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PM and CMR: PM and CMR: epidemiologyepidemiologyPM and CMR: PM and CMR: epidemiologyepidemiology

More than 30 million MRI
f d hscan were performed each

year in over the world

 The likelihood of
MRI after 65 yo
d bl 1

Between 50 and 75% of

doubles1

patients with device would
need an MRI and will not be

d1 2

1. Kalin R, et al. Pacing Clin Electrophysiol. 2005;28:326-328.
2  K l E  t l  AJR AM J R t l 2004 182 1111 1114

scanned1,2

1. Magnetic Resonance Imaging (MRI) Equipment – A Global 
St t i B i R t Gl b l I d t A l t I S
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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
3. Sakakibara et al., Jpn Heart J 1999  



SUMMARYSUMMARYSUMMARYSUMMARY

PM and CMR: epidemiologyPM and CMR: epidemiology

PM and CMR: preliminary
experience

Advantages of CMR g

PM and CMR: possiblePM and CMR: possible
solutions

4



PM and CRM: state of the art

Autore Rivista Anno Paz. N° MRI Anatomia Campo SAR PM setup Effetti principali
Iberer F Herz 1987 1 1 Torace 1.5 - Sincrono Asincrono

Johnson D PACE 1994 4 - - - - - InibizionePM and CRM: state of the artAchenbach S Z Kardiol 1995 1 1 - 0.5 - - Nessuno

Gimbel JR Pac Clin Electr 1996 4 4 Varie 0.5-1.5 - OOO (2), DOO (2) Artefatti
Pausa 2 sec

Fontain JM Pac Clin Electr 1997 1 1 Encefalo 1.5 - VVI Pacing Ventricolare

fGarcia-Bolao I Acta Cardiol 1998 1 1 Encefalo
Collo

1 - AOO Asincrono

Sommer  T Radiology 2000 18 51 Varie (8) 0.5 0.6 AOO (2), VOO (21), DOO 
(26), VVI (2)

Disattivazione Reed Switch

Valhaus C Pac Clin Electr 2001 32 32 Varie (2) 0.5 - AOO (1), VOO (16), DOO 
(15)

Riduzione batteria
Disattivazione Reed Switch

Number of MRI scan: 593

(15) Disattivazione Reed Switch

Juratli N Circulation 2001 41 51 Encefalo - Asincrono Nessuno

Schmiedel A J Cardiovasc Magn 
Res

2002 48 58 Encefalo 1.5 - - Disattvazione Reed Switch

Martin ET JACC 2004 54 78 Varie (3) 1.5 0.08- Sincrono Alterazione soglia di

Chest MRI scan: 45 (8%)
Martin ET JACC 2004 54 78 Varie (3) 1.5 0.08

2.0
Sincrono Alterazione soglia di 

stimolazione

Del Ojo JL Pac Clin Electr 2005 13 13 Varie 2 - DDD Nessuna

Gimbel JR Paci Clin Electr 2005 - 11 Varie 1.5 1-2 VOO, DOO Nessuno

Sommer T Circulation 2006 82 115 Varie 1.5 1.5 Fc<60 AOO, VOO, DOO
Fc≥60 OAO, OVO, ODO

Aumento soglia di cattura
PM reset

Nazarian S Circulation 2006 23 31 Varie (31) 1.5 <2.0 PM dipendenti: VOO, DOO
PM indipendenti: VVI, DDI

Attivazione Reed Switch

Goldsher D Isr Med Assoc 2006 - 3 Encefalo 1.5 3.7 Pacing off, OVO, ODO Nessuno

Heatlie G J Cardiovasc Magn 
Res

2007 - 5 Cuore 0.5 - OOO, DDD, VVI, VVIR Pacing a 100 bpm in 
modalità VVI

Sierra M Rev Cardiovasc Med 2008 - 40 - - - OOO Nessuno

Naehle CP Radiology 2008 - 51 Encefalo 3 ≤3.2 Fc<60 bpm asincrono Riduzione batteria
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Fc≥60 bpm solo sensing PM reset

Gimbel JR Pac Clin Electr 2008 - 5 Varie 3 ≤2.0 PM indipendenti:
PM dipendenti

Nessuno

Mollerus M Pac Clin Electr 2008 - 40 Varie (1) 1.5 2.4 DDI, VVI Nessuno
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Magnetic fieldsMagnetic fields 
In MRI

Static Magnetic Field
0,5 e 1,5T

RF
64-128MHz

Magnetic Gradient
1KHz

Protons 
lli t Protons EchoSpatial 

l li tiallignment achievementlocalization
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PM and CMR: PM and CMR: clinicalclinical experienceexperience
Potential complications of CMR under these circumstances
Include:

PM and CMR: PM and CMR: clinicalclinical experienceexperience

Include:
① damage or movement of the device
② inhibition of the pacing output② inhibition of the pacing output
③ activation of the tachyarrhythmia therapy of the device
④ cardiac stimulation
⑤⑤ heating of the electrode tips
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PM and CMR: PM and CMR: clinicalclinical experienceexperience
13 reported deaths of pacemaker patients have been 
tt ib t d t  MRI

PM and CMR: PM and CMR: clinicalclinical experienceexperience

attributed to MRI

Irnich reported already 6 deaths in 
Germany between 1992 and 2001
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PM and CMR: PM and CMR: clinicalclinical experienceexperiencePM and CMR: PM and CMR: clinicalclinical experienceexperience

Mortality reports suggest that the heart was not the organ
d i ti b MR Alth h t li itl t t d itunder 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 weremonitored during the MR, and that no measures were
taken to reduce the risk of the MR scan.

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

No deaths and no significant complications haveNo 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: PM and CMR: clinicalclinical experienceexperiencepp

Faris OW PACE 2009: FDA viewpoint on MRI and PMFaris OW PACE 2009: FDA viewpoint on MRI and PM

“ … while FDA recognize that there are pacemaker and ICDg p
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 “population …

10



SUMMARYSUMMARYSUMMARYSUMMARY

PM and CMR: epidemiologyPM and CMR: epidemiology

PM and CMR: preliminary
experience

Advantages of CMR g

PM and CMR: possiblePM and CMR: possible
solutions

11



ADVANTAGES OF CMRADVANTAGES OF CMR
 CMR images can be acquired throughout the body in any
tomographic plane without limitations imposed by body habitustomographic plane without limitations imposed by body habitus.

 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.

 CMR is a flexible imaging modality that allows assessment of
multiple different parameters of cardiovascular anatomy and
function. As mentioned, CMR can define cardiovascular anatomyfunction. 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 visualizeflow, assess metabolism with spectroscopic techniques, visualize
and quantify myocardial perfusion.
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ADVANTAGES OF CMR: ADVANTAGES OF CMR: radiationradiation exposureexposure issueissuepp
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ADVANTAGES OF CMR: ADVANTAGES OF CMR: radiationradiation exposureexposure issueissuepp

Picano E Cardiovasc Ultrasound 2006

LAR (LAR (MM, 80 , 80 yy): ): 
0 075%0 075%

LAR (LAR (FF, 20 , 20 yy): 0.7% ): 0.7% 
11 ptspts in 143in 143
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0.075% 0.075% 
11 ptspts in 1338in 1338

11 ptspts in 143in 143



ADVANTAGES OF CMRADVANTAGES OF CMR

Ischemic Heart
Di

Ischemic Heart
Di

Hypertrophic
C di th
Hypertrophic
C di th ARVDDiseaseDisease CardiomyopathyCardiomyopathy ARVD

Noncompactation
Cardiomyopathy

VALVULAR DISEASE

Myocarditis

ATRIAL FIBRILLATION

HEMOCHROMATOSIS

SARCOIDOSIS AMYLOIDOSIS CARDIAC MASS
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ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD

Clinical Echo MRI ReductionClinical
Change

Echo
(SD/N)

MRI
(SD/N)

Reduction
in sample 
size (%)( )

EDV, 10 ml 23.8/121 7.4/12 90

ESV, 10 ml 15.8/53 6.5/10 81

EF 3% 6 6/102 2 5/15 85EF, 3% 6.6/102 2.5/15 85

Mass, 10 gr 36.4/273 6.4/9 97

Bellinger NG J Cardiovasc Magn Reson 2000
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ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD

 Regional myocardial function may be assessed using
CMR Tagging In this method specialized radiofrequencyCMR 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 thickness7 mm slice thickness
• 35 cm FOV
• 12o flip angle
• TE/TR = 1 7/4 3msTE/TR  1.7/4.3ms
• Tag spacing: 5 pixels
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ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD

Valutazione della perfusione del mdc nel miocardio:
• velocità acquisizione ( elevato frame/rate )velocità acquisizione ( elevato frame/rate )
• massima copertura ( 8 fette / 2 intervalli R-R )
• sincronizzazione cardiaca
• multifasica, fortemente T1 pesata
• massima soppressione basale del miocardio

FIESTA Time Course

A tAsset
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 : 20ml DTPA at 5ml
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ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD

A meta-analysis of all CMR perfusionA meta analysis of all CMR perfusion
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 CMRADVANTAGES OF CMR CADCAD
Circulation 2007

Three-year event-free survival has been reported at 99.2% for
patients with normal stress perfusion CMR or DS CMR and 83 5%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

20

gg y p p
cardiac events over the 3-year time period with hazard ratios of
12.5 and 5.4, respectively,
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ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD

Early after the first pass of Gd, a significant fraction of they p g
injected Gd enters the interstitial space. Several minutes
after intravenous administration of Gd, the larger volume of
di t ib ti il bl i ti fib ti didistribution available in necrotic or fibrotic myocardium
results in a higher concentration of contrast agent than
what is present in viable myocardium This is typicallywhat is present in viable myocardium. This is typically
referred to as “delayed (hyper)enhancement” or “late
gadolinium enhancement” (LGE). The transmural extent ofg ( )
myocardial scars as defined by LGE predicts functional
recovery after revascularization and is related to prognosis

Ki RJ Ci l ti 1997
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Kim RJ Circulation 1997
Fieno DS JACC 2000
Rehwald WG Circulation 2002



ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD

MACE DEATHMACE DEATH
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ADVANTAGES OF CMRADVANTAGES OF CMR CADCAD
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ADVANTAGES OF CMR: ADVANTAGES OF CMR: 
clinicalclinical case case 11

CAD

ED: 1.8 mSv
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ADVANTAGES OF CMR: ADVANTAGES OF CMR: 
clinicalclinical case case 22

CAD

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

1M post CABG 3M post 6M post
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ADVANTAGES OF CMR: ADVANTAGES OF CMR: 
clinicalclinical case case 33

CAD

51-year-old man with suspected CADy p
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Hypertrophic
Cardiomyopathy
Hypertrophic
CardiomyopathyADVANTAGES OF CMR ADVANTAGES OF CMR 



Hypertrophic
Cardiomyopathy
Hypertrophic
Cardiomyopathy

ADVANTAGES OF CMR:ADVANTAGES OF CMR:
Clinical case 1 Clinical case 1 
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ARVDARVDADVANTAGES OF CMR 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,

ith tit ti l i f RV l d f tiwith quantitative analysis of RV volume and function

30
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Myocarditis
ADVANTAGES OF CMR ADVANTAGES OF CMR 

1) A combined CMR
approach using T2-weightedpp g g
imaging, early and late
gadolinium enhancement,
provides a high diagnosticprovides a high diagnostic
accuracy in the diagnosis
and assessment of patients
with suspected acutewith suspected acute
myocarditis.
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ATRIAL FIBRILLATION
ADVANTAGES OF CMR ADVANTAGES OF CMR 

Pre Pre –– RFCA characterization of LARFCA characterization of LA



ATRIAL FIBRILLATION
ADVANTAGES OF CMR ADVANTAGES OF CMR 

CMR protocol

3 3 PlanePlane

LV LV SAxSAx FIESTAFIESTA

LV LV LAxLAx FIESTAFIESTA

AppendageAppendage LAxLAx FIESTAFIESTA

A 3D spoiled gradient echo sequence is acquired during

LA 3D CEMRALA 3D CEMRA

LA 2D/3D MDELA 2D/3D MDE

the first-pass of gadolinium contrast using short repetition
times (3-6 ms), a high flip angle (30-60"), T1-w, spatial
resolution varies from 1-2 x 1-2 mm in-plane with 2-4 mm
slices, before interpolation. A single 3D volume requires a

33

LA 2D/3D MDELA 2D/3D MDE 10-20 s breath-hold . Contrast is injected with a dose of
0.1-0.2 mmol/kg at a rate of 4 mL/sec followed by a saline
flush and using a bolus timing scan



ATRIAL FIBRILLATION
ADVANTAGES OF CMR ADVANTAGES OF CMR 
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REGISTRO ITALIANO CMRREGISTRO ITALIANO CMR

Centri Arruolati 38: GENNAIO 2011 – GIUGNO 2011
C t i tti i 36 (all’ 8 3 2011)Centri attivi 36 (all’ 8-3-2011)

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

35Courtesy of Prof. Di Cesare
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PM and CMR: PM and CMR: possiblepossible solutionssolutions
EnRhythm MRI trial

Heart Rhythm 2011
JAMA 2011

Heart Rhythm 2011

 The approval, announced February 8, limits the device’s
i MRI t t i ti t ( t d d d i l t duse 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

37

(Magnetic Field 1.5 T; SAR ≤ 2 W/kg; Slew Rate < 200
T/m/s)
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