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2 Summary of the project

Recent scientific studies suggest that not only rehabilitation after a medical intervention, but
also "prehabilitation” before the intervention can have a positive influence on the patient's state
of health. Prehabilitation is a treatment concept that improves the physical and mental
performance of patients prior to a medical treatment. This randomized, controlled, longitudinal,
multicenter, two-arm, assessor-blinded study is designed to investigate the influence of a two-
week prehabilitation program on the health status of patients aged 75 years or older and who
are undergoing elective cardiac procedure. A total of 422 patients are included. The patients
will be randomized 1:1 into the intervention and control groups. Patients in the intervention
group will be admitted to a cardiac rehabilitation center for a period of two weeks and receive
structured prehabilitation tailored to their individual needs. For patients in the control group no
additional interventions outside of the clinical practice routine are planned for patients. Primary
endpoints are quality of life (EQ-5D-5L) and mortality one year after the cardiac procedure;
secondary endpoints are activities of daily living, cognitive ability and physical performance,
disease-related quality of life as well psychological outcomes. An additional component of the
randomized study is a detailed health economic analysis. The costs of the intervention, the
utilization of health services in the follow-up period and their costs are taken into account, as
well the utility values calculated from the results of the EQ-5D-5L. For this part of the project,
it is planned to take over routine data from the AOK Lower Saxony and the AOK Baden-
Wirttemberg. Furthermore, a process evaluation takes place in a mixed-methods design. By
means of quantitative methods (standardized surveys, patient diaries, therapy plans) the study
examines how the quality and implementation of PRECOVERY is influenced by general
conditions and resources. Via qualitative methods (e.g., interviews, focus groups), the
perspectives of the actors are presented in a differentiated way. The study is funded by the

Innovation Fund of the Federal Joint Committee with 5.3 million Euros.

Synopsis

Title Prehabilitation "Karl-Heinz" with a focus on cardiac and cognitive
functions prior to cardiac procedure: a health status analysis

Short title PRECOVERY

UMG registration 2020-01057

number

DRKS DRKS00030526

Subject area Integration and networking of rehabilitative measures to increase
the treatment success of SHI (statutory health insurance) services
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Project goals

Prehabilitation prior to cardiac procedure in the elderly (=75 years)
at 12 months leads to:

1) Improvement in quality of life/1-year mortality,

2) Improvement in daily function, heart-specific quality of life,
physical and mental performance as well as

3) Reduction of associated health care costs compared to the
control group.

Inclusion criteria

1. Patients 275 years of age who are scheduled for one of the
following elective cardiac procedures: (a) replacement of heart
valves by prosthesis (5-351), (b) exchange of prosthetic heart
valves (5-352), ¢) Valvuloplasty (5-353), d) Other operations on
heart valves (5-354), e) Minimally invasive operations on heart
valves (incl. catheter-assisted aortic valve implantation - TAVI
and transvenous clip reconstruction of the mitral valve -
MitraClip) (5-35a), f) Desobliteration (endarterectomy) of the
coronary arteries (5-360), g) Placement of an aortocoronary
bypass (5-361), h) Placement of an aortocoronary bypass by
minimally invasive technique (5-362) or i) Other
revascularization of the heart (5-363).

2. Sufficient independence and ability to care for oneself to
participate in prehabilitation

3. Insurance status of all patients from Lower Saxony with the
AOK

4. Ability to give consent

5. Willingness to participate in the study on a voluntary basis with
signed informed consent form

6. Sufficient knowledge of the German language to fill infanswer
the questionnaires

Exclusion criteria

Lack of capacity to consent

Katz index O

Need for treatment in an acute care hospital

Severe dementia; severe mental disorders (acute psychoses,

severe depressive episode, acute suicidality), acute delirium

Diagnosis of acute alcohol or drug abuse

Unstable angina pectoris

Heart failure, NYHA IV

Myocarditis, HOCM, main stem stenosis = 80%.

. Severe refractory cardiac arrhythmias

10.Post aortic dissection

11.PAVK stage 2 lll according to Fontaine

12.Symptomatic carotid stenosis or carotid stenosis requiring
treatment

13.Renal insufficiency requiring dialysis

14.Hepatic insufficiency, Child B and Child C

15.Advanced (metastatic) oncological disease

16.Neurological, orthopedic or rheumatic impairing co-morbidities
that militate against physical training

17.Participation in another intervention study (participation in

registry studies is allowed)

PonNPE

©CoOoNO O

Endpoints

Primary endpoint: EQ-5D-5L (general quality of life) and mortality
12 months after cardiac procedure

Confidential
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Secondary endpoint:

Katz index (daily living function), HeartQoL (disease-related quality
of life), Short Physical Performance Battery (SPPB, physical
performance) and MoCa (mental performance), HADS
(assessment of anxiety and depression)

Other endpoints:

30-day mortality, hand strength measurement (frailty, malnutrition),
6-minute walk test (functional capacity), Bioelectrical

analysis (body composition), Mini Nutritional Assessment (MNA,
malnutrition), Pittsburgh Sleep Quality Index

(PSQI, sleep quality), Maastricht Questionnaire (vital fatigue),
Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE, assessment of family members), Zarit Burden Interview
(GZBI, assessment of the burden on family members), Clinical
Frailty

Scale (CSHA Frailty Index, frailty), ATS Scale (Dyspnoea

scale of the American Thoracic Society), self-reported subjective
memory impairment (SMI), length of stay in intensive care and
normal ward, peri- and post-operative/interventional complications,
AE/SAE-assessments, SWE scale (self-efficacy expectation),
Hamburg Hospitalization Questionnaire (patient satisfaction),
optimism (Life Orientation Test revised - LOT-R, self-efficacy),
loneliness (ULCA Loneliness Scale), lllness Perception
Questionnaire  (IPQ), Treatment Expectancy (TEX-Q),
Institutionalization/Dependence on Care

Health economic endpoints:

Intervention costs, utilization and costs during follow-up,
determination of utility values (quality-weighted life years, EQ-5D-
5L), cost-effectiveness, questionnaire on the use of medical and
non-medical care services

in old age (FIMA gquestionnaire, routine data of the AOK).

Process evaluation:

A mixed-methods process evaluation will be carried out, using
guantitative methods (standardized surveys, patient diaries,
therapy plans) to examine how the quality and implementation of
PRECOVERY are influenced by the framework conditions and
resources, with qualitative methods (interviews, focus groups) will
be used to differentiate the perspectives of the actors.

Study design Randomized, controlled, longitudinal, multicenter, 2-arm, assessor-
blinded study. This will be accompanied by a mixed methods
process evaluation.

Statistical Analysis Clinical endpoints:

The evaluation of the primary endpoint EQ-5D-5L is performed
using a joint model for longitudinal data. Stratification factors

age, gender, participation in DMPs and center are included as
covariates in the model. Time courses of the EQ-5D-5L

are calculated longitudinally for each group and survival rates are
survival rates with the help of Kaplan-Meier curves. Treatment
effects will be reported with 95% confidence intervals.
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The secondary endpoint HeartQoL will be evaluated analogously
to the primary endpoint. Secondary endpoints Katz index, SPPB,
MoCa and HADS are evaluated using mixed linear models, with the
factors time point, treatment and the interaction as well as the
covariates age, gender, DMP patrticipation and center.

Marginal means are calculated for inter- and intra-group
comparisons and treatment effects are reported with 95%
confidence intervals. The other endpoints are also evaluated using
generalized mixed linear models, depending on the data type.

Health economic outcomes:

Mixed regression models are used to test for differences in means.
Due to the skewed distribution of the cost data the standard errors
of the regressors, the non-parametric bootstrapping method is
used, which is also used in the uncertainty analysis of the IKER.
For the analysis of cost-effectiveness, the net-benefit regression
method is used.

Evaluation of the mixed-methods process evaluation:

Quantitative data are evaluated descriptively and qualitative data
are analyzed using content analysis according to Kuckartz. Both
parts of the evaluation are then merged.

Sample size

n=422 patients (211 intervention / 211 control group)

Duration of studies

Total running time: 01.11.22 — 31.10.26 48
month
Recruitment period (“first patient 29 month

in" to "last patient out"):
Treatment duration per patient (“first | 14 month
patient in" to "first patient out"):

"Follow up" pro Patient: 30 days (t4), 6 month (t5)
and 12 month (t6) post-
operative

Planned times Inclusion of the 1st patient. Q2 2023

"First patient in“

Inclusion of the last patient Q2 2024

"Last patient in"

End of study "Last patient out" Q3 2025

Final statistical analysis Q1 2026

Planned interim analysis After 25% of the recruited
patients

Participating locations

Recruitment centers: Clinic for Cardiac, Thoracic and Vascular
Surgery, UMG Géttingen; Clinic for Cardiology and Pneumology,
UMG Géttingen; Clinic for Thoracic, Cardiac and Vascular Surgery,
MHH Hannover; Clinic for Thoracic, Cardiac and Vascular Surgery,
UK Ulm, Clinic for Thoracic, Cardiac and Vascular Surgery,
Braunschweig, UK for Cardiac Surgery, Klinikum Oldenburg, Heart
Center Brandenburg, Immanuel Klinikum Bernau, Bernau
Waldsiedlung

Confidential
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Recruitment and prehabilitation centers: Schiichtermann-
Schiller'sche Kliniken, Bad Rothenfelde, Herz- und Gefal3zentrum,
Bad Bevensen

Prehabilitation centers: Oldenburg Rehabilitation Center,
Lippoldsberg Clinic and Rehabilitation Centre, Kirchberg Clinic,
Bad Lauterberg, ZAR Center for Outpatient Rehabilitation GmbH
am Main.

Lauterberg, ZAR Centre for Outpatient Rehabilitation GmbH at the
UK Ulm, Klinik Fallingbostel, Bad Fallingbostel, Brandenburg Klinik

Third-party funder

Innovation Fund of the Federal Joint Committee
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Table 1. Summary of study endpoints and assessments

Study Period Screening, enroliment, allocation, assessments prior to cardiac procedure Assessments post cardiac procedure

Duration 4-6 weeks 12 months

Timepoint to/tl t2 t3 t4 (phone) t5 (phone) t6

post-prehabilitation
Baseline (N=211) or post-SMC
assessment/ (N=211), prior to
Randomization cardiac procedure
(N=422)

post cardiac
procedure,
before hospital
discharge

30 days post 6 months post 12 months post
cardiac cardiac cardiac
procedrue procedure procedure

Screening
for eligibility

Enrollment:

Inclusion/Exclusion criteria X

Informed consent, enroliment, allocation X

Blood sample

x

Medical history, social demographics X

Assessments:

EQ-5D-5L (QolL) X X X X X

1-year mortality

Katz-index (daily activity)

211)

SPPB (physical performance)

MoCa (mental performance)

422)
x
x

HeartQolL (disease-specific QoL)

X IX | X | X [X
211)
X IX | X | X [X
XX [X | X [X|X|X

HADS (anxiety and depression)

30-day-mortality

Hand grip strength (frailty)

6-minute walk test (functional capacity)

or

BIA (body composition)

MNA (frailty, malnutrition)

PSQI (sleep quality)

XX XX [X [X

Maastricht questionnaire (vital exhaustion)

Cardiac procedure (N

UCLA Loneliness Scale (loneliness)

SMI (memory impairment)

x
x
x

XXX [X | X [X|X [X[X
XXX [X | X [X|X[X[X

CSHA-Frailty-Index (frailty)

Standard Medical Care (SMC, N

Pre- and post-interventional complications

Length of stay in intensive and normal care

Prehabilitation ,,Karl-Heinz” (2 weeks, N

Institutionalization/dependence on care

x
x

X | X | X | X |[X

ATS scale (dyspnoe)

x
x

x
x
x
x

SWE scale (self-efficacy expectancy)

HFK (patients' satisfaction) X

LOT-R (optimism)

IPQ-B (iliness perception)

TEX-Q (treatment expectancy)

X |X | X |X

Process evaluation

FIMA Questionnaire (healthcare-related
resource utilization)

Blood sample

x
x

AE/SAE

Relatives: G-ZBlI (burden of relatives)

x

X [X [ X |X]| X |X|X|[X]|X
x

XX X [X| X |Xx

Relatives: IQCODE (opinion of relatives)
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Abbreviations. EQ-5D-5L: Euro Quality of Life Questionnaire; SPPB: Short Physical Performance Battery; MoCa: Montreal Cognitive Assessment Test; HeartQoL: Heart Quality of
Life Questionnaire; HADS: Hospital Anxiety and Depression Scale; BIA: Bioelectrical Impendance Analysis; MNA: Mini Nutritional Assessment; PSQI: Pittsburgh Sleep Quality
Index; UCLA: University of California, Los Angeles; SMI: self-reported subjective memory impairment; CSHA: Canadian Study of Health and Aging; ATS: American Thoracic
Society; SWE: Allgemeine Selbstwirksamkeitsiiberzeugung; HFK: Hamburger Fragebogen zum Krankenhausaufhalt (English: Hamburg Hospital Stay Questionnaire); LOT-R: Life-
Orientation-Test revised; IPQ-B: lliness Perception Questionnaire; TEX-Q: Treatment Expectation Questionnaire; FIMA: Fragebogen zur Inanspruchnahme medizinischer und
nicht-medizinischer Versorgungsleistungen im Alter (English: Healthcare Resource Utilization by the Elderly]); AE: adverse event; SAE: serious adverse event; G-ZBIl: German
Zarit Burden Interview; IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly; N: nhumber; SMC: Standard Medical Care.
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Table 2. Summary of the quantitative process evaluation

Training TO/T1 T2 T3 T4 T5 T6
(on site & TtT*) before pre-op, post-op 30d 6m 12m
before prehabili- post post-op post-op post-op
prehabilitation tation prehabilita-
tion

Patients I1G X X X X X X
Patients CG X X X X X
Relatives IG X X X
Relatives CG X X X

patient diaries
Patients IG (during

prehabilitation)
Facility managers X | X
Multipliers X X X X
Multipliers [ therapy plans |
Therapists, nurses,
doctors at N X x N
prehabilitation
centers
Change of
multiplier or staff at continuously during
rehabilitation prehabilitation period
centers
Staff in study center X

Abbreviations. IG = intervention group, CG = control group

Table 3. Summary of the qualitative process evaluation

T1 T2 T4 T6 after
before post 30 d post-op 12 m post-op prehabilitation
prehabilitatio prehabilitatio period
n n
Patients IG X X X X
Patients CG X X X
Relatives IG X X
Relatives CG X X
Multipliers X
Therapists, nurses,
doctors at
prehabilitation X
centers
General

X (after last
practitioners of (

. . atient
patients in the IG P )
Doctors in x (after last
recruitment centers patient)

Abbreviations. IG: intervention group, CG: control group
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3
Study leader

Responsibilities

Prof. Dr. Christine von Arnim, Director of the Department of Geriatrics at the University
Medical Centre Gottingen, leads the PRECOVERY consortium.

Name Institution Phone, Fax, Mail Responsibility

Prof. Dr. Department of 0551-39-62149; -62615 Project

Christine v. Geriatrics, christine.arnim@med.uni- management

Arnim University of goettingen.de Consortium
Goettingen Medical management
Center (UMG)

Participating scientists

Thoracic Surgery,
Department of
Geriatrics,
Department of
Psychosomatic
Medicine and
Psychotherapy,
UMG

Name Institution Phone, Fax, Mail Responsibility
Dr. Monika Department of 0551-39-66001; -66002 Medical Project
Sadlonova Cardiovascular and | monika.sadlonova@med.uni- Management Deputy

goettingen.de

Head of
Communication with
Recruiting Centers
Investigator
Supervision trainings

Dr. Stephanie

Department of

0551 39 65391

Communication

UMG

Heinemann Geriatrics, UMG stephanie.heinemann@med.uni- | Contractual partners,
goettingen.de contracts
Dr. Carolin Department of carolin.steinmetz@med.uni- Treatment manual,
Steinmetz Geriatrics, UMG goettingen.de communication preha
centers

Dr. Simone Department of simone.krieger@med.uni- Treatment manual,
Krieger Psychosomatic goettingen.de trainings

Medicine and

Psychotherapy,

UMG
Dr. Thomas Department of 0551-39-63026; -4995 Study design and
Asendorf Medical Statistics, thomas.asendorf@med.uni- biometry

UMG goettingen.de
Marianne Richter | Studienzentrum, marianne.richter@med-uni- Datamanagement

goettingen.de

Prof. Dr. Tim
Mathes

Department of
Medical Statistics,
UMG

tim.mathes@med.uni-
goettingen.de

Process evaluation

Prof. Dr. Hans-
Helmut Koénig,
M.P.H

Department for
Health Economics
and Health Services
Research,
University Medical
Center Hamburg-
Eppendorf (UKE)

040 7410 — 54464, -40261
h.koenig@uke.de

Health economics

Prof. Dr. Eva
Hummers Dr.
Christiane
Mdaller, MPH
Annemieke
Munderloh

Department of
General Practice,
UMG

0551-39-22638; -9530
eva.hummers@med.uni-
goettingen.de

Process evaluation
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Prof. Dr. M.
Denkinger, PD
Dr. D. Dallmeier

Geriatric Center,
Agaplesion
Bethesda Ulm

0731-187-185; -300
michael.denkinger@bethesda-
ulm.de

Assessmenttrainings

Prof. Dr.

Department of

0551-39-66707; -19150

Psychological

Christoph Psychosomatic cherma@gwdg.de Intervention
Herrmann- Medicine and
Lingen Psychotherapy,
UMG
Jun. Prof. Dr. German Sport 0221 4982-5075 Cooperation Partner

Thomas Schmidt

University, Cologne

t.schmidt@dshs-koeln.de

Recruitment and Prehabilitation facilities involved

Name Institution Phone, Fax, Mail Responsibility
Prof. Dr. Ingo Department of 0551-39-66001; -66002; Recruitment Center
Kutschka Cardiovascular and ingo.kutschka@med.uni-

Thoracic Surgery, goettingen.de

UMG
Prof. Dr. Gerd Department of 0551-39-20400; - 66389 Recruitment Center
Hasenfuld Cardiology and hasenfus@med.uni-

Pneumology, UMG

goettingen.de

Prof. Dr. Andreas
Martens

Department of
Cardiothoracic,
Transplantation and
Vascular Surgery,
Hannover Medical
School (MHH)

0511-5326581; -5404
martens.andreas@mbh-
hannover.de

Recruitment Center

Prof. Dr. Andreas
Liebold

Clinic for thoracic,
cardiac

and Vascular
Surgery, UK

Ulm

0731-500-54303; -54304
andreas.liebold@ uniklinik-ulm.d

Recruitment Center

PD Dr. Wolfgang
Harringer

Department of
Cardiac, Thoracic
and Vascular
Surgery,
Braunschweig
Municipal Hospital

0531-595-2213; - 2658
w.harringer@Kklinikum-
braunschweig.de

Recruitment Center

PD Dr. Friedrich
Mellert

University Clinic for
Cardiac Surgery,
Oldenburg Clinic

0441-403-2820; -2830
herzchirurgie@klinikum-
oldenburg.de

Recruitment Center

Prof. Dr. Johannes
Maximilian Albes

Brandenburg Heart
Center, Immanuel
Clinic, Bernau

0333-869-4510; -4544
johannes.albes@mhb-
fontane.de

Recruitment Center

Prof. Dr. Nils Reiss

Schiichtermann-
Schiller'sche Clinic,
Bad Rothenfelde

05424641-30269; 05424641-
206 NReiss@schuechtermann-
klinik.de

Recruitment and
Rehabilitation
Center

Prof. Dr. DB. A. Heart and Vascular 05821 82-1703; -82888 Recruitment and
Remppis, Dr. Center, ba.remppis@hgz-bb.de Rehabilitation
Christian Bad Bevensen Center
Baumbach

Dr. med. Daniela Rehabilitation Center | 0441405-2447 Prehabilitation
Heidkamp Oldenburg heidkamp.daniela@reha-ol.de Center

Dr. Michael Don, Clinic and 0557-241-1202; -1701 Prehabilitation
Prof. Dr. G. Rehabilitation Center | rpinnau@aol.com Center
Hasenful3, Ralf Lippoldsberg

Pinnau
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The study was registered in the German Register of Clinical Studies (DRKS) under the
number DRKS00030526.
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4  Scientific background
According to the Federal Statistical Office (2016) around 13.6 million people in Germany reach
the age of over 75 years. Until 2030, hospitalizations for older patients are expected to increase
by approximately 30% (Federal Statistical Office 2016). Within this demographic, the
prevalence and incidence of cardiovascular diseases (e.g., coronary heart disease [CHD] or

degenerative-calcifying aortic valve stenosis) will increase.

According to the heart report, 37.984 isolated and combined coronary artery bypass graft
(CABG) surgeries were carried out in Germany in 2020 (German Heart Foundation 2022).
More than 40 % of the CABG patients were aged 70 years or older (German Heart Foundation
2022). The indication for CABG is the complexity of the coronary findings (e.g., severe triple-
vessel CHD and/or high-grade blockages in any of the major coronary arteries if the
percutaneous coronary intervention has failed to treat the blockages) in dependence on
comorbidities (e.g., diabetes), and the patient's treatment preferences (Neumann et al. 2019).
The in-hospital mortality for isolated CABG surgeries is in Germany under 3% (German Heart
Foundation 2022). The increasing incidence of heart valve diseases (especially of the aortic
and mitral valve) by elderly patients, the increasing life expectancy of the population and the
associated increase in morbidity and mortality are becoming major cardiac health problems.
In 2020, 17.998 isolated or combined conventional surgical heart valve surgeries (including
8.049 isolated aortic valve procedures, 6.050 isolated mitral valve procedures) were
performed. The transcatheter aortic valve implantation (TAVI) has been the preferred
treatment for patients aged 75 years or older with a severe aortic stenosis. In Germany, 21.544
TAVIs were performed in 2020. In primary (degenerative) mitral valve insufficiency, the
European treatment guidelines from 2021 recommend catheter-based treatment options
(Vahanian et al. 2021). In 2020, a total of 6.011 interventional mitral valve procedures with

mean age of the treated patients of 78 years were performed in Germany.

Surgical and catheter-based cardiac procedures have been successful treatment alternatives
with increased safety. However, the risk of cardiac procedures in elderly, multimorbid patients
is still very high and is often associated with prolonged convalescence. For example,
postoperative/postinterventional delirium occurs in 12-53% of cardiac patients with poor
outcomes (e.g., prolonged hospitalization, impaired cognition, less independence in everyday

life and increased risk of mortality) (van der Wulp et al. 2019).

Furthermore, delirium can be associated with an increased risk of postoperative cognitive
dysfunction and dementia (Fong et al. 2015; Fuchs et al. 2020; Witlox et al. 2010;
Vasunilashorn et al. 2018). The 1l-year mortality is assumed to be around 15-20% and
increases with age (Velazquez et al. 2016; Mclsaac et al. 2016; Blumenstein et al. 2020). In

delirious patients with frailty, mortality increases up to 40% (Kundi et al. 2019; Puls et al. 2014).
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Surgical procedures, particularly heart surgeries, have been shown to increase markers of
neuronal damage and neurodegeneration, such as total tau and neurofilament light chains
(NfL) (Alifier et al. 2020; Chan et al. 2021; DiMeglio et al. 2019; Evered et al. 2018). These
pathophysiological effects, including hypoxemia and disruption of the blood-brain barrier, are
not only caused by anesthesia as previously assumed (Deiner et al. 2020). The use of the
extracorporeal circulation on the heart-lung machine might be a relevant cause of neuronal
damage. It is likely that patients with pre-existing risk factors (e.g., an underlying
neurodegenerative disorder) may experience a significant 'second hit' that can accelerate
neurodegenerative processes. This hypothesis can be supported by preoperative and
postoperative measurements of important neurodegenerative (e.g., total tau, NfL),
inflammatory (e.g., C-reactive protein, interleukins), and cardiac (e.g., GDF-15) biomarkers. In
addition, patients often have to wait several weeks for an elective cardiac procedure which is
associated with psychological stress and reduced functionality (Sampalis et al. 2001).
Furthermore, prior to a cardiac procedure, there is a high prevalence of anxiety and depression
that negatively affect the peri- and postoperative healing processes (Hoyer et al. 2008). This
is of clinical relevance since the symptoms of depression and anxiety often persist for months
after cardiac procedures (Doering et al. 2014). In addition, negative disease expectations can
negatively affect morbidity and mortality in patients with CHD (Barefoot et al. 2011). A number
of studies have shown that negative patient expectations before CABG or related surgeries
can predict impairments in quality of life (Juergens et al. 2010), postoperative depression and
anxiety, as well as a negative mental state (Auer et al. 2016; Rimington et al. 2010). The
reduction of anxiety, depression, disease assumptions and treatment expectations as well as
an optimal transfer of information and preparation of coping strategies represent important
starting points for preoperative psychological and educational interventions (Rief et al. 2017,

Salzmann et al. 2020; Howard Leventhal et al. 2020). This content is shown in Figure 1.
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Figure 1. PSY-PREP model modified from Salzmann et al. (2020)

The evidence for the effectiveness of phase Il rehabilitation for patients after cardiac
procedures is well established. Especially elderly and multimorbid patients seem to benefit the
most from cardiac rehabilitation (Spiroski et al. 2017; Vanhees et al. 2004; Busch et al. 2012;
Scrutinio and Giannuzzi 2008; Bjarnason-Wehrens et al. 2007). Primary rehabilitation goals of
this patient group are the improvements of physical performance, physical capacity,
participation in everyday life, and avoidance of the need for long-term care (Eder et al. 2013).
In order to achieve the above-mentioned goals in the best possible way, prehabilitation before
elective cardiac procedures is becoming more and more important. The main idea of
prehabilitation is to improve the physical and mental performance of the patient before a
planned treatment to achieve the highest possible level of functional ability and recovery
(Cabilan et al. 2016; Punt et al. 2017; Topp et al. 2002).

Frailty describes the geriatric syndrome including the following three main components: loss
of muscle mass, muscle strength and muscle endurance (Fried et al. 2001). Frail patients have
a threefold increase in postoperative morbidity and mortality (Afilalo et al. 2010). Furthermore,
the risk of cerebrovascular or cardiac events during or after cardiac surgery is significantly
increased in patients with frailty (Sepehri et al. 2014). Particularly in elderly and frail patients,
reduction or loss of physical functioning before, during and after hospitalization may have a
strong negative impact on postoperative/postinterventional outcomes (Hulzebos and van
Meeteren 2016).

Recent reviews show that not only rehabilitation, but especially preparation for cardiac
procedures in the context of prehabilitation can improve perioperative/peri-interventional

outcomes and alleviate negative effects. Participation in prehabilitation prior to elective cardiac
Confidential Page 22 0 89




PRECOVERY, Clinical Trial Protocol V 1.1 from January 10, 2023

surgery was associated with both preoperative and postoperative improvements in functional
capacity as measured by 6-minute walk distance, reduced extubation time, reduced risk of
postoperative pulmonary complications and reduced hospitalization (Steinmetz et al. 2022;
Yau et al. 2021; Marmelo et al. 2018; Snowdon et al. 2014; Hulzebos and van Meeteren 2016).
Further randomized controlled trials on cardiac prehabilitation show positive effects on delirium
rates, quality of life, length of stay in the intensive care unit and improved compliance with
postoperative rehabilitation (McCann et al. 2019; Hall et al. 2017). Pre- and perioperative
psychological interventions in cardiac surgery also led to a reduction in length of stay and a
significant increase in self-efficacy (Sadlonova et al. 2022; Auer et al. 2017).

The innovative concept of prehabilitation was developed to increase the functional capacity of
patients in the perioperative phase and to reduce postoperative morbidity. Despite excellent
data from clinical studies and the increasing number of cardiac interventions in older people,
there is no structured cardiac prehabilitation program that is tailored to the needs and
requirements of this group of patients and which is coordinated across the sectors involved in

the health care system. This project aims to close this supply gap.
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5 Study objectives and endpoints

Table 4. Study objectives and endpoints

Study objective Endpoint
Primary Evidence that the two-week EQ-5D-5L and mortality 12 months after a
Karl-Heinz" prehabilitation program cardiac procedure
before a planned cardiac procedure in
patients aged = 75 years compared to
standard medical care (SMC) increases
the heath status and reduces mortality in
patients 12 months after the cardiac
procedure.
Secondary | Evidence that the two-week Karl-Heinz" | Katz-Index
prehabilitation program before a planned | HeartQoL
cardiac procedure in patients aged =75 SPPB
years compared to SMC, improves daily | MoCa
function, quality of life, physical and HADS
mental performance and mental state.
Further Evidence that the two-week 30-day mortality
Study prehabilitation program "Karl-Heinz" Hand strength measurement
objectives | prior to planned cardiac procedure in 6-minute walk test
and patients aged =75 years compared to BIA
Endpoints | SMC: Pittsburgh Sleep Quality Index
- 30-day mortality Maastricht Questionnaire
- hand strength Clinical Frailty Scale
- 6-minute walking distance ATS Scale
- body composition Length of stay intensive and
- sleep quality normal ward
- vital state of exhaustion Documentation of
- frailty institutionalization and
- shortness of breath need for care
- length of hospital stay SWE scale
- institutionalization/need for care Self-reported subjective
- self-efficacy memory impairment
- subjective memory Life Orientation Test revised
- optimism ULCA
- loneliness lliness Perception
- acceptance of iliness and Questionnaire
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- the expectation of treatment

Other goals of the

Prehabilitation program are:

- To detect and counteract preoperative
malnutrition

- Reduction of peri-
interventional/operative

complications

- Improvement of patient satisfaction

- Education of relatives

- Changes in blood-based biomarkers
(e.g., neurodegenerative, inflammatory

and cardiovascular markers).

Treatment Expectation
Questionnaire

Mini Nutritional Assessment
Peri- and
post-interventional/surgical
complications, such as
Post-interventional delirium,
pneumonia, atrial fibrillation,
Pleural/pericardial effusion,
Pneumothorax, death
AE/SAE Assessment
Hamburg questionnaire on
hospitalization

IQCODE

G-ZBl

Determination of blood-based
factors (proteinomic,
metabolomic, genetic

and epigenetic), which are
positive course or

predict or modify complications.

Health Evidence that the structured - Costs of the intervention
Economics | prehabilitation "Karl-Heinz" leads to a - Utilization of
Analysis reduction in associated health care health services and
costs for the SHI system and the Costs during follow-up (FIMA and routine
hospital providers compared to the SHI data of the AOK from the areas of
SMC. outpatient
and inpatient care, medicines, remedies
and
remedies, rehabilitation,
care, DMP and HzV)
- Determination of utility values (quality-
weighted life years - QALYS)
- Cost-effectiveness
Process Quantitative process evaluation: Program fidelity
evaluation | Investigation of implementation Dose
strategies, and their implementation as Adjustments
well as the framework conditions, Range
Evaluation of the trainings and their Influence of framework conditions
implementation. View of the implementation of the
intervention as well as effects, reactions
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Qualitative process evaluation: and adjustments on the part of the

Exploring expectations, experiences and | participants and implementers
perceived benefits of Karl-Heinz by Evaluation of the trainings
those directly involved in the
implementation (patients, related No endpoints in qualitative research.
persons, multipliers, staff, and family
physicians). Recording of influencing
factors

Clinical information, sociodemographics and protocol of cardiac intervention:

The medical history includes age, height, weight, hip and waist circumference, blood pressure,
pulse, cardiovascular risk factors such as diabetes mellitus, hypertension, peripheral occlusive
disease, renal insufficiency, dyslipidemia, smoking, alcohol abuse as well as other cardiac and
non-cardiac diseases. The previous cardiac and vascular surgical procedures are also
documented. Socio-demographic data are included in the database in the form of marital status
and level of education are included in the database. Routine laboratory measurements before
and after the cardiac procedure (e.g., aloumin, CRP, electrolytes, transaminases and others)
from the IXSERV or ICCA (in the cardiac surgery intensive care unit) are transferred to a
standardized laboratory protocol. Furthermore, we will provide a cardiac surgical and
interventional protocol (including intraprocedural complications) with detailed information
about the cardiac procedure. The total length of the inpatient stay, the length of stay in the
intensive care unit and the performance and length of cardiac rehabilitation are also recorded.
Before and after the cardiac procedure, the occurrence of dyspnea is also documented.
Postoperative/postinterventional complications (e.g., pleural effusions, pneumothorax, cardiac
arrhythmias) are also systematically recorded. In order not to miss the occurrence of delirium,
the patient's medical records will be reviewed. Here, particular attention is paid to the nursing
notes, especially during night shifts (chart review). If there are signs of severe agitation or other
delirious symptoms according to ICD-10 diagnostic criteria as well as a prescription of
medication for treatment of delirium or agitation (e.g., haloperidol), the patient is classified as

delirious.

The endpoints are collected using the following validated assessments:
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Euro Quality of Life (EQ-5D-5L)

The five-dimensional EuroQoL questionnaire (EQ-5D-5L) is an instrument for measuring
guality of life and to determine quality-adjusted life years in health economic studies. The first
version of the instrument (with 3 instead of 5 response options) has been validated (Hurst et
al. 1997) and was also found to be valid with CHD patients (Ellis et al. 2005) and depressive
patients (Konig et al. 2005). The extended version of the instrument with 5 response options
(EQ-5D-5L) was developed to reduce ceiling effects. Among other things, this version was
tested and validated for use in Germany by Ludwig et al. (2017). The EQ-5D-5L covers five
dimensions: Mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each
dimension is scored on a 5-point scale. The answers to the individual items are combined into
a quality-of-life index using established algorithms. In addition, the patients rate their health
status on a visual analogue scale (EQ-VAS; value range 0-100). The EQ-5D-5L or EQ-VAS

was found to be a valid instrument with acceptable sensitivity to change.

Katz Index (ADL)

The Katz index provides valid information about how (in)dependent a patient is in the in the
performance of activities of daily living. The questionnaire published by Katz et al. (1963) is
particularly suitable for older patients to clarify the need for care. The index consists of the
following six items: bathing/washing, dressing, toileting, transfer, continence, and feeding (Katz
et al. 1963). A maximum of 6 points can be scored, with 5-6 points for full functional ability, 3-
4 points for moderate and < 2 points for severe functional impairment (Wallace and Shelkey
2007).

Montreal Cognitive Assessment Test (MoCa)

The MoCa is a validated cognitive instrument that includes 30 questions and is suitable for the
cognitive impairment and early stages of dementia (sensitivity: 90%; specificity: 87%)
(Nasreddine et al. (sensitivity: 90%; specificity: 87%) (Nasreddine et al. 2005). The following
aspects are tested: cognitive abilities, such as short-term memory, visual-spatial abilities,
attention, concentration, working memory, language and orientation to time and place. A
maximum of 30 points can be achieved. A sum score of < 26 points indicates cognitive
impairment (Nasreddine et al. 2005; Luis et al. 2009; Smith et al. 2007).
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Heart Quality of Life (HeartQolL)

The HeartQoL is a 14-item self-report instrument for the assessment of health-related quality
of life that has been shown to be reliable, valid and suitable for assessing change in different
cardiac populations (Oldridge et al. 2014). In our study, we will use the German version. The
internal consistency (Cronbach's alpha) was a = 0.92 for the global HeartQoL scale, a = 0.91

for the physical subscale a = 0.91 and for the emotional subscale a = 0.87 (Smedt et al. 2016).

Hospital Anxiety and Depression Scale (HADS)

The Hospital Anxiety and Depression Scale (HADS) assesses the severity of anxiety and
depression in physically ill patients. It is a self-assessment instrument on a four-point Likert
scale with 14 items, with higher scores indicating increased severity. The German version was
validated in several large samples of cardiac patients, mainly with coronary heart disease
(Herrmann 1997). In a review of 747 studies using the HADS for different purposes, a mean
Cronbach's alpha of 0.82 for the anxiety subscale and 0.83 for the depression subscale was
described (Bjelland et al. 2002; Petermann, 2011).

Hand strength

The hand strength is measured with the Martin vigorimeter (Gebruder Martin, Tuttlingen,
Germany). It is a pseudo-dynamic dynamometer that measures the pressure when subjects
squeeze a rubber ball that is connected to a manometer through a tube. The pressure is
measured in kilopascals (Desrosiers et al. 1995). The vigorimeter showed good test-retest
reliability in studies (Sipers et al. 2016). The measurement device is suitable for use with
geriatric patients, as the requirements on the abilities of the test person are minimal (Sipers et
al. 2016). The measurement is carried out according to the Clinical Assessment
Recommendations of the American Society of Hand Therapists (ASHT). After a brief
introduction to the device with the patient sitting upright and the upper arm resting against the
side of the torso in neutral rotation is measured. The elbow is held in 90° flexion, the forearm
in neutral rotation and the wrist has a slight extension of 0 to 30°. The vigorimeter is kept free,
the hand and forearm are not supported. To minimize fatigue effects, recovery breaks are

observed between measurements.
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Short Physical Performance Battery (SPPB)

The SPPB is a test battery for the measurement of motor function of the lower limb (Guralnik
et al. 1994). It is a reliable and valid measurement instrument that is used primarily with
geriatric patients to assess their mobility (Busching 2015). The test battery consists of a
balance test, 4-metre walk and the sit-to-stand test. A maximum of 12 points can be achieved,
which provide information about the patient's impairment of daily living (0-3 points: severe
impairment; 4-6 points: moderate impairment; 7-9 points: mild impairment; 10-12 points: no
everyday life impairment) (Blisching 2015).

6 Minute Walk Test (6MWT)

The 6MWT is an easy-to-perform test that does not require any additional equipment or
preparatory training of the test persons. It is used above all to show comparisons interventions,
to assess functional status, or to estimate the risk of morbidity and mortality (Fiorina et al.
2007). There is sufficient evidence that the 6MWT is reliable and valid (Du et al. 2009). The
test is performed according to the recommendations of the American Thoracic Society (ATS
Committee 2002). Functional capacity is also an important prognostic factor in patients with
heart disease to prevent future cardiac events and avoid mortality (Sawatzky et al. 2014). A
study by Beatty et al (Beatty et al. 2012) shows that in patients with stable CHD, a 6-minute
walk distance of less than 419m is associated with a twofold increased risk of suffering a
cardiac event, in contrast to patients who walked over 481 m. Perera et al. (2006) confirm for
older people a minimal clinically important difference of 20m and a substantial one of 50m
(Perera et al. 2006; Enright and Sherrill 1998).

Body composition (bioelectrical impedance analysis, BIA).

The BIA is used to determine muscle mass. With the help of an alternating current, the Body
resistance is determined. Taking into account the conductivity of the different body
compartments, the body composition can be calculated (Kyle et al. 2003). A measurement
usually takes only a few seconds and is completely painless and free of side effects (Reiss et
al. 2016). The BIA is used in this context to determine the muscle mass in the context of the

new European guidelines for the identification of sarcopenia (Cruz-Jentoft et al. 2019).
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Mini Nutritional Assessment (MNA)

The MNA is a simple and well-validated questionnaire for the early detection of malnutrition in
the clinical setting and is mainly used for geriatric patients (Rasmussen et al. 2010; Guigoz et
al. 2002). The European Society for Clinical Nutrition and Metabolism explicitly recommends
the use of this questionnaire, since it contains additional aspects to better assess the risk of
malnutrition in elderly patients (Kondrup et al. 2003). In the present study, the validated short
form of the MNA, the MNA-SF (Short Form) is applied (Kaiser et al. 2009). Rubenstein et al.
(2001) prove a strong correlation between the MNA-SF and the MNA (r = 0.945) (Rubenstein
et al. 2001). The questionnaire includes 6 items on the topics food intake and weight loss in
the last three months, mobility, acute illness and psychological stress, neuropsychological
problems and body weight. Per item up to three points can be scored, depending on the
answer, the higher the score, the lower the risk of malnutrition. A total of 14 points can be
reached where 12-14 points indicate a normal nutritional status, 8-11 points indicate an existing

risk of malnutrition and 0-7 points stand for a present malnutrition.

Pittsburgh Sleep Quality Index (PSQI)

The PSQI is a validated and reliable questionnaire for self-assessment of sleep quality in a
clinical setting (Doi et al. 2000; Buysse et al. 1989; Gentili et al. 1995). In addition to the self-
assessment questions, it also contains 5 external assessment questions, whereby these are
not included in the quantitative analysis. The 10 items of the self-assessment questionnaire
refer to the retrospective subjective sleep quality of the past four weeks. The questionnaire
consists of the components subjective sleep quality, sleep latency, sleep duration, sleep
efficiency, sleep disturbances, use of sleep medication and daytime sleepiness. In addition to
recording metric data such as sleep duration, the test subjects answer questions about sleep
guality on a four-point scale. A total of 21 points can be achieved, whereby a total score of > 5
indicates impaired sleep quality (Buysse et al., 1989). For the total score, studies indicate a
sensitivity of more than 80% and a specificity between 83-87% (Gentili et al. 1995; Buysse et
al. 1989).

Self-reported subjective memory impairment (SMI)

Studies show that a subjective deterioration in memory performance is associated with the
later development of dementia (Geerlings et al. 1999; Jessen et al. 2010). A longitudinal study
with 2,415 participants without objectifiable cognitive deficits at baseline showed a hazard ratio

(HR) of 1.83 [confidence interval (Cl) 1.12-2.99] for the occurrence of any type of dementia
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and 3.04 [1.36-6.81] for the occurrence of Alzheimer's dementia over three years. For
subjective memory deterioration with apprehension, the HR was 3.53 [2.07-6.03] for the
occurrence of any type of dementia and 6.54 [2.82-15.20] for the occurrence of Alzheimer's
dementia (Jessen et al. 2010). Both criteria are assessed using the Self-reported Subjective
Memory Impairment (SMI). The test person is asked the simple question "Do you have the
feeling that your memory is getting worse?" If the answer is "yes", the second question is "Does

this worry you?".

Clinical Frailty Scale (CFS)

The CSHA Frailty Index as well as the Clinical Frailty Scale (CFS) resulted from the the
Canadian Study of Health and Aging (CSHA). This longitudinal study examined the health
status of approximately 10,000 Canadians aged 65 years or older over a period of ten years
(Rockwood et al. 2001). The aim was to develop a better understanding of frailty. The CSHA
Frailty Index consists of 70 variables that describe different symptoms that are associated with
frailty. The addition of the existing variables results in the index. The CFS comprises 7 levels
and is used for clinical assessment of the functionality/fragility of a patient by the practitioner.
Physical fitness, symptoms of iliness, activities of daily living and cognition are included in the
assessment. A CFS of 1 defines a very fit person and a CFS of 7 one who is completely
dependent on outside help. Rockwood et al. (2005) describe a high correlation (r = 0.80) of
CFS and the CSHA Frailty Index. Both assessments are valid and clinically useful constructs
to determine frailty and make valuable frailty and thus provide valuable perioperative predictors
(Rockwood et al. 2005). The German translation of the clinical frailty scale (CFS) consists of 9
categories, whereby a CFS of 1 defines a very fit person and a CFS of 9 a terminally ill person.
From category 5 onwards, frailty is assumed (Singler, Gosch und Antwerpen, 2020). The CFS
has a high reliability with an ICC (Intraclass Correlation Coefficient) of 0.97 (p < 0.001) and
good construct validity with a Pearson correlation coefficient of 0.80 (p < 0.01) in comparison
with the CSHA Frailty Index (Rockwood et al. 2005). The prediction of mortality is 87%, the
association with functionality 91% and with mobility 90 % (Church et al. 2020; German Geriatric
Society 2020).

Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE)

The IQCODE is used to assess the cognitive state of a patient by a caregiver reference person
(Jorm et al. 1989). It is a well validated and reliable (Cronbach's-a coefficient = 0.93) screening
instrument and reliable (Cronbach's-a-coefficient a = 0.93) screening instrument for the

detection of cognitive impairment (Jorm et al. 1989; Jorm 2004). The German short version
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consists of 7 items. The caregiver is asked to rate the cognitive impairment compared to the
last two years on a Likert scale from "much better" (1 point) to "much worse" (5 points). At the
end, an IQCODE sum and an IQCODE score. The IQCODE score is calculated from the sum
of all the points divided by the number of questions answered. From a cumulative score of 23
or an IQCODE score of 3.29, cognitive impairment is suspected (Ehrensperger et al. 2010).

Zarit Burden Interview (G-ZBI, German version)

The Zarit Burden Interview (ZBI) is used to determine the subjective burden of caring of family
caregivers (Zarit et al. 1980). The ZBl exists in different languages and has consistently shown
good psychometric quality criteria in validation studies (Arai et al. 1997; Chan et al. 2005;
Chattat et al. 2011). The interview consists of 22 items and covers the areas of "own health",
"well-being", "finances", "social participation" and "relationship”. The items are recorded on a
five-point scale. Cut-off values according to Zarit and Zarit (1987) are: < 20 points (no stress),
21-40 points (low stress), 41-60 points (moderate stress) and > 60 points (high stress) (Zarit
and Zarit 1987). Braun et al. (2010) demonstrate the validity with a high psychometric quality

(Cronbach's-a coefficient a = 0.91) of the German version of the ZBI (Braun et al. 2010).

SWE - General Self-Efficacy Expectancy Scale (short version)

This questionnaire is developed based on Bandura's social-cognitive learning theory (Bandura
1979) and its concept of positive situation-action expectancy. The questionnaire presented
here is a short version with 10 items for the general self-efficacy expectation. In the full version
it measures the school-specific self-efficacy, study-specific self-efficacy and general self-
efficacy. The test has been tested for reliability (reliability: Cronbach's alpha .71 to .89) and
confirmed (given internal consistency) and is a recognized valid method. There are no
subscales in the short version. The self-report questions refer to the perceived effectiveness
of one's own ability to find solutions or to deal with difficulties and problems (Jerusalem and
Schwarzer 2003).

Hamburg Questionnaire on Hospital Stay (modified)

This questionnaire is a shortened version of the original questionnaire, consisting of 62 items.
The reduction is based on the practical decision not to confront patients with questions that
have already been asked elsewhere. What is meant here are the first two scales in the
guestionnaire ("Information about yourself", A.1. to A.5. and "Information about your stay", B.1.

to B.4.). The original questionnaire was developed to assess the hospital stay from the patient's
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perspective (via five-point scale "yes" over "partly” to "no", as well as school grades 1-5). In
addition to the collection of demographic data (not required in PRECOVERY), questions are
asked about admission, nursing and medical care, ward rounds, information and education,
assessment of the ward climate, accommodation and catering, ward organization, discharge
and the success of the treatment (are collected in in PRECOVERY). The questionnaire ends
with a request for an overall assessment and the possibility of free response to make critical
comments. The questionnaire was pretested with N = 739 patients and proved to be reliable
in differentiating between different wards and can be used in deficit analysis for quality
management and certification purposes (Lecher et al. 2002).

Life Orientation Test Revised (LOT-R)

The LOT - R questionnaire consists of 10 items with a five point scale for patients. It measures
the construct optimism. In this respect, the LOT-R is the most frequently used measuring
instrument. The test has two subscales, optimism and pessimism, and was tested in the
German translation on 4938 persons for quality criteria and norm values. The reliability of .59
(Cronbach's alpha) is to be regarded as unsatisfactory. The recommendation is that the
guestionnaire can be used for research purposes. The use in PRECOVERY follows the
recommendation for scientific use of the questionnaire and is complemented by multiple other

data collections as described (Glaesmer et al. 2008).

Treatment Expectation Questionnaire (TEX-Q)

The TEX-Q questionnaire, in the short version consisting of 15 items, aims to assess the
expectations of patients regarding upcoming heart surgery using a ten-point scale. The content
addresses the relief of symptoms, benefits of treatment symptoms, the benefits of treatment,
expectations of health improvement, improvements in daily activities, improvement in quality
of life, or the extent of expected risks. The questionnaire has been qualitatively tested and has
a theory-based multidimensional structure regarding the recording of treatment expectations.
The items used are considered (after examination) to be understandable and were assessed

as fitting the theoretical framework (Alberts et al. 2020).

lliness Perception Questionnaire (IPQ-B)

The lllness Perception Questionnaire consists of 9 items in the short version. It showed good
test-retest good test-retest reliability and high validity in relevant measurements. In this way,

the short version of the IPQ enables a rapid assessment of patients' perception of their illness
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(Broadbent et al. 2006). The long version of the lllness Perception Questionnaire consists of
14 dichotomous items, 18 tick-box items on a five-point scale and one free-response question.
Thematically, the IPQ-R (German version) captures the illness assumptions of patients. The
second part is the self-assessment of the disease with 18 scaled items. The correlation
coefficient could be proven and shows a positive, linear correlation (Pearson correlations 0.32-
0.63) (Broadbent et al. 2006). By differentiating between complaints/symptoms, the IPQ-R
supports a differentiated view: depending on the diagnosis, patients develop specific beliefs
about them, from which in turn coping behavior can be derived (Leventhal, H., Nerence, D.R.
and Steele).

Maastricht questionnaire - vital exhaustion questionnaire (short version)

The nine-item short version of the Maastricht questionnaire allows a quick assessment of the
degree of exhaustion level and proves to be valid (Balog and Konkoly Thege 2019 and
Schnorpfeil et al. 2002). In the original version, the questionnaire captures the construct of vital
exhaustion in 21 items (e.g. feelings of discouragement, lack of energy, increase in irritability).
The German version was developed by the working group of the Department of Psychosomatic
Medicine at the University of Lubeck under the direction of Priv.-Doz. Dr. med. Glnter
Jantschek in 2009. The items are to be answered on a three-point scale (nho/?/yes) and
determine a score from 0 to 42 points in the result. The internal consistency is very high with

a Cronbach's alpha of .89 is very high (Billmann 2009).

UCLA Loneliness Scale (short version)

In PRECOVERY, the short version of the questionnaire with eight items is used, which is
acceptable in terms of reliability and factorial reliability and factorial validity (Wilson et al. 1992).
The questionnaire identifies three dimensions of loneliness: "feelings of loneliness", "perceived
emotional isolation" and "perceived social isolation" and "perceived social isolation". In the full
version it consists of 20 items. It is scaled fivefold and, with a Cronbach's alpha of 89, is highly

internally consistent (Doring and Bortz 1993).

FIMA-Questionnaire

The utilization of services is assessed with the help of a modified version of the questionnaire
for the assessment of health services in elderly patients (FIMA). The FIMA is a standardized
and generic questionnaire for the assessment of the use of health-related resources (Seidl et

al. 2015) and enables the recording of health care services in the sectors of outpatient medical
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care, therapeutic medical care, remedies, nursing and domestic care, medication,
rehabilitation measures, inpatient and outpatient care, rehabilitation measures, inpatient and
day-care hospital stays as well as housing the calculation of the corresponding individual costs
for health care services. The validity of the self-reports between the quality of life and the
resources used in the area of nursing and domestic care ranged was between 0.52 and 0.58
(Phi coefficient).

Process evaluation

The mixed-methods process evaluation is based on the MRC Guidance for Process Evaluation

for Complex Interventions (Moore et al. 2015) and the Normalization Process Theory (May et
al. 2007; May et al. 2009). On the one hand, the guantitative process evaluation records the

concrete introduction and implementation (e.g., program fidelity, dose, adaptations, reach, and

framework conditions) of the originally planned intervention as well as possible effects on the

impact of the intervention. The gqualitative process evaluation captures the perspective of
patients in the intervention group as well as of other participants in the study and the "Karl-
Heinz intervention" and explores factors that hinder and promote the implementation of the
intervention. In addition, it explores the expectations of patients in the intervention and control

groups, the experience of the cardiac intervention itself and the time after the intervention.

Targets (quantitative) (Moore et al. 2015):

e Program fidelity

e Dose

¢ Adaptations

e Outreach

¢ Mechanisms of intervention implementation, participant responses, and adaptations

¢ Influence of basic conditions

Program fidelity is measured by checking whether Karl-Heinz is offered in the facilities as

originally planned, i.e. whether all treatments are available.

Dose measures the actual implementation, i.e. whether all treatments were then offered.

Adaptations mean changes in the implementation, e.g. with regard to the content or duration

of the trreatments.
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Outreach is mapped by recording the use of the treatments by the patients (participation rate).
Mechanisms of the impact of the intervention: The response of patients to the intervention
and the patients' response to the intervention and the implementers' assessment of the actual
implementation (unexpected pathways and consequences). In addition, views on the
implementation of Karl-Heinz as well as the subjectively perceived implementation quality of
Karl-Heinz will be recorded (patients, relatives, facility managers, physicians in the recruitment
centers, multipliers and staff in the facilities as well as staff in the study center).

Framework factors: Here, factors are recorded that influence the intervention or are
influenced by it. Also, mechanisms whose aim is to maintain the original state can act on the
intervention from the outside.

Framework factors occur at different levels (micro, meso and macro) and in different contexts
(health system, facility, staff, patient) (Threapleton et al. 2017). It can be e.g. laws, resources,
organizational forms, qualifications, experience and many other aspects that influence the
intervention from the outside. Framework factors are defined at the levels of management,
multipliers, staff in the facilities and, of course, patients and their relatives. Also perceived
facilitating and inhibiting factors are also asked about.

Targets (qualitative)

In patients (intervention group and control group)

* View of the upcoming cardiac procedure

* View of the time after cardiac procedure

» Wishes for the course of health

* Lifestyle changes (e.g., diet, exercise, smoking)

Additionally in patients in the intervention group

 Acceptance, implementation and evaluation of prehabilitation
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* View of the implementation of prehabilitation as well as reactions and adaptations on the part

of the participants

» Effects of prehabilitation on the experience of the procedure

« Satisfaction with prehabilitation as well as perceived benefits

* Identification of barriers and conducive factors in implementation (May et al. 2007).

For close relatives (intervention group and control group)

* View of the upcoming cardiac procedure own perspective

* View of the time after cardiac procedure, own perspective

» Wishes for the course of health

In addition, in the case of related persons of the intervention group

* Acceptance, implementation and evaluation of prehabilitation, own view

» Effects of prehabilitation on one's own well-being as well as for the patient

* Perception of the conversation with relatives during prehabilitation

» Satisfaction with prehabilitation

* Identification of barriers and conducive factors in prehabilitation (May et al. 2007)

In the case of multipliers

* View of the implementation of prehabilitation in the facility

* View of one's own role

* View of the patients receiving the prehabilitation
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» Assessment of the usefulness of prehabilitation, evaluation

» Suggestions for improvements in prehabilitation? Wishes? Advice to the study team

For employees

* View of the implementation of prehabilitation in the facility

* View of one's own role

* View of the patients receiving the prehabilitation

» Assessment of the usefulness of prehabilitation, evaluation

*» Suggestions for improvements in prehabilitation? Wishes? Advice to the study team

In the case of doctors in recruitment centers

* View of one's own role

* View of ambulance conversations

* View of interventions

* Perception of the patient's health history

» Assessment of the usefulness of prehabilitation, evaluation

* Suggestions for improvements in prehabilitation? Wishes? Advice to the study team

For general practitioners of patients in the IG

* View of the implementation of prehabilitation in the facility

* View of the patients receiving the prehabilitation

» Assessment of the usefulness of prehabilitation, evaluation
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» Suggestions for improvements in prehabilitation? Wishes? Advice to the study team
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6 Study Design and Participating Centers

Study design

PRECOVERY is a randomized, controlled, multicenter, two-arm, assessor-blinded study that
evaluates the effectiveness of two-week inpatient or semi-inpatient prehabilitation prior to
elective cardiac procedure as measured by EQ-5D-5L and mortality one year after cardiac
procedure compared with the SMC. The patients in the SMC are cared for according to the
usual standard in the phase before the planned operation.

Screeaning for
Enrollment eligibility Age =75 years:
patient scheduled for
Yes elective cardiac
-+ procedure
v (CP:; OPS: 5-351,
- — 5352, 5353, 5354,
Basel_lne_tﬂ Enraliment (n=422) 5-35a, 5-360. 5-361.
Randomization t1 Baseline assessment t0 5362, 5-363)
Randomization t1
L4 A 4
Allocation Standard Medical Care Prehabilitation
SMC (N=211) “Karl-Heinz” (N=211)
A4 Y
Before CP ] Received SMC prior to CP (N=211) or allocated prehabilitation “Karl-Heinz” (N=211)
t2 E I H Assessment t2: after prehabilitation, before CP (during cardiac hospital admission)
After CP )
3 H -Ill- ] Assessment t3: after cardiac procedure (before hospital discharge)
Follow-up t4, . )
Assessment t4: Intermediate measurement 30d after CP
30d after CP
Follow-up t5, Assessment t5: Intermediate measurement 6m after CP
6m after CP
- [
':‘2):1!‘0;1:?&% H.Ill- ] Assessment t6: Main outcome assessment 12m after CP
Analysis Statistical Analysis

Figure 2. CONSORT diagram of the PRECOVERY randomized controlled trial.

In the recruitment centers, patients who are scheduled to undergo surgery in 4-6 weeks
are screened according to the inclusion and exclusion criteria. Eligible patients will be

recruited (t0) and randomized (t1).
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In the study, a total of six assessment time points are planned for the patients. For the

guantitative process evaluation, a further survey will only be carried out on patients in

the intervention group after prehabilitation (between t0/t1 and t2):

t0 /t1

post

t2
t3
t4
t5
t6

Baseline

Assessment after prehabilitation (intervention group only)
Assessment before cardiac procedure (CP), after prehabilitation
Assessment after CP, before hospital discharge

Assessment 30 days after CP

Assessment 6 month after CP

Final assessment 12 month after CP

The collected data are entered into the eCRF of the database (secuTrial®) by the study
physicians and study nurses. Assessments at t4 and t5 are conducted via phone.

In addition, the study will collect data to assess the health economic benefits of the
intervention and evaluate the implementation process of the intervention.

Participating Centers

Recruiting centers:

Department of Cardiovascular and Thoracic Surgery, University of Goettingen
Medical Center, Goettingen, Germany

Department of Cardiology and Pneumology, University of Goettingen Medical
Center, Goettingen, Germany

Department of Cardiothoracic, Transplantation and Vascular Surgery,
Hannover Medical School, Hannover, Germany

Department for Thoracic, Cardiac and Vascular Surgery, Ulm University
Medical Center, Ulm, Germany

Department of Cardiac, Thoracic and Vascular Surgery, Braunschweig
Municipal Hospital, Braunschweig, Germany

Department of Cardiac Surgery, Oldenburg Hospital, Oldenburg, Germany
Immanuel Clinic Bernau, Brandenburg Heart Center, Bernau, Germany

Recruiting and Prehabilitation centers:

Schichtermann-Schiller'sche Clinic, Bad Rothenfelde, Germany
Heart and Vascular Center Bad Bevensen, Bad Bevensen, Germany

Prehabilitation centers:

Rehabilitation Center Oldenburg, Oldenburg, Germany
Clinic and Rehabilitation Center Lippoldsberg, Wesertal, Germany
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e Kirchberg Clinic, Bad Lauterberg, Bad Lauterberg, Germany

e ZAR Center for Outpatient Rehabilitation GmbH, Ulm, Germany
e Clinic Fallingbostel, Bad Fallingbostel, Germany

e Brandenburg Clinic, Bernau Waldsiedlung, Germany
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7  Study population

Inclusion and exclusion criteria

Inclusion Criteria:

1. Patients aged = 75 years who are scheduled to undergo one of the following
elective cardiac procedures (see Appendix for further details):

a) Replacement of heart valves with prostheses (5-351),
b) Replacement of heart valve prostheses (5-352),

c¢) Valvuloplasty (5-353),

d) Other operations on heart valves (5-354),

e) Minimally invasive surgery on heart valves (including catheter-based aortic
clap implantation — TAVI and transvenous clip reconstruction of the mitral
valve — MitraClip) (5-35a),

f) Deobliteration (endarterectomy) of the coronary arteries (5-360),
g) Application of an aortocoronary bypass (5-361),

h) Application of an aortocoronary bypass by minimally invasive technique (5-
362) or

i) Other revascularization of the heart (5-363)

2. Sufficient independence and capacity for self-sufficiency and participation in
prehabilitation

3. Insurance status of all patients from Lower Saxony with the AOK

4. Ability to give a consent

5. Willingness to voluntarily participate in the study after being informed with a signed
declaration of consent

6. Sufficient knowledge of the German language to complete/answer the

guestionnaires

Exclusion criteria:

1. Lack of capacity to consent
Katz Index O

Need for treatment in acute care hospitals

LN

Severe dementia; severe mental disorders (acute psychosis, major depressive
episode, acute suicidal tendencies), acute delirium

5. Diagnosis of acute alcohol or drug abuse
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© © N o

17.

Unstable angina pectoris
Heart Failure, NYHA IV
Myocarditis, HOCM, main stem stenosis 2 80%
Severe therapy-refractory cardiac arrhythmias
. Status after aortic dissection
. PAVK Stadium 2 [l after Fontaine
. Symptomatic carotid stenosis or carotid stenosis requiring treatment
. Renal insufficiency requiring dialysis
. Hepatic insufficiency, Child B and Child C
. Advanced (metastatic) oncological disease
. Neurological, orthopedic or rheumatic comorbidities that speak against physical
training
Participation in another intervention study (participation in registry studies is
permitted)

As part of this study, relatives or close persons are also interviewed. Relatives or close

relatives are defined as persons aged =18 years who provide social support to the

patients and are a direct contact person.

Process evaluation: participant inclusion and exclusion criteria

In addition to patients and people close to them (same inclusion and exclusion criteria

of

the main study), the following groups of people are included in the process

evaluation:

Managers of the participating rehabilitation facilities (no inclusion or exclusion
criteria)

Multipliers and their representatives in the rehabilitation facilities (no inclusion or
exclusion criteria)

Employees of the rehabilitation facilities that carry out Karl-Heinz units directly
(therapists, counsellors, clinical social workers, etc.) or indirectly (physicians,

nurses).

Inclusion Criteria:

1.
2.
3.

Care of patients undergoing prehabilitation
Participation in a training course by the multiplier

Activity in the institution (in perspective) during the entire term
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e Cardiac surgeons at the recruitment centers (no inclusion and exclusion criteria)

e General practitioners of patients in the intervention group (inclusion criterion:
medical care of patients during the 12-month follow-up)

e Research assistants who provide training for the multipliers and their

representatives or supervision during the study (no inclusion or exclusion criteria).

Number of study participants
A total of 422 patients (211 intervention group, 211 SMC) will be enrolled in the
PRECOVERY study.

Process evaluation: number of study participants

Quantitative Process Evaluation:

* Patients: n=422 subjects parallel to the main study

* Related parties: max. 422 people (realistically much fewer)
» Heads of rehabilitation facilities: n=7

» Multipliers: n=7, trainings: n=7 plus representatives: n=7

» Employees in rehabilitation facilities: n=35 (5 per facility)

* Study team staff: n=2 (training)

Qualitative process evaluation

« Patients: intervention group: n=16, control group: n=8

* Related parties: intervention group: n=16, control group: n=8
 Multipliers: n=7, (one focus group)

* Employees in the rehabilitation facilities: n=16 (2 focus groups)
» General practitioners: n=16 (2 focus groups)

* Study physicians: n=9

Recruitment

The PRECOVERY recruitment will be integrated into the standard procedures of the
participating heart centers. In these recruitment centers, patients who are scheduled
to undergo a cardiac procedure in 4-6 weeks are screened, informed, recruited for the
study (t0) and randomized (t1) according to the inclusion and exclusion criteria during
a preoperative, outpatient appointment in cardiology or cardiac surgery departments.
In order to support the recruitment process, all referring centers will be informed about

the study in advance and additional flyers will be created to increase patient interest.
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If the recruitment figures fall short of expectations, the evaluation concept is designed
through the use of the FIMA questionnaire in such a way that an extension to the
inclusion of insured persons from other health insurance companies on the legal basis
8630a BGB is also conceivable in Lower Saxony. Due to the goal of highest-quality
routine data analysis for as many participants as possible, this would only be seen as
a fallback strategy.

Process Evaluation: Recruitment

Patients and relatives

For quantitative process evaluation, no recruitment of patients and close associates is
required, as the few questions are included in the eCRF of the main study. For the
gualitative process evaluation, patients and close persons are recruited as part of the
approach to the main study (PEQUAL 1a V1, PEQUAL 1b V1). The aimis to recruit 16
patients and close relatives from the future intervention group. In addition, a total of 8
patients and 8 close persons from the control group will be recruited.

Facility management, multipliers, employees

For the quantitative process evaluation, the facility managers as well as the
multipliers/representatives will be contacted by the study team of the process
evaluation (team PE) (PEQUAN 1c V1.1), or via phone (facility management). The
employees will be approached by the multipliers in the facilities and will be invited to
participate anonymously.

As part of the training of multipliers/representatives and employees in the rehabilitation
facilities, the participants are invited to voluntarily participate in the evaluation
(PEQUAN 5c.1 V1.1, PEQUAN 5d V1). The training study staff/multipliers are asked
to fill out a short protocol as part of their work (PEQUAN 5 V1, PEQUAN 5c.2 V1).
Personnel changes are noted by the multiplier/representative (PEQUAN 5c.3 V1).
Study physicians and general practitioners (annexes in the amendment)

The clinicians who see the patients in the outpatient clinic and/or perform the operation
are written to by the PE team, contacted via phone and invited to participate. The
names of the primary care physicians of the participating patients will be recorded
when they are included in the study. At the end of the study, the general practitioners
will be contacted in writing and by telephone by the PE study team and invited to

participate in the study.
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8 Curriculum

Procedure for clarifying and obtaining consent

All patients who meet the inclusion and exclusion criteria will be approached by the
study physician or study nurse when they visit the cardiology/cardiac surgery
department to see if they are interested in the study. If they are interested, patients will
receive detailed patient information and the declaration of consent to the clinical trial.
In addition, insured persons of the AOK Lower Saxony receive the declaration of
participation in the contract for special care as well as an information sheet on data
protection and insured persons of the AOK Baden-Wirttemberg the treatment contract
of the prehabilitation center to read. Accompanying relatives or accompanying close
persons will be given the information on relatives and the corresponding declaration of
consent. This is followed by a detailed study information by the study physician and
after sufficient time to think about it, the written consent of the patients and the relative
will be collected. The consent documents also include the explicit consent of the
participant to the disclosure of statutory health insurance routine data (consent to data
processing) from the corresponding health insurance company (AOK Lower Saxony or
AOK Baden-Wirttemberg) to the health economic evaluation partner (UKE Hamburg,
Prof. Konig) for evaluation purposes.

No study-specific examinations will be carried out without the prior consent of the
patient to participate in the study. In the informed consent form, patients can decide
whether residual amounts of blood samples taken for the study may be retained and
used for further scientific investigations in the field of cardiac surgery/cardiology/

geriatrics.

Process evaluation

Quantitative Process Evaluation

 Patients: The information on quantitative process evaluation can be found in the
written study information (Annex lla) of the main study. In addition, it is stated there
that in the event of assignment to the intervention group, personal data (real name, ID,
contact details) will be passed on to Team PE. Furthermore, the completion of the
patient diary by employees and by the patients themselves during prehabilitation are
listed (PEQUAN 5a V1.1). Furthermore, after the prehabilitation, they are called by a
member of the PE team and asked about the prehabilitation stay in a standardized
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way. The permission to send the therapy plan of the prehabilitation to the PE team as

well as the release of the family doctor from confidentiality in a group discussion are

also listed.

The information is provided by the study physician at the recruitment center as part of

the main study.

Related parties: You will receive information about the process evaluation as part of
the information of the main study (Annex Ill) and will be informed by doctors at the
recruitment center.

Heads of the institutions (consortium partners): The heads of the institutions will be
informed by telephone about the sending of the survey form on the institution.
Multipliers: The multipliers receive a letter (PEQUAN 1c V1.1) and study information
(PEQUAN 2c V1) by post and are informed orally by a study employee of the PE
team before signing the informed consent (PEQUAN 3c V1.1).

Employees in the institutions: Here, the study information is integrated into the
guestionnaire (PEQUAN 4d.1 V1.1, PEQUAN 4d.2 V1.1, PEQUAN 4d.3 V1.1), the

survey is anonymous.

Qualitative process evaluation

Patients and close persons: When approached by study assistants or doctors, an
invitation to participate in the study will be handed over (PEQUAL la V1, PEQUAL
1b V1). If they are interested, patients/loved ones will receive written information
(PEQUAL 2a V1.1, PEQUAL 2b V1.1) and information documents (PEQUAL 3a, 3b
V1.1). The oral explanation is carried out by the study doctor. Participation in the
interviews is voluntary and can be done in addition to the main study, participation
in the main study is also possible without participation in the interviews.

Multipliers: You will receive letter by post (PEQUAL 1c V1), written information
material (PEQUAL 2c V1.1) with the documents for the video implementation of the
focus group (PEQUAL 6c, 6d, 6f V1, PEQUAL 6c¢.1, 6d, 6f V1) and educational
documents (PEQUAL 3c, 3d V1) on the focus groups and, if interested, will be
informed orally by telephone by a scientific employee of the PE team, before
informed consent is given.

Employees in the facilities: If they are interested, they will receive cover letters
(PEQUAL 1d V1.1), written information material (PEQUAL 2d V1.1) with the
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documents for the video implementation of the focus group (PEQUAL 6c, 6d, 6f V1,
PEQUAL 6c.1, 6d, 6f V1) and the educational documents (PEQUAL 3c, 3d V1) by
the multiplier and will be informed orally by telephone by a scientific employee of the
PE team.

» General practitioners: General practitioners are contacted by post by cover letter
(PEQUAL 1f V1.1) and by telephone and asked about their interest in participating
in a focus group. In the positive case, they will be sent study information (PEQUAL
2f V1.1) with the documents for the video implementation of the focus group
(PEQUAL 6c, 6d, 6f V1, PEQUAL 6c¢.1, 6d, 6f V1) and educational documents
(PEQUAL 3f V1.1), and oral information will also be provided by telephone by a
scientist from the PE team. In addition, you will receive an invoice form for an
expense allowance of 100 euros (PEQUAL 6f V1.1).

» Study physicians: You will be contacted by letter by post (PEQUAL le V1.1) and by
telephone by study staff of the PE team. If you are interested in participating, you
will receive the study information (PEQUAL 2e V1.1), documents for video
implementation (PEQUAL 6c, 6d, 6f V1, PEQUAL 6c¢.1, 6d, 6f V1) and educational
documents (PEQUAL 3e V1.1). An oral explanation is provided by telephone by a

research assistant of the PE team.

As a general rule, the declaration of consent to participate in the study is dated and
signed by the study participant as well as the study physician or a research assistant
of the PE team. In the case of on-site information, the signatures are usually given at
the same time, if the participant still wishes time to think about it, he or she takes two
unsigned copies of the consent with him or her and signs and first, only then does the
study doctor/study employee sign. In the case of clarifications by telephone, the first
step is the signature of the informed person, who sends both copies signed by him to
the PE team. Before the start of the course, she will then receive an additional copy
signed by the scientist by post.

Only general practitioners receive an expense allowance of 100 euros for participation
in the focus group. All other participants in rehabilitation facilities and recruiting facilities
conduct the interviews and focus groups during their working hours (consortium

partners). Patients and loved ones do not receive any expense allowances.
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Randomization

After baseline assessment, randomization is performed in a 1:1 ratio stratified by study
site, patient age (<81 years vs. 281 years) and gender (block randomization with
random block lengths). Randomization will be performed by the study physicians of the
recruiting centers. The individual study nurses of the recruiting centers remain blinded.
Patients in the control group (n=211) are provided with standard medical treatment
(cardiac surgery without prehabilitation). In the event of randomization to the
intervention group (n=211), insured persons of AOK Niedersachsen will receive the
declaration of participation in the new form of care of AOK Niedersachsen or insured
persons of AOK Baden-Wiurttemberg will receive the treatment contract of the
participating pre-rehabilitation center, and inpatient or semi-inpatient admission to the
cooperating prehabilitation center will be planned. After two weeks of prehabilitation,
the elective procedure must be planned within 2-4 weeks in the recruitment centers in

order to maintain the treatment effect of an intensified prehabilitation measure.

Study intervention

Patients in the intervention group (n=211) receive prehabilitation as a two-week
preventive, intensive and full-day measure in cardiac rehabilitation facilities
("prehabilitation centres") for targeted, holistic preparation for the procedure.
Prehabilitation includes a multimodal, interdisciplinary therapeutic approach that is
individually adapted to the patient to achieve the best possible physical and mental
health with improved functional reserve (resource-oriented, intrinsic capacity) before
the planned procedure. For the period of prehabilitation, patients are admitted to one
of the participating rehabilitation clinics (prehabilitation centres). At the Centre for
Outpatient Rehabilitation (ZAR) Ulm, the measure takes place in a day-care setting.
As an intervention, an interactive treatment concept consisting of various modules of
sports and exercise therapy as well as occupational therapy, informational-
educational, behavioral psychology and psychosocial measures will be implemented
in the prehabilitation centers (details in the appendix "Treatment manual”). From a
defined pool of therapy modules, the attending physician of the prehabilitation center

puts together the respective treatment plan for each patient.
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Table 5. Example of a weekly schedule of prehabilitation.

Monday Tuesday Wednesday Thursday Friday
07:30 Laboratory Diagnostics Laboratory Diagnostics Laboratory
08:00 Breakfast
08:30
09:00 Exercise Therapy | Occupational Occupational Social Counselling
therapy therapy
09:30
10:00 Breathing Breathing Breathing Therapy
Therapy Therapy
10:30 Visit Visit Visit Visit Visit
11:00 Exercise Therapy Exercise Therapy
11:30 Cognitive Cognitive
Therapy Therapy
12:00 -13:30 Lunch
14:00
14:30 Massage Cognitive Therapy Exercise Therapy | Exercise Therapy
15:00 Occupational
therapy
15:30
16:00 Health education | Conversations with | Psychosocial Psychosocial Health education
relatives intervention intervention
16:30
17:00 Breathing Breathing Therapy Breathing Breathing Breathing Therapy
Therapy Therapy Therapy
17:30 Dinner

The individual modules can be summarized as follows:

The following modules are integrated into the "Karl-Heinz" intervention at PRECOVERY:

*  Module 1 "Sports and Exercise Therapy" (aerobic endurance training, dynamic strength

training, flexibility and coordination training as well as breathing therapy)
Module 2 "Occupational Therapy" (everyday training)

Module 3 "Cognitive Training" (Cognitive Therapy)

Module 4

intervention, reduction of anxiety, relaxation techniques)

"Psychological support" (psychosocial intervention, preparation for
Module 5 "Disease-specific training and nutritional counseling” (sleep hygiene, health
education, lifestyle, health literacy, nutritional counseling)

Module 6 "Conversations with relatives" (legal aspects, e.g. power of attorney, living will,
advice for families/relatives)

Module 7 "Nutritional Therapy and Miscellaneous" (e.g.: "special hygiene training")

In order to standardize the prehabilitation program, a team of experts from all participating

centers and AOKs (2-day workshop in May 2021) designed a treatment manual ("Karl-Heinz")

(elaborated version is available). Based on this, a team training concept was created, which
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was standardized in the form of a training manual. Initially, there will be a short training of the
multipliers on areas of responsibilty as a "multiplier" in the prehabilitation center.
Subsequently, a team of multipliers will receive virtual training on the individual modules using
the intervention manual. The multipliers will then conduct on-site training sessions for the
intervention staff of the respective prehabilitation centers ("train the trainer"). The individual
elements and programs for prehabilitation are not new, but the embedding of a heart-specific
program in a structured trans-sectoral concept represents a previously unaddressed need in
the care of elderly patients.

Recording of the target variables

For a high level of study adherence (minimization of drop-outs/lost to follow-up), the study visits

are coordinated with routine rounds as far as possible or the participants are reimbursed for

travel expenses and parking fees and, if necessary, home visits are carried out for follow-up
appointments. A "minimal data set" is defined, which can also be collected by telephone if
necessary. A validated telephone questionnaire is available for the primary endpoint EQ-5D-
5L. An external assessment of the patient's cognitive abilities by a close relative (IQCODE)
and a survey on the subjective burden of the relative (G-ZBIl) are carried out at the beginning
of the study (t0), after six (t5) and twelve months (t6). A detailed list of the targets and data

collection time points can be found in the overview table (see Table 1).

The health economic evaluation will be carried out by the Institute for Health Economics and

Health Services Research, UKE (headed by Prof. H.-H. King). The following data will be

collected for the health economic analysis:

(1) The personnel and material costs of prehabilitation are calculated according to the
principles of business cost calculation using the performance documentation of the
rehabilitation facilities.

(2) In order to determine the use and costs of health services in the follow-up period, the FIMA
guestionnaire ('Questionnaire for the collection of health services in old age') adapted to
the project and standardized monetary assessment rates will be used. In addition, the
above-mentioned service utilization and cost data will also be collected using routine health
insurance data from the AOK Lower Saxony and AOK Baden-Wirttemberg. Since routine
health insurance data is expected to be available for a maximum of 85% of the subjects,
the analysis of this subsample will be carried out as a sensitivity analysis. The higher
reliability of the routine health insurance data thus enables an additional classification of
the primary data analysis. If, in an interim analysis after 25% recruitment, it is foreseeable
that the collection of routine health insurance data will be available in 80% of PRECOVERY
patients, the FIMA collection will be dispensed with in the further course. Not only does the

routine health insurance data have a higher data quality, it seems plausible that the
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)

(4)

completeness of the remaining primary data may be increased as a result of discontinuing
of the FIMA. The participants will have fewer questions to answer and therefore, they will
likely become less tired while participating in the data collection process. The health
economic analyses will then carried out solely on the basis of higher-quality routine health
insurance data. All costs are collected in the period of the last one to six months at the
survey times t1, t2, (t4), t5 and t6 and compared between the intervention group (IG) and
the control group (CG).

Determination of utility values (quality-adjusted life years — QALYS): QALYs are calculated
on the basis of the EQ-5D quality of life questionnaire at the survey times t1 to t6.
Determination of cost-effectiveness: For the analysis of cost-effectiveness after 12 months,
the differences in costs and QALYs between the IG and the CG are determined in the
follow-up and related in the form of incremental cost-benefit ratios. The non-parametric
bootstrap method will be used for uncertainty analysis. This allows the skewed distribution
of cost data and the covariance of costs and QALYs to be taken into account. In addition,
the method of net benefit regression and, based on this, the construction of cost-
effectiveness acceptance curves are used to visualize the statistical uncertainty of the cost-
benefit ratio. Figure 3 provides an overview of the duration of the study for the individual
patient, including the data collection time points (t0 to t6). The duration of study per patient

is 14 months.

iy e e 3

0 _t1 t2]t3 t4 t5

Figure 3. PRECOVERY study design.

Process evaluation

Quantitative process evaluation: Targets and data collection

The data collection includes the following data sources (Table 1) in the intervention and control

groups: standardized questionnaires for:

All patients at inclusion (t0/t1), after surgery (t3), after 30 days (t4), after 6 months (t5) and
after 12 months (t6) (PEQUAN 4a.1 V1). The data will be collected in a standardized

interview by the study assistant at the recruitment center.
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e All close persons at study begin (t0/t1) and after 6 and 12 months (t5/t6) after the cardiac
procedure (PEQUAN 4b V1.1). The data will be collected in a standardized interview by

the study assistant at the recruitment center.

Additionally in the intervention group:

o Standardized survey of patients shortly after prehabilitation (before hospital stay)
(PEQUAN 4a.2 V1.1). The data will be collected in a standardized telephone interview by
a member of the PE team. Here, patients who participate in the qualitative process
evaluation will not interviewed in order to avoid increasing the number of surveys.

e Diary for Karl-Heinz intervention: During prehabilitation, practitioners and patients fill out
the patient's diary (PEQUAN 5a V1.1), which consists of two parts, after each Karl-Heinz
unit. The patients receive the diary from the multiplier at the beginning of their stay in the

prehabilitation center and return it at the end (in a sealed envelope).

e There are two booklets: In Part A of the practitioners' booklet, the implementation, duration
and, if necessary, adjustments to each unit will be recorded. In Part B, more detailed data
on implementation, abnormalities in implementation, and a small amount of personal
clinical data will be collected by the respective practitioner as part of a final documentation
at the end of each module. In the patient’s part of the booklet, patients assess each
individual unit. They indicate whether the session was strenuous. In addition, once a day
during their stay, they provide information on how they felt on that day. The diary is bound
into two separate notebooks so that the practitioners cannot see the patient's entries. The
two-part diary is sent by the multiplier to the PE team.

e The therapy plan is also used as a data source. It is sent by the multiplier to the PE team.

The practitioners' real names are blacked out or removed.

Managers of the prehabilitation centers, multipliers and employees of the facility fill out
guestionnaires themselves before admitting the first patient (PEQUAN 4c.1 V1, PEQUAN 4d.1
V1.1, PEQUAN 4g.1 V1.1) and after discharge of the last patient from the facility (PEQUAN
4c¢.3 V1, PEQUAN 4d.3 V1.1, PEQUAN 4g.2 V1.1). The multipliers and employees of the
institutions also fill out a questionnaire after 6 months (PEQUAN 4c¢.2 V1, PEQUAN 4d.2 V1.1).

The questionnaire for the facility management refers to data about the facility. The surveys of

multipliers and employees include guestions on the implementation of prehabilitation and
framework conditions. In addition, a document (PEQUAN 5c.3 V1) records changes and
training data of multipliers and employees in the rehabilitation facilities by the respective
multiplier. The employees in the facilities receive the guestionnaires from the multipliers. The

forms are handed over with an envelope and must be filled out anonymously. The participants
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first pass on the sealed envelope with the completed questionnaire to the multiplier, who then
sends it to the PE study team.

During the multiplier training courses at the beginning of the study, multipliers and their
representatives fill out evaluation forms (PEQUAN 5c.1 V1.1) themselves, and the schoolers
keep a short protocol (PEQUAN 5 V1). Later, employees of the institutions that are trained to
deliver the Karl-Heinz intervention fill out an evaluation themselves (PEQUAN 5d V1) after the
training by the multiplier. The multiplier briefly records the course (PEQUAN 5c¢.2 V1). Follow-
up training, e.g. following a change in multiplier or employees, is evaluated in the same way
as the training of employees. The questionnaires are handed out by the trainers at the end of
the training. The collection of the anonymously completed forms takes place in a box with a

slot, which is kept closed and later sent to the PE team.

Qualitative Process Evaluation: Contents and Data Collection

The data for the qualitative process evaluation will be collected in interviews and focus groups
with study participants. The interviews and focus groups are conducted by research assistants,
who are members of the PE team. They will be trained in detail on the techniques in advance.
The interviews follow guidelines that were prepared in advance after Helfferich (Helfferich
2022). There are currently no guidelines in the appendix, but the topics for the respective
surveys. The interviews are recorded with two recording devices (for safety's sake). In addition,
the interviewer takes field notes. At the end of the interview, an appointment may be made for

a follow-up interview.

Interviews

Patients and related persons: Patients and close persons will be contacted by telephone
(PEQUAL 64a, 6b V1) to make an appointment for the 1st interview. The scientific employee of
the PE team will answer any questions that may arise. The scientific employee of the PE team
will conduct guideline-based, semi-structured individual interviews with patients/persons close
to them by telephone on the agreed date. Interviews with patients from the intervention and
control groups are conducted after inclusion (but before prerehabilitation in patients in the
intervention group, at best on day 2-5 after inclusion) by telephone (t0/t1), as well as 30 days
(t4) and 12 months (t6) after the procedure. In addition, patients in the intervention group will
be interviewed after prehabilitation (before the procedure) (all guidelines: PEQUAL 4a V1).
Interviews with close persons of both groups will be conducted after t4 (30 days to 60 days
after the procedure) and after 12 months (PEQUAL 4b V1). The interviews differ in their desired
length (30 to 40 minutes). Study physicians: The approx. 30-minute interviews with the

treating/operating hospital physicians take place when the last patient with surgery in the
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respective clinic has completed the quantitative follow-up survey after 12 months (t6)
(PEQUAL 4e V1.1). During the interviews, socio-demographic data will be collected from the
participants (PEQUAL 5a V1, PEQUAL 5b V1, PEQUAL 5e V1.1).

Focus Groups

The 90-minute focus groups of multipliers (PEQUAL 4c V1), staff (PEQUAL 4d V1) and general
practitioners (PEQUAL 4f V1.1) will be led by two facilitators on the basis of guidelines. The
focus groups will be conducted via video conference. The focus groups will be recorded on
two recording devices. After consent to the study, the participants will be sent a short socio-
demographic questionnaire in advance, which will be filled out and returned to the PE team
(PEQUAL 5c¢c V1.1, PEQUAL 5d V1.1, PEQUAL 5f V1.1).

Process Evaluation: Data Entry

Quantitative Process Evaluation: The data entry of the patient surveys and the interviews of

related persons will be carried out by the study assistant at the recruitment center together
with the data of the main study. The data of the standardized interview of the patients from the
intervention group immediately after prehabititation will be entered by members of the PE team.
The paper-based patient diary and therapy plan will also be entered by a study employee from
the PE team.

All paper-based questionnaires of the surveys of facility management, multipliers, employees
of the institutions and employees of the UMG study team will be entered into the database by
study staff of the PE team. All data entries of paper-based questionnaires are carried out
according to the four-eyes principle: After the first data entry, a review (Review A) is carried

out by another study employee.

Qualitative process evaluation: The audio files of interviews and focus groups will be sent to a

professional writing office for transcription. Subsequently, the pseudonymization is carried out

by employees of the PE team.

Total duration of the study

The PRECOVERY study is funded by the Innovation Fund of the Federal Joint Committee in
the period from 01.11.2022 to 31.10.2026. A timetable with the most important key data can
be found in the table below (details in the "GANTT Chart", Appendix ).
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Table 6. PRECOVERY schedule overview

Recruitment of the first patient (FPFV) 2. Quarter 2023

Recruitment of the last patient 2. Quarter 2024

Last patient out 3. Quarter 2025

Final statistical analysis 1. Quarter 2026

Study duration per patient 14 Months

Planned interim analysis(s) According to 25% of recruited
patients
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9 Risk-benefit assessment

Patients are expected to benefit from prehabilitation because they receive intensified, multi-
professional, preoperative preparation before elective cardiac procedures in experienced
rehabilitation centers, feel less anxiety and distress, and achieve an improvement in functional
capacity. Furthermore, an improvement in preoperative expectations and better education of
patients and their families is expected. Individualized and optimized preoperative medical care
through sports and exercise therapy as well as occupational therapy measures, supportive
discussions, training courses and discussions with relatives can presumably optimize the
preparation of patients for cardiac procedures, reduce the rate of perioperative complications
and improve the quality of life in the postoperative course. In addition, patients have personal
contact persons through daily contact with the prehabilitation team.

Participation in the study does not pose any discernible risk to patients. The 2-week, inpatient
or semi-inpatient prehabilitation takes place during the period in which the patients (sometimes
full of anxiety and without direct medical support) have to wait for several weeks in the home
environment for the elective cardiac procedure. The sports and exercise therapy measures are
individually adapted to the patient's performance. Each patient receives a stress ECG on the
day of admission or the following day at the prehabilitation center. On the basis of this ECG,
the individual training load, which is free of symptoms and findings, is determined. Studies
demonstrate the feasibility and safety of a preoperative sports and exercise program with mild
to moderate intensity in patients prior to elective cardiac surgery (Steinmetz et al. 2022; Arthur
et al. 2000; Sawatzky et al. 2014; Stammers et al. 2015). In addition, the S-3 guideline on
cardiac rehabilitation is applied in German-speaking Europe (S-3 guideline, LL-KardReha,
2020). ECG monitoring during aerobic endurance training, for example, also provides
additional security. The precautions and contraindications of the individual forms of training
are described in detail in the treatment manual (see appendix). If, despite all safety incidents,
complaints such as pectanginous symptoms, cardiac arrhythmias, dizziness, malaise, fatigue
or muscular problems occur, the first thing to do is to reduce the training intensity and stop
training if the symptoms remain the same. Appropriate documentation and subsequent
examination by the study physician will be ordered. The risk of falls in the context of training
interventions is counteracted by a close patient-therapist connection (sometimes 1:1 care).
The specialists also have in-depth knowledge of fall prevention. We do not expect any serious
side effects from the training intervention, such as fatigue or an increased risk of mortality. For
example, Nashimoto et al. (Nashimoto et al. 2022) investigated the safety of exercise loads in
elderly patients with severe aortic stenosis in their review. Seven studies that included data
from exercise ECGs and 16 other studies that included preoperative physical examinations

prior to TAVI intervention were evaluated. Authors concluded that adequate physical exertion
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is unlikely to produce hemodynamic changes that can lead to death (Nashimoto et al. 2022).
Unfavourable side effects of supportive conversations, discussions with relatives, training or
occupational therapy have not yet been described. The psychological interviews are conducted
by psychologists who have completed bachelor's, diploma and master's degrees or licensed
physicians. Any psychological stress that may occur before the elective cardiac procedure can
be adequately absorbed. The possible occurrence of severe depression or suicidality in the
course of the disease will be recorded by an appropriate SOP and addressed therapeutically
as needed. In the pre-hospital assessments, it is to be expected that up to 40% of older people
in the hospital may have mild or more severe cognitive disorders in this patient group. Patients
must be informed that dementia could be suspected during the examinations and that this can
have consequences for the self-image of the person concerned. If a mild cognitive disorder or
incipient dementia is revealed in screening, there is not yet a restriction of the ability to consent
and legal capacity. According to Vollmann, this only exists during the transition to more severe
dementia (MMST < 15 p., MoCA < 8 p.). Patients with severe dementia will not be included in
the study. In the presence of cognitive disorders, patients and their relatives offered options
for further medical clarification and, if necessary, further appointments will be arranged.
Randomization does not result in any health disadvantages, as patients in the control group
receive the usual standard treatment. With regard to the psychometric survey as well as the
interventions, the consent of the patients will be obtained. The preoperative interview and
anamnestic survey requires about 1.5 to 2.5 hours. Since the planned psychometric
instruments of this study design are common examination procedures in everyday clinical
practice, we assume a low level of burden and risk for the study participants. Only generally
accepted questionnaire procedures established in everyday clinical practice are used and
great importance has been placed upon data protection and pseudonymized storage of
personal data. Blood sampling should be taken before and after the cardiac procedure (t0, t2,
t3, t6) primarily as part of the routinely performed basic diagnostics, so that unnecessary
punctures and a large loss of time can be minimized. Blood sampling to obtain cellular and
non-cellular blood components such as serum, plasma or mononuclear cells from whole blood
is now considered a routine procedure in medicine. The risk of infections (thrombophlebitis),
major bleeding or nerve injuries can be classified as extremely low if carried out properly. The
most common, but harmless and temporary side effect is a hematoma above the puncture site
due to postoperative bleeding or injury to smaller vessels. This has no functional

conseguences and is perceived as aesthetically disturbing at best.

Abandonment criteria
Any study patient can terminate his/her participation in the study at any time without giving

reasons or revoke his/her consent to participate in the study. The responsible study director
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(Prof. Dr. med. Christine von Arnim) and the investigators may also terminate participation in
the study prematurely if adverse events preclude further participation in the
study/implementation of the intervention (e.g. if the risks outweigh the benefits, or in the event
of a violation of the study protocol). In the event of premature termination of study participation,
the responsible investigator must inform the clinical coordinator of the coordinating study
center (Gottingen) of the premature termination of the patient within one week by e-mail.
Furthermore, both the investigator and the sponsor can terminate the study at a study site if
unforeseen circumstances occur. In the event of termination or premature termination, the
health insurance company concerned (AOK Lower Saxony or AOK Baden-Wirttemberg) will
be informed immediately in order to terminate the routine health insurance data delivery. It will
not be possible to carry out the research project if the funds for continuation are no longer
available, if patient recruitment is inadequate or if serious problems arise with regard to the

guality of the data collected.
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10 Adverse Events (AE) and Serious Adverse
Events (SAE)

Definitions

An adverse event (AE) is an adverse medical event (abnormal laboratory findings, symptom,

disease) in a study patient that occurs during the course of the study but is not necessarily

causally related to the study intervention. A serious adverse event (SAE) is any adverse event

that results in any of the following:

— Death

— life-threatening situation (patient is in imminent danger of death),

— inpatient hospitalization in an acute hospital or extension of an existing hospital stay,

— persistent or significant disability,

— other, medically important condition: conditions that, in the opinion of the study doctor,
may nhot be immediately life-threatening or lead to a hospital stay, but threaten the safety

of the patient or require intervention to prevent any of the events mentioned.

Capturing AEs and SAEs

No drug or medical device will be tested as part of the PRECOVERY study. There is no legal
obligation to report adverse events to the competent authority. A selection of adverse events
will be recorded to monitor specific safety aspects of the study intervention and to evaluate the
study outcome. After randomization, the following selection of undesirable events will be
documented in the eCRF:

— Any adverse cardiovascular events

— Revascularization procedures or other invasive cardiac procedures

— All SAEs (cardiac and non-cardiac reasons)

The Data Safety Monitoring Board receives quarterly reports on the recorded selection of AEs

and on the recorded SAEs (line listings).
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11 Data Safety Monitoring Board (DSMB)

An independent Data Safety Monitoring Board will be set up prior to the inclusion of the first
patient. The DSMB reviews the course of the study on a quarterly basis and determines
whether the safety of the patients continues to be guaranteed and whether the unchanged
continuation of the study is justifiable, or (if necessary) makes recommendations for
discontinuation or modifications of the study. In order to fulfil this task, the DSMB receives
information on protocol deviations, the status of patient recruitment and the observed SAEs
(line listings).
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12 Monitoring

A central study management team from the Clinical Trials Unit of the University Medical Center
Gottingen (Head of Clinical Trials Unit: Ralf Tostmann) will accompany the implementation of
the study. The study site operates according to ICH/GCP guidelines and the corresponding
internal SOPs of the sponsor. Study sites and study documentation are reviewed during the
course of the study by the sponsor or a representative designated by the sponsor (monitor,
auditor) as a quality-assuring measure. In accordance with current GCP and ICH guidelines
and sponsor SOPs, the monitor periodically reviews the source documents to ensure that the
data captured in the CRF is accurate and reliable. The investigator shall provide the monitor
and the sponsor's internal auditors with direct access to all source documents (study-related
documents and relevant hospital or medical records) to confirm the data contained in the CRF.
Source documents must be kept in accordance with the requirements of the ICH/GCP
Directive. The monitor also checks compliance with the study protocol as well as the conduct
of the study in accordance with ICH-GCP and the applicable regulatory requirements.
Monitoring is carried out according to a risk-based approach and is defined in a study-specific
monitoring manual, which also regulates other tasks and responsibilities. At least one initiation
visit, one annual interim visit and one close-out visit are planned for each center. After
monitoring, study centers will be informed about the results, possible deviations from the
protocol, GCP or other requirements and, if necessary, are asked to take necessary measures.
At the sponsor and at the study sites, the personnel involved will be trained prior to the start of
the study on the indication to be treated, the work instructions to be used in this clinical trial,
the protocol and all study-specific procedures before study-specific tasks are assumed and

performed. For this purpose, a training protocol is kept in each study center.
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13 Biometrics/Analysis

Sample size estimation based on the primary outcome and relevant effect size

A total of 422 patients are planned for the clinical trial. The sample size planning was
confirmatory in order to be able to answer the primary questions with a power of 80%. A total
of 338 patients (169 per treatment group) are sufficient to show a clinically relevant difference
of 0.045 points in EQ-5D-5L to t6 with 80% power to the generally accepted two-sided
significance level of 5%. It is assumed that the common standard deviation of the EQ-5D-5L is
0.17 and the observations on the covariables have an R-squared of 0.25. Since this is a
longitudinal study, a dropout rate of up to 20% is assumed, so that a total of 422 patients are
to be recruited. The sample size calculation was performed in nQuery version 8.

The determination of a clinically relevant difference to 0.045 was based on the publication by
McClure et al. (2017), which limited a minimum clinically relevant difference to values between
0.037 and 0.069. Since the publication did not contain any results on the German population,
a value was chosen that was about 10% lower than the average of the countries considered
in the publication. The assumption of a standard deviation of 0.17 is based on observations by
(McClure et al. 2018), who observed a standard deviation of 0.171 at baseline in a sample of

1927 diabetes-2 patients and a standard deviation of 0.170 in the 12-month follow-up.

Process Evaluation

The quantitative process evaluation will be carried out in all patients and related persons of the
main study. In addition, the facility managers of all participating centers (n= 8) and the
respective multipliers (n= 8). For the employee survey, a sample of 5 employees per facility is
considered sufficient to obtain an indicative overview of the implementation of prehabilitation.
During the training courses, all participants and the person providing the training will be
interviewed.

In the qualitative process evaluation, interviews are conducted with 24 patients and 24 related
persons (16 control group and 8 intervention group each). This number is usually sufficient to
maintain a saturation of content.

If necessary, a subsequent recruitment would take place. In addition, one study physician is
interviewed per recruiting center (n=9), this number seems sufficient for an overview of the
assessment of the effects of prehabiliation, and it is also not foreseeable how many physicians
per center will act as study physicians.

In addition, a focus group with all multipliers (n= 8) and two focus groups with approx. 8
employees of the prehabilitation centers each will be conducted. Two focus groups, each with

8 general practitioners, are also planned at the end of the study. The implementation of these
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5 focus groups for the interviews provides a broad base of data to adequately answer the
guestions of the qualitative process evaluation.

Planned statistical test procedures

The primary analysis follows the intention-to-treat principle. Patients are evaluated in the group
they were randomized to. A sensitivity analysis is based on the per-protocol population, which
includes all patients without serious protocol deviations. For the evaluation of the main
outcome (1-year mortality and EQ-5D-5L), a joint model for longitudinal data with the
covariates age, sex, participation in the disease management program and center is taken into
account (Krdl et al. 2016). Two-sided p-values less than 0.05 are considered statistically
significant. Secondary outcomes are evaluated using generalized mixed linear models (with
corresponding link function) and the covariates age, gender, baseline result, and center. The
30-day mortality is analyzed using Cox regression with the additional influencing factors sex,
age and center. Treatment effects are always reported with a 95% confidence interval.

In order to minimize a possible reporting bias and to maintain the GCP conformity of the study,
all planned statistical analyses (confirmatory and exploratory) are recorded in a statistical
analysis plan (SAP) before the start of the evaluation. Furthermore, to ensure high data quality,
a blinded data review is carried out before the database closes. This examines the feasibility

of the analyses mentioned in SAP on the basis of the data collected.

Process evaluation

Quantitative process evaluation:

Exploratory sensitivity analyses will be performed to assess how program adherence, dose
and framework conditions affect the effectiveness (primary endpoint) of the intervention. For
this purpose, interaction terms between the treatment effect and the respective target of the
guantitative process evaluation are included in the generalized mixed linear models described.
In addition to the intention-to-treat analysis, an analysis population is defined that has started

the intervention as intended and is also adherent (Starting and Adhering Estimate).

Qualitative process evaluation:

The evaluation will be carried out according to the structuring qualitative content analysis
developed by Kuckartz (2016) with the help of the MAXQDA software. The analysis is carried
out in parts deductively as well as inductively by 1-2 employees. Regular weekly meetings on
progress will be held, at which content-related issues are also discussed, such as the creation

of the code trees, the naming of the codes and the assignment of the text passages.
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14 Data management and data protection

Details of data management (procedures, responsibilities, data corrections) have been
detailed in a data management plan. The data will be entered remotely via an electronic case
report form (eCRF) and stored pseudonymously in a provided secuTrial® database, an
established GCP-compliant web solution. The data for the evaluation, which is stored in the
secuTrial® database, is made available to the evaluating institutions via an encrypted e-mail
program (Cryptshare). In addition to the data of the eCRF, pseudonymized routine health
insurance data of the AOK will also be made available for health economic evaluation. This
data will be transmitted to the evaluating institution via a secure connection. The identification
of the study participants with the health insurance companies is carried out via the insurance
number, which is collected when the patients are admitted to the study and transmitted to the
respective AOK together with the study ID (Figure 4).

@ Routine health insurance data
(AOK N insurance databank) N .
Health economics
@ @ (UKE)
—|
Consortium Routine health insurance data
Ieadership (AOK BW insurance databank) General Practice
]
@ T (UMG)
Re}:r:tlgg cte:;cer Study databank I\/IedlclaJll\jtc_?tlstlcs
Stu Sta .
¥ (secuTrial databank) ( )

1. Transmission of a list of participants including study ID, health insurance number, data of participation, health insurance company. The data will be saved as a document on the
restricted-access PRECOVERY Sharepoint (data cloud)

2. Transmission of study data with the study ID as an identifier in the secuTrial databank using Web-Access (HTTPS)
3. Transmission of a list of participants including study ID, health insurance number, data of participation from the consortium leadership to the AOK N or AOK BW using Cryptshare

4. Transmission of the AOK routine health insurance data using PRECOVERY study ID as an identifier. Transmission of data from the health insurance company to the Department of
Health Economics (UKE) using Cryptshare (AOK N) and MOVEit (AOK BW)

5. Transmission of trial data stored in the secuTrial databank using the PRECOVERY study ID as an identifier to all of the evaluating organisations. The data will be made available via
the restricted-access PRECOVERY Sharepoint (data cloud)

Figure 4. Data flow between recruiting centers and the PRECOVERY evaluation

Offsite checks of the data for plausibility and missing data will be carried out throughout the
course of the study to ensure high data quality and to monitor recruitment. Inconsistent data
will lead to queries and/or planned visits to verify source data (SDV) according to SOPs of the
UMG study center. After publication of the primary results, access to the anonymous data for
legitimate research purposes is guaranteed via a Data Access Committee in order to meet the
FAIR criteria.
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As far as possible, blood samples will be taken from all patients. The blood samples are not
funded by the main sponsor (GBA). For this reason, this is covered by other public funding
opportunities or by means of the participating clinics. Biomaterial extraction and processing
takes place in accordance with the SOPs of the biomaterial bank of the Department of
Geriatrics of the UMG. This corresponds to the SOPs of the German Center for
Neurodegenerative Diseases and is largely congruent with other national and international
collection strategies. Any deviation from the SOPs will be documented. There is no time limit
for the storage of biomaterials. In order to ensure traceability, all steps carried out must be
signed off on the sample and subject protocol and changes must be noted. These are noted
with the same pseudonymization code and kept under lock and key. Deviations are also
included in the electronic database. The data from evaluations of blood samples will be entered
into the central database.

Collection, storage (type, place, duration) and disclosure of data, ensuring data
security, revocation and deletion

The paper-based completed original questionnaires will be kept securely and destroyed after
10 years in accordance with the legal conditions of data protection. The password-protected
PCs on which the data is processed and backed up and locked in the Clinic for Cardiothoracic
and Vascular Surgery and the Clinic for Cardiology of the UMG. The database with the study
data is located on local servers of UMG, which run on a RAID 10 system and are backed up
daily. Daily backups are stored for 20 days according to SOPs of the Medical Informatics UMG.
After deactivation of the database, a copy of the database is password-encrypted and archived
within the UMG for 10 years. Patients are informed of their right to revoke their consent to the

use of their data at any time and to request the deletion of personal data.

Process evaluation

The process evaluation will also be carried out in accordance with the current version of the
Declaration of Helsinki. Here, too, the following apply:

The patrticipation of the subjects in the study is voluntary. The consent can be withdrawn at
any time, without giving reasons and with no disadvantage for the subject’s further medical
care.

The names of the test persons and all other confidential information are subject to (medical)
confidentiality and the provisions of the Federal Data Protection Act. Subject data will only be
passed on in pseudonymised form. Third parties do not have access to the original documents.
Prior to the start of the study, participants will be informed in writing and orally about the nature

and scope of the planned study, in particular about the possible benefits for their health and
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possible risks. Their consent will be documented by signature on the consent form. In some
cases, data collection is anonymous, and no signature on a declaration of consent is required.
Pursuant to Art. 6 para. 1 lit. A of the GDPR, the collection and processing of personal data
requires informed consent. Each study participant must give written consent before being
included in the project. Prior to this, they will be informed by a member of the study team (study
physician, outpatient clinic, research assistant, PE team) about the nature and scope of the
project as well as data collection, data evaluation and data protection regulations in oral and
written form. The information will be given in a form that is understandable for the respective
study participants. These include, among other things, the contact details of the scientists, the
purpose of the data collected, the recipients of the personal data, the criteria for the storage
period of the data and the right to revoke consent.

The declaration of consent to participate in the study is dated and signed by the study
participant and a member of the study team. In the case of on-site reconnaissance, the
signatures are given at the same time. In the case of information by telephone, the signature
of the informed person is first given, who sends both copies to the respective study center, and
then receives an additional copy signed by the study employee by post before the start of the
study. The other copy is stored in a locked cabinet at the respective study center.

The data collected will be stored and evaluated exclusively for the purpose of conducting the
study. The audio files will be deleted after the end of the study. The contact details of the test
persons will be destroyed after completion of the data analysis.

In the case of data collection by means of interviews, the guidelines are designed in such a
way that only the necessary information is collected to answer the research questions. The
risk of exposing the study participants to psychological damage as a result of the interviews is
minimized by the principle of "usual mood swings in everyday life". Accordingly, it is justifiable
from a research ethics point of view to ask the study participants about difficult topics that can
be assumed that they would also find a topic in their everyday lives.

The collected data is recorded on paper case sheets or electronic data storage devices, treated
as strictly confidential and only encrypted without naming (pseudonymized) and transmitted
with a password. Access to the original documents will be denied to third parties. All data
collected from participants is pseudonymized using numerical and letter codes. A retrospective
assignment to a person is possible only with the help of a "key", which is kept in the study
center. This "key" is a list that is kept in a locked cabinet and is only accessible to the project
managers or their representatives. The pseudonymized data is only stored in encrypted form
on the server of the participating study centers.

Personal data (real name, ID and contact details) of the patients who agree to be interviewed
will be sent by phone, fax or encrypted e-mail from the recruiting center to a member of the PE

team. Patients are informed about this. In the same way, the employee of the PE team receives
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the contact details, name and ID of all patients in the intervention group so that the
standardized interview can be carried out by a member of the PE team after the prehabiliation.
This personal data is also stored in a locked cabinet (separate cabinet from the one in which
the survey data is kept), the key is with the project manager or a representative. The original
recordings of the interviews are stored only on an encrypted and password-protected data
storage medium, which is locked in a separate cabinet and not on a server or a computer. The
transcription is carried out directly from the data storage medium by employees of the institutes
on site. The audio files can also be passed on to a specialist company for writing. The
transmission of the audio files as well as their writing themselves will be carried out in
accordance with the strict data protection guidelines pursuant to Art. 32 GDPR, which are
contractually stipulated (cf. data protection concept). The audio files will then be destroyed by
the specialist company.

The audio recordings, contact details and pseudonymization lists will be deleted after the end
of the study. All other data (transcripts, protocols, demographic sheets, etc.) will be stored for
10 years and then destroyed. The deletion of all documents will be carried out on the basis of

a deletion protocol.

Quality assurance
GDPR-compliant conduct of the study is ensured by the supervision of the data protection
officer of the University Medical Center Géttingen (Robert-Koch-Stral3e 40, 37075 Géttingen,

datenschutz@med.uni-goettingen.de).

MAXQDA is a licensed software for qualitative and mixed methods research used in qualitative
process evaluation. The use of the software ensures that the quality of the various content
analysis evaluation steps will be increased by the privacy-secure possibility of digitally
encoding pseudonymized data in the study team and visualizing it with diagrams. The digital
participation of several analysts in the analysis of a data set also increases the quality of the

findings in a qualitative study.
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15 Ethical concerns, legal and administrative
regulations

The study will be conducted in accordance with the ethical principles laid down in the
Declaration of Helsinki (May 2003) (World Medical Association 2013).

The study protocol will be submitted with the necessary further documents to the responsible
ethics committee of the University Medical Centre Gaottingen for review and evaluation. The
study does not begin until the ethics committee has approved it.

After receiving the positive vote of the Ethics Committee of the University Medical Center
Gottingen, the project will be reported to the ethics committees responsible for the other
recruitment centers or approval evaluations of these ethics committees will be requested.
Changes or additions to the study protocol can only be initiated and authorized by the
consultant management. The Ethics Committee of the University Medical Center Gottingen will
be informed about changes to the study protocol. If necessary, an affirmative assessment will
be requested again. Substantial changes may not be implemented before the decision of the
ethics committee.

The planned study is not subject to any legal specifics outside the usual legal framework. In

particular, it is not subject to the regulations of pharmaceutical or medical device law.
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16 Handling of biosamples

Within the scope of this study, up to a maximum of 50ml of blood will be collected per study
visit (t0, t2, t3, t6) and their cellular and non-cellular components will be processed and stored.
The study has been initially designed as a prospective single-sample survey and longitudinal
data collection. In addition to neurodegenerative, inflammatory and cardiac markers, genomic
and epigenetic markers (e.g. of the ApoE genotype) are also investigated. In addition, samples
in the COVID-19 Research Network Lower Saxony (COFONI) will be examined to determine
the extent to which vaccination or disease status and immune response are associated with

clinical data and course (long COVID).

The processing and storage of the samples (serum, plasma, RNA from PAXgene tubes) are
carried out according to the locally established standard operating procedures in the
Department of Geriatrics of the University Medical Center Géttingen. Serum and plasma are
stored briefly at 4°C. The serum is stored for 45 minutes for coagulation. Serum and EDTA
plasma are centrifuged at 2,000 x g for 10 minutes and stored as 300 yL aliquots at -80 °C.
The cell pellets from the EDTA tubes are reconstituted in PBS and stored at -80 °C for DNA
extraction. The PAXgene tube is stored at room temperature for 120 minutes, followed by 24
hours at -20 °C and long-term storage at -80 °C until use. With the help of various
measurement methods, biomarkers for the assessment of preoperative/interventional risk as
well as peri- and postoperative/interventional complications will be identified and validated.
The test persons are explicitly informed that, if necessary, a genetic examination of the donated
samples will be carried out — in compliance with pseudonymization or anonymization. In order
to protect the subjects, no feedback is given on individual markers, especially predictive

markers.

It has been planned to determine the following parameters in the blood:

Neurofilament light chain (NfL), pospho-tau181/217, total tau, AB-peptides, NSE, s100 protein,
ApoE genotype, GDF-15, hsTNT, NTproBNP, ferritin, vitamin B12, folic acid, vitamin D, ACTH,
HIF1-alpha, cytokines and chemokines (e.g. IL1RA, IL-10, IL-1B, IL-4, IL-6, ICAM, VCAM,
TNF-alpha), neural and paraneoplastic autoantibodies, normetanephrine, metanephrine.
Epigenetic analyses (miR-132 RNA, miR-192 RNA, miR-181 RNA, etc., associated with MCI

and Alzheimer's disease), SARS-Cov-2 antibodies.

The determination of further parameters can be carried out after successful technical validation

of the methodology and existing funding. Applications for analysis can be submitted by study
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participants or external cooperation partners. An assessment is carried out by a Use and
Access Committee with representatives from the centers participating in the sample collection.
Patients can also decide whether the collected biosamples should also be available for
evaluation with other cooperation partners.

Since the blood-based biomarkers are valuable data and samples that will be of great value
for research, no destruction of the samples in the biobank per se has been planned. If a patient
revokes participation in the study, he or she can decide for himself whether biomaterial
samples that have already been stored may either be used anonymously or must be
deleted/destroyed. Research results that have already been achieved will not be destroyed,
provided that the data are available in aggregated form or have already been published in
aggregated form.
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17 Subjects' insurance, commuting accident
insurance

PRECOVERY does not provide for participant insurance or commuting accident insurance.
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18 Publication rules

After approval of the ethics application by the lead ethics committee in Gottingen, the study
protocol will be submitted for publication in an international peer-reviewed journal. Reporting
guidelines (see www.equator-network.org) such as the CONSORT instruction and its
adaptation for non-pharmacological and psychosocial intervention studies will be taken into
account when preparing publications on the results of this study.

A publication charter was developed by the consortium management and the Steering
Committee and takes into account the rights of each other. Obligations are laid down in the
consortium agreements. In the publication strategy, the roles of the authors and the
requirements for authorship have been defined in accordance with good scientific practice and
guality. Planned publications have also been defined there and the procedure for further

publication applications has been set out.
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