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ABSTRACT 

Heart failure (HF) is a significant cause of morbidity and mortality globally. Most 
common cause of HF is ischemic heart disease. Other etiologies include 
hypertension, valvular heart diseases, arrhythmias, cardiomyopathies, inflammatory 
heart diseases, and structural heart diseases.  

Cardiogenic shock (CS) is the most severe form of HF, with in-hospital mortality of 
approximately 40%. CS or cardiac arrest (CA) refractory to pharmacological therapy 
can be treated with mechanical circulatory support using venoarterial extracorporeal 
membrane oxygenation (VA ECMO). It provides full temporary circulatory support, 
and can be used as a bridge to recovery, heart transplantation or long-term ventricular 
assist device (VAD) implantation. However, ECMO is a treatment modality requiring 
substantial resources and carrying a risk of complications, and thus not suitable for 
all patients. 

Heart transplantation (HTx) is the treatment of choice for patients with severe HF, 
meeting the criteria for transplantation. Prognosis after HTx is good; more than 90% 
of the patients survive to one year, and of these patients 80% to ten years. The main 
challenges affecting long-term survival are cardiac allograft vasculopathy (CAV) and 
cancers. In CAV, coronary arteries of the allograft get occluded due to immune-
mediated intimal proliferation. Cancer risk after transplantation is elevated due to the 
immunosuppression required to prevent rejection and CAV. Most common cancers 
after transplantation are non-melanoma skin cancers and lymphomas. 

This thesis aimed to study the prognosis of adult patients with severe HF treated with 
VA ECMO or HTx. Studies I and II assessed patient survival, health-related quality 
of life (HRQoL) and costs and cost-utility and after VA ECMO. Study III assessed 
Finnish heart transplant recipients’ cancer risk in comparison to the population. The 
patient cohorts consisted of HF patients treated in Helsinki University Hospital: in 
studies I and II, of 157 patients treated in 2007-2017 with VA ECMO due to 
refractory CS or CA (in study I 133 patients, and in study II 102 patients; 78 patients 
were included in both studies), and in study III of 479 consequent patients who had 
undergone HTx in 1985-2015. 

In study I, focusing on the survival and HRQoL after VA ECMO, the survival to 
discharge in the whole cohort was 63.9%, and to one year 60.9%. Survival of patients 
treated with extracorporeal cardiopulmonary resuscitation (ECPR) was 31.8%. VA 
ECMO was used as a bridge to HTx for 12% of the patients, and to VAD for 11%. 
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One patient received a total artificial heart. In multivariate regression analysis, low 
arterial HCO3 concentration before VA ECMO implantation, and high need of red 
blood cell transfusions (RBCs) during the ICU care predicted in-hospital mortality 
(odds ratio (OR) 1.2/ 1 mmol/l for HCO3, 95% confidence interval (CI) 1.09-1.33; 
OR 1.9/ unit of RBCs/day, 95% CI 1.39 - 2.57). The HRQoL, measured by EuroQol 
-5 Dimensions - 3 Levels survey at a minimum of one year after VA ECMO, was 
equal to validated Finnish population’s HRQoL. In a more detailed survey, the Short 
Form-36, patients reported better emotional wellbeing than reference population, 
while the general health perception and social dimensions were equal. Limitations 
were reported in the physical dimensions of the survey. Patients who had underwent 
HTx reported better HRQoL than other patients.  

In study II focusing on the costs and cost-utility of VA ECMO in CS and CA, the 
survival to discharge in the whole cohort was 65.7%, and to one year 64.7%. Survival 
of ECPR treated patients was 20.8%. The effective costs per one-year survivor were 
245 974€. Median in-hospital costs per patient were 129 967€. Mean predicted 
number of quality-adjusted life years (QALYs) gained by the treatment was 21 and 
the median cost per QALY were 7 474€ without discount. The costs were 
significantly higher for patients who underwent HTx or received a VAD compared 
to other patients.  

In study III, cancer risk after HTx was found to be six-fold (standardized incidence 
ratio (SIR) 6.0, 95% CI 5.3-6.7), and the risk of cancer death three-fold (standardized 
mortality ratio (SMR) 3.1, 95% CI 2.4-4.1) compared to general population’s risk. 
Cancer risk was substantially more elevated for men than for women. Most frequent 
cancers detected in the cohort were non-melanoma skin cancers (83 cases of basal 
cell carcinoma; 56 cases of squamous cell carcinoma), non-Hodgkin lymphoma 
(NHL; 36 cases), lung cancer (17 cases) and prostate cancer (16 cases). SIR was 
highest for squamous cell skin cancer (51.9; 95% CI 39.2-67.4), lip and tongue 
cancers (47.4; 19.1-97.7 and 26.3; 7.2-67.4), and for NHL (25.9; 18.0-35.6).  
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TIIVISTELMÄ 

Sydämen vajaatoiminta on merkittävä sairastavuuden ja kuolleisuuden aiheuttaja 
maailmanlaajuisesti. Sen yleisin syy on sepelvaltimotauti, mutta myös 
verenpainetauti, läppäsairaudet, rytmihäiriöt, sydänlihassairaudet ja -tulehdukset ja 
rakenteelliset sydänviat aiheuttavat sydämen vajaatoimintaa.  

Sydänperäinen sokki on akuutin sydämen vajaatoiminnan vakavin muoto, jossa 
sairaalakuolleisuus on noin 40%. Tavanomaiseen hoitoon reagoimattoman 
sydänperäisen sokin tai sydänpysähdyksen hoitoon voidaan väliaikaisesti käyttää 
verenkierron tukena kehonulkoista verenkiertoa hapetusta (venoarterial 
extracorporeal membrane oxygenation; VA ECMO). Hoito voi toimia siltana 
sydämen toipumiseen, sydänsiirtoon tai pitkäaikaisen sydämen apupumpun 
asennukseen. ECMO hoitomuotona vaatii erityisosaamista ja sen käyttöön voi liittyä 
komplikaatioita, ja siksi sitä voidaan käyttää vain osalle potilaista. 

Pitkäaikaisen vaikean sydämen vajaatoiminnan paras hoito soveltuville potilaille on 
sydämensiirto. Sydämensiirtopotilaiden ennuste on hyvä: vuoden kuluttua 
sydämensiirrosta on elossa yli 90% potilaista, ja 10 vuoden kuluttua näistä potilaista 
on edelleen elossa 80%. Sydämensiirtopotilaiden pitkäaikaisennustetta huonontavat 
eniten siirteen krooninen vaskulopatia sekä syövät. Kroonisessa vaskulopatiassa 
immunologinen prosessi aiheuttaa verisuonten intima-kerroksen paksuuntumista ja 
edelleen sepelvaltimoiden ahtautumista. Syövälle elinsiirron jälkeen altistaa 
elinikäinen hyljinnänestolääkitys, jota tarvitaan myös vaskulopatian estämiseksi. 
Yleisimpiä syöpiä elinsiirron jälkeen ovat ei-melanoottiset ihosyövät sekä 
lymfoomat.  

Tämän väitöskirjatutkimuksen tavoitteena oli tutkia ECMO-hoitoa ja sydämensiirtoa 
vaikean sydämen vajaatoiminnan hoidossa. Osastöissä I ja II tutkittiin VA ECMO-
hoitoa sydänperäisessä sokissa ja sydänpysähdyksessä: potilaiden selviytymistä ja 
ennusteeseen vaikuttavia tekijöitä, terveyteen liittyvää elämänlaatua, kustannuksia ja 
kustannushyötyä. Osatyössä III tutkittiin sydämensiirtopotilaiden syöpäriskiä 
väestöön verrattuna. Tutkimuksen potilaskohortit muodostuivat Helsingin 
yliopistollisessa keskussairaalassa hoidetuista vaikeaa sydämen vajaatoimintaa 
sairastavista potilaista: osatutkimuksissa I ja II vuosina 2007-2017 sydänperäisen 
shokin tai sydänpysähdyksen vuoksi VA ECMO:lla hoidetuista yhteensä 157 
potilaasta (osatyössä I 133 potilasta; osatyössä II 102 potilasta; 78 potilasta kuului 
molempiin kohortteihin), ja osatyössä III vuosina 1985-2015 sydänsiirron saaneista 
479 potilaasta.  
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Osatyössä I tutkittiin VA ECMO-hoidettujen potilaiden ennustetta sekä terveyteen 
liittyvää elämänlaatua hoidon jälkeen. Sairaalasta kotiutui elossa 63.9% potilaista, ja 
vuoden kohdalla elossa oli 60.9%. VA ECMO-hoito toimi siltana sydämensiirtoon 
12%:lla potilaista ja siltana vasemman kammion apupumpun asennukseen 11%:lla. 
Yhdelle potilaalle asennettiin keinosydän. Monimuuttuja-analyysissä 
sairaalakuolleisuutta ennustivat matala valtimoveren HCO3 pitoisuus ennen VA 
ECMO-hoidon aloitusta (vetosuhde (odds ratio; OR) 1.2/1 mmol/l, 95% 
luottamusväli 1.09-1.33) sekä suuri punasolusiirtojen tarve tehohoidon aikana (OR 
1.9/punasoluyksikkö/päivä, 95% luottamusväli 1.39 - 2.57). Potilaiden terveyteen 
liittyvä elämänlaatu mitattuna EuroQol-5 Dimensions-3 Levels -kyselyllä kun 
vähintään vuosi oli kulunut VA ECMO-hoidosta, oli keskimäärin yhtä hyvä kuin 
väestöllä. Yksityiskohtaisemmassa Short Form-36 -kyselyssä potilaat raportoivat 
rajoitteita fyysisessä toimintakyvyssä. Sydämensiirtopotilaat kokivat terveyteen 
liittyvän elämänlaatunsa muita potilaita paremmaksi.  

Osatyössä II tutkittiin VA ECMO-hoidon kustannuksia ja kustannushyötyä. 
Sairaalasta kotiutui elossa 65.7% potilaista, ja vuoden kohdalla elossa oli 64.7%. 
Kokonaiskustannukset yhtä selviytyjää kohden olivat 242 303€. Hoitojakson 
kustannusten mediaani oli 129 967€. Hoidolla saavutettiin keskimäärin 21 
laatupainotettua elinvuotta (quality adjusted life year; QALY), ja hinnaksi tuli 7 474€ 
/QALY ilman oletettua arvonalenenmaa. Niiden potilaiden, joille tehtiin 
sydämensiirto tai asennetiin sydämen apupumppu, hoito oli merkittävästi kalliimpaa 
kuin muiden potilaiden.  

Osatyössä III todettiin sydämensiirtopotilaiden syöpäriskin olevan kuusinkertainen 
(vakioitu ilmaantuvuussuhde 6.0, 95% luottamusväli 5.3-6.7) ja syöpäkuoleman 
riskin kolminkertainen normaaliväestöön verrattuna (vakioitu kuolleisuussuhde 3.1; 
2.4-4.1). Miesten syöpäriski oli huomattavasti korkeampi kuin naisten. Yleisimpiä 
syöpiä kohortissa olivat ei-melanoottiset ihosyövät (83 tyvisolusyöpää; 56 
okasolusyöpää), non-Hodgkinin lymfooma (36 tapausta), keuhkosyöpä (17 tapausta) 
ja eturauhassyöpä (16 tapausta). Vakioitu ilmaantuvuussuhde oli korkein 
okasolusyövälle (51.9; 95% luottamusväli 39.2-67.4), huuli- ja kielisyöville (47.4; 
19.1-97.7 ja 26.3; 7.2-67.4) sekä non-Hodgkinin lymfoomalle (25.9; 18.0-35.6).  
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1 INTRODUCTION 

Heart failure (HF) is the leading cause of hospitalization in developed countries, 
causing significant costs and health care resource use, and the number of patients is 
expected to grow.1,2 The most common cause of HF is ischemic heart disease. Other 
etiologies include hypertension, valvular heart diseases, arrhythmias, 
cardiomyopathies, inflammatory heart diseases, and structural and congenital heart 
diseases. Symptomatic HF limits patients’ ability to work and carry out daily 
activities, impairing the quality of life of the patients as well as of their family.1,2  

Mortality in HF remains high despite the advancements in management of 
cardiovascular diseases and acute cardiovascular events in the last decades. In acute 
HF (AHF), one-year mortality of patients admitted to hospital is approx. 20-30%, and 
in cardiogenic shock (CS), the most severe form of AHF, approx. 35-60%. 
Noteworthy, one third of all AHF patients, and two thirds of patients presenting with 
CS, do not have a history of prior HF.3-8 

CS is a state where the heart cannot produce enough output to maintain blood pressure 
and organ perfusion, leading to organ failure and eventually to death if not 
successfully treated.9 Acute myocardial ischemia is the leading cause of CS, though 
other etiologies such as arrhythmias, valve pathology or cardiomyopathy are also 
common. Part of the patients present with cardiac arrest (CA).4,5,10 In the management 
of CS, vasopressors and inotropes are used to maintain blood pressure. In case of 
acute coronary syndrome (ACS), immediate coronary angiography and 
revascularization should be performed. Cardiac surgery may be required in valvular 
heart disease or in other mechanical disturbances.9  

For patients in CS not stabilized by the conventional treatment or for patients in 
refractory CA, considered to have a reasonable possibility to recover, short term 
mechanical circulatory support (MCS) such as venoarterial extracorporeal membrane 
oxygenation (VA ECMO) should be considered. It provides organ perfusion and 
oxygenation to avoid multiorgan failure, and thus gives a possibility to recovery of 
the heart, or the patient to receive a durable ventricular assist device (VAD) or a heart 
transplant.9,11,12  

Heart transplantation (HTx) remains the treatment of choice for suitable patients with 
severe CHF. HTx enables the patient to return to normal life and to work, and thus to 
regain the quality of life.9,11 Survival after HTx has increased substantially during the 
last decades; one-year survival in Scandinavia is currently approx. 90%, and of these 



15 
 

patients, 80% survive to ten years.13 Short-term prognosis after HTx is most affected 
by primary graft dysfunction (PGD), while cancer and vasculopathy are the most 
important complications limiting the long-term prognosis.14 

This thesis aimed to study the factors affecting the prognosis of patients with severe 
heart failure treated with VA ECMO due to refractory CS or CA, or with HTx. Of 
specific interest was the survival after VA ECMO and the factors affecting it, the 
long-term health-related quality of life (HRQoL) of the patients, and the costs and 
cost-utility of the treatment. For patients treated with HTx, a further aim was to assess 
the long-term cancer risk as an important determinant of the prognosis of these 
patients. None of the topics studied in this thesis have been studied in Finland before, 
and some scarcely even internationally. 
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2 REVIEW OF THE LITERATURE 

2.1 Heart failure 

2.1.1 Definition and epidemiology  

HF is a clinical syndrome characterized by exercise intolerance, caused by abnormal 
cardiac function resulting to decreased cardiac output or elevated intracardiac 
pressures. Typical symptoms of HF include shortness of breath -first during exercise 
and in later course even in rest-, fatigue and swelling of ankles. The course of clinical 
development of HF may vary from minutes to weeks or months, and the onset of 
symptoms can be either gradual or sudden. In AHF with rapid onset, all typical 
symptoms or findings may be lacking. Echocardiography is needed to determine the 
type and the underlying cause of the HF so that the treatment can be targeted 
accordingly.9 

Even before the manifestation of the symptoms of HF, left ventricle (LV) dysfunction 
can often be detected in echocardiography.9,11 The most common cause of HF is 
myocardial dysfunction due to ischemic heart disease. Other myocardial disease such 
as cardiomyopathies of inflammatory heart diseases, valvular or other constructional 
abnormalities, arrhythmia, or conduction disturbances may cause HF as well. 
Occasionally, HF is caused mainly by the dysfunction of the right ventricle (RV).9,11 
In the developing countries, infections and untreated congenital or valvular heart 
diseases are common causes of HF.1,2  

The prevalence of HF is 1-2% in adult population in developed countries, and it keeps 
increasing.1,2 The life time risk to develop HF in population 40-55 years old is 
estimated to be 20-30%.15,16 The prevalence of HF increases with age: in population 
over 65 years old, the prevalence is 5-13%, and in population over 75 years, 10-
17%.15,17,18 HF causes currently 1-2% of all hospital admissions, and 32-56% of the 
patients are re-hospitalized during the following year.1,8,19 The increase in prevalence 
of HF has various reasons. Improved survival in ACS and other cardiovascular 
diseases result in higher number of patients living with conditions causing HF, as do 
the aging of the populations. Older population has a high prevalence of comorbidities 
contributing the development of HF, including hypertension, diabetes, chronic 
kidney disease, and chronic obstructive pulmonary disease.18,20  
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2.1.2 Classification, clinical pictures and prognosis 

Conventionally, HF have been classified to systolic HF with decreased ejection 
fraction (EF) and to diastolic HF with impaired relaxation and filling of LV, even 
though many patients have pathology of both phases of the cardiac cycle. In the 2016 
guidelines for diagnosis and treatment of HF, the European Society of Cardiology 
(ESC) adapted a new classification based on the ejection fraction: HF with reduced 
EF (HFrEF; EF <40%), HF with mid-range EF (HFmEF; EF 40-49%), and HF with 
preserved EF, (HFpEF; EF ≥50%).9 Approximately half of the HF patients have 
HFpEF, and the proportion is increasing with increasing age of the patients.21  

HF is often classified to AHF and CHF to guide the management of the patients in 
clinical practice. A widely used classification in CHF is the New York Heart 
Association’s (NYHA) functional classification of the severity of the symptoms to 
classes from I to IV: class I patient has no symptoms in normal physical activity, 
whereas class IV patients exhibit severe symptoms in minimal physical activity or 
even at rest.9,11 CHF can be regarded as stable when no change in NYHA class is 
noticed during months. However, most patients with CHF experience episodes of 
worsening of the symptoms and fluid overload, described as decompensated CHF. 
Often a precipitating factor such as ACS, arrhythmia, high blood pressure or non-
compliance to the medication can be recognised.11,18 ACS is the most common of 
these factors, present in 15-32% of the patients with decompensated HF.5,22 CHF can 
be predominantly a disease of LV or RV. Chronic right heart failure, either primary 
or consequent of LV failure and elevated filling pressures, often leads to cardiorenal 
and cardiohepatic syndromes due to the venous congestion and hypoperfusion of the 
organs.23 

AHF can represent the first episode of HF, “de novo HF”, or worsening of pre-
existing CHF. AHF may present as decompensation of CHF (42-67%), pulmonary 
edema (10-36%) or in worst case, as CS (0.5-6%).5,9,24 Primary RV failure represents 
3-9% of AHF.5,25 The Forrester classification of AHF patients’ clinical status, used 
for over 40 years, is useful in risk assessment and to guide the initial management of 
AHF. Originally, in the Forrester classification AHF patients were divided into four 
groups according to pulmonary wedge pressure and cardiac index measured 
invasively, reflecting the presence or absence of pulmonary congestion (wet/dry) and 
hypoperfusion (cold/warm extremities).26 The Forrester classification can however 
be easily used in clinical practice based on a quick assessment of the patient’s clinical 
status at presentation. Cold-wet patients have the highest mortality requiring urgent 
addressment, while warm-dry patients have the best prognosis.9 Of other clinical 
parameters in AHF, low systolic blood pressure (SBP) at presentation predicts in-
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hospital mortality.5,27 Low SBP in absence of hypovolemia, accompanied with signs 
of hypoperfusion, implicates CS.9 

The prognosis of HF has improved only modestly during the last decades compared 
to other heart diseases.18 One-year mortality in ambulatory CHF patients is 7%.8,19 In 
AHF, in-hospital mortality is 6-12%, and in patients in CS, 36-60%.5,6,28,29 One-year 
mortality of hospitalized AHF patients is 17-32%, and of CS patients, 53-68%.3-6 Half 
of the patients hospitalized for AHF are readmitted within a year.8 Overall five-year 
mortality in HF remains at nearly 50%.11,18 

2.1.3 Pathophysiology  

The main pathology in HF is the dysfunction or death of cardiac myocytes leading to 
abnormal function of the LV. In HFrEF, LV is typically dilated, whereas in HFpEF, 
LV volume is usually normal but the wall is thickened and has abnormal 
relaxation.9,18 In some patients, HF is caused by primary dysfunction of the RV, often 
due to pulmonary hypertension or myocardial ischemia or infarction of the RV.23,25 
The pathophysiology of myocardial damage includes ventricular remodeling and 
fibrosis, hemodynamic overload and increased myocardial stretch, ischemia of the 
myocytes, calcium cycling dysregulation, and excess neurohumoral activation, 
leading to myocardial injury. Myocardial ischemia leads to remodeling and fibrosis, 
pressure overload and activation of the renin-angiotensin-aldosterone (RAA) system 
causing sodium retention and hypertension as well as increased forming of fibrosis. 
Impaired calcium cycling in the myocytes reduces their contractility. Prolonged 
activation of adrenergic system further contributes to the unfavorable changes.18  

Comorbidities often encountered in patients with HF include type II diabetes and 
renal dysfunction. In type II diabetes, insulin resistance and hyperglycemia, often 
accompanied with hypertension and dyslipidemia, cause micro- and macrovascular 
complications as well as direct myocyte injury leading to HFrEF, or remodeling and 
hypertrophy of the myocardium leading to HFpEF. In both forms, risk of 
hospitalization and death is elevated compared to HF patients without diabetes. 
Diabetic nephropathy causes further hypertension and metabolic alterations.20 
Possible RV failure also contributes to renal dysfunction.23 
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2.1.4 Management   

Pharmacological therapy forms the basis of the management of HF. In patients with 
HFrEF, angiotensin convertase (ACE) inhibitors, mineralocorticoid receptor 
antagonists and β-blockers are shown to improve prognosis by reducing mortality 
and morbidity, and are recommended to all patients. In patients with side effects from 
ACE inhibitors, i.e. cough or angioedema, angiotensin II receptor inhibitors (ARBs) 
are recommended.9,11 The inhibition of the RAA system has several effects that are 
beneficial for the heart: it lowers blood pressure, and decreases cell proliferation, 
fibrosis and oxidative stress.30  

In HFpEF and HFmEF, none of the treatments have been shown to improve 
prognosis. Treatment of hypertension, preferably with ACE inhibitors or other RAA 
inhibitors, is however beneficial and recommended. Diuretics may relieve the 
symptoms in both HFrEF and HFpEF.9,11 Atrial fibrillation (AF) is a common 
arrhythmia in HF patients, associating to worse prognosis compared to patients with 
sinus rhythm. This is considered to be mainly due to the fact that more severe HF 
precipitates to AF. Prolonged high ventricular rate, however, may lead to HF even in 
otherwise normal heart, and thus rate control should be achieved if the rhythm control 
fails.9   

Recently a new pharmacological therapy, a combination of ARB and neprilysin 
inhibitor (ARNI; sacubitril/valsartan), have been shown to reduce mortality and 
recurrence of decompensation episodes in HFrEF patients in comparison to ACE 
inhibitor.31,32 Neprilysin is an enzyme causing both vasodilation and vasoconstriction 
via different mediators.30 Compared to ACE inhibitor alone, neprilysin inhibitor 
combined with ARB lowers the systolic blood pressure and the filling pressure of the 
LV significantly more, and reduces the decompensation episodes, mortality and 
symptoms of HF.30,31 In the ESC guidelines, ARNI is recommended for ambulatory 
patients with HFrEF who are symptomatic despite the optimal medication. It should 
also be considered for patients hospitalized for AHF.9,33  

Cardiovascular comorbidities such as hypertension, diabetes and dyslipidemia should 
be treated in all HF patients. 9,11 In type II diabetes, a new group of pharmacological 
agents, sodium-glucose co-transporter 2 (SGLT2) inhibitors, have been shown to 
reduce cardiovascular mortality and need of hospitalization for HF.34,35 SGLT2 
inhibitors lower plasma glucose level by transporting glucose to urine, but the effect 
is modest. However, they have other effects including diuretic effect, reduction of 
systolic blood pressure and arterial stiffness, weight loss, and delaying impairment of 
renal function, and these mechanisms are likely to account for the reduction in 
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cardiovascular mortality and morbidity from HF. Several ongoing trials are 
investigating SGLT2 inhibitors in HF patients without diabetes.36 First promising 
results have recently been published: SGLT2 inhibitors reduced the risk of worsening 
of heart failure, defined as hospitalization or need of intravenous therapy, and the risk 
of cardiovascular death in patients with symptomatic HFrEF, regardless of the 
presence or absence of type II diabetes.37 

The established device therapies in HF include implantable cardioverter-defibrillator 
(ICD) and cardiac resynchronization therapy (CRT).9,11 ICD decreases the risk of 
sudden death in HF patients with severe ventricular arrhythmias or EF <35% despite 
the optimal medication. CRT reduces mortality and symptoms in HF patients with 
EF <35% and wide left bundle branch block (≥150msec) by reducing the 
dyssynchrony of the LV contraction and thus improving the LV function. In patients 
with ischemic heart disease and history of MI, the improvement of LV function with 
a CRT might however be modest due to myocardial fibrosis and scar.9,11  

In CHF, a VAD (usually left ventricular assist device; LVAD) or HTx significantly 
improve the prognosis of the patients refractory to other therapies. A VAD is a 
surgically implantable long-term mechanical circulatory support (MCS) device, used 
to support the ventricle for months or years. It can be used either as a bridge to HTx, 
bridge to candidacy (e.g. non-responsive secondary pulmonary hypertension may 
resolve with LVAD to allow listing for HTx), to recovery of the heart, or as a 
destination therapy for patients not meeting the criteria for HTx.9,11,38 As a bridge to 
HTx, VAD serves as a support during the waiting time, and it may improve the 
survival to HTx and the outcome after it.39 Both VAD and HTx require high 
compliance and capacity to recover, and are contraindicated in several chronic 
comorbidities, and thus are an option only for a small proportion of HF patients.  

In CS, for suitable patients, VA ECMO or other temporary MCS can be used to 
maintain the circulation and to avoid multiorgan failure. They are used as a bridge to 
the recovery of the heart, to HTx, or to VAD implantation in patients meeting the 
criteria.9,11 VA ECMO and HTx are described in detail in the following chapters. 
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2.1.5 Cardiogenic shock       

2.1.5.1 Definition 

CS is the most severe presentation of AHF.5 It is defined as a state of low cardiac 
output leading to inadequate organ perfusion.40,41 Clinical signs of hypoperfusion 
include cold extremities, oliguria or anuria, confusion, low SBP and narrow pulse 
pressure, metabolic acidosis and elevated serum lactate concentration.9,40 ACS, 
usually MI of the LV, is the most common cause of CS.5,41,42 Early revascularization 
improves the prognosis of CS caused by ACS, and has been the standard treatment 
for these patients since the SHOCK Trial.6,43 Too early initiation of the standard 
medication of ischemic heart disease after MI, including β-blockers and angiotensin 
convertase inhibitors, may contribute to the development of CS in high risk patients.44 

Causes of CS, other than ACS and the mechanical complications of MI, include 
valvular disease, myocarditis, end-stage cardiomyopathy, postcardiotomy shock, and 
trauma.41 In addition to CS related to the impaired LV function, MI can cause sudden 
CA before the signs of CS even develop. In the GRACE study including 65000 ACS 
patients, 4.6% of the patients had CS, and of these, 12.5% presented with CA. In half 
of the cases, CA occurred without preceding clinical CS.28 CA before or at 
presentation has been shown to associate with increased risk of in-hospital death 
despite of the severity of the shock at presentation.45  

2.1.5.2 Pathophysiology  

Pathophysiology of CS have common features despite the cause of the initial 
myocardial injury. The decreased myocardial contractility and impaired ventricular 
filling leads to reduced cardiac output, increasing intracardiac pressures and cardiac 
wall stress, leading to pulmonary congestion, hypotension and further to decreased 
coronary perfusion and hypoperfusion and venous congestion of other organs, 
causing ischemia. These events are accompanied with the activation of the 
compensatory mechanisms including release of catecholamines leading to peripheral 
vasoconstriction and tachycardia and activation of the RAA-system, further 
increasing both pre- and afterload and causing more ischemia. As the shock goes on, 
systemic inflammatory response and endothelial nitric oxide synthase are activated, 
especially in MI, leading to vasodilatation, more severe hypoperfusion and further 
organ damage.40,41,44,46 These mechanisms leading to severe shock, and without early 
enough intervention, eventually to death, are demonstrated in Figure 1.  
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Figure 1. The downward spiral of refractory cardiogenic shock.  
NO nitric oxide; NOS nitric oxide syntace; SVR systemic vascular resistance 

Originally published in Reyentovich, A. et al. Management of refractory cardiogenic shock. Nat. Rev. 
Cardiol. 2016 Aug;13(8):481-92. Reproduced with permission of Nature Publishing Group.  

 

2.1.5.3 Management 

In management of CS, it is crucial to assess the severity of the shock immediately by 
the clinical status and level of acidosis, as well as to identify the underlying cause of 
CS and to address rapidly the potentially reversible causes. Echocardiography, 
electrocardiography and laboratory tests, most importantly arterial blood gas analyses 
with acid-base–status and lactate should be done. Patients require invasive 
monitoring with arterial line. In case of ACS, direct coronary angiography and 
revascularization if possible is recommended. Non-invasive or invasive ventilation 
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support is often needed. Hypoperfusion should be addressed as soon as possible: if a 
fluid challenge does not correct the hemodynamics, pharmacological therapy to 
restore the blood pressure and organ perfusion should be initiated.9,47  

As an initial vasopressor, of the beta-adrenergic agonists, norepinephrine is 
recommended over dopamine as it causes less arrythmias and may improve survival 
compared to dopamine.9,40,41,48 Dobutamine, a synthetic analogue of dopamine, 
increases myocardial oxygen consumption and may induce arrhythmias.9,49 
Epinephrine is shown to increase mortality in CS and is not recommended except in 
cardiac arrest.47,50,51 In patients with low cardiac output, dobutamine, levosimendan 
or milrinone is recommended as an inotrope in addition to a vasopressor, possibly 
improving survival compared to use of vasopressors alone.9,47,52 Milrinone is a 
phosphodiesterase inhibitor, often preferred in RV failure and in pulmonary 
hypertension as it decreases pulmonary vascular resistance. However, it also causes 
systemic arterial hypotension and may induce tachyarrhythmias.47 Levosimendan is 
a calcium sensitizer, improving cardiac contractility but also acting as a vasodilator. 
It may improve renal function in AHF patients. Levosimendan’s effects are long-
lasting as it has an active metabolite with half-time of 80 hours.47 All vasopressors 
and inotropes have adverse effects, and clear evidence on survival benefit in 
randomized studies is lacking for all inotropes. Thus their use should be limited to 
patients with hypoperfusion due to low cardiac output.9,47  

If the pharmacological therapy does not rapidly stabilize the hemodynamics, short-
term mechanical circulatory support (MCS) is recommended for patients considered 
to have a reasonable change to the recovery of the heart or to become eligible to HTx 
or a durable VAD. 9,11,41 MCS can also be used as a bridge to decision, giving time to 
assess the eligibility for the long-term treatments.9 Short-term MCS used include VA 
ECMO and percutaneous axial flow devices (e.g. Impella®).9,11,12,41 Intra-aortic 
balloon pump (IABP) was widely used in CS patients undergoing early percutaneous 
coronary intervention (PCI) until the IABP-SHOCK II trial showed that it does not 
provide survival benefit in these patients.53 Thereafter its use has mainly been limited 
to short-term support in patients with mitral regurgitation or post MI ventricular 
septal defect waiting for surgery.40 VA ECMO is the short-term MCS providing most 
support for the patient: it can be used for full circulatory support and oxygenation in 
refractory CS, and even in CA.54,55  
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2.1.5.4 VA ECMO in management of CS and CA 

VA ECMO is a system developed from cardiopulmonary bypass used in cardiac 
surgery. It can provide full cardiopulmonary support from days to several weeks. The 
VA ECMO circuit commonly consists of the arterial and venous cannulas connected 
with tubing to a centrifugal blood pump, a membrane oxygenator and a heat 
exchanger.54 The cannulas may be inserted either centrally, i.e. via sternotomy; used 
mainly in postcardiotomy setting, or peripherally using Seldinger technique either via 
percutaneous or open access. Peripheral cannulation does not require operating room 
but can be done in a catheterization laboratory or in ICU.54,56 Depending on the access 
site used, deoxygenated blood is drained from the right atrium either directly or via 
femoral or jugular vein, and returned either to the ascending aorta (central 
cannulation) or via femoral, carotid or axillary artery.54 With the femoral cannulation, 
the flow of the oxygenated blood in the aorta is mainly retrograde, meeting point with 
the blood from the native circulation depending on the cardiac output. To avoid 
hypoxemia in cerebral and coronary circulation, the oxygenation of peripheral blood 
needs to be monitored from the right side of the upper body. With the femoral 
cannulation, a distal perfusion cannula to the leg is recommended to avoid limb 
ischemia.54,56 In general, patients are prone to complications such as bleeding, 
thrombosis, limb ischemia or stroke. These may be related to anticoagulation, the 
artificial materials of the circuit, and the non-physiological circulation during the use 
of VA ECMO, as well as to the inflammatory response caused by the preceding 
hypoperfusion in CS.41,54,57,58  

VA ECMO may provide a life-saving option rapidly restoring the perfusion to vital 
organs in CS refractory to pharmacological therapy, or in CA with no response to 
cardiopulmonary resuscitation (CPR). 12,40,55  In CA, the use of VA ECMO is referred 
as extracorporeal cardiopulmonary resuscitation (ECPR).59 The most common cause 
of refractory CS or CA requiring VA ECMO is ACS, but there are numerous other 
indications in which VA ECMO can be used. Patients with fulminant myocarditis, 
either lymphocytic or giant cell myocarditis, may recover during the VA ECMO 
support or are often eligible for VAD or HTx.41,54,60,61  In postcardiotomy shock 
(PCS), if the patient cannot be weaned from the cardiopulmonary bypass due to acute 
cardiac failure, prognosis is poor without VA ECMO. In severe primary graft 
dysfunction (PGD) after HTx, similar to PCS, though often manifesting as RV 
failure, VA ECMO gives the heart transplant time to recover with long-term 
prognosis comparable to other HTx patients.12,54 The timing of implantation of VA 
ECMO in the course of CS or CA has a crucial effect on the outcome. Late 
implantation, indicated by deep acidosis and high serum lactate at implantation, is 
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associated to worse prognosis.59,62 Furthermore, if severe multiorgan failure has 
already developed,  the state is usually irreversible, leading to death.41,55 

Overall survival after VA ECMO in CS varies between 17-82%.54,63-77 Reported 
survival in different patient groups is shown in Table 1. In refractory CA, ECPR have 
shown better survival compared to conventional CPR, though there are few 
randomized trials.78 However, the general survival after ECPR remains relatively 
low, in 15-37%.54,63,79-81 

 

 

Authors Year Study setting n Survival (%) 
Biancari et al. 2018 Meta-analysis, PCS 2986 36 (discharge) 

Mastroianni et al. 2019 Review; PGD 16-535 46-81 (discharge) 
Khorsandi et al.  2017 Meta-analysis, PCS 1926 31 (discharge) 

Squiers et al. 2016 Review; PCS 110-517 25-42 (30 days or discharge) 
Squiers et al. 2016 Review; PGD 17-54 50-82 (30 days or discharge) 
Batra et al. 2016 all-cause CS 1286 52 (30-days; 38 one year) 

Karagiannidis et 
al. 2016 all-cause CS 2873 35 (discharge) 

Chang et. Al 2016 PCS/non-PCS 1077/1705 35/34 (to discharge) 
Camboni et al. 2017 PCS/non-PCS 189/307 30/42 (to discharge) 

Tran et al. 2016 all-cause CS 224 36 (to discharge) 
Schoenrath et al. 2016 non-PCS 57 37 (one year) 

Burrel et al. 2015 all-cause CS 125 72 (90 days; 65 one year) 
Carrol et al. 2015 all-cause CS 123 39 (to discharge) 

Xie et al.  2015 Meta-analysis, all-cause 
CS 1199 40 (to discharge) 

Lorusso et al. 2015 Myocarditis 52 72 (to discharge) 
Rastan et al. 2010 PCS 517 17 (one-year) 

 

Table 1. Reported survival after VA ECMO in CS in different patient groups.  

CS cardiogenic shock; PGD primary graft dysfunction; PCS postcardiotomy shock 
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2.2 Heart transplantation  

2.2.1 Indications and contraindications  

HTx provides the best long-term prognosis for patients with severe CHF who are 
suitable for the transplantation. In AHF, the patient needs to be stabilized before HTx 
by using pharmacological therapy or MCS if required in order to improve survival. 
HTx should be considered for patients ≤ 70 years with irreversible cause of HF and 
poor prognosis without HTx or VAD, indicated in ambulatory patients by low peak 
oxygen consumption in cardiopulmonary stress test and NYHA class IV symptoms 
despite the optimal medical and device therapy.9,11,82,83 Patients older than 70 years 
may be considered for HTx if no contraindications come up in careful evaluation. To 
assess the pulmonary artery pressure and pulmonary vascular resistance (PVR), right-
heart catheterization should be done on all patients evaluated for HTx, and 
periodically on patients listed for HTx. If pulmonary hypertension and elevated PVR 
irreversible in vasodilator challenge is detected, the patients otherwise suitable for 
HTx should be evaluated for LVAD to unload the LV, thus possibly allowing the 
patient to become eligible for HTx if decline in PVR is achieved.9,83 Severe obesity 
is associated with worse outcome after HTx, and thus BMI ≤ 35 kg/m2 is 
recommended. Contraindications for HTx include active cancer, infection, and severe 
systemic diseases with irreversible organ dysfunction. Patients with advanced renal 
failure should be evaluated for combined heart and kidney transplantation. 
Contraindications for HTx are severe cognitive impairment, alcohol or drug abuse 
and social problems, associating to poor compliance to the medication and follow-up 
required after the HTx.82,83 

2.2.2 Patient management and prognosis 

The first HTx was performed in 1967, but first in the 80’s the use of cyclosporine in 
immunosuppression made HTx a realistic treatment option. The management of HTx 
recipients have evolved enormously since. The immunosuppression has become 
more tailored and lighter since rejections can be diagnosed early and accurately with 
endomyocardial biopsy. Viral infections, most importantly cytomegalovirus, are 
targeted with routine prophylaxis after the HTx, and the virus levels can be 
monitored.84 The immunosuppression therapy after HTx comprises an induction 
phase of approx. six months with deeper immunosuppression, as the risk for rejection 
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is highest during the first months after the HTx. Thereafter the immunosuppression 
is gradually lowered of to the maintenance level.85 The use of potent induction 
therapy at the time of HTx with interleukin-2 (IL2) receptor antagonist or anti-
thymosyte globulin (ATG) has decreased to 50% of the patients in the International 
Society for Heart and Lung Transplantation (ISHLT) statistics.86 In Finland, ATG is 
currently used only in high risk patients, while IL2 antagonists are not used. In the 
long-term immunosuppression therapy, tacrolimus has mainly replaced cyclosporine 
during the last decade due to cyclosporine’s stronger cardiovascular side-effects such 
as hypertension and hyperlipidemia. The maintenance immunosuppression therapy 
currently used in over 75% of the HTx recipients includes tacrolimus and 
mycophenolate mofetil (MMF) or mycophenolic acid, combined with oral steroid 
during the first year, or longer if indicated.14,86 

Survival after HTx have constantly improved during the last decades.13 During the 
last twenty years, in the ISHLT registry one-year survival has increased from 80% to 
85% and five-year survival from 68% to 74%.14 In Scandinavia, one-year survival is 
approx. 90%, and five-year survival over 80%.13 Short-term survival after HTx is 
most limited by PGD, with reported incidence varying from 2% to 36%. In 4% of 
cases, PGD leads to death or retransplantation.87-89 Pathophysiological mechanisms 
of PGD include donor-specific factors such as donor age, inflammation and metabolic 
reactions following brain death, cold and warm ischemia during the transplantation, 
reperfusion injury, and recipient-specific factors such as elevated pulmonary 
resistance or inflammatory response.88 PGD can often be successfully managed with 
short term MCS, most commonly with VA ECMO, as the need of the circulatory 
support usually passes in 4-8 days.75,90  

Cardiac allograft vasculopathy (CAV) is one of the most important pathologies 
limiting the long-term health and survival of HTx patients, currently affecting nearly 
half of the patients at 10 years from HTx. It is an immune-mediated process of the 
coronary arteries of the allograft, which may eventually lead to graft failure. CAV is 
characterized by intimal proliferation leading to narrowing and occluding of the 
coronary arteries of the allograft.14,91 Even though the evolvement of 
immunosuppression and the use of statins have reduced the incidence of CAV, there 
still is no effective therapy once it has developed.84 The other major long-term 
complication after HTx is cancer, as the permanent immunosuppression therapy 
required predisposes the patients to malignancies.92  
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2.2.2.1 Cancer risk after HTx 

Overall cancer incidence in solid organ transplant recipients is two to four times 
higher than in normal population, but for some cancers, the incidence is ten to 
hundred-fold. Cancer risk is higher in heart and lung transplant recipients than in liver 
and kidney recipients, corresponding to the deeper immunosuppression needed after 
heart and lung transplantation. Especially the risk of post-transplant 
lymphoproliferative disorders (PTLD), mainly manifesting as non-Hodgkin 
lymphoma (NHL), and non-melanoma skin cancers (NMSCs) are higher.93-98 Overall 
cancer risk after HTx have been reported to be three-fold, and risk of lymphoma 7-
24 times higher than for general population.95,99-101 In the ISHLT registry, currently 
11% of patients develop a cancer between one and five years from HTx.102 At least 
one post-HTx cancer has been diagnosed in 16% of all 5-year survivors, and in 28% 
of the 10-year survivors. Cancer is currently even the leading cause of death beyond 
five years from the HTx.14,86 

Before listing for HTx, patients should be screened for incidental malignancies as a 
part of the evaluation. History of pre-transplant cancer is not a contraindication for 
HTx, but needs individual consideration including the time from the treatment and 
the risk of recurrence.82,83 Pre-transplant cancer does not increase mortality after HTx, 
except in case of lymphoid and hematopoietic malignancies.103 Regular surveillance 
for skin cancers in addition to the normal screening offered to the general population 
is recommended after HTx as NMSCs are common, and known to behave more 
aggressive in transplant recipients than in other patients.104,105  

The main mechanism behind the increased cancer risk after transplantation is the 
immunosuppression needed to create the tolerance of the transplant. The 
immunosuppression therapy depresses the innate immunity, including natural killer 
cells controlling neoplastic cells. It also depresses the control of oncogenic viruses 
including Epstein-Barr virus causing lymphoproliferative disorders, human 
papilloma virus causing skin cancer and human herpes virus 8 in Kaposi sarcoma, 
and other herpes group viruses. Other mechanisms such as reduced DNA repair are 
involved as well.92,96,106-109 Induction immunosuppression therapy with monoclonal 
anti-T-lymphocyte antibody OKT3 used during earlier decades, and even with ATG, 
has been associated to increased risk of lymphoproliferative disorders after 
transplantation.110-112 
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2.3 Health-related quality of life and cost-utility 

2.3.1 Definition of HRQoL 

Health is defined in the constitution of World Health Organization as not only the 
absence of disease but the presence of physical, mental, and social well-being.113 
During the past decades, quality of life has gained importance as an outcome measure 
of health care interventions. The concept of HRQoL refers to the physical, functional, 
psychological, and social dimensions of health, considered as distinct areas that are 
influenced by a person’s experiences, beliefs, expectations, and perceptions. Since 
all these, as well as one’s ability to cope with limitations and disability, affects 
person’s perception of health and satisfaction with life, people with the same 
objectively measured health status may experience very different HRQoL. 114,115 

2.3.2 Measuring the HRQoL 

HRQoL can be measured with various instruments, which can be either generic, and 
thus applicable to different patient groups, or condition or health dimension specific, 
e.g. only assessing the mental health. Generic instruments such as the 36-item Short 
form (SF-36) and the EuroQol questionnaires, are the most used surveys assessing 
physical, mental and social aspects of daily life.116,117  

The EuroQol 5 dimensions -3 levels survey (EQ-5D-3L) is a simple and fast 
instrument to measure HRQoL. It consists of five dimensions of daily life: mobility, 
self-care, usual activities, pain/discomfort and anxiety/depression. Each of the 
dimensions can take a level of severity from one of three (no problems; moderate 
problems; extreme problems). The patient’s current general health perception at the 
time of the study is individually rated on a visual analogue scale (VAS) from 1 to 
100. Background information such as age, level of education and current 
occupational status are also asked.118  

The RAND 36-item short form survey (SF-36) was developed in the Medical 
Outcomes Study by the RAND Corporation to serve as a generic set of easy-to-
administer questions to measure adult HRQoL. The SF-36 consists of 36 multiple 
choice questions describing eight physical and emotional dimensions of daily life: 
physical functioning, role limitations due to physical health impairment, role 
limitations due to emotional problems, vitality, emotional well-being, social 
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functioning, bodily pain, and general health perception. 119 From both surveys, an 
index score combining the dimensions calculated to describe the HRQoL.118,119  

2.3.3 HRQoL after CS or CA treated with VA ECMO and after HTx 

Both SF-36 and EQ-5D-3L have been used to measure the HRQoL in cardiac surgery 
patients and CS and CA patients treated with ECMO.65,120-122 HRQoL after CS treated 
with VA ECMO have mainly been found impaired compared to general population. 
In SF-36, especially the dimensions measuring physical and social aspects have been 
lower than reported by the population, while in some studies, mental health have been 
non-inferior to the reference population.61,65,76,121 After ECPR for refractory CA, the 
HRQoL have been found worse compared to population reference.79,122  

HTx improves significantly the HRQoL of the patients compared to the time of listing 
for transplantation.123,124 Heart transplant recipients’ HRQoL in general has been 
found good, and in many studies including a Finnish study, non-inferior to the 
population references.125-127 Older HTx recipients have reported even better HRQoL 
than young, especially in psychosocial dimensions of life.128 HTx also allows many 
patients to return to work, possibly improving the HRQoL.14 

2.3.4 Quality-adjusted life-years and cost-utility analysis 

QALY is a concept introduced already in the 1970’s to measure the outcome of a 
health care intervention as a number of good life years achieved. It combines the 
assumed life-years gained by a given intervention and the patient’s self-assessed 
quality of life.129,130 In QALY calculation, discounting can be used to adjust the effect 
of time on the assumed life-time benefit gained but actualizing during the years to 
come.131 There is no official Finnish recommendation on discounting in QALY 
calculation. In Britain, where QALY and costs assessment is part of the official 
assessment of new health care technologies, the National Institute for Health and Care 
Excellence recommends the use of 3.5% annual discount.132  

Cost-Utility analysis in health care assesses health technologies, interventions or 
treatments in terms of costs per an expected health-state utility, most commonly 
QALY, gained. The utility depends on the threshold of acceptable cost set, and thus 
vary depending on the socioeconomic circumstances and values of a country and 
health care system. Cost-utility analysis can be used to assess the benefit gained by a 
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treatment or intervention and thus to guide resource allocation in health care.130,133 
There is currently no official national guidelines on the costs or cost utility of the 
treatments used in Finland except for drugs accepted in the social security 
reimbursement system.134 

Currently in Europe, national guidelines on the cost-effectiveness or cost-utility of 
health care interventions exists in Britain, where a threshold of 20 000-30 000£ 
(approx. 22 000-33 000€) per QALY gained is recommended for new health care 
technologies.132 Different thresholds between 20 000$-150 000$ (approx. 17 000-
130 000€) per QALY, or even higher, have been suggested in US and Canada.135-137 
For VA ECMO the reports on cost-utility are lacking, but for ECPR, $56 000 (approx. 
47 000€) per QALY have been reported. For VV ECMO in respiratory failure, the 
most studied ECMO application, 19 000£ (approx. 22 000€) per QALY have been 
reported.138,139   
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3 AIMS OF THE STUDY 

The aim of this thesis was to study the following aspects of the treatment of severe 
heart failure in Finland: the use and outcome of VA ECMO in cardiogenic shock or 
cardiac arrest, and the cancer risk after heart transplantation as an important 
determinant of the long-term prognosis of heart transplant recipients. 

 

In specific, the aims were: 

 
1) To study both the short-term and long-term survival of patients in 

cardiogenic shock or refractory cardiac arrest treated with VA ECMO, 
together with the factors affecting the survival. (Study I) 
 

2) To study the long-term health-related quality of life of cardiogenic shock and 
cardiac arrest patients treated with VA ECMO. (Study I) 
 

3) To assess the costs and cost-utility of VA ECMO in cardiogenic shock and 
refractory cardiac arrest. (Study II) 
 

4) To study the long-term cancer risk and cancer mortality of the Finnish heart 
transplant recipients. (Study III) 
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4 METHODS 

4.1 Study population and data collection 

This thesis is based on retrospective studies (studies I, II and III) and on a prospective 
HRQoL study (studies I and II) carried out in Helsinki University Hospital in 2012-
2019. The patient cohorts studied are unique in Finland, as Helsinki University 
Hospital is the only transplantation and VAD center nationally. None of the issues 
studied in this thesis have been studied in Finland before. Studies I and II are 
observational clinical studies including a prospective HRQoL study. Study III has an 
epidemiologic approach and was performed in collaboration with the Finnish Cancer 
Registry (Syöpärekisteri). 

To identify the patients’ data from different registers, we used each patients’ official 
personal identity code, given to all residents of Finland and used in all official 
national registers. At the end of the follow-up for each study, vital status of the 
patients and the possible date of death were searched from Finnish Population 
Register Centre’s (Väestörekisterikeskus) database. For deceased patients, the cause 
of death was searched from Statistics Finland´s (Tilastokeskus) official national 
register of causes of death. The patients’ clinical data were collected from the 
hospital’s patient records by the author of this thesis. The studies were approved by 
the Helsinki University Hospital’s Heart and Lung Center, the ethics committee of 
Helsinki University Hospital, and the Institute of Health and Welfare (study III). A 
written informed consent was obtained from the patients participating the HRQoL 
study.  

4.1.1 Venoarterial ECMO cohort (Studies I and II) 

The cohort included altogether 157 patients treated in Helsinki University Hospital 
in 2007-2017 with VA ECMO due to CS or CA (in study I 133 patients, and in study 
II 102 patients; 78 patients were included in both studies). Patients with circulatory 
shock of non-cardiac etiology were excluded from the study. Second ECMO-runs 
during separate hospitalization were not included in study I. In study II they were 
included if they took place during the study period. In study II, patients’ population-
based age- and sex-matched life expectancies were retrieved from Statistics Finland’s 
database, and the hospital costs from the database of the Helsinki and Uusimaa 
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hospital district’s patient costs and invoicing, maintained by CGI Finland. Patients 
for whom the total costs of the index hospitalization were not available due to 
transfers between hospital districts were excluded from the study. Patients with 
available data on index hospitalization but no data available on the hospital costs of 
the following year after VA ECMO, were excluded from the analysis of the one-year 
hospital costs (n=5). 

Cardiogenic shock was defined as cardiac failure with signs of hypoperfusion 
(systolic blood pressure under 90 mmHg, peripheral vasoconstriction, acidosis, 
lactatemia, confusion) despite the use of inotropes and vasopressors, or caused by 
persisting ventricular arrhythmia or refractory cardiac arrest. The criteria for the use 
of VA ECMO in cardiac failure in Helsinki University Hospital are based on the 
Extracorporeal Life Support Organization’s (ELSO) guidelines63 and are the same as 
the general criteria for HTx: age under 70 and no major co-morbidities. After cardiac 
surgery, even older patients can be accepted if no other contraindications exist. 
Exclusion criteria are deep multiple organ failure, severe co-morbidities limiting the 
expected survival, and inability to manage self-care. ECPR in refractory CA is 
considered for patients who have a witnessed CA with ventricular fibrillation as 
initial rhythm and under 10 minutes of no-flow time, and who meet the general VA 
ECMO criteria. All ECMOs were implanted in hospital, as out-of-hospital ECMO 
implantation is not used in Finland. 

To study the self-assessed HRQoL, all patients alive at the study moment at a 
minimum of 12 months after VA ECMO were contacted by a letter (57 patients in 
study I; 66 in study II). The patients were asked to fill out at home a consent form 
and two HRQoL measuring surveys: the EQ-5D-3L118 and the SF-36,119 and return 
them by mail. In study II, only EQ-5D-3L was used. For both surveys, scores 
describing the HRQoL in different dimensions were converted to index scores 
according to the survey providers’ instructions. The HRQoL results were compared 
to the surveys’ validated national population references, and the results of the SF-36 
survey also to the reference of the Finnish population with chronic illness.140,141  

In study II, all life years and QALYs were assumed to be gained by the treatment. 
The life expectancies of the one-year survivors were expected to equal the age and 
sex-matched population-based life expectancies except for HTx and VAD recipients, 
for whom a 20% discount was used for the first 10 expected life years, and a 40% 
discount for expected life years thereafter. To discount was based on the known 
survival of 80% at ten years from HTx for patients having survived to one year in 
Scandinavian HTx registry.13 The same discount was used for HTx and VAD patients 
as all VAD patients were listed for HTx and expected to receive a transplant. The life 
expectancies were not adjusted for ischemic heart disease and HF, as these are 
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common in the population as well. QALYs, and thus the cost-utility, were calculated 
only for the patients who were discharged from the hospital, while costs were 
calculated for all patients. QALYs were calculated by multiplying each patient’s 
expected life years gained with the treatment with the individual index score from the 
EQ-5D-3L survey. For patients who did not return the survey (28% of the patients 
contacted), the score was approximated by using the responders’ mean index score 
according to the patients’ age group, using ten years steps. This was based on the fact 
that the population reference studies of EQ-5D-3L have shown the HRQoL to be age-
dependent, younger patients reporting higher HRQoL than the older.142,143 A discount 
of 25% was used in counting the approximated score for non-responders who were 
not known to have returned to work in order to take account the possibility that not 
returning the survey would relate to poorer HRQoL. One-year costs were calculated 
starting from the hospital discharge until the end of the corresponding calendar month 
on the following year. The lifetime QALYs gained were calculated both without 
discount and with a 3.5% annual discount rate to adjust for the effect of time on the 
assumed life-time benefit gained in the future.131  

4.1.2 Heart transplant cohort (study III) 

The cohort included 479 subsequent adult primary heart transplant recipients from 
Helsinki University Hospital, covering the patients from the first HTx performed in 
Finland in 1985, until the end of 2014. Patients undergoing re-transplantation after 
having received their first heart transplant in childhood were excluded from the study. 
Data on all cancers, both pre-transplant and post-transplant, were retrieved from the 
Finnish Cancer Registry’s database. Since 1953, Finnish Cancer Registry have 
recorded the cancers detected in Finland, and since 1961 all hospitals, private 
physicians and laboratories have been obligated to report the detected cancers to the 
Cancer registry144. Even basal cell carcinoma is recorded though it is not included in 
the official statistics145. Follow-up for cancer started on the date of the (first) heart 
transplantation and ended either at the patient’s death or on 31 December 2015, 
whichever came first. A death was counted as cancer-attributable when the official 
cause of death in the national register of causes of death was a cancer, classified with 
ICD-8 or ICD-9 codes until 1995146,147, and ICD-10 codes from 1996.148  
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4.2 Statistical methods 

4.2.1 VA ECMO cohort (Studies I and II) 

The characteristics of the hospital survivors and non-survivors were compared 
between the groups using Student´s T test and Mann-Whitney U test according to the 
normality of the variables, tested with Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Chi square test was applied to test relationships between the categorical variables. 
Kruskal-Wallis test was used to compare the distribution of costs between groups in 
study II. To study the factors affecting the survival in study I, the covariates 
statistically significant in univariate analysis were further assessed using stepwise 
multivariable binary logistic regression. SAVE-score (survival after venoarterial 
ECMO)149 was not included in multivariable analysis, since it includes most of the 
other covariates. The effective costs per hospital survivor in study II were calculated 
by adding up the in-hospital costs of all patients treated and dividing by the number 
of survivors. In all statistical testing, the statistical significance of p-values was set at 
<0.05. Statistical analysis was performed with SPSS statistics® software, versions 23-
25 (IBM, Armonk, NY, USA).  

4.2.2 Heart transplant cohort (study III) 

Cancer risk of the patients in comparison to the Finnish population was assessed by 
calculating the standardized incidence ratios (SIRs) for different cancer sites and the 
cancer-specific standardized mortality ratio (SMR). SIR indicates the incidence of a 
given event (in case of SMR, death) in a subpopulation in relation to the incidence in 
a larger, matched population.  The expected number of cancer cases or deaths was 
calculated by multiplying the number of person-years at risk by the corresponding 
cancer incidence or mortality in the year-, age- and gender-matched Finnish 
population. To obtain the SIRs and the SMR, the observed number of cancers or 
deaths was divided by the expected number of cases. The 95% confidence intervals 
(CI) for the SIRs and the SMR were calculated using exact test and based on the 
assumption that the number of observed cases follows a Poisson distribution. To 
calculate the absolute excess risk (AER) in the patient cohort (indicating the number 
of excess cases per given amount of exposure), the expected number of cases was 
subtracted from the observed number of cases and divided by the person-years at risk. 
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5 RESULTS 

5.1 Patients characteristics 

5.1.1 VA ECMO cohort (Studies I and II) 

The cohort in study I included 133 patients. In 14% of the patients the VA ECMO 
was implanted in other hospital. Etiology of CS was PCS in 34.6%, ACS in 18.8%, 
cardiomyopathy in 18.0%, PGD in 12.0%, myocarditis in 12.0% and other in 4.5%. 
ECPR was used in 22 (16.5%) patients. Etiology of CA was ACS in 59.1%, PCS in 
22.7%, myocarditis in 9.1%, cardiomyopathy in 4.5%, and other in 4.5%. Mean age 
in the cohort was 51.6 years (standard deviation (SD) 12.0 years), and 69.9% were 
men. In INTERMACS classification, 91% of the patients represented profile I.150  

VA ECMO served as a bridge to recovery in 66 (49.6%) patients, to direct HTx in 16 
(12.0%) patients and to implantation of VAD in 15 (11.3%) patients. In addition, two 
patients who originally weaned, required a VAD later during the same admission. 
The VADs used were Berlin Heart® BiVAD (23.5% of the implantationa), Berlin 
Heart® LVAD (11.8%), and Heartware™ HVAD™ (64.7%). One patient received a 
total artificial heart and underwent later a successful HTx. For the patients bridged 
directly to HTx, PCS (43.8%) was the most frequent cause of CS, while for patients 
bridged to VAD, cardiomyopathy was the most frequent cause (46.7%).  

The cohort in study II included 102 patients. Mean age was 52.1 years (SD 11.7), and 
76.5% were men. Etiology of CS was PCS in 26.5%, cardiomyopathy in 22.5%, ACS 
in 21.6%, PGD in 12.7%, myocarditis in 11.8% and other in 4.9%. ECPR was used 
in 24 (23.5%) patients. Etiology of CA was ACS in 62.5%, cardiomyopathy in 16.7%, 
myocarditis in 9.1%, myocarditis in 8.3%, PCS in 4.2%, and other in 8.3%. 

HTx was performed on 21 patients (20.6%) during the index hospitalization: 13 
patients required VA ECMO due to PGD, and 8 patients were bridged to HTx with 
VA ECMO. VAD was implanted in 15 patients (14.7%): A Heartware HVAD® 
LVAD in 14 patients, most frequently in the cardiomyopathy group (n=8), and a 
SynCardia total artificial heart in one patient. Five of the patients who received a 
VAD underwent HTx during the following year.  
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Of the patients contacted for studying the HRQoL, 85.9% (n=49) participated in study 
I, and 69.7% (n=46) in study II. Mean age of the respondents at the time of the survey 
was 52.8 years (SD 12.4) and median time from VA ECMO 1.9 years (IQR 3.2) in 
study I, and 52.6 years (SD 11.6) and 1.3 years (IQR 0.8. years) in study II. The 
characteristics of the HRQoL participants did not no differ significantly from the 
characteristics of the whole cohort in neither of the studies. 

5.1.2 Heart transplant cohort (study III) 

The cohort included 479 heart transplant patients. Mean age at transplantation was 
49.1 years (SD 11.3) and 79.5% of the patients were men. Cause of the HF and HTx 
was cardiomyopathy in 53.5%, coronary artery disease in 31.7%, myocarditis or 
sarcoidosis in 7.1%, congenital or valvular heart disease in 7.1% and other in 0.6%. 

A total of 4491.6 person-years of follow-up were recorded. Median length of follow-
up was 7.8 years (interquartile range (IQR) 13.0, range 0 - 27.6). Of all patients, 415 
(86.6%) were alive at 30 days from the transplantation, and 386 (80.6%) at one year. 
At the end of the follow-up 234 (48.9%) patients were alive. Of the whole cohort, 21 
patients (4.4%) had a history of pre-transplant cancer: six lymphomas, two acute 
myeloid leukemia (AML) and 13 other cancers, including four breast cancers and 
four basal cell carcinomas. In all except one of the patients with history of lymphoma 
or AML, dilated cardiomyopathy (DCM) and HF was considered to have developed 
due to the myocardial damage caused by the anthracycline chemotherapy.   
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5.2. VA ECMO in refractory CS and CA 

5.2.1 Survival (Studies I and II) 

In study I, hospital discharge survival was 63.9% and one-year survival 60.9%. 
Survival to discharge according to the etiology of CS was highest in myocarditis, 
81.3%, followed by cardiomyopathy 75.0%, miscellaneous 66.7%, PCS 65.2%, PGD 
56.3% and lowest in ACS, 44.0%. The hospital survival and the one-year survival 
did not differ significantly in any etiology group. For patients bridged directly to 
HTx, both hospital discharge survival and one-year survival were 93.8%, and for 
patients bridged to VAD 73.3%. Patients treated with ECPR had hospital discharge 
and one-year survival of 31.8%.  

The most frequent causes of in-hospital death in study I were multiorgan failure 
(64.6%), hypoxic-ischemic encephalopathy (16.7%) and stroke (8.3%). Of the 
etiologies of CS, ACS was more frequent in non-survivors, while other etiologies of 
CS did not differ between survivors and non-survivors, as did not age, sex and body 
mass index (Table 2). The survivors had lower arterial lactate and higher arterial 
HCO3 concentration before VA ECMO implantation, and the SAVE-score149 was 
significantly higher for hospital survivors. ECPR and renal replacement therapy 
(RRT) were more common in non-survivors, and the need of packed red blood cell 
(RBC) transfusions was higher in the non-survivors (Table 2). 

In study II, hospital discharge survival was 65.7% and one-year survival 64.7%. 
Survival to discharge according to the etiology of CS was 83.3% in myocarditis, 
74.1% in PCS, 69.6% in cardiomyopathy, in PGD 69.2%, in ACS 45.5% and in 
miscellaneous 40.0%. Survival of patients bridged to HTx was 100% and after 
bridging to VAD, 80.0%. After ECPR, hospital discharge and one-year survival were 
20.8%. ACS was significantly more common etiology of CS among the non-
survivors as in study I, while other etiologies did not differ according to the survival. 
Length of the hospitalization and ICU care were significantly shorter for non-
survivors. The median length of VA ECMO treatment did not differ significantly 
between survivors and non-survivors (6 days vs. 4 days). 
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 All 
patients 

Hospital 
survivors 

 Non-
survivors 

p -
value 

 n=133 n=85 n=48  
Pre-implantation data     
Age (years) (median (IQR)) 53 (18) 51 (18) 55 (16) 0.10 
Male sex (n; %) 93 (69.9) 61 (71.8) 32 (66.7) 0.54 
BMI (mean (SD)) 27.1 (9.6) 26.6 (4.1) 28.1 (6.7) 0.20 
Lactate (mmol/l) (mean; SD) 7.0 (5.3) 5.9 (4.8) 9.0 (5.6) 0.002 
HCO3 (mmol/l) (mean; SD) 17.2 (4.7) 18.4 (4.4) 15.0 (4.4) <0.001 
SAVE-score (mean; SD) -7.9 (6.2) -5.7 (5.5) -12 (5.4) <0.001 
INTERMACS profile 1 (n; %) 121 (91.0) 76 (89.4) 45 (93.8) 0.40 
Non-refractory CA before ECMO (n; %) 31 (23.3) 18 (21.2) 13 (27.1) 0.44 
Refractory CA and ECPR (n; %) 22 (16.5) 7 (8.2) 15 (31.3) 0.001 
Time from arrest to ECPR (min) (mean; SD) 50.9 (34.3) 40.4 (29.7) 55.8 (36.2) 0.31 
ICU -data     
ECMO duration (days; median; IQR) 6 (7) 6 (5) 7 (9) 0.57 
ICU duration (days; median; IQR) 14 (20) 18 (19) 9 (26) 0.006 
Days on ventilator (median; IQR) 8 (12) 7 (12) 8 (16) 0.73 
Units of RBC/day during ICU (mean; SD) 3.2 (5.5) 1.4 (0.8) 6.2 (8.4) <0.001 
Need of RRT during ICU-care (n; %) 64 (49.6) 35 (41.2) 29 (60.4) 0.04 
IABP in addition to ECMO (n; %) 36 (27.1) 25 (29.4) 11 (22.9) 0.46 

 

Table 2. Pairwise comparison of the baseline characteristics of the hospital survivors and non-
survivors at VA ECMO implantation (Study I), together with the characteristics of the ICU 
care. 

BMI body mass index; CA cardiac arrest; ECPR extracorporeal cardiopulmonary 
resuscitation; HCO3 bicarbonate; IABP intra-aortic balloon pump; ICU intensive care unit; 
INTERMACS Interagency Registry for Mechanically Assisted Circulatory Support; IQR 
interquartile range; RBC red blood cells; RRT renal replacement therapy; SAVE-score 
survival after venoarterial ECMO-score; SD standard deviation; VA ECMO venoarterial 
extracorporeal membrane oxygenation 

 

In multivariable logistic regression analysis, lower arterial HCO3 concentration at 
VA ECMO implantation (OR 1.2 / mmol/l; 95% CI 1.09-1.33; p < 0.001) and higher 
need for packed RBC transfusions during the ICU-stay (OR 1.9 / unit of RBCs/ICU-
day; 95% CI 1.39-2.57; p < 0.001) remained independently associated with in-
hospital mortality. 
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5.2.2. Adverse events 

In the cohort of study I, hypoxic-ischemic encephalopathy (HIE) was detected in 21 
(15.8%) patients, of whom 18 (85.7%) had been resuscitated before or during VA 
ECMO implantation. Stroke occurred in 22 (16.5%) patients, four of whom had both 
stroke and HIE. Of the stroke patients, 50% survived to discharge without disabling 
symptoms (class 0-2 on the Modified Rankin Scale151). ECPR was associated with a 
significantly increased risk of major complication during the VA ECMO (stroke, 
hypoxic-ischemic encephalopathy or displacement of cannulas; OR 7.1, 95% 
confidence interval (CI) 2.5 – 19.9, p < 0.0001). Lower limb ischemia during VA 
ECMO occurred in 10.5% of the patients, 6% needing fasciotomies. Use of IABP 
associated to increased risk of lower limb ischemia (OR 3.0, 95% CI 1.0 – 9.4, p = 
0.05). No amputations were performed during the ICU stay. A distal lower limb 
amputation due to ischemic ulcers of the digits was performed later on two patients. 
One fifth of the patients required prolonged wound care by a nurse for cannulation 
site or fasciotomy wounds, ischemic ulcer, or decubitus. 

5.2.3 Health related quality of life (study I) 

5.2.3.1 EQ-5D-3L 

In EQ-5D-3L, the VA ECMO-patients’ mean index score was 0.82, equal to the 
Finnish population reference (0.80, p=0.62). There was no significant difference in 
EQ-5D-3L between HTx patients (n=20) and non-HTx patients (n=27; index score 
0.87 vs 0.78, p= 0.19).  The respondents who had suffered a severe complication 
during the hospitalization (n=12; stroke, hypoxic-ischaemic encephalopathy, or 
permanent dependency on dialysis), had significantly lower mean index score (0.70 
vs 0.85, p< 0.05) compared to other patients. The mean general health perception in 
the cohort reported on VAS was 75.0 (SD 16.4, reference range 1 - 100). None of the 
respondents lived in a care facility. Of the respondents < 60 years old, 55% had 
returned to work or to study. Of the patients older than 60, all but two were retired. 
Of the four participants treated with ECPR, two had returned to work. 
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5.2.3.2 SF-36 

In the SF-36, VA ECMO patients had equal or higher scores than the Finnish 
population in other dimensions than the physical health. (Figure 2A) Compared with 
the Finnish population with chronic illness, the study cohort had equal or higher 
scores in all dimensions: better emotional well-being, more energy, less pain and less 
role limitations due to emotional problems. (Figure 2B) When comparing the scores 
of the patients in the cohort who had undergone HTx before or from VA ECMO with 
the non-HTx patients of the cohort, the HTx patients reported significantly better 
HRQoL in five of the eight dimensions, and similar in others. (Figure 2C) HTx 
patients also reported better emotional well-being (84.6 vs 73.7, p< 0.01) and more 
energy (75.5 vs 64.0, p< 0.05) compared to the general population. Patients who had 
suffered a severe complication during the hospitalization had lower scores than other 
patients in all dimensions, but the difference was significant only in physical 
functioning (65.4 vs 81.4, p < 0.05), and near the significance level in social 
functioning and pain (72.9 vs 84.8 and 71.0 vs 84.9, p=0.06). 
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Figures 2A, 2B and 2C. Comparison of SF-36 scores (standard deviations shown as lines) of 
VA ECMO treated patients with general population (2A), with chronically ill population (2B) 
and comparison inside the VA ECMO cohort of patients who underwent HTx before or from 
VA ECMO and who did not (2C). In all dimensions, including pain, higher scores equal less 
problems. * = p< 0.05.  

HTx heart transplantation; VA ECMO venoarterial extracorporeal membrane oxygenation 
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5.2.4 Costs and cost-utility (study II) 

The effective costs per one-year survivor were 245 974€. Median in-hospital costs 
per patient were 129 967€ (Figure 4). The costs were significantly higher for one-
year survivors (149 701€; IQR 146 600€) than for non-survivors (66 603€; IQR 155 
238€). The median in-hospital costs differed significantly according to the etiology 
of CS or CA (Figure 4).  

 
Figure 4. Box plot of the costs of index hospitalization (in Euros) by etiology of CS or CA.  

ACS acute coronary syndrome; CA cardiac arrest; CS cardiogenic shock; HTx heart 
transplantation  

The median one-year hospital-related costs after the index hospitalization were 16 
505€ per patient (Table 3). By the etiology of CS or CA, the median one-year costs 
varied from 8 915€ in PCS group to 20 224€ in post-HTx group, but the variance was 
statistically non-significant. The in-hospital costs and the one-year costs were higher 
for the patients who received a VAD or underwent HTx during the index 
hospitalization compared to those who did not (Table 3). The costs did not differ 
between the VAD and the heart transplant recipients. The in-hospital costs of ECPR 
treated patients were significantly lower than the patients’ who did not require ECPR 
(median costs 39 236€ vs. 152 894€; p < 0.001). The one-year costs had a tendency 
to be higher for the ECPR patients (median costs 45 648€ vs. 30 140€; p=0.23).  



45 
 

 

 All patients  

VAD or HTx 
  

No VAD or 
HTx 

In-hospital costs (€; median; IQR)  129 967 
(150340) 

244 361  
(123 997) 

78 426  
(87 219)* 

1-year costs (€; median (IQR))  16 505  
(28 278) 

21 959  
(42 764) 

6 400  
(29 125)* 

QALYs (mean (SD)) 20.9 (9.7) 18.6 (9.1) 22.7 (9.93) 

Costs/QALY (€; median; IQR)  7 474  
(10 973) 

15 551  
(11 792) 

6 064  
(5 159)* 

QALYs (3.5% discount) (mean (SD)) 13.0 (4.6) 12.5 (5.1) 13.4 (4.2) 

Costs/QALY (3.5% discount)  
(€; median; IQR) 

12 642  
(15 059) 

21 451  
(11 860) 

8 967  
(8 659)* 

 

Table 4. Cost, QALYs and costs per QALY (in Euros) for all patients of the cohort, and 
separately according to VAD or heart transplant recipiency during the index hospitalization. 
Comparison made between the two subgroups; * p>0.05.  

HTx heart transplantation; IQR interquartile range; QALY quality-adjusted life years; SD 
standard deviation; VAD ventricular assist device   

 

Of the patients contacted for studying the QALYs, 69.7% returned the EQ-5D-3L 
questionnaire. Of the responders under 60 years old, 47% had returned to work or to 
study, 10% were temporarily unable to work, and 37% retired. Of the patients 60 
years and older, 22% were working while 78% were retired.  The mean EQ-5D-3L 
index score of the responders was 0.84 (SD 0.19), and the mean index score 
calculated for the non-responders 0.68 (SD 0.12). For HTx recipients, the mean index 
score was 0.86 (SD 0.19), and for ECPR patients 0.67 (0.25). The HRQoL reported 
by the patients did not differ from the Finnish population reference of EQ-5D-3L 
(mean index score 0.82). Mean expected life years gained by the treatment were 26.2 
(SD 9.9). Mean predicted number of QALYs gained by the treatment without 
discount was 20.9 (SD 9.7), and the median cost per QALY 7 474€ (IQR 10 973€). 
Number of predicted QALYs gained and their costs with discount are shown in Table 
4. The costs per QALY according to the etiology of CS or CA are shown in Figure 5, 
and according the VAD or HTx recipiency during the index hospitalization in Table 
4. The costs per QALY of the ECPR survivors did not differ from the costs per QALY 
of the other patients (p=0.40).  The costs per QALY did not differ between patients 
under 60 years and patients 60 years and older. 
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Figure 5. Box plot of the costs per QALY (in Euros) without discount by etiology of CS or 
CA.  

ACS acute coronary syndrome; CA cardiac arrest; CS cardiogenic shock; HTx heart 
transplantation; QALY quality-adjusted life years  
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5.3. Cancer risk and cancer mortality after HTx 

5.3.1 Cancer incidence, SIRs and absolute excess risk 

During the follow-up 267 cancers occurred in 143 patients. The cumulative cancer 
incidence in the survivors was at 1 year 0.3%, at 5 years 8.7%, at 10 years 22.3% and 
at 20 years 52.4%. Nearly all cancers, 96.3%, occurred in men. Median time from 
HTx to any cancer was 8.9 years (IQR 8.9). Median time to solid organ cancer was 
9.8 years (IQR 9.1), to NMSC 9.8 years (IQR 9.6), and to lymphoma 9.0 years (IQR 
9.3). Of the 21 patients with history of pre-transplant cancer, none developed a 
relapse of the prior cancer. However, 11 (52.0%) developed a de-novo cancer after 
HTx.  

Of all cancers, most frequent were NMSCs (basal cell carcinoma 83 cases; 31.1% of 
all cancers in the cohort; SIR 10.5, and squamous cell cancer 56; 21.0%; SIR 51.9), 
followed by NHL (36; 13.5%; SIR 25.7). Of solid organ cancers, most common were 
lung cancer (17; 6.4%; SIR 3.9), prostate cancer (16; 6.0%; SIR 1.5) and kidney 
cancer (12; 4.5%; SIR 9.5). All cancers with a minimum of two cases detected in the 
cohort with their corresponding SIRs are shown in Table 5. One case of following 
cancers was detected: acute myeloid leukemia, myelodysplastic syndrome; 
carcinomas of esophagus, liver, pancreas, and brain and central nervous system, 
salivary glands, nose and sinuses, pharynx and oral carcinoma other than tongue. No 
breast cancer, gynecological or rectal cancers were detected. 

SIR for overall cancer including NMSCs was 6.0 (95% confidence interval (CI) 5.3-
6.7), and excluding NMSCs, 3.6 (95% CI 3.0-4.2). The overall SIR including NMSCs 
was four times higher for men (6.7; 95% CI 5.9-7.5) than for women (1.4; 95% CI 
0.6-2.6). Of different cancers with at least two detected cases, SIRs were highest for 
squamous cell skin cancer (SIR 51.9; 95% CI 39.2-67.4), lip cancer (47.4; 95% CI 
19.1-97.7), cancer of tongue (26.3; 95% CI 7.2-67.4), and NHL (25.7; 95% CI 18.0-
35.6).  
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Cancer / Cancer site OBS EXP SIR 95% CI p-value 
All sites 267 44.9 6.0 5.3-6.7 <0.001 
All sites excluding NMSC 128 35.9 3.6 3.0-4.2 <0.001 
Skin, basal cell carcinoma 83 7.9 10.5 8.4-13.0 <0.001 
Skin, squamous cell carcinoma 56 1.1 51.9 39.2-67.4 <0.001 
Non-Hodgkin lymphoma 36 1.4 25.7 18.0-35.6 <0.001 
Lungs and trachea 17 4.4 3.9 2.3-6.3 <0.001 
Prostate 15 10.3 1.5 0.8-2.4 0.20 
Lip 7 0.2 47.4 19.1-97.7 <0.001 
Colon 7 1.9 3.7 1.5-7.6 <0.01 
Chronic lymphatic leukemia 3 0.8 3.9 0.8-11.4 0.09 
Hodgkin lymphoma 2 0.1 15.2 1.8-54.8 <0.001 
Stomach 2 1.0 2.0 0.2-7.3 0.61 
Ill -defined or unknown 2 0.6 3.3 0.4-11.8 0.25 

 

Table 5. All cancers with a minimum of two cases detected in the cohort with their 
corresponding SIRs, ordered by frequency in the cohort.  
 
CI confidence interval; EXP expected; OBS observed, NMSC non-melanoma skin cancer; 
SIR standardized incidence ratio 
 

 

The overall SIR was clearly elevated from the beginning of the follow-up and further 
increased by time since transplantation (Figure 6). For most cancers, the SIR was 
highest beyond 10 years from HTx. For NHL, SIR was highly elevated (24.4; 95% 
CI 3.0-88.2) already from the first year after HTx, further increasing to 31.0 (95% CI 
15.6.57.1) at 10-15 years after HTx. 
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Figure 6. Cancer-specific standardized incidence ratio with as a function of time since heart 
transplantation. 

HTx heart transplantation; SIR standardized incidence ratio 

 

Cancer risk compared to population was most elevated in the youngest patients, i.e. 
under 40 years at transplantation: SIR for overall cancer including NMSCs was 15.4 
(95% CI 10.8-21.1). The risk decreased by age at HTx: SIR was 9.2 (95% CI 7.3-
11.4) for patients 40 to 49 years, 4.8 (95% CI 4.0-5.8) for patients 50 to 59 years, and 
3.7 (95% CI 2.6-5.0) for patients ≥ 60 years.  

The absolute excess risk of any cancer including NMSCs in the whole cohort during 
the follow-up was 49.5 cases /1000 person-years at risk, and excluding NMSCs, 19.7 
cases /1000 person-years. The excess risk increased by age at HTx: AER was 31.7 
cases /1000 person-years for patients under 40 years; 57.0 cases /1000 person-years 
for patients 40 to 49 years; 53.2 cases /1000 person-years for patients 50 to 59 years, 
and 51.2 cases /1000 person-years for patients 60 years or older. 
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5.3.2 Cancer mortality 

Cancer was registered as the cause of death for 52 patients, representing 21.2% of all 
deaths in the cohort during the follow-up. Most common cancer causing the death 
was NHL. The cancer-specific SMR for the whole cohort during the follow-up was 
3.1 (95% CI 2.4-4.1). Nine cancer deaths (17.3%) occurred during the first five years 
after HTx. Risk of cancer death increased over time since HTx: SMR was 2.3 (95% 
CI 0.8-4.9) in first five years from HTx and 4.6 (95% CI 2.0-8.8) beyond 20 years 
from HTx (Figure 7). The SMR was higher for men (3.3; 95% CI 2.5-4.3) than for 
women (1.8; 95% CI 0.5-4.7). According to the patients’ age, the SMR was highest 
for young patients: 8.0 (95% CI 2.5-18.6) for patients under 40 years at 
transplantation, 5.8 (95% CI 3.3-9.3) for patients 40 to 49 years, 2.0 (95% CI 1.3-3.2) 
for patients 50 to 59 years, and 3.2 (95% CI 1.8-5.2) for patients 60 years and older 
at transplantation. 

 

 

 

Figure 7. Cancer-specific standardized mortality ratio as a function of time since heart 
transplantation. 

HTx heart transplantation; SMR standardized mortality ratio 
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6 DISCUSSION 

6.1. VA ECMO in refractory CS and CA 

6.1.2 Survival 

The use of VA ECMO in CS has expanded fast during the past two decades even 
though it requires high resources and is considered to be prone to complications. The 
increasing use have been made possible by the technical development of ECMO 
circuits that have decreased the level of anticoagulation needed.152,153 The reported 
hospital and one year survival for the majority of cohorts have been relatively low, 
approximately 15-35%. Survival rates of 50-65% have also been reported, and in 
general a tendency to higher survival in the more recent cohorts is seen.64,65,68,70-74 
Hospital survival in our cohorts was 64% (study I) and 66% (study II), and one year 
survival 61% and 65%, correspondingly. In refractory CA, the survival was lower 
(32% in study I, 21% in study II) but on the same level as reported previously.78,154 
Though the ECPR patients had lower survival than other VA ECMO patients, ECPR 
have been shown to provide survival benefit in refractory CA compared to 
conventional CPR, and is thus justified for patients meeting the general VA ECMO 
criteria.78,155  

Of the specific etiologies of CS, myocarditis patients had the best survival in both 
studies I and II, and ACS the lowest, similar to other reports.73,121 Survival of patients 
bridged to HTx or VAD in our cohorts was good: 94% and 100% after bridging to 
HTx, and 73% and 80% after bridging to VAD. Bridging to HTx or VAD with VA 
ECMO as a has been a contradictory question, as the survival after HTx for the VA 
ECMO bridged patients has been lower compared to other HTx patients.14,156 
However, it should be taken account that these patients have most likely been in 
refractory CS deteriorating rapidly, with little or no changes to recover or become 
eligible to HTx without the VA ECMO. Recently, bridging with VA ECMO to a 
VAD and performing HTx later from the VAD have yielded improved survival and 
become a more common strategy, as the outcomes after VAD implantation from VA 
ECMO have been good.14,157-160 

The wide variation of the reported survival of VA ECMO treated CS patients 
demonstrates the heterogeneity of the CS patients and the complexity of the patient 
selection. In study I, the independent predictors of in-hospital death were deeper 
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acidosis (lower arterial HCO3 concentration) and higher need of RBC transfusions 
during the ICU care. Bleeding is a relatively common problem with ECMO due to 
the anticoagulation, probably affected by multiple patient and ECMO circuit 
dependent factors, and it has been shown to associate to increased mortality.54,58,161 
Compared with the survivors in study I, the non-survivors had also higher lactate 
levels at VA ECMO implantation, they needed more frequently RRT, and had more 
often ACS as the etiology of CS. These are similar findings than reported on other 
cohorts.67,68 Age was not associated to death in our cohort, unlike often 
reported.67,76,162 This might be due to the somewhat younger population in our study, 
similar to some other cohorts where age wasn’t a predictor of survival.68,73 
Complication rates in study I did not differ from the rates reported for other VA 
ECMO treated CS cohorts. The number of strokes was slightly higher than reported 
in most studies, but this is likely to be due to the fact that reporting neurological 
complications varies between the studies, many reporting only fatal or clinically 
severe events while we reported all lesions detected in computer tomography, despite 
the severity or persistence of clinical symptoms.58,72,73,121 

6.1.2 HRQoL 

HRQoL of the VA ECMO treated CS patients in study II was mostly non-inferior to 
the population reference: there was no difference in EQ-5D-3L, and only the physical 
dimensions of SF-36 were lower while the emotional well-being was better than the 
population reference. Compared with the Finnish population with chronic illnesses, 
the HRQoL of VA ECMO patients in SF-36 was better. In previous reports on the 
HRQoL after VA ECMO, the physical dimensions of experienced heath have also 
been the most affected ones. In some studies, general health, social functioning and 
mental dimensions have also been impaired.61,65,76,121 More than half of the patients 
aged under 60 years in our study had returned to work, indicating good recovery and 
little or no limitations in daily life.  

Patients who had undergone HTx reported better HRQoL than other patients, with 
limitations only in physical functioning. Emotional well-being was better than 
reported by the population. Quality of life after HTx have been found good and 
relatively stable in follow-up, psychological aspects and social functioning and 
interaction affecting most the satisfaction.163-166 HTx changes enormously the life of 
the patients, as end-stage HF causes exercise intolerance and limitations in daily life, 
often narrowing the possibilities to work and to participate social life. HRQoL have 
been shown to improve significantly after HTx compared to the time of listing for 
HTx.123,124 Even patients who had undergone urgent HTx without having been listed 
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for HTx previously have reported relatively good HRQoL.127  Non-inferior or better 
general or emotional health experience after HTx compared to the population, despite 
limitations experienced in physical health, have been reported also in other 
studies.125,126,167 This could be due to the severe limitations and symptoms most of the 
patients have been living with for years prior to the HTx. The ECPR survivors in 
studies I and II tended to have lower score in EQ-5D-3L even the difference was non-
significant. SF-36 scores could not be compared due to small number of participants. 
HRQoL after ECPR have been found impaired in previous studies as well.79,122 
However, the recovery can be good even in ECPR patients: two of the six ECPR 
survivors aged under 60 years in our cohort had returned to work. 

6.1.3 Costs and cost-utility 

The total in-hospital costs of VA ECMO treated CS and CA patients in study II varied 
widely, between approx. 50 000€ - 240 000€, depending on the survival and other 
surgical procedures performed. HTx and VAD implantation increased the costs, as 
did prolonged ICU stay. The median costs per day of approx. 4000€ were on the same 
level as reported in Europe, and half of the costs in US, even the survival in our cohort 
was significantly higher (17% and 34% vs. 65%, correspondingly).162,168 This most 
likely reflects the differences in the health care cost formation and financing of the 
health care more than differences in the care.  

The median one-year inpatient and outpatient costs after the index hospitalization 
were 16 500€ per patient. For patients who did not undergo HTx or receive a VAD, 
the costs were only 6 400€. For patients with HTx or VAD, median one-year costs 
were 22 000€, indicating that the need of hospitalization or new procedures during 
the first year was low. Other one year costs than direct hospital inpatient and 
outpatient costs were not included in study II, but it can be assumed that the 
distribution of the total costs is similar to that reported in a recent Finnish study on 
CA patients treated in ICU, where hospital care counted for 74% and rehabilitation 
and social security reimbursements for 26% of all health-care associated one-year 
costs.169 This would form a median of total one-year healthcare associated costs of 
approx. 220 000€ per survivor, while the median one-year total health-care costs of 
a CA survivor treated in a Finnish ICU without VA ECMO were 62 500-88 800€.169 

The median costs per QALY in study II remained relatively low in all patient groups: 
approx. 5 000-10 000€ without discount, and 6 000-16 000€ with the 3.5% annual 
discount. Cost of QALY in intensive care has been recently studied in Finland in 
several studies. In a mixed ICU cohort, the estimated lifetime QALYs gained were 
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10.7 and the cost per QALY with 3% annual discount $8 460 (approx. 7700€).170 In 
acute respiratory failure treated with either non-invasive ventilatory support or 
mechanical ventilation, the mean costs per QALY were only 1 400€, with a mean of 
11.3 predicted lifetime QALYs gained, but no discounting was used.171 Compared to 
these numbers, the costs of VA ECMO patients were two to four times higher but 
significantly more QALYs were gained.169-171 The cost of QALY in the mixed ICU 
cohort170 was on the same level with the 8 967€ for VA ECMO patients who did not 
require VAD or HTx. For the patients who did undergo VAD implantation or HTx, 
the cost per QALY with the 3.5% discount was 21 451€, still remaining under the 
internationally suggested thresholds.132,135  

QALY as a concept has received criticism for being outdated, and for the fact that the 
instrument used to measure the HRQoL and the method to calculate the QALYs may 
affect the outcome. In study II, EQ-5D-3L was used as it is the most used HRQoL 
instrument in QALY calculation and thus yields comparable results. Discounting was 
used as it is an important concept in health economics.129,131,172,173 Lately, QALY and 
measuring its costs have however returned to public conversation as one measure in 
a need to prioritize in the health care. 

6.2 Cancer risk after HTx 

Survival after HTx has steadily improved during the last decades. In ISHLT statistics, 
in the 90’s five year survival after HTx was 69%, while it currently is 75%.14 Long-
term health and survival after HTx is most limited by CAV and cancers. The 
incidence and progression of CAV have decreased due to the routine use of statins 
after HTx and the advances in the immunosuppression.174 Cancer incidence after HTx 
has decreased as well. For the patients with HTx performed in 1994-2004, cancer was 
detected in 19% of the patients by five years from HTx, compared to the 16% in 
patients with HTx in 2004-2016. Cancer however remains the main cause of death 
later than five years from HTx, causing approximately 20-25% of all deaths.14 

Study III showed the cancer risk after HTx to be 6.0 times higher than the Finnish 
general population’s cancer risk, and the risk of cancer death 3.1 times higher. Overall 
cancer SIR was significantly higher for men than for women, and for young patients 
than for older, as common in transplantation cohorts.93,99,100,175 HTx recipients’ cancer 
risk has not been studied in Finland before, while kidney transplant recipients’ cancer 
risk have been found 3.3 times higher than population’s risk, and liver transplant 
recipients’ 2.6 times higher.176,177  
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The overall cancer SIR 6.0 in our cohort was higher compared to the SIRs 2.5-3.3 
reported for HTx recipients. However, these studied did not include NMSCs.95,99,100 
Overall SIR without NMSCs in our cohort was 3.6, which is on the same level with 
the previous reports. In a Swedish pooled cohort of heart and lung transplant 
recipients, SIR for overall cancer was as high as 10.0, and excluding SCC, 3.3.101 The 
high overall risk was however probably driven by the even higher cancer risk of the 
lung transplant recipients compared to HTx recipients.95,99 The cancer-specific SMR 
3.1 in our cohort did not differ from the risk of cancer death reported earlier for HTx 
recipients.178,179 

NMSCs were the most common cancers in our cohort, counting for 52% of all cancers 
detected, as usual after HTx and other solid organ transplantation.94,96,180,181 The huge 
excess of SCC of the skin in transplant recipients has been suspected to associate to 
human papilloma virus, which has a strong association to the SCC of head and neck 
region.108,182-186 SIRs for cancer of lip (47) and cancer of tongue (26) were high in our 
cohort as reported on other cohorts as well. NHL was frequent as expected (36 cases) 
and the risk markedly elevated (SIR 26), corresponding the reports on NHL after HTx 
(SIRs 20-26).99,100,187 Some studies have reported lower risk for NHL after HTx, SIRs 
7-8, though even this risk level is still high.93,95 Other cancers frequent in our cohort 
were cancers that are common also in the Finnish population: lung, kidney and 
prostate cancer. However, the risk was significantly elevated for most cancers, and 
for no cancer lower compared to the population. 

We were unable to compare the cancer risk according to the ATG use, as nearly all 
patients had received it as a part of the routine induction immunosuppression 
protocol; only during the last three years included in the cohort, ATG was not 
administered to all patients. The use of ATG associated to increased risk of NHL in 
a Swedish cohort study of solid organ transplant recipients.187 Decreasing incidence 
of PTLD after both heart and lung transplantation has been reported recently, 
coinciding with the decline in use of ATG and shifting towards less aggressive 
immunosuppression.98,188 Similar declining incidence of NMSCs and NHL has been 
reported in a pooled study on solid organ transplant recipients and in liver transplant 
recipients as well, though the risk remains high.189,190  

In the follow-ups of HTx patients, it is important to keep the possibility of cancer in 
mind if new symptoms occur in order to detect the cancers as early as possible. 
Regular skin check-up should be ensured for HTx recipients. 
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6.3. Limitations 

The main limitations of studies I and II are that the studies were retrospective, except 
the HRQoL part. Even though the cohorts were medium-sized, the etiology groups 
were small, limiting the comparison of the survival, costs and cost-utility between the 
etiology groups. The original patient selection in studies I and II cannot be re-
evaluated as there is no register for the patients not accepted for VA ECMO. This 
may create unintended selection bias to the cohort, mostly concerning the first years 
of the cohort in the study I when the VA ECMO criteria were not as clearly stated as 
they have been for last years.  

Both in studies I and II, the HRQoL was measured only once after the VA ECMO. 
Further follow-up of HRQoL would give more reliable information on long-term 
HRQoL and allow more precise QALY calculation. Other than hospital-related health 
care costs were not included in study II, as usual in a cost-utility analysis. Concerning 
both studies I and II, as the studies were carried out in a transplant and VAD center, 
the results cannot be directly generalized to smaller, non-transplant centers using VA 
ECMO, or concerning the costs and cost-utility, to other countries.  

In study III, the main limitation was the relatively small cohort, though the cohort 
included all Finnish HTx patients, the follow-up time was long and the cancer data 
extremely reliable. The limited size of the cohort resulted in small number of cases 
for many of the cancer sites, possibly affecting the reliability of the SIRs. In addition, 
it was not possible to compare the long-term cancer risk of patients having received 
the transplant during different immunosuppression protocol eras, as the current 
protocol has been used only since 2011, not allowing enough follow-up for the 
patients having undergone HTx in this latter era. 

6.4. Future Perspectives 

The number of patients treated with VA ECMO have rapidly grown during the latest 
years. In a few years’ time, data on significantly larger cohorts will be available and 
need to be evaluated to further improve the treatment strategies in CS, concerning 
especially the patient selection, the timing of the VA ECMO implantation, and the 
strategies for bridging to VAD or to HTx. More studies are however still needed to 
further optimize the use of treatment.  
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As the treatment of both acute and chronic cardiac diseases keeps evolving, the 
number of patients potentially profiting of circulatory support with VA ECMO or 
other temporary MCS, or of HTx as a definitive treatment, is growing. Considering 
this and the economic pressure created by the increasing health care costs, in future 
the patient selection for VA ECMO and other resource-requiring treatments of acute 
HF will be even more crucial. Health care costs are a topic gaining more and more 
importance even in public conversation and politics, and thus more data on the costs 
and cost-utility of treatments will be necessary. 

The prognosis of HTx patients in Finland is currently among the best in the word. 
Especially the short-term prognosis has improved rapidly during the last decades. To 
further improve the survival and decrease the long-term complications and morbidity, 
the long-term challenges needs to be addressed more vigorously. Standard use of 
statins has already decreased the vasculopathy and increased the graft and patient 
survival after HTx. Immune suppression has been shifted towards lower target levels 
and more tailored care during the last decade. Whether this will decrease the cancer 
risk after HTx remains to be seen when enough follow-up time is available, but much 
hope is laid in it.  
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7 CONCLUSIONS 

7.1 VA ECMO in refractory CS and CA 

The results of studies I and II demonstrate that VA ECMO can be used successfully 
and with reasonable costs in refractory CS and CA in patients meeting the general 
HTx criteria. Deeper acidosis at the implantation of VA ECMO predicted in-hospital 
mortality, highlighting the importance of the timing of the circulatory support: late 
decision and implantation decreases the patient’s changes to survive. Long-term 
HRQoL of the survivors was comparable with the general population’s HRQoL, and 
HTx recipients even rated their HRQoL partly higher than the general population. Of 
the respondents in working age, more than half had returned to work or to study. The 
costs per QALY gained by the VA ECMO treatment remained below all the 
internationally suggested thresholds for cost-utility in all patient groups, including 
HTx and VAD recipients.  

7.2 Cancer risk after HTx 

The results of study III demonstrate that Finnish HTx recipients are in six times 
higher risk of cancer compared to the general population, and their risk to die of 
cancer is three times higher. Both risks are remarkably more elevated for men than 
for women. The risk for cancer is already elevated in the first years after HTx, and it 
keeps increasing over time since transplantation. NMSCs and NHL are the cancers 
occurring most frequently. To improve the long-term prognosis, cancer risk needs to 
be kept in mine in patient follow-up.  
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