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1.0 Abstract

The first heart transplant was performed in 1967 in South Africa, and since then approximately 118,000 heart transplants have
been performed worldwide. Today, approximately 4000 heart transplants are performed annually, of which 60-70 are performed
in Sweden. Heart transplantation (HTx) may be offered to patients with severe heart failure and in a few cases HTx is indicated
as a final stage treatment for patients with arrhythmias as well as inoperable valve abnormalities. Approximately 60 - 70 patients
are admitted to the multidisciplinary transplant board for HTx annually at Sahlgrenska University hospital and about 35 of these
are accepted for heart transplantation. The underlying reasons why patients are not considered suitable for transplantation are
comorbidity, noncompliance and malignancy. All patients referred for a transplant evaluation undergoes a comprehensive
examination, both physical as well as psychiatric to rule out potential treatable causes of the end-stage heart syndrome, potential
absolute exclusion criteria and sort out patients that may be eligible for an orthotropic heart transplantation. The main objective
for this thesis, using data that was collected retrospectively from 2008 to 2018, to characterize patients discussed at the
multidisciplinary transplantation board at Sahlgrenska University Hospital as well as survival. The patients were categorized into
three different groups depending on the board decision, suitable to undergo HTx (cohort 1) or unsuitable for HTx, containing
patients assessed as not sick enough (cohort 2) or too sick (cohort 3). The three different groups were analysed in relation to their
background variables as well as overall survival. The overall survival rate for those patients that were not accepted in cohort 3
was bad, 60% 2-years and 40% 10-years survival rate, in comparison to cohort 2, where the 2- and 10-years survival rate was
90% respectively 80%. Concluding that those patients not accepted for a heart transplant who were judged not sick enough
(cohort 2) had as good prognosis as those receiving a HTx (cohort 1). The study found that there were almost no differences in
the background variables that the multidisciplinary board base their decision on between the three different groups, with some
exceptions. Cohort 2 are considerably younger and cohort 3 has a significantly older age group. Co-morbidity increases with age
and could be one explanatory reason. The most common diagnosis amongst patients denied HTx due to being too sick (cohort 3)
is ischemic heart disease (IHD) at the same time as an increased mortality rate were detected for patient diagnosed with IHD that
do receive a heart transplant (cohort 1). Furthermore, the study reveals elevated mean pulmonary artery pressure (MPAP) as one
predictor that correlates with higher mortality risk for patients denied a heart transplant (cohort 3). In alignment with previous
findings, patients that were not accepted for heart transplant because they were judged not sick enough (cohort 2) had a better

functional level in cardiopulmonary exercise tests, regarding peak O2 and max watt.
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2.0 Abbreviations and acronyms

ACE
ARB
ARNI
ARVC
B-blocker
BiVAD
BMI
CHD
CI
CMP
CMR
CPET
CRT
CT
DCM
ECG
Echo
ECMO
EDV
EF
ESC
ESV
GFR
GUCH
Hb
HCM
HF
HFmEF
HFpEF
HFrEF

Angiotensin Converting Enzyme
Angiotensin-2-Receptor Blockers
Angiotensin-Receptor Neprilysin-Inhibitor
Arrhythmogenic Right Ventricular Cardiomyopathy
Beta receptor blocker

Bi Ventricular Assist Device

Body Mass index

Congenital Heart Defects

Cardiac Index

Cardiomyopathy

Cardio Magnetic Resonance
Cardiopulmonary Exercise Test

Cardiac Resynchronization Therapy
Computed Tomography

Dilated Cardiomyopathy
Echocardiography

Echocardiogram

Extra Corporeal Membrane Oxygenation
End Diastolic Volume

Ejection Fraction

European Society of Cardiology

End Systolic Volume

Glomerular Filtration Rate

Grown Up Congenital Heart disease
Haemoglobin

Hypertrophic Cardiomyopathy

Heart Failure

Heart Failure with Mid-range Ejection Fraction
Heart Failure with Preserved Ejection Fraction

Heart Failure with Reduced Ejection Fraction



HR
HTx
IABP

ICD
IHD
ISHLT

LVAD
LVED
MI
MPAP
Na
NT-pro-BNP
NYHA
PCWP
PVR
RAP
RCM
RVAD
SV
SvO2
VAD

Hazard Ratio
Heart Transplant
Intra-Aortic Balloon Pump

Implantable Cardiovert Defibrillator

Ischemic Heart Disease

International Society for Heart and Lung Transplantation

Potassium
Left Ventricular Assist Device
Left Ventricle End Diastolic

Myocardial Infarction

Mean Pulmonary Arterial Pressure
Sodium

N-Terminal pro Brain Natriuretic Peptide
New York Heart Association
Pulmonary Wedge Pressure
Pulmonary Vascular Resistance
Right Atrial Pressure

Restrictive Cardiomyopathy

Right Ventricular Assist Device
Stroke Volume

Mixed Venous Oxygen Saturation

Ventricular Assist Device



3.0 INTRODUCTION
3.1 Background

The first heart transplant was performed in South Africa 1967. Since then, approximately
118,000 heart transplants (HTx) have been performed worldwide. Today, approximately 4000
heart transplants are performed annually worldwide and 60-70 in Sweden. Heart
transplantations in Sweden are performed at Sahlgrenska University Hospital in Gothenburg,

and at Skane University Hospital in Lund (1, 2).

3.2 Heart transplant

Heart transplants may be offered to patients with severe heart failure where no other treatment
options remain. HTx is the final stage in the treatment for heart failure (HF), offered to patients
in New York heart association (NYHA) Class III-IV, where expected survival is less than a
couple of years. All other medical and surgical treatment must have been considered. In a few
cases HTx is indicated as a final stage treatment for patients with rapid progress and poor
prognosis in NYHA class II, involving arrhythmias as well as inoperable mitralis, tricuspidalis
and aortic valve abnormalities. Implying that level of NYHA class is not an absolute indication
and can vary amongst patients discussed at the multidisciplinary transplant board. The need for
HTx is constantly increasing, even though pharmacological treatment and medical devices such
as cardiac resynchronization therapy (CRT), implantable cardiovert defibrillation (ICD) have
improved (3-7).

It should be known that although HTx is considered the ultimate treatment, the 10-year survival
rate after a heart transplant is approximately 60 % globally (8). Common complications after
HTx include infection, malignancy, metabolic syndrome and renal failure. The overall ability
of the patient to undergo a heart transplant is taken into consideration at the multidisciplinary
transplant board. The risks involved in a transplant need to be taken seriously and with careful
consideration. Patients considered "too healthy" are not accepted due to the estimated prognosis
benefit is too small compared to optimised medical therapy due to surgical procedure
complications as well as graft survival estimates. Patients considered “too sick™ are not accepted

due to the bad prognosis and the risk of “vaste of organs” (3, 6, 9).



3.2.1 Heart transplant contraindications

Severe liver or lung disease is specifically mentioned in the literature as a contraindication to
HTx. Extensive pulmonary embolism is not acceptable in patients eligible for HTx. Pulmonary
vascular resistance (PVR) >4WU possess problems mainly with right sided heart failure in the
transplanted organ, however the absolute upper limit (i.e., absolute contraindication) is set to

PVR >6 WU (3, 4).

Poor kidney function provides a relative contraindication as well, where the limit is set on
glomerular filtration rate (GFR) <40ml/min/1.73m2. Patients with severe renal failure can be
accepted and after receiving a transplanted heart, undergo renal transplant. Kidney failure is
often a problem in patients with GFR 30-40 before surgery, because they temporarily become

dialysis-demanding post-operation (3, 4).

Atherosclerosis reduces the blood flow and increases the risk of ischemia. Atherosclerosis is
also one risk factor for developing high blood pressure. Advanced peripheral vascular disease
is a contradiction due to postoperative immunosuppression with a highly increased risk of

critical ischemia and ulcers (3, 4).

Malignancy within the last 5 years is a contraindication, due to immunosuppression therapy
that will increase the risk of cancer. Chronic infections, such as tuberculosis, cytomegalovirus,
Ebstein Barr virus and other bacterial or latent viral diseases cannot coexist with a transplanted
heart, due to the immunomodulating therapy post-transplantation. The immune system which
keeps these latent pathogens in the body under control is impaired during treatment with
immunosuppressive drugs. Suppressing the patient’s own immune system may lead to
activation of these latent pathogens (bacteria as well as viruses) and they become pathogenic

(3, 4).

Diabetes is a relative contradiction for heart transplant. There is a paradoxical correlation
between high body mass index and longer survival for heart failure (HF) patients, but that is
only true if the same patient does not have diabetes. Diabetes on the other hand together with
HF increases the risk of early death. Obesity, in the range of <35kg/m2 is reported by
international society for heart and lung transplantation (ISHLT) to have no statistically
significant differences in terms of mortality post-transplant. Patients with BMI >35kg/m2 on

the other hand had increased post-transplant morbidity and mortality. Sahlgrenska University



Hospital has an upper limit at BMI 35, due to difficulties in surgery and increased risk of
postoperative complications. Advanced diabetes with complications such as chronic wounds is
an absolute contraindication because of the postoperative problems caused by
immunosuppression therapy and resultant infections. Since the post-transplant procedure is
complicated and requires compliant patients, patients with mental illness, psychiatric diseases,

and drug abuse cannot be accepted (4, 5, 10, 11).

3.2.2 Bridge treatment

The availability of donor organ hearts does not match the demands of recipients. Due to the
limitation of donor organs and the rapid development of ventricular assist device technology,
the number of patients bridged to transplant with mechanical circulatory support has increased
significantly. Ventricular assist devices (VAD) can be used to replace the function of the heart
partially or completely. Circulatory support is designed either to assist the right ventricular

(RVAD) or left ventricular (LVAD) or to assist both ventricles, biventricular assist (BiVAD).

VAD can be offered as bridge-to-transplant in Sweden. However, in Germany and in the United
States of America, in selected cases, LVAD is used as destination treatment. The diversity of
practice in different countries is not based on study data, but it is explained by the lack of
availability of organs, differences in health care systems and reimbursements. The most
common VAD is LVAD and the choice of therapy depends on the underlying heart disease and

the pulmonary arterial resistance (12).

Mechanical supports used as short-term assist, Extra corporeal membrane oxygenation
(ECMO), Intra-aortic balloon pump (IABP) and Impella are not considered bridges to transplant
and are used in acute stages to recovery or as bridge to long-term assist (LVAD, RVAD,
BIVAD) Nowadays, in Sweden patients are not normally transplanted directly from short-

term assists due to poor outcome results (8, 13-16).



4.0 Heart transplant investigation

In Sweden HTx are centralized to Lund University Hospital and Sahlgrenska University
Hospital. Sweden is subdivided into two regions where Sahlgrenska University Hospital mainly
transplant patients from VG-region, Halland, Bohuslén, Vdrmland, Norrland and Lund have the
main responsibility for Skéne, Halland, Ostra Gétaland, Smaéland and the regions around
Milaren. Patients from Iceland are also referred to Sahlgrenska University Hospital. All patients
referred to a transplant clinic undergo a comprehensive examination, physical as well as
psychiatric to rule out potential treatable causes to the end-stage heart syndrome, exclude
potential absolute contraindications and evaluate the patient’s eligibility for an orthotropic heart
transplantation. The patient is presented and discussed at a multidisciplinary transplant board.
At the board there are always at least a cardiologist, thoracic surgeon and anaesthetist
represented and a joint decision is taken if the patient should be accepted or not for orthotropic
heart transplant. When needed other disciplines are involved in the decision, such as
haematologist in patients with amyloidosis light-chain, rheumatologist in patients with severe

rheumatic diseases such a systemic lupus erythematosus (6, 9, 13, 14, 17).

4.1 Anamnestic information

The comprehensive pre-transplant examination includes an assessment of the patient's
prognosis with consideration of alternative therapies. Anamnestic information containing
information about history of addiction, social network and family background as well as
comorbidity are of importance. Further important information is NYHA Class, where referred
patients mainly belong to NYHA Class III or IV. Alternatively, patients with rapid progress and
poor prognosis, for example arrhythmias where the arrhythmias themselves are the problem,

can sometimes belong to NYHA Class II (10, 11, 18, 19).

10



4.2 Physical examination

Several examinations are performed prior to the conference at the multidisciplinary transplant
board to objectively evaluate the failing heart. Common examinations are chest X-ray,
computerized tomography (CT) of thorax and abdomen, echocardiogram (Echo), echography
(ECG), multiple blood tests, right sided heart catherization, magnetic resonance imaging (MRI),
coronary heart angiography and cardiopulmonary exercise testing (CPET) (4).

4.2.1 Chest X-ray

Chest x-ray is a simple, nonspecific examination that is performed on all patients as part of the
heart transplant investigation. Chest x-rays detect any thoracic abnormalities and is valuable for
screening for diseases such as fibrosis, malignancy that would be contradictions for treatment

with immunomodulating drugs and heart transplant (5, 6, 13, 18).

4.2.2 CT thorax/abdomen

CT is an examination giving 3D images of the patient’s vascular anatomy and in grown up
congenital heart disease (GUCH) patient’s general anatomy. In elderly patients above 50 years

of age, CT is mandatory to exclude eventual undetected malignancy (13, 18).

4.2.3 Electrocardiogram

Electrocardiogram records the electrical activity of the heart through electrodes. The heart
rhythm is registered together with any other complications or damage to the heart. An
ambulatory electrocardiogram is another method that records electrical signals from the heart
collected from eclectrodes, with the difference that it monitors the heart over time, for at least
24 hours and up to two weeks. It is called Holter monitoring. Depending on the underlying

diagnosis and symptoms of the patients a Holter is performed (20).

11



4.2.4 Echocardiography

Echocardiography is a non-invasive method that uses ultrasound to evaluate the morphology of
the heart, the systolic/diastolic function as well as the valves (tricuspid, mitral, pulmonary and
aortic valves). Ejection fraction (EF) is a measurement that defines the elasticity and
contractibility of the heart. The stroke volume (SV) is blood ejected from the heart in one beat,
measured in millilitres (mL). Normally SV is around 70 millilitres. The SV is calculated by
subtracting end systolic volume (ESV) from end diastolic volume (EDV). From that an EF% is
given by SV divided by EDV times 100. Parameters that influence the volume are LVED, the
maximal diameter of the left ventricle when fully stretched, measured at end-diastole.
Echocardiograms can provide clues to the underlying ethology of HF. Echocardiography is also
valuable in evaluating the anatomy and function of the different valves as well as estimating

diastolic dysfunction and systolic pulmonary artery pressure (20).

According to the study “Echocardiographic predictors of survival in chronic heart failure with
and without left ventricular systolic dysfunction” presented in European heart failure
supplements 2008, heart failure patients that have an EF under 40%, compared to an EF above
40%, have twice the risk of mortality on a 5-year period. The same study confirmed its result
when the time section was broadened to a 10-year period, when only one third of the patients
in the latter group survived and none amongst the patients that had EF under 40%. Therefore
EF is considered to be a predictor to take into account at the multidisciplinary transplant board

21).

4.2.5 Blood test

N-Terminal pro brain natriuretic peptide (NT-pro-BNP) < 50pg/mL is considered an exclusion
criterion for HF. Patients not suffering from HF have <125pg/mL, though it can vary between
individuals and increases with age. BNP is produced in the myocytes of the ventricles, in
response to myocardial stretch due to pressure or volume overload. The biological functions of
BNP include various compensatory mechanisms such as diuresis, natriuresis, and vasodilation.
The failing heart leads to ventricular dysfunction and various remodelling and neurohormonal
activation such as NT-pro-BNP release. NT-pro-BNP is a prohormone cleaved into its active

substance BNP in the blood stream. Half-time for BNP is 20 minutes and for NT-pro-BNP 70

12
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minutes, that explains why the pro-version is measured. Increasing levels of NT-pro-BNP are
correlated to the severity in NYHA class. Haematological blood test, red blood cells (Hb), white
blood cells (LPK), platelets (TPK), are analysed, including coagulation blood tests such as
prothrombin complex (INR) and activated partial thromboplastin time (APTT). Screening of
the liver function is performed by measuring ASAT, ALAT, ALP and bilirubin. These may be
elevated due to right sided heart failure, but it is important to rule out underlying severe liver
disease or malignancy. Electrolytes such as Na, K, Ca, albumin, creatinine states the kidneys
capacity together with measured glomerular filtration rate (mGFR). Thyroid function is
screened by analysing TSH and T4. Inflammation parameters SR and CRP detects if the patient
have any underlying autoimmune disease or possible malignancy. B-Peth is analyzed to
exclude overconsumption of alcohol. If uncertainty regarding smoking habits, s-cotinine is
measured. HbA 1c and b-glucose to rule out or diagnose diabetes mellitus. S-PSA level is also
measured since prostatic cancer is the most common cancer form amongst men over 50 years

or older (6, 13, 22).

4.2.6 Heart catheterization

An invasive way to evaluate the degree of HF is right heart catheterization. A Swanganz
catheter is inserted into vena jugularis or vena femoralis and advanced to the right atrium, right
ventricle and arteria pulmonalis. A balloon may be inflated on the top of the catheter to guide
the catheter more easily in place. Pressure transduces register the actual pressure level in the
different compartments and cardiac output is determined by thermodilution and/or indirect
Fick. The right heart catheterization examination gives detailed information of cardiac output,
cardiac index, intracardiac pressures such as pulmonary capillary wedge pressure (PCWP),
right arterial pressure (RAP), median pulmonary atrial pressure (MPAP), PVR and central
venous oxygenation level (SvO2). When indicated, a biopsy can be taken for diagnostic
purpose. Heart biopsies are most often collected from the right ventricle septum but in rare
cases may also be collected from the lateral wall of the left ventricle. However, left sided
biopsies needs arterial access and is associated with increased risk for complications, such as

bleeding and tamponade (6).

13



4.2.7 Magnetic resonance imaging

With cardiac magnetic resonance imaging (MRI) the heart is imaged using magnetic resonance
technology. The patient lies inside a cylinder and is exposed to a pulsatile magnetic field that
is about 20,000 times stronger than the earth's magnetic field, reflecting radio waves that create
a detailed 3D image of the heart. MRI determines function of the heart, EF, valve abnormalities
as well as information about the myocardial metabolism such as presence of inflammation,

fibrosis and signs of ischemic heart disease (5, 6, 13, 18).

4.2.8 Coronary angiogram

In this examination a catheter is inserted into arteria femoralis communis or radialis and guided
through the aorta to the aortic root. A dye is injected through the catheter which makes the
anatomy of the coronary arteries visible. This examination detects any coronary artery disease

malformation or diseases, such as atherosclerosis.

4.2.9 Cardiopulmonary exercise testing

CPET is an electrocardiogram combined with exercise and ventilation testing systems which
measure real-time dynamic ventilation including maximum watt, max oxygen uptake as well
as carbon dioxide elimination. This is a method developed to combine exercise
electrocardiogram and spirometry. The results indicate if the patients suffer from a respiratory
or cardiac restriction. CPET is also of prognostic importance. In Sweden CPET is frequently
used in evaluation of the patients cardiac and respiratory capacity and reserve. The main
predictor of calculated risk is the highest measured weight-corrected oxygen uptake — mL
02/kg/min, also called maximum oxygen uptake. Patients eligible for HTx normally have a

maximum oxygen uptake less than 15 mL/kg/min (23).

V’E is the ventilated air volume (mL/min) and VCO?2 is the max elimination of carbon dioxide
V’E/VCO?2 slope is a ratio that shows ventilatory efficiency, the ability to eliminate carbon
dioxide in the exhaled air. Since ventilation in most individuals is controlled by the carbon

dioxide level, these two values will remain relatively constant to each other for most of the test,
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which means that values can be obtained even if the patient has not been pushed to the
maximum. The greater the slope is, the more pathological it is considered and is important

from a prognostic perspective.

The CPET examination also gives information on the patient’s maximum workload capacity,
blood pressure reaction during exercise, pulse reactions as well as reason for work

discontinuation (23).

5.0 Heart failure

5.1 Prevalence

Approximately 26 million people are diagnosed with HF globally. HF prevalence amongst
adults in the western world is 1- 2 %. The prevalence of HF increases with age and in people

70 years or older the prevalence is estimated to be at least 10% (19).

5.2 Signs and symptoms

Clinical signs and symptoms for HF are dyspnoea, orthopnoea, fatigue, weakness, oedema and
exercise intolerance. Patients suffer from different combinations of symptoms, even though
they have the same diagnosis. In patients diagnosed with HF altered intracardiac pressure within
the heart can be measured due to congestion and lack of adequate cardiac output. The reason
for developing these symptoms are structural or functional abnormalities of the cardiovascular

system which is further discussed in the section 5.5: aetiology (24).

5.3 Pathophysiology

HF can be divided into left sided or right sided HF. Left sided HF is divided into three different
subtypes: HF with reduced ejection fraction (HFrEF) (EF<40%), HF with mid-range EF
(HFmEF) (EF 40-50%) and HF with preserved EF (HFpEF) (EF>50%). HFrEF is characterized

most often by an enlarged left ventricle with impaired systolic function and impaired
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contractility. HFpEF is characterized mostly with impaired diastolic function of the ventricles
and reduced relaxation. Diastolic dysfunction leads to impaired diastolic filling with increased
pressures. Right sided HF is most often a consequence of left sided HF due to increased left
sided end-diastolic pressures. However, primarily right sided HF is seen in late stages of
arrhythmogenic right ventricle cardiomyopathy (ARVC), pulmonary arterial hypertension
(PAH) etc. The classical signs of right sided HF are peripheral and central oedema.

5.4 Classification

HF is classified according to New York Heart Association Functional Classification (NYHA).
American Heart Association (AHA) describes NYHA as a system based on the severity of the

patient’s symptoms, depending on how much they are limited by physical activity (6).

NYHA Class I. Patients do not have any physical limitation due to HF.

NYHA Class II. Slight limitation of physical activity, no symptoms whilst at rest. Ordinary

physical activity gives fatigue, palpitation, and dyspnoea.

NYHA Class III. Apparent limitation of physical activity. Ordinary activity causes fatigue,

palpitation, and dyspnoea. No discomfort at rest.

NYHA Class IV Unable to perform any physical activity without discomfort. Symptoms of

heart failure such as fatigue, palpitation, shortness of breath at rest (7).

5.5 Aetiology

There are a wide range of cardiovascular disorders that result in the impairment of the hearts
contractibility and elasticity and may eventually lead to the clinical syndrome of HF. Disease
that can lead to severe heart failure often with a late onset in life is ischemic heart disease (IHD).
Atherosclerosis is the most common pathophysiological reasons for developing HF, restricting
the blood flow, causing ischemia, and leading to high blood pressure (HPB) as well as
myocardial infarction (MI). When a part of the myocardium gets necrotized after an MI it

restricts its working capacity and HF develops consequently. HBP is the second most common
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risk factor leading to HF. To provide an adequate cardiac output (CO) and normal blood
circulation when there is an increased afterload, the atriums and ventricles enlarge and
consequently weakens them, resulting in HF. Heart valve diseases, and intractable arrhythmias
are other structural pathological causes for heart failure. There is a pathophysiological
background difference between men and women. Where men have more ischemic issues

women tend to be more affected by hypertension and valvular dysfunctions (6, 8, 20).

Furthermore, another common risk for developing HF are cardiomyopathies (CMP). CMP are
subdivided into 5 different groups: dilated cardiomyopathy (DCM), hypertrophic
cardiomyopathy (HCM), arrhythmogenic right ventricular cardiomyopathy (ARVC), restrictive
cardiomyopathy (RCM) and unclassified. The aetiology to CMP is multifactorial from genetic
defects, acquired and in some cases idiopathic. In patients with other autoimmune diseases like
thyroid diseases, Churg Strauss, rheumatoid arthritis, amyloidosis CMP are overrepresented.
CMP may also be acquired through lifestyle habits such as drug (cocaine, amphetamine and
anabolic steroids), side-effects of medications (cytostatic drugs (Anthracycline), antidepressant
drugs, immunomodulating drugs (Cetuximab). Primary CMP only affects the heart and
secondary CMP where the aetiology is explained through a systemic disorder involves several

systems in the body, including the heart (6, 25).

DCM is one of the most common reason for heart transplant. The ethology for DCM, in half of
the cases, is unknown. The disease debuts with symptoms earlier in life compared to ischemic

aetiology (3)

HCM with a symptomatic variable course, can require heart transplant. Data presented by
ISHLT demonstrate a very favourable outcome of survival post-transplant for patient with

HCM (5).

Restrictive cardiomyopathy (RCM) may also result in heart transplantation. RMC clinically
involves exercise intolerance, dyspnoea, orthopnoea, fatigue, weakness, oedema, all familiar
symptoms of HF. The aetiology behind RCM can be genetic but also of secondary cause, where
systemic diseases affect the heart (20, 25).

Congenital heart defects (CHD), Patients associated with adult congenital heart disease (ACHD

=former GUCH) receive their transplant early in life (21).
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5.6 Treatment

According to guidelines from the European Society of Cardiology (ESC), published in the
year 2016 and updated 2018, there is a staircase of treatment for patients with symptoms of
HF. As a final option HTx may be considered when the patient develops severe refractory
heart failure despite appropriate treatment. Not all patients that undergo heart transplant suffer
from HF. Arrythmias can be an indication for HTx if all other treatments fail. The
investigation of underlying causes for HF also plays a role in treatment, exemplified by HCM
which may be treated by reducing the muscular tissue through septal alcohol ablation or

myectomy (5, 6).
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5.6.1 Primary treatment recommendation

Initially, treatment with angiotensin converting enzyme (ACE)-inhibitor and beta-receptor (B)-
blockers is recommended. An alternative to ACE-inhibitors, is to block the receptor for
angiotensin with angiotensin-2-receptor blockers (ARB). These drugs should be titrated to

target dose or maximum tolerated dose (6, 26).

Diuretics are indicated temporally to treat congestion. In the treatment of acute heart failure,
diuretics are also indicated. Diuretic drugs do not have a prognostic value, it is only a
symptomatic treatment. Candidates for heart transplants, with severe HF, often have poor

kidney function, continuous diuretics treatment usually becomes necessary (6, 26).

5.6.2 Secondary treatment recommendation

EF <35% and or (6, 26).

5.6.3 Third level of treatment recommendation

Next level of treatment contains three options to be used separately or together. Angiotensin-
receptor neprilysin-inhibitor (ARNI) could replace ACE-inhibitor and ARB. 5.6.4 Cardiac

devices

CRT is recommended for patients with EF <35% on optimal medical treatment, QRS duration

above 130msec and left bundle branch block (6).

All patients should be evaluated regarding indication for an ICD after being medically
optimized for at least 3 months with a life expectancy above one year. Patient with heart failure
due to ischemic heart disease in NYHA III-IV and EF<35% have the strongest indication for
an ICD in primary prevention. Patients with HCM, ARVC and sarcoidosis are well known to
have an increased risk of sudden death due to arrhythmias and needs to continuously be
evaluated regarding indication for an ICD in primary prevention. Indication for ICD as
secondary prevention after cardiac arrest are indicated in patients with a life expectancy above

one year. (6).
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5.6.5 Fourth level of treatment recommendation

Patients who do not respond to eligible treatment and develop severe refractory heart failure or
refractory arrhythmias, "advanced heart failure treatment" may be considered. With “advanced

heart failure treatment” we mean inotropes, mechanical assist, and heart transplant.

6.0 Complications after heart transplant

6.1 Rejection

One of the most serious complications that can occur after heart transplant is graft failure which
occur when the donated heart fails or does not work as expected. Approximately 7,4 % of the

heart recipients, develop primary graft failure with a 30-days mortality of 30% (3, 4, 9, 27, 28).

Acute or chronic rejection means that the body's own immune system attacks the foreign
transplant and rejects it. To reduce the risk of this a match between recipient and donor HLA is
standard procedure. The immune system treats the donated heart the same as it would be a
bacteria or virus. Rejection is diagnosed through heart biopsies. Rejection can occur at any time
following surgery but is most frequent within the first few weeks to months after transplantation

(3, 4,27, 28).

Rejection can be mediated by different cells in the immune system. Lymphocytic killer T-cells
which play a role in the adaptive immune response can cause problems as well as activated B-
cells which produce antibodies towards the transplanted organ. This is called humoral immunity

or innate immune response (3, 4, 27, 28).

There are three types of rejection. Hyperacute rejection caused by humoral immunity develops
within minutes after the transplant makes contact with the recipient. It involves B-cell
production of antibodies which gives a systemic inflammatory response where the kidneys can
be damaged, and agglutination of red blood cells can occur. Acute rejection is caused by T-
lymphocytes together with mononuclear macrophages and it occurs in all transplants to some
degree. If the recipient has one episode of increased T-lymphocyte activation it can be treated

with corticoids to prevent organ failure, but recurrent periods of acute rejection may lead to
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chronic rejection. Chronic rejection is a slow loss of function in the transplanted organ due to
fibrosis which there is no effective treatment against. Yet another reason for transplant rejection
is when the patient has non-adherence to prescribed immunosuppressant drugs. Chronic
allograft vasculophaty, a common type of chronic rejection, develops in the recipent heart
through circumferential thickening of the intima of the coronary vessels and may result in
ischemia due to occlusion or stenosis. Whitin 10 years post transplant, up to 50% of the

recipents develops chronic allograft vasculophaty (3, 4, 27, 28).

6.2 Malignancy

Prolonged immune inhibition increases the risk of malignancy. Patients who have had a heart
transplant will be on immunosuppressive drugs lifelong to prevent rejection of the donated
organ. In order to maintain its implanted organs, the body's own immune system is suppressed
after the transplant and there is an increased risk of tumour development. Because of this,
transplant patients are followed every 6 months by a cardiologist and are screened on a regular

basis for early signs of malignancy (3, 4).

6.3 Infections

Viruses and bacterial infections such as cytomegalovirus, Ebstein Barr virus and tuberculosis
can be kept in check by the body's immune system, however, there is an increased risk that
these may cause symptomatic infections when the immune system is suppressed by

immunomodulating drugs (3, 4).

6.4 Metabolic syndrome

There is an increased risk of developing obesity, hypertension, diabetes, hyperlipidaemia for
patients who have undergone heart transplant. This can be explained by cortisone treatment,
but also by immunosuppressive drugs such as Cyclosporine that increases the risk of developing

metabolic disorders. Cardiac transplanted patients are followed by a cardiologist lifelong at
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regular basis to detect and treat co-morbidities at an early stage before the graft is affected (3,

4).

6.5 Renal failure

Patients being considered for HTx often have renal failure pre-transplant. This is mainly
prerenal kidney failure due to heart failure. In addition, after transplant, the kidneys are
damaged by immunosuppressive drugs that mostly get secreted through the kidneys.
Perioperative the kidney may deteriorate because of insufficient cardiac output, which most
often is partly reversible. Renal failure, levels of creatinine and measured GFR are parameters
monitored during the investigation prior the decision on the multidisciplinary transplant board

as well as after HTx at scheduled follow ups (3, 4).

7.0 AIM

The main objective of this master project is to characterize patients with severe heart failure
selected by the multidisciplinary board, at Sahlgrenska University Hospital, to undergo or not
undergo a heart transplant (HTx). The cohort will be categorized into three different groups

depending on the board decision:

e Cohort 1: suitable to undergo HTx
e Cohort 2: unsuitable for HTx — judged as not sick enough for a HTx

e Cohort 3: unsuitable for HTx — judged as too sick or with contraindications

The three different groups will be described in relation to their background variables as well as
overall survival. Evaluation of the decision by the multidisciplinary board at Sahlgrenska
University Hospital is important in evaluation of the appropriateness of the board’s decisions.

Depending on the results this may leads to changes in clinical practice.

Specific research questions:

Are there any differences in the background variables that the multidisciplinary board

base their decision on between the three different groups?
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What is the overall survival for the three different groups?

Identify potential predictors among the background variables for all-causes of death

within the three different groups.

8.0 METHODS

8.1 Ethical considerations

The study was approved by the Ethical board in Gothenburg, Sweden (DNR: 982—18) prior to
the start of the study. All personal data was treated with confidentiality and before data analysis
all patients were assigned codes to maintain anonymity. The database was coordinated with the

Swedish National Board of Health and Welfare’s death register (2019-11-12).

8.2 General design and patients

This retrospective cohort study included all consecutive patients above the age of 18 referred
and discussed at the multi-disciplinary board at Sahlgrenska University hospital regarding
suitability to undergo an orthotropic heart transplantation between January 2008 and December

2018.

Inclusion criteria:

Referred to department of cardiology at Sahlgrenska University Hospital for
orthotropic HTx.

Discussed at the multi-disciplinary board at Sahlgrenska University Hospital between

20080101 to 20181231.

Patient’s age of 18 years or older.
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Exclusion criteria:

Patients registered for double organ transplantation.

8.3 Data collection

Data was collected from the quality register for organ transplant (TIGER), administered at the
Transplant Centre, Sahlgrenska University Hospital in Gothenburg. TIGER-register is a local
initiative to compliment Scandia transplant. It contains statistical data for quality monitoring
outcomes after organ transplant for patients transplanted at Sahlgrenska University Hospital.
Patients were identified through TIGER-register with the keywords "heart transplant" with
limitation regarding study period, 20080101 to 20181231.

All patients undergoing investigation regarding whether they were suitable for heart transplant
were also registered by the co-ordinator for the multidisciplinary transplant board in the clinic’s
booking calendar. Reviewing names and social security numbers of patients who were
registered for investigation but never got a heart transplant revealed additional unaccepted
patients during the study period. Binders with medical records of patients at the
multidisciplinary transplant board were also reviewed between the years 2008-2018 to ensure

that all patients that met the inclusion criteria were identified (17).

An Excel sheet was established for data collection. Relevant medical data on all consecutive
heart transplants performed in Sweden and those not accepted for HTx were extracted from the
digital journal system Melior, involving clinical parameters and information on comorbidities.
The anamnestic predictors included in the study are gender, diagnosis, age, NYHA class, BMI,
diabetes. Predictors are collected through functional testing such as CPET where focus lies on
maximum watt age and max oxygen uptake. Electrocardiography presented EF, LVED, and
heart catheterization shows RAP, MPAP, PCWP, CI, PVR and SvO2. The last category of
predictors analysed are blood samples GFR, creatinine, Na, Hb and NT-pro-BNP (table 1).
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8.4 Statistics

For categorical variables n (%) is presented and for continuous variables Mean (SD)/ Median
(Min; Max) /n is presented. For pairwise comparison between groups Fisher Exact test (2-sided)
was used for dichotomous variables and Mantel- Haenszel Chi Square test was used for ordered
categorical variables. Mann Whitney U-test is used for testing significant differences between
groups for continuous variables. All tests are performed first with uni-variable logistic
regression and then the multivariable model was selected by backward model selection from
the significant uni-variable variables. Cox proportional hazard regression model was used to
identify independent risk factors, called predictors, associated with mortality. Age and gender
were always included. Patients discussed at the multi-disciplinary transplant board more than
once, the first judgment was taken into account in all analyses, except for the Kaplan-Meier
curve valuating survival after re-transplant. Survival analysis generated Hazard Ratio presented
in Kaplan-Meier curve showing differences in survival for those accepted compared to those
not accepted for HTx on the multidisciplinary transplant board. All statistical analyses were
performed in SPSS Statistics version 19,0. All statistical analyses were performed in

collaboration with Christoffer Backstrom, Statistiska konsultgruppen, Gothenburg.

Figure 2. Flowchart of the inclusion process.

| 522 patients |

306 patients accepted for hearttransplant | | 216 patients not accepted for hearttransplant

including re- Cohort 1: 306 accepted for | _ N 53 patients Cohort 2: 60 patients: Cohort 3: 156
transplantation: 22 hearttransplant re-evaluation more than 1 time not sick enouth patients: too sick

9.0 RESULTS

9.1 Descriptive data
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whereot 306 patients were accepted for HTx (cohort 1), 60 patients were judged not sick enough
to be accepted for HTx (cohort 2) and 156 patients where not accepted due to being too sick or
having absolute contraindications for HTx, such as malignancy, severe lung or liver disease,
poor kidney function (cohort 3). 53 patients where discussed several times at the
multidisciplinary transplant board. Several of these patients were discussed up to four times at
the board only to not be accepted multiple times. Less than 50% of these patients were originally
not accepted and the next time they were discussed at the multidisciplinary transplant board
accepted for heart transplant. 22 patients were accepted for retransplant, 3 of those discussed

on more than one occasion, figure 2.

In total 123 females and 399 males were referred and discussed at the multidisciplinary
transplant board. Out of these female patients 64% were accepted for heart transplant (cohort
1). 11% belonged to cohort 2, not accepted for a heart transplant because they were not too sick
and 25% were considered too sick (cohort 3). Amongst the male patients 57% were accepted
for heart transplant (cohort 1), 12% belonging to cohort 2 and 31% to cohort 3. 74% of all 306
heart transplants performed were done on males and 79% of those not accepted (cohort 2 and

3) to heart transplant were males, table 1.

47% of patients receiving a heart transplant were between 40-60 years old. There is no
difference in age between patients accepted for HTx and patients not accepted due to being not
sick enough. However, the cohort not accepted due to being too sick were significantly older

(nearly 50% older than 60 years), table 1.

DCM is the most common diagnosis within cohort 1 and 2 and IHD is the most common

diagnosis in cohort 3, table 1. Diabetes was more common in cohort 3 compared to cohort 1

and 2, table 1.

More than 70% of the patients in cohort 1-3 belonged to NYHA functional class III. The highest
proportion of patients in NYHA class IV was seen in cohort 3 and for NYHA 1I in cohort 2.

However, no significant difference in NYHA class was observed between cohort 1 and 3, table

1.

Table 1. Cohort 1, 2 and 3, medical and clinical characteristics
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Test between groups

p-value
Cohort 1 Cohort 2 Cohort 3 Cohort 1 vs | Cohort 1 vs | Cohort 2 vs
Variable (n=306) (n=60) (n=156) Cohort 2 Cohort 3 Cohort 3
Sex
Women 79 (25.8%) 13 (21.7%) 31 (20.0%)
Man 227 47 (78.3%) 124 (80.0%) 0.62 0.20 0.92
(74.2%)
Missing 0 0 1
Diagnosis
THD 50 (16.3%) 10 (16.7%) 57 (36.5%) 1.00 <.0001 0.0060
DCM 168 28 (46.7%) 44 (28.2%) 0.30 <.0001 0.017
(54.9%)
CMP, ARVD, Amyloidosis,| 54 (17.6%) 7 (11.7%) 24 (15.4%) 0.34 0.63 0.64
Sarcoidosis, MC,
peri/postpartum, RCM HCM
Retransplant 7 (2.3%) 4 (6.7%) 2 (1.3%) 0.18 0.73 0.10
CHD 23 (7.5%) 7 (11.7%) 13 (8.3%) 0.41 0.89 0.60
AO-vitium, VHD 2 (0.7%) 1 (1.7%) 0 (0.0%) 0.83 0.88 0.56
Age
18-<40 74 (24.2%) 10 (16.7%) 20 (12.8%)
40-<60 143 39 (65.0%) 62 (39.7%)
(46.7%)
60- 86 (28.1%) 11 (18.3%) 74 (47.4%) 0.98 <.0001 0.0016
NYHA
1 3 (1.1%) 0 (0.0%) 1 (0.9%)
2 12 (4.3%) 15 (27.8%) 5 (4.3%)
3 209 38 (70.4%) 86 (73.5%)
(75.7%)
4 52 (18.8%) 1(1.9%) 25 (21.4%) <.0001 0.59 <.0001
Missing 30 6 39
BMI 26.4 (4.2) 26.0 (6.5) 26.8 (6.1) 0.26 0.85 0.36
n=303 n=58 n=145
Diabetes 40 (13.1%) 9 (15.5%) 42 (28.0%) 0.75 0.0002 0.084
Mechanical Assist
LVAD 35 (11.4%) 0 (0.0%) 0 (0.0%) 0.0027 <.0001 1.00
BIVAD 20 (6.5%) 0 (0.0%) 2 (1.3%) 0.051 0.014 1.00
ECMO 15 (4.9%) 0 (0.0%) 3 (1.9%) 0.13 0.18 0.75
IABP 3 (1.0%) 0 (0.0%) 4 (2.6%) 1.00 0.36 0.54
Impella 1(0.3%) 0 (0.0%) 0 (0.0%) 1.00 1.00 1.00

IHD=Ischemic Heart Disease; DCM=Dilated Cardiomyopathy; CMP=Cardiomyopathy; ARVC=Arrhythmogenic Right Ventricular

Cardiomyopathy; MC=Myocarditis; RCM=Restrictive Cardiomyopathy; HCM=Hypertrophic Cardiomyopathy; CHD=Congenital Heart
Defects; AO-vitium=Aorta.vitium; VHD= Valvular Heart Disease; NYHA=New York Heart Association; BMI=Body Mass Index;
LVAD-=Left ventricular Assist Device; BiVAD=Bi Ventricular Assist Device; ECMO=Extra Corporeal Membrane Oxygenation; IABP=Intra-

Aortic Balloon Pump. For categorical variables n (%) is presented. For continuous variables Mean (SD) n= is presented.
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As part of pre-evaluation for suitability for HTx most patients undergo a cardiopulmonary
exercise testing. Patients not accepted for HTx due to being not sick enough, (cohort 2) had a
better functional level measured as maximal workload as well as maximum oxygen level, table
2. However, regarding ejection fraction and left ventricle end diastolic diameter there were no

clinically significant differences between groups (cohort 2 had only slightly better ejection

fraction compared to cohort 1).

Table 2. Functional evaluation preboard- Echocardiography

Test between groups
p-value
-Cohort 1 Cohort 2 Cohort 3 Cohortl vs | Cohort 1 vs | Cohort 2 vs
Variable (n=306) (n=60) (n=156) Cohort 2 Cohort 3 Cohort 3
Max watt 79.2 (27.5) 102.4 31.7) 73.5 (30.0) <.0001 0.035 <.0001
n=199 n=50 n=89
Max oxygen uptake 12.8 (3.9) 16.6 (4.1) 12.3 (4.3) <.0001 0.12 <.0001
ml/kg/min n=196 n=49 n=87
EF% 25.7(11.7) 31.9 (14.9) 282(13.2) 0.0008 0.052 0.053
n=281 n=58 n=144
LVEDD 6.68 (1.36) 6.61 (1.52) 6.39 (1.35) 0.79 0.058 0.33
n=245 n=42 n=118
EF=Ejection Fraction; LVEDD=Left Ventricle End Diastolic Diameter. For continuous variables mean & (SD) / n= is presented

All patients were examined with a right heart catherization before being discussed at the
multidisciplinary transplant board. Patients in cohort 1 and 3 had a worse hemodynamic profile
compared to cohort 2 with higher RAP, MPAP, PCWP, lower CI and SvO2. PVR was higher
within cohort 3 and PVR > 3 is a contraindication for heart transplant. Cohort 1 and 3 had quite

similar hemodynamic profile with only minor differences except for PVR, table 3.

Table 3. Right sided heart catherization

Test between groups
p-value
Cohort 1 Cohort 2 Cohort 3 Cohortl vs | Cohort 1 vs | Cohort 2 vs
Variable (n=306) (n=60) (n=156) Cohort 2 Cohort 3 Cohort 3
10.1 (6.2) 5.71 (7.25) 11.1 8.3)
RAP n=266 n=48 n=117 <.0001 0.58 <.0001
275 (9.4) 26.9 (19.4) 322 (13.4)
MPAP n=282 n=48 n=121 0.0068 0.0042 0.0004
182 (1.5) 127 (71.7) 189 (7.9)
PCWP n=287 n=54 n=124 <.0001 0.30 <.0001
2.01 (0.58) 2.34 (0.53) 2.13 (0.59)
CI n=268 n=52 n=117 <.0001 0.28 0.0070
2.45 (1.48) 2.58 (2.16) 3.26 (2.56)
PVR n=265 n=49 n=114 0.72 0.0076 0.044
57.3 (9.9) 64.2 (8.6) 57.6 (11.2)
SvO2 n=250 n=43 n=107 <.0001 0.52 0.0006
RAP=Right Atrial Pressure; MPAP=Mean Pulmonary Arterial Pressure; PCWP=Pulmonary Wedge Pressure; Cl=Cardiac Index;
PVR=Pulmonary Vascular Resistance; SvO2=Mixed Venous Oxygen Saturation. For continuous variables Mean (SD) / n= is presented.
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All patients had signs of kidney failure with evaluated creatine as well as reduced measured
GFR. Cohort 2 had the best GFR while cohort 3 had the worst function. Regarding NT-pro BNP
cohort 2 had significantly lower absolute values compared to cohort 1 and 3 (p<0.001).
However, no difference in NT-pro BNP was observed between cohort 1 and 3 (p=0.7), table 4.

In a comparison between the groups cohort 2 are considerably younger and cohort 3
considerably older than cohort 1, supplementary table 1. Uni-variable and multivariable logistic
regression analysis was performed to identify explanatory variables for being judged suitable
to perform a heart transplant. Cohort 1 and 3 and cohort 1 and 2 were compared, respectively
(supplementary table, 2 & 3). Within cohort 1 and 2, the univariable logistic regression analysis
showed that maximum oxygen uptake ml/kg/min, RAP, PCWP and SvO2 were the variables
found to be predictors to the decision being judged suitable to perform HTx between cohort 1
and 2. Further analysed with multivariable logistic regression, SvO2 showed no significant
difference. Within cohort 1 and 3, the univariable logistic regression analysis showed MPAP
and PVR were variables found to be predictors to the decision being judged suitable to perform
HTx between cohort 1 and 3. Further analysed with multivariable logistic regression, the only
significant variable between cohort 1 and cohort 3 turned out to be PVR, supplementary table

3.

Table 4. Medical and clinical characteristics -Lab

Test between groups
p-value
-Cohort 1 Cohort 2 Cohort 3 Cohortl vs | Cohort 1 vs | Cohort 2 vs
Variable (n=306) (n=60) (n=156) Cohort 2 Cohort 3 Cohort 3
mGFR 58.2 (17.8) 73.8 (22.1) 48.1 (19.7) <.0001 <.0001 <.0001
n=269 n=48 n=118
Creatinine 114.1 (60.8) 104.6 (83.5) 136.4 (80.0) 0.0024 0.0004 <.0001
n=293 n=52 n=136
Na 139.0 (3.6) 139.5 (3.0) 138.7 (3.8) 0.44 0.53 0.27
n=294 n=50 n=130
Hb 133.3 (18.8) 141.8 (21.3) 131.3 (19.3) 0.020 0.21 0.0048
n=296 n=54 n=134
NT-pro BNP 4997 (5662) 2290 (3570) 5584 (7036) <.0001 0.74 <.0001
3100 (14; 35000) 1060 (74; 23800) 2924 (98; 35000)
n=275 n=55 n=120
mGFR=measured Glomerular Filtration Rate; Na=Natrium; Hb=Hemoglobulin; NT-pro-BNP=N-Terminal pro Brain Natriuretic Peptide.
For categorical variables n (%) is presented. For continuous variables Mean (SD) / Median (Min; Max) / n= is presented.
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Identifying predictors for all-cause death among cohort 1, Cox proportional hazard ratio models
were performed for all-cause death in supplementary table 4. The following parameters were
associated with death: IHD (HR 3,12), Na (HR:1,16), Hb (HR 0,98), ECMO (HR: 4,48) NT-
pro BNP (HR: 1,07). Adjusted cox proportional hazard ratio models were performed with
variables selected from supplementary table 4, with p-values <0,05 except for age and sex
which were forced to be included. IHD, ECMO and Na were variables predicting all-cause

death, table 5.

Table 5. Adjusted Cox proportional hazard models for identifying predictors for all-
cause death among patients in Cohort 1

COX PH model

Number of

patients not

included (n

Variable N) Hazard Info p-value

Age 12/306 0.98 (0.96 - 1.01) 0.30
Gender — Man 12/306 2.08 (0.78 - 5.53) 0.14
IHD 12/306 2.89 (1.34 - 6.23) 0.0068
ECMO 12/306 1.54 (1.09 - 2.18) 0.013
Na 12/306 1.15(1.03 - 1.29) 0.015
IHD= Ischemic Heart Disease; ECMO= ECMO=Extra Corporeal Membrane Oxygenation; Na=Natrium

For identifying predictors for all-cause death among cohort 2 Cox proportional hazard ratio
models were performed for all-cause death. The following parameters were associated with
death: PVR (HR 1,55) and EF (HR:1,09), supplementary table 5. Adjusted Cox proportional
hazard ratio models were performed with variables selected from supplementary table 5, with
p-values <0,05 except for age and sex which were forced to be included. EF was the only

variable significantly predicting all-cause death, table 6.

Table 6 Adjusted Cox proportional hazard models for identifying predictors for all-cause
death among patients in Cohort 2

COX PH model
Number of patients not
included (n
Variable N) Hazard Info p-value
Age 2/60 1.11(1.00 - 1.23) 0.045
Gender - Man 2/60 0.51 (0.04 - 5.93) 0.59
EF% 2/60 1.09 (1.01 - 1.16) 0.022
EF=Ejection Fraction
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For identifying predictors for all-cause death among cohort 3, Cox proportional hazard ratio
models were performed for all-cause death. The following parameters were associated with
death: NT-pro-BNP (HR 1,03) and Hb (HR:0,98), PVR (HR: 1,15), Max watt (HR: 0,99),
MPAP (HR:1,03), Max oxygen uptake (HR: 0,91), RAP (HR: 1,04), supplementary table 6.
Adjusted Cox proportional hazard ratio models were performed with variables selected from
supplementary table 6, with p-values <0,05 except for age and sex which were forced to be

included. MPAP was the only variable significantly predicting all-cause death, table 7.

Table 7 Adjusted Cox proportional hazard models for identifying predictors for all-cause
death among patients judged as too sick, cohort 3

COX PH model
Number of
patients not
included
Variable (n/N) Hazard Info p-value

Age 36/156 1.00 (0.98 - 1.02) 0.93
Gender- Man 36/156 1.16 (0.61 - 2.20) 0.65
MPAP 36/156 1.03 (1.01 - 1.06) 0.0008
MPAP=Mean Pulmonary Arterial Pressure

Kaplan-Meier curve for time to death for cohort 1-3. Cohort 1 and 2 are overlapping with a 10-
year survival rate over 80%. However, patients denied transplant (cohort 3) due to being too
sick and contraindications have a much worse prognosis with 40% dead within 2 years and 60%
after 10 years, figure 3. Furthermore, survival in patients retransplanted once or several times
were similar to patients not being retransplanted, indicating that re-transplantation is a

reasonable option to selected patients, figure 4.
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Figure 3. Kaplan-Meier curve for time to death stratified by cohort 1, 2 and 3
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Figure 4. Kaplan-Meier curve for time to death stratified by Re-transplantation for all
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10.0 DISCUSSION

522 patients were admitted to the multidisciplinary transplant board at Sahlgrenska University
Hospital between 2008 and 2018, and of these 306 were accepted and 216 patients were not
accepted for orthotopic HTx. Underlying reasons why patients were not considered suitable for
transplantation were patients being judged not too sick for HTx or due to comorbidities,
noncompliance, malignancy, etc. The patients were categorized and analysed in three different
groups depending on the board’s decision; accepted for heart transplant (cohort 1), not accepted
for heart transplant, divided into one of the two categories “not sick enough” (cohort 2) or “too
sick” (cohort 3). Unexpectedly, there were no clear differences between the groups regarding
clinical or testing variables predicting the board decision. However, survival prognosis between
cohort 1 and 2 were similar indication that the board makes a reasonable decision. Cohort 3
have a much worse prognosis, non the less if the prognosis would have been better if they were

also accepted for transplantation could not be answered in this retrospective cohort study.

10.1.0 Age

In comparison between cohort 1, 2 and 3, cohort 2 are considerably younger and cohort 3 older
compared to cohort 1. In cohort 3 nearly 50% were older than 60 years. However underlying
reasons for this are not established in this study. International society for heart and lung
transplantation (ISHLT) is a worldwide organ/data exchange organization that receives data
from approximately 66% of the thoracic transplantations performed worldwide. ISHLT states
that no studies support a policy defining the upper age limit for eligibility to transplant. ISHLT
suggests that local policies regarding the matter shall take into consideration the availability of

organs together with the strive to achieve acceptable transplant outcomes for all listed patients

(5).

A study of differences in patient population demographics was presented in 2012, claiming that
13% of the heart transplants in Scandinavia was performed on patients in the age group above
60 years compared to transatlantic data from ISHLT showing a higher percentage (>25%) of
heart transplants performed on elderly. According to the authors Scandinavia has in the last era
increased the number of transplants performed on elderly to 21% (7). This study presents data
that 28% of the heart transplants are performed on patients above the age of 60. Another

explanation for the finding that cohort 3 are older compared to cohort 1 may be that

33



comorbidities increase with age and with that the probability of not being accepted for

transplant.

10.1.1 Diagnose

There are several underlying diagnoses for heart failure leading to heart transplant. DCM is the
most common diagnosis within cohort 1 and 2, representing 55% and 47% respectively, table
1. A possible explanation for this is probably that these patients have few co-morbidities and
develop severe HF symptoms early in life compared to patients with IHD. Worldwide more
than half (64%) of the heart transplants in the age group of 18-39 years are performed on non-
ischemic cardiomyopathy, where DCM is included (5). In that same age group IHD represents
6%. To compare with, in the age group 60-69 years 39% of heart transplants are performed on
patients with the underlying diagnose non-ischemic cardiomyopathy and 50% on patients with

THD (5).

The prognosis in general is bad for those considered unsuitable for heart transplant because they
are too sick (cohort 3), 40% died within 2 years and 60% within 10 years. The prognosis of
survival does not differ between those accepted for a heart transplant (cohort 1) and patients who
were not accepted because they were considered not sick enough (cohort 2). Survival rate is
similar for cohort 1 and 2 with a 10-year survival rate over 80%. The 10-years survival prognosis

according to international data from ISHLT is 55—60% (3, 28).

10.1.2 THD
There were almost no differences between the three different groups concerning the background

variables that the multidisciplinary board based their decision on. There are however some
exceptions regarding atherosclerosis and peripheral vascular disease, which is one of the
relative contraindications that the multidisciplinary transplant board consider. IHD is the most
common diagnosis in cohort 3, table 1. According to data analysed it was more likely that the
multidisciplinary board considered a patient too sick for heart transplant if the patient was
diagnosed with IHD. A possible explanation for this result could be graft failure as a common
post-transplant complication amongst patients with underlying aetiology of IHD, according to

data from ISHLT (3). In a patient with an already compromised vascular dysfunction, it seems
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likely that the transplant board judged that the risk for complications was too high and the

patient is considered too sick to receive a heart transplant.

Furthermore, patients with IHD are most often elderly and since atherosclerosis increases with
age these patients probably have more co-morbidities which further underscores the decision

not to accept them for HTx. However, this study could not elucidate this in detail.

In a further analyse patients diagnosed with IHD that do receive a heart transplant, cohort 1,
was found to be correlated with an increased mortality risk, hazard ratio 2,89 (1,34-6,23)
demonstrated in supplementary table 4. Kaplan-Meier long term survival presented by ISHLT
with a 10-year survival rate of 50% for patient that did receive a heart transplant due to IHD
compared to overall survival rate of around 55-60%. This study’s finding seem to be in
accordance with prevoious studies regarding underlying diagnose for cardiac transplant and

outcomes (3, 9).

In conclusion the multidisciplinary board seem to make a decision in accordance with reported
litterature when to a higher extent not accepting patients with IDH for heart transplants due to

the increased mortality risk.

10.1.3 Cardiac device

ECMO is another predictor for all-cause death among patients who receive a heart transplant.
In Sweden nowadays very few patients are transplanted from short term mechanical assist,
i.e., ECMO, IABP, Impella. This is due to poor survival post transplantation within this
cohort. Long-term mechanical assist (LVAD, BIVAD, Berlin heart) is only implanted as a
bridge to transplantation in Sweden, thereof the majority of patients with long-term
mechanical assist belonging to cohort 1. Internationally ISHLT has stated that “durable left
ventricular device is no longer associated with increased risk post-transplant” (8). Recent
advances in heart transplantation show a decreased mortality risk seen in the waiting list for
heart transplant for patients with circulatory support compared to those without. In the strive
for diminishing ischemic time when performing a heart transplant, the removal of LVAD
needs more ischemic time, and is therefore not ultimate. But that graft ischemic time needs to

be taken in consideration in the context of limited pool of organs (14, 15).
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10.1.4 Cardiopulmonary exercise testing

The multidisciplinary board considered the patient results on cardiopulmonary exercise testing.
maximum watt and maximum oxygen uptake were measured in a continuous scale, where a
large number indicates that the patient has a good cardiac and respiratory capacity. A maximum
oxygen uptake less than 15 defines that the patient suffer from a low cardiac reserve and
therefore may be eligible for HTx (5). Patients not accepted for HTx because they are not being
sick enough, (cohort 2) had a better functional level measured as maximal workload as well as
peak maximum oxygen uptake, table 2. This study has not considered the gender difference
that could influence this finding, as differences between the genders are established, but not yet

considered in practise (19).

10.1.5 Heart catherization

Heart catheterization demonstrates intracardiac pressures. RAP and PCWP together with
maximum oxygen uptake were the variables found to be related to being judged suitable to
perform HTx between cohort 1 and 2. PVR and MPAP were the variables found to be related to
being judged suitable to perform HTx between cohort 1 and 3. The intracardiac pressures in a
patient is a predictor that the multidisciplinary board base their decision on. High pressures are
an indication for being accepted for a heart transplant. MPAP is one factor that correlates with
higher mortality risk for cohort 3. Elevated PVR is a risk factor for short term post-transplant
adverse outcomes that has previously been reported by ISHLT, but they established no difference

in the long-term survival rate (3).

A high PVR indicates severe lung disease or secondary to severe left heart disease and acts as a
contraindication according to recommendation indications presented by ISHLT. VAD can be a
solution for reducing the elevated PVR as a bridge to transplant. There are shared views on
exactly where the limit goes and there is no absolute cut-off-value. Sahlgrenska University
Hospital do not normally transplant patients above 3 WU, because elevated PVR is generally
poorly tolerated by the right ventricle of the donor heart, sometimes resulting in acute right sided
failure, in the worst case this can result in a post-transplant death of the receiver. Previous
research regarding the impact of pre-transplant pulmonary hypertension on survival after heart
transplantation indicates an elevated mortality risk for patients presenting a PVR >2,5WU (29).
PVR is also a predictor for all-cause death among patient that are not accepted for a heart
transplant regarding cohort 3. With further analysis using adjusted cox proportional hazard
models PVR did not stand out as significant predictor in multi-regression hazard models.
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10.1.6 EF

EF is also a predictor for all-cause death among patient that are not accepted for a heart
transplant, cohort 2. Higher levels of EF are seen in cohort 2 compared to cohort 1. Previous

research has found an increase in mortality rate correlating with decreased EF (21).

10.1.7 NYHA

More than 70% of the patients in cohort 1 - 3 belonged to NYHA functional class III. The
highest proportion of patients in NYHA class IV was seen in cohort 3 and for NYHA II in
cohort 2. No significant increased mortality risk was established for NYHA grade. There is
significant uncertainty and subjectivity in NYHA classification. NYHA classification is based
on symptoms and the grading scale does not consider the actiology behind HF. Furthermore,
patients with primary arrhythmogenic disease may not have HF and NYHA classification are
in those cases inappropriate. NYHA may not be a good measure to evaluate a patient’s

eligibility for HTx (3, 6).

10.1.8 Survival

There is a great difference between those patients not accepted because they are not sick enough
(cohort 2) and those patients denied due to being too sick (cohort 3). Patients belonging to
cohort 2 seem to have approximately the same Kaplan-Meir curve as patients receiving a heart
transplant (cohort 1). Concluding that those patients not accepted for a heart transplant in cohort
2 have a good prognosis, like those patients receiving a heart transplant in cohort 1. Those
patients that are not accepted with the explanation that they are too sick belonging to cohort 3,
on the other hand, have a bad prognosis, especially the first 2 years. The general survival rate
post-heart transplants have increased the last couple of decades. 1-year survival was 70% in the
1980’s and of those patients alive 1 year post HTx 50% were still alive 9.4 years post HTx.
According to data from ISHLT 2016 1-year survival post was HTx 90% and of those patients
alive 1 year post HTx 50% were still alive 13,2 years post HTx (8, 9).

10.1.9 Re-transplant

22 patients were retransplanted once during the study period, and four of these patients had two
re-transplantations between 2008 and 2018. The average time between those transplants were

approximately five years, except for one case where it happened after only one month, due to
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acute graft rejection. Five patients with a transplanted heart were denied a re-transplant. The
overall survival of retransplant is good. When separating cohort 1 into two subgroups (seen in
figure 4) patients undergoing one heart transplant and patients that have undergone two or more
heart transplants, it seems that the overall survival rate is similar. Concluding that retransplant

seems to be a good treatment option.

10.2 Limits to data collection

Some patients were discussed at the multidisciplinary transplant board several times. To ensure
that no patient is double registered, we simplified the data generated by only taking the first
decision at the multidisciplinary transplant board into account in all analyses. That results in a
more optimistic survival rate in cohort 2 where data analysed patients as not accepted, but in

reality, patients could theoretically be accepted later on and undergo a heart transplant.

Variables from criterions and possible predictors were extracted from the guidelines already set
by and used in the clinic to select patients for HTx at the multidisciplinary transplant board.
However, there may be other variables of more importance that have not been taken in
consideration in this analysis. In the end, only a few variables were used in the collected material
for analysis. This was partly due to missing data. Only variables with less than 30% missing data
are included in the main analysis. If 10-30% of the data was missing multiple imputation was
performed but not if less than 10% was missing, Variables with imputed data were EF, LVEDD,
RAP, MPAP, PCWP, CI, PVR and SvO2. Imputed data always adds some uncertainty to
analysed data. For logistic reasons, the patients not accepted for heart transplant were divided
into two subgroups, those considered not sick enough (cohort 2) and those who were too sick
(cohort 3). The advantage of that division is a better overview, but the obvious disadvantage is
that the various reasons are not interpreted and calculated, instead focus has been on the different
variables and probable correlations to the cohorts as well as death. The Kaplan-Meir curve does

not show cause of death.

The interpretation of the Kaplan-Meier curve is important to have in mind about the subset of
patients that on the first occasion are denied transplant but then on a second, third or fourth
occasion were accepted HTx. These patients are analysed according to the first decision, i.e.,

cohort 2 and 3. This probably leads to better survival rate in cohort 2 and 3 since a minority of
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these patients are HTx and probably have a better survival prognosis at least compared to cohort
3. In this study the definition of too sick (cohort 3) included relative categories as substance
abuse, and malignancy both to some extent curable. That explains why there were 3 patients
belonging to cohort 3 that later on were accepted for heart transplant. That may also explain
why the survival rate for cohort 3, in figure 3, does not continue to drop, as one would expect
for patients with severe HF, where treatments are not successful and therefore heart transplant

1s indicated.

10.3 Conclusion

Remarkably, all three cohort were quite similar in the different test results from pre-evaluation
and only a few factors seem to have a prognostic value. The board seems to make the right
decision since the survival of cohort 1 and 2 is overlapping. However, whether the survival of
cohort 3 would improve with a HTx was not possible to answer in this study. No criteria stood
out from another noticeably. This rather show the complexity of the decision that the
multidisciplinary board takes, where all criteria must be evaluated and a summarized conclusion
and judgement of the patient’s eligibility for HTx done. One can also speculate that it is not
only different measurable variable that contribute to the board discussion but also the judgement

of the physician that present the patient at the board if he/she is suitable or not.

10.4 Contributions

Strandell has, under supervision by Bergh, had the main responsibility for data-base set-up, data
collection, analysing the results as well as writing the master thesis. The statistical plan was
discussed and written together with Bergh. All statistical calculations were performed by
Christoffer Backstrom, Statistiska konsultgruppen. Strandell has taken the main responsibility
in interpretation of data as well as recalculation, by herself of some of the basal statistical

calculations.
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11.0 POPULAR SCIENCE SUMMARY IN SWEDISH

11.1 God dverlevnad for de som anses for friska for att genomga en hjarttransplantation

Den forsta hjirttransplantationen genomfordes i Sydafrika 1967 och sedan dess har cirka 118
000 hjarttransplantationer utforts 6ver hela viarlden. Nufortiden genomfors arligen cirka 4000
stycken, varav 60—70 sker i Sverige. Det vanligaste skilet till hjarttransplantation ar att
patienten lider av svar hjdrtsvikt. Vid Sahlgrenskas Universitetssjukhusets multidisciplindra
transplantationskonferens tas arligen 60—70 patienter upp for utredning av hjérttransplantation.
Av dessa accepteras omkring 35 patienter. Alla patienter som remitterats till en
transplantationsklinik genomgér en omfattande undersokning, savil fysisk som psykiatrisk,
innan ett beslut fattas pa den multidisciplindra transplantationskonferensen om
hjérttransplantation dr en lamplig behandling. Bakomliggande skél till varfor patienter inte
anses vara lampliga for transplantation kan vara samsjuklighet, bristande efterlevnad och

malignitet.

Syftet med den hidr studien dr att svara pd frdgan om vilken skillnad det finns i
overlevnadsprognos for de patienterna som accepteras och de patienter som inte accepteras for
hjarttransplantation vid Sahlgrenska Universitetssjukhuset multidisciplindra
transplantationskonferens. Studien har ocksa fokuserat pé att hitta eventuella prediktorer som
ar relaterade till Overlevnad for patienterna. 522 patienter ingick i studien; det ar alla patienter
som remitterades internt och externt till Sahlgrenska for hjérttransplantation mellan januari
2008 och december 2018. Patienterna kategoriserades i tre olika grupper, med avseende pa om
att patienten var frisk, alltfor sjuk eller inte tillrackligt sjuk for att genomga hjérttransplantering.
I studien analyserades de tre olika grupperna i forhallande till patienternas bakgrundsvariabler
samt overlevnad. Analysen visar att den storsta andelen av patienterna som transplanteras, cirka
50%, var mellan 40—60 &r gamla. Den vanligaste diagnosen som foranledde hjérttransplantation
var dilaterad kardiomyopati, vilket dr en hjirtinflammatorisk hjirtsjukdom som orsakar
forstorad kammare. Flertalet av de patienter som inte accepterades ansdgs vara for sjuka och
studien visar att de tillhorde det 6vre aldersspannet. Prognosen for hjirttransplantation for
denna grupp r 1 allménhet dalig, med 60% overlevnad efter tva ar och 40% overlevnad efter
10 &r. Vidare visar studien en stor skillnad mellan de patienter som inte accepteras eftersom de
inte &r tillrdckligt sjuka och de patienter som nekas pd grund av att de anses alltfor sjuka.
Slutsatsen dr att de patienter som inte accepteras for en hjirttransplantation pa grund av att de

inte ar tillrackligt sjuka, har en Gverlevnadsprognos som ér likvirdig med de som beviljats
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hjarttransplantation. Studien fann att det néstan inte fanns ndgra skillnader 1 &verlevnad
betrdffande de bakgrundsvariabler som analyserats, med nagra undantag. En 6kad dodlighet
kunde konstateras for patienter som diagnostiserats med kranskérlssjukdom och som genomgétt
en hjarttransplantation. kranskkarlssjukdom var dven den vanligaste forekommande diagnosen
1 gruppen som nekats en hjarttransplantation d& de ansetts vara alltfor sjuka. Slutsatsen &r att
den multidisciplindra transplantationskonferensen fattar ett vdlgrundat beslut nédr de i hogre
grad inte accepterar patienter med kranskérlssjukdom for hjérttransplantation pa grund av den
okade dodlighetsrisken. Ytterligare analyserade data visar att den grupp av patienter som inte
accepterades for hjarttransplantation, eftersom de inte bedomdes vara tillrackligt sjuka, hade en

battre funktionell niva i1 konditionstest av hjirta och lungor.

Studien visar inte pa nagot behov av fordndringar ndr det géller beslutsprocessen om
godkdnnande eller icke-godkdnnande av  hjdrttransplantation vid  Sahlgrenska

Universitetssjukhus.

12.0 Supplementary information

Additional supporting information may be found in the attached supplementary documents.

Supplementary table 1. (51) Event rate with 95% Cl for time to all-cause death by study group overall
and stratified by age categories and diagnose.

Supplementary table 2. (S2) Univariable and multivariable logistic regression identifying explanatory
variables for being judged to be cohort 1 or cohort 2.

Supplementary table 3. (S3) Univariable and multivariable logistic regression identifying explanatory
variables for being judged to be cohort 1 or cohort 3.

Supplementary table 4. (S4) Cox proportional hazard models for time to death for cohort 1.
Supplementary table 5. (S5) Table Cox proportional hazard models for time to death for cohort 2.

Supplementary table 6. (S6) Cox proportional hazard models for time to death for cohort 3.
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SUPPLEMENTARY APPENDIX
Supplementary table 1.

Event rate with 95% CI for time to all-cause death by study group overall and stratified by age

categories and diagnose.

Mean (SD)
Median (Min; Event rate per
n Max) 100 patient
Group Categories Value N (%) n year (95% CI)
Suitable for HTx Total 38/306 (12.42%) 4.73 (3.26) 2.624
4.37(0.01; 10.99) | (0.019 - 0.036)
n=306
Age at remiss 18-<40 10/74 (13.51%) 491 (3.27) 2.751
4.68 (0.01; 10.86) | (0.013 - 0.051)
n=74
40-<60 18/143 (12.59%) 4.71 (3.39) 2.674
4.28 (0.02; 10.99) | (0.016 - 0.042)
n=143
60- 10/86 (11.63%) 4.67 (3.10) 2.492
4.37 (0.02; 10.67) | (0.012 - 0.046)
n=86
6/60 (10.00%) 4.68 (3.02) 2.138
4.02 (0.05; 10.32) | (0.008 - 0.047)
n=60
Unsuitable for HTx (not sick|Total 18-<40 1/10 (10.00%) 5.01 (3.04) 1.997
enough) 4.72 (0.87;9.16) | (0.001 -0.111)
n=10
Age at remiss 40-<60 3/39 (7.69%) 4.75 (3.15) 1.620
4.11 (0.05; 10.32) | (0.003 - 0.047)
n=39
60- 2/11 (18.18%) 4.12 (2.71) 4412
3.33(0.80;9.25) | (0.005 - 0.159)
n=11
74/156 (47.44%) 2.76 (2.86) 17.199
1.78 (0.01; 10.92) | (0.135-0.216)
n=156
Unsuitable for HTx (too sick) Total 18-<40 9/20 (45.00%) 3.29 (3.35) 13.689
1.95(0.01; 10.16) | (0.063 - 0.260)
n=20
Age at remiss 40-<60 26/62 (41.94%) 2.87 (3.09) 14.616
1.64 (0.02;10.92) | (0.095-0.214)
n=62
60- 39/74 (52.70%) 2.52(2.52) 20.898
1.81(0.01; 10.33) | (0.149 - 0.286)
n=74
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Supplementary table 2.

Univariable and multivariable logistic regression identifying explanatory variables for being

judged to be cohort 1 or cohort 2

Univariable* Multivariable**
OR (95%CI) Area under OR (95%CI)
Group ROC-Curve Group

Variable n missing Value n (%) of event | (Secondary) p-value (95%CI) (Secondary) p-value
Max watt 117 5-<70 74 (91.4%)

70-<96 70 (82.4%)

96-187 55 (66.3%) 0.97 (0.96-0.98) <0.0001 0.71 (0.63-0.79)
Max  oxygen uptake 121 1.71-<11.6 79 (96.3%)
ml/kg/min

11.6-<15 65 (84.4%)

15-27.6 52 (60.5%) 0.80 (0.73-0.87) <0.0001 0.79 (0.73-0.86) | 0.84 (0.76-0.93) 0.0007
EF% 27 10-<20 69 (92.0%)

20-<30 125 (84.5%)

30-78 87 (75.0%) 0.97 (0.95-0.99) 0.0009 0.64 (0.56-0.72)
LVEDD 79 1-<6.3 84 (84.8%)

6.3-<7.2 74 (83.1%)

7.2-10.4 87 (87.9%) 1.04 (0.82-1.32) 0.75 0.51 (0.42-0.61)
RAP 52 0-<6 70 (68.6%)

6-<12 96 (90.6%)

12-45 100 (94.3%) | 1.16 (1.08-1.25) <0.0001 0.75 (0.67-0.83) | 1.13 (1.02-1.25) 0.024
MPAP 36 5-<22 82 (78.1%)

22-<33 104 (87.4%)

33-97 96 (90.6%) 1.01 (0.98-1.03) 0.72 0.62 (0.53-0.72)
PCWP 25 2-<14 83 (72.8%)

14-<21 96 (86.5%)

21-42 108 (93.1%) | 1.11 (1.06-1.15) <0.0001 0.71 (0.63-0.79) | 1.08 (1.01-1.16) 0.018
CI 46 0-<1.9 98 (92.5%)

1.9-<2.3 96 (85.7%)

2.3-4.2 74 (72.5%) 0.35 (0.20-0.61) 0.0002 0.68 (0.60-0.76)
PVR 52 0.2<1.7 92 (85.2%)

1.7-<2.78 88 (83.0%)

2.78-14 85 (85.0%) 0.95 (0.80-1.14) 0.59 0.48 (0.39-0.57)
SvO2 73 0.7-<55.4 92 (93.9%)

55.4-<63.3 86 (88.7%)

63.3-86 72 (73.5%) 0.91 (0.87-0.95) <0.0001 0.71 (0.63-0.80)

EF=Ejection Fraction; LVED=Left Ventricle End Diastolic, RAP=Right Atrial Pressure; MPAP=Mean Pulmonary Arterial Pressure;

PCWP=Pulmonary Wedge Pressure; CI=Cardiac Index; PVR=Pulmonary Vascular Resistance; SvO2=Mixed Venous Oxygen Saturation.
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judged to be cohort 1 or cohort 3

Supplementary table 3.

Univariable and multivariable logistic regression identifying explanatory variables for being

Univariable* Multivariable**
OR (95%CI) Area under OR (95%CI)
Group ROC-Curve Group
Variable n missing Value n (%) of event (Secondary) p-value (95%CI) (Secondary) p-value
Max watt 174 5-<65 58 (62.4%)
65-<88 70 (70.7%)
88-175 71 (74.0%) 1.01 (1.00-1.02) 0.12 0.58 (0.51-0.65)
Max oxygen uptake 179 5.6-<10.7 61 (64.2%)
ml/kg/min
10.7-<13.6 66 (70.2%)
13.6-32.2 69 (73.4%) 1.03 (0.97-1.10) 0.32 0.56 (0.49-0.63)
EF% 37 10-<20 69 (76.7%)
20-<28 123 (63.1%)
28-78 89 (63.6%) 0.98 (0.97-1.00) 0.049 0.56 (0.50-0.61)
LVEDD 99 1-<6.1 75 (61.0%)
6.1-<7.1 75 (65.8%)
7.1-10.4 95 (75.4%) 1.17 (0.99-1.38) 0.060 0.56 (0.50-0.62)
RAP 79 0-<7 88 (67.7%)
7-<13 97 (78.2%)
13-48 81 (62.8%) 0.98 (0.95-1.01) 0.19 0.52 (0.45-0.59)
MPAP 59 5-<24 96 (74.4%)
24-<34 102 (72.9%)
34-80 84 (62.7%) 0.96 (0.94-0.98) 0.0001 0.59 (0.53-0.65)
PCWP 51 2-<15 95 (73.1%)
15-<23 107 (71.8%)
23-42 85 (64.4%) 0.99 (0.96-1.02) 0.39 0.53 (0.47-0.59)
CI 77 0-<1.9 98 (69.5%)
1.9-<2.2 73 (73.0%)
2.2-4.2 97 (67.4%) 0.70 (0.48-1.02) 0.066 0.53 (0.47-0.60)
PVR 83 0-<1.8 95 (76.0%)
1.8-<2.9 90 (70.9%)
2.9-154 80 (63.0%) 0.80 (0.72-0.91) 0.0003 0.59 (0.52-0.65) | 0.80 (0.72-0.91) 0.0003
SvO2 105 0.7-<54 81 (70.4%)
54-<63.3 97 (75.2%)
63.3-76.3 72 (63.7%) 1.00 (0.98-1.02) 0.80 0.52 (0.45-0.59)

EF=Ejection Fraction; LVED=Left Ventricle End Diastolic; RAP=Right Atrial Pressure; MPAP=Mean Pulmonary Arterial Pressure;
PCWP=Pulmonary Wedge Pressure; CI=Cardiac Index; PVR=Pulmonary Vascular Resistance; SvO2=Mixed Venous Oxygen Saturation.
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Supplementary table 4.

Cox proportional hazard models for time to death for Cohort 1

COX PH model
Events per
10 000
patient Hazard Ratio
Variable n missing Value Events days (95% CI) p-value PH p-value
Patient
demographics
and
characteristics
Age 0 18 - 45.80 10/102 (9.80%) 0.5535
0 45.90 - 58.01 15/102 (14.71%) 0.8820
0 58.09 - 70.35 13/102 (12.75%) 0.7291 1.00 (0.98 - 1.02) 0.87 0.57
Diabetes 0 0 31/266 (11.65%) 0.6899
0 Diabetes 7/40 (17.50%) 0.8786 1.20 (0.52 - 2.81) 0.67 0.19
BMI 3 16.50 - 24.60 18/101 (17.82%) 1.0472
3 24.70 - 27.80 8/103 (7.77%) 0.4031
3 28.00 - 37.90 10/99 (10.10%) 0.6436 0.99 (0.91 - 1.08) 0.77 0.46
NYHA 30 1t03 21/224 (9.38%) 0.5509
dichotomised
30 4 8/52 (15.38%) 0.8296 1.61 (0.70 - 3.72) 0.26 0.29
IHD 0 no 25/262 (9.54%) 0.5558
0 IHD 13/44 (29.55%) 1.6409 3.12 (1.48 - 6.59) 0.0028 0.56
DCM 0 no 21/138 (15.22%) 0.9181
0 DCM 17/168 (10.12%) 0.5661 0.61 (0.32 - 1.17) 0.14 0.066
LVAD 0 no 32/271 (11.81%) 0.6894
0 LVAD 6/35 (17.14%) 0.9248 1.25 (0.52 - 3.02) 0.62 0.51
BIVAD 0 no 35/286 (12.24%) 0.7121
0 BIVAD 3/20 (15.00%) 0.7997 1.34 (0.40 - 4.51) 0.64 0.90
ECMO 0 no 31/291 (10.65%) 0.6186
0 ECMO 7/15 (46.67%) 2.5082 4.48 (1.81 - 11.06) 0.0012 0.0039
Functional
evaluation  pre-
board
Max watt 107 5.00 - 66.00 10/66 (15.15%) 0.8489
107 67.00 - 90.00 6/72 (8.33%) 0.4472
107 91.00 - 160.00 3/61 (4.92%) 0.3002 0.99 (0.97 - 1.00) 0.087 0.24
Max oxygen 110 5.70 - 10.90 8/65 (12.31%) 0.7138
uptake ml/kg/min
110 11.00 - 13.80 4/65 (6.15%) 0.3460
110 13.90 - 27.60 6/66 (9.09%) 0.4933 0.95 (0.82 - 1.09) 0.42 0.17
EF% 25 10.00 - 20.00 19/147 (12.93%) 0.7022
25 21.00 - 25.00 5/41 (12.20%) 0.7385
25 26.00 - 78.00 12/93 (12.90%) 0.7894 1.01 (0.99 - 1.04) 0.37 0.44
LVEDD 61 1.00 - 6.20 12/84 (14.29%) 0.8507
61 6.30-7.20 7/82 (8.54%) 0.4728
61 7.30 - 10.40 11/79 (13.92%) 0.7457 0.83 (0.64 - 1.07) 0.15 0.22
RAP 40 0.00 - 6.00 10/88 (11.36%) 0.6710
40 7.00 - 12.00 6/97 (6.19%) 0.3310
40 13.00 - 40.00 12/81 (14.81%) 0.9432 1.01 (0.95 - 1.08) 0.65 0.0016
MPAP 24 5.00 - 23.00 8/96 (8.33%) 0.5068
24 24.00 - 33.00 14/102 (13.73%) 0.7909
24 34.00 - 47.00 11/84 (13.10%) 0.7508 1.03 (0.99 - 1.07) 0.14 0.051
PCWP 19 2.00 - 14.00 9/95 (9.47%) 0.5762
19 15.00 - 22.00 14/107 (13.08%) 0.7696
19 23.00 - 42.00 9/85 (10.59%) 0.5650 0.99 (0.95 - 1.04) 0.74 0.029
Cl 38 0.00 - 1.80 8/98 (8.16%) 0.4261
38 1.90-2.20 10/96 (10.42%) 0.6689
38 2.30-4.20 8/74 (10.81%) 0.6958 1.55 (0.73 - 3.29) 0.25 0.078
PVR 41 0.20 - 1.60 10/92 (10.87%) 0.7186
41 1.70-2.70 8/88 (9.09%) 0.4837
41 2.78-9.90 10/85 (11.76%) 0.6707 1.22 (0.98 - 1.52) 0.076 0.13
Sv02 56 0.70 - 54.00 12/86 (13.95%) 0.7366
56 54.80 - 62.40 9/80 (11.25%) 0.7038

47




COX PH model

Events per
10 000
patient Hazard Ratio
Variable n missing Value Events days (95% CI) p-value PH p-value
56 62.90 - 75.00 8/84 (9.52%) 0.5938 1.00 (0.97 - 1.04) 0.85 0.17
Laboratory data
mGFR 37 13.00 - 49.00 13/89 (14.61%) 0.9032
37 50.00 - 67.00 10/91 (10.99%) 0.6362
37 68.00 - 114.00 6/89 (6.74%) 0.3704 0.98 (0.96 - 1.00) 0.090 0.060
Creatinine 13 52.00 - 92.00 8/103 (7.77%) 0.4171
13 93.00 - 118.00 12/94 (12.77%) 0.7329
13 119.00 - 16/96 (16.67%) 1.1324 1.00 (1.00 - 1.01) 0.060 0.61
762.00
Na 12 124.00 - 12/124 (9.68%) 0.5644
138.00
12 139.00 - 12/93 (12.90%) 0.7380
141.00
12 142.00 - 10/77 (12.99%) 0.7847 1.16 (1.04 - 1.30) 0.0099 0.047
153.00
Hb 10 84.00 - 127.00 19/99 (19.19%) 1.1034
10 128.00 - 8/102 (7.84%) 0.4439
143.00
10 144.00 - 9/95 (9.47%) 0.5867 0.98 (0.96 - 1.00) 0.034 0.48
177.00
NT-pro BNP (per 31 14.00 - 12/92 (13.04%) 0.8320
1000 units) 2100.00
31 2140.00 - 8/91 (8.79%) 0.4700
5000.00
31 5030.00 - 12/92 (13.04%) 0.8702 1.07 (1.02 - 1.13) 0.0048 0.039
35000.00

BMI=Body Mass Index; NYHA=New York Heart Association; IHD=Ischemic Heart Disease; DCM=Dilated Cardiomyopathy; LVAD=Left

ventricular Assist Device; BiVAD=Bi Ventricular Assist Device; ECMO=Extra Corporeal Membrane Oxygenation; EF=Ejection Fraction;
LVED=Left Ventricle End Diastolic; RAP=Right Atrial Pressure; MPAP=Mean Pulmonary Arterial Pressure; PCWP=Pulmonary Wedge

Pressure; CI=Cardiac Index; PVR=Pulmonary Vascular Resistance; SvO2=Mixed Venous Oxygen Saturation; mGFR=measured Glomerular

Filtration Rate; Na=Natrium; Hb=Hemoglobulin; NT-pro-BNP=N-Terminal pro Brain Natriuretic Peptide.

Supplementary table 5.

Cox proportional hazard models for time to death for Cohort 2

COX PH model
Events per
10 000
patient Hazard Ratio
Variable n missing Value Events days (95% CI) p-value PH p-value

Patient
demographics
and
characteristics
Age 0 26.09 - 45.66 2/20 (10.00%) 0.5680

0 47.25 - 57.59 2/20 (10.00%) 0.6267

0 57.78 - 66.33 2/20 (10.00%) 0.5656 1.03 (0.95-1.11) 0.53 0.34
Diabetes 2 0 5/49 (10.20%) 0.5995

2 Diabetes 1/9 (11.11%) 0.6257 0.85 (0.08 - 8.48) 0.89 1.00
BMI 2 12.60 - 22.92 2/19 (10.53%) 0.5473

2 23.20 - 28.00 2/19 (10.53%) 0.5869

2 28.10 - 48.10 1/20 (5.00%) 0.3317 0.92 (0.77 - 1.09) 0.32 0.099
NYHA 6 1or2 0/15 (0.00%) 0.0000
dichotomised

6 3or4 3/39 (7.69%) 0.4039 1.48 (0.03 - 65.68) 0.84 1.00
IHD 0 no 5/53 (9.43%) 0.5762

0 IHD 1/7 (14.29%) 0.6367 1.09 (0.12 - 10.00) 0.94 0.64
DCM 0 no 4/32 (12.50%) 0.7228

0 DCM 2/28 (7.14%) 0.4242 0.52 (0.09 - 2.89) 0.45 1.00
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COX PH model

Events per
10 000
patient Hazard Ratio
Variable n missing Value Events days (95% CI) p-value PH p-value
Functional
evaluation  pre-
board
Max watt 10 34.00 - 86.00 1/16 (6.25%) 0.3283
10 87.00 - 116.00 1/17 (5.88%) 0.3283
10 118.00 - 0/17 (0.00%) 0.0000 0.95 (0.86 - 1.04) 0.25 0.77
187.00
Max oxygen 11 1.71-15.00 2/16 (12.50%) 0.7034
uptake ml/kg/min
11 15.10 - 18.10 1/16 (6.25%) 0.3644
11 18.20 - 27.00 0/17 (0.00%) 0.0000 0.93 (0.76 - 1.14) 0.50 0.69
EF% 2 10.00 - 22.00 1/20 (5.00%) 0.2795
2 23.00 - 34.00 1/18 (5.56%) 0.3095
2 35.00 - 70.00 3/20 (15.00%) 0.9110 1.09 (1.01 - 1.16) 0.022 0.24
LVEDD 18 2.00-6.20 2/15 (13.33%) 0.8916
18 6.30 - 7.00 1/13 (7.69%) 0.4269
18 7.10 - 10.00 2/14 (14.29%) 0.8219 0.98 (0.54 - 1.78) 0.96 0.17
RAP 12 0.00 - 2.00 2/17 (11.76%) 0.7098
12 3.00 - 5.00 1/15 (6.67%) 0.4028
12 6.00 - 45.00 1/16 (6.25%) 0.3327 0.85 (0.63 - 1.16) 0.31 0.18
MPAP 12 8.00 - 16.00 2/16 (12.50%) 0.8168
12 17.00 - 26.00 1/17 (5.88%) 0.3777
12 27.00 - 97.00 2/15 (13.33%) 0.7673 1.02 (0.98 - 1.06) 0.39 0.46
PCWP 6 3.00 - 7.00 1/18 (5.56%) 0.4149
6 8.00 - 15.00 1/19 (5.26%) 0.2679
6 16.00 - 35.00 2/17 (11.76%) 0.6084 0.95 (0.81 - 1.12) 0.56 0.20
Cl 8 1.20-2.10 3/20 (15.00%) 0.7541
8 2.20-2.50 0/15 (0.00%) 0.0000
8 2.60 - 3.90 2/17 (11.76%) 0.8045 1.29 (0.34 - 4.82) 0.71 0.76
PVR 11 0.50-1.60 1/16 (6.25%) 0.3885
11 1.70 - 2.50 0/17 (0.00%) 0.0000
11 2.60 - 14.00 4/16 (25.00%) 1.7094 1.55 (1.11 - 2.16) 0.0099 0.53
Sv02 17 40.00 - 62.00 1/15 (6.67%) 0.3833
17 63.00 - 67.00 114 (7.14%) 0.3962
17 69.00 - 86.00 2/14 (14.29%) 1.0262 1.11 (0.95 - 1.30) 0.18 0.15
Laboratory data
mGFR 12 18.00 - 67.00 3/16 (18.75%) 1.3171
12 68.00 - 85.00 0/16 (0.00%) 0.0000
12 86.00 - 117.00 2/16 (12.50%) 0.7211 0.99 (0.93 - 1.04) 0.62 0.051
Creatinine 8 50.00 - 80.00 2/18 (11.11%) 0.5712
8 81.00 - 98.00 1/17 (5.88%) 0.3048
8 100.00 - 2/17 (11.76%) 0.8718 1.00 (0.99 - 1.01) 0.83 0.59
666.00
Na 10 131.00 - 2/23 (8.70%) 0.5450
139.00
10 140.00 - 1/12 (8.33%) 0.5233
140.00
10 141.00 - 0/15 (0.00%) 0.0000 0.52 (0.23 - 1.21) 0.13 0.86
149.00
Hb 6 101.00 - 3/18 (16.67%) 0.9700
134.00
6 136.00 - 0/18 (0.00%) 0.0000
147.00
6 148.00 - 2/18 (11.11%) 0.6317 0.97 (0.93 - 1.02) 0.23 0.013
220.00
NT-pro BNP (per 5 74.00 - 726.00 3/18 (16.67%) 0.9996
1000 units)
5 748.00 - 1/18 (5.56%) 0.3521
2230.00
5 2250.00 - 2/19 (10.53%) 0.5497 0.92 (0.66 - 1.30) 0.65 0.19
23800.00

BMI=Body Mass Index; NYHA=New York Heart Association; IHD=Ischemic Heart Disease; DCM=Dilated Cardiomyopathy; EF=Ejection Fraction; LVED=Left Ventricle End Diastolic;
RAP=Right Atrial Pressure; MPAP=Mean Pulmonary Arterial Pressure; PCWP=Pulmonary Wedge Pressure; CI=Cardiac Index; PVR=Pulmonary Vascular Resistance; SvO2=Mixed Venous

Oxygen Saturation; mGFR=measured Glomerular Filtration Rate; Na=Natrium; Hb=Hemoglobulin; NT-pro-BNP=N-Terminal pro Brain Natriuretic Peptide.
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Supplementary table 6.

Cox proportional hazard models for time to death for Cohort 3

COX PH model
Events per
10 000
patient Hazard Ratio
Variable n missing Value Events days (95% Cl) p-value PH p-value

Patient
demographics
and
characteristics
Age 0 18.55 - 52.92 21/52 (40.38%) 3.6303

0 53.00 - 63.49 28/52 (53.85%) 5.9448

0 63.56 - 75.89 25/52 (48.08%) 4.7889 1.01 (0.99 - 1.03) 0.35 0.30
Diabetes 6 0 54/108 (50.00%) 4.9548

6 Diabetes 19/42 (45.24%) 4.7971 0.90 (0.53 - 1.54) 0.71 0.21
BMI 11 15.40 - 23.80 26/48 (54.17%) 4.9014

11 24.00 - 29.40 23/48 (47.92%) 6.6760

11 29.60 - 45.30 20/49 (40.82%) 3.3472 0.97 (0.93 - 1.01) 0.10 0.33
NYHA 39 1t03 42/92 (45.65%) 4.2367
dichotomised

39 4 13/25 (52.00%) 4.3018 1.65 (0.85 - 3.19) 0.14 0.043
IHD 0 no 60/130 (46.15%) 4.5374

0 IHD 14/26 (53.85%) 5.6187 1.16 (0.64 - 2.12) 0.63 0.57
DCM 0 no 58/112 (51.79%) 5.6482

0 DCM 16/44 (36.36%) 2.9378 0.57 (0.32 - 1.00) 0.051 0.83
Functional
evaluation  pre-
board
Max watt 67 16.00 - 60.00 20/32 (62.50%) 5.6354

67 61.00 - 82.00 13/28 (46.43%) 4.5742

67 84.00 - 175.00 9/29 (31.03%) 2.6868 0.99 (0.98 - 1.00) 0.027 0.58
Max oxygen 69 5.60 - 10.10 19/29 (65.52%) 6.6949
uptake ml/kg/min

69 10.20 - 12.60 10/29 (34.48%) 2.9448

69 12.70 - 32.20 13/29 (44.83%) 3.8467 0.91 (0.84 - 1.00) 0.041 0.14
EF% 12 10.00 - 20.00 30/63 (47.62%) 4.1852

12 21.00 - 30.00 20/43 (46.51%) 5.6387

12 35.00 - 65.00 19/38 (50.00%) 4.6800 1.00 (0.98 - 1.02) 0.84 0.69
LVEDD 38 3.30 - 6.00 27/48 (56.25%) 4.8977

38 6.10 - 7.00 16/39 (41.03%) 3.7178

38 7.10 - 10.00 15/31 (48.39%) 5.4250 0.94 (0.77 - 1.15) 0.53 0.13
RAP 39 0.00 - 6.00 18/42 (42.86%) 3.8247

39 7.00 - 15.00 19/41 (46.34%) 4.4193

39 16.00 - 48.00 18/34 (52.94%) 5.4878 1.04 (1.01 - 1.07) 0.0063 0.17
MPAP 35 8.00 - 25.00 13/40 (32.50%) 2.8783

35 26.00 - 35.00 20/42 (47.62%) 3.9011

35 36.00 - 80.00 24/39 (61.54%) 8.1439 1.03 (1.01 - 1.06) 0.0008 0.075
PCWP 32 3.00 - 15.00 15/41 (36.59%) 3.2284

32 16.00 - 23.00 24/49 (48.98%) 5.2177

32 24.00 - 37.00 19/34 (55.88%) 5.0622 1.04 (1.00 - 1.07) 0.052 0.041
Cl 39 1.00 - 1.80 24/43 (55.81%) 4.5437

39 1.90 - 2.20 17/36 (47.22%) 4.6208

39 2.40-4.10 17/38 (44.74%) 5.9739 1.02 (0.66 - 1.60) 0.92 0.42
PVR 42 0.00 - 2.00 12/45 (26.67%) 2.6063

42 2.10-3.20 19/31 (61.29%) 5.3557

42 3.30 - 15.40 27/38 (71.05%) 8.3620 1.15(1.05 - 1.26) 0.0033 0.72
Sv02 49 20.00 - 54.00 20/37 (54.05%) 5.8498

49 55.00 - 64.00 16/38 (42.11%) 3.9434

49 64.40 - 76.30 15/32 (46.88%) 3.7604 0.98 (0.96 - 1.01) 0.20 0.43
Laboratory data
mGFR 38 9.50 - 38.00 21/41 (51.22%) 5.0742

38 39.00 - 55.00 17/40 (42.50%) 4.1009

38 56.00 - 119.00 14/37 (37.84%) 2.9075 0.99 (0.97 - 1.00) 0.16 0.16
Creatinine 20 16.00 - 100.00 20/46 (43.48%) 3.7055
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COX PH model

Events per
10 000
patient Hazard Ratio
Variable n missing Value Events days (95% CI) p-value PH p-value
20 101.00 - 24/44 (54.55%) 5.3269
136.00
20 140.00 - 22/46 (47.83%) 5.3301 1.00 (1.00 - 1.01) 0.41 0.026
698.00
Na 26 126.00 - 18/44 (40.91%) 4.4090
137.00
26 138.00 - 20/46 (43.48%) 3.7381
140.00
26 141.00 - 23/40 (57.50%) 6.0712 1.01 (0.94 - 1.09) 0.74 0.48
150.00
Hb 22 90.00 - 119.00 23/44 (52.27%) 6.7955
22 120.00 - 23/45 (51.11%) 4.7685
142.00
22 143.00 - 16/45 (35.56%) 2.7181 0.98 (0.97 - 1.00) 0.042 0.42
174.00
NT-pro BNP (per 36 98.00 - 13/40 (32.50%) 2.5684
1000 units) 1800.00
36 1810.00 - 23/40 (57.50%) 5.2575
4610.00
36 4660.00 - 23/40 (57.50%) 8.1272 1.03 (1.00 - 1.06) 0.035 0.73
35000.00

BMI=Body Mass Index; NYHA=New York Heart Association; IHD=Ischemic Heart Disease; DCM=Dilated Cardiomyopathy; EF=Ejection
Fraction; LVED=Left Ventricle End Diastolic; RAP=Right Atrial Pressure; MPAP=Mean Pulmonary Arterial Pressure; PCWP=Pulmonary
Wedge Pressure; CI=Cardiac Index; PVR=Pulmonary Vascular Resistance; SvO2=Mixed Venous Oxygen Saturation; mGFR=measured

Glomerular Filtration Rate; Na=Natrium; Hb=Hemoglobulin; NT-pro-BNP=N-Terminal pro Brain Natriuretic Peptide.
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