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= Three-dimensional

= BORG category-ratio 10 scale®

= Coronary Artery Bypass Grafting

= Case Report File

= Computerized Tomography coronary angiogram
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= Estimated Glomerular Filtration Rate according to the Chronic

Kidney Disease EPIdemiology Collaboration equation
= Electronic Case Report Form

= Extracorporeal Circulation

= Ejection Fraction

= Fractional Area Change

= Major Adverse Cardiac and Cerebrovascular Events
= New York Heart Association
= Pro B-type Natriuretic Peptide

= Research Electronic Data Capture

= Right Ventricular

= Right Ventricular Free Wall Strain
= Right Ventricular Global Longitudinal Strain

= Tricuspid Annular Plane Systolic Excursion

= Wall motion score index

= Systolic myocardial velocity

= Seattle Angina Questionnaire 7
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SYNOPSIS
' Right ventricular function after coronary artery bypass
Study Title '
grafting
) o To assess the long-term impact of coronary artery
Primary Study Objective ' ‘ , ,
bypass grafting on right ventricular function
Prospective observational substudy of
‘ SWEDEGRAFT — A Nordic, multicentre, prospective,
Study Design

randomized, register based, clinical trial on no-touch

vein graft in coronary surgery

Primary outcome measure

e 3D RV EF
¢ RV-FWS
e RV-GLS

Secondary outcome measures

Fractional Area Change (FAC)
TAPSE

Systolic myocardial velocity (S’)
SAQ-7

NYHA class

Borg CR10®

ProBNP

Saphenous vein graft patency

Study Intervention

Non-emergent CABG with
(1) conventional skeletonized saphenous vein grafts

(2) no-touch saphenous vein grafts

Duration

SWEDEGRAFT enrollment period: 10/18-04/20
Clinical follow-up: 01/21-11/22

Sample Size

Approximately 200 patients included in the
SWEDEGRAFT study at Aarhus University Hospital

Study Population

Elective primary CABG patients with ECC
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1. AIM AND STUDY OBJECTIVES

1.1. Hypothesis
We propose that right ventricular (RV) systolic function is essentially preserved two years after
coronary artery bypass grafting (CABG). Being a prevalence study, there is no actual
hypothesis to test.

1.2. Primary objectives
The primary objective of this study is to investigate whether CABG is associated with reduced

depression of RV function after mid-term follow-up.

1.3. Secondary objectives

The secondary objectives of this study are to investigate whether:

e Changes in standard two-dimensional (2D) echocardiographic measures of RV function are
reflected by 3D echocardiography

e RV dysfunction is correlated with impaired health-related quality of life as assessed by
Seattle Angina Questionnaire-7 (SAQ-7)

e RV dysfunction is correlated with functional capacity as assessed by New York Heart
Association (NYHA) class and BORG category-ratio 10 scale (Borg CR10%)

e RV dysfunction is correlated with the degree of revascularization/ graft patency as assessed
by computerized tomography coronary angiogram (CTA)

e RV dysfunction is correlated with clinical or biochemical signs of perioperative myocardial
damage at the time of surgery

e RV dysfunction is correlated with levels of Pro b-type natriuretic peptide (ProBNP)
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2.

2.1.

BACKGROUND AND RATIONALE

Background

It has become evident that impaired RV function is an important predictor of adverse
cardiovascular outcome in patients with ischemic heart disease independent of left ventricular
function (Haddad 2008). Early RV failure as assessed by impaired RV ejection fraction through
a pulmonary artery catheter is strongly and independently associated with increased two-year
mortality (Bootsma 2017). Consequently, it is of major concern that RV dysfunction is a
common and well-known phenomenon known to develop during and early after cardiac surgery
(Alam 2003, Brookes 1998, Bootsma 2017, David 2006). The phenomenon has been
demonstrated to persist for as long as one year after surgery (Roshanali 2008).

A combination of different echocardiographic measures is applied to evaluate RV function as no
single method is devoid of limitations, while cardiovascular magnetic resonance serves as gold
standard (Mertens 2010). Modern two-dimensional (2D) echocardiographic assessment of RV
function commonly includes RV speckle tracking strain analysis, RV fractional area change (RV
FACQ), tricuspid annular plane systolic excursion (TAPSE), and Doppler-derived RV systolic
excursion velocity (S’ velocity) (Zaidi 2020 Br. Guidelines, Rudski 2010 Am Guidelines, Lang
2015). Unfortunately, TAPSE and S’ velocity have proven to be of limited value in the
postoperative setting, due to their angle dependency (Mertens 2010).

3D echo-derived right ventricular ejection fraction (3D RV EF) has been proposed as an accurate
parameter of global right ventricular performance as it correlates well to cardiac magnetic
resonance (Nagata 2017, Lang 2015). 3D RV EF is not limited to isolated systolic aspects, such
as the tricuspid annulus or the free wall of the RV. 3D RV EF appears to be an independent
predictor of future adverse cardiac outcome (Nagata 2017). Myocardial strain measurement
using speckle tracking echocardiography is a well-established and reproducible method used to
reflect the systolic function of the ventricles and carries prognostic information (Kim 2018,
Antoni 2010). Unlike other echocardiographic parameters of RV systolic function, strain values
can assess intrinsic myocardial performance and can differentiate active movement from passive
movement. Strain is a reliable and accurate way to measure RV systolic function and has been
validated with MR (Lu 2015, Smiseth 2016).

Because RV global longitudinal strain (RV-GLS) is a global parameter of RV systolic function
compared with other conventional parameters, such as TAPSE and tricuspid S’ velocity, which
represent the displacement degree of the basal segment of the RV free wall, it correlates better

with RV systolic function and prognostic power than other conventional parameters (Fine 2013,
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Park 2015, Grant 2012). Some authors showed that RV global longitudinal strain free wall (RV-
FWS) was better correlated than RV-GLS with RV EF according to cardiac magnetic resonance
and it is optional to the user to include septum (Badano 2018).

Several theories on the leading cause behind RV dysfunction after cardiac surgery have been
proposed. Cardiopulmonary bypass and cardioplegia are unlikely causes, as the phenomenon has
been observed equally following on- and off-pump CABG (Diller 2009). Ischemia has been
suggested as an underlying cause for RV dysfunction after CABG. However, RV dysfunction
seems to be equally present in patients with and without full revascularization of the right
coronary artery (Hedman 2004, Roshanali 2008). Finally, pericardial disruption has been
suggested as the most probable cause (Unsworth 2010). Unsworth and colleagues performed
serial transoesophageal echocardiographic measurements of RV longitudinal function by S’
velocity during CABG. Noteworthy, almost all reduction of RV S’ velocity associated with
CABG occurred within the first three minutes after pericardial incision.

Few prospective non-randomized studies support the superiority of 3D RV EF over 2D
echocardiography for assessment of RV function in the postoperative setting. Keyl et al.
conducted a pilot study comparing surgical aortic valve replacement through full sternotomy
with transcatheter procedures (Keyl 2016). In both groups, 3D RV EF remained constant.
Following open surgery, but not after transcatheter intervention, the geometry of RV contraction
was modified as reflected by significantly reduced TAPSE and significantly increased fractional
shortening of the RV midcavity transverse diameter. Similarly, Tamborini and colleagues
showed in patients undergoing open mitral repair that 3D RV EF was preserved, while TAPSE
and S’ velocity were significantly reduced up to one-year follow-up (Tamborini 2009). These
findings are supported by a previous study which showed no deterioration of RV function after
aortic valve replacement through full sternotomy as measured by magnetic resonance imaging
(Sandstede 2000). In summary, validated 2D echocardiographic measures for RV function might
not reflect the altered RV contraction pattern including paradoxical interventricular septal
motion and reduced long-axis function following open cardiac surgery.

Little is known about the prognostic impact of RV dysfunction after cardiac surgery. It may be
difficult to assess adverse effects of RV impairment in CABG patients as they may be masked
by the beneficial effects of revascularization on left ventricular function. It has been shown that
exercise capacity improves three months after CABG despite depressed RV function (Hedman
2008). Furthermore, it has been demonstrated that reduced RV function was not associated with

impaired NYHA class at 1-year follow-up (Roshanali 2008).
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2.2. Rationale

3.1.

There remains an unresolved contradiction between the undisputable echocardiographic signs of
RV depression after cardiac surgery and the lack of clinical signs of RV failure. This study seeks
to contribute to a better understanding of this phenomenon.

We seek to determine the prevalence and scale of RV dysfunction two years after CABG by
applying the latest available echocardiographic technology in RV evaluation. We expect the use
of 3D imaging to provide better visualization of the RV’s complex shape in order to allow
definitive assessment of potential RV depression after CABG.

We aim to put the objective findings in relation to patient-reported outcome measures and
prognosis. In addition to assessment of functional class by NYHA class, we will inquire into
health-related quality of life with the disease-specific Seattle Angina Questionnaire 7 (SAQ-7)
and functional capacity with the Borg CR 10® scale. Finally, we aim to examine the prognostic
relevance of the phenomenon with a five- and ten-year follow-up of our patients for major

adverse cardiac and cerebrovascular events (MACCE).

STUDY DESIGN AND OUTCOMES

Study design

Prospective observational Right-Heart-Substudy of the SWEDEGRAFT trial at Aarhus
University Hospital in Denmark. SWEDEGRAFT is a nordic, multicenter, prospective,
randomized, register-based, clinical trial (ClinicalTrials.gov Identifier: NCT03501303). Primary
objective of the trial is to compare mid-term patency saphenous vein grafts harvested and
implanted with the no-touch technique as compared to the conventional skeletonized technique
(Ragnarsson 2020).

Patients for the current Right-Heart-Substudy will be recruited amongst the 269 patients included
in the SWEDEGRAFT trial at Aarhus University Hospital from 10 September 2018 to 25 May
2020. In the Right-Heart-Substudy, we aim to extend the scheduled two-year follow-up visit
with a thorough echocardiographic assessment of the patients’ cardiac function and state of
revascularization, and to follow our patients’ clinical outcome up to 10 years by review of patient
electronic. SWEDEGRAFT data obtained under hospitalization (demographics, medical history,
randomization, surgery, adverse events), at three-months telephone follow-up (questionnaire),
and at two-year follow-up (SAQ-7 questionnaire, ECG, CTA) will be used in analysis and
interpretation of the Right-Heart-Substudy results.

10
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3.2. Primary outcome measures
Primary outcome measure is RV function assessed by 3D echocardiography and RV strain

measurements derived from two-dimensional speckle-tracking.

3.3. Secondary outcomes measures
At follow-up 24-30 months after surgery:
e Full 2D/3D Echocardiography (specified in 5.3. Endpoint Evaluations)
e Disease-specific health-related quality of life as assessed by SAQ-7
e NYHA class
Borg CR 10®

Graft patency as assessed by CTA
Haemoglobin, ProBNP
e ECG

In-hospital variables:

e RV function decrement (systolic RV function preoperative versus 2-year follow-up) as
assessed by 2D echocardiography

e Degree of revascularization according to the operations report (time of intervention)

e Signs of perioperative myocardial damage (CK-MB, ECG, postoperative echocardiography)

At 5- and 10-year follow-up major adverse cardiac and cerebrovascular events (MACCE)

according to the electronic patient record:

e Death from any cause (cardiovascular and non-cardio-vascular mortality).

e Myocardial infarction

e Repeat hospitalization due to cardiac cause

e (Cerebrovascular accident

e Repeat revascularization

11
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4.

4.1.

4.2.

4.3.

SELECTION AND ENROLLMENT OF PARTICIPANTS

Inclusion criteria

SWEDEGRAFT inclusion criteria:

¢ First-time non-emergent CABG patients

e Need for at least one vein graft

¢ Able to provide informed consent and accepted for isolated primary CABG.
Additional inclusion criteria for the Right-Heart-Substudy:

e Ability to meet for follow-up visit

Exclusion criteria

SWEDEGRAFT exclusion criteria:

e No greater saphenous vein grafts available (previous vein stripping or poor vein quality)
e Age > 80 years at the time of inclusion

o Allergy to contrast dye

e Renal failure with eGFR <15 ml/min at primary inclusion

e Coagulation disorders

e Excessive risk of wound infection

e Participation in other interventional trial on grafts

e Any condition that seriously increases the risk of non-compliance or loss of follow-up
e Pregnant women or women of child bearing potential without negative pregnancy test
Additional inclusion criteria for the Right-Heart-Substudy:

¢ Inability to cooperate to transthoracic echocardiography

Study Enrollment Procedures and Informed Consent

At Aarhus University Hospital, 269 patients were enrolled into the SWEDEGRAFT trial.
Patients were randomized from 10 September 2018 to 25 May 2020. Per initial SWEDEGRAFT
protocol, patients were scheduled for follow-up visit after 2 years including interview (SAQ-7),
measurement of eGFR, and electrocardiogram prior to CTA. A current amendment awaits
approval to postpone follow-up visit with six months to compensate for the unforeseen delay
caused by the COVID-19 pandemic. Consequently, follow-up is due 24-30 months after surgery.
Eligible patients will together with the information regarding their scheduled SWEDEGRAFT
follow-up visit receive written information regarding the Right-Heart-Substudy

(“Deltagerinformation om deltagelse 1 et videnskabeligt forseg”), and a brochure regarding

12
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4.4.

5.1.

5.2.

volunteer’s rights in a health science research project (“Forsegspersoners rettigheder i et
sundhedsvidenskabeligt forsknings-projekt’). The information will emphasize that participation
in any research project is voluntary and that she/he can any time without reason withdraw their
consent and drop out. Patients must also be informed that withdrawing from the study will not
affect their future medical care, treatment or benefits to which the patient is otherwise entitled.
In consideration of the current threat of COVID-19, we chose to refrain from the usual
recommendation to bring a companion for the follow-up visit according to hospital policy.

Patients interested in participation will receive verbal information about the project by a research
nurse in a quiet and undisturbed environment. All patients will be given the opportunity to ask
questions about the study and will be given sufficient time to decide whether or not to participate
in the study. The investigator is responsible for obtaining written informed consent from all
patients prior to enrolment in the study. A copy of the informed consent form will be given to
the patient. After informed consent has been obtained, an electronic case report form (eCRF) is
created in the Research Electronic Data Capture (REDCap) electronic database hosted at Aarhus
University (Harris 2009). Patients will be asked for permission to review their electronic records

after five and ten years for clinical follow-up.

Study duration and follow-up
We expect approximately 90% of the Danish SWEDEGRAFT patients to fulfil the additional
inclusion criteria and consent for the Right-Heart-Substudy. To include 230 patients, the

approximate duration of the enrolment period is 19 months.

MATERIALS AND METHODS

Screening evaluation
All patients included in the main SWEDEGRAFT study at Aarhus University Hospital scheduled
for follow-up visit including CTA are eligible for the current Right-Heart-Substudy.

Study treatment including perioperative management

All patients included in the SWEDEGRAFT trial at Aarhus University Hospital patients received
oral prophylaxis with 75mg acetylsalicylic acid once daily without discontinuation prior to
surgery. Anaesthesia was induced and maintained with propofol, sufentanil, rocuronium and
sevoflurane. We performed standard CABG with employment of the left internal mammary

artery, and either no-touch or conventional great saphenous vein grafts according to their

13
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5.3.

5.3.1.

randomization. We used cardiopulmonary bypass with goal-directed perfusion management and
normo- or mild hypothermia (approximately 34°C). Myocardial protection was achieved with
intermittent cold antegrade blood cardioplegia (Harefield solution). The pericardium stayed open
at the end of surgery in all patients. We intend to register all details of revascularization including
graft flow measurements and any cases of incomplete revascularization for retrospective
analysis.

Postoperative pain was treated with paracetamol, morphine-like analgesics and ketorolac. We
resumed acetylsalicylic acid and statin therapy on the first postoperative day. Patients received
subcutaneous dalteparin 5000 IE once daily until fully mobilized. Patients were monitored for
perioperative myocardial infarction with continuous telemetry, intraoperative transoesophageal
echocardiography, focus assessed transthoracic echocardiography at arrival on intensive care
(repeated on indication), 12-lead electrocardiograms (at arrival and on morning after surgery),
and creatinkinase-MB measurements (every six hours after end of surgery until decreasing CK-

MB values).

Endpoint Evaluations

Follow-up 2D/3D-echocardiography (24-30 months after surgery)

The present Right-Heart-Substudy is designed to gain insight regarding the long-term impact of
CABG surgery on right heart function. Hence, we scheduled a full 2D and 3D echocardiography
with special focus on RV function at the time of SWEDEGRAFT two-year follow-up. We intend
to use a GE VIVID E95 system (GE Medical System, Horten, Norway) with a 2.5-MHz
transducer for transthoracic echocardiography.

For all image analysis EchoPAC version 203 (GE-Vingmed Ultrasound, Horten, Norway) will
be used. All measurements will be the averaged over three consecutive heart cycles (six in terms
of atrial fibrillation) in end-expiration. 3D and 2D echocardiography will be performed
according to international guidelines (Lang 2015). In case of poor 3D image quality 2D images
and/or a contrast agent (SonoVue/Optison) will be used to opacify both ventricles.

The following parameters will be recorded by 2-dimensional echocardiography: LVEF, left
ventricular end-diastolic (LVEDV) and systolic volume (LVESV) is assessed by the biplane disc
method. Left and right atrial volume will be assessed by biplane area-length method indexed by
body surface area (BSA). The interventricular septum and the posterior wall thickness will be
obtained from the parasternal view. LV mass is calculated and indexed according to BSA. RV

systolic function is assessed by the 3D-RV EF volumetric method, RV S’ is measured by lateral,
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pulsed tissue Doppler velocities. In addition, TAPSE is obtained from the lateral tricuspid plane.

RV strain is calculated at the RV free wall (RV-FWS), which is used as the main measure,

according to the guidelines, and at the total RV wall, which includes the interventricular septum

and free wall (RV-GLS) (Lang 2015).

Preoperative 2D-Echocardiography

A routine 2D-echocardiography has been performed in all patients two to three months prior to

CABG at Aarhus University Hospital to assess cardiac function including contractility, chamber

size, hypertrophy,

valvular dysfunction,

and pericardial

or pleural -effusions.

The

echocardiographic images were digitally stored for offline analysis using commercially available

software (EchoPAC version 203, GE-Vingmed Ultrasound, Horten, Norway).

The echocardiographic RV parameters available on preoperative as compared to follow-up

2D/3D echocardiography including normal cutoff values are depicted in the following chart.

Preop | Follow-up | Normal cutoff value

RV Parameters ECHO | ECHO References
RV 3D EF 0
Right ventricular ejection fraction (3D) i >45% Lang 2015
RV-FWS | o ~28.7%+ 4.1 Meris 2010
Right ventricular free wall strain
RV-GLS (®) ° ] ]
Right Ventricular Global Longitudinal Strain
RV FAC 0
Right ventricular fractional area change (.) ® > 35% Lang 2015
TAPSE
Tricuspid Annular Plane Systolic Excursion (.) . > 17 mm Lang 2015
Tricuspid S’ velocity ° > 9.5 m/s Lang 2015
Peak systolic tricuspid annular velocity :
RAV e e <30 mL/m? Lang 2015
Right Atrial Volume
RAESA 2
Right Atrial End-Systolic Area o o <18 mm Lang 2015
RVD ) Base <4l m<m
Right Ventricular Diameter bt ot Mldive e;r;gttr}llczggr m'a;smm Lang 2015

15
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5.2.3.

CTA

According to the main SWEDEGRAFT protocol, study participants are scheduled for CTA 24-
30 months after surgery to assess patency of the saphenous vein grafts. Vein graft patency in
patients with conventional skeletonized as compared to no-touch grafts represents the primary
endpoint of the SWEDEGRAFT trial. The data set is then sent to Uppsala Clinical Research
Center in encrypted form, without patient identification other than study number for further
analyses and for compiling the study results. Patency is assessed and classified by blinded and
independent cardiac radiologists at a core lab at Uppsala Clinical Research Center.

Prior to CTA, all patients receive a blood sample to measure renal function to ensure an
eGRF/1.73m2 (CKD-EPI) > 35 ml/min. The optimal heart rate for CTA is below 60
beats/minute. Thus, an electrocardiogram is performed to exclude bradycardia, atrioventricular
block, and cardiac dysfunction. In the electronic patient record it will be noted that the patient

has been examined according to the SWEDEGRAFT protocol.

5.2.4. Seattle Angina Questionnaire-7

5.2.5.

According to the main SWEDEGRAFT protocol, patients will complete a SAQ-7 questionnaire
at two-year follow-up. Patients are asked seven questions in order to measure their current health
status with focus on three domains: Physical Limitation, Angina Frequency, and Quality of Life.
The SAQ-7 is a well-established, valid, and reliable tool with prognostic value to measure health
status in patients with coronary artery disease (Chan 2014). It results three subscales and a

summary scale that extend from 0 (worst possible health state) to 100 (best possible health state).

NYHA class

We use the NYHA functional classification system for functional classification of patients with
heart failure. The method has been revised since introduction in 1928, most recently in 1994
(Dolgin 1994). Patients are placed in one of four categories based on how much they are limited
by dyspnea during physical activity. Appendix 2 displays the official Danish version of the
NYHA classification. Limitations of the NYHA functional classification system are its high
interoperator variability (Raphael 2007), and the fact that it offers information about the onset

of symptoms only (Ponikowski 2016).

16



Protocol Version 1.6 10.12.2020

5.2.6. Borg CR 10®
The Borg CR10® Scale ranges from 0 “Nothing at all” to the value of 10 “Maximal” with verbal

descriptors missing for values 6 and 8. Patients are asked to rate their level of perceived
breathlessness (dyspnoea) during exercise. Appendix 3 displays the official Danish version

approved by the author in 2007.

5.2.7. Laboratory Examination

According to the SWEDEGRAFT protocol, all patients receive a blood sample to measure renal
function to ensure an eGRF/1.73m? (CKD-EPI) > 35 ml/min prior to CTA. We supplement
measurements of haemoglobin, and brain natriuretic peptide (BNP), in order to fully adjust our

results for laboratory findings, which are important risk factors for heart failure.

5.2.8. In-hospital details derived from electronic patient record
e Details from the operations report (preoperative lesions, grafts incl. flow and pulsatile index,
length of surgery, length of cardiopulmonary bypass, cross-clamp time, areas of incomplete
revascularization)
e Signs of perioperative myocardial damage (postoperative CK-MB, ECG, and
echocardiography)

5.2.9. Long-term Major Adverse Cardiac and Cerebrovascular Events

According to SWEDEGRAFT protocol, the MACCE rate is registered at 2-year follow-up

after review of the electronic patient record. MACCE are defined as:

e Death from any cause (cardiovascular and non-cardio-vascular mortality).

e Myocardial infarction

e Repeat hospitalization due to cardiac cause

e Cerebrovascular accident

e Repeat revascularization

We intend to review the electronic patient record for MACCE 5- and 10 years after surgery in

order to correlate cardiac function to long-term clinical outcome.

17
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5.3. Schedule of evaluations
Initial 24-30 months S-year 10-year
Hospitalization Follow-up Follow-up Follow-up
Initiation procedures
Eligibility* ®
Demographics* ®
Informed consent &
randomization™® ¢
Surgery* e
Investigations
Echocardiography @*+(2D) @(2D/3D)
Haemoglobin, ProBNP ®
12-lead ECG* ®
eGFR* ®
CTA* [
SAQ-7* o
NYHA class ®
Borg CR 10® o
MACCE o* [ e

Borg CR 10®= BORG category-ratio 10 scale; CT= Computed Tomography; eGFR= estimated
Glomerular Filtration Rate; ECG= Electrocardiogram; MACCE = Major Adverse Cardiac and
Cerebrovascular Events; NYHA= New York Heart Association; Seattle Angina Questionnaire=
SAQ-7. * Elements of the main SWEDEGRAFT study to be included in the Right-Heart-Substudy

18
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6.

6.1.

6.2.

7.1.

7.2.

SAFETY ASPECTS

Insurance
The investigators will be covered by the liability and work injury insurance taken out by Aarhus
University Hospital. Participants are covered by the act on complaints and compensation within

the health care system.

Adverse events

All patients included in the study are given standard care. Per SWEDEGRAFT protocol,
information about wound healing in the harvesting site on the leg are registered. No adverse
events are anticipated in this observational study in conjunction with:

e Transthoracic echocardiography

e Acquisition of the NYHA class and Borg CR 10®

e Determination of haemoglobin and ProBNP in the blood sample drawn for eGFR analysis

e Review of the electronic patient record at 5- and 10-years.

STATISTICS CONSIDERATIONS

General design issues
The SWEDEGRAFT study is an open-label randomized trial. However, evaluation of health
status by means of questionnaires and echocardiographies will be performed by a study nurse

and investigators blinded regarding the allocation to ensure unbiased ascertainment of outcomes.

Determination of Sample Size and randomization

The present Right-Heart-Substudy aims to determine the prevalence and scale of RV dysfunction
as measured by 3D RV EF two years after CABG. To the best of our knowledge, no prior study
has described the prevalence of chronic RV dysfunction after CABG applying this technology.
The best prospective study available in this field of enquiry offers a follow-up of up to one year
after CABG using 2D echocardiographic measurements (Roshanali 2008).

As a prevalence study there is no hypothesis to test and the size of the study is determined by
how accurately we want to determine the prevalence. Based on the formula suggested by
Viechtbauer et al., a sample size of N=194 will suffice to identify impaired 3D RV EF (< 45%)
with a prevalence down to 2% with a 98% confidence (Viechtbauer 2015). In order to ensure a

complete dataset, we aim to include a total of 230 participants.
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7.3.

74.

8.1.

Stopping rules
Patients enrolled may withdraw voluntarily from study participation at any time and for any
reason. If voluntary withdrawal occurs, the subject will be asked for permission to be followed

for clinical outcome.

Data analyses

Tracking of outcome measures will begin at randomization and continue until death or end of
follow-up (10 years after CABG). Continuous variables will be presented as mean + standard
deviation (SD) if normally distributed, otherwise as median with interquartile range (25th and
75th percentile), minimum and maximum values. Discrete variables will be presented in
frequencies and percentages. Kaplan-Meier plots will be constructed to visualize time to event
variables and log-rank tests will be used.

All statistical analyses will be done using Stata 15.0 (Stata Corp., College Station, USA).

Statistical assistance is provided by the Department of Biostatistics, Aarhus University.

DATA COLLECTION AND QUALITY ASSURANCE

Data collection

Study data are collected and managed using REDCap electronic data capture tools hosted at
Aarhus University (Harris 2009). REDCap is a secure, web-based application designed to
support data capture for research studies, providing: 1) an intuitive interface for validated data
entry; 2) audit trails for tracking data manipulation and export procedures; 3) automated export
procedures for seamless data downloads to common statistical packages; and 4) procedures for
importing data from external sources. An eCRF will be constructed for data registration.

Study data from the main SWEDEGRAFT trial are stored in the PheedIT data capture tool hosted
at Uppsala Clinical Research Center, and acknowledged as sole property of sponsor Stefan
Thelin. We have requested permission from the SWEDEGRAFT sponsor and steering
committee to utilize data from Aarhus patients for the purpose of the Right-Heart-Substudy.
Relevant data (demographics, medical history, surgery, randomization, 3-month telephone
follow-up and the SAQ-7 questionnaire) will be imported into Aarhus University REDCap

electronic database for analysis and interpretation of the Right-Heart-Substudy results.
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9.2

9.3.

10.

Data management

Data will be handled, processed, and archived according to the guidelines of the Data Protection
Agency. Each participant will be given an identification number at enrolment. Each
identification number will have an eCRF. The list over identification codes will be deleted at the
end of the study. All trial data including Trial Master File, eCRF, the source datasheet of the
CRF, and the list over identification codes will be stored in the external server REDCap with
continuous backup. REDCap data are kept for 10 years. Information on study participants will
be protected according to the Act of Processing of Personal Data, and the Health Act. No study
data will be given to third parties or insurance companies. Clinical findings of relevance for

patient health will as soon as available be passed on to the physician responsible for patient care.

Training
All investigators and research nurses conducting this study provide a Good Clinical Practice
certificate prior to start of the study. All technicians performing echocardiographic procedures

will be required certification organized by the European Association of Cardiovascular Imaging
(EACVI).

ECONOMY

The main SWEDEGRAFT study is funded by non-commercial unrestricted grants
(Vetenskapsrad 17,2 Millioner SEK, Hjart-Lungfonden 5 Millioner SEK). Partial salary support
for the principal investigator Ivy S. Modrau, and the co-investigator Jesper K. Jensen is provided
by a grant of the Health Research Foundation of Central Denmark Region, and the Department
of Cardiology at Aarhus University Hospital, respectively. The Department of Clinical Medicine
at Aarhus University covers costs for statistical assistance. Expenses for 3D echocardiographies,
biochemical analysis, study trial nurse, secretary assistance for data entry, and REDCap
datamanager will be applied for at non-commercial private and public foundations.

The funding sources have no role during on protocol, trial conduction, analysis or interpretation
of data, and publication of the results. Participation in the study confers no financial benefit on

the patients, but the expenses for transportation are reimbursed.
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11.

ETHICAL CONSIDERATIONS

11.1. Risk of study intervention

We expect an additional expenditure of time (approximately 60-90 minutes for
echocardiography, NYHA and Borg CR 10 assessment), but no increased risk for
SWEDEGRAFT patients who consent to participate in the Right-Heart-Substudy. The current
study involves no increased risk of discomfort or bruising due to blood sampling, as haemoglobin
and ProBNP are analyzed in the SWEDEGRAFT blood sample scheduled for control of renal
function prior to computed tomography.

We believe that the risk of study participation is minimal and outweighed by the value of the
knowledge gained through this study. Participants will not derive any individual benefit from
study participation. Costs of transportation to the clinical follow-up visit are refunded through

participation in the main SWEDEGRAFT study.

11.2. Conflict of interest

11.3.

The study has been initiated solely by the investigators. The investigators have no conflict of

interest to declare and no commercial interest to conduct the study.

Approval

The main SWEDEGRAFT study was approved by the regional Human Research Ethics
Committee in Uppsala, Sweden (Registration number 2016/363, with amendments 2019-00155
and 2019-04214) and the Central Denmark Region Committees on Biomedical Research Ethics
(Identification number 1-10-72-207-18, 2 August 2018; amendments 30 October 2019). Prior to
start of the Right-Heart-Substudy, approval will be applied for at both committees. The substudy
will be registered at www.clinicaltrials.gov. All patients are required written informed consent
before participation. The protocol follows the Declaration of Helsinki-II and Consort guidelines.

The trial will be performed in compliance with Good Clinical Practice.
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12

13

14

COOPERATION AND PUBLICATION POLICYs

The study is performed in collaboration between the Department of Cardiothoracic and Vascular
Surgery at Aarhus University Hospital, the Department of Cardiology at Aarhus University
Hospital, the Institute for Clinical Medicine at Aarhus University, and the Department of
Surgical Science, Thoracic Surgery at Uppsala University. The department of Cardiology at
Aarhus University dispose over all the knowledge and equipment needed for carrying out the
echocardiographic analyses.

Results, whether positive, negative or inconclusive, will be published in the best peer-reviewed
scientific journals possible and be presented at international conferences meetings in the field of
cardiology. All above-mentioned investigators are expected to receive authorships according to

the Vancouver declaration.

PLANNED TIMELINE

Protocol complete November 2020
Approval from Science Ethics committee December 2020
Enrollment January 2021 - November 2022
Data collection January 2021 - November 2032
Data analysis August 2018 - December 2032
Publication 2023 and 2032
PERSPECTIVES

In Denmark, more than 45 CABG operations are conducted per 100 000 inhabitants per year
(Eurostat 2020). The current study will clearly define the prevalence and scope of significant RV
depression following this common surgical procedure. We expect to resolve the apparent
contradiction of undisputable echocardiographic signs of RV depression after cardiac surgery

and the lack of clinical signs of RV failure.
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