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Abstract

Emergency readmission is defined within the NHS as an emergency admission to hospital
within 30 days of discharge. Excess readmissions are undesirable in terms of care quality

and efficiency; yet, despite financial incentive s for improvement, reports of increasing
readmission rates continue. There is evidence that pha  rmacist intervention can prevent
medication errors, discrepancies and adverse drug events ; which can each contribute to
readmission. The purpose of the work in this thesis was to develop a model based on
routinely collected prescription information to enab le the pharmacy team to estimat e
readmission risk in the clinical setting, thereby facilitat ing appropriate prioritisation of
potentially preventative intervention.

A multiple logistic regression model for estimating readmission risk using routinely recorded
prescription information among patients discharged home from the medical short stay units
of one NHS Trust was developed, and survival analysis was undertaken to characterise
readmission behaviour in relation to the predictors.

The read mission rate was 18% (220/1240). Readmission risk increased with i ncreasing age
and polypharmacy : e ach additional medicine prescribed increased the odds of readmission

within 30 days by eight per cent and each additional year of age increased the odds of

readmission within 30 days by two per cent. E ach additiona | medicine prescribed decreased
the time to readmission by seven per cent and each a dditional year of age decreased the
time to readmission by one per cent . Over one -third of readmissions occurred wi thin one
week (73/200) and more than half (114/ 200) occurred within two weeks, supporting that
identification of those at risk and i ntervention to prevent readmission should be provided
promptly . The predictive model developed is suitable for application o n admission and could
therefore enable clinicians to identify the patients most likely to require intervention to

prevent readmission  before they are discharged home from hospital , thereby maximising
the time available to organise and/or provide the necess ary support.  Although the logistic
regression model improved accuracy by 36% compared to indiscriminate intervention whilst
identifying 70% of patients who would be readmitted, it had relatively weak discriminative
capability (c-statistic 0.637). It may be the case that clinical intuition is as effec tive for
predicting readmission  and further research should be undertaken to confirm whether this is

the case.
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Glossary

Term

Definition

Adherence (medication)

Ambulatory Care
Sensitive Condition
Anticholinergic

(antimuscarinic)

Anticipatory medication

C-statistic

Calibration

Candidate predictor

Care transition

Charlson Comorbidity

Index

Commissioning for

Quality and Innovation

Comorbidity

Correlational research

Whether a patient uses their medication in accordance with

their prescription

Condition for which effective community care can help to

prevent the need for hospital admission

The blockade of acetylcholine and its action upon muscarinic
receptors resulting in side effects commonly including dry eyes,
dizziness, sedation, confusion, delirium, and falls

Used to manage symptoms commonly experienced during the

end of life

Area under the ROC curve  (AUC), representing a predictive
PRGHOfV GLVFULPLQDWLRQ

SHSUHVHQWY DJUHHPHQW EHWZHHQ D PRGHC
observed outcomes over the entire range of probability values

An independent variable  which may have potential to predict
the value of the dependent variable

Moving from one care setting to another

Predicts one -year mortality based on comorbid conditions

Charlson, Pompei, Ales, & MacKenzie, 1987

Providers are reimbursed by commissioners subject to

achieving locally -agreed quality improvement targets NHS

England, 2016

The presence of two (or more) long term conditions
Observational research to identify relationships between

naturally occurring variables
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Term

Definition

Discrepancy (medication)

Discrimination

(statistics)

Familywise error rate

High risk medicines

Hosmer -Lemeshow

Hospital A

Hospital B

Hospital Episode
Statistics

Hospital
utilisation/reutilisation

Index admission

LACE Index

Listwise deletion

Long term condition

15

A lack of agreement or incompatibility between medication

regimens across the care transition

$ PRGHOYY DELOLW\ WR VHSDUDWH WKRVH Z|

experience the outcome of interest
The probability  of type | error in a set of tests on the same
data

As defined in the Medicines Use Review service specification

Test for a logistic regression model TV JRR G QH V(ged pabe W

152

Calderdale Royal Hospital

Huddersfield Royal Infirmary

A database containing details of all admissions to NHS hospitals
in England

Hospital attendance, whether emergency department visit or
resulting in admission

The original admission (typically preceding a readmission or
rehospitalisation)

Predicts readmission or death within 30 days on the basis of

length of stay, acuity of admission, comorbidity and emergency

department visits (van Walraven et al., 2010a

Cases are eliminated from analyses if values are missing for
any variable; only cases with a co mplete set of data are
included

A condition that cannot be cured but is controlled by

medication and/or other treatment/therapies (longstan ding

condition/disease/iliness)



Term Definition

Medicare A USA state -based health insurance program for people aged
65 years of age or over and people under 65 with certain
disabilities or end-stage renal disease

Medicaid A USA state -based health coverage program for people on low

Medication/medicines

optimisation

Medication/medicines
reconciliation
Multidisciplinary

Multi - morbidity

NHS Outcomes

Framework

Non - parametric

One-stop dispensing

strategy

Pairwise

deletion /exclusion

Parametric

Parsimony

incomes

A person a&entred approach to ensure people use their
medicines safely and effectively to achieve the best possible
outcomes

The process of obtaining a complete and accurate list of

SDWLHQWITV FXUUHQW PHGLFDWLRQ WR LGHC(C

Involving multiple disciplines in a clinical setting

The presence of multiple medical conditions
Framework setting  out the national outcome goals used to
monitor the p  rogress of NHS England. Its i ndicators provide
national level accountability for the outcomes the NHS delivers
Not relying on the assumption that the sampling distribution

takes a particu lar form (typically a normal distribution)

Non - stock medicines for inpatients are dispensed so that they
are suitable for issue against a discharge prescription in the
clinical setting where appropriate

Maximises the data included in analysis by limiting elimination

to cases for which the necessary combination of values are not
available irrespective of whether values are missing from other
variables for the case

Relying on the assumption that the sampling distribution takes

a particular form (typically a normal distribution)

Balancing simplicity with effectiveness
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Term

Definition

PASWEB
Pharmaceutical
intervention
Polypharmacy

PRN (pro re nata )
Quality of care

Quantitative

Reablement

Readmission

Regression to the mean

Rehospitalisation, repeat
admission

Receiver operating
characteristic curve

Sensitivity

Specificity

Type | error  (false

positive)

17

7TKH 7UXVWIV HOHFWURQLF SDWLHQW DGPLQ

Practical intervention by the pharmacy team

The use of multiple medicines
When required

The extent to which care delivered meets expected standards
I nvolving application of deductive reasoning to test objective
theories by examination of relationships between variables
Reablement helps people with poor health accommodate their
illness by learning orre  -learning the skills necessary for daily
living by the use of services such as community he alth
services, social care, home adaptations, and extra

-care housing

Emergency admission within 30 days of discharge as defined in

the 2016/17 National Tariff (Monitor, 2016 ), unless otherwise

specified

A phenomenon in which outlying initial observations tend to
precede observations that are closer to the average
Admission subsequent to a prior admission , but not necessarily
within the r eadmission period

$ SORW RI D PRGHOYV VHQVLWLYLW\ LQ UHOI
representing its discrimination

A PRGHaity to identify those who would experience the
outcome of interest

A PRGHaMity to identify those who would not experience

the outcome of interest

Identifying a relationship that is not significant as significant



Term

Definition

Type Il error  (false
negative)

Winter pressures
30-day emergency

readmission rule

Incorrectly identifying a relationship that is significant as non
significant
Increased demand for NHS services during the winter months

As defined in the  Payment by Results Guidance for 2012 -13

Department of Health, 2012b
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Abbreviations

Abbreviation

Full term

ACB

ACEi

ACGs

ACSC

ADLs

ADR

AKI

AMI

AUC

bs

BNF

CAD

CAG

CAP

CCG

CCl

CHF

CHFT

Cl

CKD

CMS

CNS

COPD

CPHR
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Anticholinergic Cognitive Burden
Angiotensin -converting enzyme inhibitor
Adjusted Clinical Groups

Ambulatory care sensitive condition
Activities of daily living

Adverse drug reaction

Acute kidney injury

Acute m yocardial infarction

Area under the curve

Parameter estimates

British National Formulary

Coronary artery disease

Confidentiality Advisory Group

Community acquired pneumonia

Clinical Commissioning Group
Charlson Comorbidity Index
Congestive heart failure

Calderdale and Huddersfield NHS Foundation Trust (the Trust)
Confidence interval

Chronic kidney disease

Centers for Medicare and Medicaid Services
Central nervous system

Chronic obstructive pulmonary disease

Cox Proportional Hazards Regression



Abbreviation Full term

CQUIN Commissioning for Quality and Innovation
Ccv Cardiovascular

DH Department of Health

DPD Doses prescribed per day

ECG Electrocardiogram

ED Emergency Department [/ Accident & Emergency
EDS Electronic discharge summary

EDMS Electronic discharge medication summary
EF Ejection fraction

EHR Electronic health record

ENT Ear, nose and oropharynx

ERA Elder Risk Assessment

Gl Gastro -intestinal

GP General Practitioner

GU Genitourinary

HbAlc Glycated haemoglobin

HES Hospital Episode Statistics

HF Heart failure

HL Hosmer -Lemeshow Test

HR Hazard ratio

HRM High risk medicine (MUR)

IQOR Interquartile  range

IRAS Integrated Research Application System
KMSA Kaplan - Meier Survival Analysis

LOS Length of stay

LTC Long term condition

MCA Multi -compartment compliance aid




Abbreviation

Full term

MCAR

MSK

MSSU

MUR

NA

NHS

NMS

NP

NS

NSAID

NYHA

PbR

PSIE

PTSD

ROC

RPS

SD

SE

The Trust

THIS

TMUR

UK

USA

VIF
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Missing completely at random
Musculoskeletal

Medical Shor t Stay Unit

Medicines Use Review

Not applicable

National Health Service

New Medicines Service

Not presented

Not significant

Non - steroidal anti -inflammatory drug
New York Heart Association

Payment by Results

Agency for Healthcare Research and Quality Pa
Post-traumatic stress disorder
Receiver operating curve

Royal Pharmaceutical Society
Standard deviation

Standard error

Calderdale and Huddersfield NHS Foundation Trust

The Health Informatics Service
Targeted Medicines Use Review
United Kingdom

United States

Variance Inflation Factor

tient Safety

Indicator event



Chapter 1  Introduction

1.1 Readmission in the NHS

The National Health Service (NHS) in England defines emergency readmission as any

emergency admission that happens within 30 days of discharge and has a national price®

Monitor, 2016 ). Published rates of readmission vary, but it has frequently been repor ted

that readmission rates have risen over recent years: i n 1998/9 fewer than 8% of NHS

inpatients in England were readmitted within 28 days, compared to just over 10% in 2006/7

Zerdevas & Dobson, 2008 ).|Blunt, Bardsley, Grove, and Clarke (2014) observed that 7% of
hospit al disc harges in England between 2004 and 2010 resulted in readmission within 30
days; this was associated with an average monthly increase of 0.01 %. [Billings et al. (2012)

identified a 30-day readmission rate of 12% in a sample of one-tenth of all hospital
admissions in England in 2008/9, andit was reported that the national readmission rate had

increased from 9.5% in 2002/3 to just under 12% in 2011/12 when emergency readmission

within 30 days was introduced to the NHS Outcomes Framework 2 in December 2013 (Health

& Social Care Information Centre, 2013a . A recent analysis of Hospital Episode Statistics
(HES) ® reported that although the number of readmissions increased by almost one -fifth
between 2010/11 and 2016/17, half of this was accounted for by increasing adm issions; the
emergency readmission rate increased from 7.5% in 2010/11 to 8.0% in 2016/17 Morris,
2018 ). Additionally, a national analysis of emergency readmission in England betw een 2006
and 2016 reported that risk -adjusted readmission rates had remained relatively stable at

! Payment due to the provider to cover the cost of care according to the NHS Operating
Framework National Tariff (other prices are set locally)

2 NHS Outcomes Framework sets out the national outcome goals that the Secretary of State
uses to monitor the p rogress of NHS England and its i ndicators provide national level
accountability fo r the outcomes the NHS delivers

% A database containing details of all admissions to NHS hospitals in England
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around 6.6%; although, variation was observed between subgroups, with increases in the
rates of some types of readmission being effectively balanced by reduct ions in others:

readmissions following emergency admissions increased from 11.7% in 2006/7 to 12.7% in

2015/16 (Friebel, Hauck, Aylin, & Steventon, 2018

1.11 Introduction of readmission as an outcome

measure

Acheson and Barr (1965) originally proposed readmission rate as an appealing potential

index of medical care quality based on outcome rather than process. Ease of measurement

is a key appeal of readmission as an outcome measure (Benbassat & Taragin, 2013 . the

NHS Outcomes Framework Indicator Quality Statement for emergency readmissions within

30 days of discharge from hospital states that the indicator has no additional cost

implications or burden to the health service due to making use of existing data (Health &

Social Care Information Centre, 2014b . It was suggested in the Nuffield 7 U XV Yégout

Trends in emergency admissions in England 2004 -2009 that regulators should develop ways

of assessing the quality of care across different providers, and consider using avoidable

emergency admissions to indicate the adequacy of coordinated care (Blunt, Bardsley, &

Dixon, 2010 ). The .LQJYdnd report Older people and emergency bed use: Exploring

variation (2012) identified that areas with well-developed, integrated services for older

people had lower rates of hospital bed use, and that areas with low bed use also delivered

good patient experience and had lower readmission rates (Imison, Poteliakhof, & Thompson,

2012 ). Readmission is considered undesirable in terms of:

X patient experience (Carter, Ward, Wexler, & Donelan, 2018 Friebel, Dharmarajan,

Krumholz, & Steventon, 2017 Lawrie & Battye, 2012

x quality of care (the extent to which care delivered meets expected standards)

x financial efficiency and/or consequences to the NHS (Department of Health, 2011

Liberating the NHS encouraged improvement in outcomes by delivering safer, more

effective care and providing a better experience for patients (Department of Health, 2010a
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andit is a target within the NHS is to reduce readmissions to the minimum possible (Health

& Social Care Information Centre, 2013c . The Department of Health (DH) published a

revision to the National Health Service Operating Framework National Tariff to cover

4

reablement and post-discharge support in June 2010, with hospitals apportioned

responsibility for patients for 30 days after discharge (Department of Health, 2010b . From

December 2010, emergency readmissions ceased to attract full reimbursement for hospital
trusts from commissioning bodies  when it was deemed that they had not provided sufficient
quality of service or adequately prepared patients for discharge. The 30 -day emergency

readmission rule  was incorporated into the NHS Payment by Results (PbR) Guidance for

2011 -12 (Department of Health, 2011 , with reference to a decade of increasing

readmission rates. The intention was to provide an incentive for hospitals to reduce

avoidable readmissions by investing in better discharge planning, more collaborative

working and better coordination with community and social care providers (Monitor, 2016

Reimbursement for emergency readmissions following non-elective admissions was subject
to locally agreed thresholds which were set to deliver at least a 25% reduction compared to
the previous vyear, although exceptions were made when clinical audit identified that the
rate was already in line with best practice or only a lesser reduction was achievable.
Payment was to be declined for emergency readmissions following elective admissions

unless defined exclusion criteria, intended to prevent payment from being withheld in

scenari os for which it was not considered fair or appropriate, were met (NHS Improvement,

2016 ). The excluded conditions were

x conditions not under the national tariff (including adult mental health)
X maternity and childbirth
x cancer, chemotherapy and radiotherapy

x children under four years of age

* Reablement helps people with poor health accom modate their illness by learning or re -
learning the skills necessary for daily living by the use of services such as community health
services, social care, home adaptations, and extra -care housing
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X multiple trauma, road traffic accidents

X patients who had self-discharged against clinical advice
x transfers from other providers

X cross border activity

In addition to the defined exclusions, commissioners were free to reimburse providers for

readmissions that were clearly unrelated to the original admission (Department of Health,

2011

It was estimated that the 30-day emergency readmission rule could cost NHS hospitals

between £584 million and £790 million in lost income; £4 million per trust on average (NHS

Confederation, 2011 | [Sg2, 2011). Trusts were encouraged to collect and analyse

readmission data to understand the clinical conditions and practices, and patient

characteristics driving readmissions in order to develop initiatives for improvement Sg2,

2011). The DH acknowledged feedback from NHS colleagues in the PbR Guidance for

2012/13 (Department of Health, 2012b that the policy had been difficult to operate locally

resulting in an unacceptable level of national variation in implementation. As a result,
simpler rules were introduced. Differentiation between readmissions following elective and
emergency admissions was no longer necessary unless it was required by the locally agreed

thresholds for non-payment, and a proportional reduction was no longer prescribed.
Thresholds were instead based on the clinical review of a sample of readmissions for
avoidability. The exclusion criteria were altered so that patients receiving renal dialysis and
following organ transplant replaced admission due to multiple trauma and road traffic

accidents, and the rules remain ed the same according to the 2016/17 National Tariff

Monitor, 2016 ); this is the definition of readmission adopted in this thesis. Emergency

readmission  within 30 days of discharge first appeared in the December 2013 NHS

Outcomes Framework as an indicator concerned with progress in helping people to recover

as effectively as possible (Health & Social Care Information Centre, 2013a), and

readmission rate has served as a benchmark by which providers and commissioners can
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detect differences not only between services, but within the same service over time, ever

since.

1111 The 7UXVWdaVv

Recognising that readmission to hospital can be distressing for patients and add a

significant cost to healthcare, as well as acknowledging that income would be reduced due

to the introduction of the policy of non-payment Calderdale and Huddersfield NHS

Foundation Trust, 2013b ), Calderdale and Huddersfield NHS Foundation Trust ( the Trust)

set a goal to reduc e readmissions by a third every year for three years (Calderdale and

Huddersfield NHS Foundat ion Trust, 2013a) and the pharmacy department commissioned

WKH UHVHDUFK UHSRUWHG LQ WKLV WKHVLV WR H[SORUH WKH SKDUPI

towards this goal.

1.2 Readmission outside of the UK

Various readmission reduction policies have been imple mented in countries around the

world, including Australia, Canada, Denmark, Germany, New Zealand and the United States

of America ( USA) (Goldfield, 2010 Kristensen, Bech, & Quentin, 2015 . The USA (Centers

for Medicare ® and Medicaid ® Services , CMS) and United Kingdom ( UK) have in common that
their policies for readmission reduction involve financial penalties for hospitals ; conversely,
'"HQPDUNTV SROLF\ LQYROYHV |lAQHDW@Fth®WUK in@EUde€d Wbl ireporting of

readmissions around ten years before the USA, the financial aspect of the readmission

reduction policies were introduced simultaneously in 2011 (UK) and 201 2 (US A) (Kristensen

et al.,, 2015 ). The CMS introduced the Hospital Readmissions Reduction Program to improve

health care quality and population health, and reduce the costs of health care. In contrast to

® A USA state -based health insurance program for people ag ed 65 years of age or older,
people under 65 years of age with certain disabilities or end -stage renal disease

® A USA state -based health coverage program for people on low incomes
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UK policy, the USA limits applicable readmissions to those following admission for just seven
conditions; four of which have been added over recent years:

x Acute myocardial infarction (AMI)

x  Chronic obstructive pulmonary diseas e (COPD)

X Heart failure (HF)

X Pneumonia

X Total hip arthroplasty

x Total knee arthroplasty

x Coronary artery bypass graft surgery U.S. Centers for Medicare and Medicaid

Services, 2019

In contrast to the UK system of clinical review to establish the proportion of avoidable
readmissions and inform a local threshold for non - payment, avoidability is inferred by the
nature of the applicable conditions under the USA system and hospitals with higher than

average readmission rates are penalised by a proportional payment reduction.

1.3 Readmissionra te calculation

Variability in readmission rate is influenced not only by fluctuation in the frequency of the

event, but also by variation in its definition and by discrepancies in its calculation (Clarke,

2004 ). Readmission rates should represent the proportion of hospital discharges t hat are

followed by an unplanned admission within the relevant interval, 30 days in NHS terms,

among those at risk. Denominator inflation commonly occurs by the inclusion of patients
who died during admission (e.g. by calculating readmissions based on admi ssions rather
than discharges) or within the observation period (the duration of which also varies between
studies) ; indeed the PbR methodology does not describe accounting for whether patients die

within the observation period . However, their inclusion in the calculation results in
underestimation  of readmission rates. Furthermore, not accounting for associated mortality

rates can mask any interaction between mortality and readmission rates as outcome

measures (Fischer et al., 2014 Laudicella, Donni, & Smith, 2012 ; improvement in
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readmission to the detriment of mortality does not represent success, and vice -versa.
Similarly, it is necessary to account for patients transferred as inpatient s elsewhere or
discharged to intermediate care, as these do not represent genuine discharges; some
studies have gone further by excluding those discharged to nursing homes and/or

hospices/under palliative care on the basis that differences in patient characteristics and/or

the processes of subseque nt care could confound their risk of readmission Silverstein, Qin,

Mercer, Fong, & Haydar, 2008 van Walraven et al., 2010a . Numerator variability is also

problematic, often occurring due to the inclusion of elective (planned) readmissions,
readmissions following self-discharge (dischar ge against medical advice), failing to account
for readmissions to different hospitals or trusts than the original (index) admission , and
sometime s the exclusion of very early readmissions ( i.e. categorising same -day
readmissions as failed discharges) . Patients who are readmitted by choice are distinct from
those who are readmitted emergently and it should also be considered that not all
deteriorations are related to the care provided during the first admission; furthermore,

given the choice , patients who receive substandard care during their initial admission may

attend a different hospital subsequently

1.4 Preventing readmissions

Although p reventing avoidable readmissions should represent a positive step towards
improving S D W L HeQpatidce irrespective of financial consequence, gauging performance
and basing payment on readmission rates has incentivi sed readmission reduction.

Readmission is multifactorial and it is necessary to understand the influencing factors in
order to address the problem. The reason for readmission must be causal and modifiable in
order for it to be amenable to intervention. Some readmissions are necessary and
unavoidable, and it would not be correct to expend resources in an effort to prevent
readmissions that are appropriate. Furthermore, it was acknowledged in the 2017 -19
National Tariff that the best course of care for a patient may involve discharge from ho spital

despite the risk of readmission within 30 days, provided that appropriate information and
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community care are provided NHS Improvement, 2016 . |Goldfield (2010) [highlighted four

components inorder to sustain a reduction in avoidable readmissions:

1. Atool to identify avoidable readmissions to hospital

2. A strategy to improve quality to decrease the number of readmissions

3. Payment incentives to encourage commitment to reducing readmissions

4. Public reporting any information relevant to hospital readmissions

Although the policy for non-payment for readmission and adoption of readmission rate as an
outcome indicator incorporate payment incentive s and benchmarking at a national level,
identification of avoidable readmissions and the strategy for improvement require
appropriate local management to ensure health systems utilise NHS resources rationally to

help patientsto recover as effectively as possible .

1.4.1 Identifying those at risk

Considering that hospital performance is gauged by, and payment based on, readmission
rates , acceptable rates ought to be risk-adjusted according to known influential factors

present in the populations that hospitals serve; it is known that some of the reported

increases in readmission rates can explained by changes in admission rates and case -mix
over time Friebel et al., 2018 Morris, 2018 Zerdevas & Dobson, 2008 , and that
comparisons can be confounded by inadequate correction for case -mix and competing

outcome measures such as mortality and length of stay Fischer et al., 2014 Laudicella et
al., 2012 ); indeed, what to risk  -adjust for can be contentious. For example , if advancing

age represents poor adherence to medication, then adjusting for age would correct for a

potential deficit in support to maximise adherence (Benbassat & Taragin, 2000 . Similarly,

Friebel et al. (2018) questioned the appropriateness of the common practice to risk -adjust

for socioeconomic status, given that it could reflect the quality of health care accessible to
those living in more deprived areas . Additionally, to ensure cost effective utilisation of
health service resources, providers need to be able to accurately determine SDWLHQWV]

readmission risk so that effective intervention can be targeted to those who are the most
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likely to benefit (Blunt et al.,, 2014 Curry et al., 2005 Haas et al., 2013 ). Predictive

modelling was identified as the preferred technique for identifying patients at risk of

readmission in a .LQJfu¥hd report (Curry et al., 2005 . Predictive models are considered

appealing because they may be implemented quickly and at a low cost (Amarasingham et

al., 2010), however, some have been described as impractical for clinical application

Billings et al, 2012 Bottle, Aylin, & Majeed, 2006) due to the inclusion of

sociodemographic  variables that are not as readily accessible to clinici ans as they are to

health care planners van Walraven et al., 2010a Zapatero et al., 2012 ; distinction must

be made between readmission predictive models intended for health system -level
application ( i.e. setting a hospital/health system $§ anticipated/acceptable readmission rate
for the purpose of gauging performance and informing payment) and those for clinical

application ( i.e. identifying individuals at risk of readmission in order to inform their course

of care) (Kristensen et al., 2015 Lindquist & Baker, 2011 . [van Walraven et al. (2010a)

proposed the LACE index as a simple model to predict readmission within 30 days in the
clinical setting, comprising:

X Length of stay

x Acuity of admission

x Comorbidity

X Emergency department use in the preceding six months
However, the LACE index also predicts death within 30 days without discriminating between

the two outcomes, and despite the intention for it to be optimised and validated for NHS use

Georghiou et al., 2011 , it has been shown to perform poorly in a sample of elderly

patients in the UK (Cotter, Bhalla, Wallis, & Biram, 2012 ). Accurate prediction relies on the

correct analysis of reliable, readily available data, generalised to the correct population. [van

Walraven, Wong, Forster, and Hawken (2013) demonstrated that even seemingly minor

differences between samples can be problematic, reporting deterioration in performance of
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a predictive risk model on altering the unit of analysis from per patient to per admission.

7

Predictive models must have sufficient sensitivity ' and specificity ® to maximise the cost-

effectiveness of intervention (Curry et al.,, 2005 ). Although risk stratification and knowledge

of markers of readmission are useful in identif ying patients who are at risk, preventing
readmissions requires careful interpretation of the risk identified . Modification of causal

factors can prevent readmission; however, effective action in circumstances where markers

of readmission are identified is less clear . The ideal strategy for improvement is more
complicated than simply targeting those with the highest risk; not only is there evidence

that readmissions for patients with moderate risk are equally expensive as readmissions for

patients at high risk (Billings et al.,, 2012}, it is also possible that such readmissions are

more likely to be preventable (Lindquist & Baker, 2011 . What is certain is that prevention

needs to cost no more than readmission if a reduction is to be funded under the policy for

non - payment without additional investment

1.4.2 Avoidability

Although not all readmissions are the result of poor care, and not all poor care results in
readmission, poor quality care can result in readmission. Individual case review can glean
details invaluable to understanding the root cause and avoidability (or preventability) of
readmissions. This is important to enable improvement, but too laborious for routine

application in  clinical practice; yet, automated methods which perform comparably are yet

to be seen (Ashton, Del Junco, Souchek, Wray, & Mansyur, 1997 |[Lindquist & Baker, 2011

Broad categorisations based on patterns in admini strative data have been undertaken Blunt

et al., 2014 Halfon et al., 2006 , however, the assumption that readmissions involve the

same body system as the initial admission is unlikely to be robust (Ashton & Wray, 1996

Blunt et al., 2014 Donzé, Lipsitz , Bates, & Schnipper, 2013b NHS Confederation, 2011

" Ability to identify those who would experience the outcome of interest

& Ability to identify those who would not experience the outcome of interest

31



Zerdevas & Dobson, 2008 ; yet, there is evidence that readmissions for the same principal

diagnosis as the index admission are more likely to be avoidable Yam et al., 2010 ). It has

been proven that studies which rely on administrative data deem a greater proportion of

readmissi ons avoidable than studies that consider other sources e.g. clinical rec ords and/or

surveys/interviews with patients or clinicians van Walraven, Bennett, Jennings, Austin, &

Forster, 2011a ). The proportion of readmissions deemed avoidable varies more than ten -

fold, from around 5% to 60% van Walraven, Jennings, & Forster, 2012a . The PbR

Guidance for 2012 -13 contained a summary of a pilot audit of readmission avoidability

which reported the average proportion of readmissions deemed avoidable was 25%

Department of Health, 2012b . this seems to represent a reasonable estimate given its

recur rence in the literature (van Walraven et al., 2012a .|Blunt et al. (2014) identified just

five per cent of readmissions were caused by a recognised complication of the original
admission, and another quarter were categorised as related to possible suboptimal care;
case review was recommended for all such readmissions, and predictive modelling was

recommended to target intervention for readm issions representing a nticipated  but

unpredictable hospital care, and those b roadly related to the index admission. van Walraven

et al. (2011b) identified that around one-third of readmissions within six months were
related to medicines, and that around 20% of readmissions within one month were
potentially avoidable ; unfortunately the proportion of potentially avoidable readmissions

within one month was not presented. However, an audit of 30 -day readmissions following

admission to a UK medical admissions unit identified one in five as related to medication; of

these, half were deemed avoidable and another third potentially so Barry, 2013 ). Similarl v,

Witherington, Pirzada, and Avery (2008) reported that over half of medication -related

readmissions among elderly patients were avoidable, indicating that avoidability could be

relatively high among medicines -related readm issions.
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1.4.3 Tim e to readmission

It is important to consider timing for any intervention intended to prevent readmissions ,
because intervention must be provided prior to readmission in order to be effective

Emergency readmissions most commonly follow emergency admissions, and the majority of

emergency admissions are medical Zerdevas & Dobson, 2008 . Readmissions most
commonly occur one day after discharge, and d iminish thereafter Morris, 2018
Witherington et al. (2008) reported that over a quarter of 28-day readmissions among

elderly medical patients were within three days of discharge, and in line with national trends

for readmission in general, around half occurred within a week Friebel et al., 2018
Zerdevas & Dobson, 2008 . There is a negative correlation between time to readmission and
avoidability Yam et al., 2010 ); r eadmissions occurring within the first week have been

identified as more likely to be related to the index admission and avoidable (Clarke, 1990

Dobrzanska & Newell, 2006 Heggestad & Lilleeng, 2003 Sg2, 2011 ). |Williams and Fitton

(1988) report ed the time to readmission due to medication -related problems among elderly
patients ranged from one to 23 days, with a median of eight days, indicat ing that many

readmissions for which problems with medication were the primary cause were probably

avoid able. |Friebel et al. (2018) identified a slight increase in readmissions occurring within a

week of discharge, indicating that perhaps a greater proportion of readmissions have been

avoidable in recent years. Consequently it is important that intervention  to prevent

readmission is provided early, and ideally initiated prior to discharge (Amarasingham et al.,

2010 {Silverstein et al., 2008 Bisharat, Handler, & Schwartz, 2012 Kansagara et al., 2011

1.4.4 The role of the pharmacy team

Medication is the most common intervention in health care (Health & Social Care

Information Centre . The number of prescription items dispensed by community pharmacies

in England per person per year increased from 12 to 19 between 2002 and 2012 (Health &

Social Care Information Centre, 2013b ). The risk of people suffering harm from their

medicines increases with polypharmacy (the use of multiple medicines); furthermore,

33



between one- and two -thirds of patients have an error or unintentional change to their

medication regimen when moving from one care setting to another (care transition )

National Institute for Health and Care Excellenc e, 2015 ), and such discrepancies could

result in readmission Coleman, Smith, Raha, & Min, 2005 . The Royal Pharmaceutical

Society (RPS) state d in their report Keeping patients safe when they transfer between care
providers + getting the medicines right that 3,P SURY th® Jransfer of information about
medicines across all care settings should reduce incidents of avoidable harm to patients,

and contribute to a reduction in avoidable medicines related admissions and readmissions to

KRVSL\/TFDJQBI Pharmaceutical Society, 2012 . The discharge prescription is a vital

component of communication at the interface between seconda ry and primary care; primary
care relies upon the discharge prescription to ensure continuity of care and inform ongoing
prescribing after discharge . The appropriateness, accuracy, completeness and timeliness of

the discharge prescription are important factors which have been identified as often lacking

in achieving successful care transitions (Care Quality Commission, 2009 ). |Witherington et

al. (2008) reporte d that medication -related problems were the primary caus e for one in five
readmissions among elderly patients; over two -thirds of readmissions were medication -
related, and the majority were considered avoidable. Effective systems and processes can

minimise the risk of preventable medicines -related problems such as adverse effects and

interactions with other medicines or conditions National Institute for Health and Care

Excellence, 2015 ). The General Medical Council guidance for prescribing and managing

medicines urges doctors to work with pharmacists to review medication and ensure patients

are provided sufficient information General Medical Council, 2013 ). Difficulty adhering to

discharge medication was among the top three contributing issues reported by patients

following readmission  inthe USA (Kangovi et al., 2012 . It has been demonstrated that the

inclusion of clinical pharmacists in inpatient teams can improve patient outcomes and

reduce costs (Gillespie et al., 2009 ); yet, despite the efficacy of pharmaceutical intervention

for outcome measures intermediary to admission and readmission, evidence that

pharmaceutical i ntervention directly reduces readmissions is lacking . Itisstatedint he RPSY
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Professional Standards for Hospital Pharmacy Services that quality pharmacy services strive

to optimise patient outcomes through the safe, judicious clinically effective, appropriate and

cost effective use of medicines Royal Pharmaceutical Society, 2014 ). In addition to hospital

SKDUPDF\TV WUDGLWLRQDO VIkigdé O phaifa@y- WleRiGes FRypically  involve:
medication  review, medicines reconciliation, provision of medicines information and
professional recommendations for patients and clinicians, and support of safe and effective
medicines management including medication adherence. A portion of readmissions will be
preventable by the actions of the discharging hospital, with some factors influencing
readmission  modifiable with the support of the pharmacy team. Knowledge about
readmission risk factors and effective intervention should enable the necessary focus for the
pharmacy @ WHDP gfforts towards preventing readmissions. It is conceivable that
pharmacists could contribute to minimising avoidable medicines -related readmissions
through their routine application of the RPS ffour principles of medicines optimisation:

1. Aim to understand the patient's experience

2. Evidence based choice of medicines
3. Ensure medicines use is as safe as possible
4. Make medicines optimisation part of routine practice

Indeed, the Medicines Optimisation Guidance specified that the third principle is intended to

reduce medicines -related admissions and readmissions to hospitals Royal Pharmaceutical

Society, 2013b

1.5 Conclusion

Reducing readmissions is an inter national priority. Predictive modelling is advocated for
identifying those at risk of readmission to enable preventative intervention to be efficiently
targeted to those most likely to benefit. A portion of avoidable readmissions are medicines -
related, and their causes can be mitigated by the actions of the pharmacy team

(pharmaceutical intervention).
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The research questions, and the study

Question 1:

Rationale 1:

Aim 1:

Objective 1.

Objective 2.

Objective 3.

Objective 4.

Question 2:

Rationale 2:

Aim 2:

Objective 5.

Objective 6.

Research questions

, aims and objectives

aims and objectives to address them, were:

Can the likelihood of readmission within 30 days be determined using
prescription information ~ ?

To enable the pharmacy team to identify patients at risk of readmission in
the course of their routine duties
To identify whether readmission risk can be reliably determined using
routinely recorded prescription data

To identify prescription variables that may be associated with readmission
(candidate predictor variables)

To quantify the influence of each of the candidate predictor variables on the
risk of readmission

To quantify the adjusted influence, or collective contribution, of candidate
predictor variables to the risk of readmission

To develop and validate a predictive model for readmission  using
prescription information

How do predictors of readmission from prescriptions influence the time to
readmission ?

To inform the timing of potential intervention to prevent readmissions

To explore the influence of predictors of readmission from prescriptions on

the time to readmission

To characterise readmission behaviour depending on predictors of
readmission from  prescription s

To quantify the influence of predictors of readmission from p

rescriptions on

the timeto readmission
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Question 3:

Rationale 3:

Aim 3:

Objective 7.

Objective 8.

37

What are the implications of the findings for practice?

To inform development and implementation of  evidence -based
improvements in pharmacy practice

To consider implications for practice, including how resources to prevent
readmissions , particularly pharmaceutical intervention, could be targeted

To review the study results in the context of the relevant literature and

policy

To provide recommendations for practice and future research



Chapter 2  Literature Review

2.1 Introduction

Having introduced the research topic in

Chapter 1 | a summary of the relevant literature is

presented in this chapter. The literature was reviewed to assess th e potential to predict

readmission within 30 days of discharge

2.2 Method

2.2.1 Inclusion Criteria

using routinely recorded prescription information.

Publications were included in the literature review according to the following criteria:

1. Presentation of original data

2.1. about likelihood of readmission within 30 days and/or

2.2. about the influence of pharmaceutical intervention on readmission within 30 days

3. among adult medical patients.

2.2.2 Search Strategy

The search terms defined in

Figure 2.2

Figure 2.1

were used to search the databases as described in
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{readmi*

Search: {OR rehospitali*
g {"clinical prediction"
{OR predictor
AND S {OR "logistic regression"
_ {OR "risk prediction"
(‘

{pharmac*

{OR prescri*

AND <  {OR "drug therapy"

{OR "medic* management"
{OR "medic* optimi*"

-
Figure 2.1: Search terms for the literature review

2.2.3 Selection Process

Citations identified by the searches were manually screened for the following in order to

identify publications potentially suitable for inclusion in the literature review:

1. duplication and

2. concordance with the inclusion criteria.

Two hundred twenty -eight potentially suitable studies were identified. Of these, 13 5 were

subsequently excluded following review of the abstract and 42 were excluded following

further revie w of the full text; the selection process is described in Figure 2.3| Studies were

most often excluded on the basis that they concerned populations other than general
medical patients (for example surgical or psychiatric patients), or did not measure 30 -day
readmission (for example, rehospitalisation over a longer observation period, or admission

within 30 days of emergency department attendance). Some wer e excluded because they
reported a composite outcome (for example readmission or death within 30 days); few were

disregarded because they did not present relevant original data.
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MEDLINE

\

{D i}& "pi 8, ]JvP "% S] v§ E u
{involving adult patients (all adult: 19+ years, middle
aged: 4564 years, aged: 65+ years, adult:44

years, aged: 80 and over),

{published in Academic/Scholarly (Peer Reviewed)
Journals

/

CINAHL

\

{D i}& *pi 8§, ]JvP "E u]e]}v_U
{involving adult patients (all adult, aged: 65+ years,

middle aged: 4%4 years, aged: 80 and over, adult:
19-44 years),

{published in Academic Journals.

/

Pubmed

{Clinical studies, clinical trials, comparative studies,\
controlled clinical trials, evaluation studies, journal
articles, metaanalyses, multicentre studies,
observational studies, randomised controlled trials,
reviews, systematic reviews and validation studies;
{conducted in adult (Adult: 19+ years, Young Adult:
19-24 years, Adult: 194 years, Middle Aged + Aged:
45+ years, Middle Aged: 481 years, Aged: 65+

years, 80 and over: 80+ years) humans.

Cochrane Library

Figure 2.2: Databases searche

d and filters applied for the literature review

co]}V_U
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228

Citations potentially
suitable
|
I I
93
Abstracts potentially 135
suitable excluded
|
I I
- 51 42
AfthIGS included excluded

Figure 2.3: Literature review publication selection process
2.3 Results

The key characteristics of the studies included in the literature review are summarised

Table 2.1

41



Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Arno|d, | Retrospective 32 2,130 30-day Treatment Not significant Not applicable Not applicable
Crouch, cohort study academic patients readmission adjusted for (NS) (NA)
Carroll , and hospitals in with acute potentially
Oinonen the United decompens confounding
(2006) States ated heart variables
(USA) failure (HF)
|Au, Chan, | Retrospective A regional 150 cases 15-day Demographic, Number of Not presented Type la
Chan, and case-control hospital in and 103 readmission medical and medical (NP)
Pang (2002) study Singapore controls; to the social problems and
elderly* geriatric unit prior
patients admissions

° Equivalent to the area under the receiver operating characteristic curve, see also
derivation and validation were reported, the validation figure is presented; such optimism

10 see also

Table 2.4: Prediction model study types defined by

Moons et al. (2015)

[2.3.6.2

[Discrimination

| Where ¢ -statistics for both

-corrected ¢ -statistics are annotated *
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Barbagelata | Retrospective Sub - study 1830 30-day Q waves Not significant Not applicable Not applicable
et al. (2000) cohort study ofa patients readmission
multination who had
al study thrombolyti
c therapy
after a cute
myocardial
infarction
(AMI) and
had
evaluable
electrocardi
ograms
(ECGs)
|Bisharat et | Retrospective A medical 292 cases 30-day Clinical, Nursing home Not presented Not applicable
al. (2012) case-control centre in and 290 emergency epidemiological residence,
study Israel controls readmission and chronic kidney
matched to and from socioeconomic disease
for age, sex general variable s (CKD), length
and medical, of stay
primary intensive (LOS) of
diagnosis; medical and three days or
adult intensive more,
medical cardiac care hospitalisation
patients in the

previous year
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Bol|u etal. | Retrospective Hospitals in 812 cases 30-day all - Treatment Treatment; Not presented Not applicable
(2013) case -control the USA and 1,651 cause adjusted for severity of
study controls; readmission demographics illness.

adults aged to the same admission Gender, age,

40 years hospital characteristics, race, hospital

and over diagnoses and characteristics

with severity of , diagnoses,

chronic illness admission

obstructive type ,

pulmonary treatment,

disease LOS (all NS)

(COPD)
|Bottle, | Retrospective 30 6522589 Unplanned Primary Not presented Not presented Not applicable
Middleton, cohort study hospitals inpatient readmission diagnosis/proce
Kalkman, across the records to the same dure; admission
Livingston, USA and hospital characteristics
and Aylin Europe within 30 demographics ,
(2013) days comorbidity
|Bou|ding, | Retrospective USA 3746 30-day risk Patient Patient Not presented Not applicable
Glickman, cohort study hospitals hospitals standardised satisfaction ; satisfaction
Manary, readmission hospital clinical adjusted for
Schulman, rate performance hospital
and Staelin clinical
(2011) performance
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type

|Brad|ey, | Retrospective A major 5,511 30-day Patient Patient 0.73*,NP Type 2a
Yakusheva, cohort study teaching medical unplanned condition prior condition on
Horwitz, hospital i n and readmission to and on day of
Sipsma, and the USA surgical to the same discharge discharge.
Fletcher patients. hospital adjusted for Age, gender,
(2013) Numerous demographics insurance

exclusions insurance status and

including status, service service

admission assignmenta nd | assignment

<48 hours primary (all NS)

discharge
diagnosis
|Charneski, | Retrospective An urban 11,872 28-day Allergy label Not significant Not applicable Not applicable
Deshpande, cohort study academic adults readmission adjusted for
and Smith teaching (over 20 demographic
(2011) hospital in years of and
the USA age) treatment/servi

admitted to ces variable s

anon -

surgical

ward and

prescribed

antibiotic(s

)
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Table 2.1:Key characteristics of studies included in the literature review

Study

Design

Setting

Sample

Outcome

Covariates

Final model

Performance
(c - statistic
Cl)

9

Analysis
type 10

|Chu and Pei |

(1999)

Case-control
study

An acute
university
general
hospital in
Hong Kong

380 cases
and 380
controls

m atched
for age and
gender,;
elderly*
patients

28 -day
emergency
readmission

Demographic,
socioeconomic,
principle and
comorbid
diseases, and
general health
status variables

Impairments
to activities of
daily living
(ADLs),
income,
adverse drug
reaction ,
advanced
malignancy,
congestive
heart failure
(CHF), COPD,
end - stage
renal failure,
dysphagia and
number of
comorbid
diseases,
living in
private old
aged home

Not presented

Not applicable
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Table 2.1:Key characteristics of studies included in the literature review

Performance Analvsi
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, naylsols
cl) type
|de Bruijne et Retrospective Hospitals 283,379 Unplanned Demographics Ethnicity and Not presented Not applicable
al. (2013) cohort study across the hospitalised readmission diagnoses, age
Netherland patients, of at least 24 comorbidity,
S excluding hours within principle
those in 30 days of intervention, ,
specialised index socioeconomic
hospitals, admission status
obstetrics
and
Wester n
migrants
|Dedhia et al. | Prospective General 237 30-day Intervention ; Intervention Not presented Not applicable
(2009) pre/post study medicine elderly* unplanned site adjusted for
wards of patients all-cause site
three admitted to readmission
hospitals in the rate
the USA hospitalist
services;
135 during
the
interventio
n period
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Eapen et al. | Retrospective USA 30,828 30-day Those available Laboratory 0.59 *, NP Type 2a
(2013) cohort study hospitals elderly* unplanned in the electronic and
providing patients all -cause health record observation
Get with hospitalised readmission (EHR) results , age,
the for HF race
Guidelines
HF program
|Fisher et al. | Prospective Acute Care 111 30-day all - Mobility in the Not significant Not applicable Not applicable
(2013) cohort study for Elders ambulatory cause, week following
Unit of a elderly* unplanned discharge
USA patients readmission adjusted for
university hospitalised demographics
teaching with acute marital status,
hospital medical comorbidity ,
illness LOS, prior

mobility/ADL s
and severity of

illness

48




Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|FIink, | Prospective Cardiovasc 902 30-day all - Demographic, Glycated Not presented Not applicable
Mochari - cohort study ular service patients cause comorbidity, haemoglobin
Greenberger of an with readmission admission type (HbAlc),
, and Mosca academic diabetes, and evidence - particularly
(2013) medical hospitalised based among
centre in for prescribing women ;
the USA cardiovascu adjusted for

lar disease, demographics

who com or bidity,

participated prescribed

in a study medication

of

caregiving

and had

glycated

haemoglobi

n (HbA1C)

recorded in

the

previous 12

months;

excluding

nursing

home

residents
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Gentry, | Retrospective A Veteran 7,219 30-day Intervention Not significant Not applicable Not applicable
Greenfield, pre/post study Affairs admissions readmission
Slater, Medical involving for infection
Wack, and Centre in infection; rate
Huycke the USA 3,570
(2000) during
interventio
n period
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Gi|dersleeve | Retrospe ctive A semi - 16,889 30-day Demographic Age, gender, 0.70 *,0.69 to Type 2b
and Cooper cohort study rural adult readmission and clinic al marital status, 0.71
(2013) community patients to the same admission
hospital in (18 years hospital acuity, prior
the USA of age and emergency
over), department
excluding (ED) visits,
psychiatric over three
and rehab hospitalisation
admissions, sin the
and previous year,
discharge LOS,
against insurance
medical status,
advice whether
prescribed
medication,
over six
ambulatory
medicines
(protective),
ccitt

' The Charlson Comorbidity Index

51

(CCl) predicts one -year mortality based on comorbid conditions

Charlson et al., 1987




Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Godar et al. | Retrospective A USA 969 adult 30-day Demographic Age Not applicable Not applicable
(2011) cohort study hospital patients readmission and clinical
(over 17 variable s
years of relevant for
age) CAP including
admitted comorbidity and
with treatment ;
community each assessed
acquired individually.
pneumonia
(CAP)
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Haas et al. | Retrospective A 83,187 30-day Adjusted ACG (age, 0.81*,0.80t o Type 4
(2013) cohort study community adult readmission Clinical Groups gender, 0.83
-focused patients (ACGs), diagnoses)
primary (18 years Hierarchical
care arm of of age and Condition
a large over) Categories,
integrated Elder Risk
multispecial Assessment
ty group (ERA), Chronic
practice Comorbidity
Count, CCl,
Minnesota
Health Care

Home Tiering,
and a hybrid of
Minnesota
Tiering with

ERA score
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Harjai etal. | Retrospective A USA 576 adult 30-day HF Treatment Angiotensin - Not presented Not applicable
(2001) cohort study hospital patients readmission choice ; converting
(21 years coronary artery enzyme
of age and disease (CAD), inhibitor
over) low ejection (ACEi) with
discharged fraction ; aspirin
following demographic (compared to
admission ACE:i without
for HF aspirin);
adjusted for
age, gender
and race
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Table 2.1:Key characteristics of studies included in the literature review

Study

Design

Setting

Sample

Outcome

Covariates

Final model

Performance

(c - statistic  ?,

Cl)

Analysis
type 10

|Hwang, Li, |

Gupta,
Chien, and
Martin
(2003)

Prospective
case-control
study

The general
medical
service of
an urban
teaching
hospital in
Canada

97 cases
discharge
against
medical
advice and
97 co ntrols
discharged
formally,
matched
for age,
gender and
primary
reason for
hospital
stay; adult
patients
(20 years
of age and
over)

15-day
readmission

Demographic ,
case mix group,
LOS,
homelessness,
general health

Discharge
against
medical advice

Not prese nted

Not applicable
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Jasti, | Prospective Seven USA | 577 adult 30-day Sociodemograp Education Not presented Not applicable
Mortensen, cohort study; hospitals patients readmission hic and clinical level,
Obrosky, sub - study of discharged employment
Kapoor, and another following status, CAD,
Fine (2008) randomised admission COPD.
controlled trial for CAP; Age, CHF,

many ventricular

exclusions dysrhythmia,

applied atrial

including dysrhythmia

index asthma, long -

hospitalisati term oxygen

ons of less use,

than one interstitial

day or a lung disease,

readmissio diabetes ,

n within 10 pneumonia

days of severity ind ex

prior acute (all NS)

hospitalisati

on
|Jenghua and | Retrospective A tertiary 718 30-day all - Not specified LOS greater Not presented Type la
Jedsadayan cohort study care patients cause than five days
mata (2011) hospital in hospitalised readmission

Thail and for CHF
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Jiang, | Retrospective Community 130,751 30-day Payer Race among Not presented Not applicable
Andrews, cohort study hospitals nonmatern diabetes - status/age and Medicare
Stryer, and across five al, adult related race/ethnicity, (older)
Friedman USA states patients readmission adjusted fo r patie nts;
(2005) (18 years demographic, demographic,
of age and socioeconomic, socioeconomic
over) clinical and , Clinical and
admitted hospital hospital
for characteristics characteristics
diabetes - and county , and county
related health care health care
conditions resources resources
|Johnson et | Retrospective A general 4,151 30-day Additional day's Not significant Not presented Not applicable
al. (2012) cohort study medicine patients readmission LOS adjusted
unit of a for
USA demographic
hospital characteristics

and severity of
illness
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Jurado | Prospective The 35 28 -day Intervention; Age, partial 0.97 , NP Not applicable
Gamez et al. controlled pulmonary interventio readmission age, general pressure of
(2013) parallel -group unit of a n and 36 for COPD health , disease oxygen
study tertiary control exacerbation severity
hospital in patients
Spain under 75
years of
age,
assigned
according
to distance
from
hospital
|Keenan et | Retrospective 4,669 USA | 1,129,210 Hospital -level | Claims -based Age, gender, 0.6*,NP Not applicable
al. (2008) cohort study hospitals Medicare 30-day model or nine
patients* readmission medical record - | cardiovascular
hospitalised rate based model and 26
with HF comorbidity
variables
|Lee (2012) | Retrospective A teaching 11951 28 -day Demographic ; LOS, route of Not presented Type 2a
cohort study hospital in patients readmission treatment admission,
Seoul general health principal
and diagnosis,
socioeconomic department,
variables frequency of
outpatient
visits

(decision tree)
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Mather, | Retrospective A USA 996 30-day all - The 35 from Gender, 0.67 *, NP Type 1b
Fortunato, cohort study teaching elderly* cause final Centers for previous
Ash, Davis, hospital patients readmission Medicare and admissions,
and Kumar admitted Medicaid chronic lung
(2014) for Services (CMS) disease,
pneumonia medical record cancer,
Hierarchical median
Condition income,
Category history of
clinical anxiety/depre
classification ssion,
system haemocrit
selection level; age,
algorithm; LOS, nursing
marital status, home
anxiety/depress resident,

ion, prior
hospitalisations,
and
socioeconomic
status

history of HF,
renal disease,
immunosuppr
essive
therapy,
creatinine
level, major
psychiatric
disorders and
marital status
(all NS)
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Study

Design

Setting

Sample

Outcome

Covariates

Final model

Performance
(c - statistic
Cl)

9

Analysis
type 10

|Mosher et |

al. (2014)

Retrospective
cohort study

129
Veterans
Administrat
ion
hospitals in
the USA

122,794
veterans
with acute
medical
admission

30-day
readmission

Opioid use
adjusted for
demographic
and clinical
variable s

Opioid use;
admission
diagnosis,
age, gender,
race, income,
rural
residence,
region, CClI,
non -
metastatic
cancer,
metastatic
cancer,
chronic pain,
COPD,
complicated
diabetes, HF,
renal disease,
dementia,
mental health
diagnosis
other than
post -traumatic
stress
disorder
(PTSD), and
PTSD

Not presented

Not applicable
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Nantsupawa | Retrospective A university 103 30-day Demographics CAD and Not presented Not ap plicable
t, Limsuwat, cohort study medical hospitalisati readmission ECG, disease unilateral
and Nugent centre in ons severity; pulmonary
(2012) the USA involving medicines infiltrates;
81 COPD prescribed ; test | ejection
patients results , health fraction (EF)

status,

inpatient
treatment ,
post -discharge
intervention
discharge
disposition

and follow up
call (both NS)
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Nolan and | Prospective An acute 196 elderly 28 -day Intervention; Not significant Not applicable Not applicable
Thomas cohort study metropolita patients readmission demographics
(2008) n hospital (aged 70 clinical
inthe USA | years or complexity
over)
admitted to
general
medical,
aged, or

respiratory
care,
deemed to
have
intermediat
e or high
risk of
functional
decline,
and able to
commence
exercise
within 48
hours of
admission
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Parker, | Retrospective A 6,542 30-day Demographics 28 0.691 , NP Type la
McCombs, cohort study €onso rtium patients unplanned admission type, comorbidity
and Graddy of USA admitted readmission diagnosis variables
(2003) hospitals acutely reference drawn from
excluding group, pharmacy
maternal, comorbidity and data
psychiatric, pharmacy
day practic e
surgery, variables
and
discharge
against
medical
advice
|Perimal - | Retrospective A medical 19,923 28-day Outlier status Outlier status; Not presented Not applicable
Lewis et al. cohort study centre in general readmission adjusted for age,
(2013) Australia medical demographics , comorbidity,
patients comorbidity and gender,
duration duration
awaitinga bed awaiting a bed
in the ED in the ED
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Perkins et | Retrospective Hospitals of 607 30-day Demographic , 23 variables 0.743 * NP Type 1b
al. (2013) cohort study a health patients readmission clinical, across
system admitted laboratory and domains of
across one for HF with pharmaceutical medical
USA state stage 3 to EHR variables history, active
5 CKD outpatient
pharmaceutica
Is, vital signs,
laboratory
tests, and
recent
inpatient and
outpatient
resource
utilisation
|Pines et al. | Retrospective Two inner 1,470 30-day Demographic, Previous Not presented Not applicable
(2010) cohort study city USA elderly* readmission general health admissions
hospitals in patients to the same status and and admission
the same admitted hospitals via diagnosis diagnosis of
system viathe ED the ED HF.
and Age, gender,
discharged race, four
within one diagnosis
day codes and six

comorbidities
(all NS)
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Pouw et al. | Retrospect ive The 14 cases 14 -day non - Disease Weight loss Not presented Not applicable
(2000) case -control Netherland and 14 elective severity and during
study S controls readmission general health hospitalisation
matched status variables and low Body
for age, Mass Index on
gender, admission
month of
admission
and lung
function;
admitted
with
exacerbatio
n of COPD
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Press et al. | Multiple time 3,321 USA | 3,445,040 Change in Duty hour Not significant Not applicable Not applicable
(2011) series analysis acute -care Medicare odds of 30 - reform
non -federal | beneficiarie | day all cause stratified by
hospitals s admitted readmission teaching status
with AMI, in more and adj usted
CHF, compared to for patient
gastro - less teaching - | comorbidities,
intestinal intensive secular trends
bleed or hospitals affecting all
stroke before and patients (e .g.
after duty due to general
hour reform changes in
technology),
and hospital -
specific fixed
effects
|Reyes | Prospective Four public 425 adult 30-day Disease Beta -lactam Not presented Not applicable
Calzada et cohort study hospitals in (18 years readmission severity, monotherapy
al. (2007) Spain of age and treatment
over)
patients
admitted
with CAP
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type

|Ronksley et | Prospective Canada 21,166 30-day all - Perceived Not significant Not applicable Not applicable
al. (2013) cohort study adult (18 cause unmet

years of readmission healthcare

age or need(s)

older) adjusted for

patients demographics

who self - general health,

reported socioeconomic,

having and domestic

chronic variables and

disease and survey cycle

were (time)

subsequent

ly admitted

to hospital
|Rosen et al. | Retrospective Veterans 1,807,488 30-day all - Agency for PSIEs Not presented Not applicable
(2013) cohort study Health discharges cause Healthcare adjusted for

Administrat of veterans readmission Research and age, gender
ion, USA from acute Quality Patient and
care Safety Indicator comorbidities

event(s)
(PSIEs) ;
adjusted for
dem ographics
and
comorbidities
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Rothman, | Retrospective 3 hospitals 17,1250 30-day Patient Patient 0.62 *, 0.61 to Type 3
Rothman, cohort study across the adult (18 readmission condition based condition 0.63
and Beals USA years of on 26 clinical
(2013) age or measurements
over) from nursing
medical - assessments,
surgical vital signs,
and critical laboratory
care results and
patients cardiac
discharged rhythms ,
home/hom specifically
e exclud ing
healthcare variables

GHVFULELQ|
the patient was

in order to
IRFXV RQ K

they were
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Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Sakr, Hahn, | Randomised A USA 34 patients 30-day HF Treatment Treatment Not presented Not applicable
Donohue, controlled trial hospital presenting readmission
and to ED with
Ghantous HF and
(2008) remaining
symptomati
¢ despite
maximal
the rapy for
at least one
hour
|Sales et al. | Randomised One 70 cases 30-day HF Intervention; Intervention, Not presented Not applicable
(2013) controlled trial hospital in and 67 readmission demographics, hypertension;
the USA controls; clinical and age, ge nder,
patients general health comorbidities,
hospitalised variable s and medication
for CHF discharge New York
disposition Heart
Association
(NYHA)
functional
class and
discharge
disposition
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Singa| et al. | Retrospective A large 836 30-day Medical and Number of 0.66 *, 0.59 to Type 2a
(2013) cohort study safety -net patients readmission socioeconomic address 0.73
hospital in with variable s changes in the
the USA cirrhosis available within prior year,
admitted to 48 hours of admissions in
hospital admission the year prior,
payer status,
severity of
liver disease,
platelet,
alanine
aminot ransfer
ase,
haemocrit and
sodium levels
|Steve ns et | Retrospective A tertiary 398 30-day all - Central -line - Not significant Not applicable Not appli cable
al. (2014) cohort study care patients cause associated
academic who had a readmission bloodstream
medical new central to the same infection;
centre in line hospital demographic,
the USA inserted in administrative
hospital and clinical
variables
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
Study Design Setting Sample Outcome Covariates Final model (c - statistic  ?, Analylsols
cl) type
|Tan, Low, | Retrospective Wards of 127,550 30-day LACE Index ** of | LACE Index of 0.70 , NP Type la
Yang, and cohort study the medical adult unplanned 10 or more, 10 or more
Lee (2013) department patients readmission adjuste d for
ina (21 years demographic
tertiary - of age and and clinical
hospital in over) variable s
Singapore
|Thakar, | Retrospective Hospitals 6535 adult 30-day HF Acute kidney AKI without Not presented Not applicable
Parikh, and cohort study across one patients readmission injury (AKI), CKD, CKD
Liu (2012) USA state (between CKD; without AKI;
21 and 100 demographic, age, gender,
years of socioeconomic number of
age) treatment , and chronic
discharged general health conditions,
with status variables primary
primary payer,
diagnosis of diabetes,
HF valvular heart

disease, drug
abuse, and
psychoses

12

van Walraven et al., 2010a
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Table 2.1:Key characteristics of studies included in the literature review

Performance .
. . . . .. 9 Analysis
Study Design Setting Sample Outcome Covariates Final model (c -statistic  ~, type X
Cl)
|Torres etal. | Prospective An urban 93 elder ly* 30-day Age, clinical Not significant Not applicable Not applicable
(2004) cohort study teaching patients readmission and general
hospital in diagnosed health
Spain with CAP variable s,
Hospital
Admission Risk
Profile
|Weiss