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SCMR Position Paper (2020) on clinical | Leiner et al. J Cardiovasc Magn Reson (2020) 22:76
indications for cardiovascular magnetic https://doi.org/10.1186/512968-020-00682-4
resonance

Tim Leiner', Jan Bogaert®3, Matthias G. Friedrich?, Raad Mohiaddin®%, Vivek Muthurangu’, Saul Myerson®,

Andrew J. Powell®'°, Subha V. Raman'" and Dudley J. Pennell'>'3
Clinical indication Condition | Evidence |
CM |

Cardiomyopathy Di
HCM |
Myocarditis |
Arrhythmogenic cardiomyopathy |
Cardiac amyloidosis |
Iron overload |
Fabry’s disease |
LV non compaction |
Cardiac sarcoidosis |
Takotsubo cardiomyopathy |
Endomyocardial fibrosis |
Restrictive cardiomyopathy/ chemotherapy induced CMP/ athlete’s heart Il
> % ¢ Coronary artery disease Acute coronary syndromes/ MINOCA |

Chronic coronary artery disease |

Vascular assessment Diagnosis and follow up of thoracic aortic aneurysm/ chronic dissection/ ulcers |

Congenital Heart Disease ~ Volumes, flows, shunts, complex disease |

Pericardial disease Pericardial inflammation / constriction |
Cardiac masses Diagnosis, tissue characterization., guide surgery, follow up |
Valvular heart disease Sub and supravalvular stenosis/ pulmonary valve diseasae |

Aortic stenosis/ AR/ MR/ TR/ prosthetic valves 1]
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T1-weighted sequence T2-weighted sequence

[

Native T1 mapping T2 mapping First pass perfusion Post-contrast image
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CMR has emerging role in the assessment and management of patients with proven or
suspected coronary artery disease.
\"E} « myocardial oedema
 scar formation
« myocardial perfusion with myocardial
motion and thickening at rest and stress

perfusion

* microvascular obstruction and
intramyocardial haemorrhage

Garg P et al. Nat Rev Cardiol 2016; 13:266-275.
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Q Working diagnosis: ACS

0 Coronary angiography

Clear culprit lesion, e -
suitable for PCI o clear culprit lesion

Intravascular imaging

IVUS or OCT

Intravascular imaging preferably
to guide PCI patients with ambiguous
Class lla culprit lesions
pi
(Class lIb)
Treat as per
imaging findings
v l
PCI of culprit lesion GOt (R
P investigations as required

Potential ambiguous
angiographic findings
Multivessel disease
Hazy lesion/calcification
Tortuosity/eccentricity

Potential intravascular
imaging findings

Coronary plaque pathology

Erosion Nodule Rupture

SCAD No lesion
E
3
© \

Potential further
investigations

Left ventriculography

Echocardiography

Cardiac MRI

@ESc

2023 ESC Guidelines for the management of acute coronary syndromes.

CMR role in acute

coronary syndromes

— Recommendations for
in-hospital management

Recommendations Class® Level®

Logistical issues for hospital stay

It is recommended that all hospitals participating in

the care of high-risk patients have an ICCU/CCU

equipped to provide all required aspects of care, Cc
including treatment of ischaemia, severe heart failure,

arrhythmias, and common comorbidities.

It is recommended that high-risk patients (including all

STEMI patients and very high-risk NSTE-ACS c
patients) have ECG monitoring for a minimum of 24 h.

It is recommended that high-risk patients with

successful reperfusion therapy and an uncomplicated

clinical course (including all STEMI patients and very

high-risk NSTE-ACS patients) are kept in the CCU/ (o}
ICCU for a minimum of 24 h whenever possible, after

which they may be moved to a step-down monitored

bed for an additional 2448 h.

Discharge of selected high-risk patients within 48—

72 h should be considered if early rehabilitation and lla

adequate follow-up are arranged.*!" 413415447

Same-day transfer in selected stable patients after

successful and uneventful PCI should be lla (o

considered."”

Imaging
Routine echocardiography is recommended during
hospitalization to assess regional and global LV

function, detect mechanical complications, and c

exclude LV thrombus. §
When echocardiography is suboptimal/inconclusive, b c g
CMR imaging may be considered. )
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Main mechanisms of myocardial ischaemia
in chronic coronary syndromes

; FUNCTION

‘v
Epicardial
1
¢ v
Structural Functional
g Atherosclerosis Epicardial
< (focal or diffuse) vasospasm
A
P Stabilized
@ intramural Endothelial
haematoma dysfunction and/or
\ VSMC hyperreactivity
N\
AW Myocardial Autonomic
#%\_-.\ bridge dysregulation

- Coronary
aneurysm

2024 ESC Guidelines for the management of chronic coronary syndromes.
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Main mechanisms of myocardial ischaemia
in chronic coronary syndromes

v

Microvascular

2024 ESC Guidelines for the management of chronic coronary syndromes.

Perivascular fibrosis
or infiltration

Extramural compression
(myocardial hypertrophy,
increased LVEDP)

¥ ! v
Structural Functional
Inward ar"terlolar ‘ Impaired
remodelling L
/ vasodilation
Capillary rarefaction 4
Intravascular plugging Endothelial

dysfunction and/or
VSMC hyperreactivity

Autonomic
dysregulation

v
X :I Increased

),./ vasoconstriction
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CMR role in chronic
coronary syndromes

Risk factor-weighted clinical likelihood Appropriate first-line test for
of obstructive CAD suspected CCS

Invasive coronary angiography

»

Functional imaging

PET/SPEC CMR  Stress ECHO

CCTA Functional imaging

v - S 008
>|5-50% \

PET/SPECT CMR  Stress ECHO

Adijust the clinical likelihood CCTA
= - IW < )
’ ] _: OR 2 -
“ =
. :
1
Ve;ys; W Defer further testing

% @ESCc

2024 ESC Guidelines for the management of chronic coronary syndromes.

Non-invasive functional myocardial imaging tests in the initial diagnostic management of individuals with suspected chronic coronary

i

syndrome—resting and stress single-ph puted tomography/positron
Y i ing, if available and supported by local expertise—Section 3

i cci + i

graphy—cardiac

In individuals with suspected CCS and moderate or high (>15%-85%) pre-test likelihood of obstructive CAD, SPECT or, preferably, PET
myocardial perfusion imaging is recommended to:
« diagnose and quantify myocardial ischaemia and/or scar; 1 B
* estimate the risk of MACE;
« quantify myocardial blood flow (PET).
In patients selected for PET or SPECT myocardial perfusion imaging, it is recommended to measure CACS from unenhanced chest CT

imaging (used for attenuation correction) to improve detection of both non-obstructive and obstructive CAD.

In individuals with suspected CCS and moderate or high (>15%-85%) pre-test likelihood of obstructive CAD, CMR perfusion imaging is

recommended to diagnose and quantify myocardial ischaemia and/or scar and estimate the risk of MACE.
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Image Intensity

TS~ Transmu
fibrosis

ral replacement

""""
’{;?v 57

A"’@Ig%

/s
"/9'} O\

Gd

Gadolinium 2
157.25

Intact cell membrane Damaged cell membrane Increased interstital space

Kim RJ et al. Circulation 1999; 100:1992-2002. . .
Mahrholdt H et al. Eur Heart J 2005; 26:1461-1474. Wash-out Gadolinium accumulation
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Myocardial first-pass perfusion evaluates the
microvascular perfusion of the myocardium.
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CMR LGE equals histological visualization of LV scar.

ISCHEMIC
SUBENDOCARDIAL LGE TRANSMURAL LGE

Wu KC. Circ Cardiovasc Imaging 2017; 10:e005461. Perazzolo Marra M, et al. Eur Heart J 2011; 32:284-293.
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CMR LGE equals histological visualization of LV scar.

ISCHEMIC NON ISCHEMIC

._‘._.
) A
»

Gy,

, . . Halliday BP et al. Circulation 2017; 136:215-231.
Wu KC. Circ Cardiovasc Imaging 2017; 10:005461. lles LM et al. Eur Heart J Cardiovasc Imaging 2015; 16:14-22.
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Stress CMR

ISCHEMIC CASCADE

Chest Myocardial
ECG pain necrosis
abnormalities \ |
Lv :
regional wall motion ;
abnormalities

N

Perfusion
abnormalities

Reversible i Irreversible
<€ : >

Duration of ischaemia 20-30 min

PERFUSION
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CMR can accurately:

detect hemodynamically significant
CAD,

assess microvascular function,
predict myocardial viability,

guide the need for revascularization,
provide clinical risk stratification
safely and effectively.

It has shown superiority to SPECT
and equivalence to an FFR-guided
invasive angiographic approach to
patient evaluation.

COST-EFFECTIVE
MODALITY

Stress CMR: ischemia,

viability and function

} ;

Risk Stratification Diagnostic Performance Decision-Making

- 1 -
o _ Ischemia (+), LGE (+) 3 100 4
§ £ 0.3 - Ischemia (-), LGE (+) gg ‘.1:3 08 | Stress CMR
s Ischemia (+), LGE (-) 0.7 E .
£s 0.2 | Ischemia (), LGE (-) 06 f .E 96 - Invasive FFR
[ g 0.5 S 2 o4
s C 04 S W
52 01 03 Stress CMR © 92
= £ O. a
E= 0.2 Stress Echo & Nuclear 4=
52 0.1 ; 20 2
e 0'0 T T T | T T T T 0-0 T T T T T T ° 0 ] T T T T
0O 1 2 3 4 5 6 7 8 0O 02 04 06 08 1 0 3 . 6 9 12
Years of Follow-Up ¢ 1 - Specificity ¢ Months Since Randomization

High Yield Clinical Scenarios

Angina with Multiple Risk Factors  Stable Ischemic Heart Disease  Prior Revascularization Left Ventricular Dysfunction
Obesity Women Connective Tissue Disease Heart Transplantation Prior Myocardial Infarction

Conditions Associated with Microvascular Dysfunction

Patel AR, et al. JACC 2021; 78:1655-1668.



Stress CMR - Essential

dataset

FUNCTION

PERFUSION ISCHEMIA

LGE VIABILITY
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Stress CMR

Physical exercise

Pharmacological

Kramer et al. Journal of Cardiovascular Magnetic Resonance
https://doi.org/10.1186/512968-020-00607-1

(2020) 22:17

Journal of Cardiovascular
Magnetic Resonance

RESEARCH

Open Access

g
Check for
updates

Standardized cardiovascular magnetic
resonance imaging (CMR) protocols: 2020
update

Christopher M. Kramer" ®, Jérg Barkhausen? Chiara Bucciarelli-Ducci®, Scott D. Flamm®*, Raymond J. Kim® and
Eike Nagel®

stress

N

Vasodilators
Adenosine

Dypyridamole
Regadenoson

—— Wall motion perfusion

Perfusion

Adenosine:140 pg/kg body weight/min for 2—4 min
(consider an increase up to 210 pg/kg body weight/
min depending on institutional and local norms if,
after 2—3 min, heart rate (HR) does not increase by
10 bpm and or systolic blood pressure does not
drop by > 10 mmHg)

Dipyridamole: 0.142 pg/kg/min over 4 min
Regadenoson: 0.4 mg single injection

Inotropes ——— Wall motion

Dobutamine

Dobutamine: typical maximum dose 40pug/kg/min +
atropine: 0.25 mg fractions typical (maximal dose 2
mg) (ischemia) or 2.5-10 pg/kg/min dobutamine
(viability)
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Patel AR, et al. JACC 2021; 78:1655-1668.

REST

2-Chamber 3-Chamber 4-Chamber

Inject Vasodilator
Stop or Reverse Vasodilator
Cine Imaging

Inject GBCA for First Pass Rest Perfusion Imaging
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INDUCIBLE PERFUSION DEFECT:

« occurs first when contrast arrives in LV
myocardium STRESS

« persists beyond peak myocardial enhancement
and for several RR intervals

* is usually most prominent in the subendocardial
portion of the myocardium

* is present at stress but non at rest

REST

« conforms to the distribution territory of
coronaries
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TRUE INDUCIBLE
PERFUSION
DEFECT

DARK RIM
ARTIFACT




First pass perfusion and

LGE sequences

MATCHED PERFUSION DEFECT (no inducible ischemia)

BASAL MID APEX

MOCO DARK BLOOD PSIR LGE

MOCO DARK BLOOD PSIR LGE

Courtesy of Prof. Fabrizio Ricci, University of Chieti
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UNMATCHED PERFUSION DEFECT (inducible ischemia)

BASAL MID APEX

DARK BLOOD PSIR LGE

DARK BLOOD PSIR LGE

Courtesy of Prof. Fabrizio Ricci, University of Chieti
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Stress CMR - Visual

assessment

VISUAL ASSESSMENT

The key diagnostic feature for identifying a
perfusion defect is the arrival and first
passage of the

contrast bolus through the LV myocardium.

Based on comparison between endocardium
vs epicardium, segments and slices to
identify relative hypoperfusion.

Artifacts may be less pronounced or absent
at rest compared with stress images due to
differences in hemodynamics and contrast
kinetics between stress and rest.
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Stress CMR - Myocardial

Long-Term Prognosis of Patients
With Coronary Microvascular Disease
Using Stress Perfusion Cardiac
Magnetic Resonance

« 218 chest pain patients (mean age 59 £12 years;
49.5% male) without epicardial CAD

* Median follow-up of 5.5 years
* Average MPRI of that cohort was 1.56 £ 0.33

« Females and a history of hyperlipidemia were
predictors of lower MPRI

A global MPRI 2 2.0 is considered ’
normal.

Zhou W, et al. JACC Cardiovasc Imaging 2021;14:602-611.

Perfusion Reserve Index (MPRI)

1. Contour Stress & Rest Perfusion Images

2. Signal Intensity Curve Generation

Stress

4. Survival Analysis of Patients According
to MPRI Cut-Off Value

100

80
60 -

40

Free-Event %

20 Log-rank test
p = 0.001

0 2 4 6 8 10
Years

Number at risk
— MPRI >1.47 133 129 102 43 8 1
— MPRI £1.47 85 79 68 34 6 1

Patients with MPRI = 1.47 had three-fold increased risk of
MACE compared with those with MPRI >1.47 (p = 0.001).
MPRI was an independent predictor of MACE (p < 0.001).
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A 27-year-old psoriatic patient without known CV disease

Basal coronary diastolic Hyperemic coronary diastolic
velocity: 26/18 cm/sec velocity: 54/22 cm/sec
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A 27-year-old psoriatic patient without known CV disease

STRESS REST REDUCED MPRI: 0.9
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Indice di riserva perfusione miocardica
84.6 mm (AHA)
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A 27-year-old psoriatic patient without known CV disease
Biological therapy started 6 months before

Basal coronary diastolic Hyperemic coronary diastolic
velocity: 22/17 cm/sec velocity: 107/63 cm/sec

)

° *
23 v 1.07 m/s R
o
. p 4.54mmHg 1728 N
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A 27-year-old psoriatic patient without known CV disease
Biological therapy started 6 months before




Stress CMR - Quantitative

perfusion assessment

MYOCARDIAL BLOOD FLOW
(nv > 2.25 ml/min/g)

BASAL MID

Reduction of MBF in microvascular disease.

Zorach et al. JCMR 2018; 20:14.

APEX



Stress CMR —
Myocardial perfusion quantification

STRESS
- g LAD IMR 11
XI 13

REST lé _

Kotecha T, et al. JACC Cardiovasc Imaging 2019; 12:1958-1969.



Stress CMR —
Myocardial perfusion quantification

Kotecha T, et al. JACC Cardiovasc Imaging 2019; 12:1958-1969.
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LAD IMR: 45
Cx IMR: 25 ——

Kotecha T, et al. JACC Cardiovasc Imaging 2019; 12:1958-1969.
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Normal perfusion Microvascular disease Coronary artery disease

Courtesy of Prof. Fabrizio Ricci, University of Chieti
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C circle At the Heart of

GARDIOVASCULAR "q 4 G AIG Customize your acquisition protocol for Cardiac MRI Absolute Quantitation
IMAGING
’ ’ of Myocardial Blood Flow using Circle CVI's printable form

PATIENT WEIGHT SITE PROTOCOL . .
AIF Bolus Myocardial Perfusion Bolus
Acquisition Type Stress/Rest
Pre-Bolus Stress & Rest .. g
70 ke Contrast Injection  Flash Dose Contrast Injection  Flash Dose
Stress Agent Contrast Agent Agent Rate Volume Agent Rate Volume
Regadenoson/LexiscanGadovist
Gadobutrol
Scanner Manufacturer Sequence Gadovist Gadovist
9 1ml/mmol 2 ml/sec 1ml/mmol 2 ml/sec 5.25 ml
Siemens FLASH

0.0075mmol/kg 0.075mmol/kg

Contrast Agent

AIF Bolus Main Bolus ATF Bolus Main Bolus
Scout (small dose) (big dose) (small dose) (big dose)

\{
Cine
LAX
Te : t Stress Cine Rest Rest
o ————> Myocardial Myocardial > LGE
Perfusion oA SAX AlF

Perfusion Perfusion '

o

70 sec

post
Regadenoson

Regadenoson
Saline Flush

Rest perfusion after
stress will be adversely
affected by residual

vasodilation.

Stress Agents
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» 55-year-old man
« CVrisk factors
« Atypical chest pain
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» 55-year-old man
« CVrisk factors
« Atypical chest pain

STRESS

REST
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* 55-year-old man
» CVrisk factors
» Atypical chest pain

- 2 P ;)

« Normal LV systolic function
* Inducible ischemia in the LCx territory
* Myocardial infarction in the distal LCx



Conclusions

Stress CMR is a valuable non-invasive test imaging useful to assess
inducible ischemia in patients with moderate or high pre-test likelihood risk
of obstructive CAD, as well as microvascular dysfunction

An integration of cine sequences, perfusion and LGE sequences are
mandatory

Stress CMR demonstrated to be a cost-effective tool to guide appropriate
treatment

Quantitative perfusion mapping is rapidly transitioning into clinical practice to
assess both epicardial CAD and microvascular dysfunction
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