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BACKGROUND

European Heart Joumal (200%) 26, 3125-

diod: 100 1093 feurheart j/ ehil@4
10.1093/eurheartj/e Expert Consensus Document

spcieTs oF ACCF/ACR/AHA/NASCI/SCMR 2010 Expert Consensus
Document on Cardiovascular Magnetic Resonance
A Report of the American College of Cardiology Foundation Task Force
Editorial on Expert Consensus Documents

Can cardiac pa Currently, pacemakers available in the United States are
imaging systerm lubgled as ‘MR unsafe.36? A‘t pliesent. CMR examination of

patients with pacemakers 1s discouraged and should only
Edward T. Martin® be considered at highly experienced centers in cases in
Okiahoma Heart Institute, Tutsa which there is a Stmng chmcu! indication and whedre the;
benefits clearly outweigh the risks. CMR examination of
patients with ICDs should not be performed unless the
center is highly experienced in both the operation of these
devices and in complex CMR procedures in the setting of
highly compelling circumstances where the benefits clearly
outweigh the risks.
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PM and CMR: epidemiology

More than 30 million MRI
scan were performed each
year in over the world

d The likelihood of
MRI after 65 yo

__ doubles?

Between 50 and 75% of

patients with device would

need an MRI and will not be

scanned’?
1. Kalin R, et al. Pacing Clin Electrophysiol. 2005;28:326-328. 1. Magnetic Resonance Imaging (MRI) Equipment — A Global
2. Kanal E, et al. AJR AM J Roentgenol. 2004;182:1111-1114 Strategic Business Report, Global Industry Analysts, Inc., San

Jose, CA. 2002
2. Roguin A. Europace 2008; 10: 336-346
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PM and CMR: clinical experience

Magnetic fields
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PM and CMR: clinical experience

Potential complications of CMR under these circumstances
Include:

(1 damage or movement of the device

@ inhibition of the pacing output

d activation of the tachyarrhythmia therapy of the device
@ cardiac stimulation

(® heating of the electrode tips
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PM and CMR: clinical experience

13 reported deaths of pacemaker patients have been

attributed to MRI
y

Europace {2005) 7, 353-365

ELSEVIER

EURQPEAN
rrrrrrrrr

— Irnich reported already 6 deaths in
Germany between 1992 and 2001 y

REVIEW

Do we need pacemakers resistant to
magnetic resonance imaging?

Werner Irnich *, Burkhard Irnich ®, Christine Bartsch 2,
Wilhelm Alfred Stertmann €, Hubert Gufler ®, Guenter Weiler ®

Table 4 Cause of death, magnet rate of models and magnetic field strength of MRI units of the six cases of Table 3

Case Fibrillation Mag. rate PM brand/type MRI/strength
#1 Unknown 100 min Vitatron/TX 915 Picker/0.5T
#2 Yes 65 min~" Medtronic/Minix Philips/0.5T
#3 Yes 55 min~' Medtronic/Pasys Philips/0.5T
# 4 Unknown 100 min Siemens/Prolog Philips/1.5T
#5 Yes 70 min~" Biotronik/NeosLP G.E./1.5T
#6 Unknown 100 min ' Vitatron/Ceryx 3 Siemens/1.0T

Fibrillation means ""ventricular fibrillation’. PM = pacemaker, Mag. = magnet, MRl = magnetic resonance imaging.
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Mortality reports suggest that the heart was not the organ
under examination by MR. Although not explicitly stated, it
Is highly likely that this means that no ECG was being
monitored during the MR, and that no measures were
taken to reduce the risk of the MR scan.

Several authors have shown that in non-pacemaker
dependent patients who have implanted pacemakers, the
pacemaker can be turned off for the duration of the scan
and the lead set to bipolar mode\

No deaths and no significant complications have
resulted from CMR scans being performed in this
manner at low field, gradient, and RF sequence settings.
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PM and CMR: clinical experience

Faris OW PACE 2009: FDA viewpoint on MRI and PM

“ ... while FDA recognize that there are pacemaker and ICD
patients for whom, on a-case-by-case basis, the diagnostic
benefit from MRI otweights the presumed risks, we believe
that those risks have not yet been chracaterized and
mitigated sufficiently to justify the routine use of MRI in those
population ... *

Researchers Seek MRI-Safe Pacemakers

JAMA, February 4, 2009 Vel 301, Mo 5 (Reprinted)  Although MR is indicated for up to
75% ol patients with this cardiac de-
vice, only those who have certain types
of pacemakers might be eligible for the
procedure—and even then, MRI for pa-
tients with such pacemakers remains

Y Centro Cardiologico . -
controversial because it is not approved
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ADVANTAGES OF CMR

0 CMR images can be acquired throughout the body in any
tomographic plane without limitations imposed by body habitus.

O Ability to quantify with relatively high spatial and temporal
resolution meaningful measures of cardiovascular structure with a
voxel sizes up to 1x1x3 cm in a 1.5 T scanner and with frame rates

up to 20 — 40 msec.

0 CMR is a flexible imaging modality that allows assessment of
multiple different parameters of cardiovascular anatomy and
function. As mentioned, CMR can define cardiovascular anatomy
and structure, characterize tissue composition(including myocardial
viability), measure function in terms of heart wall motion or blood
flow, assess metabolism with spectroscopic techniques, visualize
and quantify myocardial perfusion.
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ADVANTAGES OF CMR: radiation exposure issue

Scientists Say F.D.A. Ignored Radiation Warnings

By GARDINER HARRIE
Published: Manch 32, 2010

WASHINGTON — Urgent warnings by government experts about UGN IN TO

the risks of routinely using powerful CT scans to screen patients for E—
colon capcer were brushed aside by the Food and Drus TTER
Administration. according to agency document= and interviews with E-MAL
agency scientists. SEND TO PHONE

Calif. governor signs medical radiation bill into law

By Eric Bames
AuntMinnie.com staff writer
September 30, 2010

Gov. Amold Schwarzenegger of Califomia on Wednesday signed a medical radiation protection bill into law, paving the
way for implementation of the first state law in the U5, aimed at protecting patients from excessive radiation exposure
received during CT scans and radiation therapy procedures.

5B 1237, which the governor signed without comment along with scores of other bills, will impose strict new procedures
and reporting requirements to protect patients from medical radiation overdoses when it becomes effective July 1,

2012, The bill alzo provides an accreditation mandate for CT scanners that will take effect Januwary 1, 2013, six months
after the other provisions.

The bill requires that radiation dose be recorded on the scanned image and in a patient's health records, and that
radiation overdoses be reported to patients, freating physicians, and the state Depardment of Public Health (DPH). It
requires the same level of monitoring for therapeutic radiation used fo treat cancer.

Y Centro Cardiologico
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ADVANTAGES OF CMR:

radiation exposure issue

Table |: Radiation doses and estimated cancer risk from common radiological examinations and isotope scans

Type of test Effective Equivalent period of Lifetime additional risk of Lost life Equivalent n. of
radiation dose natural background cancer/examination expectancy chest x-rays
(mSv) radiation

Chest radiograph 0.0 A few days MNegligible risk 2 minutes I
Skull radiograph 0.1 A few weelks Minimal rislk 20 minutes 5

(1'in 100,000 to | inl,000,000)
Lung isotope scan I A few months to a year Very low risk 3 hrs 50

i(1in 10,000 to | in 100,000)
Cardiac gated study 10 A few years Low risk 2 days 500

{4 years) (1 in 2,000)

Thallium scan 20 (B years) (1 in 1,000) 4 days 1000

JAMA

Andrew J. Einstein

Cniline article and related content

current as of August 3, 2009

JAMA. 2009301 (5)-5345-547 (doi 101 001/fama. 2009.53)

hnpodifjama.ama-assn orgfogifcomntentTull B 01 /S054 5

Monzino
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LAR (M, 80 y):

0.075%
1 pts in 1338

LAR (F, 20 y):

Picano E Cardiovasc Ultrasound 2006

Radiation Protection of Patients Undergoing Cardiac
Computed Tomographic Angiography

0.7%

1 ptsin 143
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ADVANTAGES OF CMR

Ischemic Heart Hypertrophic ARVD
Disease Cardiomyopathy

Noncompactation : VALVULAR DISEASE

Cardiomyopathy

ATRIAL FIBRILLATION
Myocarditis
HEMOCHROMATOSIS

SARCOIDOSIS AMYLOIDOSIS CARDIAC MASS
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ADVANTAGES OF CMR

EDV, 10 ml
ESV, 10 ml
EF, 3%

Mass, 10 gr

i3 O’ Centro Cardiologico
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23.8/121 7.4/12
15.8/53 6.5/10
6.6/102 2.5/15

36.4/273 6.4/9

Bellinger NG J Cardiovasc Magn Reson 2000
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ADVANTAGES OF CMR

1 Regional myocardial function may be assessed using
CMR Tagging. In this method, specialized radiofrequency
pulses are applied prior to the beginning of the cine CMR
pulses sequence. These additional pulses result in
alteration of the magnetic properties of the heart, typically in
a grid stripe pattern.

2D Tagging (FGRE)
224 x 192 / 8 vps
7 mm slice thickness
35 cm FOV
12° flip angle
TE/TR =1.7/4.3ms
Tag spacing: 5 pixels

3

-
|_|_|_|_|_I_|_|_|_|_I_|_|_|_|_I_|_L|,h-,||- -:",m_- e
ldl: SEEIL 100

-
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ADVANTAGES OF CMR

Valutazione della perfusione del mdc nel miocardio:
« velocita acquisizione ( elevato frame/rate )

« massima copertura ( 8 fette / 2 intervalli R-R )

* sincronizzazione cardiaca

 multifasica, fortemente T1l pesata

* massima soppressione basale del miocardio

FIESTA Time Course

Asset
Te 1.2ms TR 2.8ms flip°36
TI 119ms 0.5Nex 125kHz
FOV 40 128x128 thk 8mm
4 slices/1 R-R 60 phases
Rest phase : 20m| DTPA at 5ml
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ADVANTAGES OF CMR “
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1 i o —.";._*' r_
R ™ 3
Diagnostic Performance of Stress P,
- - - - 7 i _I."l _'..
Cardiac Magnetic Resonance Imaging .g i f
i e
in the Detection of Coronary Artery Disease _§ 411 wa
id —_— T —
A Meta-Analysis 2 .;:r' S
Kiren R Nandalor, MD.* Ben A Dwamena, MD,* Asim F. Choudhri, MD# | L
Mohan R. Nandahr, MD.,§ Ruth C. Carlos, MD, M5* o . — 7 T
Anm Arbor, Michigan; Charlottesville, Virginia: and Wasbington, DC ' Pt Pt
m Phoi ¢ Conditional Profbabillties $or P ond FéWa
Pral i nt proackics oo shren mx & rckon 3! s pobshi o
o - pebents with poalive rauka o sefuscn megng (7T, sasive rmedts on el
A meta-analysis of all CMR perfusion e S e o e i e

studies demonstrated a sensitivity of
91% and specificity of 81% for the
diagnosis of CAD on a per-patient
level.
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ADVANTAGES OF CMR —

Circulation 2007
Prognostic Value of Cardiac Magnetic Resonance
Stress Tests

Adenosine Stress Perfuskon and Dobulaming Siress YWall Motion Imaging

Cosime Jsbnice, ML, Hike Maped, MDD Holl Gebloer, MDD Thomes Kokockesdkl, ML
Sohesiisn Kalle, MOy Roberd Manks MIT Foiod Fleck, MIDX, Ingo Pasisch, MDD

[
___________

— Hormal MR Peidusien
== hbrairmial MR Perhusion

= Burvival (%)
(=]
-
Survival (%)
o

Three-year event-free survival has been reported at 99.2% for
patients with normal stress perfusion CMR or DS CMR and 83.5%
for those with abnormal stress perfusion or DS CMR. Ischemia
suggested by stress perfusion CMR or DS CMR is predictive of
cardiac events over the 3-year time period with hazard ratios of
12.5 and 5.4, respectively,



ADVANTAGES OF CMR

The Lancet, Early Online Publication, 23 December 2011
doi: 101076 /S0140-6736( 111613359 Cita or Link Using DI

Findings

In the 7592 recruited patients, 39 had significant CHD as identified by x-ray angiography. For multiparametric CMR the
sensitivity was 86-5° (95 CI 81-8—90-1}, specificity 83-4' (79-5—86-7), positive predictive value 77-2', (72-1—81-6) and
negative predictive value 90-5° (87-1—93-0). The sensitivity of SPECT was 66-5° (95 . Cl 60-4—72-1), specificity 82-6 . (7T8-5—
&6:1), positive predictive value 71-4°. (65:3=T76-9), and negative predictive valua 79.1°. (74-8—81.8). The sensitivity and
negative predictive value of CMR and SPECT differed significantly (p<0-0001 for both) but specificity and positive predictive
value did not (p=0-916 and p=0-061, respectively),
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ADVANTAGES OF CMR —

Early after the first pass of Gd, a significant fraction of the
iInjected Gd enters the interstitial space. Several minutes
after intravenous administ |
distribution available In
results in a higher conc
what is present in viable
referred to as “delayed
gadolinium enhancement”
myocardial scars as defi
recovery after revasculari

Kim RJ Circulation 1997
Fieno DS JACC 2000
Morzino Rehwald WG Circulation 2002

Y Centro Cardiologico
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ADVANTAGES OF CMR “

Impact of Unrecognized Myocardial Scar Detected by
Cardiac Magnetic Resonance Imaging on Event-Free
Survival in Patients Presenting With Signs or Symptoms
of Coronary Artery Disease

Raymond Y. Kwong, MD, MPH; Anna K. Chan, MBBS; Kenneth A. Brown, MD;
Carmen W. Chan. MBBS: H. Glenn Revnolds, MSc; Sui Tsang, BS; Roger B. Davis, ScD

100 Eh . 100 P ——
] e dr .
“-:... _—|— e of | . " P <0.0001 l_
. LGE Ab.
T o 9 P < 0.0001 LGE Absent sent
B un-:_“. 075 Sesssssssrraransanannns .
g sy PRRRSETETST ‘hot |
2 S mt( 3
gu o ‘. anc E 050 i
E o 3
2 MACE Hjus DEATH T——
025 r LGE Present
LGE Present icnl " "
r M
0001, i i : : . OO
0 5 10 15 20 2% 30 35 40 acti¢ . v ' T T T
0 5 10 15 20 -1 30 i 40
Follow-up Period t 12¢€E ;
uEERpE o R g Follow-up Period (months)

Conclusions—Among patients with a clinical suspicion of coronary artery disease but without a history of MI, LGE
involving a small amount of myocardium carries a high cardiac risk. In addition, LGE provides incremental prognostic
value to MACE and cardiac mortality beyond common clinical, angiographic, and functional predictors. (Circulation.
2006;113:2733-2743.)
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Incremental Prognostic Significance of Combined Cardiac
Magnetic Resonance Imaging, Adenosine Stress Perfusion,
Delayed Enhancement, and Left Ventricular Function Over

Preimagii - nts
g_ Mane

Background—Althi routine
practice, the relat £ e nt (DE),
and left ventricul § 2- AW 77 OneorTwo

Methods and Result E H"L\_‘_ ‘oronary
stenosis and/or is _LLLLH_ ocardial
infarction, or lat g = 1 lition of
CMR data after a ® AiThree  imaging
without abnorma al CMRE
was associated v = Its werg
abnormal. After te, renal
dizease, and diabe tic flow,
delayed enhancen - o7 872 779 503 415 224 105 vely; all
P<0.00001; C in | . T T . I . remental
prognostic value : 0 250 500 750 1000 1250 1500

Conclusions—CMR Time (Days) remental

value for prediction o1 agverse evenis over pre-UMIK 4ala and can De compined o runner ennance prognosucanon. Normal
combined CMR confers a low risk of subsequent cardiac events. (Circubafion. 2011:123:1509-1518.)

32 B’ Centro Cardiologico
k- Monzino

24



ADVANTAGES OF CMR:
clinical case 1

History

305 B plano 2E

Aldrirni episodi feborili, Ad B« torace cardiomegalisa, koo T del 10008
Frastrava Vs dilatate con alterazianl della cinesl in sede nferiore a
pasteralaterale con FE del 20%, Settore destra dilatata can TAFSE narmale

ED: 1.8 mSv

Y Centro Cardiologico
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ADVANTAGES OF CMR:

-1 J
clinical case 2 _

95-year-old man admitted with pulmonary edema severe LV
enlargement and dysfunction and evidence of 3-vessels
diseas at ICA.

i

1M post CABG  _
r ‘..r l.,'

g 4

Y Centro Cardiologico
Monzino 26



ADVANTAGES OF CMR:
clinical case 3 L

51-year-old man with suspected CAD

Y Centro Cardiologico
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ADVANTAGES OF CMR

Cardiomyopathy

Jourmal of b Amaicm T of Candiakqy Wel. 43, e 3, 000
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Cardiac Magnetic Resonance Imaging

Toward Clinical Risk Assessment in
Hypertrophic Cardiﬂmgfucipath}f With

Gadolinium Cardiovascular Magnetic Resonance

James C. C. Moon, ME, BCh,* William |. McKenna, FACC, FESC. f Jane A. McCrohon, FRACP, Pu*
Perry M. Ellioss, MDD, MRCP, FACC § Gillian C. Smith, B5c,*%

Dl.ll.-crlicyj Pennell, MDD, FRCP, FESC, FACC*

Londor, United Kingdom
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ADVANTAGES OF CMR:
Clinical case 1

History

REFAETO 1A - TO 104

Faziznte i 20 anni, dal 2007 noeta candiamicpatia ipertratica ostmittiva. Da 2
rmesi dizprea irgravescenila ed astaniz (NYHA L

ECOTT &V PP 2271T, 540 del LAK, gradiente sistolica 65 mmHg, | W
moaderata,

HoRer: uma sola triplatta di 3EY.
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ADVANTAGES OF CMR

Characteristics of ARVD include global or regional dilatation and dysfunction
of the RV (and in some cases, the LV) myocardium. Furthermore, fatty
and/or fibrous replacement may be found. Morphological and functional
targets for CMR include regional or global wall motion abnormalities,
aneurysms, and segmental or global dilation, as well as global hypokinesis,
with quantitative analysis of RV volume and function

Y Centro Cardiologico
Monzino




ADVANTAGES OF CMR

J=umal =t the American College of Cardinlegy
© 2005 by the American Collogr of Cardinlgy Found
Publithed by Elscrier Inc.

Vo, 43, Mo 11, 2002
158N o735- 109705 Ba000
doizl 01016 §.jucc 2004.11065

Diagnostic Performance of Cardiovascular Magnetic
Resonance in Patients With Suspected Acute Myocarditis

Cn:umparison of Different _-"Lppmachcs

Hassan Abdel-Aty, MD,* Philipp Bowé, MIN* Anja Zagrosek, MDD, Ralf Wassmuth, MD*
Andreas Komar, MIDL* Dianiel Messroghli, MD,* Petra Bock, MID),* Rainer Dietz, MD*
Matthiaz G. Friedrich, MD, FESC*t Jeanette Schulz-Menger, MD*

Berfin, Germany; and Calpary, Alberta, Canada

1O -

%0 ; |
W i : Ir'

LR I EE { {5 £
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a : (3 ) i
T2 LGE GRE Birp- Ty

Flgure 5. Diagnostic performance of T2, late grdolinium enhancement
(LGE), and global rdafme enhancement (GRE)] as comparsd to the
“arpe-two” approwch. Spotted bars = sensicivity; disgoml striped bam =
specificicy; solid bars = diagnostic accumcy.

Y Centro Cardiologico
Monzino

1) A combined CMR
approach using T2-weighted
imaging, early and late
gadolinium  enhancement,
provides a high diagnostic
accuracy in the diagnosis
and assessment of patients
with suspected acute

myocarditis.




ADVANTAGES OF CMR

Pre — RFCA characterization of LA

EmSIPFRPFF
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ADVANTAGES OF CMR

s ~ppendage LA

==l | \ 3D CEMRA!

== . 2D/3D MDE
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ADVANTAGES OF CMR

ATRIAL FIBRILLATION

@ Europace (2009) 11, 1004-1010

uuuuuuuu doi:10.1093/europace/eup152
rrrrrrrr

CLINICAL RESEARC
Ablation for Atrial Fibrilla:

carbioLOGY®

Image integration increases efficacy of
paroxysmal atrial fibrillation catheter ablation:
results from the CartoMerge' Italian Registry

Emanuele Bertaglia'*, Paolo Della Bella?, Claudio Tondo3, Alessandro Procleme
Nicola Bottoni®, Roberto De Ponti®, Maurizio Landolina’, Maria Grazia Bongiorr
Leonardo Coro?, Giuseppe Stabile'?, Antonio Dello Russo?, Roberto Verlato!,
Massimo Mantica'?, and Franco Zoppo'

'Ospedale Civile di Mirano, Via Mariutto, 13-30035 Mirano, haly; *Centro Cardiologico Monzina, Milan, Italy; *Ospedale Civile San Camillo-Universita Cattolica del Sacro €
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SOCA
Male (25) 723
Ape (years) 570+ 1
SHD (%) 210"
Hypertension (%) 295
Previous TE (%) 21
Left atrial size (mm) 419+ ¢
LVEF (%) 584+
Ablation performed in the early study period (%) 579
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Figure 3 Kaplan—Meier estimation of the time to atrial
tachyarrhythmia recurrence after ablation in MERGE group
patients (solid line), CARTO group patients (dashed line), and
SOCA group patients (dotted line). Log-rank statistic and signifi-
cance: SOCA vs. CARTO 0.62 (P =043); SOCA vs. MERGE
21.45 (P < 0.00001); and CARTO vs. MERGE 837 (P < 0.005).
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REGISTRO ITALIANO CMR

» Centri Arruolati 38: GENNAIO 2011 — GIUGNO 2011

» Centri attivi 36 (all’ 8-3-2011)

Ascoli Piceno, Avellino, Bassano del Grappa,Bologna, Cagliari,
Campobasso, Lamezia Terme, Chieti, Como, Firenze, Ferrara,
Genova, Guastalla(RE), L’Aquila,Messina, Milano 6, Modena,
Palermo, Pozzuoli (Na), Rimini, Roma 5, Rovigo, Trento, Torino,
Trieste, Schio (Vi), Varese.

= Radiclogo
mCardiclogo

ERadicloge e Cardiolego in consenso
HRadiologo-Cardiologo
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PM and CMR: possible solutions
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EnRhythm MRI trial

Magnetic resonance imaging in patients with a pacemaker
system designed for the magnetic resonance environment

Bruce L. Wilkoff, MD, FHRS, CCDS,* David Bello, MD,* Milos Taborsky, MD, PhD, FESC,*

Josef Vymazal, MD, PhD,* Emanuel Kanal, MD, FACR, FISMRM,® Hubertus Heuer, MD,!

Katrin Hecking, MD,! W. Ben Johnson, MD, CCDS,¥ William Young, MD,¥ Brian Ramza, MD, PhD,**
Naveed Akhtar, MD,** Bernhard Kuepper, MD, Peter Hunold, MD,*" Roger Luechinger, PhD,**

JAMA 2011 Mike Mitka

First MRI-Safe Pacemaker Receives
Conditional Approval From FDA

2011

O The approval, announced February 8, limits the device’s
use in MRIs to certain patients (not- depended, implanted
more than 6 weeks) imaging of certain parts of the body
(neck and abdomen), under certain scanning parameters
(Magnetic Field 1.5 T; SAR < 2 W/kg; Slew Rate < 200
a-eflm/(deioloqico

Monzino
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