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propagation of a contrast medium in the coronary system. 
They concluded that a number of hemodynamic indices 
could potentially be measured in small coronary arterial 
branches using this PFA technique from only angiographic 
images.

li et al. [2] carried out a study to investigate whether non-
culprit coronary lesions in young patients (<45 years old) 
who underwent percutaneous coronary intervention (PCi) 
with stents have higher rates of atherosclerotic progression 
than older patients. eight hundred and forty-eight patients 
from a single center were enrolled and the progression was 
determined using 3D QCA; the mean interval between the 
baseline and Fu catheterization was 10.8 months. From the 
data they could indeed conclude that the non-culprit coro-
nary lesions in these younger patients indeed demonstrate 
higher rates of atherosclerotic progression.

Three-dimensional rotational angiography (3DrA) is a 
novel imaging method to guide complex catheter ablations 
of the left atrium. wolf et al. [3] investigated the feasibility 
in visualizing the left ventricle and to develop a protocol for 
guidance of ventricular tachycardia ablation in 13 patients. 
They concluded from this small feasibility study that the 
3D reconstruction of the left ventricle is feasible, safe and 
effective, and that these can be used to guide the ablation 
procedure; further refinements are foreseen.

Sakaguchi et al. [4] have developed a method for auto-
matically determining the time range when contrast agent 
flowed from artery to myocardium; this is very important as 
a step towards measuring myocardial perfusion using coro-
nary X-ray angiographic images. A total of 28 data sets were 
tested in seven porcine models. The mean length of the opti-
mal time range was 3.61 ± 1.29 frames or 2.18 ± 1.40 s. This 
method was confirmed to be robust for assessing blood flow 
measurements in conventional coronary angiography at 15 
fps with hand injection of the contrast agent.

Introduction

it has become a tradition to provide the annual overview of 
the published papers in the International Journal of Car-
diovascular Imaging in the past year. Please, find below the 
2015 overview, which is organized based on the usual imag-
ing modalities. in 2015, the Asian Society of Cardiovascular 
imaging again published two ASCi Supplements under the 
leadership of Adjunct editor Tae Hoon Kim and his Guest 
editors.

X-ray angiography

Zhang et al. [1] published a paper on the determination of 
culprit coronary artery branches using hemodynamic indi-
ces from angiographic images. This study was performed 
in 14 anesthetized swine and stenoses were created by 
inserting plastic tubings in lAD and lCx arterial branches. 
They used the first-pass distribution analysis (PFA) model 
to measure absolute coronary blood flow by analyzing the 
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Clinical applications of SPECT and PET imaging in 
daily practice

Several excellent reviews on the topics of atherosclerosis 
and multi-modalityimaging were published in 2015. Takx et 
al. [8] provided an overview of coronary and non-coronary 
atherosclerosis and summarized the current understanding 
of different available imaging techniques. The integration of 
these techniques in clinical practice may allow for superior 
risk stratification and therapeutic planning and monitoring. 
Similarly, Ko et al. [9] reviewed the benefits, limitations and 
imaging findings of various imaging modalities for assess-
ing myocardial perfusion, with particular emphasis on the 
comparison between nuclear imaging and stress perfusion 
computed tomography and cardiovascular magnetic reso-
nance imaging.

Perfusion SPeCT imaging may be technically challeng-
ing in obese patients and data on its prognostic value in the 
obese are rather scarce. De lorenzo et al. [10] studied 365 
obese patients among 1396 patients referred for single-day 
rest/stress perfusion imaging using a dedicated multi-pin-
hole cadmium–zinc telluride (CTZ) SPeCT camera. image 
quality was good/excellent in 94.5 % of these obese patients. 
The annualized mortality rates were not significantly differ-
ent among obese and non-obese patients, being <1 % with 
normal CTZ-SPeCT and increased with the degree of scan 
abnormality in both obese and non-obese patients. Obesity 
itself was not an independent predictor of death. The authors 
conclude that single-day stress/rest CTZ-SPeCT with a 
multi-pinhole camera provides prognostic information with 
high image quality in obese patients.

Iron deficiency and cardiac sympathetic impairment play 
a role in the worsening of heart failure and these 2 conditions 
may be linked. nagao et al. [11] evaluated 46 patients with 
dilated cardiomyopathy with both cardiac T2-Mri using a 
3-T scanner for iron deficiency and (123)I-metaiodobenzyl-
guanidine (MiBG) imaging for cardiac sympathetic activity. 
Myocardial T2 value (M-T2) was calculated by fitting sig-
nal intensity data for mid-left ventricular septum to a decay 
curve and (123)i-MiBG washout rate (MiBG-wr) was 
calculated using a polar-map technique with tomographic 
data. Both iron deficiency, expressed by a high M-T2 and 
MiBG-wr were frequently present and were independent 
predictors of a worse outcome. The combination of both 
parameters was a more powerful predictor of adverse out-
come than either parameter alone.

Potential new clinical applications of cardiovascular 
PET/CT imaging

Positron emission tomography/computed tomography 
(PET/CT) imaging with (18)F-radiolabeled fluorodeoxyglu-
cose (FDG) is a powerful imaging technique which offers 

The safety and tolerability of iopromide during cardiac 
catheterization was tested in Chinese ‘real-world’ practice 
in a multi-center setting (63 centers) and in a total of 17,513 
patients during coronary angiography or PCi [5]. Contrast 
quality was found to be excellent in 99.1 % of patients. The 
incidence of adverse drug reaction was very low, could be 
prevented by pre-medication in at-risk patients.

Nuclear cardiology

In 2015 different excellent paper in the field of nuclear car-
diology were published in the journal. in this review we 
selected a few papers on the topics of basic science, SPeCT/
PeT imaging in daily practice and potential new clinical 
applications of cardiovascular PeT/CT imaging.

Basic science

Cardiac dysfunction and heart failure leads to a decreased 
organ perfusion which is not easily measured simultane-
ously. Juarez-Orozco et al. [6] evaluated cardiac and renal 
perfusion simultaneously with the use of (13)n-nH3-
microPeT in a rat model of myocardial infarction. Ten male 
wistar rats underwent sham surgery (n = 5) or permanent 
coronary artery ligation to induce myocardial infarction 
(Mi, n = 5). eleven weeks later (13)n-nH3-microPeT was 
performed. Cardiac perfusion was significantly reduced in 
the Mi group and inversely correlated with Mi size. There 
was also a 17 % non-significant reduction in renal perfusion 
in the Mi group compared to sham with a trend towards 
greater reduction of perfusion in the cortical regions as 
compared to the medullar renal regions. Although this study 
should be considered as preliminary, it shows the ability of 
(13)n-nH3-microPeT to evaluate cardiac and renal perfu-
sion in a rat model of myocardial infarction.

in a provocative study, isma’eel et al. [7] investigated 
the use of artificial neural networks (ANN) to improve risk 
stratification and prediction of myocardial perfusion imag-
ing (MPi) and angiographic results. They developed Ann 
models based on the data of 5354 consecutive patients 
referred from the emergency department for rest-stress 
MPi after serial negative troponins and normal eCGs. with 
regards to MPi, their Ann models could reduce testing by 
59 % and maintain a 96 % negative predictive value for rul-
ing out ischemia. Application of the Ann models could 
also avoid 73 % of invasive coronary angiograms, while 
maintaining a 98 % negative predictive value for detecting 
obstructive coronary artery disease. An online calculator 
for clinical use was also created using these Ann models, 
although the investigators admittedly conclude that further 
study is needed before the calculator can be used in clinical 
practice.
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glucose uptake in aortic wall lesions and high CrP levels 
during admission and also an association between patho-
logical glucose uptake and increased mortality and adverse 
cardiovascular events at 3-year follow-up. The combination 
of PeT results with d-dimer levels had the best discriminant 
value of cardiovascular events during follow-up.

Echocardiography

in 2015 several interesting papers were published in the 
field of cardiac ultrasound. A small selection of these papers 
from every issue of the International Journal of Cardiovas-
cular Imaging is summarized in the following paragraphs.

Radial artery monitoring by ultrasound after 
transradial coronary angiography

Transradial coronary procedures are increasingly being 
used. lisowska et al. [16] studied 220 patients with acute 
coronary syndromes who underwent percutaneous coronary 
intervention performed via transradial access and studied 
radial artery’s patency immediately after the procedure 
and in long-term observation using ultrasound technology. 
radial artery’s occlusion was found in 15 % of the patients 
immediately after the procedure. in a multifactorial analysis 
the only factor influencing radial artery patency promptly 
after the procedure was procedure duration. in the follow-
up radial artery remained still obstructive in 12.7 % of 
the patients, but the chronic radial artery obstruction was 
clinically silent. Due to the insignificant frequency of the 
occurrence of radial artery obstruction after percutaneous 
intervention in acute coronary syndromes and lack of clini-
cal consequences, the authors do not recommend routine 
periprocedural radial artery evaluation.

Feasibility of exercise echocardiography to evaluate 
mitral regurgitation

exercise transthoracic echocardiography was recently pro-
posed to help risk stratification of mitral regurgitation. Few 
data are available on the feasibility of Doppler echocardio-
graphic recordings at exercise in daily practice in both sec-
ondary and primary mitral regurgitation. in this study [17] 
comprehensive resting and exercise echocardiography were 
performed in 72 unselected patients with at least moderate 
primary or secondary mitral regurgitation in two French uni-
versity hospitals. Monitoring of the contractile reserve and 
systolic pulmonary artery pressure appeared informative 
and less challenging than mitral regurgitation quantification 
using the PiSA method. Monitoring of effective regurgitant 
orifice was more feasible in ischemic mitral regurgitation 
than in asymptomatic primary mitral regurgitation.

new opportunities for cardiovascular imaging. Hetterich et 
al. [12] evaluated 94 patients without systemic inflammation 
or steroid medication at baseline and after a mean follow-up 
of 14.5 months. Calcified plaque volume, lumen area and 
(18)F-FDG uptake, quantified by the target-to-background 
ratio (TBr) were measured in the carotid arteries, aorta and 
iliac arteries. Annualized calcified plaque volume increased 
by 15.4 %, carotid and aortic lumen area decreased by 10.5 
and 1.7 % respectively. Of note, there was no significant 
difference in (18)F-FDG uptake at baseline and follow-up. 
Hypertension was an independent predictor for total, aortic, 
and iliac calcified plaque volume progression while carotid 
lumen reduction was predicted by hypercholesterolemia. in 
contrast, aortic lumen reduction was associated with BMi 
and mean (18)F-FDG uptake. This study illustrates that the 
natural progression of different vascular beds may be influ-
enced by different risk factors and can be monitored over 
time by FDG-PeT/CT imaging.

Inflammation is also associated with the development of 
atrial fibrillation (AF). Joseph et al. [13] evaluated the rela-
tionship between AF, splenic metabolic activity and aortic 
inflammation by (18)F-FDG PET imaging in 70 subjects: 35 
with AF and 35 matched controls without AF. The results of 
their study indicate that AF is associated with higher splenic 
activity (and thus higher hematopoietic tissue activation) 
as well as higher aorta (18)F-FDG uptake (and thus higher 
arterial inflammation). These interesting results indicate 
that more studies are needed to clarify the mechanisms by 
which this cardio-splenic axis is implicated in AF patients.

recent studies have shown promising results using (18)
F-FDG PeT/CT for the diagnosis of prosthetic valve endo-
carditis (Pve). However, negative controls were usually 
lacking in these studies. Fagman et al. [14] compared (18)
F-FDG uptake around prosthetic aortic valves in 8 patients 
with definite PVE to the (18)F-FDG uptake in 19 patients 
with an aortic prosthesis without Pve. visual analysis 
showed a sensitivity of 75 %, specificity of 87 %, positive 
likelihood ratio of 4.8 and negative likelihood ratio of 0.3. 
Semi-quantitative analysis using maximal standardized 
uptake values (Suv) in the valve area and in the descend-
ing aorta showed an area under the curve of 0.90 (95 % Ci 
0.74–1.0) using rOC-curve analysis for the Suv-ratio. The 
authors concluded that (18)F-FDG uptake in the prosthetic 
valve area had an overall good diagnostic performance in 
the diagnosis of Pve.

Gorla et al. [15] investigated the relationship between 
(18)F-FDP PET/CT findings and serological biomarkers of 
inflammation (including measurements of C-reactive pro-
tein and d-dimer serum levels) in 60 patients with acute 
aortic syndromes. An aortic wall pathology was considered 
PeT positive by a maximum standardized uptake value 
>2.5 and this finding was present in 41.7 % of patients. The 
authors documented an association between pathological 
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vided similar information but it was faster and earlier per-
formed compared to standard echocardiography.

Semi-automated echocardiographic evaluation of the 
right ventricle

echocardiographic assessment of the right ventricle is 
complex. Medvedofsky et al. [21] tested a new approach 
for automated measurements of right ventricular size and 
function using speckle tracking by comparing them to the 
conventional manual methodology. The following param-
eters were studied in 149 patients with a wide range of right 
ventricular size and function: end-diastolic and end-systolic 
areas, fractional area change, dimensions, TAPSe and peak 
systolic velocity. Time required for the automated analysis 
was 30 s per patient compared to 4 min for conventional 
analysis. There was a good agreement between the param-
eters obtained with the semi-automated approach and the 
manual measurements.

Prognostic value of strain in AL amyloidosis with 
cardiac involvement

relative apical sparing of longitudinal systolic strain is 
a typical echocardiographic feature in Al amyloidosis 
patients with cardiac involvement. Hu et al. [22] evalu-
ated the change of this typical feature over time by serial 
echocardiography and its impact on outcome in 24 Al amy-
loidosis patients with cardiac involvement. Sixteen (67 %) 
patients died during a median follow-up of 487 days. left 
ventricular global and segmental peak longitudinal strain 
remained unchanged over time in survivors (all p > 0.05), 
while left ventricular global, septal–apical and lateral–api-
cal longitudinal systolic strain significantly decreased in 
non-survivors. The authors concluded that the best follow-
up parameter to predict risk for imminent death is a decrease 
of longitudinal systolic strain at the lateral apical segment.

Value of stress echocardiography in mild to moderate 
aortic stenosis

Patients with mild to moderate aortic stenosis seem to have 
a worse outcome than commonly expected. Early identifica-
tion of subjects who may develop a rapid disease progres-
sion or cardiovascular events is critical in order to apply 
adequate risk management. Sonaglioni et al. [23] conducted 
an observational prospective single-center study to deter-
mine the prognostic role of exercise stress echocardiogra-
phy in 90 patients with mild and moderate asymptomatic 
aortic stenosis. During the 1-year follow-up time, three 
patients died, 11 underwent aortic valve replacement and 26 
had cardiovascular hospitalizations. A ≥15 exercise-induced 
increase in the E/E′ ratio (HR 7.69, p = 0.0001) had a sig-

Value of strain echocardiography in chest pain patients 
presenting at the emergency room

lee et al. [18] evaluated the usefulness of 2D strain analysis 
in the assessment of acute chest pain in patients presenting 
to the emergency department. Patients with known coronary 
artery disease, ST-elevation myocardial infarction, non-
ischemic cardiomyopathy and non-cardiac chest pain were 
excluded. echocardiography included visual assessment of 
regional wall motion abnormality and analysis of global 
and regional longitudinal strain. The diagnosis of coronary 
artery disease and the occurrence of cardiac events during 
1 month after emergency department visit were reviewed. 
Compared to wall motion analysis regional longitudinal 
strain showed higher sensitivity with similar diagnostic 
accuracy for coronary artery disease. regional longitudi-
nal strain also demonstrated better diagnostic performance 
than either global longitudinal strain or pretest probabil-
ity. regional longitudinal strain had the highest predictive 
value for 1-month cardiac events. Strain echocardiography 
appears to be effective in diagnosing coronary artery disease 
and predicting future eventswith high sensitivity and nega-
tive predictive value in acute chest pain patients visiting the 
emergency department.

Effects of hypoxic exposure

Hypoxic exposure has been associated with indices of 
increased cardiac performance in animals and humans. 
Dedobbeleer et al. [19] explored left ventricular function 
using speckle tracking echocardiography and sympathetic 
tone by spectral analysis of heart rate variability in recently 
adapted lowlanders versus adapted or maladapted highland-
ers at high altitude. Short-term altitude exposure in low-
landers alters indices of left ventricular systolic function 
and increases sympathetic nervous system tone. life-long 
altitude exposure in highlanders is associated with simi-
lar sympathetic hyperactivity, but preserved parameters of 
left ventricular function, whereas diastolic function may be 
altered in those with chronic mountain sickness. Altered left 
ventricular systolic function in recently acclimatized low-
landers may be explained by combined effects of hypoxia 
and changes in loading conditions.

Hand-held echocardiography for pre-operative 
evaluation

Hand-held echocardiography could be considered an alter-
native to standard echocardiography in the pre-operative 
evaluation of patients undergoing non-cardiac surgery. 
Cavalli et al. [20] compared standard echo to bedside evalu-
ation with a pocket-size imaging device in 100 patients 
scheduled for non-cardiac surgery. Hand-held echo pro-
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patients with acute Mi. A multi-parametric score measuring 
wall motion score index, scar transmurality and extension, 
was found to better identify increased cardiac remodeling 
after a coronary event [34]. right ventricular dysfunction 
was found to be an independent and incremental predictor 
of cardiac deaths late after acute myocardial infarction [35]. 
A closed-chest small animal model was proposed to study 
the effects of single or repeated coronary occlusion/reperfu-
sion in real-time [36].

nucifora et al. [37] investigated the relations between 
myocardial mechanics and the extent of hypertrophy and 
fibrosis in hypertrophic cardiomyopathy. They found that 
the extent of hypertrophy and replacement fibrosis influence 
LV systolic mechanics while extent of replacement fibrosis 
and interstitial fibrosis influence LV diastolic mechanics. 
Basal infarct location but not larger infarct size was found to 
be associated with a successful outcome after alcohol septal 
ablation in patients with hypertrophic obstructive cardiomy-
opathy [38]. The eCv was found to be greater in patients 
with dilated cardiomyopathy without lGe than controls 
[39]. rider et al. found that myocardial tissue phase map-
ping reveals impaired myocardial tissue velocities in obe-
sity [40]. The combination of cardiac T2* Mri and MiBG 
scintigraphy was a more powerful predictor of MACe than 
either parameter alone [41]. Zhang et al. [42] showed that 
myocardial T2 mapping provides evidence for subclinical 
myocardial inflammation in patients with systemic lubus 
erthematosus.

Cole et al. [43] investigated the reproducibility of left 
ventricular function evaluated by qualitative grading and 
by eyeball estimation of ejection fraction (eF) techniques, 
and how they are affected by image quality, experience 
and accreditation. They found that the reproducibility of 
visual grading of lv function and lveF estimation is 
dependent on image quality, but individuals cannot them-
selves identify when poor image quality isdisrupting their 
lv function estimate. A 3D cine balanced steady state free 
precession technique allows for accurate single breath-hold 
volumetric cine CMr and enables substantial improve-
ments in scanner time efficiency without sacrificing diag-
nostic accuracy [44]. After surgical ventricular remodeling 
after myocardial infarction the two ventricles were found 
to show functional recoupling [45]. Polte et al. [46] com-
pared the ‘standard’ method [left ventricular stroke vol-
ume (LVSV) − aortic forward flow (AoFF)], ‘volumetric’ 
[LVSVright ventricular stroke volume (RVSV)] and ‘flow’ 
method [mitral inflow (MiIF)AoFF] in patients with 
mitral regurgitation. Mitral regurgitant volumes (Mrvs)/
fractions (MrFs) were larger (p\0.0001) using the ‘stan-
dard’ method (90 ± 31 ml/51 ± 11 %) compared with the 
‘volumetric’ (76 ± 30 ml/42 ± 11 %) and ‘flow’ method 
(70 ± 32 ml/44 ± 15 %). inter-observer variability was low-
est for the ‘flow’ and highest for the ‘volumetric’ method, 

nificantly higher risk of cardiac events during the follow-
up. Assessment of diastolic function using Tissue Doppler 
imaging during exercise stress echocardiography provides 
additional prognostic information in such patients.

Magnetic resonance imaging

There were also interesting advancements in cardiovascular 
Mri in 2015.

Helck et al. [24] compared atherosclerotic plaque char-
acteristics by Mri in carotid and femoral arteries. They 
found the maximum percent necrotic core and maximum 
percent hemorrhage were significantly higher in the carotid 
arteries compared to the femoral arteries. Maximum per-
cent calcification did not differ significantly. A multicenter 
reproducibility study for monitoring atherosclerotic plaque 
progression was presented by Sun et al. [25]. long latency 
periods were found to have a significantly negative impact 
on the image quality of free-breathing coronary wall Mri 
[26]. Quiescent-interval single-shot (QiSS) MrA was eval-
uated in patients undergoing digital subtraction angiography 
[27]. Similar diagnostic accuracy in the assessment of PAD 
was found. A limitation of QiSS-MrA was the lower rate of 
assessable vessel segments compared to contrast enhanced 
MrA.

Coronary MrA was found to correlate well with stress-
perfusion MRI for detecting significant CAD and helps 
exclude CAD in asymptomatic individuals [28]. extracel-
lular volume (eCv) in patients with chronic total coronary 
artery occlusion was found to be increased beyond that 
observed with late gadolinium enhancement (lGe), and 
correlated with the lv regional wall motion abnormality, 
which appears to reflect diffuse myocardial fibrosis [29]. 
A comparison of semi-automated scar quantification tech-
niques using high-resolution, 3-dimensional late-gadolinium 
enhancement magnetic resonance imaging was examined by 
rajchl et al. [30]. They found that while several approaches 
show acceptable reproducibility, full width at half maxi-
mum (FwHM) technique appears superior due to mainte-
nance of accuracy of manual segmentations. Tao et al. [31] 
demonstrated the feasibility of preprocedural Mri integra-
tion into the vT ablation procedure, with highly automated 
image analysis workflow and minimal mapping effort. Do 
et al. [32] found that Mri demonstrated that microemboli 
in moderately ischemic myocardium, but not solely isch-
emia, prolonged ventricular dysfunction, created perfusion 
deficits, poor infarct resorption and enhanced compensatory 
hypertrophy, while moderate ischemia alone caused minor 
lv changes. Berry et al. [33] found that Strain-encoded 
CMr with Displacement encoding with Stimulated echoes 
(DenSe) has the potential to provide clinically useful 
information on contractility and its recovery over time in 
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Established indications for CTA include assessment 
of the aorta and pulmonary arteries: the majority of 
submitted papers are focused on clinical applications 
rather than technical innovation

DeFreitag et al. [58] describe the value of abdominal aor-
tic aneurysm (AAA) screening in patients with documented 
thoracic aortic aneurysm (TAA). in a patient population of 
462 patients with a TAA, 104 (22.5 %) also had an AAA. 
The strongest correlation was seen in patients with age >55, 
systemic hypertension, smoking history and a TAA in the 
descending thoracic aorta.

rodrigues et al. [59] describe the relationship between clot 
burden by CT and echocardiographic severity of right ven-
tricular dysfunction in patient with acute pulmonary embo-
lism. rv function was evaluated with fractional area change 
(FAC), with dysfunction defined by FAC <40 %. in patients 
with acute Pe, the effect of clot burden on rv performance 
was better expressed by FAC than tissue Doppler indexes.

Schölzel et al. [60] examine the prediction of hemodynamic 
improvement after pulmonary endarterectomy in chronic 
thromboembolic pulmonary hypertension. Prior to surgery, 
pulmonary artery (PA) diameter indices were calculated from 
chest CT scans and different echocardiographic measurements 
to evaluate pulmonary hypertension were obtained. Gender, 
pre-operative mean PAP, PA diameter indices, and tricus-
pid annular plane systolic excursion were all predictors for 
hemodynamic improvement after PeA. The pre-operative PA 
diameter indexed for body surface area was the only indepen-
dent predictor for hemodynamic improvement after PeA in 
CTePH patients. in all patients who died within 30 days after 
PeA, persistent pulmonary hypertension was present.

Coronary CTA remains a topic of significant interest: 
two papers discussed the application of subtraction 
angiography with CT in order to reduce limitations in 
calcified coronary lesions or coronary stents

Yoshioka et al. [61] describe that in patients with severely 
calcified lesions, subtraction CTA using a second-generation 
320-detector row scanner showed improvement in diagnos-
tic accuracy, compared to conventional CTA reconstruction.

Amanuma et al. [62] provide data demonstrating that 
subtraction CCTA was associated with significantly higher 
diagnostic accuracy than conventional CCTA in the evalua-
tion of in-stent restenosis.

Several papers describe different techniques to assess 
hemodynamic, functional significance of coronary 
lesions

Pugliese et al. [63] report that a segmental calcium score 
(SCS), in conjunction with calcification morphology, 

while intra-observer variability was similar for all three 
methods. Gorter et al. [47] found that the Pulmonary regur-
gitant volume is superior to fraction using background-cor-
rected phase contrast Mri in determining the severity of 
regurgitation in repaired tetralogy of Fallot. noninvasive 
4D pressure difference mapping derived from 4D flow MRI 
enables detection of altered intraluminal aortic pressures 
and showed significant spatial and temporal changes in 
patients with repaired aortic coarctation [48]. Myocardial 
T1 and T2 mapping in diastolic and systolic phase were 
compared by Tessa et al. [49]. They found that acquisition 
in systole increases the number of evaluable segments. 
Phase contrast flow imaging was found to benefit from 
the administration of an intravascular contrast agent by 
improving the delineation of the perfused lumen and reduc-
ing phase noise in flow measurements [50]. An accelerated 
self-gated ultrashort echo time pulse sequence was evalu-
ated for functional imaging of murine hearts [51].

Hwang et al. [52] evaluated the relation between the left 
atrial wall composition by late gadolinium enhancement 
cardiac magnetic resonance and the complex fractioned 
atrial electrogram (CFAe) in patients with persistent atrial 
fibrillation (PeAF). They found that the evaluation of LA 
wall normal substrate by CMr might be useful to predict the 
CFAe occurrence before catheter ablation of PeAF. Hwang 
et al. [53] also compared left atrial late gadolinium enhance-
ment (LA-LGE) quantification methods based on different 
references to characterize the left atrial wall in patients with 
atrial fibrillation. They found that the full width at half max-
imum (FwHM) technique, which was based on the maxi-
mum signal from the mitral valve with high signal intensity 
could be used to provide a reproducible quantification of 
LA-LGE related to atrial fibrillation.

Considerable variability was found among the current 
methods for quantifying the arrhythmogenic MRI defined 
gray zone and scar core [54]. Aquaro et al. [55] found 
that a multiparametric CMr approach allowed distinction 
between active inflammation, chronic pericarditis with con-
striction and effusion without inflammation. Confirmation 
of the utility of a multiparametric approach was found by 
Bolen et al. [56] using surgical confirmation. Four septal 
bounce-derived parameters have a good accuracy in differ-
entiating constrictive pericarditis from volunteers [57].

Computed tomography

in 2015 the journal has again published a wide range of 
topics related to cardiovascular computed tomography sub-
mitted by authors throughout the world. it is interesting to 
review some trends in 3 major areas, including established 
indications of the great vessels, coronary CTA, and CTA in 
the context of structural and vascular intervention.
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(p = 0.009), no significant difference was found for the 
perimeter-based eD (mean difference: 0.2 ± 0.4; p = 0.07).

Sündermann et al. [69] describe early experience of com-
puted tomography for planning and postoperative imaging of 
transvenous mitral annuloplasty in an animal model [12]. Seven 
domestic pigs underwent CT before and after implantation of 
a Cardioband™ (a percutaneously implantable mitral valve 
annuloplasty device) with a second-generation 128-section 
dual-source CT machine. CT visualization and measurement of 
the mitral valve annulus dimensions were feasible. The authors 
suggest that CTA will likely become the imaging method of 
choice for procedure planning of Cardioband™ implantations 
or other transcatheter mitral annuloplasty devices.

While the above described papers reflect popular 
trends, there are other topics beyond the ‘mainstream’

winther et al. [70] describe a low-cost approach for the diag-
nosis of CAD, based on detection of diastolic murmurs from 
post-stenotic coronary turbulence evaluated with an acous-
tic sensor placed on the chest wall. The authors compared 
diagnostic accuracy of this acoustic test (CAD-score) to 
clinical risk stratification and coronary artery calcium score 
(CACS). Obstructive CAD was defined as more than 50 % 
diameter stenosis diagnosed by quantitative analysis of the 
iCA. Diagnostic accuracy evaluated by receiver operating 
characteristic curves was 72 % for the CAD-score, which 
was similar to the Diamond–Forrester clinical risk stratifica-
tion score, 79 % (p = 0.12), but lower than CACS.

Such novel topics may have impact on future develop-
ment, but sometimes are more difficult to be published. The 
editors of the journal encourage potential authors to submit 
such papers.

Intravascular imaging

The year of 2015 repeated the success of 2014 with high 
quality papers in intravascular imaging. in almost all issue 
of The International Journal of Cardiovascular Imaging an 
interesting paper involving intravascular imaging was pres-
ent, totalizing 17 papers along the year.

OCT feasibility/technical aspects

As iOCT continues to evolve and clinical adoption increases, 
special attention to aspects of imaging acquisition appears 
in recent publications:

Temporal resolution matters!

A lot is emphasized on the high spatial resolution 
of OCT but not much attention is devoted to the high 

anatomical location, patient’s symptoms and clinical his-
tory, can be helpful to estimate the probability of ≥ 50 % 
coronary stenosis.

linde et al. [64] examined the relationship between 
epicardial coronary artery stenosis severity and the cor-
responding regional transmural perfusion at rest and dur-
ing adenosine stress. The data demonstrate a relationship 
between semi-quantitative perfusion measurements by 
MDCT and severity of coronary artery stenoses and liu et al. 
[65] compare calculation of fractional flow reserve based on 
CT (FFrCTA) and conventional angiography (FFrQCA) based 
on computational fluid dynamics (CFD) requires reconstruc-
tion of patient-specific coronary geometry and estimation of 
hyperemic flow rate. The authors demonstrate acceptable 
correlation, but agreement in distinguishing functional sig-
nificant stenosis was moderate. Disagreement was found in 
10 (17.5 %) vessels. The data demonstrate that image resolu-
tion has a significant impact on FFR computation.

Miller et al. [66] examined heterogeneity of the spatial 
distribution of arteriolar perfusion territories as a correlate 
of intra-myocardial microvessels density and distribution. 
in patient with dilated cardiomyopathy (DCM) and a control 
group segmental myocardial perfusion (F) and intra-myo-
cardial blood volume (Bv) were computed. No significant 
differences between the groups were identified in over-
all myocardial F or Bv. However, the myocardial regional 
data showed significantly increased spatial heterogeneity in 
the DCM group when compared to the control group. The 
authors conclude that altered function of the sub-resolution 
intra-myocardial microcirculation can be quantified with 
myocardial perfusion CT.

CT plays an important role in the context of structural 
and vascular intervention, where it allows procedural 
planning and is complementary to echocardiography 
and angiography. Examples are transcatheter aortic 
and mitral valve replacement

Foldyna et al. [67] compared semi-automatic versus manual 
CT image segmentation prior to transapical aortic valve 
replacement, with focus on speed and precision of experi-
enced versus inexperienced observers [10]. The data demon-
strate excellent inter-software and inter-observer reliability, 
with a mean iCC of 0.95.

von Aspern et al. [68] examined the influence of area-
based versus perimeter-based calculation on the effective 
diameter of the aortic annulus prior to transcatheter aor-
tic valve implantation. effective diameter measurements 
derived from the area were significantly smaller compared 
to perimeter-based measurements (mean difference: sys-
tolic 0.72 ± 0.3 mm and diastolic 0.81 ± 0.4 mm; p < 0.001). 
While the area-based ED was significantly influenced by 
the cardiac cycle with a mean difference of 0.4 ± 0.6 mm 
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Imaging all arteries!

Taniwaki et al. [75] assessed the feasibility and the proce-
dural and long-term safety of intracoronary imaging of all 3 
vessels. Two modalities, OCT and ivuS, were attempted in 
patients with STeMi undergoing primary PCi in the setting 
of iBiS-4 study. A high success rate (~80 %) was achieved, 
with few complications, less than 2.0 %. Multi-modality 
three-vessel intra-vascular imaging in STeMi patients 
undergoing primary PCi is consistent with a high degree of 
success and can be performed safely without impact on car-
diovascular events at long term follow-up. The inability to 
image ~20 % of the vessels also highlights the opportunity 
for the industry to continue to invest in higher performance 
catheters.

IVUS and OCT for device interrogation

Platinum versus cobalt

Kim et al. [76] show lower percent of acute malapposition 
with Firehawk versus Xience. no difference between the 
two platforms at follow-up time was noticed. Are the differ-
ences in the acute result a consequence of the stent composi-
tion or design? Most important, is there any biological effect 
of acute malapposition?

Yes, IVUS can see and track BVS degradation

The literature on BvS clearly favors OCT as the primary 
modality for BvS follow-up. The unmatched resolution and 
tissue contrast of OCT makes it the natural choice. inter-
estingly Campos et al. [77] sought to validate ivuS quan-
titative echogenicity as a surrogate for molecular weight 
assessment of poly-l-lactide-acid (PllA) bioresorbable 
scaffold (Absorb BvS, Abbott vascular, Santa Clara, CA). 
The authors relied in an elaborate 9 time points porcine 
model. IVUS high intensity gray level quantification is cor-
related to Absorb BvS residual molecular weight and can be 
used as a surrogate for the monitoring of the degradation of 
semi-crystalline polymers scaffolds.

Atherosclerosis

Vulnerable plaque; systemic versus focal problem?

Aono et al. [78] suggest that the angioscopic progression 
of aortic atherosclerosis is closely associated with vulner-
ability and the extent of coronary stenosis, indicating that 
vulnerability toward atherosclerotic plaque development 
occurs simultaneously in the coronary tree and systemic 
arteries. we believe this is another evidence that not only 
the plaque, but that the patient is also vulnerable.

temporal resolution of the method. Koyama et al. [71] 
aimed to clarify the influence of cardiac motion on the 
accuracy and reproducibility of longitudinal measure-
ments obtained using OCT and to determine the optimal 
pullback speed. in a very well structured and presented 
study, various speed from 10 to 40 mm/s were tested, all 
exponentially higher than IVUS figures and all resulting 
in minimal interobserver variability and very high accu-
racy. Basically high temporal resolution “freezes” the 
heart beat motion. The faster the pullback the less is the 
impact of cardiac motion. The price to pay is less frame 
density and although 100–200 µm spacing are more than 
enough, higher spacing results in more interpolation for 
3D rendering images. There is very few applications for 
3D rendering today, so my conclusion is; go faster! For 
the industry we welcome even faster lasers that will ulti-
mately allow faster pullback without compromise on the 
frame density and interpretation.

Merry-go-round

elahi et al. [72] investigated the effect of neointimal thick-
ness and in the appearance of metallic struts in OCT images. 
Presence of a thick neointima resulted in lateral elongation 
(merry-go-round) of stent strut features in ivOCT images. 
This was described before with catheter eccentricity and 
now another factor appears to directly impact. Awareness of 
this phenomenon is important to avoid over reaction when 
interpreting post stent images.

Go fast or go home!

Suter et al. [73] work helps shed some light on the impact 
of media selection, flow-rate settings in displacing blood 
for obtaining diagnostic quality OFDi images. The higher 
the flow rate up to 4 cc/s, the better is the image quality. 
This stresses the fact that power injector is still the prefer-
able and most reliable way to obtain intracoronary OCT 
images.

OCT going molecular!

Intravascular near-infrared fluorescence (NIRF) imag-
ing is a novel technique for the assessment of molecular 
processes, e.g. inflammation. It requires individual frame 
calibration. ughi et al. [74] developed an algorithm for the 
automatic distance-correction of dual-modality OCT–nirF 
images and concluded that the proposed algorithm enables 
fully automatic visualization of dual modality OCT–nirF 
pullbacks, and provides an accurate and efficient calibration 
of NIRF data for quantification of the molecular agent in 
the atherosclerotic vessel wall. We look forward to see first 
clinical application of this hybrid modality.

1 3



705int J Cardiovasc imaging (2016) 32:697–709

(ivuS) parameters derived from classic gray-scale ivuS 
and integrated backscatter (iB)-ivuS. lipid plaque volume 
(LPV) was significantly correlated with the FFR value. It 
is unclear how to translate this findings clinically, but it 
is insightful to the fact that we apparently do better when 
entire volume is taking into account rather than simple 
cross-section.

Clinical setting

Imaging the guiding catheter!

Frequently we have guiding catheter imaging within a rou-
tine OCT pullback. is there any useful information there? 
Scalone et al. [85] sought to detect the frequency of throm-
bus inside the guiding catheter by OCT and its relationship 
with clinical and procedural factors. They showed that 60 % 
of patients had thrombus in the guiding catheter and at mul-
tivariate analysis, total procedural time and time between 
first heparin administration and OCT pullback were only 
predictors of intra-catheter thrombus. This can be a surro-
gate of under anticoagulated patient.

Tissue prolapse

Sohn et al. [86] aimed to compare the detection rate of tis-
sue prolapse (TP) in OCT and ivuS after DeS implantation 
and evaluate clinical implication of TP at 2 years after per-
cutaneous coronary intervention. TP was detected in 95 % 
of stented lesions by OCT and 45 % of stented lesions by 
ivuS among 40 stented lesions in 38 patients. The study is 
however under powered for clinical outcomes.

Call for papers

Despite robust evidence on the clinical benefit of intravas-
cular imaging, the penetration of these methods on coronary 
intervention is low worldwide with the exception of Japan. 
we hope to see more clinical utilization of both ivuS and 
OCT in the clinical setting and will prioritize papers with 
clinical application of these methods.
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