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1 | INTRODUCTION

Health services worldwide have been increasingly
challenged to provide safe and high-quality care for a
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Abstract

Objective: Little is known about the economic value of clinical interventions
for delirium. This review aims to synthesise and appraise available economic
evidence, including resource use, costs, and cost-effectiveness of interventions
for reducing, preventing, and treating delirium.

Methods: Systematic review of published and grey literature on full and par-
tial economic evaluations. Study quality was assessed using the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS).

Results: Fourteen economic evaluations (43% full, 57% partial) across nine
multicomponent and nonpharmacological intervention types met inclusion
criteria. The intervention costs ranged between US$386 and $553 per person in
inpatient settings. Multicomponent delirium prevention intervention and the
Hospital Elder Life Program (HELP) reported statistically significant cost sav-
ings or cost offsets somewhere else in the health system. Cost savings related
to inpatient, outpatient, and out-of-pocket costs ranged between $194 and
$6022 per person. The average CHEERS score was 74% (+SD 10%).
Conclusion: Evidence on a joint distribution of costs and outcomes of delir-
ium interventions was limited, varied and of generally low quality. Directed
expansion of health economics towards the evaluation of delirium care is
necessary to ensure effective implementation that meets patients' needs and
is cost-effective in achieving similar or better outcomes for the same or

lower cost.
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growing number of patients at risk of delirium and ensure
this care is also cost-effective for the most prudent use
of finite health care resources." With delirium affecting
at least one in four hospitalised older people** and over
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two-thirds of people admitted to an intensive care unit
(ICU),*’ related care is a significant responsibility of hos-
pital services. Delirium causes complications related to
increased morbidity,® persistent functional decline,’
mortality,® and signals an increase in frailty.” As a result,
delirium is associated with high health and social care
costs.'® For example, in the United States (US) alone, the
cost of inpatient delirium was estimated as high as 82.4
billion per year (in 2019 US$)."

Over the past few decades, progress has been made
in understanding the epidemiology of delirium. This
includes the demographic and clinical risk factors
of delirium and the development of various delirium
screening tools,*'" best practices and interventions.'*™"’
Clinical guidelines make several recommendations for
interventions to reduce delirium incidence and duration
and optimise recovery in various healthcare settings.'®'®
While current evidence and guidelines'®'® did not support
pharmacological interventions,"*'® non-pharmacological
interventions, particularly multicomponent, demonstrated
reduced delirium incidence and severity in at-risk hospital
inpatients.*'®!7*

Despite the growing body of clinical research in
delirium, economic evidence on resource use, cost and
cost-effectiveness, which is critical to value-for-money
considerations, remains less understood.'®?! The
impact of delirium interventions on a joint distribution
of costs (resource use) and outcomes (beneficial and
adverse effects) remains unclear.

Clinical research on the effectiveness of interven-
tion alone is insufficient evidence. An intervention
may effectively meet people's needs, but it is not cost-
effective to achieve similar outcomes at a greater
cost.”? There is a clear societal and economic impera-
tive to identify and deliver interventions that are not
only effective in reducing delirium occurrence but can
demonstrate cost-effectiveness.

1.1 | Aims of the study

This article is the second in a series of two reviews
examining economic evidence in delirium care to sup-
port well-informed healthcare decisions. In the first
review, we systematically identified and appraised the
methodological quality of research on the cost of delir-
ium; discussed challenges and opportunities for more
precise estimates.'” The primary aim of the current
review was to synthesise and appraise economic evidence,
including resource use, costs, and cost-effectiveness of
interventions for reducing, preventing, and treating
delirium.

Significant outcomes

« Findings highlight sparse and low-quality eco-
nomic evidence of interventions for delirium.

« Insufficient evidence about the factors deter-
mining the cost-effectiveness of delirium inter-
ventions, such as models of care and target
populations.

« To ensure that resource use to reduce, prevent
and treat delirium has maximum benefits, eco-
nomic evaluations should become an integral
part of clinical trials, implementation studies,
and quality improvement initiatives.

Limitations

« We took a systematic approach to include only
English language studies where the key con-
cept (delirium) was clearly defined.

« Despite using a binary system to review and
assign quality scores to each study based on
the CHEERS adapted checklist, some subjectiv-
ity may have biased the scoring.

« Heterogeneity prohibited meta-analysis due to
the lack of reported standard error/deviation of
mean costs and outcomes.

2 | METHODS

2.1 | Design

A systematic review was registered in the PROSPERO
database (CRD42020188487) and reported according to
the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) statement.*

2.2 | Search strategy

Using the PICO (population, intervention, control, and
outcomes) method,** an experienced librarian searched
for economic evaluations (full or partial) of interventions
for reducing, preventing, and treating delirium (PICO),
which reported a change-in-cost or cost-effectiveness
information as a primary or secondary outcome (PICO).
Using Drummond's classification methods, economic
evaluations could be classified as full or partial evalua-
tions. Full economic evaluations are the comparative
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analysis of alternative courses of action regarding their
costs and outcomes.** This differs from partial economic
evaluation, which considers costs and outcomes, but
either does not involve comparing alternative interven-
tions or relating costs to outcomes.** Due to the investiga-
tive nature of this review, we included evidence from
both full and partial economic evaluation studies and
placed no limits on Population (PICO) or Comparator
(PICO). Studies that did not evaluate an intervention,
conference abstracts, posters, and those not in the
English language were excluded. Studies on Delirium
Tremens (i.e., delirium caused by alcohol withdrawal)
were excluded due to different clinical aetiology and
interventions.*

Eligible studies were identified by searching six elec-
tronic databases in June 2020 and reference list searches.
The search was applied to Embase (including EMTREE
terms), MEDLINE (including MESH terms), PsychInfo,
PsycARTICLES, Econlit and The National Health Service
(NHS) Economic Evaluation Database. Additional grey
literature was identified using Google Advanced Search.
Each database was searched using the core concepts and
search terms relevant to “delirium” and “cost” (refer to
Table Al).

Search results were imported into EndNote X7 soft-
ware, duplicates removed, and imported into Covidence
online software. Two investigators (Layla Edwards and
Irina Kinchin) independently applied the eligibility
criteria and documented reasons for exclusion. Any dis-
crepancies were flagged through the platform and
resolved through discussion.

2.3 | Data extraction

One investigator (Layla Edwards) extracted data from
included articles into an Excel V15.28 spreadsheet on
publication year, country of origin, design, setting, health
area, target population, sample size, delirium definition
assessment tools, intervention, comparator(s), interven-
tion type (i.e., nonpharmacological or pharmacological),
type of economic analysis, perspective (whose costs), time
horizon in years (i.e. over what period into the future
costs and outcomes were calculated?®), discount rate, cur-
rency, intervention cost, types of costs and outcomes, key
results, and sensitivity analyses. The primary investigator
(Irina Kinchin) subsequently reviewed the data extrac-
tion for all included articles.

The Cochrane-adopted levels of evidence for
healthcare interventions® were applied to each study
(refer to Table Al, Box 1). Both reviewers (Layla Edwards
and Irina Kinchin) independently rated each study in
three areas: 1. Strength of the evidence; 2. Size of effect;
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BOX 1 The Cochrane-adopted levels of
evidence for healthcare interventions.
Adapted from AD.Oxman Checklists for
review articles. BMJ 1994;309:648-51.%"

Level 1. For a randomised controlled trial, the
lower limit of the confidence interval (expressed
as a range) for a measure of effect is still above a
meaningful benefit in healthcare terms.

Level II. For a randomised controlled trial, the
lower limit of the confidence interval (expressed
as a range) for a measure of effect is less than a
meaningful beneficial effect in healthcare terms;
but the point estimate of effect still shows effec-
tiveness of the intervention.

Level III. Measures of effectiveness are taken from
non-randomised studies of groups of people where
a control group has run concurrently with the
group receiving the intervention being assessed.

Level IV. Measures of effectiveness are taken
from non-randomised studies of groups of people
where intervention effects are compared with
previous or historical information.

Level V. Evidence is from single case studies.

and 3 Relevance of the evidence.”” Studies were given a
rating of I, II, III, IV, or V, with I and II being higher
levels of evidence and III, IV and V lower.”” Investigators
compared results and resolved discrepancies through
discussion.

Drummond's classification®® was used to categorise
evaluations as full or partial (Figure B1). Full economic
evaluations were further classified according to their spe-
cific analysis, such as cost-consequences (CCA), cost-
effectiveness (CEA), or cost-utility (CUA), and cost-
benefit (CBA).>* CCA examines costs and outcomes with-
out attempting to isolate a single outcome or aggregate
outcomes into a single measure. CEA measures outcomes
in natural units, such as life-years gained, disability days
avoided, or cases detected. In a variant of CEA, called
cost-utility analysis, outcomes are measured in terms of
preference-based measures of health, such as quality-
adjusted life years or disability-adjusted life years.
Finally, in CBA, outcomes are valued in monetary units,
and results can be expressed as a net return on invest-
ment. Two investigators (Irina Kinchin and Dominic
Trepel) independently categorised studies as full or
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FIGURE 1 PRISMA flow
diagram. PRISMA, preferred
reporting items for systematic
reviews and meta-analyses

Records excluded

(n=421)

Full-text articles excluded,
with reasons
(n=104)
Wrong/No intervention (n=39)

partial economic evaluations, compared results, and
resolved discrepancies through discussion.

2.4 | Quality assessment

Two investigators (Layla Edwards and Irina Kinchin)
evaluated the quality of full economic evaluations using
the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) checklist.”® Each study
scored one point for each criterion that was fully met,
half a point if a criterion was ‘somewhat’ met, and zero
for criteria that were either not met (‘no’) or not appli-
cable. Each paper's quality score was estimated by sum-
ming the criteria scores and dividing the total by the
number of applicable fields, excluding those that did not
apply to a study, and multiplying by 100. The greater
the percentage score, the higher the quality of individ-
ual studies, according to CHEERS. We also calculated
an average percentage score for each CHEERS criterion
that was based on the number of ‘yes’ plus half the
number of ‘somewhat,” divided by the number of stud-
ies for which that criterion was applied. The greater the

)
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No full text available (n=8)
Delirium Tremens (n=2)

percentage score, the greater the frequency with which
that criterion was met. After the investigators individu-
ally assessed studies, they resolved discrepancies in their
ratings through discussion.

2.5 | Summary of evidence and
adjustment to aid comparison

To allow for international comparison, local currencies
in varying years were inflated to the local currency
values in 2019, for which the latest statistics were avail-
able;* and then exchanged to US dollars by using the
gross domestic product purchasing power parity
(PPP).*°

3 | RESULTS

The database search resulted in 727 citations, of which
118 had a full-text review. Ten citations met the eligibil-
ity criteria, and another four were found through hand-
search, resulting in 14 articles for review (Figure 1).
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TABLE 1 Included study characteristics TABLE 1 (Continued)
Number Number
Characteristic (%) References Characteristic (%) References
Country of origin Multi-component delirium 2(14) 38,39
United States 6 (43) 31-36 prevention
United Kingdom 3(21) 37-39 Standardised delirium management  1(7) 44
guideline
Australia, Finland, Korea, 1each (7) 40-44
Netherlands, Switzerland The Awakening and Breathing, 1(7) 31
. Coordination, Delirium
Berspecing monitoring and management, and
United Kingdom NHS and personal 3 (21) 37-39 Early mobilisation (ABCDE) full
social service bundle
Healthcare system (hospital) 3(21) 33,35,36 Delirium prevention strategy 1(7) 42
Not reported 8 (57) 31,32,34,40-44 Medical and Mental Health Unit 1(7) 37
Healthcare setting (MMHU)
Inpatient 13 (93) 31-34.36-44 Multicomponent geriatric treatment 1 (7) 41
Post-discharge follow-up 1(7) 35 Comparator
Setting (location) Usual care 12 (86) 32-34,36-44
Camaal o 6 (43) 32,34,36,37.39,41 Breathing trials, Awakening and 1(7) 31
Delirium monitoring (B-AD)
Acute-care ward 1(7) 37 partial bundle
Surgical Intensive Care Unit 2(14) 42,44 Not reported 1(7) 35
(Cardiovascular)
Delirium assessment
Medical Intensive Care Unit 1(7) 31
CAM or CAM-ICU 9 (64) 31-33,35,36,38-41
Surgical ward 1(7) 38
MMSE 6(43) 35,37-39,41,43
Community inpatient unit 1(7) 33
Digit span test 4(29) 32,35,39,41
Geriatric ward 1(7) 40
Chart review 2(14) 32,33
Post-hospital discharge follow-up 1(7) 35
(nursing homes and/or DRS-R-98 2(14) 37
community-based inpatient care DSM-IV 1(7) 41
facility) ICD-10 1(7) 44
Not clear 1(7) 43 ICDSC 1(7) 44
Inpatient health area (n = 14) DSI 1(7) 33
General 5(36) 32-34,36,39 Assessment of orientation and short- 1 (7) 32
Geriatric 2 (14) 40,41 term recall
Medically ventilated 1(7) 31 Clinical judgement of a geriatrician 1 (7) 34
Chronic obstructive pulmonary 1(7) 43 Not reported 2(14) 33,42
disease Time horizon (years)
Liver transplantation 1(7) 42 Under 1 2(14) 40,43
Dementia (M 37 1to <2 4(29) 32,37,41,42
Hip fracture 1M 38 2 and over 6(43) 31,33-36,44
Cardiovascular 1(7) 44 Not reported 2(14) 38,39
Intervention type Discount rates (costs and outcomes)
Non-pharmacological 10 (71) 31-37,39,40,43 Costs - 3.5% 2(14) 38,39
Both non-pharmacological and 4(29) 38,41,42,44 Outcomes - 3.5% 2(14) 38,39
pharmacological
Not reported 12 (86) 31-37,40-44
Intervention name
Types of costs included
Hospital Elder Life Program (HELP) 5 (36) 32-36
Inpatient care, incl. 14 (100) 31-44
Adaptions of HELP 2 (14) 40,43
Length of stay 10 (71) 32-34,36-41,43
CareWell in Hospital (CWH) 1(7) 43
Staff allocated time (hours) 7 (50) 32,34,36-38,40,42
The Recruitment of Volunteersto 1 (7) 40 . .
Improve Vitality in the Elderly Equipment/supplies 5(36) 32-34,36,42
(REVIVE) Medications 5(36) 31,32,34,41,42
(Continues) (Continues)
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TABLE 1 (Continued) TABLE 1 (Continued)
Number Number
Characteristic (%) References Characteristic (%) References
Long term nursing home stay 3(21) 35,38,39 Level 11 3(21) 36,37,41
Hospital maintenance/running cost 2 (14) 33,34 Level IIT 2(14) 31,40
Day-case 2 (14) 37,43 Level IV 1(7) 44
Delirium onset 2 (14) 32,33 Level V 4(29) 32-34,43
New dementia detection 2(14) 38,39 Unclear 1(7) 42
Adverse events incl. Pressure 2(14) 38,39 Type of economic analysis
ulcers and falls Partial evaluation 8(57) 31-35,40,43,44
Intensive care () 37 Full evaluation, that is, 6 (43) 36-39,41,42
Non-operative care (respiratory 1(7) 31 Cost-utility analysis (CUA) - 2(14) 38,39
support, room and board, model-based
laboratory)
. Cost-utility analysis (CUA) - 1(7) 37
Consultation costs 1(7) 42 trial-based
Visits to specialists 1(7) al Cost-consequence analysis (CCA) 2 (14) 36,41
Outpatient, incl. 3@ 37,4143 Cost-benefit analysis (CBA) 1(7) 42
General practitioner visits 2 (14) 37,43
. Abbreviations: CAM, confusion assessment method; CAM-ICU, confusion
Ambulance service 1(7) 37 assessment method for ICU patients; CT, computerised tomography scan;
Mental healthcare 1(7) 37 DRS-R-98, Delirium rating scale revised-98; DSI, Delirium symptom interview;
Social care (housing and meals at 1 (7) 37 DSM-1V, diagnostic and statistical manual of mental disorders, (Fourth edition);
home) ICDSC, intensive care Delirium screening checklist; ICD-9-CM, international
classification of diseases, ninth revision, clinical modification; ICD-10,
Home care 1(7) 43 international statistical classification of diseases and related health problems,
Day-care 1(7) 43 10th revision; Level I, randomised control trial (RCT), lower limit confidence
Tiienataiton 17) 53 interval (LL CI) for a measure of effect is above a meaningful benefit in
. i healthcare terms; Level II-RCT, LL CI for a measure of effect is less a
Nursing home service use 1(7) 4l meaningful benefit in healthcare terms; but the point estimate still shows
Patient out-of-pocket, incl. 1(7) 37 effectiveness of the intervention; Level III-non-RCT, concurrent control; Level
Primary care 1(7) 37 IV-non-RCT, previous or historical control; Level V-single case study; MDAS,
memorial Delirium assessment scale; MMSE, mini-mental state examination;
Types of outcomes MRI, magnetic resonance imaging; NHS, national health service.
Delirium occurrence (prevalence/ 7 (50) 32-34,36,40,42,44
incidence)
Length of stay 6 (43) 32,33,40,42-44 3.1 | Study characteristics
Mortality 4(29) 31,35,43,44
Delirium duration 32) 324044 Out of 14 studies, six studies were conducted in the US*'°
Discharge status 2(14) 26.40 (Table 1; Table C1-C3). The remagr;lglgg studies came from
the United Kingdom (UK) (n = 3)°""" and one each from
Quality-adjusted life-years (QALY) 3(21) 37-39 . 40 1 & 4(1 ) ( ) 1 43
N ) Australia,” Finland,” South Korea,”~ Netherlands,” and
Delirium severity 2 (14) 40,42 . a4 . .
Switzerland.™ All studies were published between 2011
Staff allocation (hours 2 (14 40,44 ..
( ) 19 and 2020. The mean age range of participants was 50-87
Readmissi 2(14 40,43 — — . . .
eadmission as years® 3224303874 " evcluding two studies that did not
Patient and nurse satisfaction 2(14) 33,34 report the mean age.**’ The majority of evaluations
Duration of mechanical ventilation 2 (14) 31,44 (n = 13 out of 14) were conducted in an inpatient (hospital)
Adverse events (falls, pressure 2(14) 31,40 or ICU setting,” >***"** and one study was a post-hospital
uleers, use of restraints) discharge follow-up.”> Most interventions were non-
Health outct;lrlnes (ph)ysmal and 1(7) 40 pharmacological (n — 10 out of 1 4)’31—37,39,40,43 while four
cognitive function . .
& (out of 14) incorporated both non-pharmacological and
He(:;l_l[t}l{l—Qregted quality of life 1(7) 41 ph armacolo gi cal ¢ ompon ents.38’41’42’44
0. . . . .
oidence levl Out of 14 studies, six studies (43%) were full economic
idence leve . - .
evaluations.**%**2 These included three CUA, two model-
Model 2(14) 38,39 38,39 . 37 36,41
based and one trial based;”’ two CCA and one
Level I 1(7) 35

CBA.* Only four studies were explicitly termed as economic

85U801 7 SUOWIWOD BAERID 3|dedl|dde auy Aq peusenob ake sap e YO ‘8sn Jo sajni Joj Akeid 1 auljuO 8|1 LD (SUOTIPUOO-PU.-SWBIAL0O" A3 1M AR 1 pUl|UO//STHIY) SUOTIPUOD PUe SWLB | 8L 88S *[220Z/TT/62] Uo AriqIaulUO A8]IM ‘BIeSNY 8URIHO0D [eUoleN DHIWHN Aq ZGKET Sdoe/TTTT 0T/I0p/L0o A IM AIq1BUIIUO//SCNY WO.) pepeojumod ‘0 ‘Ly¥0009T



KINCHIN ET AL. l Acta Psychiatrica S('an(linzl\'i(*nL_WI LEYJ_7

Intervention Setting Economic Level of Cost (Intrv . .
. . Outcomes and ‘Downstream’ consequences (Intrv vs Compr)
evaluation evidence*  vs Compr)
(Full/ Partial) LOS
=
£ 3
ki = 2 3
. 2 £ £ £ s
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Multi cmpnt ** Inpatient F [CUA model]  Model
MMHU ¥ Inpatient F [CUA trial] il
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HELP * Inpatient F[CCA] 1 t i s [ ] [ ]
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HELP: CWH * Inpatient 3 v | ] ||
HELP * Post-discharge follow-up P 1
Prevention strg 2 ICU F[CBA] Unclear
ABCDE *! ICU P 1 #
Guideline * ICU P v

FIGURE 2 Summary of cost and outcomes by intervention. Green — positive change, cost-saving (statistically significant);
Orange - positive change, cost-saving (not statistically significant); Pink - statistical significance not reported; - - negative
change (statistically significant); - - no statistically significant difference; White — not assessed. *HRQoL deteriorated in both
groups as a consequence of delirium. Deterioration was, however, slower in the intervention group (—0.026, 95% CI, —0.051

to —0.001) than in the control group (—0.065, 95% CI, —0.09 to —0.040; p = 0.034); * Intermediate risk group; defined as the presence
of one risk factor at baseline; ¥ High-risk group; defined as the presence of two to four risk factors at baseline; T Average daily

ICU cost; * Total ICU or hospital cost; ' For all and non-delirium patients; ** For delirium patients; ¥ Statistical significance is not
applicable, due to satisfaction being measured once. *The Cochrane-adopted levels of evidence. Adapted from AD.Oxman Checklists
for review articles. BMJ 1994;309:648-51. Level I. For a randomised controlled trial, the lower limit of the confidence interval
(expressed as a range) for a measure of effect is still above a meaningful benefit in healthcare terms; Level II. For a randomised
controlled trial, the lower limit of the confidence interval (expressed as a range) for a measure of effect is less than a meaningful
beneficial effect in healthcare terms; but the point estimate of effect still shows effectiveness of the intervention; Level III. Measures
of effectiveness are taken from non-randomised studies of groups of people where a control group has run concurrently with the
group receiving the intervention being assessed; Level IV. Measures of effectiveness are taken from non-randomised studies of
groups of people where intervention effects are compared with previous or historical information; Level V. Evidence is from single
case studies. ABCDE, Awakening and Breathing, Coordination, Delirium monitoring and management, and Early mobilisation
bundle; Cognitive function, measured by the mini-mental state examination (MMSE); Compr, Comparator; CWH, CareWell in
Hospital; Complications, ulcers, used of restraints, falls; Days/DL, days with delirium; Dis status, discharge status; DL, delirium;
Guideline, Standardised delirium management guideline; EE, economic evaluation; F, full economic evaluation; HELP, Hospital
Elder Life Program; HRQoL, Health-related quality of life; Intrv, Intervention; LOS, length of stay; Med vent, medical ventilation;
MMHU, Medical and Mental Health Unit; Multi cmpnt, Multicomponent delirium prevention; Multi geriatric, Multicomponent
geriatric treatment; P, partial economic evaluation; Physical function, measured by activities of daily living (ADL) scale; Readm,
Readmission to hospital; REVIVE, Recruitment of Volunteers to Improve Vitality in the Elderly; Satisfaction, Patient and nurse
satisfaction; Staff allocation, Staff allocation (hours) or nursing hours per case; QALY, quality-adjusted life year score.

evaluations.””**** The remaining eight studies (57%) were  admitted to medical wards®® from a UK NHS and
partial economic evaluations(Table 1),%'3>4043% Personal Social Services perspective. The multicom-
ponent delirium intervention was cost-effective
compared to usual care in 96.8%° and 96.4%>® of the

3.2 | Full economic evaluations simulations carried out in the probabilistic sensitivity

analysis (Table C1, C2). Costs savings were drawn
3.2.1 | Multicomponent delirium prevention  from the sum of inpatient care, reduced new demen-
intervention tia, reduced length of stay and long-term care, adverse

events (falls and pressure ulcers), and staff allocation.
Two UK-based studies conducted a model-based cost- The reported annual cost of operating the intervention
utility analysis of a multicomponent delirium preven-  was $408°° and $553°® per patient (all amounts in

tion intervention among older people undergoing 2019 US$). CHEERS scores were 77%°° and 83%°°
surgical repair of hip fracture®® and older people accordingly (Figure 3).
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FIGURE 3 CHEERS quality assessment of full economic evaluations. Percentage score is based on the number of ‘yes’ or met criteria

plus half the number of somewhat’ or half met criteria, divided by the number of studies for which criteria applied. CHEERS criteria:

1 - Title; 2 - Abstract; 3 — Background and objectives; 4 — Target population; 5 - Setting and location; 6 — Study perspective;

7 — Comparators; 8- Time horizon; 9 — Discount rate; 10 — Choice of outcomes; 11. Measurement of effectiveness; 12 - Measurement and
valuation of preference-based outcomes; 13- Estimating resources and cost; 14 — Currency, price date and conversion; 15 - Choice of model;
16 — Assumptions; 17 — Analytical methods; 18 - Study parameters; 19 - Incremental costs and outcomes; 20 — Characterising uncertainty;
21 - Characterising heterogeneity; 22 - Study findings, limitations, generalisability and current knowledge; 23 - Source of funding;

24 - Contflicts of interest. Index: Green - yes; Orange — somewhat; - - no; White — not applicable. HELP, Hospital Elder Life Program;
Multi cmpnt, Multicomponent delirium prevention intervention; Multi geriatric, Multicomponent geriatric treatment; MMHU, Medical and

Mental Health Unit; Prevention strg, Delirium prevention strategy.

3.2.2 | Medical and mental health unit

One study examined the cost-effectiveness of the Medical
and Mental Health Unit (MMHU) for older people with
delirium and dementia admitted to a general hospital
from a UK NHS and Personal Social Services perspective
using a randomised control trial design.?” The probability
that MMHU was cost-effective ranged between 39% and
94%. This large variation could be attributed to relatively
small and not statistically significant changes in the costs
and outcomes detected between the intervention and
control groups and the methods employed to account for
missing data.

The MMHU intervention cost was calculated as the
additional staffing costs needed to perform the interven-
tion compared to UC on a general or geriatric ward. The
mean per-patient intervention cost was $482. This study
was classified as Level II evidence. CHEERS score was
84% (Figure 3).

3.2.3 | Multicomponent geriatric
intervention

One study investigated the effect of a multicomponent
geriatric intervention on costs of care and health-related
quality of life in older people admitted to a general hospi-
tal ward using a randomised control trial.*' The difference
in costs between the intervention group and usual care
was non-significant. Costs were the sum of all associated
inpatient care, including length of stay in various institu-
tions such as hospitals, nursing homes, or long-term care

hospitals, visits to specialists, medications and home nurs-
ing visits after the index hospitalisation for delirium.
Health-related quality of life deteriorated in both groups
as a consequence of delirium at discharge and 1-year
follow-up. Deterioration was significantly slower in the
intervention group compared to the usual care group.
Intervention cost was not reported separately. The inter-
vention was reported to reduce health-related quality of
life deterioration without increasing the overall cost of
care. This study was classified as Level II evidence.
CHEERS score was 84% (Figure 3).

3.24 | Multicomponent targeted
intervention — MTI (adaption of HELP)

A US-based study conducted a longitudinal follow-up
from a randomised trial to estimate the incremental cost
of long-term nursing home care for patients who received
MTTI while hospitalised compared to those who did not
receive the intervention.>> The intervention was associ-
ated with a cost savings of 15.7% (p = 0.01). Costs were
calculated by reviewing nursing home use, including
length of stay in the one-year follow-up. The cost of the
intervention was not reported. This study was classified
as Level I evidence. CHEERS score was 71% (Figure 3).

3.2.5 | Delirium prevention strategy

In a Korean surgical ICU, Lee et al evaluated the costs and
benefits of the prevention strategy using a clinical record
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review.*> Compared to the usual care, hospitalisation costs
among those in the prevention-care group were lower.
Costs included inpatient care (consisting of medications,
consultation cost, equipment/supplies) and staff alloca-
tion (hours). Participants in the prevention-care group
had significantly reduced length of stay and complica-
tions. Although the prevalence of delirium was reduced
for the prevention-care group (35.3% compared to
51.6%) it did not reach significance. The total costs of
the prevention strategy were estimated as $32 and
included $5 for consultation, $1 for medication, $1 for
equipment and $25 for nursing time costs. This study
was classified as ‘Unclear’ evidence. CHEERS score was
61% (Figure 3).

3.3 | Partial economic evaluations
3.3.1 | Hospital elder life program or its
adaptation

Six studies evaluated the Hospital Elder Life Program
(HELP) program or its adaptation in the inpatient settings
using a partial economic evaluation design.****%4%* The
annual reported cost of operating HELP ranged between
$86,886°% and $309,172°% and included personnel and sup-
plies. The corresponding annual financial return of HELP
ranged between $1,007,474° and $6,204,336.>> These cost
savings were a result of revenue generation acquired from
successful delirium prevention (reduced incidence) and
reduced length of stay. A study by Rizzo et al.*® reported
per patient cost and financial return of HELP, which were
$386 and $532, respectively.

Bakker et al conducted a pilot evaluation of an
adaption of HELP called CareWell in Hospital (CWH)
in Dutch hospital setting.** The intervention demon-
strated its feasibility and potential cost savings. In
comparison to usual care, CWH resulted in reduced
healthcare costs 3 months after discharge. Costs
savings were drawn from reduced hospital admis-
sions, visits to a general practitioner, home care,
institutionalisation, and day care. Other outcomes,
including ‘downstream’ consequences, were reduc-
tion in length of stay, reduction in readmission within
1 month and reduction in death within 3 months post-dis-
charge. The cost of running the CWH was not reported.
This study was classified as Level V evidence. CHEERS
score was 33% (Figure 3).

Caplan et al evaluated another adaptation of HELP
called the Recruitment of Volunteers to Improve Vitality
in the Elderly (REVIVE) in the Australian healthcare sys-
tem.*’ Based on the reduced length of stay and increased
use of assistants in nursing, REVIVE showed a total

annual saving of $62,978 for the hospital. The cost of
REVIVE was not reported. This study was classified as
Level III evidence. CHEERS score was 50% (Figure 3).

3.3.2 | Awakening and breathing,
coordination, delirium monitoring and
management, and early mobilisation bundle

A study from the US measured the impact of the staged
implementation of awakening and breathing, coordina-
tion, delirium monitoring and management, and early
mobilisation (ABCDE) bundle versus breathing trials,
awakening and delirium monitoring (B-AD) partial
bundle.®’ No cost changes were seen between baseline
and partial B-AD bundle, however, there were signifi-
cant differences between partial B-AD bundle and
full ABCDE bundle. Of those, total ICU costs and total
hospital costs were reduced. Costs included inpatient,
non-operative care (e.g., respiratory support, room and
board, laboratory, medications). In addition, the pro-
portion of patients with ICU-acquired pressure ulcers
decreased (p <0.001), and the proportion of ICU
patient days in restraints decreased (p <0.001) after
implementation of Early mobilisation and Coordination in
the full bundle (B-AD vs. ABCDE). Furthermore, the dura-
tion of medical ventilation was significantly shorter in
the full ABCDE bundle compared to partial B-AD
bundle, and ICU LOS was significantly shorter across
all three periods in the full versus partial bundle (p < 0.001).
Intervention costs were not reported. This study was
classified as Level III evidence. CHEERS score was 71%
(Figure 3).

333 |
guideline

Standardised delirium management

Schubert et al used a retrospective cohort design with a his-
torical control (pre-intervention) group to test the effective-
ness of a standardised multi-professional, multicomponent
delirium guideline in a Swiss surgical ICU.** Multivariate
models comparing the historical usual care group with the
intervention group indicated significant increase in delirium
period prevalence, the cost per case, length of stay in ICU,
and a significant decrease in the duration of mechanical
ventilation in the postintervention group. The observed dif-
ferences in in-hospital mortality, delirium duration, length
of stay in the hospital, and nursing hours per case - were
not significant. Cost per case was drawn from the sum of
individual healthcare costs and overheads per case. Inter-
vention cost was not reported. This study was classified as
Level IV evidence. CHEERS score was 69% (Figure 3).
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34 |

Summary of costs and outcomes

Just over half of the evaluations (n = 8; 53%) reported the
cost of intervention.**>***7***142 Personnel, including
additional nursing time, consultation costs, equipment,
and medications, were the most included resources. The
intervention cost ranged from $386 to $553 per person
inpatient and $32 per person in an ICU. HELP imple-
mentation cost was reported as between $86,886 and
$309,172 per annum.

Three studies and two interventions (multicomponent
delirium prevention and HELP) reported significant cost
savings or cost offsets somewhere else in the health sys-
tem (Figure 2).>%3%3 Two studies observed statistically
insignificant changes in cost,>”** and two studies®*°
showed mixed results. Cost savings related to inpatient,
outpatient, and out-of-pocket costs ranged between $194-
$6022 per person inpatient in general and $4697 per
person in ICU. HELP reported cost savings between
$62,978 and $6,204,336 per annum.

No intervention demonstrated a positive and statisti-
cally significant change in all measured health effects,
except for the modelled multicomponent delirium pre-
vention interventions®®*?° and HELP post-discharge
follow-up study (Figure 2).*

3.5 | Quality assessment

The overall quality of the full economic evaluation stud-
ies varied, with CHEERS scores ranging between 61%
and 84% (Figure 3). The average score was 74% (+ SD
10%). Individual criteria scores ranged from 25% to 100%.
The lowest scoring requirements were for declaration of
conflicts of interest (criteria 24; score 25%), discount rate
(9; 33%), and title (1; 42%).

4 | DISCUSSION

This systematic review examined the economic evidence
of interventions for reducing, preventing, and treating
delirium. We identified 14 economic evaluations across
nine multicomponent and nonpharmacological interven-
tion types aimed mainly at inpatient delirium. Most of
the studies (57%) were partial economic evaluations,
either because they compared alternatives but focused on
costs only (cost analysis), focused on costs only and did
not compare alternatives (cost description), or focused on
both costs and outcomes but did not compare alternatives
(cost-outcome description).

The US HELP program, or its adaptation, was the
most evaluated intervention (seven out of 14 evaluations:

50%). HELP is a multicomponent delirium prevention
protocol that systematically addresses visual and hearing
impairment, immobility, disorientation, sleep deprivation
and dehydration.*> Largely results showed positive finan-
cial and health effects associated with HELP. However,
the quality of evidence was mostly Level V, meaning that
measures of effectiveness came from case studies.

All except for one HELP study”® were partial economic
evaluations. In that study, Rizzo and colleagues®® showed
the differential effect of HELP across groups at varying
baseline risk for delirium. HELP significantly reduced
healthcare costs among subjects at intermediate risk for
developing delirium, but not among high or low-risk sub-
jects. The differential effect of results across groups at vary-
ing baseline risk for delirium is an important finding,
reinforcing the need to target interventions towards groups
most likely to benefit from the intervention strategy.

Similarly, Schubert and colleagues** observed mixed
results when evaluating multicomponent delirium man-
agement guideline implementation in two ICUs. On the
one hand, results showed that the implemented guideline
led to reduced mechanical ventilation duration indepen-
dent of multiple disease-associated factors; on the other
hand, length of stay in ICU, delirium prevalence and cost
per case increased significantly. Based on these results and
previous research,* economic evaluations of delirium
interventions should consider differentiating and targeting
patients at varying baseline risks for developing delirium.

All other interventions had limited evidence of mixed
results coming from partial economic evaluations, except
for the multicomponent delirium prevention interven-
tion, which was evaluated twice via decision-analytic
modelling for older people admitted to medical wards™
and undergoing hip fracture repair.”® In both instances,
the intervention demonstrated cost-effectiveness in the
UK healthcare settings in comparison to the usual care.

The largely low-methodological quality of interventions
for delirium may stem from several reasons, including the
lack of mandatory appraisal. The efficiency of research
uptake is being streamlined in pharmaceuticals and medical
technologies.*® Results of a comparative appraisal of these
technologies, using explicit cost-effectiveness criteria, are
often used to inform resource allocation and enable market
access.*® A comparative cost-effectiveness appraisal of inter-
ventions for delirium, using high-standard reporting criteria,
would contribute to their improved methodological quality.
Every attempt should be made to standardise reporting
methods and results, address biases, and deploy explicit and
transparent frameworks for incorporating multiple criteria
in decision making when value-for-money is uncertain. A
full economic evaluation would be recommended over par-
tial evaluation and include a comparison of two or more
alternatives and measuring both the immediate costs and
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health effects and their ‘downstream’ consequences (future
events averted) as a result of reducing, preventing, or
treating delirium.

When appraising interventions for reducing, preventing,
or treating delirium, it is essential to standardise outcome
measures and account for varying baseline risks for develop-
ing delirium and adverse events of clinical importance, such
as falls, pressure injuries, malnutrition, and dehydration,
with particular attention given to those that differ substan-
tively between the alternatives being compared. Further,
the exclusion of certain cost categories might create biases
and unexpected consequences when the intervention is
implemented. Delirium interventions often employ volun-
teers to provide nonmedical services, such as providing
information, emotional support and reassurance to patients
and their families. A societal perspective would be the most
pertinent to use when evaluating these interventions. The
costs volunteering are often ‘hidden,” neither quantified nor
explicitly recognised.”” However, volunteers are not free,
and hospitals may incur costs in recruitment, administra-
tion, liability, supervision, and recognition.48 There is no sin-
gle method for the valuation of volunteer time.”* From an
organisational perspective, volunteer hours’ value can be the
amount it would cost the organisation to replace volunteers.
However, volunteers often undertake more flexible tasks
than paid employees with fewer expectations from the orga-
nisation and differing productiveness. From the volunteer
donor perspective, the opportunity cost of time can be a rea-
sonable measure. This would entail estimates of wages for
retired or not in the labour force. Whatever the methodolog-
ical approach, the study should explicitly acknowledge it by
applying the relevant perspective.

Generally, the presentation of all elements of costs and
outcomes ought to be in a manner that allows readers to
scrutinise the data and methods used and facilitates the
transferability of results. Adopting reporting standards, such
as, for example, CHEERS statement® or Drummond's
checklist** is highly recommended and would improve the
methodological quality of interventions for delirium.

41 | Strengths and limitations

There are no previous systematic reviews with a similar
scope as ours to the best of our knowledge. While Caplan
and colleagues® conducted a narrative review of the
financial and social costs of delirium and included a sum-
mary of interventions, it was not systematic nor assessed
the quality of evidence. Although the search strategy
aimed at including all studies broadly fitting the pre-set
definition of delirium, this review did not include studies
characterised by the alternative search term ‘acute confu-
sional state,” nor published since June 2020 or non-

l \cta Psychiatrica Ht'zm(linm'i(*:l_WI LEY n

English literature that may have limited the findings of
this review. We took a systematic approach to include
only studies where the key concept (delirium) was clearly
defined. Despite using a binary system to review and
assign quality scores to each study based on the CHEERS
adapted checklist, some subjectivity may have biased the
scoring. Finally, the studies' heterogeneity prohibited
meta-analysis due to the lack of reported standard error/
deviation of mean costs and outcomes.

It is worth noting that the cost information is highly
context-specific and dependent on the perspective taken
and the types of costs included in the analysis. It could
vary from country to country and may vary within a coun-
try over time. A reader should bear this in mind when
making inferences about the cost implications.

To conclude, our findings highlight sparse and gener-
ally low-quality economic evidence of delirium interven-
tions in the English language literature. There is
insufficient evidence about the factors that determine the
cost-effectiveness of delirium reduction efforts, such as
models of care, implementation process, or target
populations. Directed expansion of health economics
towards the evaluation of delirium care is necessary. This
will ensure that decisions surrounding the implementation
of delirium interventions effectively meet patients’ needs
and cost-effectiveness if similar outcomes are achieved at
less cost or better outcomes for the same cost.
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APPENDIX A: APPENDICES

TABLE A1l
Delirium
Delirium or

delirium.mp.

Core concepts and relevant search terms

Cost

“Costs and cost analysis”/or cost.mp

Economic evaluation or economic
evaluation.mp

Cost-utility analysis/or cost-utility
analysis.mp

Cost-benefit analysis/or cost-benefit
analysis.mp

Cost-minimization analysis/ or cost-
minimization analysis.mp

“Cost of illness” or “cost of illness”.mp

APPENDIX B

alternatives examined?

Are both costs (inputs) and consequences (outputs) of the

Are two or more

Are two or more

A 2 A 4
Yes No
I
v
Examine
consequences
only

v

Examine costs
only

Are two or more

alternative: alternatives alternatives
compared? compared? compared?
Yes No Yes No Yes No
Full
economic . . . . .
evaluation Partial Partial Partial Partial Partial
(eg CCA economic economic economic economic economic
) ’ evaluation evaluation evaluation evaluation evaluation
CEA, CUA
CBA)

FIGURE B1
for full or partial economic evaluations,

Classification scheme

adapted from Drummond, Sculpher,
Claxton, Stoddart, Torrance.?> CBA,
cost-benefit analysis; CCA, cost-
consequences analysis; CEA, cost-
effectiveness analysis; CUA, cost-utility
analysis
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