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L'obiettivo primario della terapia di riperf usione nei pazienti con occlusione
coronarica acuta é di ottenere il massimo salvataggio miocardico ed il
minor infarto miocardico (1m) possibile.
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variabili di esito e endpoint primari dopo la terapia di riperfusione




MIOCARDIO SALVATO

DIFETTO REVERSIBILE NEL SETTING DI MIOCARDIO ISCHEMICO O
INFARTUATO CHE SCOMPARE DOPO RIPERFUSIONE.
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POTENZIALI * DELLAREA INFARTUATA

MISURA EFFICACIA APPROCCIO TERAPEUTICO (RIPERFUSIONE
CORONARICA E TERAPIA MEDICA)
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MIOCARDIO SALVATO
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Table | Capability, merits, disadvantages, and utility of methods used for assessment of myocardial salvage

Technique

Capability

size
Radionuclide myocardial Well validated
perfusion imaging Paired imaging
SPECT Gold standard | Achievable Can be performed in
— almost every patient
Assessment of AAR
prior to
intervention
Visualizes perfusion
regardless of
anatomy
Radionuclide myocardial FIS is consistent with
perfusion and histopathology
metabolism imaging
PET Achievable Achievable
Magnetic resonance
T2-weighted CMR Achievable Logistically easy
Precontrast Achievable AAR and FIS in one
T1-weighted CMR exarnination
Early gadolinium Achievable No radlat\onl
enhancement E‘(;hathem::ion
. . igh resolution
Lat; gadolinium Achievable Gold standard Able to detect small
enhancement defects
Additional information
(motion, flow, tissue
characteristics)
within the same
examination
Radiographic
Ventriculogram Achievable Not Easily achievable
achievable
Angiogram Achievable Not Readily available
achievable
Cardiac CT Theoretically ~ Theoretically — Not known
achievable achievable
Ultrasound
Echocardiography Theoretically ~ Theoretically — Awvailability
achievable achievable

Advantage

Areaatrisk  Final infarct

Disadvantage

Logistically demanding set-up as
tracer has to be available 24/7

Radiation exposure

Tissue attenuation

Low spatial resolution

Mo distinction between new and
old perfusion defects

Requires two examinations

Radiation exposure

Low spatial resolution

Logistical challenges due to tracer
production that requires
cyclotron facilities

Limitations in evaluation of
patients with pacemakers,
internal defibrillators,
claustrophobia or
haemodynamic and electrical
instability.

Gadolinium-based contrast
agents should be avoided in
patients with renal failure in
patients with renal failure due
to the risk of nephrogenic
systemic fibrosis.

Imaging and quantification remain
in evolution

Estimates only AAR.
FIS has to be estimated by
different methods
Inaccuracy of salvage due to
diverging alignment between
methods

Radiation exposure

Low specificity and sensitivity
Semiquantitative

Suitability

Well validated in several clinical
trials and in proof-of-concept
studies

T2-weighted methods are
currently the best validated
CMR method for
quantification of salvage in
clinical trials and in
proof-of-concept studies, but
other methods have shown
potential

Comprehensive protocols
necessary to secure reliable
assessment

Used for AAR in combination
with other imaging modalites and
biochemical ischaemia markers

Not validated

Not validated

final infarct size.

SPECT, single-photon emission computerized tomography; PET, positron emission tomography; CMR, cardiac magnetic resonance; CT, computerized tomography; AAR, area at risk; FIS,

Cardiovascular Research (2012) 94, 266-275
eurorean  doi:10.1093/cvr/evs081
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SPECT-TC

Traccianti tecneziati di perfusione che si accumulano sulla superficie mitocondriale

AAR rappresenta l'iniziale disfunzione mitocondriale che risulta reversibile con
correzione ischemia

Myocardial Salvage Index = AAR-FIS
AAR

FATTORE INDIPENDENTE DI PREVISIONE DI OUTCOME
LIMITI LOGISTICI, ORGANIZZATIVI

* The perfusion defects after the PCl procedure
the same size as the defects before PCI, indicating that myocardia
perfusion was either not normalized by the PCl procedure despite

@ Cardiovascular Research (2012) 94, 266-275
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Optimized gated a SPECT-derived myocardial salvage index: its
prognostic significance in predicting major adverse cardiac events
following acute myocardial infarction percussion
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Fig.2 A representative example
of a patient with a large myo-
cardial salvage index (MSI) and
subsequent LVEF improvement.
‘Wall-thickening polar map
(a), perfusion polar map (b),
wall-thickening scores (c), and
perfusion scores (d) in a patient
with inferior acute myocardial
number of abnormal segments x 100 infarction (AMI). Using the
scoring evaluation method,
17 the wall-thickening abnormal-
ity was approximately 21.6%
[11/3%17)%x 100%] of the
LV wall area, together with
arelatively limited perfusion
defect, approximately 7%
[5/4% 17) X 100%], with an
estimated MSI of 0.68. LVEF
after AMI was impaired at 45%,
and LVEF at 3-month follow-
up after PCI increased to 64%.
LV, left ventricle; LVEF, left
ventricular ejection fraction

a Thickening(%) Rest Perfusion(%)

Wall-thickening polar map
Perfusion polar map
Wall-thickening scores
Perfusion scores

Anomalie thickening= stordimento miocardico
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Fig.5 Same iy
with estimatef]

fspQsition as in Fig. 4. A very large wall thickening abnormality is present together with a relatively limited septal perfusion defect,
VEF after AMI was impaired at 39%, and at follow-up had increased to 56%

European Journal of Nuclear Medicine and Molecular Imaging
https://doi.org/10.1007/500259-017-3891-1

CN Link



Fig. 4 Columns from left to right: gated SPECT end-diastolic (ED) and
end-systolic (ES) frames, and summed (Rest) perfusion images (from top
to bottom: representative short axis slices and midventricular horizontal
and vertical long-axis slices), wall thickening polar map (top), wall
thickening scores (RTh, bottom), perfusion polar map (top), perfusion

scores (Rst, bottom) in a patient with inferior acute myocardial
infarction (AMI). There is an inferior uptake defect with corresponding

impaired thickening; in accordance with the extent of abnormalities, there
i two segments). LVEF after AMI was 40%, and at follow-up

had ased to only 42%

European Journal of Nuclear Medicine and Molecular Imaging
https:/doi.org/10.1007/500259-017-3891-1

LN Link



SPECT-DERIVED MYOCARDIAL SALVAGE INDEX

Fig. 1 Receiver operating char-
acteristic curve (ROC) demon-
strating the prognostic value of
myocardial salvage index (MSI)
in predicting LVEF improve-
ment acquired using the scoring

and number evaluation methods
with Gated SPECT myocardial
perfusion imaging (GSMPI)

Fig.3 Receiver operating char-
acteristic curve (ROC) reveal-
ing the prognostic value of
myocardial salvage index (MSI)
in predicting MACEs acquired
using the scoring and number
evaluation methods with Gated
SPECT myocardial perfusion
imaging (GSMPI)

—— MSI by the number evaluation method
- MSI by the scoring evaluation method
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Annals of Nuclear Medicine (2024) 38:219-230
https://doi.org/10.1007/512149-023-01894-18




PET-TC vs SPECT-TC
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Conclusions. " Rb-PET underestimates area at risk in patients with STEMI when compared
to SPECT and CMR. However, our findings suggest that PET imaging seems feasible when
assessing the clinical important parameters of final infarct size and myocardial salvage index,
although with great variability, in a selected STEMI population with large infarcts. These
findings should be confirmed in a larger population. (J Nucl Cardiol 2018;25:970-81.)
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Table I C: ility, merits, and utility of used for of my ial salvage
Technique Capability Advantage Disadvantage Suitability
Area at risk

Anatomia/Funzione/Flusso

Radionuclide myocardial Well validated Logistically demanding set-up as
perfusion imaging Paired imaging tracer has to be available 24/7
SPECT Gold standard[MAchievable  Can be performed in  Radiation exposure

almost every patient  Tissue attenuation
Assessment of AAR  Low spatial resolution
or to No distinction between new and

rvention old perfusion defects

Visualizes perfusion  Requires two examinations
E | eva t a R S R I regardiess of Radiation exposure
anatomy

Radionuclide myocardial FIS is consistent with  Low spatial resolution

‘Well validated in several clinical
trials and in proof-of-concept
studies

perfusion and histopathalogy Logistical challenges due to tracer
metabolism imaging production that requires
PET Achievable Achievable «cyclotron facilities
L L] e o L . Magnetic resonance
No radiazioni ionizzanti CHENER e ogstaly ey Lnfatons i cvkmion of  T2-veghied mthodsare
Precontrast Achievable AAR and FIS in one patients with pacemakers, currently the best validated
Ti.weighted CMR examination internal defibrillators, CMR method for
Early gaclinium Achievable No radiation claustrophobia or ) quantifcation of salvage in
enhancement u.l;‘amm:a:;on h:;\ifiynaml( and electrical clml::h'nals and I'S‘md- bt
igh resolution Instabllity. roof-of-concept studies,
Late gadolinium Achievable e to sereersmall | Gadmimium based contrase e metde s shoim
enhancement defects agents should be avoided in potential
Additional information ~ patients with renal failure in  Comprehensive protocols
(motion, flow, tissue  patients with renal failure due  necessary to secure reliable
characteristics) o the risk of nephrogenic assessment
within the same systemic fibrosis.
examination Imaging and quantification remain
in evolution
Radiographic
RM VS SPECT Ventriculogram Achievable Not Easily achievable Estimates only AAR. Used for AAR in combination
achievable FIS has to be estimated by~ with other imaging modalites and
Angiogram Achievable Not Readly avalable different methods biochemical ischaemia markers
achievable Inaccuracy of salvage due to
diverging alignment between
methods
Cardiac CT Theoretically Theoretically Not known Radiation exposure Not validated
achievable achievable
A I t t Uttrasound Low specificity and sensi Not validated
O C O S O Echocardiography Theoretically ~ Theoretically  Availability Semiquantitative
achievable achievable
oy e
POCO frUIblle SPECT,sngeoh ; s MR, candicc magnet o AAR rea stk S,
final infarct size.

Presenza di dispositivi non compatibili

Grave insufficienza Renale

Qualita immagine ridotta con alterazioni del ritmo
Edema --- sovrastima AAR

Cardiovascular Research (2012) 94, 266-275

EUROPEAN
SOCIETY OF
CARI

doi:10.1093/cvr/cvs081




There are relatively few direct comparisons between CMR and
SPECT for quantification of AAR. In selected STEMI patients with a
totally occluded coronary artery at arrival to the catheterization la-
boratory, a reasonable agreement was found between T2-weighted
CMR and SPECT for the assessment of AAR®’ and also between
contrast-enhanced CMR and SPECT.* Our own data in consecutive
STEMI patients suggest that CMR in comparison with SPECT shows

a systematic overestimation of AAR, which means that the two tech-

niques should not be used interchangeable in studies. This discrepancy
in AAR estimation may reflect both fundamental differences between
the two imaging modalities and also the fact that the tracer injection
was given before primary PCI, while the CMR detection of myocardial

oedema was done several days after the infarction.

Figure | Area at risk (AAR) and final infarct size (FIS). Upper pictures show SPECT with myocardial AAR as blue and black (A) and FIS as blue (B).
Myocardial salvage index (MSI) is calculated as the difference between AAR and FIS divided by the AAR. In this example, MSI = 60 (% of LV volume)—
23 (% of LV volume)]/60(% of LV volume) = 0.61, where LV, left ventricle. Lower panel shows CMR with T2-weighted assessment of AAR (C) and FIS
Cardovaseutar Research (12) 94, 266375 measured by the late gadolinium enhancement technique (D). In this example, MSI = 52 (g)—21 (g)]/52 (g) = 0.6. E represents the color scaling of
commrean doi10.1093/cyr/cvs081 SPECT where yellow represents normal perfusion, blue reduced and black absent perfusion.
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Compared with SPECT, LGE CMR has higher spatial resolution,
allowing delineation of the transmural extent of myocardial infarction.
In contrast to SPECT, the CMR technology enables homogenous
tissue signal from the entire field of view alleviating tissue attenuation
as a limitation. Consequently, both anterior and inferior myocardial

nfarcti lly well depicted

Table 1. Summary of studies evaluating the impact of attenuation correction on the sensitivity and specificity of SPECT myocardial
perfusion imaging

Age (years) % CAD AC AC NAC NAC
Reference n (SD) Male Tracer definition sensitivity  specificity sensitivity specificity
Sharma'® 171 55(10) 82 9mTe  >50% 0.57 0.89 0.65 0.83
Genovesi'’ 104 64 (10) 79 OMIe  >70% 0.75 081 n/a n/a
LM = 50%
Huang®? 99 62(12) 56 ¥mMTe  >70% 0.92 0.79 0.95 0.63
Masood'* 118 61 (12) 67 20T > 50% 0.94 0.59 093 0.56
Utsunomiya'® 30 68 (-)* 60 2017y >50% 0.76 0.93 0.67 0.86
Arsanjani'® 463 64 (12) 57 29MTe = 70% 0.84 0.88 0.83 0.81
Summary 525 60 n/a n/a n/a 0.80 083 0.73 0.68

Adapted in part from Huang et al'?
AC, attenuation correction; CAD, coronary artery disease; LM, left main coronary artery; NAC, non-attenuation correction; SD, standard deviation
*No available information in included study

J.Nucl.Cardiol.2022
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Recommended Protocols for Measuring MSI

Heart of a patient with AMI

IS IS

* LGE as the gold ' o Perfusion defect as
standard, requiring the gold standard,
contrast agent. second only to

LGE.

* nTIm: no contrast
agent required, can
be combined with
artificial intelligence.
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Multimodal Evaluation of
MSI Across Different
Scenarios
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© 2024 International Society for Magnetic Resonance in Medicine.
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1. Tracer injections before and after
hemodialysis reconstruction were utilized
1o evaluate the AAR and IS, by pinpointing
perfusion defects (highly accurate).

2. Ve lar wall 9
(AAR) combined with perfusion defects (IS).

3. Abnormal ventricular wall motion (AAR)
combined with perfusion defects (IS)

DS
Recommended approaches for
measuring MSI:

1. LGE based on the endocardial
surface length(AAR) combined
with IS,

2. EGE (AAR) used in conjunction
withIS.

Evaluation of myocardial
infarction with concurrent
diffuse cardiomyopathy

The recommended protocol for
quantifying MSI:

nT1m (AAR) integrated with IS
assessment

#

Ve

»

myocardial
infarction
concurrent with
diffuse
cardiomyopathy

Scenarios

Myocardial
infarction
accompanied
by severe I/R
injury

Recommended protocols for
evaluating MSI in patients

pe ing acute my
infarction with severe I/R injury:
1. T2 mapping assessment of
AAR combined with evaluation
of IS

2. nT1m (AAR) integrated with
IS

Evaluating MSI in
Diverse Clinical

Prognostic aw Indc_pendom

Ai.

of P

Recommended techniques for
assessing MSI:

1. T2 mapping (AAR) integrated with
IS evaluation (most precise)

2. nT1m (AAR) combined with IS.

Minor
infarction or
abortive

myocardial
infarction

Assessment of transmural
myocardial infarction

In this clinical context, the use of
CMR is advocated for the
assessment of the MSL.

MSI: LGE quantified by endocardial
surface length (AAR) integrated
withIS.

Prognostic evaluation
"+ associated with
cardioprotective strategies

The recommended protocol
for quantifying MS! aligns
with the description of
‘cardiac protection therapies'
detailed in the upper left
section.

Assessment of minor
cardiac infarctions

CMR is recommended for
evaluating the MSI in these
clinical settings.

1. Stress CMR for assessing
MSI.

2. T2 mapping (AAR) integrated
with IS evaluation.

3. nTIm assessment (AAR) in
conjunction with IS

© 2024 International Socicty for Magnetic Resonance in Medicine.
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