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Advances Could Make Cardiac CT a One-Stop-Shop Imaging Modality
Experts say CT-FFR, perfusion imaging, plaque characterization, spectral imaging may tip the balance in favor of cardiac CT

Source: DAIC 2014
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Will Cardiac MRI Expand?
Recent MRI technological advances have opened up the possibilities for greater cardiac use of the costly imaging modality
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The future “CV Medicine Essentials”



• A huge amount of data - do we really need all of this?



development and local health system care initiatives
should include cardiac imaging expert representa-
tion, to ensure a robust discussion of alternative
imaging modalities, aid dissemination of best prac-
tices, and appropriately highlight the potential value
(or lack thereof) of imaging studies.
Strategies. Recognition of the ongoing changes in the
health care environment represents a great opportu-
nity for the cardiac imaging community to shape the
field’s successful adaptation. The consensus achieved
at the ACC Future of Cardiac Imaging Think Tank
included 3 strategies focused on strengthening the
role of cardiac imaging in outcomes-based patient
care (Table 1) .
Create meaningful outcome measures that demonstrate
the value of imaging. This is essential to ensuring the
appropriate future role of cardiac imaging services.
Previous efforts have focused on intermediate mea-
sures of quality, such as data reproducibility and
reporting turnaround times (19). Although these
process measures are requisite for improving out-
comes, they are not sufficient in themselves, and we
must identify and target factors to specifically assess
the effect of imaging on a patient’s cardiac health.

Traditional outcomes (e.g., survival, adverse events)
are always relevant, but because of the tenuous con-
nections between diagnosis and events and the low
event rates in many imaging populations, large data
sources and infrastructure are required. Furthermore,
a focus on only “hard” events might fail to evaluate
other potential major benefits, such as reductions in
admission or readmission, improvements in medica-
tion adherence, and adoption of healthy lifestyle be-
haviors, treatment modifications, or efficiency (time
to diagnosis) (8,23). Examples of such intermediate
outcomes applicable to cardiac imaging are presented
in Table 2, but further collaborative metric develop-
ment is required.
Use these metrics to measure and improve imaging
outcomes. A demonstration of the ability of cardiac
imaging to improve these new outcomes measures is
necessary to further strengthen support for cardiac
imaging in the future. Several substrategies were
identified that will be essential for success. Internal
process improvement, such as standardized and
structured reporting, is necessary to provide the
infrastructure for research efforts and is further dis-
cussed in Goal 4, Strategy 1. Support for clinical

CENTRAL ILLUSTRATION Goals and Strategies Recommended by The Future of Cardiac Imaging
Think Tank
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The Think Tank deliberations were structured into 4 areas or goals. Within each goal, 3 to 5 key strategies were identified.
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ABSTRACT

The American College of Cardiology’s Executive Committee and Cardiovascular Imaging Section Leadership Council

convened a discussion regarding the future of cardiac imaging among thought leaders in the field during a 2 day Think

Tank. Participants were charged with thinking broadly about the future of imaging and developing a roadmap to address

critical challenges. Key areas of discussion included: 1) how can cardiac imaging services thrive in our new world of

value-based health care? 2) Who is the cardiac imager of the future and what is the role of the multimodality imager?

3) How can we nurture innovation and research in imaging? And 4) how can we maximize imaging information and
optimize outcomes? This document describes the proceedings of this Think Tank. (J Am Coll Cardiol Img 2016;9:1211–23)
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INTRODUCTION

The increasing speed and magnitude of change in
health care provide both challenges and opportu-
nities. To successfully navigate the future, it is
essential to anticipate difficulties and design strategic

solutions. This is as true for cardiac imaging as it is for
the rest of cardiac medicine. Dramatic changes have
already occurred in imaging, including the introduc-
tion of promising new technologies such as coronary
computed tomography (CT) angiography and sub-
stantial reductions in reimbursement driven by cost
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Can Imaging Change the 
Outcomes?



Innovation that changes the 
outcome (in my field…)

• One-shot anatomic + functional information in CAD


• Real time imaging during MICS / TCT for SHD
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Imaging Coronary 
Atherosclerosis



Imaging Coronary 
Atherosclerosis

• Quantitative measure of lumen reduction - angio


• Plaque morphology - IVUS, OCT



by different modalities with complementary strengths, and
hybrid, multimodal catheters have been designed that provide
more complete evaluation of coronary plaque pathobiology
[10,11] (Tables 1 and 2).

In this review, we summarize the developments in: (1)
conventional single-modality intravascular imaging devices,
(2) hybrid intravascular imaging devices, and (3) data fusion

methodologies that enabled evaluation of shear stress distri-
bution in vessel geometry.

2. Advances in conventional structural imaging

2.1. New generation high-definition IVUS

Recently, a 60 MHz IVUS probe has been introduced that
provides images which enable improved detection of lipid-
rich plaque and thrombus that can change treatment plan-
ning [46]. Despite the fact that there is a trade-off between
image clarity and signal penetration, there is a trend toward
the design of higher resolution IVUS systems and today there
are several commercially available high-resolution IVUS pro-
ducts from different manufacturers. In a study by Destrempes
et al., it was found that the manual border detection is more
reproducible at 60 MHz IVUS than at 40MHz IVUS, even for
EEM contours, which are located at a deeper than luminal
contours [47]. The pullback speed of these new generation
IVUS catheter is faster than the other currently available IVUS
systems, lowering the risk of catheter-induced ischemia by
reducing pullback time. Comparison of currently available
high-definition IVUS is tabulated in Table 3.

Table 1. Summary of potential advantages of hybrid catheters.

IVUS (intravascular ultrasound) OCT (optical coherent tomography)

Axial
Resolution 20 µm 8 µm [12]

OCT 8 µm [12] IVUS-OCT:
Detailed plaque characterization with vessel size (remodeling) assessment.

NIRS
(near-infrared
spectroscopy)

NA NIRS-IVUS:
Simultaneous assessment of lipid component and vessel structure (plaque
burden, remodeling).

NIRS-OCT:
Differentiating deep tissue (i.e. deeply
embedded calcific tissue and lipid tissue).

NIRF
(near-infrared
fluorescence
imaging)

NA NIRF-IVUS:
Simultaneous assessment of inflammation and vessel structure.

NIRF-OCT:
Correlates inflammation and detailed
morphological assessment.

IVPA
(intravascular
photoacoustic
imaging)

100 µm
[13]

IVPA-IVUS:
Simultaneous assessment of chemical composition (i.e. lipid, inflammation,
stent) and structural information.

TRFS
(time-resolved
fluorescence
spectroscopy)

160 µm
[14]

TRFS-IVUS:
Simultaneous assessment of compositional characteristics (i.e. lipid,
collagen, elastin) of the superficial plaque and vessel structure.

Table 2. Study phase of hybrid imaging devices.

Type of
imaging
devices Ex vivo study

In vivo
animal study

In vivo
human
study

Regulatory
body approval

IVUS-OCT ✓[12,15–17] ✓[18,19]
NIRS-IVUS ✓[20] ✓[21,22] ✓[23–26] ✓
NIRS-OCT ✓[27]
NIRF-IVUS ✓[28] ✓[29]
NIRF-OCT ✓[30] ✓[31–35] ✓[36]
IVPA-IVUS ✓[37–40] ✓[41]
TRFS(FLIm)-
IVUS

✓[42,43] ✓[14,44,45]

FLIm: fluorescence life time imaging; IVPA: intravascular photoacoustic;
IVUS: intravascular ultrasound; NIRF: near-infrared fluorescence; NIRS: near-
infrared spectroscopy; OCT: optical coherence tomography; TRFS: time resolved
fluorescence spectroscopy.

Table 3. Specification of new generation high-definition intravascular ultrasound catheter.

Frequency
Axial

resolution Lateral resolution Soft tissue penetration
Blood

penetration Pullback speed
Pullback
length

AltaView (Terumo) 60 MHz <30 µm <100 µm NA NA 0.5, 1.0, 2.0, 3.0,
9.0 mm/s

150 mm

TVC-MC9 (Infraredx) 50 MHz 20 µm <200 µm 7 mm 8 mm 0.5 mm/s 120 mm
KodamaTM catheter (ACIST)

[48,49]
60 MHz 40 µm 90 µm >2.5 mm >3.4 mm 0.5, 1.0, 2.5, 5.0,

10 mm/s
120 mm

Boston scientific 60 MHz 22 µm 50–140 µm NA NA 0.5, 1.0, 8.0 mm/s 100 mm

Transducer
profile

Proximal
shaft

Guide wire
compatibility

Guide catheter
compatibility

Frequency
Range

Frame rate

AltaView (Terumo) 2.6 Fr 3.0 Fr 0.014 in 5 Fr 40–60 MHz 30, 60, 90 fps
TVC-MC9 (Infraredx) 3.2 Fr 3.6 Fr 0.014 in 6 Fr 35–65 MHz 16 fps
KodamaTM catheter (ACIST)
[48,49]

3.2 Fr 3.6 Fr 0.014 in 6 Fr 60 MHz/
40 MHz

60 fps

Boston scientific 2.7 or2.9 Fr 3.0 or 3.6 Fr 0.014 in 5 or 6 Fr 45–75 MHz 30, 60 fps

NA: not available.
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Jaffer et al. developed a 2D NIRF catheter that enables intra-
vascular assessment of the distribution of inflammation in ather-
osclerotic plaques and in stent-induced vascular trauma in rabbit
aortas in vivo [78]. Dixon et al. introduced a hybrid catheterwith a
diameter of 4.2 Fr that combines an IVUS and a NIRF probe

aligned side by side. The IVUS (45 MHz) and NIRF light source
(750 nm) are rotated by different rotation motors. The device is
able to acquire 30 frames/s and was tested in phantoms and ex
vivo in porcine carotid arteries [28]. However, in this prototype,
the generated NIRF images did not enable accurate evaluation of

Figure 3. Images of tip and examples of cross sectional image of hybrid catheter.
The actual or schematic images of catheter tips are shown in the middle column. The examples of cross sectional image are shown in the right column. Panel A shows the
prototype of dual mode intravascular ultrasound – optical coherence tomography (IVUS-OCT) catheter with diameter of 3 Fr with the optical coherence tomography component
being integrated to the intravascular ultrasound probe. This design allows a collinear alignment of the two transducers, and thus accurate co-registration of the intravascular
ultrasound (A’) and optical coherence tomography (A’’) images (the asterisk indicates the presence of red thrombus). Panel B shows combined near infrared spectroscopy –
intravascular ultrasound (NIRS-IVUS) catheter. The tip of the catheter incorporates a rotating intravascular ultrasound transducer operating at 50 MHz with extended bandwidth and
two near infrared spectroscopy fibres that transmit and collect the near infrared light (B). The chemogram (B’) shows the output of the near infrared spectroscopy catheter which is
co-registered with the intravascular ultrasound data creating hybrid images that allow assessment of lumen, outer vessel wall, and plaque dimensions including plaque burden and
simultaneous evaluation of the longitudinal and circumferential distribution of the lipid component. Panel C shows schematic representation of the combined optical coherence
tomography – near infrared spectroscopy (NIRS-OCT) catheter. NIRS-OCT images of human cadaver plaques that appear similar by optical coherence tomography were presented (C’,
C’’). The optical coherence tomography microstructural image is surrounded by the near infrared spectroscopy absorption spectrum at each angle of rotation of the catheter, where
yellow indicates high absorption. The plaque in (C’) does not exhibit significant near infrared spectroscopy absorption, whereas the lesion in (C’’) does. These near infrared
spectroscopy datasets indicate that the plaque in (C’) is fibrocalcific, whereas in (C’’) is a lipid-rich plaque. Panel D shows intravascular ultrasound – intravascular photoacoustic
imaging (IVUS-IVPA). A sketch of a catheter tip shows the ultrasound transducer (yellow) aligned with the tip of a side-looking optical fibre on a flexible drive shaft (D). D’ shows
lipid imaging of a human atherosclerotic plaque ex vivo, wavelength = 1710 nm. Conventional intravascular ultrasound is shown in greyscale, with intravascular photoacoustic lipid
signal in red-orange overlay. High intravascular photoacoustic signal corresponds to lipid-rich areas. The high intravascular photoacoustic signal generated by the metal stent struts
allows accurate assessment of stent apposition (D’’). Panel E shows schematic representation and picture of the bi-modal intravascular ultrasound-fluorescence lifetime imaging
(IVUS-FLIm) catheter. Co-registered IVUS-FLIm data was acquired using a bimodal catheter from an ex vivo human coronary artery. Fluorescence lifetime imaging data correspond to
lifetime values from 390/40 nm wavelength band. IVUS-FLIm data in 3D with select intravascular ultrasound frames (E’), en-face lifetime map (E”) and cross-sectional fluorescence
lifetime imaging-intravascular ultrasound data (E’’’) are shown. Thin-cap fibroatheromas (orange arrow head) shows lower lifetime when compared with collagen rich areas (red
arrow head (E’’’). Scale bars are 1 mm. Reproduced from Bourantas et al. [10].
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Evidence
• IVUS Guided PCI


• IVUS-XPL


• CTO-IVUS


• ILUMEN


• Vulnerable plaque treatment


• SECRITT


• PREVENT



Imaging Coronary 
Atherosclerosis

• Quantitative measure of lumen reduction - angio


• Demonstration of specific, lesion-induced, metabolic 
abhormality (Ischaemia)



Echo-CT fusion imaging

In patients with stenosis >25% in at least one artery, CT-FFR
analysis was performed from the resting CT data sets (HeartFlow,
Redwood City, CA). This analysis included fluid dynamics–based
calculation of FFR for each of the three coronary arteries and their ma-
jor branches. Similar to findings on CTCA, CT-FFR values were used
to categorize each coronary artery as follows, using a cutoff of 0.80:
(1) CT-FFR $ 0.80 and no clear perfusion defect, (2) CT-
FFR < 0.80 and a visible perfusion defect, and (3) either a perfusion
defect with CT-FFR $ 0.80 or CT-FFR < 0.80 without a perfusion
defect. This classification was the basis for reference standard B.
For both reference standards A and B, arteries in category 1 were

considered normal, and those in category 2 were considered to
have hemodynamically significant stenosis, while those in category
3 were considered inconclusive and were not used for comparisons
with 3DE-derived strain.

Detection of Significant Stenosis Using Longitudinal
Strain

Strain abnormalities when present in the territory of a coronary
artery were first compared with three simple reference techniques
reflecting different aspects of disease in that artery: stenosis result-
ing in >50% luminal narrowing on CTCA, the presence of an
SPD, and CT-FFR < 0.80. Thereafter, to determine the diagnostic
accuracy of this approach against more robust, combined reference
standards that more reliably reflect the hemodynamic significance
of stenosis than each of these criteria alone, the strain abnormalities
were compared against the aforementioned combined reference
standards A and B, which define hemodynamically significant ste-
nosis either by luminal narrowing > 50% with an associated SPD
(reference standard A) or by CT-FFR < 0.80 with an SPD (refer-
ence standard B).

Reproducibility Analysis

To assess the reproducibility of strain abnormalities, 3D strain ana-
lyses were repeated in a random sample of 20 study patients, using a
different cardiac cycle. A contingency table was created in which
positive and negative findings were counted for both first and second
measurements on a coronary artery basis (a total of 60 arteries).
Kappa statistics were used to quantify the level of agreement between
repeated analyses. The calculated k coefficients were judged as fol-
lows: 0 to 0.2, low; 0.21 to 0.4, moderate; 0.41 to 0.6, substantial;
0.61 to 0.8 good, and >0.8, excellent.

Statistical Analysis

To determine the diagnostic accuracy of strain abnormalities for the
detection of hemodynamically significant coronary stenosis, for every
comparison, sensitivity, specificity, positive and negative predictive
values, and overall accuracy were calculated from the numbers of
true or false positive or negative classifications, using standard defini-
tions. Significance of the differences in the prevalence of resting lon-
gitudinal strain abnormalities in territories of coronary arteries with
and without hemodynamically significant stenosis (categories 1 and
2) was tested using c2 statistics. Statistical analysis was performed us-
ing Excel (Microsoft, Redmond, WA).

RESULTS

Of the 234 coronary arteries in 78 study patients, CTCA depicted ste-
nosis >70% in 13 arteries, stenosis between 50% and 70% in 25 ar-
teries, stenosis <50% in 60 arteries, and 136 arteries free of any
luminal narrowing. Fifty-seven patients (73%) had resting strain ab-
normalities in territories of 82 arteries (35%), while 40 patients

Figure 1 Schematic diagram of the study design (see text for details). CAD, Coronary artery disease.
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Figure 3 Example of combined 3D display of longitudinal strain and coronary arteries (right) obtained in a patient with an intermediate
grade stenosis. Although reduced FFR byCT-FFRwas noted in distal portion of the LAD (left), no obvious strain abnormality was seen
in any of the LV walls (right).

Figure 4 Example of combined 3D displays obtained in a patient with a hemodynamically significant mid-LAD stenosis, confirmed by
CT-FFR analysis for a large portion of the artery (left). An extensive resting strain abnormality was noted in the anteroseptal and septal
walls, depicted by the red-orange-yellow area (right).

Figure 5 Example of combined 3D displays obtained in another patient with a hemodynamically significant stenosis in the left circum-
flex coronary artery, confirmed by CT-FFR analysis (left). An extensive resting strain abnormality was noted in the lateral wall (middle),
concomitant with a vasodilator subendocardial SPD in the same area of the myocardium (right).
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CT-CT fusion imaging

Table 1
Results of separate coronary CTA, separate CT-Perf, and combined 3D image fusion analysis. Two cases with both relevant stenoses and perfusion deficits were identified.
3D fusion imaging depicted culprit lesions and their resulting myocardial perfusion deficits. Findings were in accordance with catheter coronary angiography analysis.

Pat. Age Sex IQ Coronary
CTA

CT-Perf 3D fusion Results Catheter coronary
angiography

Stenoses
>50%

Supply territories of
hypoperfused regions

IQ Culprit lesion Refinement of
perfusion deficits

CT stenosis w/o
perfusion deficit

Perfusion deficit w/o
CT stenosis

Culprit lesion

1 58 m 4 e LAD/RCA 4 (narrow RCA?) e e baso-septal e

2 45 m 4 e e 3 e e e e e

3 55 m 4 e e 3 e e e e e

4 41 m 4 e e 3 e e e e e

5 32 m 4 e e 3 e e e e e

6 53 m 3 e e 3 e e e e e

7 66 m 3 LAD LAD/RCA 4 LAD LAD/RCA/LAD e e LAD (70e90%)
8 66 m 3 RCA LADa 4 D1 and sub-

branch, RCA
LAD/D1/D2, RCA e e RCA (70e90%)

9 56 m 3 e e 3 e e e e e

10 60 m 4 e e 3 e e e e e

11 65 m 3 e e 3 e e e e e

12 76 m 4 e not analyzableb e e e e e e

a Perfusion deficit was only described by reader R2. Both other perfusion deficits were reported by both readers R1 and R2 in agreement.
b Due to severe motion artifacts, resulting in exclusion of patient 12 from further evaluation.

Fig. 5. Data of 66-year-old male patient with hemodynamically relevant CAD and corresponding perfusion deficit (patient 7). Curved reformation of coronary CTA data reveals
a relevant stenosis of the LAD (a, arrowhead). In the segmented CT-Perf image a septo-apical perfusion deficit can be seen (b, star). Coronary stenosis is seen in 3D fusion imaging (c,
arrowhead) and can clearly be correlated to the resulting septal perfusion deficit (d, star).
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CT-Spect fusion imaging

shown to reliably allow colocalization of myocardial perfusion
defects with subtending coronaries compared with standardized
myocardial segmentation models on account of variations in
individual coronary anatomy. In two-thirds of the patients with an
intermediate pretest probability of CAD, hybrid imaging was
suggested to efficiently provide a noninvasive ‘rule-in/rule-out’
algorithm of patients with hemodynamically significant CAD.
Another single-center prospective clinical study involving
208 patients with suspected CAD who underwent CCTA, techne-
tium 99m/tetrofosmin SPECT, and [15 O] H2O PET revealed that PET
yielded the highest diagnostic accuracy to detect myocardial
ischemia vs invasive FFR.32 Despite a rather high prevalence of
disease, the authors did not observe improved accuracy for
combined physiological and anatomical imaging by hybrid

methods.33 By contrast, a recent meta-analysis of 12 studies,
showed that hybrid cardiac imaging improved diagnostic specific-
ity for the detection of obstructive CAD compared with stand-alone
coronary CTA, but with limited improvement in overall diagnostic
performance.5 Regarding the prognostic implications of hybrid ima-
ging in a series of 324  patients, a matched defect on a hybrid
image was found to be a strong predictor of major adverse
cardiovascular events during a median follow-up of 2.8 years.34

Chronic Total Occlusions

Interventional management of chronic total occlusions is
related to higher rates of complications and patient exposure to

Figure 1. Characteristic example of a coronary computed tomography angiography (CCTA)/single-photon emission computed tomography-myocardial perfusion
imaging (SPECT MPI) hybrid study. A highly stenotic plaque in the proximal right coronary artery (insert) depicted by CCTA accurately matches a myocardial
perfusion defect in the inferior wall (white arrows) assessed by a SPECT MPI perfusion test.
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PET-MRI fusion imaging

diagnostic approach of the patient with ischemic cardiac disease,
once the current limitations for its widespread adoption, including
high radiation for CTP and high costs for CT-FFR, are addressed.

FUTURE HORIZONS

PET/MRI

The combination of PET and MRI has been the focus of attention
recently with small pilot studies emphasizing the ability of the
modality to provide accurate anatomic plus advanced soft tissue
contrast information and insight into plaque biology, primarily in
terms of the presence of inflammation.57 Recent technological
advances58 with the development of avalanche photodiode and
silicon photomultiplier detectors have enabled the performance of
simultaneous image acquisition in hybrid PET/MRI scanners.
Driven by the low radiation with the combination of these
2 modalities, feasibility studies have been undertaken in the field
of ischemic cardiac disease, using mainly 18F-fluorodeoxyglucose
(18F-FDG) and 18F-fluoride59,60 as PET tracers.

Both modalities individually have been in use for the
assessment of myocardial perfusion and viability in hibernating
myocardium. Such hybrid approaches not only allow for concur-
rent anatomical and metabolic milieu assessment but also
synergically compensate one another with regards to the limita-
tions of each modality.61 Recent studies including a small number
of postinfarct patients and hybrid PET/MRI were able to show close
agreement between the area-at-risk, indicated by 18F-FDG, and MR
T2-mapping,62 while late gadolinium enhancement transmurality
and 18F-FDG performed equally well in predicting myocardial

functional recovery.63 More specifically, the extent of myocardium
as assessed by both modalities was shown to have predictive
value for regional wall motion improvement in the subacute
phase after myocardial infarction. Nevertheless, these small
studies have also raised concerns about the usefulness of such
costly hybrid modalities in the clinical setting. As in the other
hybrid imaging modalities, the actual value of PET/MRI in
supporting clinical decision-making  for the patient with stable
CAD warrants larger data from purpose designed studies.

Imaging of the atherosclerotic process with PET/MRI has been
demonstrated in large-diameter arteries including carotids60,64

and the aorta.65 Reliable assessment of further vascular beds, such
as the coronaries, remains challenging due to the smaller
dimensions and the additional problems of respiratory- and
cardiac motions-derived artifacts. The latter issue was successfully
addressed in a feasibility study using PET/MRI and 18F-fluoride.59

By implementing a free-breathing, motion-insensitive MR attenu-
ation correction map, 18F-fluoride hotspots were identified within
the coronary arteries in 7 patients (Figure 4). In theory integration
of molecular, functional, and morphological imaging is expected to
improve our understanding of the pathobiology of atherosclerotic
plaques and the natural history of high-risk/event prone plaques.66

The low radiation, highly important in young patients, and the
synergistic information that can be obtained render PET/MRI
highly attractive; nevertheless, the incremental value of the
modality against existing techniques remains to be demonstrated.
Further technological leaps such as overcoming attenuation
correction issues (with the first experience already reported)67

as well as larger feasibility and cost-effectiveness studies are
warranted for this cardiac imaging modality to enter the clinical
arena. Most certainly, PET/MRI can open fascinating new research

Figure 4. Hybrid PET/MRI. Reformatted views of a culprit plaque in the left anterior descending coronary artery of a patient at 6 months after myocardial infarction:
plaque (arrowhead) is observed, causing a proximal luminal stenosis on magnetic resonance imaging (MRI) angiography (panel A). Increased 18F-sodium fluoride
(NaF) uptake is observed at exactly this site on fused positron emission tomographic (PET)/MRI (panel B, arrowhead). An extensive near-transmural myocardial
infarction is confirmed on late gadolinium enhancement images corresponding to the perfusion territory of this lesion (white arrows) (panel C). Elevated 18F-NaF
uptake is again observed in the culprit lesion in the left anterior descending coronary artery on a 2-chamber view of the left ventricle (arrowhead, panel D). Also note
increased uptake in the aortic root (black arrow, panel B) and in the mitral valve annulus (black arrow, panel D). All images were acquired during a single PET/MRI
scan. Reprinted with permission from Robson PM et al.59
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CTCA/3D-CMR-Perf—fusion imaging

CTCA postprocessing

Segmentation of the CTCA heart volume and coronary 
artery tree could be carried out fully automatically in all 
cases. In six patients (26%), manual adjustment of the 
heart phase used for automatic segmentation was required 
(time for user interaction 1–2 min). In all other patients 
(74%), the default best diastolic phase yielded best seg-
mentation results.

3D-CMR-Perf postprocessing

Manual LV segmentation of 3D-CMR-Perf data was pos-
sible in all patients (time for user interaction 15–20 min). 
The interpolation step and the LV template projection 
allowed for an anatomically correct display of perfusion 
values without interpolation artifacts.

Co-registration

The three marker points needed as a starting point for auto-
matic image registration could be identified in the CTCA 
and 3D-CMR-Perf datasets of all patients (time for user 
interaction below 1 min). Running the registration algorithm 
without manual starting points resulted in ineffective image 
registration. Imperfect co-registration results were frequently 
seen in the LV apex (see Fig. 4a, white arrowhead).

3D image fusion

Figure 4b shows an example of a healthy heart without 
coronary stenoses or perfusion deficits. Figure 5 illustrates 
CTCA, 3D-CMR-Perf, and 3D fusion imaging of a patient 
with occlusion of the RCA. Figure 6 depicts a perfusion defi-
cit mainly located in the endocardial part of the myocardium 
with correspondent stenoses seen in CTCA. As for every 
patient with pathological findings, three datasets were gener-
ated: average epicardial (b), transmural (c), and endocardial 
(d) perfusion values.

Fig. 5  3D fusion imaging of a 
patient prior to aortocoronary 
bypass surgery: The transverse 
CTCA image shows occlusion 
of the proximal RCA (a, white 
arrowhead). The 3D-CMR-Perf 
short-axis view reveals a basal 
to mid-ventricular inferior 
perfusion deficit (b, white 
arrowhead). 3D image fusion 
simultaneously shows the RCA 
occlusion (c, black arrowhead) 
and the ischemic inferior wall 
(d, star). Note the collaterals 
proximal to the RCA occlu-
sion (d, black arrowhead) and 
the additional apical perfusion 
deficit due to an LAD stenosis 
(not shown)


