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Abbreviations 
CAD		Coronary artery disease
CFR		Coronary flow reserve
CI		Confidence interval
CMR		Cardiac magnetic resonance
CT		Computed tomography
CTA		Computed tomography angiography
CTO		Chronic total occlusion
ESC		European Society of Cardiology
FFR		Fractional flow reserve 
GLS		Global longitudinal strain
HCM 		Hypertrophic cardiomyopathy
HR		Hazard ratio
LGE		Late gadolinium enhancement
LV		Left ventricular
MACE		Major adverse cardiac events
MIBG		Metaiodobenzylguanidine
PET		Positron emission tomography 
SPECT	Single photon emission computed tomography


This year 2017, 396 imaging abstracts (43% of abstracts submitted under the topic of imaging) were presented at the European Society of Cardiology (ESC) congress, held in Barcelona from August 26th to 30th.  For this bird’s eye view from this ESC meeting, experts in echocardiography (VD), cardiovascular magnetic resonance (CMR) (SP), nuclear imaging (JK) and cardiac computed tomography (CT) (SA) have selected the abstracts in their areas of expertise that were of most interest to them. These abstracts were integrated by one of the Editors of the Journal (JB).  

Echocardiography 
Assessment of left ventricular (LV) diastolic function is pivotal in the routine echocardiographic evaluation of individuals. The influence of new 2016 European Association of Cardiovascular Imaging / American Society of Echocardiography recommendations for the evaluation LV diastolic dysfunction1 on the prevalence of LV diastolic dysfunction was studied by Almeida and coworkers.2 Among 1000 individuals (mean age 62±10.5 years; 37% male) without previous myocardial infarction or significant valvular heart disease and with preserved LV ejection fraction (≥50%), 14 (1.4%) had LV diastolic dysfunction based on 2016 recommendations (vs. 38.1% based on the 2009 recommendations). Among those 14 patients, 64% had grade 2 LV diastolic dysfunction and 7% had grade 3 dysfunction. These results show that the new recommendations may have an important impact on the diagnosis of LV diastolic dysfunction and lead to a reclassification and change of management in a significant proportion of patients. These results warrant further validation in larger prospective studies. 
Additionally, Lin et al.3 provided important evidence on the prognostic influence of the 2016 European Association of Cardiovascular Imaging / American Society of Echocardiography recommendations on LV diastolic function1 in 451 patients with heart failure and preserved LV ejection fraction. Grades 2 and 3 LV diastolic dysfunction were present in respective 77% and 8% of patients whereas 67 (15%) had grade 1 LV diastolic dysfunction. During a median follow-up of 8 years, 140 (31%) died. Patients with grade 3 LV diastolic dysfunction had higher risk of all-cause mortality compared with patients with grade 1 or 2 (hazard ratio [HR]=2.021, 95% confidence interval [CI] 1.025-3.986). These results underscore the prognostic relevance of assessing LV diastolic function and together with the study by Almeida et al.2 suggest that new 2016 European Association of Cardiovascular Imaging / American Society of Echocardiography recommendations1 may be more specific and identify patients with more advanced disease.
Various echocardiographic techniques have been used to evaluate the underlying mechanisms and risk of cardiac arrhythmias. With 2-dimensional speckle tracking echocardiography, LV mechanical dispersion can be measured as the standard deviation of time to peak longitudinal strain of 16-17 LV segments (Figure 1). Larger LV mechanical dispersion has been associated with increased risk of arrhythmias and all-cause mortality in patients with myocardial infarction. However, little is known about the LV mechanical dispersion value in large populations and its determinants. In 2525 subjects of the Akershus Cardiac Examination 1950 cohort, Aagaard et al. measured LV mechanical dispersion and divided the population according to the median value (<38 ms vs. ≥38 ms).4 Patients with larger LV mechanical dispersion were more obese (body mass index ≥30), had more frequently cardiovascular risk factors, coronary artery disease (CAD) and comorbidities such as renal failure and chronic obstructive pulmonary disease. In a multivariable model, hypertension (β=4.11), CAD (β=7.40), renal failure (β=6.80), diabetes mellitus (β=2.23), obesity (β=1.40) and chronic obstructive pulmonary disease (β=2.50) were independently associated with larger LV mechanical dispersion. The prognostic value of LV mechanical dispersion in patients with heart failure was assessed in a large cohort of  1185 patients (mean age 65±10 years; 76% male) who underwent cardiac resynchronization therapy.5 LV mechanical dispersion was measured at 6 months after cardiac resynchronization therapy implantation. Patients who remained with large LV mechanical dispersion (>84 ms) showed significantly worse prognosis compared with patients with LV mechanical dispersion ≤84 ms (Figure 1). On multivariable analysis, a LV mechanical dispersion ≥84 ms was associated with 33% increased risk of all-cause mortality. LV mechanical dispersion may reflect more severe LV remodelling and fibrosis limiting the efficacy of cardiac resynchronization therapy. Calibrated integrated backscatter is an echocardiographic technique that indirectly reflects the amount of fibrosis. A value of calibrated integrated backscatter closer to 0 indicates larger amount of fibrosis. Atrial fibrillation, sinus node dysfunction and heart failure are associated with myocardial structural remodelling (myocardial fibrosis formation) that may be detected with this echocardiographic technique. In 104 patients, including 28 with paroxysmal atrial fibrillation and sinus node dysfunction, 44 with only paroxysmal atrial fibrillation and 32 without atrial arrhythmias, Dzeshka et al. showed that higher plasma levels of metalloproteinase 9 (β=-0.39) and presence of atrial fibrillation (β=-0.27) were independently associated with lower LV calibrated integrated backscatter reflecting more LV fibrosis.6 In addition, changes in the left atrial myocardium may be accompanied by blood stagnation increasing the risk of thrombus formation and stroke. Characterization of the blood flow patterns (vortices) in the left atrial appendage is of importance to identify patients with atrial fibrillation and increased risk of stroke. Chen and coworkers analysed vorticity parameters of the blood flow in the left atrial appendage of 27 patients with atrial fibrillation and 27 age and sex matched controls undergoing transesophageal echocardiography.7 Patients with atrial fibrillation showed weaker vortex intensity (16.7±15.7 1/s vs. 30.6±18.8 1/s, p<0.005) as compared with controls and the vortices were mainly located at the basal area of the left atrial appendage (Figure 2). These results may reflect the presence of blood stagnation increasing the risk of thrombus formation.
Finally, in this ESC congress several abstracts were presented on the use of 3-dimensional transesophageal echocardiography for the evaluation of patients with valvular heart disease and the development of novel transcatheter therapies. Tricuspid regurgitation is often associated with primary mitral regurgitation and its assessment is important in determining therapeutic strategy. Hirasawa and colleagues evaluated the differences in tricuspid valve geometry between patients with primary mitral regurgitation due to Barlow’s disease (n=37) and fibroelastic deficiency (n=51) who underwent 3-dimensional transesophageal echocardiography.8 Patients with Barlow’s disease showed significantly larger tricuspid valve annulus area, prolapse height and prolapse volume (10.8±2.9 vs. 9.2±2.4 cm2, 4.6±1.6 vs. 2.3±1.1 mm and 1.3±0.8 vs. 0.3±0.3 cm3, respectively; p<0.001 for all) than patients with fibroelastic deficiency. Whether these larger prolapses in patients with Barlow’s disease were associated with the development or worsening of tricuspid regurgitation at follow-up was not evaluated. Three-dimensional imaging datasets obtained with transesophageal echocardiography or computed tomography (CT) are used to create 3-dimensional printed models of the heart and permit training of catheter-based procedures.9 In a porcine model, Zhao et al. demonstrated that using 3-dimensional models of the left heart to train transcatheter-based transapical mitral valve artificial chordae implantation, resulted in higher procedural success rates with shorter procedural times. These results suggest that personalized models may optimize treatment of complex valvular heart disease with transcatheter therapies.

Cardiovascular magnetic resonance 
Several abstracts presented at the 2017 ESC congress described new cardiovascular magnetic resonance (CMR) methods for the assessment of myocardial blood flow without the use of contrast agents. Global coronary flow reserve (CFR) can be derived from velocity-encoded phase contrast cine CMR of coronary sinus flow imaging. Kato and colleagues10 presented outcome data on 676 patients (276 with and 400 without known CAD) who underwent coronary sinus flow measurements at rest and during adenosine triphosphate infusion (vasodilator). Patients were followed up for a median of 2.3 years and 60 patients (9%) experienced major adverse cardiovascular events (MACE). CFR <2.0 was strongly associated with MACE in the overall population (HR=5.85; p<0.001), in patients with CAD (HR=3.60; p<0.001) as well as without CAD (HR=19.95; p<0.001). In a multivariate clinical risk model, CFR reclassified the risk of MACE in the overall population and the two subgroups, in particular in patients at moderate pre-test risk of having CAD. These data suggest that global CFR measured using phase contrast velocity encoded cine CMR of the coronary sinus can add to the risk stratification of patients with and without known CAD. 
Another rapidly evolving CMR method is T1 mapping. The method is mostly used for tissue characterisation where it allows quantitative estimates of tissue inflammation, oedema or infiltration and extracellular volume estimation. Recently, non-contrast stress T1 mapping has also been used to detect inducible ischemia. Under resting conditions, ischemic myocardium has increased native T1 due to autoregulated vasodilatation. During vasodilator stress, ischemic myocardium however shows a lower increase in T1 than normal myocardium as the relative increase in myocardial blood flow (MBF) is lower. Raman and colleagues11 have shown that adenosine stress CMR T1 mapping can also detect impaired perfusion and inducible myocardial ischemia in hypertrophic cardiomyopathy (HCM). Thirty-one patients with HCM and 31 controls underwent T1 mapping and contrast enhanced rest/stress first-pass perfusion and late gadolinium enhancement (LGE). The change in T1 between rest and stress was reduced in HCM compared with controls overall and particularly in regions showing focal fibrosis on LGE images. A T1 ‘reactivity’ threshold of 3.5% had a sensitivity of 82% and specificity of 88% reserve (area under the curve 0.89, p<0.01) for detecting impaired MBF on first pass perfusion CMR (Figure 3). These findings further emphasize the potential of stress T1 mapping to detect global and regional perfusion abnormalities without the use of contrast agents in patients with CAD and HCM. 
Feature tracking CMR has become a popular method for the measurement of myocardial fiber deformation. The concept of feature tracking is similar to that of speckle tracking echocardiography and involves the tracking of signal patterns from routinely acquired cine images. White and colleagues12 conducted a multi-centre study in which the incremental prognostic value of global longitudinal strain (GLS) measured with feature-tracking CMR was assessed in patients with reduced LV ejection fraction. One-thousand twelve patients with LV ejection fraction<50% from 4 medical centres of the United States of America underwent CMR. LV GLS was calculated from long-axis cine CMR images. At a median follow-up of 4.4 years, 133 patients died. By Kaplan-Meier curve analysis, the risk of death increased significantly with worsening LV GLS tertiles (log-rank p<0.0001). Worsening in GLS was independently associated with an increased risk of death that was incremental to common clinical and CMR risk factors including LV ejection fraction and the presence of scar. The net reclassification index of adding LV GLS to the clinical model was 1.215 (95% CI, 1.023–1.333). 
Several other abstracts focused on the use of CMR for risk stratification after acute myocardial infarction. Amier et al.13 studied the prevalence of prior silent myocardial infarction in patients presenting with a presumed first acute infarction in an observational longitudinal study. A total of 392 patients who had undergone CMR within 14 days of acute myocardial infarction between 2003–2013 were followed-up for a median of 6.2 years (inter quartile rate 3.6–8.9 years). Silent infarction was present in 8.2% of the patients and was associated with significantly increased all-cause mortality (HR=3.69, p=0.001). This study adds to the growing body of evidence that shows how LGE CMR can contribute to the risk stratification of patients with known CAD and those at increased risk. 

Nuclear imaging 
Several nuclear studies focused on perfusion imaging, especially on quantitation of myocardial perfusion. Quantitative measurement of perfusion in patients with suspected CAD has been shown to improve diagnostic accuracy as compared to relative perfusion assessment. This advantage is especially clear in patients with multi-vessel CAD. Positron emission tomography (PET) allows routine quantitation of myocardial perfusion but the prognostic value of quantitative measures has not been well determined. Al Mallah et al.14 studied 4,438 consecutive patients who underwent rubidium-82 rest/stress PET for clinical indications. Patients were grouped according to the median value of hyperemic MBF (<2.7 vs. ≥2.7 ml/g/min). Perfusion defects were observed in 31% of patients. During a median follow-up of 2.1 years, 222 (5%) patients presented with cardiac death or myocardial infarction. Patients who presented with events had more frequently reduced hyperemic MBF (<2.7 ml/g/min) as compared to patients without events (8.3% vs. 1.9%, p<0.001). Hyperemic MBF<2.7 ml/g/min was associated with 4.3-fold increase of the risk of cardiac death or myocardial infarction. The difference remained significant after adjusting for clinical variables, perfusion defects and resting LV ejection fraction. 
Chronic total occlusion (CTO) is relatively common in patients with known or suspected CAD. Percutaneous coronary intervention of CTO is technically challenging and its benefits have been questioned. Schumacher et al.15 investigated the effects of successful intervention of CTO on absolute MBF and LV ejection fraction recovery in 69 patients. Myocardial perfusion was quantified using (15O)H2O PET and LV ejection fraction and myocardial wall thickness were assessed with CMR at baseline and 12 weeks after coronary intervention. After revascularization, both absolute and relative stress MBF in the CTO area increased (from 1.22±0.36 to 2.40±0.90 ml/g/min, p<0.001). The improvement in LV ejection fraction was small but statistically significant (from 46.4±11.0 to 47.5±11.4%, p=0.01) whereas the mean systolic wall thickening of the myocardium subtended by the CTO artery did not show improvement. The authors concluded that the vast majority of CTO patients with documented myocardial ischemia and viability showed significant improvement in stress MBF and a reduction of ischemic burden with only minimal effect on LV ejection fraction. To detect LV ejection fraction recovery, follow-up longer than 12 weeks may be needed. 
The recent technical development of single photon emission computed tomography (SPECT) scanners allows to perform dynamic acquisition and this could also enable quantitation of myocardial perfusion. Mochula et al.16 performed a small study in patients with multi-vessel CAD (n=22) and healthy volunteers (n=7) using semiconductor (cadmium-zinc-telluride)-based gamma camera and dynamic imaging. The derived quantitative myocardial perfusion reserve was significantly lower in patients with CAD than in control subjects 1.41±0.48 versus 1.88±0.43 (p<0.05). The sensitivity and specificity of SPECT perfusion quantitation  to diagnose multi-vessel CAD were 81.8% and 66.7%, respectively. These values indicate the good diagnostic performance in this specific population, usually challenging when using standard SPECT imaging. However, more data about the robustness of the dynamic SPECT imaging are needed in larger and less selected patient populations.
Several studies focused on vascular molecular imaging techniques. Recently 18F-sodium fluoride (NaF) has gained a lot of interest as an alternative to 18F-fluorodeoxyglucose with PET imaging of vascular lesions. Previous studies have demonstrated that vascular 18F-NaF uptake correlates with micro-calcification, necrotic inflammation and plaque rupture. Forsythe et al.17 used this technique in predicting the growth and clinical outcomes of abdominal aortic aneurysms. 18F-NaF uptake was compared between 20 patients with abdominal aortic aneurysms and 20 normal controls. In a prospective observational cohort study, 72 patients with abdominal aortic aneurysms (>40 mm) underwent 18F-NaF PET-CT, CT angiography and calcium scoring and were followed-up for the endpoints of aneurysm repair or rupture. Increased 18F-NaF uptake was observed in abdominal aortic aneurysms of the patients but not in  the aortic wall of  the controls. During 510±196 days of follow-up, there were 19 aneurysm repairs (26.4%) and 3 ruptures (4.2%) in the observational cohort. 18F-NaF uptake in the most-diseased segment of the aortic aneurysm was associated with increased growth rate even after adjustment for other clinical variables. Aortic aneurysms in the highest tertile of 18F-NaF uptake expanded 2.5 times more rapidly than those in the lowest tertile (3.10±3.58 vs. 1.24±2.41 mm/year, p=0.008) and were more than twice as likely to experience abdominal aortic aneurysms repair or rupture (15.3% vs 5.6%, p=0.043) (Figure 4). The association between 18F-NaF uptake and risk of abdominal aortic aneurysm repair or rupture remained statistically significant after adjustment for other clinical variables (HR=2.49, 95% CI 1.07-5.78,; p=0.034). In contrast, CT calcium scoring of the aorta was not associated with aneurysm expansion or events. This study demonstrates that 18F-NaF PET-CT is a potential imaging test for abdominal aortic aneurysm disease activity and in predicting the rate of aneurysm growth and clinical events.
As ECG-gated perfusion SPECT imaging allows routine assessment of LV dyssynchrony, several studies utilized this method to understand the phenomena underlying LV dyssynchrony in patients with heart failure. Hämäläinen et al.18 investigated the association between LV dyssynchrony and factors reflecting cardiac remodeling using myocardial perfusion SPECT imaging in 384 patients with CAD. On multiple regression analysis, sex, myocardial scar extent, and LV sphericity index were independently associated with LV dyssynchrony parameters. The findings suggest that, in addition to extent of infarct scar, larger LV volumes and a more spherically shaped LV were independently associated with LV dyssynchrony in patients with chronic heart failure and SPECT perfusion imaging is a feasible method to quantitatively assess LV dyssynchrony and remodelling. In another study by Liga et al.19, the relationship between LV mechanical dyssynchrony and myocardial sympathetic innervation was investigated. Eighty-three patients underwent combined evaluation of LV myocardial perfusion and sympathetic innervation on 99mTc-tetrofosmin/123I-metaiodobenzylguanidine (123I-MIBG) CZT imaging. The extent of “innervation/perfusion” mismatch was computed as the number of denervated LV segments with relatively preserved perfusion. LV dyssynchrony was detected in 36 (43%) patients. After adjusting for clinical, LV functional and perfusion variables, the extent of “innervation/perfusion” mismatch was the only predictor of LV dyssynchrony (odds ratio 1.34, 95% CI 1.06–1.67; p=0.012) together with LV ejection fraction. The authors concluded that patients with LV dyssynchrony show an elevated burden of innervation/perfusion mismatch that is concentrated in the dyssynchronous LV walls.

Computed  tomography 
The most important clinical application of cardiac CT is coronary CT angiography (CTA), usually applied to rule out the presence of coronary artery stenoses in selected patients with stable symptoms and a relatively low pre-test likelihood of disease. There is concern that using coronary CTA may lead to a possible increase in the rate of subsequent invasive coronary angiograms. The  SCOT-HEART trial randomized patients with suspected CAD to receive either standard stress testing or a combination of both stress testing and coronary CTA.20 At the ESC Congress 2017, Adamson et al. presented an analysis in which the two groups of patients in the SCOT-HEART cohort were stratified according to the symptoms: possible angina (n = 2323) or non-anginal pain (n = 1447).21 The primary endpoint was the diagnostic certainty of angina at 6 weeks after testing. The long-term prognostic endpoint was a composite endpoint of fatal and non-fatal myocardial infarction.  The use of coronary CTA in addition to standard testing significantly increased the diagnostic certainty in patients with possible angina (relative risk 2.2, p< 0.001) at a larger extent than in patients with non-anginal chest pain (relative risk 1.3, p=0.002). Coronary CTA did not increase the number of coronary angiograms performed in patients with possible angina (30.2% vs. 32.1%). However, the likelihood of finding normal coronary arteries on invasive angiography was significantly reduced if coronary CTA had been performed (HR=0.32, p<0.001). In the cohort of patients with  non-anginal chest pain (and hence a lower pre-test likelihood of disease), coronary CTA led to an increased rate of downstream angiograms (6.6% vs. 3.7%, HR=1.82, p=0.014), and did not result in a significant reduction of normal invasive angiograms (HR=0.78). Coronary CTA did improve outcome after  4 years of follow-up in patients with possible angina (fatal and non-fatal myocardial infarction 1.9% vs. 3.2%, p=0.045), but coronary CTA did not significantly reduce event rates in the lower risk patient group with non-anginal complaints (1.0% vs. 1.5%). The authors conclude that coronary CTA is a clinically useful test in patients who are not at very low risk of having CAD. 
Pontone et al. evaluated whether the addition of CT myocardial perfusion imaging to coronary CTA improved the diagnostic accuracy of CT to identify ischemia-causing lesions as identified by invasive fractional flow reserve (FFR) measurement.22 In the analysis of 76 patients, using 320-slice CT and an adenosine-stress CT myocardial perfusion protocol that required 70 ml of contrast agent intravenously, the authors showed that the addition of CT myocardial perfusion increased the area under the curve from 0.78 to 0.86, p=0.02). Sensitivity per vessel decreased from 96% to 85%, but specificity increased from 72% to 86% when CT perfusion was added to coronary CTA alone. In a second abstract based on the same patient cohort, the authors compared the diagnostic accuracy of quantitative interpretation of  CT myocardial perfusion versus visual, qualitative analysis.23 By visual qualitative analysis, the presence of subendocardial hypoenhacement encompassing ≥25% of transmural myocardial thickness within a specific coronary territory defines myocardial ischemia. The quantitative approach calculates the ratio between the subendocardial and subepicardial mean density to derive the transmural perfusion ratio. A transmural perfusion ration <0.9 within a specific coronary territory defines myocardial ischemia. The study showed that the qualitative evaluation of CT myocardial perfusion data was less time consuming and had higher specificity and diagnostic accuracy to detect significant coronary artery stenosis as compared to quantitative evaluation. Besides CT myocardial perfusion, simulation of FFR measurements based on the anatomic data sets obtained by CT are another possibility to add information on ischemia to the anatomic diagnosis by coronary CTA. Ihdayhid et al. analyzed CT-based FFR (FFR-CT) in comparison to CT myocardial perfusion to identify coronary stenoses as identified by invasively measured FFR.24 In 43 patients with 77 vessels analyzed, the investigators showed that sensitivity, specificity and accuracy for FFR-CT were 79%, 85% and 83%, respectively, while sensitivity, specificity and accuracy for CT myocardial perfusion were 50%, 91%, and 77%, with a significantly larger area under the curve for FFR-CT (0.89 vs. 0.71, p=002). FFR-CT hence may be clinically superior to CT myocardial perfusion if information on ischemia is desired from cardiac CT.
Prognostic information is an important aspect of coronary CTA. Based on an analysis of the large multicenter CONFIRM registry, Opolski et al. analyzed the prognostic relevance of finding CTO in coronary CTA.25 Based on follow-up of 14,382 patients with a mean age of 56 years and without previously known CAD who were followed after receiving coronary CTA for clinical reasons, the presence of a CTO was associated with an increased annualized MACE rate as compared to patients with normal coronary arteries (HR 15.08, 95% CI 9.55-23.79; p<0.001), and this increase in risk was significantly higher than that of the presence of stenoses between 50% and 99% (HR 11.03) and of the presence of non-obstructive coronary artery lesions (HR 2.42). 
As a Late Breaking Clinical Trial, Min et al. presented the results of ICONIC (Incident COronary EveNts Identified by Coronary Tomography, Coronary Atherosclerotic Precursors of Acute Coronary Syndromes).26 Of 25,251 consecutive patients undergoing coronary CTA were followed for a mean period of 3.4 years, 234 patients who had an acute coronary syndrome during follow-up were matched to 234 individuals who did not. Total plaque volume was not significantly different between the cohorts, but patients with an acute coronary syndrome showed a significantly higher volume of fibrofatty plaque (48% higher, p=0.009) and a significantly higher volume of CT-detectable necrotic core (55% higher, p=0.026). There were also significantly higher prevalences of positive remodeling, low attenuation and spotty calcification in acute coronary syndrome patients. In multivariable analysis, only the presence of at least one stenosis ≥70%, the volume of fibrofatty plaque, and necrotic core volume were predictors of acute coronary syndrome on a per-patient level. However, stenoses >70% were only present in 12% of patients before acute coronary syndrome, and in <5% of culprit lesions, which, according to the authors, emphasizes the role of “high risk plaque characteristics” in CT to identify at-risk patients.
A novel application of cardiac CT that was presented at ESC congress 2017 concerned the analysis of myocardial strain. Two abstracts provided initial data concerning this new technique. Takaoka et al. analyzed LV myocardial strain using contrast-enhanced dynamic 320-slice CT in 20 patients with HCM and compared the results to myocardial fibrosis as identified through LGE-CMR.27 Strain values determined by CT were significantly greater in 198 myocardial segments that displayed neither hypertrophy or fibrosis (group 1, 0.51±0.24) as compared to 55 segments with hypertrophy but not fibrosis (group 2, 0.56±0.27), 30 segments with fibrosis, but no hypertrophy (group 3, 0.37± 0.18) and 47 myocardial segments that displayed both fibrosis and hypertrophy (group 4, 0.30± 0.18, p<0.05 for all, Figure 5). Marwan et al.28 analyzed CT-derived strain in 20 patients before and after transcatheter aortic valve implantation. The authors showed that LV strain significantly was increased after transcatheter aortic valve implantation (0.42±0.17 at baseline vs. 0.55±0.19 at follow-up, p=0.003). 
Finally, in a research study of 71 consecutive patients with infective endocarditis, Zatorska et al. analyzed the value of CT imaging to identify perivalvular complications of endocarditis,29 an application that is endorsed by the current ESC Clinical Practice Guidelines for  Infective Endocarditis.30 In comparison to intraoperative findings, the authors showed that CT is superior to transesophageal echocardiography for the identification of abscesses and pseudoaneurysms, but not for vegetations and paravalvular leaks. The combination of both techniques has a particularly high diagnostic value which was 100% in this series. 
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Figure 1. Measurement of left ventricular mechanical dispersion with speckle tracking echocardiography after cardiac resynchronization therapy versus outcome. Left ventricular (LV) mechanical dispersion (MD) is measured with speckle tracking echocardiography analysis. On the 4-, 2-, and 3-chamber apical views, longitudinal strain is measured and the standard deviation of time to peak longitudinal strain of 16-17 segments is calculated providing the LV MD value. Panel A shows the measurement of time to peak longitudinal strain of 6 segments of the 4-chamber apical view. In panel B, the Kaplan-Meier curves shows the cumulative all-cause mortality rates of heart failure patients treated with cardiac resynchronization therapy. Patients who showed a LV MD ≤84 ms at 6 months follow-up had better survival than patients with LV MD >84 ms (more dyssynchronous). Reproduced with permission from vd Bijl et al.5
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Figure 2. Assessment of blood flow vorticity in the left atrial appendage. Panels A-C display colour Doppler flow in the left atrial appendage of a normal individual. Panel C shows the assessment of the vortex intensity (Qmax/S; maximum flow volume of vortex relative to the half-value area of vortex – blue line). The vortex intensity is stronger in controls as compared to the patient with paroxysmal atrial fibrillation (indicating more stagnant blood flow, panels D-F). Reproduced with permission from Chen et al.7 
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Figure 3.  Adenosine stress cardiovascular magnetic resonance T1 mapping to assess myocardial ischemia in hypertrophic cardiomyopathy patients. Representative images of rest and stress perfusion cardiovascular magnetic resonance (CMR) and T1 maps with T1 reactivity are shown in panel A (left and right, respectively). The arrows indicate the areas with inducible ischemia (hypoperfusion compared with rest). Panel B shows the stress T1 reactivity for normal myocardium (“unaffected” ROI), myocardium with inducible ischemia (abnormal perfusion ROI) and myocardium with late gadolinium enhancement (LGE ROI). The stress T1 reactivity is significantly lower in myocardium with inducible ischemia or with LGE as compared with normal myocardium. The receiver operating characteristic (ROC) curve analysis is presented in panel C. A threshold of stress T1 reactivity of 3.5% identifies the presence of impaired myocardial blood flow (ischemia or LGE) with a sensitivity and specificity of 82% and 88% respectively. Reproduced with permission from Raman et al.11
Abbreviations: AUC: area under the curve; ROI: region of interest.
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Figure 4. Computed tomography (CT), positron emission tomography (PET) and hybrid PET/CT examples of different tertiles of 18F-NaF uptake in patients abdominal aortic aneurysm. The event rate was higher with higher 18F-NaF uptake in aneurysm region. Reproduced with permission from Forsythe et al.17
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Figure 5. Determinants of computed tomography-derived left ventricular myocardial strain in patients with hypertrophic cardiomyopathy. LV myocardial strain was assessed with 3-dimensional CT (3DCT, yellow arrow) whereas LGE-CMR provided information on myocardial fibrosis (yellow arrow) and myocardial wall thickness (left panels). Regional LV strain values were displayed in a bull’s eye plot (central panel).  The bar graphs show the mean values and standard deviation of regional LV myocardial strain according to the groups of segments based on the presence of myocardial fibrosis and hypertrophy (see text). The presence of fibrosis had more pronounced influence on LV myocardial strain than hypertrophy alone. Reproduced with permission from Takaoka et al.27 
Abbreviations: MRI=magnetic resonance imaging. 
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