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ABSTRACT

Aim The overall aim of this thesis was to study the prognostic prediction and its associa-
tion with treatment strategies in the elderly patients presenting with acute coronary syn-
drome (ACS) and left ventricular systolic heart failure (HF). 

Methods: A total 353 octogenarians with ACS, 182 patients treated with percutaneous 
coronary intervention (PCI) and 171 treated without PCI, were consecutively included 
and retrospectively studied for prognostic predictors of long-term all-cause mortality. 
Moreover, 140 patients >70 years were prospectively studied for prognostic predictors 
for major adverse cardiovascular events (MACE) in patients with ACS referred for coro-
nary angiography. In case of heart failure, 182 octogenarians with left ventricular systolic 
HF were consecutively included and retrospectively studied for impact of different dose 
levels of guideline recommended neurohormonal blockades, beta-blockers (BBs) and  an-
giotensin converting enzyme inhibitors (ACEIs)/ angiotensin receptor blockers (ARBs), 
on long-term mortality. 

Results: In ACS-cohorts: Cox-regression analysis of octogenarian patients with ACS  
treated with PCI showed following factors as independent predictors of 5-year  all-cause 
mortality:  atrial fi brillation, mitral regurgitation (MR), tricuspid regurgitation (TR), esti-
mated glomerular fi ltration rate (eGFR) <30 ml/min and dependency in activities of daily 
living. Furthermore, in the overall cohort of octogenarians with ACS, both PCI-treated 
and non-PCI-treated, PCI was associated with lower 5-year all-cause mortality. At least 
mild grade MR was associated with higher 5-year all-cause mortality and PCI was associ-
ated with improved prognosis even in patients with MR compared with patients with MR 
treated without PCI. Finally,  in a prospective cohort of ACS patients >70 years referred 
for coronary angiography, during an average follow-up of 39+11 months, 41% of the 
patients had one or more MACE and 24% developed post-ACS heart failure. The study 
cohort had as good  quality of life as an age-matched reference population from Swedish 
normative SF-36 database in both physical health subscales (physical functioning, role 
physical, bodily pain and general health) and mental health subscales (Vitality, social 
functioning, role emotional and mental health). The all-cause mortality rate was 10%.

In heart failure cohort:  In octogenarians with left ventricular systolic HF treated with  
highest tolerable doses of  neurohormonal blockades, target dose of ACEIs/ARBs were as-
sociated with improved 5-year survival rate, despite that this was achievable in only about 
half of the patients. No signifi cant differences in survival were found between the different 
doses of BBs; however the heart rate was comparable between the different dose groups.

Conclusion: In elderly patients with ACS, PCI was associated with improved long-term 
survival despite high age. Several prognostic predictors including MR were identifi ed. 
Moreover, in the modern era of reperfusion therapy, despite improved quality of life and 
low mortality rate MACE occurred frequently in elderly patients after ACS indicating fur-
ther need of tailored care. In octogenarian patients with systolic HF, target dose of ACEIs/
ARBs was associated with reduced fi ve-year all-cause mortality, but this dose survival 
relationship did not fi nd in case of the beta-blockers. 

Keywords: acute coronary syndrome, heart failure, percutaneous coronary intervention, 
elderly, octogenarians, beta-blockers, angiotensin converting enzyme inhibitors, angio-
tensin receptor blockers, quality of life, major adverse cardiovascular events.
ISBN: 978-91-628-9559-4          http://hdl.handle.net/ 2077/39561
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PCI   Percutaneous coronary intervention
MI   Myocardial infarction
STEMI   ST-segment elevation myocardial infarction
NSTEMI  Non-ST-segment elevation myocardial infarction
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HFrEF   Heart failure with reduced ejection fraction
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eGFR   Estimated glomerular fi ltration rate.
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ACEIs   Angiotensin converting enzyme inhibitors
ARBs   Angiotensin receptor blockers
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PS   Propensity score
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INTRODUCTION

Defi nition of the elderly

In developed world it is generally accepted to use the age of 65 years as a defi nition 
of ‘elderly’ or older person. This has however not been adopted in developing coun-
tries where their citizens receive pension benefi ts earlier, usually at 60 years old. The 
defi nition is therefore more arbitrary. World Health Organization (WHO) has accepted 
60+ years as a cutoff to refer to the older population.  

In different studies in the elderly different age limits were used, mostly >70 years1, 
while patients older than 85 years were often classifi ed as ‘very elderly’2. 

An aged population worldwide

The elderly are a growing group in western world and other developed countries3. 
According to data from the United Nations Department of Economic and Social Af-
fairs approximately 8% of the world’s population were 60 years and older in 1950. 
This number had increased to 10 percent by 2000; it is expected to reach 21 percent 
by 2050. The leading causes of death in developed countries are still cardiovascular 
diseases4. Moreover, according to data from the Swedish Central Statistical Bureau 
people >65 years constituted 20% (n, 1 912 884) of Swedish population (2014) and 
the population >80 years was 499 408 persons constituting 5% of the Swedish popula-
tion.

Ageing and cardiovascular system 

There are several specifi c changes in cardiac structure and function associated with 
ageing like; myocyte loss with reactive cellular hypertrophy and alterations in the 
function of myocytes including impaired calcium metabolism and regulation, which 
refl ects an alteration of processes of contraction and relaxation5,6. In addition, contrac-
tile proteins change with age and adenosine triphosphate (ATP) utilization is less effi -
cient in the ageing heart6. Another potential mechanism associated with the higher risk 
of development of heart failure (HF) in advancing age is the shortening of telomeres, 
which has been suggested as a marker of biological and cellular ageing and associ-
ated with development of HF with a subsequent detrimental increase in myocardial 
collagen content and development of fi brosis7. These abnormalities may provide the 
substrate for worsening cardiac function in the setting of exacerbating conditions6. 

Moreover, age-associated changes affect the entire vascular system, causing arterial 
vascular wall fi brosis, thickening and stiffening with endothelial damage and ad-
vanced atherosclerosis8. These mechanisms may culminate not only in the develop-
ment of clinically evident heart failure with preserved ejection fraction (HFpEF), but 
also in the development of arterial hypertension, atrial fi brillation, coronary artery 
disease and cerebrovascular diseases9. 
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Acute coronary syndrome in the elderly 

Defi nition

According to European Society of Cardiology (ESC) guidelines 2015, acute coro-
nary syndrome (ACS) consists of ST elevation ACS (ST-ACS) and Non-ST-segment 
elevation ACS (NSTE-ACS). ST-elevation ACS is defi ned as persisted ST-segment 
elevation >20 minutes combined with symptoms of acute myocardial ischemia. This 
generally refl ects an acute total coronary occlusion and most patients develop an ST-
elevation myocardial infarction (STEMI). NSTE-ACS is defi ned as no persistent 
ST-segment elevation, but either other ischemic ECG changes or no ECG changes, 
combined with symptoms of acute myocardial ischemia. The pathological correlate at 
the myocardial level is either cardiomyocyte necrosis (NSTEMI) or, less frequently, 
myocardial ischemia without cell loss (unstable angina)10,11.

According to ESC guidelines 2015 acute myocardial infarction (MI) is defi ned as 
cardiomyocyte necrosis in a clinical setting consistent with acute myocardial isch-
emia11,12. 

A combination of criteria is required to meet the diagnosis of acute MI, the detection 
of an increase and/or decrease of a myocardial necrosis biomarker, with at least one 
value above the 99th percentile of the upper reference limit and at least one of the 
following: 
    - Symptoms of ischaemia.
    -  New or presumed new signifi cant ST-T wave changes or left bundle branch block 

on 12-lead ECG.
    - Development of pathological Q waves on ECG.
    -  Imaging evidence of new or presumed new loss of viable myocardium or regional 

wall motion abnormality.
    - Intracoronary thrombus detected on angiography or autopsy.

Pathophysiology
Coronary artery atherosclerosis with consequent plaque formation is the pathology 
underlying the coronary artery disease. Plaque growth is dependent on the burden of 
atherogenic risk factors. A growing plaque under certain circumstances may become 
unstable (vulnerable); a plaque with thin fi brous cap and a lipid rich core infi ltrated 
with infl ammatory cells and sometimes with intra plaque hemorrhage. Vulnerable 
plaque is the direct pathology causing acute coronary syndrome via plaque rupture 
with a subsequent intra luminal thrombosis as the fi nal common pathway leading to 
coronary instability13. Moreover, with aging coronary arteries become more tortuous 
with more medial calcifi cation and further impaired endothelial dysfunction. Defi -
nitely with ageing the degree of atherosclerosis continues to increase and it becomes 
more extensive with high prevalence of multivessel coronary disease14.  
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Characteristics
Compared with younger patients, older patients (>65 years) have more often NSTEMI, 
but less STEMI and unstable angina (UA) with higher proportion of female15-24. The 
available data demonstrates an increase of proportion of unstable angina (UA) with 
age showing a peak in the ages 65-74 yeras and thereafter declining15,16,18,19. Elderly 
ACS-patients had higher prevalence of all conventional risk factors except cigarette 
smoking which was more prevalent in the younger groups16. Elderly patients were 
more likely to have comorbidities such as diabetes mellitus, renal insuffi ciency, cere-
brovascular disease, and heart failure. Limited functional capacity and dementia are 
also more common16. Older patients are less likely to present with chest pain, but more 
likely to present with breathlessness or collapse with cardiogenic chock. Silent isch-
emia is more common in the elderly, especially in very old patients 17.

According to the annual report of SWEDEHEART (2014), characteristics of ACS 
patients have markedly changed during the last decades; the average age of MI               
patients increased in the 1990s but has been stable since 2000; between 75–76 years 
for women and 69–70 years for men. 

Prevalence and incidence 
According to data from Global Registry of Acute Coronary Events (GRACE, 
n=24165), elderly patients constitute 53% of all patients with ACS; 28% in 65-74 
years, 20% in 75-84 years and 6% in patients >85 years. Concerning type of ACS, 
31%, 29% and 31% of patients had STEMI in age groups 65-74 years, 75-84 years 
and >85 years, respectively. In case of NSTEMI, 30%, 36% and 41% in age groups 
65-74 years, 75-84 years and >85 years, respectively15. According to data from the an-
nual report of SWEDEHART 2014, 44 089 care episodes were registered, 61% of all 
hospitalizations were due to ACS. Acute MI was present in 42% and unstable angina 
in 7%.  Data from Swedish National Board of Health and Welfare 2013 showed that 
the incidence rate of acute MI/ 100000 residents in younger age groups 50-54, 54-59 
and 60-64 were 179, 293 and 419 respectively. While the incidence rate was much 
higher in the older age groups 571, 853, 1219, 1759 and 3126  in age groups 65-69, 
70-74, 75-79, 80-84 and 85+, respectively. 

Guideline recommended management 
Management of ACS is divided into pharmacological and reperfusion therapy (PCI 
or CABG). The indication for an invasive approach, the timing for myocardial revas-
cularization and the selection of the revascularization modality depend on numerous 
factors, including clinical presentation, comorbidities, risk stratifi cation, presence of 
high-risk features specifi c for a revascularization modality, frailty, cognitive status, 
estimated life expectancy and functional and anatomic severity as well as pattern of 
coronary artery disease (CAD)10,11. Immediate reperfusion is recommended for all ST-
ACS patients (class 1, evidence A). In NSTE-ACS patients, the reperfusion strategies 
are quite different. It depends on the risk stratifi cation.Very high risk patients with 
ongoing ischemia and signs of hemodynamic instability or life threatening arrhyth-
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mias should be managed according to immediate invasive strategy (<2 hours). High 
risk patients (myocardial infarction, dynamic ST-segment or T-wave changes or Grace 
Score >140) should be managed according to early invasive strategy (<24 hours) and 
intermediate risk patients (Grace score 109-140, renal insuffi ciency, left ventricular 
ejection fraction <40%) should be managed according to early invasive strategy (<72 
hours)25-28. Pharmacological therapies with class 1 recommendation are dual platelet 
inhibitors, beta-blockers and anticoagulant (Fundaparinox) in the acute phase10,29-33. 
Secondary prevention of CV events, including optimal medical therapy, risk factor 
modifi cation and lifestyle changes such as diet, exercise and smoking cessation, is 
very essential because after an ACS episode patients remain at high risk for recurrent 
ischemic events34-36. 

Secondary prevention has been shown to have a major impact on long-term out-
come35-37. Secondary pharmacological therapy consists of high intensity Statins38, 
beta-blockers, ACEIs or ARBs39,40, and aldosterone receptor antagonists41,42.

However, elderly patients should be treated with caution11. Antithrombotic treatment 
should be tailored according to body weight and renal function. Adjusted dosing regi-
mens of beta-blockers, ACE inhibitors, ARBs and statins should be considered to 
prevent side effects. Elderly patients should be considered for an invasive strategy 
and, if appropriate, revascularization after careful evaluation of potential risks and 
benefi ts, estimated life expectancy, comorbidities, quality of life, frailty (class IIa rec-
ommendation)11,43,44.

Evidence level 
ESC and other international guidelines are based on clinical trials from patient cohorts 
with mean age generally <70 years, Table 1. This means that elderly patients are in 
general underrepresented in the major randomized clinical trials in this important fi eld 
and the use of the guidelines in this age group is an extrapolation of the results of these 
studies. Moreover, patients > 80 years are often excluded from the clinical trials, not 
only due to the higher age but also due to the high prevalence of comorbidities. It is 
therefore very essential to study different medical and invasive therapies specifi cally 
in this patient group to obtain evidence needed to ensure safety in the management of 
this patient population.

 

Study and comparators No. of 
patients 

Mean age 
(years) 

RITA-3,  PCI vs conservative treatment in ACS, 2002 1810 62 
ICTUS, early PCI vs selective PCI in ACS, 2004 1200 61 
FRISC-II, PCI vs conservative treatment in NSTEMI, 2006 2457 64 
PLATO, Ticagrelor vs Clopidogrel in ACS, 2009 18624 Median 62, 15% >75 
IMPROVE-IT, Simvastatin 40 mg vs Simvastatin 
40 mg + Ezetimibe 10 mg, 2015 

18144 63 

Table 1. Major randomized clinical trials in the management of ACS
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Prognosis 
Despite the advances in the management of ACS, elderly patients with ACS still have 
high mortality rate and high rates of major adverse cardiovascular events, probably 
as a consequence of the higher prevalence of multivessel coronary artery disease and 
depressed left ventricular function14. The complication rates of PCI, anticoagulation 
and antiplatelet therapies exceed that observed in younger patients. Despite old age 
is a well-known powerful predictor of mortality in patients with acute MI, elderly pa-
tients have been  considerably less often treated by cardiologists, less extensively in-
vestigated, and, when presenting with ST-elevation ACS, less likely to be treated with 
reperfusion14.  However, elderly ACS patients are also more likely to benefi t from ap-
propriate therapies16. For instance, data from the Myocardial Ischemia National Audit 
Project (MINAP) showed reductions in in-hospital mortality in those over 85 years 
from 2003 to 2010 (STEMI: 30–19%, and NSTEMI: 31–20%)45. Short term (30 days) 
data from the last mentioned registry showed sustained improvement in mortality rate 
also in those over 80 years with NSTEMI (18.9–15.0% from 2004 to 2009)45. 

According to data from the Swedish National Board of Health and Welfare 2013, 
1-year mortality after acute MI was 24%, 28%, 34%, 43% and 60% in age groups 
65-69, 70-74, 75-79, 80-84 and 85+ respectively. There were no substantial differ-
ences between males and females. Data from the last mentioned institute have shown 
a dramatic decrease in both the incidence of, and mortality from, acute MI in the past 
two decades. Over this period, the associated 30-day mortality fell from 44% to 28% 
for all patients and from 27% to 12% for hospitalized patients. 

Prognostic prediction 
According to ESC Guidelines for the management of ACS (2015), short term risk as-
sessment by means of scores is superior to the clinical assessment alone. The GRACE 
risk score provides the most accurate stratifi cation of risk both on admission and at 
discharge10,11,46,47. The association between age and mortality was weakened signifi -
cantly when corrected for other biological factors, such as comorbidity, cognition, 
social and functional status, which suggests that other factors, distinct from age, have 
impact on prognosis48. Traditionally, the prognostic prediction in the elderly is based 
on age and co-morbid conditions. Many scores based on age and grade of comor-
bidities have been developed to identify patients with high risk for adverse outcome, 
such as Charlson score that was based on 17 comorbid conditions49. More recently 
developed scores are based on functional capacity. For instance frailty assessment has 
emerged as a measure of biological age and it may help to predict adverse events in 
elderly population. Frailty has been shown to predict postoperative complications and 
mortality in elderly patients50-54. 

A recently published study demonstrated that the Canadian Study of Health and Ag-
ing Clinical Frailty Scale can help to predict adverse outcome after PCI, including 
mortality and length of stay in hospital55. However, prognostic prediction regarding 
long-term survival is still inadequately studied in elderly patients with ACS.
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Heart failure in the elderly

Defi nition
According to the ESC guideline, heart failure can be defi ned as an abnormality of 
cardiac structure or function leading to failure of the heart to deliver oxygen at a rate 
coincident with the requirements of the metabolizing tissues56.  For clinical  purposes, 
diagnostic criteria of HF are typical symptoms (e.g. breathlessness, ankle swelling, 
and fatigue) and signs (e.g. elevated jugular venous pressure, pulmonary crackles, and 
displaced apex beat) resulting from an abnormality of cardiac structure or function. 

Pathophysiology
Elderly HF patients demonstrate distinctive pathophysiological features and complex 
co-morbidity profi les. The etiology of heart failure in the elderly is more likely to be 
multifactorial. In the elderly, hypertension and coronary artery disease account for 
more than 40% of the cases57. Importantly, hypertension results in predominantly HF 
with preserved systolic function (HFpEF), whereas myocardial infarction results in 
predominantly HF with reduced systolic ejection fraction (HFrEF)58. Longer expo-
sure to risk factors and age-related changes may also make the elderly more prone to 
develop HF58. 

Characteristics
The majority of patients with heart failure are elderly. For instance according to the 
annual report (2014) from the Swedish Heart Failure Registry (S-HFR) mean age of 
patients with heart failure was 75 years, with 26% and 54% women in patients <65 
years and >85 years,  respectively. Epidemiological studies in the general population 
have showed that the mean age at fi rst diagnosis of HF has increased over the last 
years, now being 80 years57-62.

A large Swedish study based on data from S-HFR demonstrated that, compared with  
patients ≤65 years (n, 8347)  elderly HF patients ≥85 years (n, 15899)  were  charac-
terized by higher proportion of women, higher systolic blood pressure, lower body-
mass index, more than twice as many patients with preserved left ventricular ejection 
fraction, higher incidence of ischemic heart disease, hypertension, atrial fi brillation, 
stroke and non-cardiovascular comorbidities except diabetes mellitus which was more 
prevalent in younger patients63.

Prevalence and incidence
Heart failure (HF) is a major health problem worldwide, with an estimated prevalence 
of ∼2% in the Western world64-66. The incidence and prevalence of HF increase steeply 
with the increasing age of the population. The incidence of HF increases with age; 65-
74 years (8-10/1000), 75-84 years (14-19/1000) and 85-94years (26-28/1000)67. Ac-
cording to a cross sectional study conducted in Stockholm, the prevalence of heart 
failure was 2.2% (both women and men) and the incidence was 3.8/1000 person-years 
(both women and men). The mean age for HF patients in 2010 was 77 years (women 
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80 years, men 74years). More than 90% of the patients were 60 years and older68.   
According to the annual report (2014) from S-HFR 9304 new patients were registered 
with a HF diagnosis with a mean age of 75 years. A recent published study based on 
data from the Swedish National Board of Health and Welfare’s statistical database re-
vealed that the prevalence of patients who have been hospitalized with HF in Sweden 
was 1.70% in men and 1.77% in women 1990. The prevalence in both sexes increased 
to 2.13% in men and 2.14% in women around 1998–2000. Then, the prevalence de-
creased to 2.03% in men and 1.93% in women 2007. The prevalence has increased 
predominantly in the elderly and youngest age groups during 1990-200764.

Guideline recommended management 
According to ESC guidelines systolic HF management consists of pharmacological 
treatment, cardiac device treatment, coronary reperfusion therapies, mechanical cir-
culatory support, heart transplantation and holistic management, including exercise 
training and multidisciplinary management programs, patient monitoring, and pallia-
tive care in end stage heart failure69.

Pharmacologically; neurohormonal blockers, ACEIs/ARBs, beta-blockers, and min-
eralocorticoid receptor antagonists are fundamentally important in modifying the 
course of systolic HF and should at least be considered in every patient. They are 
commonly used in conjunction with a diuretic given to relieve the symptoms and 
signs of congestion.

Implantable cardiac defi brillator (ICD) is recommended in patients with symptom-
atic HF (NYHA class II–III) and an EF ≤35% despite ≥3 months of treatment with 
optimal pharmacological therapy, who are expected to survive for >1 year with good 
functional status, to reduce the risk of sudden death70.

Cardiac resynchronization therapy with or without ICD (CRT-P/CRT-D) is recom-
mended in patients in sinus rhythm with a QRS duration of ≥120 ms, LBBB QRS 
morphology, and an EF ≤35%, who are expected to survive with good functional 
status for >1 year, to reduce the risk of HF hospitalization and the risk of premature 
death71-73.

Evidence level 
ESC and other international guidelines are based on clinical trials from patient cohorts 
with mean age < 70 years. For instance, the mean age in the major randomized clinical 
trials in systolic heart failure management has been around 65 years (Table 2).

This means that elderly patients in general are underrepresented in the major random-
ized clinical trials and the use of the guidelines directed medical therapy (GDMT) 
in elderly patients is an extrapolation of the results of these clinical trials. Moreover, 
patients >80 years have more often been excluded from the clinical trials, not only due 
to the higher age but also due to the high prevalence of comorbidities. It is therefore 
essential to study effi cacy and safety of GDMT specifi cally in this aged patient group.
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Prognosis
Prognosis is poor with a 5-year survival rate of ∼50%62. An epidemiological cross 
sectional study conducted in Sweden (2006-2010) revealed that fi ve-year survival 
rate was 48%. The mean age for death for HF patients in 2010 was 85±10 years 
(women 87±9 years, men 83±10 years). Mortality decreased by 0.5/1000 person-years 
between 2006 and 2010, in both sexes68. Although overall survival after onset of HF 
has substantially improved with contemporary therapies62, this benefi t is less evident 
in older age groups74. According to the annual (2014) report from S-HFR 1-year mor-
tality in all HF patients was in average 19.5%, and for those <65 years 5%, for those 
65-74 years 11%,  for 75-84 years 21%  and for those >85 years 39%. 

Prognostic prediction
Numerous prognostic markers have been identifi ed in heart failure patients including; 
etiologic, comorbidities, clinical, radiological, hemodynamic, echocardiographic and 
biochemical parameters. Based on different prognostic markers a large number of 
prognostic models and scores have been developed75,76. One of the most developed 
HF risk scores is MAGGIC, proven to be able to categorize patients in separate risk 
strata75. MAGGIC predictive score is based on data (n, 39 372) derived from 30 co-
hort studies and the score is based on 13 highly signifi cant independent predictors of 
mortality.

Alba and co-workers, via a systematic review, could only identify 5 HF predicative 
risk models which were validated in independent cohorts; the Heart Failure Surviv-
al Score, the Seattle Heart Failure Model, the PACE risk score, a model by Fran-
kenstein et al, and the SHOCKED predictors. The Heart Failure Survival Score was 
validated in 8 cohorts (2240 patients), showing poor-to-modest discrimination. The 
Seattle Heart Failure Model was validated in 14 cohorts (16 057 patients), describing 
poor-to-acceptable discrimination. The other 3 models were validated in one cohort 
each, reporting poor-to-modest discrimination. Thus, externally validated heart fail-
ure models showed inconsistent performance77.

Study No. of 
patients 

Mean age, 
years

SOLVD, Enalapril, 1991 2569 61 
CIBIS-II, Bisoprolol, 1999. 2647 61
MERIT-HF, Metoprolol , 1999 3001 63.8
CHARM, Candesartan, 2003 7601 62.9
SHIFT, Ivabradine, 2010. 6558 60
CIBIS-eld II, Bisoprolol, 2010-2014. 728 73
PARADIGM, angiotensin receptor–
neprilysin inhibitor LCZ696, 2014 

8442 63

Table 2. Major randomized clinical trials in the management of systolic 
heart failure
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A systematic review of the factors affecting prognosis in chronic and acute heart fail-
ure patients was published recently78. The authors identifi ed 117 models in 55 papers. 
These models used 249 different variables. Mortality was most accurately predicted 
by prospective registry studies using large number of clinical predictor variables. 
There was no signifi cant difference in discriminating value of models between pa-
tients with chronic and acute heart failure. Prediction of mortality and in particular 
heart failure hospitalization in patients with heart failure remains only moderately 
successful, with best predication value in the setting of short-term mortality. However, 
the predictive scores developed in younger HF patients might not predict successfully 
in elderly HF patients, for instance Bjurman and co-workers demonstrated that risk 
assessment in elderly HF patients required signifi cantly higher levels of NTproBNP 
than younger patients79. 
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AIMS

Overall objectives

The overall aim of this thesis was to study the prognostic prediction and its associa-
tion with treatment strategies in elderly patients presenting with ACS and systolic HF.

Specifi c objectives

    •  To investigate predictors of long-term all-cause mortality among octogenarians 
who had undergone PCI due to ACS (Paper I).

    •  To assess probable association between PCI and long-term mortality in octogenar-
ians with ACS (Paper II).

    •  To determine the impact of MR on long-term all-cause mortality and to further 
reveal whether PCI could infl uence the prognosis in octogenarian ACS patients 
with MR (Paper III).

    •  To investigate whether the highest tolerated and ≥50% of BBs’ or ACEIs’/ARBs’ 
target dose outperforms the highest tolerated and <50% target dose, and whether 
target dose outperforms all other doses in a representative elderly population with 
heart failure with reduced ejection fraction (Paper IV).

    •  To study health related quality of life and major adverse cardiovascular events in 
ACS patients >70 years referred for coronary angiography (Paper V).
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SUBJECTS AND METHODS

Study population in outline

This dissertation is based on two very old patient cohorts (>80 years) and a relatively 
younger old patient cohort (>70 years): (1) The fi rst cohort consists of 353 patients 
presenting with ACS, (2) The second cohort consists of 208 patients who have under-
gone coronary angiography for any reasons, of them 140 patients had ACS, (3) The 
third cohort consists of 185 patients >80 years with HFrEF  (EF <40%) who have 
undergone up-titration of BBs and ACEIs/ARBs. 

ACS cohorts 

Three hundred fi fty three patients aged ≥80 years (mean age 85+4 years) who were 
hospitalized due to ACS during 2006-2007 at two University hospitals (Sahlgren-
ska and Östra) were included from January 2 to May 30, 2012. Among them, 182 
(mean age 83.7±2.8) were treated with PCI, whereas 171(mean age 87+4) were not. 
Follow-up was at least fi ve years. The only exclusion criterion was if the patient did 
not belong to catchment area of Sahlgrenska University Hospital (SU), since medical 
records from other hospitals were not accessible. All together 145 parameters cover-
ing social, functional and medical domains were entered into a database. Papers I, II 
and III are based on this cohort, Figure1.

Figure 1. Enrollment fl owchart for ACS cohort, Paper 1, II and III.

>80 years with diagnosis codes for ACS, treated  with  PCI. 
During 2006 and 2007 at Sahlgrensk PCI center

(n=244)

Not residents in Gothenburg (N=56)

Elective PCI (N=6)

Included in the current study
PCI arm  (n= 182)

>80 years with diagnosis codes for ACS, treated without PCI.
During 2006 at Sahlgrenska, Östra  and Mölndahl Hospitals

(n= 473)

Included cosecutively in the current study
Non-PCI arm  (N= 171)

Not residents in Gothenburg (N= 41)

Elective PCI (N= 10)

Secondary myocardial infarction (N= 43)

Selected for CABG:
Residents in Gothenburg (N=21)

Not residents in Gothenburg (N=12)

Not needed to be included (N = 175)
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The second cohort consists of 208 patients >70 years, referred for coronary angiog-
raphy for any reasons at Sahlgrenska University Hospital’s Cath lab, were included 
consecutively between October 2010 and February 2013 during normal offi ce hours 
only. One of the criteria for inclusion into the study was that blood tests must be taken 
no later than 24 hours after the angiography. No exclusion criteria were applied except 
for time >24 hours after angiography and not being willing or able to sign a written 
consent.  All patients gave written consent. For the purpose of the current thesis only 
patients with ACS were included in analysis (n=140). Patients were followed up pro-
spectively in a minimum period of 2 years.  Paper V is based on this cohort, Figure 2. 

Figure 2. Enrollment fl owchart for prospective ACS cohort, Paper V. 

HFrEF-study cohort

Patients aged >80 years (n =185, mean age 83+2.8) with HFrEF (EF <40%), referred 
to the heart failure (HF) outpatient clinics at Sahlgrenska University Hospital (SU), 
SU/Sahlgrenska and SU/Östra, were consecutively included between January 2000 
and January 2008, and retrospectively studied from January 2 to May 30, 2013, fi gure 
3. Follow-up was at least fi ve years. All patients underwent up-titration of HF medica-
tion; BBs and ACEIs/ARBs. Up-titration was stopped after reaching the target dose, 
or otherwise the highest tolerable dose. Determination of the highest tolerable dose 
was fi rst determined by a HF specialized nurse then confi rmed by a HF specialist re-
sponsible for the patient. After a fi nal control after the last up-titration, patients were 
followed as usual at the outpatient clinic or referred to the primary care units. Paper 
IV is based on this cohort, Figure 3.

Patients >70 years underwent  coronary angiography for any reasons at 
Sahlgrenska University Hospital. 

Between October 2010 and February 2013, (N =208)

Patients with ACS, included in the current study, (N =140)

No ACS diagnosis, (N =68)
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Figure 3. Enrollment fl owchart for HFrEF cohort, Paper IV.

Ethics

All study protocols in this thesis were approved by the Ethical Committee at the Uni-
versity of Gothenburg and conformed to the principles outlined in the 1964 Declara-
tion of Helsinki. Moreover, all patients gave written consent in prospective study.

Heart failure outpatient clinics at Sahlgresnka Hospital and Östra Hospital
Patients =>80 years

Patients  with heart failure diagnosis codes, between  Jan 2000 and Jan 2008

Patients Included in the current study, (N =185)

Östra Hospital, (N =207) Sahlgrenska Hosptal,  (N =48)

(N =255)

EF  >40%, (N =20)

Not completed upptitration, (N =5)

Upptitrated before 2000, (N =40)

Re-reffered to primary health care, (N =5) 
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OUTCOME

The primary outcome in paper I, II and III was fi ve-year all-cause mortality. In paper 
IV, the primary outcome was fi ve-year all-cause mortality and the secondary outcomes 
were fi ve-year cardiac mortality or hospitalization due to worsening heart failure. In 
paper V the Primary endpoint was major adverse cardiovascular events consisting of 
all-cause death or re-admission due to heart failure, onset of atrial fi brillation, recur-
rent ACS, new PCI and stroke. The secondary endpoint in paper V was health related 
quality of life in those surviving ACS in the end of study. Data regarding causes of 
death were obtained from the death registry of the National Board of Health and Wel-
fare in Sweden. The Automated Classifi cation of Medical Entities system was used 
to select the underlying cause of death. Data about readmissions were obtained from 
hospital records.
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STATISTICS

Overall statistics

Statistical Package for Social Sciences (PASW Statistics 18) was used for data analy-
ses. Categorical variables are expressed as percentages and continuous variables are 
expressed as mean ± SD. In the case of continuous variables that visual inspection for 
their histograms, normal Q-Q plots and box-plots showed that the variables were ap-
proximately normally distributed, statistical analysis was performed using Student’s 
unpaired t-test. Mann-Whitney test were used for non-normally distributed continu-
ous variables. One way ANOVA with F-test was used in case of comparing more than 
two groups. For categorical variables, the chi-square test was used. Cox proportional-
hazard survival models were used for survival analysis. The multivariable Cox models 
used in  paper I and V to determine prognostic predictors and to adjuste for baseline 
parameters in evaluating impact of PCI on survival in paper II and III, and impact of 
neurohormonal blockade doses on survival in paper IV. In paper II and III, propensity 
score matching has been used to build matched groups and Kaplan-Meier estimate 
with log-rank test were used to compare survival between patients treated with PCI 
and patients treated without PCI in  propensity score matched groups. Concerning 
quality of life, licensed Quality Metric Health Outcomes Scoring Software 4.0 were 
used for scoring and the results were analyzed with SPSS, paper V. Cox models were 
assessed for proportional hazard assumption for covariates, graphically with Cox ad-
justed log minus log curves and statically using Schoenfeld global test. All models 
were tested for co-linearity. Hazard ratios with confi dence intervals and p-values were 
presented. A value of P<0.05 was regarded as statistically signifi cant.

Specifi c statistics

Paper I  
Parameters with high clinical relevance and low percentage data missing (<17%) as 
well as statistical signifi cance from univariable analysis were further tested in mul-
tivariable models. Parameters with statistical signifi cance from multivariable models 
were further tested with Kaplan–Meier estimate, both in separate and in combina-
tions, to demonstrate if patients with more than one risk factor had worse prognosis 
than those with only one risk factor. 

Paper II  
Propensity score (PS) matching with 1:1 nearest neighbour matching was employed, 
stratifi ed by intervention with PCI or not; the matched variables were chosen based 
on clinical relevance. The matched cohort was tested with Kaplan–Meier estimate 
with log-rank test to compare survival between patients treated with PCI and patients 
treated without PCI. Both the overall cohort and the PS matched cohort were analysed 
by Cox proportional-hazards regression models for probable association between in-
tervention with PCI and long-term mortality.
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Paper III
A PS matching was employed to develop a matched cohort, stratifi ed by mitral re-
gurgitation (MR) or no MR; the matched variables were chosen based on clinical 
relevance. The matched cohort was also tested with Kaplan–Meier estimate with log-
rank test to compare survival between patients with at least mild MR and patients 
without MR. 

Cox proportional-hazard regression models, adjusted for baseline parameters were 
used to evaluate any association between MR and all-cause mortality in both the over-
all and the matched cohort. Cox proportional-hazard regression analysis was also ap-
plied in the subgroup of patients with MR to evaluate any association between inter-
vention with PCI and all-cause mortality.

Paper IV
To adjust for the underlying clinical parameters and to analyze for probable associa-
tion between any of the three different doses of each agent and the outcome, the cohort 
was analyzed using Cox proportional-hazards regression multivariable models built 
individually for the three doses of each agent; BBs and ACEIs/ARBs. 

Paper V
Cox proportional-hazard regression analysis was used to identify independent predic-
tors for major cardiovascular adverse events. Health related quality of life was as-
sessed using the Swedish version of the medical outcomes study short form 36 health 
survey (SF-36).  Scores were calculated for each scale.  The results were compared 
with age matched reference values from the Swedish SF-36 normative population, not 
gender matched due to only 25% female gender in the whole sample.
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RESULTS

Predictors of long-term outcome of PCI in octogenarians with ACS

Five-year all-cause mortality in a cohort of ACS patients >80 years treated with PCI 
was 46%. Multivariable Cox regression analysis identifi ed atrial fi brillation, estimated 
glomerular fi ltration rate ≤30 ml/min, at least mild mitral valve regurgitation, at least 
moderate tricuspid valve regurgitation and dependency in activities of daily living as 
independent predictors of all-cause mortality, Table 3. 

 

Predictors HR 95% CI -Value 

Estimated glomerular filtration rate <30 ml/min 4.0 1.8–10 0.003 
Atrial fibrillation 2.4 1.4–4.2 0.002 
Mitral valve regurgitation grade 1 (scale, 0.5–4) 1.9 1.1–3.3 0.013 
Tricuspid valve regurgitation grade >2 (scale, 0.5–4) 3.9 1.6–9.6 0.002 
Dependency in activities of daily living 2.5 1.1–5.6 0.029 

 Notes: HR, hazard ratio; CI, confidence interval. 

Table 3. Independent predictors of 5-year all-cause mortality assessed by Cox-
regression multivariable models

Kaplan-Meier estimate with log-rank test showed statistically signifi cant lower sur-
vival rate in patients who had the risk predictors, with worst prognosis in patients who 
had more than one of these risk predictors, Figure 4.

Figure 4. Impact of accumulation of prognostic predictors on 5-year all-cause mortality.
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Association between PCI and long-term mortality

Kaplan Meier analyses of propensity score  (PS) matched patients demonstrated sig-
nifi cantly improved survival of 67 months (95%CI, 60-74) for PCI-treated patients 
versus 26 months (95%CI, 22-31) for non-PCI-treated patients, Figure 5. 

Figure 5. Kaplan Meier survival curves for all-cause mortality for patients treated with   PCI 
versus non-PCI treated in propensity matched cohort.

Cox proportional-hazard regression analysis, adjusted for PS and confounders in PS 
matched cohort and the overall cohort, demonstrated that PCI was an independent 
predictor of long-term mortality (HR 0.5, 95%CI 0.2–0.9, P=0.020; HR 0.4, 95% CI 
0.2–0.5, P<0.001) in PS matched and overall cohort (Figure 6), respectively.

Prognostic signifi cance of mitral regurgitation in long-term all-cause 
mortality in patients aged ≥80 years with ACS. 

Compared with ACS patients without mitral regurgitation (MR), patients with MR 
were older, more frequently women (53% vs 39%) and had higher proportion of ejec-
tion fraction <50%, lower hemoglobin level and estimated glomerular fi ltration rate. 
Prevalence of MR in each age-group was 35.3% (80-85 years), 53.2% (86-90 years) 
and 80% (>90 years), Figure 7.
 
Cox proportional-hazard regression analysis demonstrated that MR was indepen-
dently associated with long-term all-cause mortality in the overall and matched co-
horts (HR 1.58, 95%CI 1.01–2.47, P=0.043; HR 1.90, 95% CI 1.15–3.13, P=0.013), 
respectively.
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Figure 6. Cox regression survival curves of all-cause mortality for patients treated with 
PCI versus non-PCI treated in the overall cohort. Adjusted for confounders.

Figure 7. Prevalence of MR in each age group in overall cohort.
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In the matched cohort (n, 138), Kaplan-Meier estimate with log rank test demonstrat-
ed that patients with at least mild MR had signifi cantly higher mortality rate compared 
with patients without MR (P=0.001), Figure 8.

In the subgroup with MR (n, 92), PCI had still signifi cant association with lower 
5-year mortality (HR 0.54, 95% CI 0.33-0.87, P=0.011). 

Figure 8. Kaplan–Meier curves to assess relationship between occurrence of MR and 
long-term all-cause mortality in the propensity matched cohort.

Does the target dose of neurohormonal blockade matter for outcome in 
systolic heart failure in octogenarians?

In an octogenarian patient cohort (n, 185) with HFrEF, fi ve-year all-cause mortality 
and cardiac mortality were 76% and 60%, respectively. Of the study population, half 
received <50% of the target dose of BBs and 21% received the target dose. Moreover, 
26% received <50% of the target dose of ACEIs/ARBs and 53% received the target 
dose. 

Cox proportional-hazard regression demonstrated that patients who received the tar-
get dose of ACEIs/ARBs had higher survival (Figures 9 and 10) compared with those 
receiving <50% of the target dose, but this dose-survival relationship was not the case 
for BBs.
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Figure 9. Adjusted Cox regression survival curves for the 3 different doses 
of ACEIs/ARBs. Endpoint: all-cause mortality.

Figure 10. Adjusted Cox regression survival curves for the 3 different doses 
ACEIs/ARBs. Endpoint: cardiac mortality.
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ACS aged >70 years in the modern era of reperfusion therapy – major 
adverse cardiovascular events and quality of life after 2 years of follow-
up.

In an ACS patient cohort >70 years with 25% women (n, 140), all-cause death was 
10% after a mean follow-up of 39+11 months. A total of 58 patients (41%) had one 
or more MACE and 24% developed post ACS heart failure. The distribution of ACS 
was; STEMI 46%, NSTEMI 40% and unstable angina 14%. Of the whole population, 
74% were successfully treated with PCI and 13.6% of the patients had CABG during 
admittance or within 1 month after discharge. 

Cox proportional hazard regression survival analysis showed that post ACS heart fail-
ure, left bundle branch block, left ventricular ejection fraction (LVEF) <50%, at least 
moderate  MR and age were independent predictors of MACE, Figure 11. According 
to logistic regression analysis LVEF<50% and hsTNT >500 nmol/L were negative 
predictors for post ACS heart failure, whereas treatment with PCI was a favorable 
predictor. 

The study cohort had as good quality of life as an age-matched population from the 
normative Swedish SF-36 database in both physical health subscales (physical func-
tioning, role physical, bodily pain and general health) and mental health subscales 
(Vitality, social functioning, role emotional and mental health).

Figure 11. Impact of post-ACS heart failure on survival.
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DISCUSSION

Impact of co-morbidity on prognosis in elderly patients with ACS

Elderly patients in general and those with CAD and other cardiovascular diseases in 
particular suffer from multiple comorbidities80. In a cohort of elderly patients >80 
years presented with ACS and treated with PCI, we identifi ed fi ve independent risk 
factors (comorbidities) for poor survival despite treatment with PCI. This indicates 
that comorbidities have an important impact on survival in elderly patients with ACS 
and it is important to take co-morbidities in consideration in revascularization deci-
sion-making. In this cohort all-cause mortality fi ve years after PCI was 46% which is 
not high in a population with a mean age of 83 years. However, there were substantial 
differences in mortality rate between those with more than one risk predictor (16% of 
patient population with 5-year mortality rate, ∼80%) and those without the risk pre-
dictors (83% of patient population with 5-year mortality rate, ∼39%). This indicates 
that the majority of patients in this old cohort had a good survival after PCI. However, 
ACS patients (n, 171) not treated with PCI were older (mean age 85 years) with more 
co-morbidities and had higher fi ve-year all-cause mortality rate, 89%.

Atrial fi brillation and eGFR ≤30 ml/min were highly signifi cant predictors for all-
cause death despite treatment with PCI. It is well known that atrial fi brillation is usu-
ally combined with severe cardiovascular co-morbidity such as HF81-85. The increased 
risk of AF in patients with ACS could refl ect the infl uence of several factors including; 
atrial dysfunction and ischemia, HF due to myocardial ischemia, and sympathetic 
stimulation86-88. AF might deteriorate the outcome by increasing oxygen consumption, 
loss of atrial contraction and atrioventricular asynchrony89. Estimated GFR ≤30 indi-
cates severe renal failure which has itself poor prognosis, and is also usually combined 
with cardiovascular co-morbidities90. Dependency in activities of daily living (ADL) 
was also an independent risk factor for poor survival. This is in line with previous 
studies and might be explained by the fact that patients with ADL dependency usually 
suffer from signifi cant co-morbidities91-93. Other risk factors for poor survival were 
Tricuspid and mitral valve regurgitation. The last one will be discussed separately. 
In case of tricuspid valve regurgitation (TR), its association with poor survival is not 
completely unknown. Some studies have identifi ed an association between TR and 
increased mortality94,95. But the exact mechanism is not completely defi ned. However, 
TR might be regarded as a better marker for right ventricular dysfunction. 

Accordingly, our study implies that among patients ≥80 years a substantial subgroup 
of patients who had only few risk factors for poor survival had a relatively excellent 
survival rate fi ve years after PCI.

Impact of PCI on prognosis in octogenarians with ACS

As shown in this thesis, in an octogenarian patient cohort presenting with ACS from 
daily clinical practice, there was an association between PCI and reduced all-cause 
death over fi ve years of follow-up. 
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In the overall cohort, there was a signifi cant association between reduction of fi ve-
year all-cause mortality and PCI. But due to differences in baseline characteristics 
between the two groups a propensity score (PS) based matching was performed. In 
the PS matched cohort, both Kaplan Meier estimate with log rank test and Cox re-
gression analysis with adjustment for the  baseline risk factors and PS demonstrated  
signifi cant association between intervention with PCI and lower fi ve-year all-cause 
mortality rate. Therefore, our study implies that among patients aged >80 years, there 
is a potential prognostic benefi t for intervention with PCI in patients presenting with 
ACS. This is in line with previous observational studies which have been in favour 
of PCI in elderly ACS patients, but randomised clinical trials in this fi eld are very 
limited and moreover with uncertain results. Savonitto and co-workers demonstrated 
that in  ACS patients >75 years an early aggressive approach (coronary angiography 
and, when indicated, revascularization within 72 h) resulted in a signifi cant reduc-
tion in the primary endpoint (the composite of death, myocardial infarction, disabling 
stroke, and repeated hospital admission for cardiovascular causes or severe bleeding 
within 1 year) in elderly patients with NSTEMI. However, in this study, this positive 
outcome was observed only in those with elevated troponin on admission44. In another 
multicentre study by dr Tegn et al, elderly ACS patients who underwent an invasive 
strategy had a decrease in the primary composite endpoint (myocardial infarction, 
need for urgent revascularization, stroke, and death) as compared with a conservative 
approach96. However, it is noteworthy to mention that in above studies it is an early 
invasive approach that was studied, i.e. PCI only in case of indication, in comparison 
with conservative strategy, rather than head to head comparison between PCI and 
non-PCI treatment which is the case in our observational study.

Furthermore, in paper I, 83% of patient population had a relatively very good progno-
sis after PCI with a 5-year all-cause mortality rate about 39%, but these patients were 
healthier with less comorbidity than the remaining patients (16%) who had worse 
prognosis despite PCI with 5-year all-cause mortality about 80%. In addition, in paper 
III, PCI was associated with improved long-term survival in elderly ACS patients with 
MR, although MR was associated with increased mortality rate in this patient group.

Impact of mitral valve regurgitation on prognosis in octogenarians with 
ACS

MR is common after myocardial infarction with signifi cant negative impact on long-
term survival97-105. Moreover, even increasing degree of MR has been associated with 
higher mortality rate97-99. However, all the circumstances surrounding the develop-
ment of ischaemic MR are still not well clarifi ed. The known causal mechanisms 
comprise annulus dilatation, ischaemia or a scar at the level of the papillary muscles, 
papillary muscle rupture, and most commonly, a change in the ventricular geometry 
disturbing the function of the mitral leafl ets99-103. It is well-known that prevalence of 
MR increases greatly with age and up to 40% of elderly >70 years have at least mild 
degree MR102,105. The prevalence of MR in our overall cohort was 41%, but kept in-
creasing with aging (35% in 80-85 years, 53% in 86-90 years and 80% in >90 years).

In this thesis we have demonstrated that patients with MR had worse survival rate 
compared with those without MR, and treatment with PCI improved survival even in 
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patients with MR. Impact of MR on survival might be explained by the fact that MR 
might be a better marker of left ventricular dysfunction than low ejection fraction. 
In our cohort there was no tendency to lower ejection fraction in patients with MR. 
Furthermore, there are data showing association between MR and high prevalence 
of atrial fi brillation and HF, both of which are well-known predictors for worse out-
come99,102-105.

Impact of modern management of ACS on prognosis in the elderly: 
MACE and quality of life

In our prospective study of elderly ACS patients (paper V) we found that despite 
advanced treatment according to the current guidelines, MACE still occurs in 41% 
of patients and post ACS heart failure in 24% of cases, after a mean follow-up period 
of 39 months. All patients underwent primary coronary angiography and received 
reperfusion therapy if needed, with modern medication and secondary prevention. 
However, the mortality rate was only 10% and patients had health related quality of 
life (QoL) as good as an age-matched reference group from the Swedish SF36 norma-
tive database. Low mortality rate might be explained by the fact that the incidence of 
sudden cardiac death after acute MI have  declined after the introduction of modern 
treatment with optimal medical therapy (β-blockers, aspirin, statins and ACE inhibi-
tors) and revascularization106-110. With the exception of age which is a well-known risk 
factor for MACE, we identifi ed other risk factors such as left bundle branch block, 
reduced left ventricular ejection fraction, mitral valve regurgitation and post MI heart 
failure. All these factors have associations with left ventricular dysfunction89,99-105,111,112. 
It is therefore reasonable to assume that their signifi cance in our study cohort is due to 
their association with heart failure.

Post MI heart failure has previously been shown to signifi cantly affect mortality but 
was inadequately studied in the elderly. It is important to note that after 2 years only 
82% had BB (only 42% >50% of target dose) and 75% hade ACEI or ARB (only 40% 
>50% of target dose). It is well-known that neurohormonal blockade reverse patho-
logical remodeling and thereby prevent heart failure and probably atrial fi brillation. 
Therefore, there are still potential to further improve the outcome by improvement of 
secondary prevention with neurohormonal blockade.

Neurohormonal blockers: dose-survival relationship in HFrEF

By studying a representative elderly HF population (paper IV), we demonstrated in 
this thesis that target dose of ACEIs/ARBs is associated with reduced all-cause and 
cardiac mortality in very old patients with systolic heart failure, despite that this was 
achievable in only about half of the patients. However, the clinical outcome of BB 
therapy was independent of BB dose. Despite up-titration in dedicated heart failure 
specialized outpatient clinics, only 21% of patients reached the target dose of BBs 
and 53% reached the target dose of ACEIs/ARBs. It is important to mention that all 
patients were up-titrated to the target dose or the highest tolerated doses of both, BBs 
and ACEIs/ARBs. It is diffi cult to compare our results with results from previous 
studies since previous results are either from data from registries or up-titration per-
formed at clinics not specialized in HF where the dose might not be optimally up-ti-
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trated. For instance, in the SIGNAL-HF study the up-titration was done in the primary 
care113.  Lower percentage of patients reached target dose of BBs could be explained 
by the fact that elderly with heart failure are more characterized with chronotropic 
insuffi ciency, compared with younger patients114.  Moreover, age and co-morbidities 
are known to affect up-titration of BBs or ACEIs/ARBs. In general our dose levels 
are comparable to those of previous studies in which highly tolerated doses were 
achieved115-117. In terms of all-cause mortality, target dose of ACEIs/ARBs had a sig-
nifi cantly higher survival rate than those receiving <50% of the target dose. This is in 
line with previous randomized clinical trials suggesting a greater effect with higher 
doses118-121.  In a recently published Norwegian study based on data from Norwegian 
Heart Failure Registry, patients on ACEI-doses >50% of the target dose had lower 
mortality rate, and the authors concluded that the guideline recommended target doses 
of ACEIs  may have a crucial role in survival improvement, however ARBs had no 
signifi cant association with  decreased all-cause mortality rate122. Several studies have 
demonstrated an association between ACEI-therapy and reduction in the risk of sud-
den cardiac death, arrhythmic death or appropriate chock in patients with ICD123-124. 
The reduction of ICD shock or sudden cardiac death could be secondary to the role of 
ACEIs/ARBs in reducing circulating angiotensin II and noradrenalin with subsequent 
reduced interstitial fi brosis and scar formation and subsequent remodeling123, 125. 

In case of BBs, 21% of our patients reached the target dose. This is only slightly 
lower than in the previous studies126. In the CIBIS-ELD study 32% received the tar-
get dose of BBs, but the study population was slightly younger (71±5 years)127. We 
did not fi nd any difference in mortality between the three different doses of BBs, 
regardless of all-cause or cardiac death. This might be because BBs were optimally 
up-titrated based on heart rate and the heart rates among the three dose levels after 
up-titration was comparable. Our results are in accordance with results from several 
studies demonstrating that the resting heart rate independently indicated prognosis, 
but BB dose did not128-130. However, a recently accepted study in JACC based on data 
derived from HF-ACTION trial, demonstrated that BB-dose, but not HR, was associ-
ated with improved outcomes in unadjusted analysis, but did not remain signifi cant 
when adjusted for other predictors of outcome in the cohort131. The authors concluded 
that, there were more associated improvements in outcomes with higher BB dose 
than reduced HR suggesting that titrating BB-doses may confer a greater benefi t than 
reducing HR in such patients. This study was however not designed for up-titration 
of BBs and patients had probably not undergone an optimal uptitration as they did in 
our cohort. As long as dose of BBs is not optimally uptitrated individually it is impos-
sible to compare effect of BBs between individuals. It had been diffi cult to identify if 
the positive impact of beta-blockers on survival was only due to rate lowering effect 
or due to other effects of BBs. But, SHIFT trial of the drug Ivabradine, a selective 
heart rate lowering agent, showed strong evidence for lower heart rate as predictor for 
improved survival129, 130. In our study, we found no differences in re-hospitalization 
among different dose levels. This may be because all patients received the highest 
tolerable doses of both agents (BBs or ACEIs/ARBs), which was effective in relieving 
symptoms for the individual patients.
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Limitations

•  The thesis is based on observational studies that the clinical decisions made of at-
tending clinicians and their judgment might be infl uenced by own experiences.

•  The PCI cohort was selected, which however is the main stream in our daily clini-
cal practice and such selection bias is diffi cult to be avoided in the view of limited 
evidence available in the elderly. 

•  Despite propensity matching and adjustment with Cox-regression models, it is still 
impossible to rule out residual confounding from unmeasured variables.

•  The underlying cause of MR is not determined, and whether or not it existed before 
ACS is unclear.

•  Only HF patents in our specialized HF clinics were studied. This must be taken in 
consideration in generalizing our results, especially to HF patients at primary care 
units.

•  In the prospective study patients were included only during normal offi ce hours and 
therefore the inclusion has not been entirely consecutively.

 
Strengths

•  All data were validated by access to medical journals.

•  All cohorts were from daily clinical practice, with selection at the discretion of at-
tending clinicians, not investigators.

•  The two most common diseases in the elderly have been studied: ACS and HF.

•  Impact of PCI on long term survival was studied by head to head comparison be-
tween PCI and non-PCI, not comparing invasive strategy with conservative strategy.

•  Impact of dose effect of BBs and ACEIs/ARBs in octogenarians on long term sur-
vival was studied after optimal dose uptitrations in dedicated HF outpatient clinics. 
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CONCLUSIONS

•    In an octogenarian patient cohort who suffered from ACS undergone PCI in daily 
clinical practice, we have identifi ed fi ve prognostic predictors for all-cause death 
after fi ve years’ follow-up and found that a substantial subgroup of patients who had 
only few risk factors had a relatively excellent survival rate.  

•    In the overall octogenarian ACS cohort, PCI was signifi cantly associated with re-
duced all-cause death after fi ve years of follow-up.

•    In subgroup analyses of the overall octogenarian ACS cohort, MR was indepen-
dently associated with higher long-term all-cause mortality rate, and PCI was an 
independent determinant for improving the long-term survival rate even in patients 
with MR. 

•    Despite low mortality rate and improved quality of life, MACE still occurred fre-
quently among ACS patients >70 years, suggesting need of improved tailored care 
in this elderly population, probably by optimizing the secondary preventive therapy. 

•    Target dose of ACEIs/ARBs was associated with reduced fi ve-year all-cause mortal-
ity, despite that this was achievable in only about half of the patients. However, the 
clinical outcome of BB therapy was independent of BB dose. 
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CLINICAL IMPLICATIONS 

•   Intervention with PCI in elderly ACS patients is probably of prognostic benefi t.  It 
should be considered in all patients, but with caution, because patients with high 
rate of comorbidities had worse prognosis despite PCI. 

•   Despite modern management of ACS in elderly with reperfusion strategy and sec-
ondary prevention there are still potential for further improvement to prevent the 
incidence of MACE and post ACS heart failure.

•   In elderly patients with systolic heart failure, ACEI/ARB doses should be up-titrated 
to the target doses when possible. In case of BBs, target heart rate is probably a bet-
ter predictor for improved survival.
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SAMMANFATTNING PÅ SVENSKA

Bakgrund

Majoriteten av patienter med hjärtsvikt och akut koronart syndrom (AKS) är äldre. 
Både internationella och europeiska riktlinjer angående handläggning av hjärtsvikt 
och AKS är baserade på studier där deltagande patienter huvudsakligen varit <70 år. 
Detta medför att den äldre patientpopulation inte är tillräckligt studerad och effekten 
av riktlinje-rekommenderade behandlingar är osäker i denna patientgrupp.

Syfte

Syftet med avhandlingen var att studera prognostisk prediktion och dess association 
med handläggning av äldre patienter med hjärtsvikt och AKS.

Resultat

I en patientpopulation av 182 patienter >80  år som genomgått behandling med bal-
longvidgning av förträngningar i hjärtats kranskärl (PCI) på grund av AKS identifi e-
rade vi 5 riskfaktorer för ökad dödlighet efter 5 år. Dessa riskfaktorer var förekomst av 
förmaksfl immer, kraftigt nedsatt njurfunktion, minst lindrig grad av läckage i mitra-
lisklaffen, minst måttlig grad av läckage i trikuspidalisklaffen  och beroende i allmän 
daglig livsföring.

I en AKS-kohort >80 år (n, 353) var överlevnaden bättre efter PCI än utan PCI. I 
samma kohort hade patienter med minst lindrig grad av läckage i mitralisklaffen lägre 
överlevnad, men effekten av behandling med PCI var också här associerad med högre 
överlevnad. Läckage i mitralisklaffen var mycket vanlig i denna patientgrupp och 
förekomsten steg med stigande ålder. 

I en patientkohort >80 år (n, 182) med nedsatt pumpförmåga i vänster hjärtkammare 
(systolisk hjärtsvikt) var överlevnaden högre om man uppnått måldos av något av 
läkemedlen ”angiotensin converting enzyme inhibitor» (ACEI)/angiotensin recep-
tor blockerare (ARB) jämfört med behandling med lägre doser. Beträffande beta-
blockerare fann vi ingen association mellan olika doser och överlevnad trots att hjärt-
frekvensen var jämförbar mellan olika dosgrupper. Av 140 patienter som genomgått 
koronarangiografi  på grund av AKS och erhållit rekommenderad förebyggande be-
handling enligt gällande riktlinjer avled 10%, 41% utvecklade allvarliga kardiovasku-
lära händelser och 24% utvecklade hjärtsvikt inom 2 år efter insjuknandet. Patienter 
som överlevde hade lika bra livskvalitet som normalpopulationen.

Slutsatser

Vi har  identifi erat  5 riskfaktorer för ökad dödlighet 5 år efter PCI hos äldre patienter 
med AKS. 
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PCI är associerad med sänkt mortalitet även i en äldre patientpopulation. 

Läckage i mitralisklaffen är vanligt förekommande bland äldre AKS-patienter och är 
associerat med sämre överlevnad.

Hos patienter med hjärtsvikt på grund av nedsatt vänster kammarens  pumpförmåga 
var måldos ACEI/ARB associerad med högre överlevnad jämfört med lägre doser. 

Trots låg mortalitet och bra livskvalitet efter AKS hos äldre patienter som behandlats 
enligt gällande riktlinjer med PCI och modern läkemedelsbehandling förekommer 
fortfarande allvarliga kardiovaskulära händelser och hjärtsvikt i hög frekvens.
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