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Diagnostic accuracy of fractional flow reserve from anatomic CT angiograph'y |

A Study patient with ischemia
reformat of CT angi

Fractional flow reserve computed from CT (FFR;)

Invasive coronary angiogram

Non-invasive fractional flow reserve derived from
conventional CCTA. Although both patients have
P, obstructive coronary artery disease by computed
Left anterior tomographic angiography (CT), FFRCT identified
descending artery-—_ . . . . .
> myocardial ischemia in one patient (A), whereas
oss), FFRCT revealed no ischemia in the other patient
(B). Multiplanar reformat of a CT angiogram
demonstrating obstructive stenosis of the proximal
portion of the left anterior descending artery (LAD)
and an FFRCT value of 0.62, indicating vessel
B Sty patient wiihout isshainis _ _ ischemia. Invasive coronary angiogram
reformat of CT actional flow reserve ted from CT (FFR.y) Invasive coronary angiogram . ) i
] demonstrates obstructive stenosis of the proximal
portion of the LAD and measured FFR values of
0.65, indicating vessel ischemia. (B) CT angiogram
demonstrating obstructive stenosis of the mid
<= stencsis portion of the right coronary artery (RCA) and an
FFRCT value of 0.87, indicating no vessel ischemia.
Invasive  coronary  angiogram  demonstrates
Right coronary obstructive stenosis of the mid portion of the RCA
and a measured FFR value of 0.88, indicating no
vessel ischemia
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Cardiac Positron Emission Tomography/Computed Tomography Imaging Accuraféiy' ;
Detects Anatomically and Functionally Significant Coronary Artery Disease

A 69-year-old man with attacks of atypical anginal pain. A,
CT showed significant LAD and RCA stenoses with only
mild stenosis in the LCx.

B, Hybrid images with normal stress PET perfusion
(absolute scale, 0 to 3.5 mL g™ min’"). Normal perfusion
is >25 mL g' min? (yellow or red). C, ICA with
quantitative analysis and FFR.

Despite anatomically significant narrowing of the LAD and
borderline changes in the RCA, FFR was normal in both
vessels, indicating functionally nonsignificant disease.

~ Kajander S, et al. (Circulation. 2010;122:603-613)
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Cardiac Positron Emission Tomography/Computed Tomography Imaging Accurately .'
Detects Anatomically and Functionally Significant Coronary Artery Disease

A 63-year-old man with positive family history. Good
performance, atypical chest pain, and 2-mm ST
depression in the ECG at the exercise test. In hybrid
images, stress myocardial perfusion was reduced in
most regions (green and blue). However, both CT and
ICA showed normal coronary arteries, indicating
possible microvascular disease.

Right lateral view Left lateral view

Kajander S, et al. (Circulation. 2010;122:603-613)
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Intracoronary Doppler assessment of moderate
coronary artery disease
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Heller et al, Circulation 1997
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CT followed by selective PET

Suspected Obstructive CAD
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Maanitty et al, J Am Coll Cardiol Img 2017
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SPECT imaging: a novel and clinically-relevant segmentation approach

Prox LAD disease Mid LAD disease LCX disease RCA disease

Nudi F, et al (J Nucl Cardiol 2014)
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Vessel-related ischemia

Nudi et al, (J Nucl Cardiol 2016)
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Vessel-related ischemia (VRI): 1 vs 2 vs 3

Mis 1
No LAD

Nudi F, et al (J Nucl Cardiol 2015)
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Risk of death according to maximal ischemia score (MIS)
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Patients at risk according to maximal ischemia score:

No 4161 4147 2663 1724 778 395
Mintiial 1399 1380 628 457 137 8s
Mild 1566 1507 757 506 197 109
Moderate 1020 915 558 381 184 78
Severe 568 510 348 256 153 66

Nudi F, et al (J Nucl Cardiol 2014)
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Non-invasive imaging in coronary syndromes

@ESCc

European Society

of Cardiology Exercise ECG iy

RCA

Figure 2 Chronic coronary syndrome. A 49 years old lady with family history of CAD, hypercholesterolaemia, and recent onset of effort angina
with non-diagnostic ST-segment depression (0.1 mV in the anterior leads) at maximal exercise ECG. Her PTP of obstructive CAD is 10% but the clin-
ical likelihood is higher. She performed CTA as the initial test which allowed the diagnosis of obstructive CAD (LAD middle third and proximal LCX)
without high-risk features. Stress SPECT was sequentially performed. CTA-SPECT images demonstrated a severe reversible perfusion defect (>10%
LV myocardium) in the LAD territory with preserved perfusion in the LCX territory. These high-risk findings prompted invasive coronary angiog-
raphy and revascularization (PCl and stenting) of LAD was decided.

European Heart Journal - Cardiovascular Imaging (2022) 23, e6—e33
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Non-invasive imaging in coronary syndromes

@ESC

European Society
of Cardiology CTA-Quantitative PET (3N-Ammonia)

Case B

Case A

Figure 3 CTA-PET imaging. CTA-PET imaging in two patients with recent onset dyspnoea. Case A is a 67 years old man with multiple risk factors,
LBBB, systolic LV dysfunction (LVEF 30%), and diffuse non-obstructive CAD at CTA. Case B is a 60 years old man with glucose intolerance, mild
hypertension, systolic LV dysfunction (LVEF 33%), and normal coronary arteries at CTA. In both cases, quantitative hyperaemic (after i.v. dipyrid-
amole) myocardial blood flow values with N-13 ammonia PET are globally reduced (normal values > 2 mL/min/g, please note different colour codes
have been used in these cases) (see also Ref?' Liga et al. and Ref?* Neglia et al.).

European Heart Journal - Cardiovascular Imaging (2022) 23, e6—e33
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Non-invasive imaging in coronary syndromes TN

@ ESC Conclusions and future directions

European Society While multiple technologies and approaches to diagnose CAD in the
of Cardiology acute and chronic stages have been developed, they address different
aspects and stages of the disease. The imaging modality applied in any
clinical situation should depend upon the information that is being
sought. All modalities can provide information regarding LV structure
and function, although echocardiography and CMR clearly have
advantages. Similarly, with the general exception of CTA, all techni-
ques can detect ischaemia and viability; although echocardiography
and nuclear imaging have the largest imprint in clinical practice, CMR
is increasingly being utilized. CTA is the non-invasive procedure of
choice to visualize coronary anatomy. As none of them is perfect or
can provide all the needed information, there is a need for clinicians
to have a deep understanding of the disease within the coronary
arteries and beyond. Such critical view of the disease and of our
patients, together with the comprehensive knowledge of each diag-
nostic tool, will allow for development of the appropriate diagnostic
strategies for each patient and situation, which is ultimately the goal
of this document.
With the advent of newer technologies such as hybrid systems
§ that combine nuclear imaging with CT, opportunities for obtaining
complementary anatomic and functional information in a single imag-
ing session may prove to have higher value than do current
approaches. Furthermore, developments in high-definition imaging
such as CT or CMR may allow for more detailed plaque evaluation
and provide an opportunity to evaluate coronary plaques with a dif-
ferent goal, by assessing not only for stenosis and ischaemia, but to
also evaluate plaque morphology and activity to improve the identifi-
cation of patients at risk of acute coronary events.

European Heart Journal - Cardiovascular Imaging (2022) 23, e6—e33
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Hybrid imaging with CT and MPCI

TABLE 4 Meta-Analysis for the Diagnostic Performance of Various Hybrid Cardiac Imaging Modalities

Sensitivity specificity Positive Likelihood  Negative Likelihood Diagnostic Odds
N (95% 1) (95% C1) Ratio (95% ¢l) Ratio (95% CI) Ratio (95% Cl)

Per-patient analysis

SPECT/coromary CTA 5 0.92 (0.88-0.95) 090 (0.85-0.93) 10.38 (3.60-29.94) 0.08 (0.03-0.27) 158.16 (21.11-1185.00)

PET/coronary CTA 4 087 (0.80-0.92) 096 (0.92-0.99) 2212 (5.20-94.00) 0.2 (0.05-0.29) 213.68 (25.94-1760.10)

CMR/coronary CTA 3 0.91(0.83-096) 0.94 (0.88-0.98) 12.86 (5.90-28.02) 0.3 (0.07-0.26) 120.36 (35.42-408 98)
Per-vessel analysis

SPECT/coromary CTA 3 0.91 (0.86-0.95) 0.95(0.93-096) 18.51 (8.01-42.76) 0.11 (0.05-0.24) 174.33 (52 .59-577.89)

PET/coronary CTA 3 0.81 (0.75-0.86) 0.97 (0.95-0.98) 28.42 (7.68-105.17) 0.15 (0.04-0.57) 202.03 (19.51-2091.8)

CMR/coronary CTA 2 0.80 (0.73-0.87) 0.87 (0.79-0.92) 6.37 (2.69-15.07) 0.13 (0.01-2.07) 53.95 (13.48-215.83)

CMR = cardiac magnetic resonance; PET = positron emission tomaography; SPECT = single-photon emission computed tomoaraphy; other abbreviations as in Table 3.

Rizvi et al, JACC Imaging 2017
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Hybrid cardiac imaging: always beneficial
HYBRID TEST PARADIGM
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Nudi et al, J Nucl Cardiol 2019




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

Promise of hybrid SPECT/CT

Revolution CT:
CACS=0.7 mSyv
CCTA=0.5 mSv

Discovery
530NMc:
SPECT=0.9 mSv

TOTAL=2.1 mSv

Benz et al, Eur Heart J 2015
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CZT SPECT to diagnose CAD

FIGURE 2 Forest Plot of Univariate Analysis for Sensitivity

Sensitivity (95% CI
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Heterogeneity was appraised using the chi-square test, with corresponding degrees of freedom (df) and p value. Cl = confidence interval.

Nudi et al, J Am Coll Cardiol Cardiovasc Imag 2017
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Benefits of CZT SPECT for improved diagnosis

Nudi et al, J Nucl Cardiol 2017
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Myocardial Blood Flow (ml/min/g) with CZT SPECT o

Figure 2. Myocardial blood flow and myocardial perfusion reserve (MPR), plus myocardial
perfusion imaging (MPI) (right bottom inlet) in & 60-year-old gentleman with effort angina, family
history of coronary artery disease (CAD), active smoking, dyshpidemia and hypertension. MPI
showed ischemia in a large apical (maximal ischemia score = 3) region and the inferior (maximal
ischemia score = 1) region, whereas per-vessel and global MPR were apparently normal. Notably,
MPR was conversely abnormal in the apical segments. This patient later underwent invasive
coronary angiography which highlighted multivessel angiographically significant CAD, and was
then treated with coronary artery bypass grafting.

Nudi et al, J Nucl Cardiol 2019
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Myocardial Blood Flow (ml/min/g) with CZT SPECT

99mTg 29mTe
99mTe Dipyridamole (296-370 MBq in (740-925 MBq in
(37 MBq) (0.75 mg/Kg) 3 mL of NS over 3 mL of N5 over
3-5 sec) 3-5sec)
W W
i i MPI, i e, MPI,
Wiy Weng acquisition T Wakking acquisition —>
1 min 4 min 2 min 10 min 20 min 10 min 120 min 10 min 30 min 5 min

Figure 1. Study protocol. MBF, myocardial blood flow; min, minutes; MPI, myocardial perfusion
imaging: NS, normal saline; Te, technetium.

Nudi et al, J Nucl Cardiol 2019
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Treadmill Exercise Produces Larger
Perfusion Defects Than Dipyridamole

Stress N-13 Ammonia PET

Exercise Stress Dipynidamoele Stress p Walue Correlation Significance of Correlation
Summed stress score =001 0280 =0.001
Surmumed rest score 34373 3228 M= 075 =0.001
surnmmed difference score 2847 2746 =0.02 061 0.001
LW defect size (stress) (%) 193+ 115 138+ 136 =0.02 0.62 0.001
LW defect size (rest) (30 2.1+54 6465 Ns 0.57 0.003

Chow al, J Am Coll Cardiol 2006
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Moss et al. Sci Rep 2020; 10; 21072
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SPECT Imaging
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Phase Analysis of Gated Myocardial
Perfusion SPECT for the Assessment of Left
Ventricular Dyssynchrony
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Metabolism-Perfusion Mismatch

Perfusion Contractility Viability
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Assessment of the Fate of Myocardial Necrosis by Serial Myocardial
Perfusion Imaging

Angiography and revascularization

C

Stress perfusmn Rest perfusmn
) l

Nudi et al, J Nucl Cardiol 2017
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