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INTRODUCTION
Background 
 

Global left ventricular (LV) systolic function, most commonly assessed by 

echocardiographic ejection fraction (EF), is an important predictor of outcome.1 Although it is 

commonly used to evaluate ventricular function, the measurement of EF presents a number of 

challenges related to image quality, assumptions of ventricular geometry, expertise and is 

limited to assessing changes in ventricular cavity size during the cardiac cycle. The traditional 

volume measurement-based echocardiographic parameters are indirect means of assessing 

myocardial function, and are insensitive to early changes in cardiomyopathy.2 Furthermore, 

the assessment of global LV function by EF is based on 2 apical views only, and might 

underestimate deterioration in regional LV function. Echocardiographic assessment of EF is 

easily available and feasible, but does not provide information on segmental and layer-

specific ventricular function. Increased compensatory contractions in healthy myocardial 

regions may result in only minor alterations in EF, and may conceal large areas with impaired 

function. Echocardiographic techniques allow the assessment of strain, a measure of 

myocardial deformation, an intrinsic mechanical property, that measures myocardial systolic 

function more directly compared to conventional cavity-based echocardiographic parameters.3 

It is a dimensionless measure of the deformation that occurs upon application of stress. It 

represents the fractional or percentage change between the unstressed and stressed dimension. 

Furthermore, recent software allows separate evaluation of endocardial, mid-myocardial and 

epicardial myocardial deformation.  

In this thesis, we evaluated the ability of strain echocardiographic techniques to assess 

subtle myocardial alterations in order to improve prognostic information in patients with 

arrhythmogenic right ventricular cardiomyopathy (ARVC), in heart transplant (HTx) 

recipients and in patients with non-ST elevation (NSTE) acute coronary syndrome (ACS).  
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Ventricular function and mechanical dispersion in ARVC 
 

ARVC is a chronic, progressive, heritable cardiomyopathy and is one of the leading 

causes of sudden unexpected cardiac death in previously healthy young individuals.4 It was 

initially recognized as a disease of the right ventricle (RV), but involvement of the left 

ventricle (LV) is now commonly recognized.5-7 Four clinical stages have been documented: 

an early concealed phase, overt electrical disorder, isolated right heart failure, and 

biventricular pump failure.8  

 Recent molecular genetic reports have revealed ARVC as mainly an autosomal 

dominant inherited desmosomal disease,9 leading to progressive loss of cardiac myocytes, 

followed by fibro-fatty replacement. Penetrance is age and gender dependent and the 

progressive clinical picture is highly variable.10 Importantly, life-threatening arrhythmia may 

be the first clinical sign and may occur with only discrete or even absent myocardial structural 

changes.11, 12 Risk stratification of so far asymptomatic mutation carriers is therefore 

challenging.  

Echocardiographic studies of the RV in ARVC patients have shown that RV dilatation 

and reduced regional or global RV function are traits of the disease. Quantitative assessment 

of RV function is difficult due to complicated anatomy and load dependency. Reviewed 

guidelines for diagnosing ARVC from 2010 have improved quantitative assessment of RV 

dysfunction, including measures of RVOT and RV area.13  

Electrical conduction delay with consequent electrical dispersion has been suggested 

as a mechanism of ventricular arrhythmia in ARVC patients.14, 15 Mechanical dispersion 

(heterogeneous contraction) can be assessed by strain echocardiography and may reflect 

electrical dispersion. Mechanical dispersion has recently been demonstrated to relate to 

malignant ventricular arrhythmias in long QT syndrome,16 after myocardial infarction,17 and 

in dilated cardiomyopathy.18  
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The first clinical symptom in ARVC patients may present as life-threatening 

arrhythmia. Unfortunately, there is no single test to diagnose or exclude ARVC and to predict 

arrhythmias. Therefore, there is a need for methods identifying patients with increased risk for 

ventricular arrhythmias. 

In the first paper, we focused on the prediction of arrhythmias in patients with ARVC 

and assessment of LV and RV function in asymptomatic mutation carriers and ARVC 

patients. The presence of malignant arrhythmias and reduced LV and RV function are 

important prognostic factors in these patients. 

 Ventricular function in HTx recipients 
 

End-stage heart failure is a significant problem in the Western world. Cardiac 

transplantation remains the gold standard therapy for patients with end-stage heart failure, 

with 1-year survival approaching 90%.19 Graft dysfunction is a major cause of morbidity and 

mortality in HTx recipients.20 Advances in the treatment of antibody mediated rejection and 

acute cellular rejection have increased early transplant survival.19 However, not all cases of 

cardiac allograft dysfunction can be explained by the currently known histopathologic 

mechanisms of allograft rejection.21 

The search for non-invasive techniques to assess cardiac allograft function remains a 

priority objective for HTx professionals. Global LV systolic function, most commonly 

assessed by echocardiographic EF has, however, several limitations as described earlier. In 

addition, EF tends to be stable over time and do not always correlate with biopsy-proven 

rejection or time after transplantation.22 

Although LV global longitudinal strain (LVGLS) has been used in a growing number 

of clinical conditions, the association between reduced LVGLS and risk for mortality in HTx 

recipients is uncertain. 
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Ventricular function in patients with CAD 
 

The clinical presentation of coronary artery disease (CAD) varies from silent ischemia, 

stable angina pectoris to ACS and death. ACS comprises NSTE-ACS and ST-elevation 

myocardial infarction (STEMI). The presence of ST-elevation typically represents coronary 

occlusion requiring acute reperfusion therapy. In contrast, patients with suspected NSTE-ACS 

have more heterogeneous findings on coronary angiography. Coronary occlusion and/or 

significant stenosis may or may not be present, however,  revascularization therapy is 

performed in about two thirds of these patients.23  

The LV wall of the heart comprises an endocardial, a mid-myocardial and an 

epicardial layer. Of these 3 layers, the endocardium undergoes the greatest deformation 

during systole, including thickening and shortening, and is most susceptible to ischemic 

injury.24-26 Recent software allows separate evaluation of endocardial, mid-myocardial and 

epicardial myocardial deformation. Careful evaluation of these layers might increase the 

diagnostic accuracy of CAD in patients with NSTE-ACS. 

 

In this thesis, patients from the above mentioned categories were included with the 

overall aim of improving assessment of ventricular function by echocardiographic techniques. 

Detection of subtle myocardial alterations with these techniques may facilitate more accurate 

prediction of prognosis and may guide treatment that might improve prognosis in these 

patients.  
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AIMS OF THE THESIS 
General aim 
 
To assess ventricular function by strain echocardiography in patients with ARVC, HTx 

recipients and patients with significant CAD, in order to facilitate early detection of subtle 

myocardial alterations in these patients. 

Specific aims 
 
I. To evaluate if pronounced RV and LV mechanical dispersion by myocardial strain is 

associated with susceptibility to ventricular arrhythmia in patients with ARVC and 

therefore may be an additional tool for arrhythmia risk stratification (Paper 1).  

 

II. To investigate to what extent LV function assessed by strain echocardiography was 

reduced along with RV function in patients with ARVC diagnosis and in 

asymptomatic mutation carriers (Paper 1). 

 

III. To evaluate to what extent reduced LV function assessed by GLS, 1-3 weeks after 

HTx is associated with increased 1-year mortality, compared to other more established 

prognostic factors, such as recipient and donor age, renal function and right heart 

catheterization parameters (Paper 2). 

 

IV. To evaluate if endo-, mid- and epicardial deformation assessed by layer-specific strain 

echocardiography could identify significant CAD in patients with suspected NSTE-

ACS (Paper 3). 
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MATERIAL 
Study population (Paper 1) 
 
 In total, 69 patients were included. Of these, 42 were index patients referred to our 

centre for ventricular tachycardia (VT) or ventricular fibrillation (VF) evaluation and in 

whom the diagnosis of ARVC was originally made based on the International Task Force 

criteria from 1994. After the revision of the International Task Force criteria in 2010,13 the 

diagnosis of all ARVC patients was reviewed. First degree relatives of mutation positive 

ARVC index patients underwent cascade genetic screening. Of all screened individuals, 27 

tested positive for the ARVC mutation found in the index patient. Importantly, none of the 

included mutation positive family members had symptoms of the disease in terms of 

palpitations, syncopes, arrhythmias or heart failure and were defined as asymptomatic 

mutation carriers. 

ARVC related mutations were confirmed in 54 (78%) of all patients, [47 (68%) PKP2, 

6 (9%) DSP and 1 (1%) RYR2]. In ARVC patients with arrhythmias, 27 (64%) had ARVC 

related mutations [23 (55%) PKP2, 3 (7%) DSP and 1 (2%) RYR2]. No mutations were found 

in 15 (36%) ARVC patients. In asymptomatic mutation carriers 24 (89%) had PKP2 and 3 

(11%) had DSP mutations.

The control group consisted of 30 healthy individuals from the hospital staff. Ten 

healthy mutation negative family members were included after family cascade genetic 

screening. They were added to explore if RV mechanical dispersion was attributed to the 

familial ARVC related genetic mutation or to other unidentified familial factors. All 

individuals in the control group had normal electrocardiogram (ECG), physical examination, 

and echocardiographic study and were free from disease with potential impact on the 

cardiovascular system. 



14 
 

Study population (Paper 2) 
 
 In total, 176 consecutive adult primary orthotopic HTx recipients, transplanted at the 

national HTx centre (Oslo University Hospital, Rikshospitalet) between August 2001 and 

August 2007, were retrospectively evaluated for eligibility in this study. Of these patients, 167 

had an analyzable echocardiographic study, performed 13 ± 6 days post HTx. Assessment of 

LVGLS was not feasible due to poor image quality in 1 (6%) non-survivor and 8 (5%) 

survivors. 

 Patients were identified, and the data were collected from our transplant database 

approved by The Institutional Review Board, the hospital dialysis records and the Norwegian 

Cancer Registry. Data contains information after HTx, including demographics, clinical 

history, treatment, examinations and records of hemodynamic data and renal replacement 

therapy including kidney transplantation. The database is updated continuously as we cross 

match data from the National Norwegian Population Registry, general hospital registry, 

Norwegian Cancer Registry and the immunology and pathology registry.  

During the first year, 15/167 (9%) patients died 86 ± 72 days after HTx. The primary 

cause of death was grade 2R or higher acute cellular rejection27 in 2 patients. Importantly, a 

combination of acute cellular rejection and antibody mediated rejection was present in 7 cases 

at the time of death. The primary causes of death in the other 6 patients were multiple organ 

dysfunction syndrome in combination with sepsis in 3 and in combination with acute 

respiratory distress syndrome in 1, peroperative myocardial infarction and post-operative 

ventricular arrhythmia in 1, and heparin induced bleeding in 1 HTx recipient. Among the 

survivors (n=152), 48 (32%) experienced 1 or more episodes of biopsy proven grade 2R or 

higher acute cellular rejection and 8 (5%) experienced antibody mediated rejection within the 

first year.  
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Study population (Paper 3) 
 

This study was conducted in a single tertiary coronary care center. Seventy-seven 

patients fulfilled inclusion criteria with symptoms and signs of NSTE-ACS and were referred 

to our hospital for coronary angiography. These patients were prospectively included in the 

study. 

Exclusion criteria were: age <18 years, history of previous myocardial infarction, 

percutaneous coronary intervention and open chest surgery, left bundle branch block, severe 

valvular dysfunction, atrial fibrillation with heart rate >100 bpm, sustained severe arrhythmia, 

or any condition which interfered with the patients' ability to comply.  

ECGs were evaluated by experienced cardiologists at admission. ECGs were described 

as ischemic if ST depression or T wave changes were present. Echocardiography was 

performed 1-2 hours prior to coronary angiography and within 48 after the last episode of 

chest pain. 

By coronary angiography, 49 (64%) had significant CAD. Patients with significant 

CAD were more frequently male compared to patients without. No differences in age, co-

morbidity or medication were observed between those with and without significant CAD at 

admission. Of the patients with significant CAD, 21 (28%) had significant coronary stenosis, 

and 28 (36%) had coronary artery occlusion in 1 or more coronary arteries.   
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METHODS 
Two-dimensional echocardiography  
 

Patients and control subjects underwent an echocardiographic study by Vivid 5 and 7 

(GE, Vingmed, Horten, Norway) in study 1 and 2, and by ARTIDA (Toshiba Medical 

Systems Corporation, Tokyo, Japan) in study 3. Cineloops from 3 standard apical views (4-

chamber, 2-chamber and apical long-axis) were recorded using grey-scale harmonic imaging 

in all 3 studies. In study 3, also standard parasternal short-axis view of the LV at the level of 

the papillary muscle was recorded. Data were digitally stored for off-line analysis using 

software (EchoPac, GE, Vingmed) in study 1 and 2, and (Toshiba Medical Systems 

Corporation, Tokyo, Japan) in study 3. The echocardiographic data were analyzed blinded to 

all clinical information.  

EF was assessed by the modified biplane Simpson`s method from apical 4- and 

2-chamber grey-scale recordings in all 3 studies. End-diastole was defined as the frame 

closest to the R-wave, and end-systole was defined as the minimal cavity area just before 

mitral valve opening. According to the recommendations of the American Society of 

Echocardiography, the inner contour of the LV cavity was manually traced, leaving the 

papillary muscles and trabeculations within the cavity.28  In all 3 papers, EF was compared to 

different strain parameters as a major part of the studies. 

From 2D echocardiography the following additional parameters were assessed in the 

first study: right ventricular outflow tract (RVOT) diameter in the parasternal short axis view, 

RV end-diastolic area, RV end-systolic area and RV fractional area change (RVFAC) from 

apical 4 chamber view. 13 

In the third study, wall motion was visually assessed in a 16-segment model, as 

normal=1, hypokinetic=2, akinetic=3, dyskinetic=4, aneurysm=5, according to the American 

Society of Echocardiography.29 Image quality was evaluated and segments were discarded if 
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the quality were found insufficient for analysis. Wall motion score index (WMSI) was 

calculated for each patient as the average of analyzed segmental values.  

Two-dimensional speckle-tracking echocardiography 
 

Strain is a clinical index of regional myocardial deformation30  and have been 

introduced and validated using magnetic resonance imaging (MRI) tagging31 and 

sonomicrometry.32 Tissue Doppler technology, the predecessor of speckle-tracking 

technology, requires achievement of parallel orientation between the direction of motion and 

the ultrasound beam. Its use has remained limited due to angle dependency, substantial 

intraobserver and interobserver variability and noise interference. Strain is defined as tissue 

elongation relative to length. A positive strain value refers to elongation, whereas a negative 

strain value describes shortening. Therefore, negative systolic strain values describe a normal 

contracting myocardial segment (Figure 1).  

 

Figure 1. Left  panel demonstrate apical 4-chamber view with the left ventricular (LV) 

myocardium as region of interest in a healthy individual. Corresponding longitudinal strain 

curves are shown in the right  panel. End-systole is defined by aortic valve closure (AVC), 
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and is marked by a vertical stippled blue line. Peak systolic strain is defined as maximum 

shortening during systole (arrow). 

RV = right ventricle 

 

Two-dimensional speckle-tracking echocardiography (2D-STE) has been developed to 

eliminate the problem of angle-dependency in Doppler-derived deformation analyses.33 It is a 

semi-automated quantitative technique for assessment of cardiac function based on gray-scale 

images. Strain (relative tissue deformation) is evaluated on a frame-by-frame basis by 

tracking of acoustic markers (speckles) throughout the cardiac cycle and is calculated for each 

LV segment as the average relative deformation in longitudinal (Paper 1-3), circumferential 

(Paper 3), or radial directions (Figure 2).  

 

Figure 2. Schematic illustration of the 3 strain directions in the heart's coordinate system. 

 CS = circumferential strain, LS = longitudinal strain and RS = radial strain. 

 

The endocardial borders were traced in the end-systolic frame of the 2D images from 

the 3 apical views for LV longitudinal strain (Paper 1-3), from the 4-chamber view for RV 

longitudinal strain (Figure 3) (Paper 1) and from short axis view for LV circumferential strain 

(Paper 3).  
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Figure 3. Left  panel demonstrate apical 4-chamber view with the RV  myocardium as region 

of interest in a healthy individual. Corresponding longitudinal strain curves are shown in the 

right  panel.  

AVC = aortic valve closure; LV = left ventricle 

 

The thickness of the region of interest was adjusted to match the thickness of the 

myocardial wall. Speckles were tracked throughout the cardiac cycle. Segments that failed to 

track were manually adjusted by the operator. Any segments that subsequently failed to track 

were excluded. The software generated 18 longitudinal LV segments from the 3 apical views 

which were converted to a standardized 16 LV segment model by averaging the strain values 

of corresponding apical segments in the apical long-axis and 4-chamber planes.29 

Consequently, peak systolic longitudinal strain, defined as maximum systolic longitudinal 

shortening, was assessed in 16 longitudinal LV segments and averaged to GLS (Paper 1-3). 

Peak systolic longitudinal strain from 3 RV free wall segments was averaged as a measure of 

RV function (RV strain) (Paper 1). Finally, global circumferential strain (GCS) was averages 

from peak systolic circumferential strain in 6 circumferential LV segments (Paper 3). End of 
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systole was defined by the timing of the aortic valve closure in apical long axis view (Paper 1-

3). 

Two-dimensional strain and mechanical dispersion 
 

The endocardial borders were traced as described earlier and speckles were tracked in 

the LV and the RV myocardium throughout the cardiac cycle. Contraction duration (CD) 

(Figure 4) was measured as the time from onset R on ECG to maximum LV and RV 

myocardial shortening by strain. 

 

Figure 4. Mechanical dispersion in an asymptomatic mutation carrier (left panel) and a 

patient with arrhythmogenic right ventricular cardiomyopathy (ARVC) with recurrent 

arrhythmias (right panel). Horizontal white arrow indicates contraction duration defined as 

the time from onset R on ECG to maximum myocardial shortening. Vertical arrows indicate 

the timing of maximum myocardial shortening in each segment. Right panel shows more 

pronounced mechanical dispersion.34 

 

 Standard deviation of CD was calculated as a parameter of mechanical dispersion, in a 

16 LV segment and a 6 RV segment model. We used a 6 RV segment model (3 RV free wall 

segments plus 3 septal segments) when assessing mechanical dispersion which includes the 
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usually less affected interventricular septum to elucidate dispersion of contraction between 

affected and non-affected segments (Figure 5). 

Figure 5. Right ventricular strain curves in a healthy control, an asymptomatic carrier of 

arrhythmogenic right ventricular cardiomyopathy (ARVC) specific mutation, and a patient 

with manifest ARVC. Mechanical dispersion is gradually increasing as the disease is 

progressing. 

Two-dimensional layer-specific strain 
 

The endocardial borders were traced in the end-systolic frame from the 3 apical views 

for analyses of longitudinal and from parasternal short-axis view for circumferential 

endocardial, mid-myocardial and epicardial strains. Peak negative systolic longitudinal and 

circumferential strains from 3 layers were assessed using off-line software (Toshiba Medical 

Systems Corporation, Tokyo, Japan) in 16 longitudinal (Figure 6) and 6 circumferential LV 

segments. All segmental values were averaged to GLS and GCS for each myocardial layer. 
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Figure 6. Six endocardial longitudinal strain segments in apical 4-chamber view in a patient 

with non-ST elevation (NSTE) acute coronary syndrome (ACS) with occluded Left 

Circumflex (LCX) artery. Automatic strain analysis shows reduced color coded endocardial 

strain values in the segments supplied by the LCX artery on the left. Color-coding from yellow 

to green indicates strain from +30% to -30%. Yellow indicates preserved strain. Brown 

indicates areas with reduced strain. Epicardial shortening was assessed along the red line. 

Strain curves for the 6 endocardial segments are displayed on the right. The curves 

representing the segments supplied by the LCX artery show reduced peak systolic 

longitudinal strain values of -15% (white arrow).35  

 

Endo-, mid-, and epicardial territorial longitudinal strains (TLS) were calculated based 

on the perfusion territories of the 3 major coronary arteries in a 16-segment LV model,29 by 

averaging all segmental peak systolic longitudinal strain values within each territory in each 

layer. 
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Magnetic Resonance Imaging 
  

Due to its high reproducibility and high spatial resolution, MRI is considered as the 

gold standard for cardiac deformation and scar imaging. In addition, MRI can detect fatty 

replacement of myocardium and scar tissue in patients with ARVC.  

In Paper 1, MRI was performed using 1.5 Tesla units (Magnetom Vision Plus or 

Magnetom Sonata, Siemens, Erlangen, Germany) and a phased array body coil. Axial and 

sagital T1 TSE images, multiple axial and one sagital cineloop covering the RV and LV were 

recorded. RV and LV chamber dimensions, wall thickness and myocardial function were 

assessed. A negative MRI study was defined as normal RV and LV dimensions, normal 

global and regional wall-motion, no fatty infiltration and/or scar tissue, and no aneurysm 

formation.  

Signal-Averaged ECG  
 

Signal-averaged electrocardiography (SAECG) is a method, in which multiple ECG 

signals are averaged to remove interference and reveal small variations in the QRS complex, 

usually called "late potentials". These may represent a predisposition for ventricular 

arrhythmias.36 

In Paper 1, SAECG was performed using a MAC® 5000-analysing system (GE 

Medical Systems, Milwaukee, WI, USA). Time domain analysis was obtained in the bandpass 

filter 40 to 250 Hz. The SAECG was considered positive for late potentials when at least 2 of 

the following 3 parameters were abnormal: total filtered QRS duration (fQRSd) >114 ms, the 

terminal (last 40ms) QRS root mean square voltage (RMS) <20μV and the low amplitude 

(<40μV) late potential duration (HFLA) >38 ms. 
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Right heart catheterization 
 

In severe heart failure, pulmonary artery pressures may increase. To assess 

hemodynamics in the follow up of HTx recipients after a successful heart transplantation, 

right heart catheterization was performed and pulmonary pressures and pulmonary vascular 

resistance (PVR) were measured since these parameters are important prognostic factors. 

In Paper 2, right heart catheterization was performed using a Swan-Ganz pulmonary 

artery thermodilution catheter (Baxter Health Care Corp, Santa Ana, CA) 12 ± 8 days post-

HTx. Mean pulmonary artery pressures and mean pulmonary capillary wedge pressures were 

obtained. Cardiac output was measured by thermodilution. The transpulmonary gradient was 

obtained by subtracting mean pulmonary capillary wedge pressure from mean pulmonary 

artery pressure. PVR was obtained in Wood units by dividing transpulmonary gradient with 

cardiac output. 

Coronary angiography 
 

In Paper 3, all patients underwent coronary angiography. The assessment of CAD was 

performed by visual estimate in each single stenosis with multiple projections, avoiding 

overlap of side branches and foreshortening of relevant coronary stenoses. Coronary 

occlusion was defined as TIMI flow 0 or 1, while significant coronary artery stenosis was 

considered as ≥50% reduction of vessel diameter in at least one major coronary artery. 

Fractional flow reserve (FFR) measurement was performed in case the operator was in doubt 

about the hemodynamic significance of a stenosis. The lesion was considered functionally 

significant when FFR ≤0.8. When judged appropriate given angiographic, ECG and clinical 

data, intervention was performed. 
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Reproducibility and feasibility 
 

In Paper 1, intraobserver and interobserver intraclass correlation were 0.96 and 0.95, 

for RV strain measurements, 0.94 and 0.94 for LVGLS measurements, 0.85 and 0.84 for RV 

time measurements and 0.93 and 0.88 for LV time measurements, respectively. 

In Paper 2, intraobserver and interobserver intraclass correlation for LVGLS were 0.91 

and 0.88. 

In Paper 3, assessment of longitudinal strain could be performed in 1303 (94%) 

endocardial, 1149 (83%) mid-myocardial and 1142 (82%) epicardial LV segments. The 

corresponding circumferential analyses could be done in 361 (78%) endocardial, 361 (78%) 

mid-myocardial and 343 (74%) epicardial segments. Intraobserver and interobserver 

intraclass correlation were 0.96 and 0.96, for endocardial GLS, 0.87 and 0.92, for mid-

myocardial GLS, 0.94 and 0.93 for epicardial GLS, 0.81 and 0.84, for endocardial GCS, 0.84 

and 0.81, for mid-myocardial GCS and 0.82 and 0.76 for epicardial GCS measurements, 

respectively. 

Statistical methods 
 

Analyses were carried out using a standard statistical software program (SPSS version 

16, SPSS Inc, Chicago, IL). Data were presented as mean ± standard deviation, numbers and 

percentages, and median and interquartile range (IQR)(Paper 1-3). For normally distributed 

variables, chi-square test (categorical variables) and Student`s t-test (continuous variables) 

were used to determine differences between two groups (Paper 1-3). For comparisons 

between more than two groups, analysis of variance (ANOVA) was performed with the 

Bonferroni post hoc correction for multiple comparisons (Paper 1 and 3). For non-normally 

distributed variables, the Mann-Whitney U-test (2 groups)(Paper 1-3) and the Kruskal-Wallis 

test (multiple groups)(Paper1) were used. Logistic regression analysis was performed to 

determine the independent prognostic value of RV dispersion for predicting arrhythmias in 
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ARVC patients and asymptomatic mutations carriers (Paper 1) and to determine the 

diagnostic value of endocardial TLS for predicting significant CAD in patients with suspected 

NSTE-ACS (Paper 3). The selection of variables to be included in a multivariate logistic 

regression analysis in Paper 1 was based on statistical significance of p<0.05 in the univariate 

logistic regression analysis, in addition to the LVEF which was forced in. In Paper 3, 

multivariate logistic regression analysis was performed for factors that could potentially 

influence myocardial function and strain measurements and to determine the independent 

diagnostic value of endocardial TLS for predicting significant CAD. The area under the 

receiver-operating characteristic (ROC) curve (AUC) was calculated for LVEF, LVGLS, RV 

strain, RVFAC and RV mechanical dispersion in Paper 1, for recipient age, donor age, LVEF, 

LVGLS, PVR and C-reactive protein in Paper 2 and for endo-, mid-, epicardial TLS, GLS and 

GCS, WMSI, EF and Troponin T in Paper 3. Comparisons between AUCs were performed by 

using a non-parametric U-test (Analyze-it®) (Paper 1-3). The value closest to the upper left 

corner of the ROC curves determined optimal sensitivity and specificity for the ability of the 

parameters to discriminate between those with and without arrhythmic events in Paper 1, to 

predict 1-year mortality in HTx recipients in Paper 2 and to predict the presence of significant 

CAD in NSTE-ACS patients in Paper 3. Correlation between the RV and LV strain was 

assessed by linear regression analysis in Paper 1. Correlation of strain parameters with 

Troponin T was tested by the Spearman correlation coefficient in Paper 3.  

In Paper 2, univariate Cox regression analysis was performed to determine predictors 

for 1-year mortality among baseline clinical features, right heart catheterization parameters, 

biochemical markers and measures of LV function. The variables recipient age, pulmonary 

vascular resistance, LVGLS, LVEF and CRP with a univariate statistical significance of < 

0.05 were selected for inclusion in a multivariate Cox regression analysis to determine the 

independent prognostic value of LVGLS for predicting 1-year mortality. Survival was 
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expressed using Kaplan-Meier analysis long-rank tested for significance. We calculated the 

integrated discrimination index (IDI) and the net reclassification improvement (NRI) between 

models following the methodology of Pencina et al 37, 38 in Paper 2.  

Reproducibility was expressed as intraclass correlation coefficient and was performed 

in 10 patients in each study.  

P-values were two-tailed and values <0.05 were considered significant in all 3 papers. 
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SUMMARY OF RESULTS 
Paper 1 
 

We included 69 patients, 42 (61%) had symptomatic ARVC and 27 (39%) were 

mutation positive asymptomatic family members, diagnosed by cascade genetic screening. 

Forty healthy individuals served as controls. Ventricular arrhythmias (VT/VF) were 

documented in all 42 ARVC patients. 

Mechanical dispersion was more pronounced in ARVC patients with arrhythmias 

compared to asymptomatic mutation carriers and healthy individuals in RV (52 [41, 63] ms vs 

35 [23, 47] ms vs 13 [9, 19] ms, p<0.001). A ROC analysis demonstrated that RV mechanical 

dispersion was the most sensitive and specific parameter to identify arrhythmic events among 

the study participants (Figure 7). Furthermore, mechanical dispersion was more pronounced 

in asymptomatic mutation carriers compared to healthy individuals (p<0.001). RV mechanical 

dispersion predicted ventricular arrhythmias in a multivariate logistic regression analysis 

(p<0.03) with odds ratio 1.66 (95% Confidence Interval 1.06-2.58). RV and LV function by 

strain (-19 [-16, -21] % and -17 [-16, -19] %) were reduced in symptomatic ARVC patients 

and correlated significantly (R=0.81, p<0.001). RV and LV strain were reduced in 

asymptomatic mutation carriers compared to healthy individuals (-22 [-20, -24] % vs -25 [-23, 

-27] % and -20 [-18, -21] % vs -22 [-21, -24] %, both p<0.001). 

RV mechanical dispersion was pronounced in patients with ARVC with ventricular 

arrythmias. RV mechanical dispersion was present in asymptomatic mutation carriers and 

may be helpful in risk stratification. RV and LV function correlated in ARVC patients 

implying that ARVC is a biventricular disease.  
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Figure 7. Receiver-operating characteristic curve analyses for the ability of LV and RV 

parameters to predict arrhythmic events in ARVC patients, asymptomatic mutation carriers 

and healthy controls (n=109).34  
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Paper 2 
 
 LV function can be accurately assessed by 2D-STE. The association between reduced 

LVGLS magnitude and risk for mortality in HTx recipients is unclear. We hypothesized that 

LVGLS could predict 1-year mortality in HTx recipients. 

We retrospectively evaluated 176 consecutive adult primary single organ orthotopic 

HTx recipients. Of these, 167 had acceptable echocardiographic image quality and were 

included in the study. N-terminal probrain natriuretic peptide, creatinine, C-reactive protein 

and invasive hemodynamic parameters were measured and echocardiography was performed 

1-3 weeks post HTx. LVGLS was averaged from regional strain in 16 LV segments.  

During the first year, 15 (9%) patients died 86 ± 72  days after HTx. LV function 

assessed by LVGLS and LVEF was significantly decreased in non-survivors (-7.9 [-5.7,-10.8] 

% and 34 [30, 42] %) compared with survivors (-13.7 [-11.8, -15.4] % and 46 [41, 54%], 

p<0.001 respectively). Non-survivors were older and had higher donor age. Mean pulmonary 

capillary wedge pressure was similar in the two groups while all other hemodynamic 

parameters were increased in non-survivors (p<0.05). LVGLS was the only significant 

(p=0.02) non-invasive independent predictor with hazard ratio 1.42 (95% Confidence Interval 

1.07-1.88, p=0.02) per 1 % decrease in strain magnitude, while PVR was a significant 

(p<0.001) invasive predictor with hazard ratio 3.98 (95% Confidence Interval 2.01-7.87) of 1-

year mortality in a multivariate Cox regression analysis. Kaplan-Meier survival analysis 

showed that patients with LVGLS ≥ -9% and LVEFs < 42% had significantly worse 

cumulative survival compared to HTx recipients with LVGLS < -9% and LVEFs ≥ 42% (log-

rank test, p<0.001) (Figure 8). By ROC analysis, LVGLS ≥ -9% showed the greatest AUC 

and predicted 1-year mortality with better sensitivity and specificity than LVEF < 42% 

(Figure 9). Including LVGLS to the prediction model improved classification of risk; relative 
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integrated discrimination index (IDI) was 3.4 (p<0.01), and net reclassification improvement 

(NRI) was 0.19 (95% CI 0.05-0.34, p<0.01).  

Reduced LV function and increased PVR are related to poor prognosis in HTx 

recipients. Early assessment of LVGLS might be a non-invasive predictor of 1-year mortality 

in these patients. 

 

 

 

Figure 8. Kaplan-Meier Survival analysis in 167 heart transplant recipients (15 non-

survivors and 152 survivors). Patients with LVGLS < -9% and LVEF ≥ 42% show 

significantly higher cumulative survival at 1-year of follow up.39  

LVEF, left ventricular ejection fraction; LVGLS, left ventricular global longitudinal strain 
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Figure 9.  Receiver-operating characteristic curve analyses for the ability of recipient age, 

donor age, PVR, LVGLS, LVEF, and C-reactive protein to predict 1-year mortality in HTx 

recipients. The analyses include all study participants (n=167).39 

AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; LVEF, left 

ventricular ejection fraction; LVGLS, left ventricular global longitudinal strain; PVR, 

pulmonary vascular resistance 
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Paper 3 
 

Seventy-seven patients referred to coronary angiography due to suspected NSTE-ACS 

were prospectively included. Coronary occlusion was found in 28, significant stenosis in 21 

and no stenosis in 28 patients. Echocardiography was performed 1-2 hours before 

angiography.  

Patients with significant CAD had worse function in all 3 myocardial layers assessed 

by TLS and GCS compared to patients without significant CAD. Endocardial TLS (-14.0 ± 

3.3% vs -19.2 ± 2.2%, p<0.001) and GCS (-19.3 ± 4.0% vs -24.3 ± 3.4%, p<0.001) were most 

affected. The absolute difference between endo- and epicardial TLS and GCS were lower in 

patients with significant CAD (Δ2.4 ± 3.6% and Δ6.7 ± 3.8%, p<0.001) than in those without 

significant CAD (Δ5.3 ± 2.1% and Δ10.4 ± 3.0%, p<0.001). This reflects a pronounced 

decrease in endocardial function in patients with significant CAD. Multivariate regression 

analyses including parameters influencing myocardial function showed that reduced 

myocardial function by endocardial TLS (per 1% change) was the only significant predictor 

(p<0.001) with odds ratio 2.10 (95% Confidence Interval 1.47-3.09) of the presence of 

significant CAD. ROC analysis showed that endo- and midmyocardial TLS were superior to 

identify significant CAD compared to epicardial TLS (p<0.05), WMSI (p<0.01) and EF 

(p<0.001) (Figure 10). 

Assessment of endo- and mid-myocardial territorial longitudinal strain by layer-

specific strain echocardiography provided higher accuracy than epicardial strain, WMSI and 

EF in the identification of patients with NSTE-ACS and significant CAD. Endocardial 

function was more affected in patients with significant CAD compared to epicardial function. 

 

 



34 
 

 
 

Figure 10. Receiver-operating characteristic curve analyses for the ability of Troponin T, EF, 

WMSI and TLS parameters to identify patients with significant coronary artery disease. The 

analyses include all study participants (n=77).35 
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DISCUSSION 
 

This thesis introduces new principles in the assessment of myocardial function. The 

prediction of clinical outcome in different cardiac diseases has long been a primary focus of 

cardiologists. Different cardiologic diseases have different pathophysiological background, 

however, many of these share a final common pathway, namely myocardial dysfunction.  

Patients with ARVC, HTx recipients and patients with significant CAD showed 

reduced myocardial function assessed by different strain echocardiographic methods, even 

though EF was generally within normal range. In all 3 studies, reduced myocardial function 

by strain was associated with increased myocardial disease and consequently worse 

prognosis. These findings indicate that subtle myocardial abnormalities induced by different 

myocardial diseases may be detected by sensitive echocardiographic techniques and improved 

prognostic information can be achieved. 

Mechanisms of reduced myocardial function in ARVC patients, HTx 
recipients and patients with CAD  
 

The mechanisms of reduced myocardial function in ARVC patients, HTx recipients 

and patients with CAD have both similarities and differences. Myocardial dysfunction in 

patients with CAD has primarily regional, while in HTx recipients and patients with ARVC a 

combination of global and regional character. 

ARVC is mainly an autosomal dominant inherited disease. Mutations in the genes 

encoding desmosomal proteins lead to cytoskeleton dysfunction, cell death and fibrosis.12 

Importantly, reduced myocardial function and malignant arrhythmias origin from different 

mechanisms at different stages of the disease. In the concealed phase, inflammatory processes 

due to apoptosis, derangements in cell-to-cell adhesion and altered nuclear signaling are 

present and may induce arrhythmias even though structural abnormalities may not be detected 
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by traditional imaging.12, 40 In later stages, fibro-fatty replacement of myocardial tissue is 

responsible for reduced myocardial function and for potential re-entry circuits.41-44  

In HTx recipients, myocardial function is determined by alloimmune response, and a 

variety of non-immune factors such as ischemia-reperfusion injury, post-surgical sympathetic 

denervation, reduction of pre-HTx pulmonary hypertension and LV preload, acute renal 

failure, advanced age, post-transplantation infections, and donor variables including age, 

ischemic time and LV hypertrophy.45-49 The mentioned factors influence the myocardium in 

different ways, however, rejection is the leading cause of allograft dysfunction in these 

patients.46 Rejection is characterized histologically by inflammatory cell infiltrates, interstitial 

edema and myocyte necrosis which ultimately translate into structural and functional 

abnormalities of the allograft.50  

In patients with significant CAD there are also several mechanisms leading to reduced 

myocardial function. Importantly, the main reason for reduced function is the imbalance 

between myocardial oxygen consumption and supply. The most obvious cause of this 

imbalance is coronary artery occlusion leading to irreversible myocardial cell death and 

fibrosis. On the other hand, reversible myocardial dysfunction can be induced by myocardial 

stunning or hibernation.51, 52 Myocardial stunning occurs in patients with significant coronary 

artery stenosis after episodes of ischemia. Recurrent episodes of, or prolonged ischemia and 

repetitive stunning may lead to chronic, but still reversible myocardial dysfunction known as 

myocardial hibernation.51, 53    

As described above, we have examined 3 fundamentally different patient groups. The 

pathophysiology leading to myocardial dysfunction is essentially different in these groups, 

however, the reduced ability of the myocardium to contract is shared in these diseases. 
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Mechanical dispersion and biventricular dysfunction in ARVC 
 

Electrical dispersion (heterogeneous electrical conduction) is a known arrhythmogenic 

factor.15 Electrical dispersion leads to mechanical abnormalities. Mechanical abnormalities 

can be assessed by 2D-STE as mechanical dispersion (heterogeneous contraction).16-18 

Paper 1 demonstrated that mechanical dispersion is pronounced in both ventricles in 

patients with ARVC and arrhythmias. Interestingly, reduced myocardial function by strain 

and increased mechanical dispersion in both ventricles were also present in asymptomatic 

ARVC mutation carriers. These findings suggest biventricular involvement also in the 

concealed phase of the disease when structural and functional changes are not apparent if 

assessed by traditional echocardiography or MRI. Importantly, the occurrence of malignant 

arrhythmias and reduced myocardial function can precede structural myocardial changes 

shown by traditional imaging techniques. An accurate assessment of myocardial function is 

therefore particularly important in early ARVC and in so far asymptomatic ARVC mutation 

carriers.  

Since the disease is inherited in at least 50% of cases,40 the screening of relatives is 

essential. Cascade genetic screening helps to identify affected family members and to focus 

resources. Still, risk stratification of asymptomatic ARVC mutation positive family members 

is challenging and is emphasized by the fact that the first manifestation of the disease in 20-

50% of cases may be cardiac arrest.  

The novelty of Paper 1 is the identification of myocardial abnormalities in 

asymptomatic ARVC mutation carriers and the potential for prediction of arrhythmias. 

Mechanical dispersion and strain by 2D speckle-tracking echocardiography appears to be a 

sensitive tool for assessing subtle changes in myocardial function and timing of myocardial 

contraction in ARVC patients and in asymptomatic ARVC mutation carriers.  
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Myocardial function in HTx recipients 
 

In Paper 2, we have shown that assessment of LV function by echocardiographic 

global longitudinal strain is a sensitive marker of poor clinical outcome. Reduced deformation 

assessed by strain was the only non-invasive independent predictor of 1-year mortality in 

heart transplant recipients, together with the well established invasive prognostic variable of 

pulmonary vascular resistance. 

But why is LV function reduced in these HTx non-survivors? A transplanted heart is 

never fully compatible with its new host. Therefore, one could in theory expect a development 

of low degree chronic rejection status even if it is not necessarily detectable by biopsy. The 

degree of rejection is clearly dependent on the grade of immune incompatibility and the 

efficacy of immune suppression. Increasing grade of acute rejection (or combination of the 2 

different rejection types) has obviously increasing detrimental effect on LV function.50 

According to our results in Paper 2, markedly reduced myocardial function was present 

already early after HTx in patients who developed fulminant rejection and graft failure later 

on, even though rejection was detectable by endomyocardial biopsy in only 1 patient at the 

time of the echocardiographic study.  

On the other hand, all HTx non-survivors without rejections had complications 

directly or indirectly affecting myocardial function and hemodynamics, and had accordingly 

reduced LV function. In addition, many of these non-survivors developed multiple organ 

dysfunction syndrome early after HTx and had increased pulmonary vascular resistance.  

Early changes of allograft rejection might be detected by 2D-STE.54 The results of 

Paper 2 imply that a single assessment of LVGLS early after HTx might be a useful non-

invasive screening tool in the identification of HTx recipients with poor clinical prognosis. 

Interestingly, HTx survivors with only modestly reduced or normal LV function by 

LVEF had markedly reduced function by LVGLS. Reduced LV function assessed by LVGLS 
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early after HTx, despite normal LVEF, might be explained by non-immune factors, described 

earlier, besides alloimmune response, and is in accordance with reports demonstrating a 

higher sensitivity for the detection of incipient heart failure by LVGLS compared to LVEF.55 

Function in different myocardial layers in patients with CAD 
 

Paper 3 demonstrated impaired LV function in all 3 myocardial layers in patients with 

NSTE-ACS and significant CAD compared to patients without significant CAD. 

Interpretation of ECG changes could not distinguish between patients with and without 

significant CAD. These results confirm earlier studies and suggest that assessment of layer-

specific strain may increase the accuracy in the attempts to identify significant CAD before 

referral to angiography and can be of valuable help as an additional clinical tool in the 

diagnostic work-up of these patients. 

About two thirds of coronary angiographies lead to an intervention in patients with 

NSTE-ACS.23 Although, there are several different non-invasive methods for the purpose of 

identifying significant CAD, 56 many of these are expensive, unavailable and the number of 

false positive and negative test results are high.  

In patients with CAD, the inner oblique myocardium is most susceptible to ischemic 

injury.57 Myocardial infarction models as well as reperfusion studies of myocardial infarction 

have indicated that the endocardial layer is first affected by ischemia25 causing morphologic24 

and functional alterations predominant in this layer. With increasing severity, ischemia and 

necrosis propagate in a transmural wavefront extending from the endocardium to the 

epicardium. 26 Due to the fact that greatest shortening in a healthy myocardium occurs in the 

endocardial layer and that endocardium is first affected by ischemia, one will expect that 

significant CAD causes greatest reduction of function in this particular layer. Reduced 

endocardial function in patients with significant CAD can be explained by either coronary 
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occlusion and direct myocardial damage or by reversible myocardial dysfunction caused by 

myocardial stunning or hibernation.53   

In study 3, endocardial longitudinal and circumferential strains were better than 

epicardial strains to identify patients with significant CAD. Furthermore, our results indicate 

that all 3 myocardial layers were affected by both coronary artery occlusion and by significant 

coronary artery stenosis, however to different extent. The greatest decrease in myocardial 

function, occurred in the endocardial layer since shortening normally is most prominent in 

this layer. Therefore, layer-specific strain analyses might increase diagnostic accuracy in these 

patients. 

Methodology: strain by 2-dimensional speckle-tracking 
echocardiography 
 

 Total wall thickness strain, layer-specific strain and mechanical dispersion were 

assessed by 2D-STE. The advantage of strain echocardiography, is that it assesses myocardial 

deformation, an intrinsic mechanical property, and therefore is a more direct measure of 

function than conventional cavity-based echocardiographic parameters such as EF. 

In this thesis, detailed strain studies were used to measure subtle alterations in 

myocardial function in various ways. In ARVC patients and asymptomatic ARVC mutation 

carriers, we determined timing of maximal myocardial contractions in different myocardial 

segments and calculated mechanical dispersion, which showed to be related to ventricular 

arrhythmias. In HTx recipients, reduced myocardial function by strain was detected before 

these patients developed fulminant allograft rejection. Finally, evaluation of layer-specific 

deformation showed a pronounced reduction in endocardial function and transmural 

deformation gradient in patients with significant CAD. In these papers, a combination of 

previous knowledge of pathophysiology and use of echocardiographic techniques gave 

valuable prognostic information.  
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Speckle tracking technique as used in these papers is attractive and robust in use. 

Reproducibility and feasibility studies including timing and strain measurements were 

satisfying. 

Importantly, in all 3 studies subtle myocardial alterations were detected with strain 

echocardiographic methods, even if reduced myocardial function was typically absent when 

assessed by traditional imaging techniques. This thesis shows that strain echocardiographic 

evaluation may add important prognostic information in patients with subtle myocardial 

alterations. 

LIMITATIONS 
Limitations of 2D speckle-tracking echocardiography 
 

The method, 2D-STE, used in all 3 studies is a promising tool for the evaluation of 

myocardial function, however, it has several limitations.58 

Feasibility is often mentioned as a limitation of 2D-STE for several reasons. The 

speckles, used in the process of strain assessments, are created by the constructive and 

destructive interferences of ultrasound backscattered from structures smaller than the 

ultrasound wavelength. Artifacts resembling speckles will influence the quality of speckle 

tracking. The method is sensitive to acoustic shadowing or reverberations, which may result 

in the underestimation of deformation. Reduced signal quality and suboptimal tracking may 

also create nonphysiological strain traces. To avoid this, spatial smoothing and previous 

knowledge of physiologic LV function are used in tracking algorithms. This, however, may 

incorrectly show regional dysfunction or affect neighboring segmental strain values. Speckle 

tracking is especially challenging in structures with thin wall, such as the RV free wall (Paper 

1) and in structures which are difficult to define, such as the 3 myocardial layers (Paper 3). In 
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case of too many discarded segmental strain values, global strain might be inaccurate. This is 

especially true in localized myocardial diseases where strain values are unevenly distributed. 

Although, more angle independent than tissue Doppler imaging, 2D-STE is not 

completely angle independent. Ultrasound images typically have better resolution along the 

ultrasound beam compared with directions at right angles. Therefore, speckle tracking works 

better for assessments of deformation in the direction along the ultrasound beam than in other 

directions. This property makes the use of longitudinal strain measurements particularly 

attractive, since myocardial motion is typically parallel with the ultrasound beam (Paper 1-3). 

Non-physiological strain traces may also arise when morphologic details can`t be 

tracked from one frame to the next due to out of plane motion of speckles. This phenomenon 

is a natural consequence of the 3 dimensional nature of myocardial deformation. Speckles 

move in 3 and not 2 dimensions. 

A major limitation of the current use of 2D-STE is the differences among vendors. 

One important difference between the technologies in Toshiba and GE, the 2 vendors used in 

our studies, is that strain calculations in Toshiba are mainly based on information from the 

endocardial layer while GE`s are primarily from the mid-myocardial layer.  

The discrepancy between vendors is clearly demonstrated by the significant difference 

between the total wall thickness LVGLS [-22 (-21, -24) %] in healthy controls in Paper 1 by 

GE scanner and endocardial LVGLS [-20 (-17, -21) %] (p<0.05) in patients without 

significant CAD in Paper 3 by Toshiba scanner. Physiologically, one would expect higher 

endocardial longitudinal deformation than total wall thickness longitudinal deformation in 

healthy individuals. Although, the selection of individuals in these 2 groups were somewhat 

different, the discrepancy in strain might be the result of the difference in scanners. 

Nevertheless, in an earlier study, the 2 commercially available speckle-tracking softwares in 

question appeared to be comparable when quantifying LV function in a healthy population.59 
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Importantly, the parameter, global longitudinal strain, which was primarily used in our 

studies, is a more robust parameter than radial and circumferential strain for the assessment of 

myocardial function when Toshiba`s and GE`s cardiac ultrasound systems are used for 

analysis.59 

Due to variance between strain values between vendors, a joint workgroup of the 

American Society of Echocardiography (ASE), the European Association of 

Echocardiography (EAE) and representatives of all Medical Imaging vendors will work for a 

standardization of strain values from different scanners.  The algorithms used by the different 

software packages are similar in terms of the speckle-tracking analysis, which is based on a 

block-matching approach of the speckle patterns within the myocardium, however, the strain 

calculation formulas used are somewhat varying. There are presently ongoing trials with the 

different scanners using the same formula for strain calculations. 

Finally, changes in hemodynamic parameters such as preload, afterload and 

contractility may influence strain measurements.60 In paper 1 and 3, patients were 

hemodynamically stable. However, in paper 2, strain measurements in HTx recipients 1-3 

weeks after heart transplantation may have been influenced by hemodynamic instability. 

Study specific limitations 
 

The first 2 studies were retrospective in their design, with the limitations inherent in 

this methodology.  

The echocardiographic data were analyzed blinded to all clinical information in all 3 

studies. However, in the first study ICD leads were visible on echocardiography, thus 

demasking the disease status of the patients. 

We assessed LVGLS in the first 2 studies but not radial or circumferential strain. This 

measure was chosen because longitudinal strain has been best validated, measurements are 

reproducible and are easily obtained. In addition, radial and circumferential strains from the 
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right ventricle are more difficult to obtain due to the complicated anatomy (Paper 1). In the 

third study we did not have 3 short axis projections available for the assessment of 

circumferential strain in a 16 segments model. Therefore, 16 longitudinal segments analyzed 

by strain were compared with only 6 mid circumferential segments. The latter performed 

poorer in the diagnosis of significant CAD, probably due to the undetected distal and to some 

extent mid-coronary stenoses and occlusions which predominantly influence apical and to a 

certain degree mid-myocardial function.  

The follow up in the second paper is limited to 1 year. The echocardiographic image 

quality is often reduced in the early post-operative phase. However, we were able to assess 

LVGLS in most of our HTx patients (Paper 2).  

All patients with suspected NSTE-ACS  in Paper 3 were treated according to 

guidelines at admission. Obviously, this could have caused dissolvement of thrombi allowing 

recovery of the affected myocardium. However, one may also speculate that even in case of 

dissolvement of thrombi, the myocardium might be still stunned or hibernated within the first 

48 hours. Furthermore, it is not known if coronary artery occlusions represent transmural or 

non-transmural infarctions since no viability studies have been performed on our patients. 

Fractional flow reserve measurements were not performed in all patients, therefore the true 

hemodynamic relevance of the stenoses is not known (Paper 3). 

Deformation of the entire wall thickness of the myocardium has not been assessed in 

Paper 3 since the software (Toshiba Medical Systems Corporation, Tokyo, Japan) did not 

allow such analysis. Consequently, we could not evaluate if layer-specific strain analysis has 

additional value compared to traditional total wall thickness strain analysis in diagnosing 

CAD. 

The gradient of strain across the myocardium is a non linear phenomena and the 

definition of the layers is arbitrary and is based on simple division into 3 parts. Since the 
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spatial resolution of ultrasound is limited, there will always be a certain degree of “overlap” 

(Paper 3).  
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CONCLUSIONS 
General conclusion 
 
Strain echocardiography is a sensitive tool in the early detection of subtle myocardial 

alterations in patients with ARVC, HTx recipients and patients with significant CAD. 

Specific conclusion 
 
I. RV and LV mechanical dispersion by myocardial strain was pronounced in patients 

with ARVC with ventricular arrhythmias and was present in asymptomatic mutation 

carriers, therefore mechanical dispersion may be helpful in risk stratification in these 

patients (Paper 1).  

 
II. ARVC patients with arrhythmias showed significantly reduced RV and LV function 

assessed by myocardial strain compared to asymptomatic mutation carriers and 

healthy controls. LV and RV function by strain were correlated in these patients 

implying that ARVC is a biventricular disease. RV and LV function was reduced in 

asymptomatic mutation carriers compared to healthy individuals (Paper 1). 

 
III. Reduced LVGLS assessed by strain echocardiography, 1-3 weeks after heart 

transplantation was the only non-invasive independent predictor of 1-year mortality in 

heart transplant recipients, together with the well established invasive prognostic 

variable of pulmonary vascular resistance (Paper 2). 

. 
IV. Assessment of endo- and midmyocardial territorial longitudinal strain by layer-specific 

strain echocardiography provided higher accuracy than epicardial territorial 

longitudinal strain, wall motion score index and ejection fraction in the indentification 

of significant CAD in patients with suspected NSTE-ACS (Paper 3).  



47 
 

REFERENCE LIST 
 
 1.  Barbir M, Lazem F, Banner N, Mitchell A, Yacoub M. The prognostic significance of non-invasive cardiac 

tests in heart transplant recipients. Eur Heart J 1997;18(4):692-696. 

 2.  Migrino RQ, Aggarwal D, Konorev E, Brahmbhatt T, Bright M, Kalyanaraman B. Early detection of 
doxorubicin cardiomyopathy using two-dimensional strain echocardiography. Ultrasound Med Biol 
2008;34(2):208-214. 

 3.  Gjesdal O, Hopp E, Vartdal T, Lunde K, Helle-Valle T, Aakhus S, Smith HJ, Ihlen H, Edvardsen T. Global 
longitudinal strain measured by two-dimensional speckle tracking echocardiography is closely related to 
myocardial infarct size in chronic ischaemic heart disease. Clin Sci (Lond) 2007;113(6):287-296. 

 4.  Thiene G, Nava A, Corrado D, Rossi L, Pennelli N. Right ventricular cardiomyopathy and sudden death in 
young people. N Engl J Med 1988;318(3):129-133. 

 5.  Vatta M, Marcus F, Towbin JA. Arrhythmogenic right ventricular cardiomyopathy: a 'final common 
pathway' that defines clinical phenotype. Eur Heart J 2007;28(5):529-530. 

 6.  Manyari DE, Klein GJ, Gulamhusein S, Boughner D, Guiraudon GM, Wyse G, Mitchell LB, Kostuk WJ. 
Arrhythmogenic right ventricular dysplasia: a generalized cardiomyopathy? Circulation 1983;68(2):251-
257. 

 7.  Jain A, Shehata ML, Stuber M, Berkowitz SJ, Calkins H, Lima JA, Bluemke DA, Tandri H. Prevalence of left 
ventricular regional dysfunction in arrhythmogenic right ventricular dysplasia: a tagged MRI study. Circ 
Cardiovasc Imaging 2010;3(3):290-297. 

 8.  Sen-Chowdhry S, Morgan RD, Chambers JC, McKenna WJ. Arrhythmogenic cardiomyopathy: etiology, 
diagnosis, and treatment. Annu Rev Med 2010;61:233-253. 

 9.  Xu T, Yang Z, Vatta M, Rampazzo A, Beffagna G, Pillichou K, Scherer SE, Saffitz J, Kravitz J, Zareba W, 
Danieli GA, Lorenzon A, Nava A, Bauce B, Thiene G, Basso C, Calkins H, Gear K, Marcus F, Towbin JA. 
Compound and Digenic Heterozygosity Contributes to Arrhythmogenic Right Ventricular 
Cardiomyopathy. J Am Coll Cardiol 2010;55(6):587-597. 

 10.  Dalal D, James C, Devanagondi R, Tichnell C, Tucker A, Prakasa K, Spevak PJ, Bluemke DA, Abraham T, 
Russell SD, Calkins H, Judge DP. Penetrance of mutations in plakophilin-2 among families with 
arrhythmogenic right ventricular dysplasia/cardiomyopathy. J Am Coll Cardiol 2006;48(7):1416-1424. 

 11.  Saffitz JE. Arrhythmogenic cardiomyopathy and abnormalities of cell-to-cell coupling. Heart Rhythm 
2009;6(8 Suppl):S62-S65. 

 12.  Saffitz JE. Dependence of electrical coupling on mechanical coupling in cardiac myocytes: insights gained 
from cardiomyopathies caused by defects in cell-cell connections. Ann N Y Acad Sci 2005;1047:336-344. 

 13.  Marcus FI, McKenna WJ, Sherrill D, Basso C, Bauce B, Bluemke DA, Calkins H, Corrado D, Cox MG, 
Daubert JP, Fontaine G, Gear K, Hauer R, Nava A, Picard MH, Protonotarios N, Saffitz JE, Sanborn DM, 
Steinberg JS, Tandri H, Thiene G, Towbin JA, Tsatsopoulou A, Wichter T, Zareba W. Diagnosis of 
arrhythmogenic right ventricular cardiomyopathy/dysplasia: proposed modification of the Task Force 
Criteria. Eur Heart J 2010;31(7):806-814. 



48 
 

 14.  Turrini P, Corrado D, Basso C, Nava A, Bauce B, Thiene G. Dispersion of ventricular depolarization-
repolarization: a noninvasive marker for risk stratification in arrhythmogenic right ventricular 
cardiomyopathy. Circulation 2001;103(25):3075-3080. 

 15.  Amlie JP. Dispersion of repolarization. A basic electrophysiological mechanism behind malignant 
arrhythmias. Eur Heart J 1997;18(8):1200-1202. 

 16.  Haugaa KH, Edvardsen T, Leren TP, Gran JM, Smiseth OA, Amlie JP. Left ventricular mechanical 
dispersion by tissue Doppler imaging: a novel approach for identifying high-risk individuals with long QT 
syndrome. Eur Heart J 2009;30(3):330-337. 

 17.  Haugaa KH, Smedsrud MK, Steen T, Kongsgaard E, Loennechen JP, Skjaerpe T, Voigt JU, Willems R, Smith 
G, Smiseth OA, Amlie JP, Edvardsen T. Mechanical dispersion assessed by myocardial strain in patients 
after myocardial infarction for risk prediction of ventricular arrhythmia. JACC Cardiovasc Imaging 
2010;3(3):247-256. 

 18.  Haugaa KH, Goebel B, Dahlslett T, Meyer K, Jung C, Lauten A, Figulla HR, Poerner TC, Edvardsen T. Risk 
assessment of ventricular arrhythmias in patients with nonischemic dilated cardiomyopathy by strain 
echocardiography. J Am Soc Echocardiogr 2012;25(6):667-673. 

 19.  Taylor DO, Edwards LB, Boucek MM, Trulock EP, Aurora P, Christie J, Dobbels F, Rahmel AO, Keck BM, 
Hertz MI. Registry of the International Society for Heart and Lung Transplantation: twenty-fourth official 
adult heart transplant report--2007. J Heart Lung Transplant 2007;26(8):769-781. 

 20.  Mills RM, Naftel DC, Kirklin JK, Van Bakel AB, Jaski BE, Massin EK, Eisen HJ, Lee FA, Fishbein DP, Bourge 
RC. Heart transplant rejection with hemodynamic compromise: a multiinstitutional study of the role of 
endomyocardial cellular infiltrate. Cardiac Transplant Research Database. J Heart Lung Transplant 
1997;16(8):813-821. 

 21.  Shahzad K, Aziz QA, Leva JP, Cadeiras M, Ho EK, Vlad G, Vasilescu ER, Latif F, Sinha A, Burke E, Addonizio 
LJ, Restaino SW, Marboe CC, Suciu-Foca N, Naka Y, Mancini D, Deng MC. New-onset graft dysfunction 
after heart transplantation--incidence and mechanism-related outcomes. J Heart Lung Transplant 
2011;30(2):194-203. 

 22.  Streeter RP, Nichols K, Bergmann SR. Stability of right and left ventricular ejection fractions and volumes 
after heart transplantation. J Heart Lung Transplant 2005;24(7):815-818. 

 23.  Damman P, van GN, Wallentin L, Lagerqvist B, Fox KA, Clayton T, Pocock SJ, Hirsch A, Windhausen F, 
Tijssen JG, de Winter RJ. Timing of angiography with a routine invasive strategy and long-term outcomes 
in non-ST-segment elevation acute coronary syndrome: a collaborative analysis of individual patient data 
from the FRISC II (Fragmin and Fast Revascularization During Instability in Coronary Artery Disease), 
ICTUS (Invasive Versus Conservative Treatment in Unstable Coronary Syndromes), and RITA-3 
(Intervention Versus Conservative Treatment Strategy in Patients With Unstable Angina or Non-ST 
Elevation Myocardial Infarction) Trials. JACC Cardiovasc Interv 2012;5(2):191-199. 

 24.  Geer JC, Crago CA, Little WC, Gardner LL, Bishop SP. Subendocardial ischemic myocardial lesions 
associated with severe coronary atherosclerosis. Am J Pathol 1980;98(3):663-680. 

 25.  Ono S, Waldman LK, Yamashita H, Covell JW, Ross J, Jr. Effect of coronary artery reperfusion on 
transmural myocardial remodeling in dogs. Circulation 1995;91(4):1143-1153. 



49 
 

 26.  Reimer KA, Jennings RB. The "wavefront phenomenon" of myocardial ischemic cell death. II. Transmural 
progression of necrosis within the framework of ischemic bed size (myocardium at risk) and collateral 
flow. Lab Invest 1979;40(6):633-644. 

 27.  Stewart S, Winters GL, Fishbein MC, Tazelaar HD, Kobashigawa J, Abrams J, Andersen CB, Angelini A, 
Berry GJ, Burke MM, Demetris AJ, Hammond E, Itescu S, Marboe CC, McManus B, Reed EF, Reinsmoen 
NL, Rodriguez ER, Rose AG, Rose M, Suciu-Focia N, Zeevi A, Billingham ME. Revision of the 1990 working 
formulation for the standardization of nomenclature in the diagnosis of heart rejection. J Heart Lung 
Transplant 2005;24(11):1710-1720. 

 28.  Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum H, Gutgesell H, Reichek N, Sahn 
D, Schnittger I, . Recommendations for quantitation of the left ventricle by two-dimensional 
echocardiography. American Society of Echocardiography Committee on Standards, Subcommittee on 
Quantitation of Two-Dimensional Echocardiograms. J Am Soc Echocardiogr 1989;2(5):358-367. 

 29.  Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, Picard MH, Roman MJ, Seward J, 
Shanewise JS, Solomon SD, Spencer KT, Sutton MS, Stewart WJ. Recommendations for chamber 
quantification: a report from the American Society of Echocardiography's Guidelines and Standards 
Committee and the Chamber Quantification Writing Group, developed in conjunction with the European 
Association of Echocardiography, a branch of the European Society of Cardiology. J Am Soc Echocardiogr 
2005;18(12):1440-1463. 

 30.  Edvardsen T, Rosen BD. Why do we need magnetic resonance imaging in cardiology? Scand Cardiovasc J 
2005;39(5):260-263. 

 31.  Amundsen BH, Helle-Valle T, Edvardsen T, Torp H, Crosby J, Lyseggen E, Stoylen A, Ihlen H, Lima JA, 
Smiseth OA, Slordahl SA. Noninvasive myocardial strain measurement by speckle tracking 
echocardiography: validation against sonomicrometry and tagged magnetic resonance imaging. J Am Coll 
Cardiol 2006;47(4):789-793. 

 32.  Langeland S, D'hooge J, Wouters PF, Leather HA, Claus P, Bijnens B, Sutherland GR. Experimental 
validation of a new ultrasound method for the simultaneous assessment of radial and longitudinal 
myocardial deformation independent of insonation angle. Circulation 2005;112(14):2157-2162. 

 33.  Stoylen A, Skjaerpe T. Systolic long axis function of the left ventricle. Global and regional information. 
Scand Cardiovasc J 2003;37(5):253-258. 

 34.  Sarvari SI, Haugaa KH, Anfinsen OG, Leren TP, Smiseth OA, Kongsgaard E, Amlie JP, Edvardsen T. Right 
ventricular mechanical dispersion is related to malignant arrhythmias: a study of patients with 
arrhythmogenic right ventricular cardiomyopathy and subclinical right ventricular dysfunction. Eur Heart 
J 2011;32(9):1089-1096. 

 35.  Sarvari SI, Haugaa KH, Wasim Z, Bendz B, Aakhus S, Aaberge L, Edvardsen T. Layer-Specific Quantification 
of Myocardial Deformation by Strain Echocardiography May Reveal Significant Coronary Artery Disease 
in Patients with Non-ST Elevation Acute Coronary Syndrome. J Am Coll Cardiol Img 2013. 

 36.  Abe A, Kobayashi K, Yuzawa H, Sato H, Fukunaga S, Fujino T, Okano Y, Yamazaki J, Miwa Y, Yoshino H, 
Ikeda T. Comparison of late potentials for 24 hours between Brugada syndrome and arrhythmogenic 
right ventricular cardiomyopathy using a novel signal-averaging system based on Holter ECG. Circ 
Arrhythm Electrophysiol 2012;5(4):789-795. 



50 
 

 37.  Pencina MJ, D'Agostino RB, Sr., D'Agostino RB, Jr., Vasan RS. Evaluating the added predictive ability of a 
new marker: from area under the ROC curve to reclassification and beyond. Stat Med 2008;27(2):157-
172. 

 38.  Pencina MJ, D'Agostino RB, Sr., Steyerberg EW. Extensions of net reclassification improvement 
calculations to measure usefulness of new biomarkers. Stat Med 2011;30(1):11-21. 

 39.  Sarvari SI, Gjesdal O, Gude E, Arora S, Andreassen AK, Gullestad L, Geiran O, Edvardsen T. Early 
Postoperative Left Ventricular Function by Echocardiographic Strain is a Predictor of 1-Year Mortality in 
Heart Transplant Recipients. J Am Soc Echocardiogr 2012;25(9):1007-1014. 

 40.  Corrado D, Basso C, Pilichou K, Thiene G. Molecular biology and clinical management of arrhythmogenic 
right ventricular cardiomyopathy/dysplasia. Heart 2011;97(7):530-539. 

 41.  Basso C, Thiene G, Corrado D, Angelini A, Nava A, Valente M. Arrhythmogenic right ventricular 
cardiomyopathy. Dysplasia, dystrophy, or myocarditis? Circulation 1996;94(5):983-991. 

 42.  Basso C, Corrado D, Marcus FI, Nava A, Thiene G. Arrhythmogenic right ventricular cardiomyopathy. 
Lancet 2009;373(9671):1289-1300. 

 43.  Corrado D, Basso C, Thiene G, McKenna WJ, Davies MJ, Fontaliran F, Nava A, Silvestri F, Blomstrom-
Lundqvist C, Wlodarska EK, Fontaine G, Camerini F. Spectrum of clinicopathologic manifestations of 
arrhythmogenic right ventricular cardiomyopathy/dysplasia: a multicenter study. J Am Coll Cardiol 
1997;30(6):1512-1520. 

 44.  Corrado D, Basso C, Thiene G. Arrhythmogenic right ventricular cardiomyopathy: diagnosis, prognosis, 
and treatment. Heart 2000;83(5):588-595. 

 45.  Arora S, Andreassen A, Simonsen S, Gude E, Dahl C, Skaardal R, Hoel I, Geiran O, Gullestad L. Prognostic 
importance of renal function 1 year after heart transplantation for all-cause and cardiac mortality and 
development of allograft vasculopathy. Transplantation 2007;84(2):149-154. 

 46.  Stehlik J, Edwards LB, Kucheryavaya AY, Benden C, Christie JD, Dobbels F, Kirk R, Rahmel AO, Hertz MI. 
The Registry of the International Society for Heart and Lung Transplantation: Twenty-eighth Adult Heart 
Transplant Report--2011. J Heart Lung Transplant 2011;30(10):1078-1094. 

 47.  Gude E, Simonsen S, Geiran OR, Fiane AE, Gullestad L, Arora S, Relbo A, Andreassen AK. Pulmonary 
hypertension in heart transplantation: discrepant prognostic impact of pre-operative compared with 1-
year post-operative right heart hemodynamics. J Heart Lung Transplant 2010;29(2):216-223. 

 48.  Gude E, Andreassen AK, Arora S, Gullestad L, Grov I, Hartmann A, Leivestad T, Fiane AE, Geiran OR, 
Vardal M, Simonsen S. Acute renal failure early after heart transplantation: risk factors and clinical 
consequences. Clin Transplant 2010. 

 49.  Raichlin E, Villarraga HR, Chandrasekaran K, Clavell AL, Frantz RP, Kushwaha SS, Rodeheffer RJ, McGregor 
CG, Daly RC, Park SJ, Kremers WK, Edwards BS, Pereira NL. Cardiac allograft remodeling after heart 
transplantation is associated with increased graft vasculopathy and mortality. Am J Transplant 
2009;9(1):132-139. 

 50.  Bhalodolia R, Cortese C, Graham M, Hauptman PJ. Fulminant acute cellular rejection with negative 
findings on endomyocardial biopsy. J Heart Lung Transplant 2006;25(8):989-992. 



51 
 

 51.  Shah BN, Khattar RS, Senior R. The hibernating myocardium: current concepts, diagnostic dilemmas, and 
clinical challenges in the post-STICH era. Eur Heart J 2013. 

 52.  Braunwald E, Kloner RA. The stunned myocardium: prolonged, postischemic ventricular dysfunction. 
Circulation 1982;66(6):1146-1149. 

 53.  Shivalkar B, Flameng W, Szilard M, Pislaru S, Borgers M, Vanhaecke J. Repeated stunning precedes 
myocardial hibernation in progressive multiple coronary artery obstruction. J Am Coll Cardiol 
1999;34(7):2126-2136. 

 54.  Eleid MF, Caracciolo G, Cho EJ, Scott RL, Steidley DE, Wilansky S, Arabia FA, Khandheria BK, Sengupta PP. 
Natural history of left ventricular mechanics in transplanted hearts: relationships with clinical variables 
and genetic expression profiles of allograft rejection. JACC Cardiovasc Imaging 2010;3(10):989-1000. 

 55.  Tsai HR, Gjesdal O, Wethal T, Haugaa KH, Fossa A, Fossa SD, Edvardsen T. Left ventricular function 
assessed by two-dimensional speckle tracking echocardiography in long-term survivors of Hodgkin's 
lymphoma treated by mediastinal radiotherapy with or without anthracycline therapy. Am J Cardiol 
2011;107(3):472-477. 

 56.  Achenbach S, Kramer CM, Zoghbi WA, Dilsizian V. The year in coronary artery disease. J Am Coll Cardiol 
Img 2010;3(10):1065-1077. 

 57.  Duncker DJ, Traverse JH, Ishibashi Y, Bache RJ. Effect of NO on transmural distribution of blood flow in 
hypertrophied left ventricle during exercise. Am J Physiol 1999;276(4 Pt 2):H1305-H1312. 

 58.  Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux G, Galderisi M, Marwick T, 
Nagueh SF, Sengupta PP, Sicari R, Smiseth OA, Smulevitz B, Takeuchi M, Thomas JD, Vannan M, Voigt JU, 
Zamorano JL. Current and evolving echocardiographic techniques for the quantitative evaluation of 
cardiac mechanics: ASE/EAE consensus statement on methodology and indications endorsed by the 
Japanese Society of Echocardiography. J Am Soc Echocardiogr 2011;24(3):277-313. 

 59.  Manovel A, Dawson D, Smith B, Nihoyannopoulos P. Assessment of left ventricular function by different 
speckle-tracking software. Eur J Echocardiogr 2010;11(5):417-421. 

 60.  Geyer H, Caracciolo G, Abe H, Wilansky S, Carerj S, Gentile F, Nesser HJ, Khandheria B, Narula J, Sengupta 
PP. Assessment of myocardial mechanics using speckle tracking echocardiography: fundamentals and 
clinical applications. J Am Soc Echocardiogr 2010;23(4):351-369. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





1





2





3





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




