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Objectives

Basic Concepts of Cardiac MRI Physics, Image Acquisition and
Safety

What can CMR provide for your patients and how to
implement it in your practice?
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* 55-year-old morbidly obese man with a rumbling
diastolic murmur at the upper left sternal border
with an enlarged RV on echo

e What do we order?
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What can CMR do for you?

MONUMENTHEALTH



e 67-year-old woman with history of EtOH abuse,
IVDA, esophageal varices who presents with
systolic murmur at apex with worsening dyspnea
on exertion

e What do we order?
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What can CMR do for you?

Siemens FHlealthiifég
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* 48-year-old man with history of syncope with
exercise and LVH on ECG and Echo?

e What do we order?
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What can CMR do for you?
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e 41-year-old man with worsening dyspnea and
fatigue with an early diastolic murmur and
undifferentiated echo density on TTE

e What do we order?
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What can CMR do for you?
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Basics of MR

 First MRI In human
subject was in 1977

« 2/3 of body is composed
of water (H20)

« Hydrogen is the most
important element for
MR imaging
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MR System Components
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Main Magnet - —

 Strong, constant magnetic field BO

 Defines the strength of the MR
System

1 Tesla is 20,000 times the
Earth’s magnetic field
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Gradient Colls

» Generate a magnetic field
* They are within in the MRI system
» Generate alteration in the MR field

 Aligned In variety of different directions—
gradient in all three directions

» Strength Is defined as the steepness of its
slope (MT/m)
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Radiofrequency Colls

» Transmitter RF Coils N ot [~
» Smaller amplitude than e — 2 o
other fields ——f
* Generate RF magnetic field / \

* Receiver RF Colls receive
the wave to generate MRI
Image
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Origin of the MR signal

’ 31P 23Na 13C

Small magnetic field for
each proton

MAAGNETIC FIELD

MIagihnheialce vyieasial
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Larmor Equation
Resonance Principle :

B A

|
|
,

Some nuclei are magnetic :
Hydrogen H - 1
Carbon C - 13
Fluorine F - 19
Phosphorus P - 31

Precession Frequency

w=y "B

= Y
/

Gyromagnetic Ratio
(depends on nuclei,
e.g. protons: 42 MHz/T)
Magnetic Field Strength

Precession Frequency:
64 MHz at 1.5T7
128 MHz at 3.0T
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Scanner Magnetization

Patient + Magnet :

Without magnetic field : With magnetic field :

!

No net magnetization
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Excitation Pulse
Gives energy to a o rf pulse
population of Bo
protong
B,,I / equilibrium
z
equilibrium I M
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Saturation Pulse

Saturation Pulse u

90° rf pulse
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MR Relaxation

Relaxation

Bo After the rf pulse
Mo returns to MZ ng

equilibrium
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T1 Relaxation

T1 Relaxation

“oord Y / y / y / y / y
X X X X X
M. follows an exponential recovery,

recdvenng towards its equilibrium value

l'“g"m(:';T M. with a time constant T

equilibrium value

240 400 600

0 T1 time time
constant
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T2 Time

| E_L
84 92 101

L o h
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T1 and T2 Weighting Imaging

. Dark Blood T2 Spin Echo
Dark Blood T1 Spin Echo with Fat Supression (FS)

|

|
|
|

Tl spin echo characteristics: T2 w/ FS spin echo characteristics:

Fat = high signal intensity Fat = low signal intensity
Moving blood = low signal intensity  Moving blood = low signal intensity

Water = intermediate signal intensity  Water = high signal intensity
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Siemans Altea 1.5T

St § TN
e + myExam 3D Camera
+ Turbo Suite
Deep Resolve +
\
) ) — \ + New 1.5T magnet
syngo Virtual Cockpit +
| oo i | + myExam Companion

BioMatrix Interfaces +

e '

————— . + ﬁBioMétrix ansors

BioMatrix Tuners -+ e “i\ //

———

+ Coil Portfolio

+ Innovision
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MRI Safety
Cardiac MRI Contrainaications - The Magnet is ALWAYS ON!

+ Cerebral Aneurysm Clips.
»  Pacemakers/ICDs (relative). New MRI-conditional systems are now available.

The magnet

* Pulmonary artery catheters.

+ Cochlear Implants.

+ Retained metallic foreign bodes.

+ Al prosthetic valves are safe, including TAVR (exception pre 1968 Starr Edwards Valve).
» Severe renal impaiment (GFR < 30) = can'tuse Gadolinium
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_ o : e Structure & Function
Cardiac Mass

M dial Viabili
Stress Perfusion T \ikieDlsasas yocardial Viability

Cardiomyopathy
Valvular Heart Disease

Stress Myocardial

C M R Perfusion/Ischemia
Evaluation

Left Atrial/Pulmonary

A |
B i i Vein Imaging (for A-fib
ablation planning)

w Pericardial Diseases
. ' : Cardiac Masses
- o Vascular Assessment
Pericasdial _ :

Constriction
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Umqueness of CMR Imagmg

{

Valve + Biventricular Function Structural Remodeling © Flow and Velocities = Perfusion

Tissue Characterization

Mid myocardial ECV=25%

3D Anatomy T1Mapping = T2 Mapping ' LGE- Replac. Fibrosis | Interstitial Fibrosis
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Function and Viability Case

* 63 M with DM with dyspnea on exertion for 3
months. Nuclear Stress test shows fixed defect in
LAD distribution (implies scar). LHC shows a 90%
proximal LAD lesion.

* Echo prior to LHC showed an akinetic, thinned out
anterior apical wall

MONUMENTHEALTH



Function and Viability Case
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What Is myocardial viability?

* Clinical Definitions :
IDEAL IMAGING METHOD: deal Imaging Method

* Improvement in contraction after

revascularization . . .
» High spatial resolution

» High signal-to-noise
* High contrast-to-noise
» Limited imaging artifacts

* Improvement in contraction with low
dose dobutamine

* Absence of fixed thallium defect
* Presence of glucose uptake

* Preserved wall thickness and/or
thickening

* Histologic Definition
* Presence of living myocytes
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CMR Vlablllty Assessment
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Viablility Protocol

Insert Peripheral |V

Place Patient In Scanner

Cine Images

Inject Gadolinium Contrast
Wait 5-10 Minutes

Delayed Enhancement Images

TIME

<
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Late Gadolinlum Enhancement

Distribution of Gadolinium in Tissue Defines Viability/Fibrosis
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Infarct Vessel and LGE CMR

Mi Age = 13 months Mi Age = 2 months
g@RA< _LAD Diagonal | JRA = RCA
seaig_CK/MB =21912

IRA = LAD
/ Vak CKMB = 508/35
. A /' '
o , y b ¥ :’
i s } w |l\.

'
Short Axis Short Axis
. |

/ d e

Mi Age = 3 months

"". f ‘..:; ' ‘
\ ea \ UL !
. | |ESN
. " . / J v ] '
292 days 156 days 184 days LongiAxis Long Axfh\ . Long Axis

Wu et al. Lancet 2001. Wu et al. Lancet 2001,
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Revascularization Protocol

Wall Motion Improvement Predicted by
Delayed-Enhancement MRI?

CARDIAC MRI #1 !
ARDIAC MRI #2
Cine MRI C #

for wall motion PTCA or CABG ; Cine MRI
Revascularization | | for wall motion

DE-MRI for
Viability

Kim et al. NEJM 2000.
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LGE Determines Myocardial Viability & Predicts
Recovery of Function After Revascularization

256/329
80 p < 0.0001 for trend

109/183

46/110 — {

Likelihood of Wall
Motion Improvement

13/124

Transmural Extent of Hyperenhancement

Kim N Engl J Med 2000343 1445.53
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Ischemic Enhancement Pattern

A. Subendocardial Infarct

B. Transmural Infarct
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LGE and Myocardial Viability

0 125 26-50 S51-75 76-100 g 125 2650 51-75 76-100 0 125 2650 51-75 76-100

Transmural Extent of Hyperenhancement (%)
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CMR Detects Subendocardial Infarcts Missed by SPECT

SPECT CMR Histology
Wagner Lancet 2003 361 374-79
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Post Revascularization

T
"
|
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75F with PMH of HTN, CKD3. A Fibrillation \ \ \'\
presets with SOB dAs A »L\.li

SR ERINE
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Cardiomyopathy Assessment
'CARDIOMYOPATHY

Nonischemic A

IDIOPATHIC ~ ARVC VPSP | Myocarditis

Noncompaction Sarcoid Amyloid Iron Overicad

v 3D visualization of the heart & thoracic structures

v Quantification of cardiac volumes and function (gold standard)
v Accurate flow quantification (VHD)

v Coronary and microvascular stress perfusion

v Determining Etiology
v Tissue characterization: MI, scar, fatty infiltration, thrombus, iron

v Prognosis / Risk assessment
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Quantification

Quantification of Ventricular Function by CMR

CMR in casts of cadaveric hearts

i

|

F
E
E

Zoghbi WA et al. ] Am Soc
Echocardiogr. 2017 Apr;30(4):303-371.
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Gold Standard to RV Volume, Mass, and Function

CMR is Reference Standard for Right Heart Volumes, Mass, Function

C
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Cardiomyopathy Assessment
'CARDIOMYOPATHY

Nonischemic A

IDIOPATHIC ~ ARVC VPSP | Myocarditis

Noncompaction Sarcoid Amyloid Iron Overicad

v 3D visualization of the heart & thoracic structures

v Quantification of cardiac volumes and function (gold standard)
v Accurate flow quantification (VHD)

v Coronary and microvascular stress perfusion

v Determining Etiology
v Tissue characterization: MI, scar, fatty infiltration, thrombus, iron

v Prognosis / Risk assessment
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LGE Can Help ldentify Underlying Etiology

Ischemic Nonischemic

( ¢ ldyopatin hiasted * SarcoiGoss
Cardson patin o Ny oo ardit

* Myocardat:s * Andersor abry

AF 2 1

Shah et al. Clinical Magnetic Resonance Imaging , 3rd ed. New York: Elsevier Press; 2005
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Hyperenhancement that do not fit with ischemic injury

MIDWALL EPICARDIAL NON-CAD PERFUSION
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Etiology of Cardiomyopathy and Prognosis

1230 pts with cardiomyopathy; mean follow-up of 4 4 years, 417patients died, 57 underwent cardiac transplantation

1.00 4
Peripartum cardiomyopathy

_ Idiopathic cardiomyopathy

Cardiomyopathy due
Py G Cardiomyopathy due to
1o doxorubicin therapy

B S 1 ischemic heart disease

Cardiomyopathy due to infiltrative myocardial disease *

Proportion of Patients Surviving

Cardiomyopathy due to HIV infection

»

10

Felker. N Engl J Med 2000.342:1077-84
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Non-Ischemic Cardiomyopathies

Nonischemic

\ 4
. . Infiltrative /

l l l

HCM « |diopathic « Sarcoid « Amyloid
ARVC « Viral Myocarditis « SLE « Siderosis
LVNC « Takotsubo « Other Connective « Anderson-Fabry
Muscular Tissue Disorders « Endomyocardial
Dystrophy fibrosis

« Radiation
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Our patient
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Amyloidosis
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* 49 year old woman with worsening dyspnea with
episodes of pre-syncope.
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Cine Images
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Late Gadolinium Enhancement
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Cardiomyopathy Case
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Late Gadolinlum Enhancement
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Mid wall HCM
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Apical HCM
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Apical HCM LGE
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HCM and LGE

- —
— —‘_‘—\_‘_\_‘—‘—I—
W,
T LGE absent
: LGE = 10%
e Sudden Cardiac Death Events

- LGE £ 15%

===« Tolal Mortality

Endstage HCM

LGE = 20%

y
]
]
-
1]

a

r

!

7]

=

=
]
o
e

Estimated 5 year event rate

Follow 3. (vears) . . ' ., y LGE was associated with:
g 1.Sudden Cardiac Death
2.Endstage HCM

Chan et al, Circulation 2014. ; %1% N 3% % B A
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LGE and ICD in HCM

Hlur em (ves) _
- YES |
(SCD, VF, sustained VT) - g
(no )

.

At least 1of the
following:

« FH sCD*
= Mazsive LVIT* {vEst |-+ An ICD s reasonable (2a)
« Unexplained —

Syncope* A
« Apical aneurysm
+ EF s50%

NSVT * 0

—

Y
Extensive LGEon CMR - ves |-+  An ICD may be considered (2b)

(N0

R L
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* 42 year old man with episodes of syncope

MONUMENTHEALTH



MONUMENTHEALTH



ARVD Ciriteria

By MRL
@ Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
® and 1 of the following:
— Ratio of RV end-diastolic volume to BSA =110 mUL/m? (male) or
=100 mU/m¥ (female)
— Or RV ejection fraction =40%

By MR
e Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
® and 1 of the following:
— Ratio of RV end-diastolic volume to BSA =100 to <110 mL/m’
(male) or =90 to <100 mL/m? (female)
— Or RV ejection fraction >40% 1o =45%
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Regurgitant Jet Assessment and Quantification

Quantification of
Aortic Regurgitation
is done by
2D Phase Contrast
@ Aortic Root
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Phase Contrast CMR
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Quantification

Quantification of Ventricular Function by CMR

Witve 1mi @ Ami B B P 33m W 28mi W 19mi P 5 mic 206 mi

WEV: Oml @ 300m @ 22 @ 24m @ 12 § 3mi B omiz102mi

Zoghbi WA et al. ] Am Soc
End-Systole Echocardiogr.2017 Apr;30(4):303-371.
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Flow Mapping: Direct quantification Antegrade & Retrograde
Volumes across Semilunar Valves

".E”\ I Aortic Regurgitation

Lopez-Mattei. Methodist Debakey Cardiovasc J. 2013 Jul-Sep:8(3):142-3
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MR Assessment

PULMONARY ARTERY

Figure 7 CMR technique for assessment of great vessel forward and retrograde flow. Left side of the figure demonstrates a phase-
contrast acquisition performed in the aortic root. This produces a set of two cine images at matched anatomic locations that provide
differing information: a magnitude image that provides anatomic reference (A) and velocity or phase map with pixel values linearly
related to velocity and direction of flow (B). On postprocessing, via drawing a region of interest around the aortic root (red circles),
a flow versus time graph is generated {C), which can be used to compute forward (rad arrow) and reverse flow (yellow arrow). In
this example of AR, the reverse flow represents the directly measured volume of AR. The right side of the figure demonstrates the
same, performed at the PA trunk to derive PA flow.

Diastole Systole

\ Ao Stroke
Volume
80 mL

LV Stroke Volume (LVSV): Mitral Regurgitant Volume (M RVol):

LVSV = LVEDV-LVESV M RVol = LVSV - Ao Stroke Volume

LVSV = 250 mL - 100 mL M RVol = 150 mL - 80 mL

LVSV = 150 mL M RVol =70 mL
Figure 8 Example CMR method for quantification of MR. The volume of the LV is calculated during end-diastole (LVEDV) and during
end-systole (LVESV) via the methodology demonstrated in Fig . The total volume of blood ejected from the LV, LV SV, is
computed as the difference between LV end-diastolic volume and LV end systolic volume. In this example LV SV is 150 mL. The vol-
ume of blood crossing the aortic (AO) valve is measured by performance of a phase-contrast acquisition in the aorta (as detailed in

gure 6); in this example, 80 mL_ The mitral RVol (M RVol) is computed as the difference between the LV SV and aortic forward SV; in

(hls example, 70 mL

Mitral Reg Vol = LV stroke volume - Aortic forward flow volume

End-Diastole

End-Systole
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Pericardial Disease

—
Sequence Main findings

Pericarditis

Active pericardial inflammation
« focal myocardial and adjacent pericardial enhancement
(arrow)
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Pericardial Disease

CENTRAL ILLUSTRATION: Spectrum of Pericardial Disease

Transient Subacute/ Chronic
Effusive

Constrictive 5\0\-06“
constRE™

Medical Therapy
paieaipu| Awoldaipiesuag

gonY

Triple Therapy * Biologics TREATMENT Diuresis

Chetrit, M. et al. J Am Coll Cardiol Img. 2019;13(6):1422-37.
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Role of CMR In Cardiac Mass Evaluation

Cardiac Masses

| Tlweighted | T2-weighted | Post Contrast.

Myxoma

Papnllary ibrociastoma
Rhabdomvoma

Fibroma
Heomansroma

Paraganeitoma
[ntravenous lcomyonmatos:s

Broechogemc cyst
Angrosarcoma
Undificrentmated sarcomss

Rhabdomvosarcoma

[somntense.
Rctcrogencous

[somtemse

[so- or hypenntense

o= or Bypennice

[sowmntense

Iso- er hypomtense
[somntemse
Hypomtense

[somtemse, with
hypenntense arcas

[somtemne

Hypenntense,
Betcrosencous

Hypennicense
Shghtly hypenniense
Hypomtemse

Hvpenntense,
hetcrogencous

Hypenntense
[somtcnse
Hypenmiense

[s0- or hypermntense

[somtense

[somtense. hetcrogencous

Hypernmtense

Hypenntense,
betcrogencous

Hypermtense
Hyvperntemae
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Heterooenoous
cabhancement

Hypenntemse
Hypenntense
H\‘\"Y", TIRICTING

Hypenntense or

Hypenatense
Heteropencous

None

Hypenntense

Nonspecfic
Central sonenbancng

arcas
Nonspeaific

Neaspeofic

Central nosenhancine

ascas
Varabice




Summary

— Structure and Function

Evaluation

Left Atrial/Pulmonary Vein
Imaging (for A-fib ablation
planning)
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