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Cost-effectiveness of a CMR based strategy vs invasive strategy

Among patients with stable angina and riskfactors for coronary artery disease, myocardial-perfusion cardiovascular MRI was associated witha lower incidence of coronary revascularizationthan FFR and was noninferior to FFR with respectto major adverse cardiac events.

MR INFORM Study NEJM 2019

The role of CMR to select the patients
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The role of CMR to select the patients

Adenosine stress perfusion images (top) show thepresence of subendocardial inducible defect in thebasal and mid-cavity inferior wall (arrows), notpresent at rest (middle). Late gadoliniumenhancement (LGE) images demonstrate a viableinferior wall with absent myocardial enhancement (noinfarction) (bottom). RCA ¼ right coronary artery.
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The role of CMR to select the patients

The left anterior descending artery (LAD) is proximally occluded (top, arrowheads) and adenosine stress perfusiondemonstrated inducible perfusion defect in the mid-cavity and apical septum (top, arrows). After recanalization, adenosinestress perfusion showed near-complete resolution of the inducible perfusion defect previously observed (bottom)
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The role of CMR to select the patients
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The role of CMR to select the patients

Viability:• LGE < 50% myocardial thickness• Kinesis improvement during dobutamine infusion
Ischemia:• Perfusion defect ≥ 1,5 segmenti (~10% miocardio)• Wall motion abnormalities during stress

Primary EndpointLV function improvement: a) LVEF improvement ≥5%; LV kinesis improvement ≥1 grade;LV-EDV improvement ≥10%; LV-ESV improvemente ≥10%
Secondary Endpointa) Seattle Angina Questionnaire improvement; b) MACE reduction



Pica S CARISMA Study Design IJC 2018

The role of CMR to select the patients
CARISMA STUDY
# CASE 1: Uomo 44 anni. DA Dicembre 2016 episodi di angor da stress. ECG: scarsa crescitaR in V1-V5, T negativo-difasiche: Eco: ipocinesia anteriore medio-distale, FE lievementedepressa; Coronarografia: occlusione cronica IVA media

CTO-PCI indicata
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The role of CMR to select the patients
CARISMA STUDY#CASE 3: Uomo 55 anni; 2016 IMA anterolaterale PCI IVA, MO. Occlusione cronicacoronaria destra

Acinesia ed assottigliamento pareteinferiore, acinesia inferolaterale e SIVinferiore. Assente recupero contrattile

Cicatrice >75% SIV e parete inferiore

Dobutamina basse dosi

VITALITA’ ASSENTE CDX



The concern of limited sensitivity of stress imaging test in presence of known obs CAD
The role of CMR to select the patients



Outline
• Clinical background in CTO
• Key priniciples in CTO
• The role of CMR to select the patients
• The role of CCT to improve CTO-PCI success
• New emerging tool: FFRct, stress CTP, ECVct



Fujino A JACC CI 2018

The role of CCT to improve the CTO-PCI success_J-CTOscore
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The role of CCT to improve the CTO-PCI success_J-CTOscore



The role of CCT to improve the CTO-PCI success_CT RECTOR score

Opolski MP, JACC Interventions 2015

CATEGORY Crossing<30 min Success
Easy 95% 95%
Intermediate 88% 91%
Difficult 57% 66%
Very difficult 22% 40%



Yu C-W Cardiovascular Imaging. 2017;10:e005800

The role of CCT to improve the CTO-PCI success_CT RECTOR score
CATEGORY Crossing<30 min Success
Score 0 100% 100%
Score 1-2 84% 94%
Score 3 51% 84%
Score 4 30% 62%



The role of CCT to improve the CTO-PCI success_Clinical Impact

Hong S JACC CVI 2021
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50% Stenosis FFR=0.85
Myocardium

50% Stenosis

Collateral-Supplied Myocardium

Vessel-SuppliedMyocardium
FFR=0.73

BACKGROUND: invasive FFR

Courtesy of Pijls N (JACC 2012)



Courtesy of Campbell Rogers

Technical Principles of FFRCT
Scientific Principle #1: Resting coronary bloodflow proportional to myocardial mass
Scientific Principle #2: Resistance ofmicrocirculatory vascular bed at rest is inverselyproportional to size of feeding vessel
Scientific Principle #3: Microcirculation has apredictable response to adenosine



Which alternative to traditional stress imaging: FFRct
CCTA + FFRct to guide revascularization therapy

Syntax III study EHJ 2018

Patients with 3-vessel disease with/without LM stenosis at ICA

Two Heart Teams randomized to1 of 2 diagnostic algorithms

First Assessmenton ICA only First Assessmenton CCTA only

CCTA (GE Revolution)

1st decision-making & treatmen strategy based on:• Anatomical ICA SYNTAX score• SYNTAX Score II (anatomy + comorbidities)

Assessment on ICA & CCTA

2nd decision-making & treatmen strategy based on:• Anatomical ICA & CCTA SYNTAX Score• FFRct (functional anatomy)• SYNTAX Score II (anatomy + comorbidities)• Functional anatomy + comorbidities (SINTAX Score III)

1st decision-making & treatmen strategy based on:• Anatomical CCTA SYNTAX Score• SYNTAX Score II (anatomy + comorbidities)

Assessment on CCTA & ICA
2nd decision-making & treatmen strategy based on:• Anatomical ICA & CCTA SYNTAX Score• FFRct (functional anatomy)• SYNTAX Score II (anatomy + comorbidities)• Functional anatomy + comorbidities (SYNTAX Score III)

Clinical revascularization treatment

Heart Team
A Heart Team B

Primary Endpoint

Unblinding

FFRct



Which alternative to traditional stress imaging: FFRct
CCTA + FFRct to guide revascularization therapy

Heart Team treatment recommendation based onCCTA

Heart Team treatment recommendation basedon ICA CABG PCI/Equipoise CABG and PCI

CABG 23.4% (52/222) 2.7% (6/222) 26.1% (58/222)

PCI/Equipoise CABG and PCI 4.5% (10/222) 69.4%(154/222) 73.9% (164/222)

27.9% (62/222) 72.1 (160/222) 92.8%(206/222)

Agreement in 93% of the Heart Team’s treatment recommendation
Cohen’s kappa coefficient of 0.82 (95% CI 0.73 to 0.90)

Collet C Syntax III study EHJ 2018



Which alternative to traditional stress imaging: FFRct



Stress CTP protocol
PatientPreparation

Blood pressure
ECG monitoring
B-blockade i.v.administration
Nitrates s.l administration

Rest CTA
One beat whole heartcoverage
Tube voltage: 100 – 120 kVp
Tube current: 500 mA

PAUSE
Adenosine i.v.Injection
(0.14 mg/kg/min over4 minutes)

Static Stress CTP
1 pass whole heart coverage
Tube voltage: 100 – 120 kVp
Tube current: 500 mA
Dynamic Stress CTP
15 passes sampling rate
30’ free-breathing acq.
Tube voltage: 100-120kVp
Tube current: 300mA

Pontone G et al JCCT 2016

5 min10 min 15 min 4 min 5 min



Pontone G et al JCCT 2016

DYNAMIC CTP_Next steps_Whole heart dynamic CTP



Pontone G et al JACC CI 2019

DYNAMIC CTP_Whole heart low dose dynamic CTP

Receiver Operating-Characteristic Curve. Analysis of diagnostic accuracy per vessel (left) andpatient-based model (right) for cCTA alone or integrated evaluation of cCTA+CTP to detectfunctionally significant CAD as reference standard. AUC: area under the curve; CAD: coronaryartery disease; CI: confidence interval; cCTA: coronary computed tomography angiography;CTP: computed tomography perfusion; MBF: myocardial blood flow; ROC: Receiver OperatingCharacteristics.

MBF cut-off: 101 ml/100 mg/min



Clinical Case: 72 y/o patient, risk factors: former smoker, hypertension, diabetes, dyslipidemia.No angina. Dispnea. SPECT positive in inferolateral wall
DYNAMIC CTP_Next steps_Whole heart dynamic CTP



Clinical Case: 72 y/o patient, risk factors: former smoker, hypertension, diabetes, dyslipidemia.No angina. Dispnea. SPECT positive in inferolateral wall

MBF: 45 ml/100 ml/min in LAD segmentsED: 5.1 mSv
Pontone G et al unpublished data

DYNAMIC CTP_Next steps_Whole heart dynamic CTP



Clinical Case: 66 y/o man with several CV risk factors, known PAD and recent Ex-ECG inconclusive.
LCxLAD RCA

DYNAMIC CTP_Next steps_Whole heart dynamic CTP



DYNAMIC CTP_Next steps_Whole heart dynamic CTP





TC riprocessata con ACM

TC originale MR T1

CT mapping vs CMR mapping in the diagnosis of acute myocarditis



TC riprocessata con ACM

TC originale MR T1

001_0253

CT mapping vs CMR mapping in the diagnosis of acute myocarditis



TAKE HOME MESSAGE
❑ CTO is a frequent collateral findings
❑ The indication of CTO-PCI is mainly symptoms driven
❑ Benefits of CTO-PCI on QOL is showed but the improvement of outcomein terms of MACE is still controversial
❑ A CTO-PCI strategy CMR guided (Ischemia + viability) could improve the benefits onoutcome
❑ A pre-procedural CCT could improve the rate of success of the procedure
❑ New emerging technique (FFRct & stress CTP and ECVct) are growing but theirvalues in the specific setting of CTO has still to be established




