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Abstract 

Background:  Among potentially modifiable risk factors for delirium, transfers between wards, hospitals and other 
facilities have been mentioned with low evidence. TRADE (TRAnsport and DElirium in older people) was set up to 
investigate i) the impact of transfer and/or discharge on the onset of delirium in older adults and ii) feasibility and 
acceptance of a developed complex intervention targeting caregiver’s participation during and after hospital dis‑
charge or transfer on cognition and the onset of delirium in older adults.

Methods:  The study is designed according to the guidelines of the UK Medical Research Council (MRC) for develop‑
ment and evaluation of complex interventions and comprises two steps: development and feasibility/piloting. The 
development phase includes i) a multicenter observational prospective cohort study to assess delirium incidence and 
cognitive decline associated with transfer and discharge, ii) a systematic review of the literature, iii) stakeholder focus 
group interviews and iv) an expert workshop followed by a Delphi survey. Based on this information, a complex inter‑
vention to better and systematically involve family caregivers in discharge and transport was developed. The interven‑
tion will be tested in a pilot study using a stepped wedge design with a detailed process and health economic evalu‑
ation. The study is conducted at four acute care hospitals in southwest Germany. Primary endpoints are the delirium 
incidence and cognitive function. Secondary endpoints include prevalence of caregiver companionship, functional 
decline, cost and cost effectiveness, quality of discharge management and quality of admission management in 
admitting hospitals or nursing homes. Data will be collected prior to discharge as well as after 3, 7 and 90 days.
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Background
Delirium is a growing medical burden especially for hos-
pitalized older adults with incidences of up to one third 
among those 70 years of age or older [1]. In a meta-anal-
ysis with 42 studies delirium in hospital and post-acute 
care was associated with increased post discharge mor-
tality and institutionalization rates [2]. Risk factors for 
delirium are multidimensional and include non-modi-
fiable aspects such as age, acute illness or pre-existing 
dementia [3]. Others, like major surgery, anesthesia, 
immobilization during inpatient treatment, drug side 
effects and several psychological, social and environ-
mental factors are linked to acute hospital care itself and 
potentially modifiable [4–7]. Delirium is associated with 
complications such as falls, nosocomial infections and 
subsequent loss of autonomy. Delirium prevention and 
treatment is, therefore, an indicator of patient safety and 
quality in modern health care settings [8, 9].

Most deliria occur during the first days after admis-
sion to a hospital. In addition to the acute illness, hos-
pital and room transfers could account as triggers [10]. 
In retrospective cohort studies room transfers in acute 
care hospitals have been shown to increase delirium 
risk in surgical and nonsurgical patients [11, 12]. How-
ever, the impact of transportation or transfer within a 
hospital and/or after discharge has not been evaluated 
prospectively.

Considering therapeutic and preventive strategies, 
non-pharmacologic interventions with a focus on reori-
entation, minimal change in hospital staff and involve-
ment of family caregivers are effective ways to reduce 
delirium incidence during hospital stay [13]. Potentially 
modifiable environmental factors such as providing read-
ing glasses and hearing aids or family support can reduce 
the severity of delirium symptoms in nursing home resi-
dents [14]. The most prominent multicomponent non-
pharmacologic intervention is the Hospital Elder Life 
Program (HELP), which reduced in a hospital setting 
cognitive decline from 26 to 8% and functional decline 
from 33 to 14% in a cohort of older persons [15]. A 
meta-analysis of 14 interventional studies showed that a 
multicomponent intervention including changes in envi-
ronmental factors was associated with a significant risk 

reduction for incident delirium of 0.53 (95% confidence 
interval (CI) 0.38 to 0.58) [16].

The TRAnsport and DElirium in older people (TRADE) 
study aims to evaluate the impact of transfers including 
the discharge process on subsequent delirium incidence 
and cognitive decline. Furthermore, a complex interven-
tion will be developed that involves caregivers during 
and after transitional care to prevent delirium using non-
pharmacologic strategies. This intervention will be tested 
in a pilot study including a process and health economic 
evaluation.

Methods
Study design
The TRADE project comprises the first two steps of the 
Medical Research Council (MRC) framework for the 
development and evaluation of complex interventions: 
development and feasibility/piloting [17, 18]. TRADE 
consists of three study parts shown in Fig. 1:

Development (part 1)
The development phase of TRADE includes identifica-
tion of existing evidence, identifying and/or develop-
ing of intervention theory, modeling processes and the 
definition of outcome measures. For this purpose, a pro-
spective observational study, a systematic review, focus 
groups, an expert workshop and a Delphi survey have 
been performed.

Observational cohort study
A prospective observational cohort study was conducted 
to identify the impact of transfer to another hospital 
department or discharge from the hospital on the inci-
dence of delirium and cognitive decline. Participants were 
recruited at departments for internal medicines at four 
study centers at three university hospitals: Heidelberg: 
Department of Cardiology, Tuebingen: Departments of 
Cardiology and Gastroenterology, Ulm: Departments of 
Gastroenterology and Trauma Surgery and one academic 
geriatric hospital (Agaplesion Bethanien Krankenhaus 
Heidelberg, associated to Heidelberg University) located 
in southwest Germany. The observational study was one 
of the main components for the development of the pilot 

Discussion:  TRADE will help to evaluate transfer and discharge as a possible risk factor for delirium. In addition, 
TRADE evaluates the impact and modifiability of caregiver’s participation during patient’s transfer or discharge on 
delirium incidence and cognitive decline providing the foundation for a confirmatory implementation study.

Trial registration:  DRKS (Deutsches Register für klinische Studien) DRKS0​00178​28. Registered on 17th September 
2019. Retrospectively registered.
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intervention. Study modalities (e.g. inclusion/exclusion 
criteria, assessments) were comparable to the piloting 
intervention, described in detail below. The observational 
study was performed from August 2019 till February 
2020 and included 245 participants.

Systematic review
The aim of the systematic search and review was to iden-
tify the existing evidence for risk factors for delirium as 
well as for effective non-pharmacological intervention 
components to prevent delirium associated with a change 
of location or transfer for patients aged 65 years or older.

Focus group interviews
Focus group interviews were conducted with involved 
health care professionals of the participating hospitals 
and with transport providers to explore the local dis-
charge and transitional care procedures, existing prac-
tice, problems and needs. Furthermore, people involved 
in the discharge process should be identified and targeted 
for intervention.

Expert workshop
The results of the three previous steps (observation study, 
review, focus group interviews) were synthesized in a 
structured expert workshop using nominal consensus 
techniques involving health care professionals to identify 

and develop a first draft of intervention components and 
implementation strategies.

Delphi survey
The draft from the expert panel was consented in an 
online-Delphi survey involving health care profession-
als participating in the workshop, external experts of 
delirium and caregiver representatives. In this modified 
Delphi process, experts were asked to make comments or 
further suggestions [19]. Since there was already a strong 
agreement in the first round with only a few minor com-
ments, we refrained from implementing a second round.

Main results of the development part
Based on this development process a complex interven-
tion has been designed to achieve the a priori target of 
promoting caregiver companionship of participants dur-
ing and after transitional care.

A logic model was used to visualize the whole collected 
information and theoretical foundations of the develop-
ment phase. This was used to represent what is going to 
be done, how the individual components are interrelated 
and what results are expected [20].

Detailed results of the whole development of the com-
plex intervention will be published elsewhere.

Tailormade information materials for relatives or con-
fidents, discharge managers, social service professionals 
and health care professionals were developed. The results 

Fig. 1  Project overview. TRADE consists of three parts
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are summarized as follows: The major aim of the inter-
vention is to empower caregivers to support the persons 
they care for during and after transfer and discharge from 
the hospital, including in some cases the arrival at a new 
institution. In addition to maximizing the time of com-
panionship other seven important elements were identi-
fied building the 8-item program that is shown in Fig. 2 
as part of our intervention booklet: accompany discharge, 
transfer and transportation, create familiarity, pass on 
information, support orientation, adapt communication, 
structure everyday life, promote exercise and encourage 
adequate nutrition.

Analysis of focus groups and expert workshops con-
firmed the a priori hypothesis that the implementation 
of the intervention should not only focus on hospital 
staff, but also on patients and caregivers alike. Before 
starting the intervention, gatekeepers will be identified 
in all participating centers in order to record the local 
structures and discharge processes at the beginning and 
at the end of the intervention phase, to be able to draw 
a comparison. With beginning of the intervention, all 
identified healthcare personal involved in the discharge 
process will be trained. Because discharge structures dif-
fer from hospital to hospital, multipliers, called cham-
pions, will be identified and trained at a maximum of 3 
weeks before start of the intervention in each partici-
pating center to advise the rest of the staff involved in 
discharge procedures such as physicians, ward nurses, 

social workers, ward secretaries and others. This train 
the trainer approach consists of several steps. In a first 
step awareness for the study, the relevance of delirium 
and the motivation to participate in the intervention has 
to be promoted. In a second step, champions will be con-
stantly supported to adhere to the intervention by regu-
lar video or telephone meetings with the project team. 
The other health care professionals will be also informed 
about delirium and the interventions in a short training 
session.

In addition to the focused training, discharge managers 
and associated clinical disciplines will be provided with 
educational material as well as with prepared communi-
cation strategies to facilitate focused briefing to caregiv-
ers and patients. The educational materials consist of the 
following:

•	 A handbook for discharge managers and health care 
professionals: It summarizes general information on 
delirium risk factors and clinical impact in acute care 
hospitals. In addition, it outlines the 8-item-program 
and supports professionals providing a conversa-
tion guide for structured information provision to 
patients and primary caregivers.

•	 A check list for the discharge procedure for health 
care professionals.

•	 An educational flyer for primary caregivers: It 
includes all essential information on non-pharmaco-

Fig. 2  Delirium prevention and intervention strategies with eight major items (8-item-program)
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logic intervention strategies in the 8-item-program. 
Primary caregivers will be encouraged to deliver the 
intervention and support patients around hospital 
discharge. Flyers will be also used to generate aware-
ness in other professionals e.g. transport service staff.

•	 A “Dos and Dont’s” poster for health care profession-
als: They will be placed in highly frequented places 
in the participating departments and present impor-
tant principles of delirium friendly discharge and 
links to further information materials supplied by the 
TRADE study.

•	 “1-min-information” posters for health care pro-
fessionals (following the “One minute Wonder” by 
Schmidt & Krueger [21, 22]): These are different 
posters that are displayed at highly frequented places 
in the participating departments and where persons 
wait for a maximum of 1 min (e.g. coffee machine). 
They contain brief information on delirium in gen-
eral and delirium friendly discharge strategies with 
focus on one topic on every poster. Posters will be 
exchanged weekly to ensure ongoing attention to the 
project and to refresh knowledge on the topics.

•	 Online information videos for health care profes-
sionals as well as for caregivers with expert interview 
concerning delirium in general and in the context of 
discharge and transfer.

A summary of key components of the intervention in 
the context of the participant’s hospital treatment time-
line can be found in Fig. 3:

Feasibility and piloting (part 2)
In the second part, a pilot study is conducted in the 
four participating centers using a stepped-wedge design 
in order to test the feasibility of the complex interven-
tion for increasing caregiver companionship of partici-
pants during transitional care and its impact on delirium 
prevention.

Due to severe acquired respiratory syndrome-corona 
virus 2 (SARS-CoV2)-pandemic the number of encoun-
ters with the participants had to be reduced compared 
to the observational cohort study and the start of the 
intervention had to be postponed from October 1st 2020 
to April 1st 2021. Baseline and follow-up assessments 
were adapted based on the experiences of the develop-
ment phase. In total, 500 participants are planned to be 
recruited, equally distributed across the four intervention 
sites. This includes the observed dropout rate of approxi-
mately 20%.

Study population
All patients 70 years or older admitted to the participat-
ing wards will be informed about the TRADE project. In 

Fig. 3  Elements of intervention in the timeline of discharge management. Legend: Green boxes: timeline of discharge planning; white boxes: 
involvement of caregivers, number in brackets: aspect of 8-item-program; blue boxes: involvement of nurses/ ward secretaries; orange boxes: 
involvement of health care professional depending on the procedures of hospital (responsibility of nurses/physician/discharge manager/social 
services/etc.); grey circle: Intervention elements
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every study center, the TRADE Study team consists of 
trained study nurses and research assistants, supported 
by study physicians. Once consent is obtained, partici-
pants will be assessed by trained assessors.

Admissions to acute care will be regularly screened for 
eligibility for the study. In addition, awareness of patients 
and caregivers will be raised by putting up advertis-
ing posters and adding an informative flyer about the 
TRADE Study to the regular hospital admission folder 
which also refers to more information on the website.

In addition to patients, their primary caregivers will 
also be included in the study. We defined primary car-
egivers as follows: everybody with a close personal rela-
tionship to the patient such as partners and other family 
members but also close friends, confidents, neighbors or 
long-term legal guardians as identified by the patients. 
During the observational part of the study primary car-
egivers were asked for participation whenever possible. 
As caregiver’s participation is a key element for a success-
ful intervention, their participation is mandatory during 
the pilot intervention part of the study.

Inclusion criteria
All inpatients of participating departments aged 70 years 
or older that are planned for discharge within the next 4 
days were eligible for the observational study. Consider-
ing the rapid changes observed in the clinical course dur-
ing hospitalization the allowed time from inclusion in the 
study till discharge was reduced in the pilot study from 
four to three days.

Exclusion criteria
Patients with insufficient knowledge of the German lan-
guage are excluded. For patients who are unable to pro-
vide consent because of cognitive deficits an informed 
consent will be acquired from their legal representa-
tives. If no legal representative is available, patients have 
to be excluded from the study. Patients with a need for 
palliative care medicine and an estimated prognosis of 
less than 3 months of survival are also excluded from the 
study.

Patients with cognitive impairment
According to representative cohort studies on inpatients 
in German hospitals approximately 40% of examined 
patients will have slight or severe cognitive impairment 
[23]. Patients with cognitive impairment have a higher 
risk to develop delirium, which at the same time is known 
to promote persistent progression of cognitive impair-
ment [24]. Therefore, patients with cognitive impairment 
especially benefit from delirium prevention strategies.

Supplementary Figure  1 provides standardized algo-
rithm for inclusion/exclusion to address the challenge to 
include this specific group.

Patients’ withdrawal
Patients are allowed to withdraw their participation in 
the study at any given point of time. Reasons for discon-
tinuation will be assessed if allowed by the patient.

Intervention
As described above the intervention has been created 
in a development process with multiple components. 
The involvement of primary caregivers is a key element 
to develop a multimodal non-pharmacological delirium 
intervention in a cost-efficient and easy implementable 
way.

Outcomes and measurements
Primary outcomes
Primary outcomes are delirium incidence and cognitive 
function [25].

Delirium
When screening for delirium, anamnestic information on 
acute onset and fluctuating course is essential for delir-
ium detection, but can be difficult to acquire in a single 
contact with the participant. Therefore, delirium screen-
ing strategy in TRADE combines information from dif-
ferent sources: patient, caregiver, and nurse. Delirium is 
screened by interviewing the patient, the primary car-
egiver and the nursing staff at baseline and on day 3, 7 
and 90 after discharge. In the intervention part of the 
study delirium screening on day 3 after discharge will 
only be performed in a telephone interview with the pri-
mary caregiver.

As main delirium screening tool for assessing the 
patient the German version of the Confusion Assessment 
Method (CAM) is being used [26, 27]. This gold standard 
of delirium detection has been adapted over time to sev-
eral sub-assessments preserving the four key elements in 
detecting inattention, disorganized thinking, alteration of 
consciousness and acute onset/ fluctuating course. In the 
observational cohort study we use the I-CAM-S Version 
combining a double check with ICD-10 criteria (I-CAM) 
and a delirium severity score (CAM-S) as described by 
Sánchez et al. [7, 28, 29]. In the interventional part of the 
study the 3-min diagnostic interview CAM version (3D-
CAM) has been added [30]. 3D-CAM facilitates assess-
ment for the raters by detailed instructions and closed 
questions. For the caregivers the Family Confusion 
Assessment Method (FAM-CAM) will be used [31]. The 
five-item Nursing delirium screening scale (Nu-DESC) 
allows to rate attending nurses’ observations concerning 
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disorientation, inappropriate behavior and communica-
tion, hallucinations and psychomotor retardation over a 
24-h period [32]. For the interventional part of the study 
two easy to use screening instruments for delirium were 
added to the assessment battery: The bedside confusion 
scale (BCS) as a simple and short test for delirium that 
can be derived from 3D-CAM assessment and focuses 
on the items psychomotor disturbance and awareness 
[33]. In addition, attending nurses and primary caregivers 
will be asked the Single Question in Delirium assessment 
(SQiD): ‘Do you think [name of patient] has been more 
confused lately?’ [34].

The combined endpoint is defined as follows: delirium 
is present if signs of delirium are reported in one of the 
delirium assessments regardless of the source (patient, 
caregiver, nurse). Subgroup analysis evaluating the role 
of patient assessment versus caregiver/nurse assessments 
are considered if feasible.

Cognitive function
For assessment of cognitive function three different ver-
sions of the Montreal Cognitive Assessment (MoCA) 
Version 7 is used on baseline and on day 7 and 90 of the 
follow-up, respectively [35]. The MoCA is a brief cogni-
tive screening test well established in assessment of older 
persons. Its advantage against other short cognitive tests 
is the assessment of multiple cognitive domains including 
visuo-spatial ability, attention, executive functions, mem-
ory, language, abstraction and orientation [35].

Secondary outcomes
Secondary outcomes are mainly proxies for physical 
function such as activities of daily living (ADL) and his-
tory of falls, antipsychotic medication use, mortality and 
new admissions to residential care.

For basic ADLs the Barthel Index and for instrumen-
tal ADLs the Lawton Index are used [36–38]. Mobility 
is assessed via the Rivermead mobility index [39]. It was 
chosen because it can capture the wide mobility range 
that is expected in geriatric medical inpatients without 
relevant ceiling or floor effects.

A complete medication list including medication type, 
dose and frequency, is recorded at baseline and at every 
following visit. This opens the opportunity to track the 
change in antipsychotics as well as other medication 
classes. As anticholinergic burden is a relevant risk factor 
of delirium incidence in older adults, medications will be 
assessed under this aspect [40, 41].

Companionship of caregivers during and 7 days after 
discharge will be measured by documenting the number 
of visits and amount of time spend by the caregivers with 
their confidents. Additional rate of application of the dif-
ferent protocols of the 8-item-program will be recorded.

For health economic evaluation, data of all partici-
pants who are insured by a specific health care insurance 
(Allgemeine Ortskrankenkasse Baden-Wuerttemberg 
[AOK]) and have consented to the transfer of their rou-
tine data will be analyzed separately. Participants insured 
by AOK are estimated to form about 1/3 of the study 
population. Routine data will be analyzed 1 year before 
and 3 months after transfer/discharge. Costs and cost-
effectiveness (outcome delirium prevented) will be 
evaluated from a social health insurance perspective. 
In addition, the intervention-specific resource use of 
patients, relatives and hospital staff will be determined.

Covariates
Basic sociodemographic patient information includes 
age, gender, weight, height, vital signs, marital sta-
tus, family network and regular social contacts, living 
arrangement, immigration background, education level, 
occupation, advanced directive and power of attorney 
status, nicotine consumption, alcohol consumption, falls, 
use of walking aids, and care level.

Sensory function is assessed using the visual acuity 
and whisper test as well as through self-report [42, 43]. 
Handgrip strength is measured with the Jamar® Hydrau-
lic Hand Dynamometer [44]. Subjective memory impair-
ment and history of previous episodes of delirium are 
also addressed [45]. Comorbidities and personal medi-
cal history are obtained by asking the patient “Have you 
ever been diagnosed any of the following diagnosis?:”, fol-
lowing the read out of an adapted version of the Charl-
son Comorbidity Index (CCI) listing [46]. In addition, 
all diagnoses on the discharge summary are extracted. 
Depression and anxiety are measured by the Patient 
Health Questionnaire (PHQ-4) [47]. Sleep quality is 
quantified based on the Pittsburgh Sleep Quality Index 
(PSQI) [48]. Frailty is assessed with the Clinical Frailty 
Scale of the Canadian Study of Health and Aging (CSHA 
Clinical Frailty Scale) [49]. Pain is measured using the 
Numeric Rating Scale (NRS) [50].

Primary caregivers are interviewed concerning pre-
existing cognitive deficits using the Informant Question-
naire on Cognitive Decline in the Elderly (IQCODE) [51]. 
Because of the SARS-CoV2-pandemic a questionnaire 
concerning psychological and social burden for patients 
and primary caregivers was set up and integrated at T2 in 
the intervention study.

Following laboratory measurements are collected at 
baseline from the documentation: leukocytes, mean 
cellular volume, hemoglobin, thrombocytes, sodium, 
potassium, creatinine, urea, alkaline phosphatase, liver 
function test, HbA1c, total amount of protein/albumin, 
NT-proBNP, TSH, glucose, C-reactive protein. No study-
specific blood samples are taken.
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Concerning process evaluation, specific questions are 
included into baseline and follow-up assessments that 
will characterize modalities and quality of discharge and 
transportation planning and conduct.

Table  1 gives a summary of the enrollment, interven-
tion and assessments planned for the TRADE study.

Participant ‘s timeline
From the participant’s perspective the study starts in the 
hospital with a detailed baseline assessment four/three 
days or less prior to discharge (T0). After discharge fol-
low-up assessments are on day 3 (+/− 1 day; T1), on day 
7 (+/− 1 day; T2) and day 90 (+/− 7 days, T3). While in 
the observational study all visits were done personally, 
for the pilot intervention a telephone assessment with 
the primary caregiver replaces the personal visit at T1 in 
order to reduce patient contacts because of the SARS-
CoV2-pandemic. For T2 and T3, participants are still 
visited in the respective discharge environment. If facili-
ties do not allow personal visits, a full telephone-based 
follow-up visit (T1-T3) will be performed.

Primary caregivers are interviewed at each follow-up 
timepoint (T1, T2, T3) by phone. Attending nurses are 
interviewed at each follow-up and baseline assessment 
personally or by phone (T0, T2, T3).

The study timeline is summarized in Fig. 4.

Sample size
The sample sizes for both the observational study and the 
pilot intervention trial were chosen based on feasibility 
considerations. Robust sample size estimations were not 
possible because of the pilot character of the study and 
missing preliminary information. Power analysis for the 
intervention study was additionally based on descriptive 
results from the observational part.

For the pilot study we will include 500 patients in all 
four study centers (125 patients each within 12 months), 
including an estimated dropout rate of 20%. With prelim-
inary results of the observational study and the expected 
sample size of 400 (excl. drop-outs) we conducted power 
analyses for the primary outcomes delirium incidence 
and cognitive function. In the control group of the pilot 
intervention study we would expect an incidence of delir-
ium of about 6% and of cognitive impairment of about 
41%. Using a two-sided chi-square test at a significance 
level of 5% with a power of at least 80%, one should be 
able to show a reduction in delirium incidence in the 
intervention group to 0.9% and in cognitive impairment 
incidence to 27.7%.

Patients with an unfamiliar discharge environment and 
cognitive impaired patients will be preferably included, as 
they are the main focus of the project having a high risk 
of delirium.

Stepped wedge design
For the pilot intervention study a stepped wedge design 
is used [52]. All clusters start without intervention. While 
the first cluster starts after 12 weeks, every other cluster 
follows after another 8 weeks until all four clinical part-
ners have started. Please see also Table 2.

During the observational study, imbalances in the dis-
tribution of participants insured by the AOK health care 
insurance among the different study centers were recog-
nized. The balanced allocation of AOK health care insur-
ance holders is an important feature for health economic 
evaluation. To minimize these imbalances for the pilot 
intervention study, a pre-defined cluster entry as given in 
Table 2 was chosen rather than a randomized approach.

Data management and monitoring
Data at baseline and follow-up visits are collected via an 
electronic Case Report Form (eCRF) on the web-based 
electronic data capture (EDC) system secuTrial® from 
interActive Systems GmbH. If primary entry of data into 
eCRF is not possible, a paper version of CRF is provided 
and data is transferred as soon as possible. The access to 
the platform is protected by an authentication process, 
and the transmission of data between the study centers 
and the secuTrial® server is protected by a secure con-
nection using Secure Sockets Layer (SSL) encryption. All 
assessors and study nurses are trained in assessments and 
eCRF usage before participating in data collection. The 
members of the study central are in regular contact with 
the partners via weekly telephone or video conferencing 
and quarterly monitoring visits. Trained scientific data 
managers constantly double-check collected data in the 
eCRF database and query inconsistencies directly with 
the study nurses of each center. The data for primary out-
come measures are additionally being checked by trained 
physicians. Because this ongoing monitoring of data 
quality a data monitoring committee is not installed.

All data from assessments and tests, as well as the clini-
cal data and the data for the health economic analysis, are 
stored in a pseudonymized fashion. After the end of the 
study, all paper and electronic documents will be filed for 
at least 10 years.

Statistical analysis
The data of the observational study will be analyzed by 
descriptive statistical methods and regression analy-
ses for demographic aspects as well as for the main 
outcomes.

Regarding the pilot intervention study descriptive 
analyses and mixed models (with logit-link for binary 
outcome and identity-link for continuous outcome) 
according to Thompson et al. and Goldfeld will be con-
ducted to account for the stepped wedge design [53, 54]. 
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Table 1  Schedule of enrollment, interventions and assessments for TRADE study

Legend: *-marked items will only be conducted in interventional part, *2-marked items will only be conducted in observational part. Charlson Comorbidity Index 
(CCI), Patient Health Questionnaire 4 (PHQ-4), Numeric Rating Pain Scale (NRS)*, Pittsburgh Sleep Quality Index (PSQI), Simplified nutritional appetite questionnaire 
(SNAQ), Mini Nutritional Assessment-Short Form (MNA-SF)*, Lubben-6 Social Network Skala (LSNS-6), Clinical Frailty Scale (CSHA), Informant Questionnaire on 
Cognitive Decline (IQCODE), Delirium risk factors (including alcohol, history of falls, sensory impairment, subjective cognitive decline, pain, history of delirium), ICD-10 
supplemented Confusion Assessment Method Severity Score (I-CAM-S), 3-Minute Diagnostic Interview for Confusion Assessment Method defined Delirium (3D-CAM) 
*, Bedside Confusion Scale (BCS)*, Montreal Cognitive Assessment (MoCA), Nurses Delirium Rating Scale (Nu-DESC), Single Question in Delirium (SQiD) with Nurse and 
Caregiver*, Family-Confusion Assessment Method (FAM-CAM), Barthel Index (BI), Instrumental Activities of Daily Living (IADL)
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To account for missing values, we will use multiple impu-
tation methods or sensitivity analyses [55].

Analyses will be done in total as well as stratified 
by study centers. Subgroup analyses for known and 
unknown discharge environments as well as for cognitive 
fit and impaired patients are planned. Statistical tests will 
be two sided with a 5% level of significance. Because of 
the explorative character of the study no adjustment for 
multiple testing will be done. All results of statistical tests 
will be interpreted as hypothesis generating and not as a 
statistical proof. The software Statistical Analysis Soft-
ware (SAS) and R will be used for analyses.

The health economic evaluation includes patients from 
both the observational and interventional part. Cost 
and cost-effectiveness analyses will be carried out in a 
difference-in-differences approach including subgroup 

analyses (e.g. based on age, gender or cognitive status). 
Sensitivity analyses will be also being performed.

Process evaluation (part 3)
The process evaluation is designed according the recom-
mendations of the MRC guidelines of process evaluation 
for complex interventions [56]. The aim is to understand 
the context in which the intervention components are 
implemented, the implementation (fidelity, dose, adop-
tions, reach) and the mechanism of impact (delivery and 
response) of the intervention components and to clarify 
whether the intervention components were effective 
and if not, why not [57]. To investigate the integration, 
embedding and implementation of the intervention com-
ponents in routine practice, the Normalization Process 
Theory (NPT) is used as theoretical approach [58, 59].

Fig. 4  Study timelines. Legend: White boxes: Assessment time point in observation and intervention trial T0, T1, T2 and T3 with approximated 
assessment time per assessed group (patient/primary caregiver/nurse); grey boxes: intervention, process evaluation and additional data collection

Table 2  Stepped wedge design and intervention entry in the pilot intervention trial. Legend: Control phase in grey parts of the table, 
intervention phase in blue parts of the table
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Based on a developed logic model, research questions 
for the process evaluation were selected and a mixed-
methods study was framed. This mixed-methods study 
with qualitative and quantitative methods covers all stages 
of the TRADE study and addresses all stake holders (dif-
ferent health care professionals, patients, caregivers and 
study nurses). In addition, process indicators, such as use 
of information material, website access, telephone contacts 
etc. were used. Figure 5 provides an overview of the process 
evaluation with the main questions and instruments used. 
Since both patients and relatives are targeted by the inter-
vention, we focus also on the recruitment of either group to 
identify possible barriers or facilitators in the process [57].

The Normalization MeAsure Development question-
naire (NoMAD) will be used as a quantitative instrument 
investigating the integration, embedding and implementa-
tion of intervention components in routine practice. The 
questionnaire consists of 23 items based on NPT [60, 61].

In addition, SARS CoV2 pandemic and its impact on 
intervention components and implementation will be exam-
ined in the evaluation by interviews and status analysis.

An overview of process evaluation shows Fig. 5:

Ethics
An approval of the regional ethics committee of each 
center has been obtained prior to the start of recruit-
ment. The study has been registered at the German 

clinical trials registry (DRKS – Deutsches Register für 
klinische Studien). All relevant changes will be commu-
nicated to the regional ethics committees and the clini-
cal trials registry.

Dissemination policy
All publications related to the three phases of the TRADE 
Project will be submitted to international journals after 
approval from the publication committee of the study. 
No professional writers are involved in the publication 
process. Authorship eligibility criteria are set up by the 
publication committee and comply with International 
Committee of Medical Journal Editors (ICMJE) state-
ments [62].

A main result will be an established complex interven-
tion with structured training schedules and information 
materials for health care professionals. The complex 
intervention is planned to be standardized and further 
evaluated to be adaptable for other acute care hospitals.

Discussion
The TRADE study aims to determine the risk of delirium 
and cognitive decline during and after hospital discharge 
and transfer in older adults. To our knowledge TRADE 
will be the first study to prospectively address delirium 
incidence in the context of transfer, transportation and 
discharge. TRADE will additionally develop an easily 

Fig. 5  Framework of process evaluation, adapted from Moore et al. [57]. Legend: Grey boxes: Focus of process evaluation and key questions; white 
boxes: Type of data collection
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scalable intervention targeting the participation of the 
primary caregivers to reduce delirium incidence in this 
context with an indirect train the trainer approach and 
test its feasibility and acceptance in a pilot clinical trial 
including a thorough process evaluation.

Non-pharmacologic interventions for delirium are 
staff- and time-intensive [10, 16, 63]. Still, HELP has 
proven to be clinical- and cost-efficient in many health 
care systems across the world, although inclusion of vol-
unteering personnel was an important factor for cost 
effectiveness [64]. Nevertheless, widespread implementa-
tion in regular care is still lacking. Probable reasons are 
underestimation of long term delirium impact, the con-
siderable staff investment, lack of knowledge concerning 
effective preventive strategies, difficulties in estimating 
the health economic cost of delirium [65, 66]. Involve-
ment of caregivers could reduce the need of volunteer-
based prevention strategies and thereby health care costs.

A recent review highlights the lack of knowledge of 
caregivers on delirium and recommends them to play 
a bigger role in further programs on delirium manage-
ment [67]. Family HELP (FAM-HELP) is an adaption of 
the original HELP program involving family members 
in HELP intervention protocols, that has been investi-
gated in a very small sample (n = 15) [68]. In this study 
caregivers could administer several protocols with a 
good completion rate of 55 to 84% of HELP protocols 
(Orientation visit, therapeutic activities, early mobili-
zation, vision protocol, hearing protocol, oral volume 
repletion/feeding assistance and sleep enhancement) 
compared to administration by trained volunteers. 
The Nurse/Family Caregiver Partnership for Delirium 
Prevention (NFCPM) feasibility study (n = 28) inves-
tigated an educational program that concurrently 
taught family caregivers and nurses about delirium and 
partnering in prevention [69]. The intervention group 
significantly improved knowledge of delirium and atti-
tudes towards partnership among caregivers as well as 
nurses. Key to satisfaction in the nurse-caregiver rela-
tionship from the caregiver perspective were participa-
tion in decision making, communication and respect.

As these studies show, integration of caregivers in 
delirium prevention strategies merits further investiga-
tion. In this process special attention has to be given to 
communication techniques and interpersonal relation-
ship that are crucial for successful knowledge transfer. 
In TRADE we aim to set up a multimodal educational 
program to empower discharge managers and other 
health care professionals for the successful transfer of 
knowledge as well as patient’s caregivers.

If the study confirms the hypothesis, our results 
would add evidence to the question whether change 
of location during hospital stay and/or related to 

discharge is another relevant risk factor for the onset of 
delirium. In addition, the results of the interventional 
trial will show if the implementation of a multi-compo-
nent intervention strategy driven by primary caregivers 
i) is feasible and accepted and ii) can have an effect in 
the prevention of delirium and cognitive decline after 
discharge. Following confirmatory studies will have to 
investigate the effect of such an intervention on delir-
ium incidence reduction, scalability to other acute care 
hospitals and cost-effectiveness.
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