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Aims Previous research has shown the possibility to use the pre-operative period to improve a patient’s tolerance for
surgery. However, there is limited experience with prehabilitation in cardiac surgery. The aim of this study is to
evaluate the effect of a comprehensive personalized teleprehabilitation programme on major adverse cardiac
events (MACE) in patients scheduled for elective cardiac surgery. Secondary outcomes are post-operative compli-
cations, cardiovascular risk factors, quality of life, and cost-effectiveness.

...................................................................................................................................................................................................
Methods
and results

In this single-centre randomized controlled trial, patients are eligible for inclusion when they are >_18 years of age
and cardiac surgery is scheduled at least 8 weeks from informed consent. Participants will be randomized to the
teleprehabilitation group or the control group. After a digital baseline screening for perioperative risk factors,
patients in the intervention arm can pre-operatively be referred to one or more of the prehabilitation modules
(functional exercise training, inspiratory muscle training, psychological support, nutritional support, and/or smoking
cessation). The programme is targeted at a duration of at least 6 weeks. It is executed by a multidisciplinary team
using (video)calls and supported by a custom-made digital platform. During the pre-operative period, the platform
is also used to inform patients about their upcoming surgery and for telemonitoring.

...................................................................................................................................................................................................
Conclusion Reducing perioperative risk factors might result in a reduction of MACE, post-operative complications, length of

stay, and cardiovascular risk factors, as well as improved quality of life. Cost-effectiveness will be evaluated.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been a dis-
ruptive event for the organization of elective care.1 Concern has
been raised about the effect of a prolonged pre-operative period on
morbidity and mortality in cardiac surgery.2 Previous studies suggest
that an increased pre-operative waiting time for elective cardiac sur-
gery is associated with an increase in morbidity and mortality.3–5 In
our hospital, the expected pre-operative time period for elective sur-
gery doubled during the COVID-19 crisis.

In light of the growing population of older, more comorbid, and
less physically fit patients, previous research in the field of prehabilita-
tion in cardiac surgery has shown the possibility to use the pre-opera-
tive period to improve a patient’s tolerance to surgery by optimizing
the patient’s physical fitness and mental health. Pre-operative assess-
ment can help to identify patients with a high risk for perioperative
complications and employ preventive interventions (prehabilitation),
including physical exercise training, nutritional, pharmacological, and
mental support, reducing the risk of post-operative morbidity, mor-
tality, and adverse functional outcomes.6 A systematic review by
Hulzebos et al.7 demonstrated that pre-operative physical exercise
training reduces post-operative pulmonary complications and length
of hospital stay in patients undergoing elective cardiac surgery.

Reduced intensive care unit stay and a reduced hospital length of stay
were seen in a randomized controlled trial, whereas patients sched-
uled for elective coronary artery bypass surgery were randomized to
an 8-week prehabilitation programme consisting of hospital-based
supervised aerobic interval training, education, and monthly nurse-
initiated telephone calls.8 Two recent systematic reviews demon-
strated the beneficial effects of prehabilitation in cardiac surgery, spe-
cifically in the domains of physical exercise training, inspiratory
muscle training, psychological support, nutritional support, and smok-
ing cessation on post-operative complications, intensive care unit
stay, and a reduced hospital length of stay.9,10 Pre-operative prevent-
ive interventions tailored to an individual patient’s risk factors will not
only result in optimization for the perioperative phase but also could
result in optimization of general health and reduce cardiovascular risk
factors on the long term.

Although pre-operative physical exercise training for patients at
risk is ideally home- or community-based and directly supervised by a
competent and trained physiotherapist,11 public health legislation
during the COVID-19 pandemic has resulted in forced transitioning
to the use of remote care in order to continue the provision of (p)re-
habilitation worldwide. Moreover, although a prolonged pre-opera-
tive period gives the opportunity to provide prehabilitation, it also
carries the risk of progression of symptoms. As such, telemonitoring
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during this period provides the possibility to detect patients who
need medical consultation or prioritizing on the waiting list. As tele-
medicine becomes widely adopted, especially during a pandemic in
which physical contact is undesirable, prehabilitation interventions
may be delivered using this technology.12,13 Telerehabilitation has al-
ready found its way into cardiac rehabilitation14,15; however, evi-
dence on the feasibility and effectiveness of teleprehabilitation in
patients planned for cardiac surgery is lacking. Therefore, the primary
aim of this randomized controlled trial is to investigate whether a
comprehensive individualized teleprehabilitation programme (Digital
Cardiac Counselling) personalized to an individual patient’s risk fac-
tors (intervention group) reduces the cumulative incidence of major
adverse cardiac events (MACE) from inclusion until 1-year post-op-
eratively when compared with patients without prehabilitation (con-
trol group). The secondary aim of this trial is to evaluate the effects of
cardiac teleprehabilitation on post-operative complications, cardio-
vascular risk factors, quality of life, and cost-effectiveness.

Methods

Study design
This study is a single-centre, non-blinded, randomized controlled clinical
trial. The study has started in June 2020 and will run until patient inclusion
is completed (probably medio 2022) at the Maastricht University Medical
Centre (Maastricht UMCþ) in Maastricht, The Netherlands. The study
was approved by the Medical Ethics Committee Maastricht in April 2020
(NL73754.068.20/METC20-028) and is registered on clinical trials.gov
(NCT04393636). Protocol amendments need to be approved by the
Medical Ethics Committee of the Maastricht UMCþ.

Participants
All patients scheduled for any elective cardiac surgery at the Maastricht
UMCþ (a tertiary referral centre) >_18 years of age and in which the sur-
gery is scheduled at least 8 weeks from informed consent to ensure a
minimal prehabilitation time of 6 weeks, are eligible for inclusion. During
the daily multidisciplinary heart team meeting, a cardiologist and cardio-
thoracic surgeon agree on the indication, urgency, and timing for surgery
(emergency surgery, surgery within 7 days, surgery within 6 weeks, or
elective surgery). The category of elective patients is deemed eligible for
our trial. Patients who cannot use a digital platform with help of an infor-
mal caregiver (e.g. not having access to the internet and/or having a lack
of digital literacy), patients with a language barrier (not able to speak or
read the Dutch language at a sufficient level), and patients with interfering
physical, psychiatric, or neurological conditions making it impossible to
complete the study procedures, will be excluded.

Recruitment
Patients who are accepted for elective surgery will be screened for eligi-
bility. Eligible patients will be contacted by telephone by the department
of Cardiothoracic Surgery to ask for their permission to be approached
by the investigators. All eligible patients will be registered, and reasons for
not being eligible and reasons for non-participation will be recorded.
After being informed by the investigators, patients receive a digital patient
information letter and informed consent form per e-mail, as well as by
mail. At the third contact, eligible patients will be asked to provide
informed consent for participation using a video-consultation (using
FaceTalkTM, Qconferencing, Diemen, The Netherlands). After returning

the signed informed consent form by e-mail or mail, patients will be
randomized and signed-up for the digital platform.

Randomization
The investigators will use stratified block randomization with random
permuted block sizes of 4, 6, and 8. Strata will be based on invasive- vs.
minimal-invasive surgery and three groups based on the EUROII score (0
to <2%, 2 to <5%, and >_5%).Participants will be randomized to the tele-
prehabilitation group or to the control group. The randomization will be
computer-based and will generate two groups in a 1:1 ratio. Both groups
will get access to the Digital Cardiac Counselling platform and both
groups will complete the same set of validated questionnaires at the same
time intervals. The intervention groups will get additional training mod-
ules and e-consulting based on risk assessment retrieved from the com-
pleted questionnaires.

Sample size calculation
The primary outcome is the difference in percentage of patients that
experienced a MACE from inclusion until 1-year follow-up post-opera-
tively. It is expected that �20% of the patients in the control group will
experience an event.16–18 A total of 197 patients will be included per
group, or 394 in total, to be able to have 80% power to detect an abso-
lute difference in MACE of 10% between groups in favour of the interven-
tion group, using an alpha of 0.05. The percentage of patients
experiencing a MACE during the waiting period will be compared be-
tween groups using Pearson’s v2 statistic. In case of baseline imbalance
determined by the presence of clinically meaningful differences between
groups, a secondary analysis on the primary endpoint will be performed
using logistic regression analyses adjusting for potential confounders.
Possible confounders are EuroSCORE II,19 type of the operation, oper-
ation time, cross-clamp time, and unforeseen intraoperative complica-
tions. The investigators will use Kaplan–Meier plots to illustrate the
cumulative incidence of overall and cardiovascular-related, and COVID-
19-related mortality over the 1-year follow-up period. Cox proportional
hazards regression will be used to test for differences between groups.
This model will also be extended with potential confounding variables in
case of baseline imbalance. Differences between groups in the average
New York Heart Association (NYHA) Class, CSS, SF-36, EQ-5D-5L, car-
diovascular risk factors, and cost-effectiveness at hospital admission for
surgery and 3, 6, and 12 months afterwards will be tested using the inde-
pendent samples t-test, or linear regression in case of baseline
imbalances.

Safety monitoring
The study is monitored by the Clinical Trial Centre Maastricht (CTCM).
The investigators will use an electronic case report form (eCRF) for stor-
age of anonymized patient data.

Digital platform
For this study, a customized digital environment was created on an exist-
ing software framework (Medify B.V., Amsterdam, The Netherlands).
The platform will be used to present audio-visual information (e.g.
addressing COVID-19, hospital admission, surgical procedure), to moni-
tor patients throughout the programme (e.g. New York Heart
Association class and Canadian Cardiovascular Society class for worsen-
ing cardiac symptoms, and to screen for COVID-19 symptoms according
to the Dutch National Institute for Public Health and the Environment20).
All patients will receive login codes for their personal account. The plat-
form will automatically send notifications asking the patients to fill in ques-
tionnaires for gathering patient- and outcome-related study data. When
the weekly monitoring questionnaires show progression of symptoms,
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the investigators will contact the patients to objectivate the symptoms
and refer patients to referring cardiologist when indicated. Before sur-
gery, patients are tested for COVID-19 if indicated by the local hospital
protocol (this hospital protocol might change over time) or when
COVID-19 symptoms are detected via the questionnaires on the plat-
form. The platform will also be used to deliver a personalized telepreha-
bilitation programme to the intervention group.

Personalized teleprehabilitation intervention
After randomization, relevant components of the teleprehabilitation pro-
gramme are accessible to the patients in the intervention arm of this
study, personalized to their specific pre-operative risk factors. The tele-
prehabilitation programme consists of five modules: inspiratory muscle
training, functional exercise training, psychological support (anxiety and
depression reduction), nutritional support, and smoking cessation. The
outcomes of this pre-operative risk screening will be discussed by the pa-
tient and case manager; using shared decision-making, the teleprehabilita-
tion programme will be tailored to the needs and preferences of the
individual patient. The actual prehabilitation programme is led by a multi-
disciplinary team, including a cardiologist, nurses, physiotherapists, a
counselling psychologist, and dietitians. The team meets once a week dur-
ing an interdisciplinary meeting to inform each other about new patients
entering the prehabilitation programme and to discuss best treatment
options for more complex patients (e.g. patients who are eligible for
more than two modules, patients with significant comorbidities interfer-
ing with our prehabilitation programme like neurologic dysfunction,
orthopaedic problems, cardiac symptoms, or patients who fail to show
progression in their prehabilitation). In Table 1, an overview of the study
procedures is depicted, whereas the prehabilitation programme is
explained in more detail in Table 2.

Inspiratory muscle training

After inclusion, the pulmonary risk score21 will be assessed in all patients
to screen for an elevated risk on post-operative pulmonary complications
like extended intubation and pneumonia. The score contains age, body
mass index (BMI), smoking status, and a history of chronic obstructive
pulmonary disease. Patients who have a score >_2 will be called by the
case manager to verify their motivation for inspiratory muscle training
(IMT). The goal of this programme is to increase inspiratory muscle
strength/endurance using the POWERbreatheVR device (Gaiam Ltd;
Southam, Warwickshire, UK). On the digital platform, additional informa-
tion about IMT, instruction videos on how to use the POWERbreatheVR

device, and a digital training log can be found. Training sessions are sched-
uled five times a week for two times a day. A training session consists of 3
sets of 10 inspirations against a resistance using the POWERbreatheVR .
With this device, patients inspire against a threshold load, whereas expir-
ation is unimpeded. The inspiratory load is calibrated in cmH2O and train-
ing intensity is changed according to the patient’s 6–20 Borg score
for rate of perceived exertion.22 To personalize training intensity, a pre-
dicted maximal inspiratory pressure (MIP) was calculated based on a re-
gression formula including sex, age, weight, and height created by
POWERbreatheVR , based on two large databases.23,24 Patients start train-
ing at 30% of their predicted MIP, which increases to 55% after 6–8
weeks. If the rate of perceived exertion is <13 or based on clinical experi-
ence of the physiotherapist, the resistance of the inspiratory threshold
trainer can be increased incrementally by 4 cmH2O. Video calls are
scheduled at baseline, and after 1, 3, and 6 weeks to monitor progress.
On an individual basis, the frequency of the video calls can be increased.
Maximal inspiratory pressure will be assessed on the day of admission as
a maximal isometric inspiratory manoeuvere25 using the MicroRPMTM

(Micro Medical, Kent, UK), a handheld non-invasive tool to measure max-
imal inspiratory pressures.

Functional exercise training

After inclusion, patients will be screened for a reduced physical fitness
using a subset of questions from the SF-36 questionnaire (Supplementary
material online, Appendix). Three questions using a visual analogue scale
(VAS) will evaluate (i) whether patients experience difficulties in accept-
ing their physical limitations in daily life activities, (ii) whether patients
know their physical limits, and (iii) whether patients experience anxiety
or fear for physical exercise. Patients with restrictions in their daily activ-
ities according to the SF-36 questionnaire and/or a score >5 on one of
the three VAS questions will be called by the case manager to assess their
motivation for consultation by a physiotherapist. The goal of physiother-
apy consultation is to promote pre-operative physical activity and physic-
al fitness, increase knowledge and acceptance, and to reduce anxiety in
relation to physical exercise. The programme consists of video call coun-
selling by a physiotherapist and a digital platform with additional informa-
tion related to the importance of pre-operative physical activity and
physical fitness, as well as instruction videos of home-based functional
exercises. Additionally, an informal caregiver (buddy) will be involved in
the functional exercise training to motivate, help, and join the patient dur-
ing the training sessions without further supervision. Video calls are
scheduled at the start of the programme and every 2–4 weeks until sur-
gery to monitor progression and to ensure that functional exercise train-
ing consists of activities of relevance to a patient.

For strength, coordination, and mobility training, there are four
exercises with video instructions. Each exercise can be done on three
different levels, which correspond with a maximum metabolic equiva-
lent (MET) score of <2, 2–4, and >4. The advised level is based on
the current activity level of the patient using a MET score list at in-
take by the physiotherapist and a 30-s chair stand test.26,27 Patients
are advised to train three times a week, until the scheduled surgery.
To monitor training intensity, patients fill in the 6–20 Borg score for
rate of perceived exertion after each training session in a digital rain-
ing log. To maintain an adequate training stimulus, training intensity or
frequency can be increased when the rate of perceived exertion is
<13; however, functional task exercises can also progress in difficulty
in terms of making exercises more complex (e.g. dual tasks) and by
adding variation. At hospital admission, handgrip strength using the
Martin VigoriTM metre (Firma Gebrüder Martin, Tuttlingen, Germany),
and the 30-s chair stand test will be measured.

Psychological support

Patients with a hospital anxiety and depression scale (HADS)28 anxiety or
depression score >_8 will be called by the case manager to assess their
motivation for a psycho-educational prevention (PEP) module. The goal
of this module is to relieve symptoms of anxiety and depression. The
PEP-module is based on acceptance commitment therapy philosophy and
mindfulness. The programme consists of at least three phone calls by a
psychological counsellor, one at the start of the programme and then
every 2–4 weeks until the scheduled surgery. At the digital platform, add-
itional support is available using psycho-education and tools to improve
coping skills. We created four chapters on the platform consisting of in-
formation and practical exercises regarding four important themes in re-
lation to our patients (stress and anxiety, ways of mindful relaxation,
acceptance of thoughts and emotions, and discovering core values).
Every 2 weeks, a new module is introduced by our psychological counsel-
lor and evaluated in the next appointment.
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Table 1 Schedule of enrolment, interventions, and assessments

Study period Pre-prehabilitation Prehabilitation Hospital

admission

Planned

surgery

Follow-up

Timepoint from surgery Week-12 Week-10 Week-9 to -1 Day-1 Day 0 Month

13

Month

16

Month

112

Enrolment

Screening patients for participation �
Feasibility � � �
Patient information letter for eligible patients �
Informed consent, feasibility, and

randomization

�

Assessments

Baseline characteristics �
Quality of life questionnaire, SF-36 � � � � �
Health status questionnaire, EQ-5D-5L � � � � �
Pulmonary risk scorea � � � � �
Three questions about experiencing physical

limitations

� � � � �

Anxiety and depression screening with

HADS

� � � � �

Nutritional status with MUST* and BMI � � � � �
Smoking status � � � � �
Resource use, adapted versions of iMCQ/

iPCQ

� � � �

Blood sampling �
Physical tests

Handgrip strength (kg) �
30-s chair stand test (AMRAP) �
Maximal inspiratory pressure (cm H2O) �

Monitoring

NYHA* classification of heart failure (during

pre-operative period weekly)

� � � � � �

CCS* class of angina pectoris (during pre-op-

erative period weekly)

� � � � � �

COVID-19 (during pre-operative period

weekly) symptoms/signs

� � �

Serious adverse events patient questionnaire � � � �
Information

COVID-19 � �
Video’s and animations about scheduled hos-

pital admission and surgery

� �

Intervention-arm

Personalized teleprehabilitationb �
Inspiratory muscle training �
Functional exercise training �
Psychological support �
Nutritional support �
Smoking cessation �
Adherence to intervention �

AMRAP, as many repetitions as possible; BMI, body mass index; EQ-5D-5L, EuroQol five-dimensional five-level questionnaire; CCS, Canadian Cardiovascular Society; HADS,
Hospital Anxiety and Depression Scale; iMCQ, iMedical consumption questionnaire; iPCQ, iProductivity cost questionnaire, pulmonary risk score; MUST, malnutrition universal
screening tool; NYHA, New York Heart Association; SF-36: 36-item short form health survey.
aThe pulmonary risk score is based on several risk factors for post-operative pulmonary complications, see the section addressing inspiratory muscle training (IMT).
bExplained in more detail in Table 2, only for patients randomized to the intervention arm.

Teleprehabilitation in cardiac surgery 481



..

..

..

..

..

..

..

..

..

..

..

..

.
Nutritional support

Obese patients (BMI >30 kg/m2) and/or patients with a malnutrition uni-
versal screening tool (MUST)29 score >_2 will be called by the case man-
ager to assess their motivation for nutritional support. This module aims
to improve pre-operative nutritional status. The programme consists of
phone calls by a dietician (at baseline and every 2–4 weeks) and a digital
platform with additional information about a healthy diet. Patients with an
elevated MUST will be screened for malnutrition and low-protein intake
and treated with (protein)-enriched supplements according to the

treating dietician. It is not intended to promote extreme weight loss pre-
operatively in patients with obesity.

Smoking cessation

Following inclusion, smoking status will be assessed for all participants.
Patients that smoke will receive a motivational enhancement module
where after the case manager will assess their motivation for smoking
cessation. The goal of the programme is to stop smoking before the
planned surgery. The programme is led by a pulmonary care nurse,

....................................................................................................................................................................................................................

Table 2 Overview of the teleprehabilitation programme

Module Indication for partici-

pating in a specific

teleprehabilitation

modulea

Intake-9 Week-8 Week-7 Week-6 Week-5 Week-4 Week-3 Week-2

Inspiratory muscle training Pulmonary risk score >_2b

Digital information � � � � � � �
Digital consultation � � � �
MIP prediction �
Sending IMT device and

training schedule

�

IMT training � � � � � � �
Submaximal test � � � �

Functional exercise training Using SF-36 and VAS

questionnaire c

Digital information � � � � � � �
Digital consultation � � � �
Exercise training � � � � � � �

Psychological support HADS anxiety or depres-

sion score >_8

Digital information � � � � � � �
Consultation � � �

Nutritional support

Obesity BMI >30 kg/m2

Digital information � � � � � � �
Digital consultation � � �

Malnutrition MUST score >_2

Digital information � � � � � � �
Digital consultation � � � �
Protein enriched

supplements

� � � � � � �

Smoking cessation Current smoker

Digital information � � � � � � �
Digital consultation � � � �
Medication support � � � � � � �
Stop smoking � � � � �

BMI, body mass index; HADS, hospital anxiety and depression scale; IMT, inspiratory muscle training; MIP, maximal inspiratory pressure; MUST, malnutrition universal screening
tool; SF-36, 36-item short form health survey; VAS, visual analogue scale.
aWhen a patient meets the criteria for a module, he or she will be referred after shared decision-making.
bThe pulmonary risk score is based on several risk factors for post-operative pulmonary complications, see the section addressing IMT.
cA subset from the physical domain of the SF-36 and three VAS questionnaires are used to screen patients for an indication for functional exercise training, see Supplementary
material online, Appendix and the section addressing functional exercise training.
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qualified to support smoking cessation. The first intake will be supported
by video calls to facilitate a successful behavioural change. Motivational
interviewing is used to explore and resolve ambivalence about behaviour
change.30 The Fagerstrom questionnaire is used to assess nicotine de-
pendence31 and to aid the decision to start nicotine replacement ther-
apy32 or the use of anti-depressants.33 The programme consists of
regular phone calls at intake, within 2 weeks after receiving medicine (if
applicable), 1 day after the planned stop date, and at 1, 2, 4, 12, 26, and 52
weeks after the planned stop date,34 which will be supported by the digit-
al platform with additional information about the general effects of smok-
ing, the costs of smoking, and the improvement of perioperative
outcomes in cardiac surgery after smoking cessation.

Feasibility
All patients who are eligible for the study are contacted to screen them
for participation. Reasons for exclusion are registered, especially non-par-
ticipation due to lack of digital skills or language barriers. Adherence to
the modules will also be logged by measuring time spent in each module
on the platform (this is automatically recorded) and the number of con-
tact moments with the team.

Blood samples
At the outpatient clinic or at admission on the day before surgery, a rou-
tine laboratory test is performed. Relevant parameters for this study will
be, haemoglobin, creatinine, albumin, and c-reactive protein levels.

Safety
The urgency and planning for surgery are decided during the daily multi-
disciplinary heart team meeting. Patients are only eligible for inclusion in
our trial if there is no medical reason (e.g. NYHA IV, left main stenosis) to
schedule the surgery within 6 weeks. Patients who are scheduled for
elective surgery at least 8 weeks from informed consent are eligible for
participation in our trial. All participants are monitored for progression of
cardiac symptoms with an online questionnaire on a weekly base. When
there is progression of symptoms, this will be discussed with the treating
cardiologist in which the planning for surgery will be reconsidered. Safety
for patients participating in the functional exercise training programme is
guaranteed by a digital video intake before the start of the training pro-
gramme. A physiotherapist with experience in cardiac rehabilitation will
assess physical capacity and prescribe a low-intensity physical exercise
training programme according to the physical fitness of the patient.
Patients are advised to train with an informal caregiver (buddy) to in-
crease safety, to increase motivation, and to increase compliance.
Patients and their informal caregivers are instructed to seek medical ad-
vice in case of any cardiac symptoms.

Study outcomes
The primary objective is to investigate the effect of a personalized tele-
monitored pre-operative integrated care programme in patients sched-
uled for elective cardiac surgery on the cumulative incidence of MACE
from inclusion until 1-year after the surgery. Major adverse cardiac events
is defined as a composite endpoint of cardiovascular death, non-fatal
myocardial infarction, non-fatal stroke, and hospitalization for heart fail-
ure or for hospitalization earlier than initial planned due to increasing car-
diac symptoms. Major adverse cardiac events will also be analysed pre-
and post-operative separately. Secondary objectives are to investigate all-
cause, cardiovascular, and COVID-19-related mortality. These endpoints
will be analysed by comparing the two groups the day before the sched-
uled surgery, 30-day post-operatively, and 3, 6, and 12 months after

surgery. Post-operative complications will be measured at discharge from
hospital and 30 days after surgery using a standard list of complications as
listed by the Dutch Netherlands Heart registry35. Other endpoints which
will focus on cardiac symptoms [NYHA and Canadian Cardiovascular
Society (CCS)], quality of life [EuroQol five-dimensional five-level ques-
tionnaire (EQ-5D-5L36) and 36-item short form health survey (SF-3637)],
cardiovascular risk factors (smoking status and BMI), anxiety and depres-
sion scores (HADS), societal costs (iMedical consumption questionnaire
(iMCQ38) and iProductivity cost questionnaire (iPCQ39), unplanned visits
to the emergency department, post-operative length of stay, and partici-
pation in post-operative cardiac rehabilitation. All individual intervention
modules will be evaluated on their effectiveness.

Cost-effectiveness analyses
While the primary aim of the study is to assess the effectiveness of preha-
bilitation using a personalized telemonitored pre-operative integrated
care programme, it is relevant to relate the difference between the costs
of this programme and the costs of usual care (see ‘cost analysis’ below)
to the (potential) health gains of the programme. Therefore, the cost-ef-
fectiveness of the prehabilitation programme compared to usual care will
be evaluated alongside the clinical trial, following the Dutch guidelines for
health economic evaluations.40 The economic evaluation will be con-
ducted from a societal perspective and will have a time horizon of �15
months.

Total costs over the study period will be calculated by multiplying indi-
vidual resource use with the costs per unit. Resource use in the hospital
(e.g. teleprehabilitation programme, control visits, hospitalization, diag-
nostic tests, surgery, other medical procedures) will be obtained from
hospital records. Costs and resource use outside the hospital (e.g. out-
of-pocket payments for over the-counter medication, visits to the general
practitioner or other health care professionals, travel time, informal care,
and productivity losses) will be collected using patient surveys (iMCQ
and iPCQ) filled out pre-operatively, and at 3, 6, and 12 months after sur-
gery. Sources for valuation will be cost prices of the Dutch costing manual
and cost prices from the Pharmacotherapeutic compass.40

The quality-adjusted life year (QALY) is the health outcome of choice
for the economic evaluation.41 The QALY is a measure of life expectancy
weighted by health-related quality of life, the latter being presented as a
utility score. The EQ-5D-5L provides the (Dutch) utility scores and is
completed at baseline, pre-operatively, and at 3, 6, and 12 months after
surgery. The utilities at the various time-points were used to compute
QALYs by means of the area under the curve method, where the utility
of a particular health state is multiplied by the time spent in this specific
health state.41 Cost-effectiveness is expressed in an incremental cost ef-
fectiveness ratio (ICER): the incremental costs divided by the incremental
QALYs. Non-parametric bootstrapping with 5000 replicates of the joint
distribution of costs and QALYs will estimate the probability of the inter-
vention being cost-effective, for various ceiling ratios for the ICER, pre-
sented in a cost-effectiveness acceptability curve (CEAC). Ceiling ratios
reflect the maximum price health policymakers are willing to pay for an
additional QALY. Several one-way sensitivity analyses will be performed
to assess the robustness of results.

Discussion

This manuscript addresses the study protocol of a randomized con-
trolled trial to study the effect of prehabilitation using a personalized
telemonitored pre-operative integrated care programme in patients
scheduled for elective cardiac surgery. An integrated care
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..programme will be utilized, using five different modules which were
proven effectively in previous studies in cardiac surgery. As this study
should be representative for all patients waiting for cardiac surgery,
only patients under the age of 18 years or patients scheduled for ur-
gent cardiac surgery will not be screened for eligibility. Patients will
only be excluded for participation if they refuse informed consent or
if patients cannot use our platform due to a lack of digital literacy,
langue barrier, or interfering medical condition. We chose the cumu-
lative incidence of MACE to evaluate the effect of our programme on
the pre-operative incidence of MACE (including unplanned hospital-
ization), as well on the post-operative incidence at 1-year. We expect
that our intervention reduces the negative impact of a prolonged
pre-operative period and improves patient outcomes on the long
term.

As the prehabilitation programme is fully digital and supported by
(video) calls, it provides the opportunity to start the current trial des-
pite the social-distancing measures during the COVID-19 pandemic.
Important reasons for non-participation in cardiac rehabilitation (e.g.
transportations problems due to health issues or participants who
live further away from the hospital42) might be overcome with the
digital programme. As such, however, the programme might not be
accessible for patients with limited access to the Internet, patients
with a lack of digital skills, or patients with language barriers.
Although there is little direct evidence, it seems obvious that there is
a close correlation between digital literacy, general health literacy,
and cardiovascular health outcomes.43,44 It is important to find smart
solutions to ensure that vulnerable patients, who might benefit the
most from cardiac (p)rehabilitation, are willing and able to participate
in digital health solutions. Unfortunately, the required digital screen-
ing makes it impossible to use performance tests or pulmonary func-
tion testing to stratify patients for our teleprehabilitation programme.
Physical performance tests may result in a better risk assessment for
adverse perioperative events and also facilitates an optimal personal-
ized exercise training prescription. Instead of performance tests,
questionnaires will be used to screen patients for risk factors and sub-
sequent relevant modules of the teleprehabilitation programme. The
advantage of these online questionnaires with predefined cut-off
points is their ability to be used remotely at a large scale.

As patient recruitment starts once they are placed on the waiting
list, the actual pre-operative period and duration of prehabilitation
might differ between individual patients, for which a statistical correc-
tion will be applied. Due to the weekly evaluation of cardiac symp-
toms, it is also possible that progression of symptoms will be
observed in patients, warranting a more urgent scheduling of surgery.
Post-operatively, all patients are referred for cardiac rehabilitation,
for which we expect that patients who participated in our prehabilita-
tion programme will have a higher motivation to participate in the
post-operative cardiac rehabilitation programme. This might even in-
crease the effect of our intervention on long-term outcomes.

What we expect to learn from this
study
The primary endpoint of this study is the difference in MACE at 1-
year after surgery. However, other trial outcomes are of interest as
well, such as its feasibility by investigating the number of patients who
cannot participate due to a lack of digital literacy. To access the safety

of the digital prehabilitation programme, the study will be monitored
by our local clinical trial centre. Important secondary outcomes are
the effectiveness of the individual modules, as well as the effect on
post-operative length of hospital stay and perioperative complica-
tions. The effect on quality of life and analyses of the cost-
effectiveness of our programme are two other important research
questions.

Future perspectives
In the future, a multidisciplinary pre-operative assessment at the out-
patient clinic is performed when patients are referred for cardiac sur-
gery, in order to assess their readiness for cardiac surgery. Ideally, this
will be done using physical performance tests to objectively assess
physical capacity of the patients and to screen on other domains like
sarcopenia and frailty. Patients who seem fit for surgery can be
accepted and scheduled in 1–2 weeks. Patients with a very high surgi-
cal risk might be rejected for surgery. A third group with an elevated
but modifiable risk profile might be accepted for surgery after a car-
diac prehabilitation programme. This last group might be divided in a
group who can attend a digital programme and a second group that
might benefit most from supervised (home- or community-based)
prehabilitation. Patients participating in a functional exercise training
programme will be closely monitored using wearable devices like
heart rate monitors and a pedometer. Close monitoring of patients
during their pre-operative period may justify postponement of sched-
uled surgery in patients with little cardiac symptoms in favour of
patients showing rapid progression of cardiac complaints.
Finally, participation in our post-operative rehabilitation programme
might be stimulated by creating a continuum of care from pre-
habilitation to rehabilitation. Pre-operatively, there will be a
focus on optimizing patients for their scheduled surgery. Post-
operatively, we will focus on participation in social activities and work
and also promote a healthy lifestyle to reduce future cardiovascular
events.

Registration

The study was approved by the Medical Ethics Committee
Maastricht and is registered on clinicaltrials.gov (NCT04393636).
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Supplementary material is available at European Heart Journal – Digital
Health online.
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