
health insurance or with advantaged socio-economic status
were more likely to re-present to PMH as the first choice rather
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Fig. 1 A receiver operating characteristic {ROC) curve of the risk predic-
tive model with 30-day all-cause unplanned same-hospital readmissions.

than attend a peripheral hospital. Families with greater socio-
economic advantage have fewer financial considerations; there-
fore, they are more likely 1o return 1o the same hospital as the
index admission regardless of travel distance.

The findings from this study also identified two factors that
reduced the likelihood of readmission. These included patients
transferred to PMH by aeromedical services and those who expe-
rienced a GA during the index admission. Due to the geographi-
cal features of WA, patients admitted to PMH via aeromedical
services are normally from country or rural areas. Therefore,
those patients might present at the regional hospital to seek med-
ical assistance following discharge rather than returning to the
Perth metropolitan area. Our study examined all discharges from
PMH during the 5-year study period, including patients who had
elective surgery under GA as a day surgery procedure and were
discharged within 24 h. These patients were screened and
selected using a set of criteria, which may have contributed 1o
the result of fewer readmissions.

The area under the ROC of this study is 0.645 for 30-day all-
cause readmission. One US study’ reported a discriminative
model ability of area under the ROC of 0.81. However, the model
was for 365-day all-cause paediatric readmissions. These two
studies are not comparable due to differences in the follow-up
measurement of unplanned hospital readmissions.

Conclusions

The results of this study suggests health-care providers need to
recognise and develop specific management plans for patients at
a higher risk of readmission based on age (=13 years), number of
admitting diagnosis (>1), day of admission (Friday), day of
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discharge (Friday and Weekends) and length of hospitalisation
(>1). For patients at a higher risk of readmission, a structured dis-
charge plan is recommended to be commenced at the time of
admission as this will ensure the continuity of care. The discharge
plan should be co-ordinated by a designated staff member
throughout the course of hospitalisation until the follow-up
appointment. Research evidence suggests that readmission might
be caused by early/premature discharge. Therefore, it is critical to
assess patients” and their primary carers’ readiness for discharge
in reducing and preventing unplanned readmissions.*® A further
study focusing on adolescents and vounger adults with
readmissions will assist in understanding reasons and risk factors.

This study has certain limitations. Although PMH is the only
tertiary paediatric hospital in WA, there are several general hos-
pitals with paediatric wards. The readmission rate may be under-
estimated as the study was not designed to detect readmissions 10
different hospital.® The specific instances include (i) patients who
had index admissions at PMH were then readmitted 1o paediatric
wards in different hospitals; (ii) paediatric patients who were ini-
tially admitted to other hospitals and then re