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ne interpreting physician

1e report content




TThe Inappropriate Patient

= Contraindications
= [Ferrous intracranial vascular clips
= Ball & cage mechanical valve (Starr-Edwards)

= Certain implanted devices
= Shellock provides comprehensive list

= [ron fragments In or near orhits

= Poetentially (likely) inapprepriate
= |CD and pacemaker recipients

= Claustrophonlia
= Atralfibrillaton, or veny frequent ectopy. (A or V)
= Very low GER' (= 30ml/min) fer gd-requiring SEguUences




e Not Inappropriate Patient

= Coronary stents

= Sternal wires

= Cardiac valves

= Orthopedic handware




Scanner Requirements

= 1.5 T (or 3 T scanner)
= ECG gating

= |nteractive, real-time
= Parallel receiving coll
= High gradient slew




Technologist Requirement

= Cardiac anatomy and physiology.

= For moest part, virtually all'ether scanning Is
along primary radiological planes- axiall,
sagittall and coronal

= Moeving| ebjects are unfamiliar to most
technoelogists

= SSFEP seguences not very common eutside of
candiac Imaging... altheughl rapid growthn in
lhese seguences, is undenvay
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Physician Trraining

= COCATS

= ACC/AHA/SCMR Level |l

= 3 months fellowshipin CMR

= 150 cases, 50 as primary. acquisition and read
= 30 hr MRI general or CMR’ specific coursework
= Vaintain: 50 cases/year, 30 hr CME/3 yr

" ACC/AHA/SCMR Level [l
= 12 months fellewship in CMR
= 300 cases, 100 as primary acquisition and read
= 60 hr MRI general o CMR Speciiic Coursework
= Viaintain: 100icases/year, 60 hir CME/Syr




Brief Overview off CMRER
Applications

= Morphology Imaging
= \/entricular atrial, vascular, valvular,
pericardial, masses

= Eunctional Imaging

= | eft and right ventricular, valvular, percardial,
shunt significance (Qp:Qs), flow.

= Stress Imaging
= Debutamine- contractile; adenosine- periusion

= Scar Imaging




CNMR Applications Rated Inappropriate

= Chest Pain Syndrome, Detect CAD (Stress CMR)

= | ow pretest probability of CAD, ECG interpretable and able
o exercise

= High pretest prebability, evidence myocardial injury

= Risk Assessment (Stress CMR)

= Normmal stress within 1 yr, high clinical risk
= | ow. risk eperation, Intermediate clinical risk

= Chest Pain Syndrome, Detect CAD! (Corenary MRA)
= [ncluding pest PCI or CAB grafits

Hendel RC, Patel MR, Kramer CM, Poon MI. J Am Col Cardiol 2006




CMR Applications Rated' Uncertain

= Chest Pain: Syndrome, Detect CAD (Stress
CMR)

" [ntermediate pretest probability off CAD, ECG
Interpretable and able to exercise

= High pretest prebability off CAD

= Acute CP, intermediate probability ofi CAD, negative
ECG changes, Ischemia biomarkers

Hendel RC, Patel MR, Kramer CM, Poon MI. J Am Col Cardiol 2006




CMR Applications Rated' Uncertain

= Risk Assessment (stress CMR)

= |ntermediate clinical risk, and eguivecal stress ECG,
SPECT or echocardiography. (use dohb cmr slide)

= |ntermediate clinical risk, and intermediate to high
fsk surgery.

" Structure and Function
» Evaluate LV function: after M
» Evaluate LV function in heart falure
= Evaluate myoecardial necroesis after PCl

Hendel RC, Patel MR, Kramer CM, Poon MI. J Am Col Cardiol 2006




CMR Applications Rated Appropriate

= Chest Pain Syndrome, Detect CAD (stress
CMR)

= [ntermediate probability of CAD,
uninterpretable ECG, or unable to exercise

= Risk Assessment (stress CMR)
= Known Stenesis of uncertain significance

= Coronany MRA
= SUspected symptomatic corenary anemaly.

Hendel RC, Patel MR, Kramer CM, Poon MI. J Am Col Cardiol 2006




CMR Applications Rated Appropriate

= Viorpholegy and Function
= Complex congenital heart disease

= |V Function after Ml or heart failure, with technically.
difficult echocardiography:

Valve function with technically difficult echo

LV function with: discrepant LV assessments
Evaluate specific cardiemyoepathies

Evaluation fer ARVC with ventrcular armrhythnmia

Evaluation fer MI er myoecarditis witheut CAD; and

Withr myecardial necresis
Hendel RC, Patel MR, Kramer CM, Poon MI. J Am Col Cardiol 2006




CMR Applications Rated Appropriate

" Structure and Function
= Evaluation of cardiac mass/thrombus
= Evaluation ofi pericardial conditions
= Evaluation for aortic dissection

= Evaluation of pulmenary. Veins pror o
ablation/iselation fer atrial fibrllation

= Stiiucture and Function, With: gadoelinium
= Post-MI extent ofi necrosis and/or ne-reflow.
= Determine pre-revasculanzation vianility.

Hendel RC, Patel MR, Kramer CM, Poon MI. J Am Col Cardiol 2006




Some CMR Applications Not EmphaS|zed |n
the Appropriateness Document

m R\/ Size and Function

= | \/ evaluation for Iron overload
(thallesemia, hemochromatosis)

" Eyvaluation of cardiac shunts
" Eyvaluation of endocarditis
" Prediction of sudden cardiac death
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CMR... deing what establishi
non-invasive technigues can do




Scan

7.1: SHORT AXIS SENSE
Application

LV analysis
Session
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DS Echo

VLA, cine bTFE body coll

SA Stack, cine bTFE body coil

Pt with Extreme Obesity, SOB, non-diagnostic contrast echo and unsuspected
WMA suggestive of anterior Ml




Negative Predictive Value
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SSFP cine CMR, SA series SSFP cine CMR, HLA
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Pre-surgical evaluation in pt without strong clinical features for CAD, but 2
SPECT studies read as prior anteroseptal Ml (performed for LBBB hx)
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No Scar
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IR DHE,
demonstrating
uniform
myocardial
nulling, and
excluding Ml
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early recovery

48 year old pt with persistent CP despite negative SPECT MPI




Dobutamine CMRE

= Strengths = | imitations

= High reproducibility of = Requires detection of
segments Ischemic WMA as

= Outperforms Study progresses

debutaming stress = Complications occur
echo N magnet
environment




Adenosine induced inferior perfusion abnormality




Stress Perfusion CMR

= Strengths

= |mproved ability to
detect subendocardial
perfusion defects, c/Ww.
SPECT MPI

= Post-gd delayead
Ayperenhancement,
sensitive Ml detection

Weaknesses

Subject to pt
movement

Quantitative perfusion
software not yet
widely available

_acks volume of
outcome data c/w
SPECT MPI




Charactenzation ofi Mi-and \Vianility
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Transmural Anteroapical MI; HLA IR- Non-Transmural Septal MI; mid
DHE. Non-Viable Segment SA IR-DHE. Viable Segment
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\Valvular HD

AoV Sclerosis; cine SSFP AoV Stenosis; cine SSFP
SA-AoV SA-AoV
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\Valvular HD

CM CARD NONST W/O CON / 13.1: AORTIC QFLOW SENSE
16-Apr-2008 / 09:33.06
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ANALYSIS RESULTS:

Aortic regurgitation; cine SSFP LVOT
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More than just a Pretty’ Picture

EuroCMR Registry Pilot

= Goal tordetermine value of clinical CMR
= 11,040 consecutive pts at 20: German Sites
= Image quality at least diagnostic 98.2% pts
= Severe complications in 0.05% pts (no death)

= 62% studies directly Impacted pt care
= 16% entirely unsuspected diagneses

= 86%) pis had enough infermation fron CVIR
that additienal Inmaging was, Unnecessary

Bruder O, et al; 3 Am Col Cardiol 2009




CMR... Adding Clinical Utility outside.
ablllty of usual Nen-Invasive Methods

SSFP cine CMR, HLA, with RA-
septal structure seen on echo




Tissue Characterization

t1 black-blood SE, HLA  t2 black-blood SE, HLA t2 Fat-saturated SE, HLA

2

IR DHE, HLA, myocardial nulling IR DHE, HLA, non-cardiac fat nulling




_
Lipemateus: Hypertiophy. of

Atrial Septum

‘L . ! N
Lipomatous hypertrophy of atrial septum spares fossa ovalis, producing “dumbell”
appearance (left, HLA), and often extends to partially surround aorta, as well as with
abundant epicardial fat (right, SA stack through atrium




Acute Myocardial Injury
7

i@ é" ‘»" :

IR DHE SA

R Cy

gl s “ / " {

F
SSFP cine CMR, SA (after gd)

J )
. g
#
/"/"'-?’.' 1
o ‘s

Acute Myopericarditis, with epicardial enhancement far remote from endocardium




Acute Myocardial Injury
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SSFP cine CMR, mid SA

44 year old with acute CP, markedly elevated troponin I, and minimal CAD. IR DHE
consistent with Ml and no-reflow. Reassessment of angiogram- flush OM occlusion.
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Large Secundum ASD

Saturation band applied left heart

Stroke volume (ml) ; Stroke volume (ml) | 165.8
Forward flow vol, (ml) ) Forward flow vol. (m1) | 167.8
Backward flow vol. (ml) : Backvard flow vol. (ml) | 2.0
Regurgitant fract. (%) . Regurgitant fract. (%) | 1.2

Phase contrast derived aortic (left) and pulmonary artery (right) flow,
demonstrating a Qp:Qs of 1.9
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Coronary MRA

Free-breathing, Navigator-based whole heart coronary MRA, axial acquisitions,
reconstructed to 0.55 x0.55 x0.7mm resolution

Whole heart coronary MRA. Normal subject (left). 29 year old tennis
teaching pro, with exertional CP (right).




DHIE AsSsSIStS i Differentiating Ischemic

and Non-Ischemic HD
y: " W -

IR DHE, septal mid-
myocardial
enhancement; non-
ischemic cm

IR DHE, septal
endocardial
enhancement;
Ml

45 year old male with heart failure, LV systolic dysfunction (SSFP SA, bottom)




Usefulness of CMR in Evaluation of
Cardlomyopathy Etlologles
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SSFP Cine LVOT '

SSEP Cine HLA Wy  SSFPCine VLA

Pt with progressive SOB, referred to evaluate CHF




Some of the Most Impertant Information
comes from Ugly Pictures

IR Look Locker Sequence, demonstrating poor myocardial nulling effect over all
iInversion times




Hemochromatosis

SSFP cine CMR, HLA SSFP cine CMR, SA

CHF in patient with hemochromatosis. SSFP is a T2/T1 weighted method,;
note dark signal from liver.




Evaluation: ofi Myocardial'lron Overload

s 2]

TE=4.6ms TE=9.2ms

| B T2 intensity samples
W from septum for use in

W calculating T2* value
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Calculation of T,* value demonstrating myocardial iron deposition in hemochromatosis




_
Subendocardiall Enhancement,

non-ischemic etiology

SSFP cine CMR HLA IR DHE HLA

Evaluation of myocardial injury and SOB in marked hypereosinophilia
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Hypertropnic CV

SSFP cine CMR HLA SSFP cine CMR LVOT




Myocardial Tlssue Tagglng |n HCM
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HLA HCM =

c spamm SA normal subject

Methods that demonstrate abnormal myocardlal mechanlcs may assist to
identify pathological hypertrophy from adaptive




Late Myocardial Enhancement in HCM

SSFP cine CMR, SA diastole IR DHE, SA

Extent of late myocardial enhancement correlates with arrhythmia hazard in HCM
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Apicall Hypertrophic CM
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Cardiac MRI affords accurate determination of extent/location of hypertrophy in HCM
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Non-lschemic CN
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SSFP cine CMR mid SA

Deep recesses persist in systole, consistent with non-compaction cardiomyopathy




CHE after CABG: Constrictive Pericarditis
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Application of CMR' in Community.
Medical Centers

= Challenges facing implementation

= Fconomics
= Magnet
= \/olume

= Performing Physicians
= Sufificient training
= [avestment In technolegists, nursing
= Availability
= Non-unifermity of pretecels
= Educating refierral phaysicians




CMR Appropriateness-Summary.

= CMR Isia robust, reasonably mature imaging
method, with wide clinical applicability

= Appropriate utilization depends upon
= Familiarity with the appropriate patient
= Availlability of an appropriate CMR service

= Awareness, or the strengths and limitations ofi CMIR
comparned withr alternative metinods

= Eraming an appropriate clinical guestion se that a
119 probability: exists that the result willlinfluence
patient care




