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Cardio-RM. Il paradosso di una metodica di riferimento per la 
diagnosi di una cardiopatia potenzialmente mortale ma sostanzialmente 
negata ai cardiologi. 
Rimane ancora un ruolo per gli ultrasuoni nella diagnosi ? 
Come impostare l’esame RM e quali livelli di certezza raggiungiamo ? 
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•  cinesi regionale, volumi, FE, massa VS 
•  STIR, (T2 mapping, T1 mapping) 
•  early enhancement 
•  late gadolinium enhancement  

•  artefatti da tachicardia, respiro 
•  esame lungo (40 min) 
•  no shock, PM 
•  accesso  
•  competenza operatore 

•  Bias di selezione delle miocarditi a basso 
  profilo di rischio 
•  Ridotta utilità nei quadri a rapido deterioramento 
•  Utile nei quadri di difficile inquadramento diagnostico 
•  Significato prognostico del LGE persistente sconosciuto 

  
 
  

RM cardiaca e miocardite: vantaggi e limiti 
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Comparison of values of laboratory and imaging techniques in myocarditis 



ECHOCARDIOGRAPHY AND MYOCARDITIS 

•  LV SEGMENTAL WALL MOTION – VOLUMES- THICKNESS 
•  PERICARDIAL EFFUSION 
•  RV SYSTOLIC FUNCTION 
•  ASSOCIATE CARDIAC DISEASES 

•  BACKSCATTER 
•  TISSUE DOPPLER VELOCITIES 
•  LONGITUDINAL STRAIN DOPPLER  





Relationship between myocardial edema and myocardial mass during the acute and 
convalescent phase of myocarditis Zagrosek et al. J Cardiov Magn Res 2008 





 LATE ENHANCEMENT 



Myocardi)s	
  has	
  been	
  recognized	
   	
  as	
  a	
  precursor	
  of	
  dilated	
  cardiomyopathy	
  in	
  
21	
   %	
   of	
   pa)ents	
   at	
   three	
   years	
   from	
   the	
   presen)ng	
   episode	
   (1),	
   a	
   finding	
  
corroborated	
   by	
   the	
   high prevalence of viral genomes in patients with 
DCM.	
  DCM	
  is	
  currently	
  the	
  most	
  frequent	
  reason	
  for	
  heart	
  transplanta)on	
  (2).	
  
Post-­‐mortem	
  histology	
  iden)fies	
  myocardi)s	
  in	
  8.6%	
  to	
  12%	
  of	
  cases	
  of	
  sudden	
  
death	
   in	
   young	
   adults.	
   The	
   actual	
   incidence	
   and	
   prevalence	
   of	
  myocardi)s	
   is	
  
s)ll	
  unclear	
  and	
  likely	
  to	
  be	
  underes)mated.	
  The	
  ini)al	
  clinical	
  manifesta)on	
  of	
  
myocardi)s	
   ranges	
   from	
   asymptoma)c	
   to	
   presenta)ons	
   with	
   symptoms	
   and	
  
signs	
   of	
   acute	
   myocardial	
   infarc)on	
   escala)ng	
   to	
   cardiogenic	
   shock.	
   Chest	
  
pain,ventricular	
   arrhythmias,	
   and	
   acute	
   or	
   chronic	
   heart	
   failure	
   can	
   occur	
  
during	
  the	
  course	
  of	
  the	
  disease.	
  Hence,	
  the	
  diagnosis	
  of	
  myocardi)s	
  based	
  on	
  
the	
   clinical	
   presenta)on	
   alone	
   is	
   usually	
   not	
   reliable.	
   The	
   conven)onal	
  
diagnos)c	
   tools	
   ECG	
   and	
   echocardiography	
   have	
   a	
   low	
   sensi)vity	
   and	
  
specificity.	
   Pa)ents	
   oNen	
   undergo	
   coronary	
   angiography	
   in	
   order	
   to	
   exclude	
  
coronary	
  artery	
  disease.	
  Cardiovascular	
  magne)c	
  resonance	
  (CMR)	
  imaging	
  has	
  
become	
   a	
   valuable	
   noninvasive	
   imaging	
   tool	
   for	
   diagnosis	
   of	
   both	
   acute	
  
myocardi)s	
   and	
   its	
   chronic	
   sequelae,	
   enabling	
   a	
   reproducible	
   assessment	
   of	
  
disease	
   and	
   guiding	
   pa)ent	
  management.	
   The	
  pathological	
   substrate	
   is	
   acute	
  
inflamma)on	
  with	
  concomitant	
  cardiomyocyte	
  reversible	
  or	
  irreversible	
  injury,	
  
regional	
  vasodila)on	
  leading	
  to	
  increased	
  microvascular	
  permeability	
  increasing	
  
the	
   water	
   content	
   of	
   the	
  myocytes	
   and	
   of	
   the	
   inters))um	
   (oedema)(4).	
   The	
  
ac)va)on	
   of	
   the	
   cytokines	
   ac)vate	
   the	
   transforma)on	
   of	
  myofibroblasts	
   and	
  
the	
   produc)on	
   of	
   collagen	
   fibrils.	
   There	
   is	
   a	
   good	
   diagnos)c	
   conformity	
  
between	
   CMR	
   and	
   endomyocardial	
   biopsy	
   results;	
   hence,	
   in	
   pa)ents	
   with	
  
clinically	
   suspected	
   myocardi)s	
   performing	
   CMR	
   as	
   a	
   primary	
   step	
   seems	
  
reasonable	
   both	
   to	
   diagnose	
   the	
   disease	
   and	
   to	
   stra)fy	
   risk.	
   CMR	
   allows	
   an	
  
accurate	
  assessment	
  of	
  LV	
  global	
  and	
  regional	
  func)on	
  and	
  characterises	
  	
  )ssue	
  
as	
   oedematous,	
   necro)c	
   or	
   fibro)c	
   in	
   a	
   single	
   scan.	
  Most	
   importantly,	
   serial	
  
CMR	
   studies	
   can	
   have	
   an	
   impact	
   on	
   pa)ents’	
   management.	
   The	
   predic)ve	
  
value	
   of	
   CMR	
   derived	
   parameters	
   and	
   their	
   impact	
   on	
   short	
   term	
   outcome	
  
need	
  to	
  be	
  elucidated.	
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BACKGROUND:	
  acute	
  myocardi)s	
  (AM)	
  clinical	
  onset	
  can	
  span	
  from	
  subclinical	
  disease	
  to	
  acute	
  
heart	
  failure	
  (AHF)	
  ventricular	
  fibrilla)on	
  (VF)	
  or	
  sudden	
  cardiac	
  death	
  in	
  young	
  adults.	
  
Myocardi)s	
  may	
  cause	
  arrhythmias	
  both	
  in	
  the	
  acute	
  inflammatory	
  period	
  and	
  in	
  the	
  chronic	
  
phase,	
  as	
  a	
  consequence	
  of	
  electrical	
  remodeling.	
  Aim	
  of	
  the	
  study	
  was	
  to	
  evaluate	
  the	
  
rela)onship	
  between	
  myocardial	
  oedema	
  and	
  late	
  enhancement	
  (LGE)	
  extension	
  and	
  clinical	
  
presen)ng	
  paXerns	
  of	
  acute	
  myocardi)s	
  by	
  means	
  of	
  cardiac	
  magne)c	
  resonance	
  imaging	
  (CMR).	
  	
  
METHODS:	
  Seventy-­‐three	
  consecu)ve	
  pa)ents	
  (pts)	
  referred	
  for	
  suspected	
  myocardi)s	
  from	
  
2007	
  to	
  2010	
  were	
  analyzed.	
  Symptoms,	
  ECG	
  changes,	
  reduced	
  myocardial	
  func)on,	
  elevated	
  
crea)ne	
  kinase,	
  posi)ve	
  troponin	
  T,	
  suggested	
  AM.	
  Coronary	
  artery	
  disease	
  was	
  excluded	
  at	
  
angiography.	
  The	
  diagnosis	
  was	
  confirmed	
  by	
  CMR	
  (Siemens	
  Avanto	
  1.5	
  Tesla)	
  performed	
  within	
  2	
  
weeks	
  aNer	
  the	
  onset	
  of	
  symptoms,	
  according	
  to	
  the	
  presence	
  of	
  signal	
  hyperintensity	
  at	
  STIR	
  
images	
  (edema),	
  associated	
  with	
  concordant	
  LGE	
  (0.1mmol/Kg	
  gadobutrol)	
  at	
  CE-­‐IR	
  images.	
  FU	
  
scan	
  was	
  performed	
  at	
  3	
  months.	
  The	
  areas	
  of	
  enhancement	
  were	
  measured	
  by	
  commercial	
  
soNware	
  and	
  expressed	
  as	
  percentage	
  of	
  the	
  LV	
  mass.	
  Data	
  are	
  x±SD,	
  significant	
  difference	
  
p<0.05.	
  	
  
RESULTS:	
  According	
  to	
  the	
  ini)al	
  clinical	
  picture	
  pts	
  were	
  divided	
  into	
  two	
  groups:	
  group	
  1	
  (G1;n=	
  
62),	
  presen)ng	
  with	
  chest	
  pain;	
  group	
  2	
  (G2;	
  11	
  pts),	
  presen)ng	
  with	
  AHF	
  or	
  VF.	
  Age,	
  LV	
  volumes	
  
and	
  func)onal	
  parameters	
  were	
  similar	
  in	
  the	
  2	
  groups.	
  In	
  G2	
  LVEF	
  was	
  slightly	
  lower.	
  G2	
  showed	
  
a	
  larger	
  percentage	
  of	
  edema	
  33	
  ±	
  23	
  vs	
  9	
  ±	
  7	
  (p<0.0001)	
  and	
  LGE	
  19	
  ±	
  20	
  vs	
  8	
  ±	
  6	
  (p<0.05).	
  In	
  all	
  
pts	
  LVEF	
  was	
  significantly	
  inversely	
  correlated	
  to	
  edema	
  (R=	
  0.49	
  p<0.0001),	
  LGE	
  (R=	
  0.4	
  p=0.001)	
  
and	
  LV	
  mass	
  index	
  (R=0.44	
  p<0.001).	
  At	
  FU	
  LV	
  volumes	
  and	
  func)on	
  did	
  not	
  change,	
  edema	
  (G1	
  
p<0.0001;	
  G2p<0.04)	
  and	
  LGE	
  (G1p<0.002;G2	
  p<0.05)	
  were	
  significantly	
  reduced	
  in	
  both	
  groups.	
  
In	
  G2	
  3	
  pts	
  had	
  refractory	
  ventricular	
  arrhythmias	
  (VT)	
  and	
  an	
  ICD	
  implanted.	
  	
  
CONCLUSIONS:	
  Pts	
  with	
  AM	
  presen)ng	
  with	
  AHF	
  or	
  VF	
  at	
  admission	
  showed	
  significantly	
  larger	
  
percentage	
  of	
  edema	
  and	
  LGE	
  directly	
  correlated	
  to	
  contrac)le	
  dysfunc)on,	
  these	
  features	
  might	
  
help	
  to	
  iden)fy	
  higher-­‐risk	
  pts	
  such	
  as	
  those	
  with	
  unstable	
  VT	
  	
  

	
  

Seventy-­‐three	
   consecu)ve	
   pa)ents	
   (pts)	
   referred	
   for	
   suspected	
   myocardi)s	
  
from	
  2007	
   to	
  2010	
  were	
  analyzed	
   in	
  a	
   retrospec)ve	
  manner.	
  Symptoms,	
  ECG	
  
changes,	
   myocardial	
   func)on,	
   elevated	
   crea)ne	
   kinase,	
   posi)ve	
   troponin	
   T,	
  
suggested	
   AM.	
   Coronary	
   artery	
   disease	
   was	
   excluded	
   at	
   angiography	
   in	
   all	
  
pa)ents.	
   The	
   diagnosis	
   was	
   confirmed	
   by	
   CMR	
   (Siemens	
   Avanto	
   1.5	
   Tesla)	
  
performed	
   within	
   2	
   weeks	
   aNer	
   the	
   onset	
   of	
   symptoms,	
   according	
   to	
   the	
  
presence	
   of	
   signal	
   hyperintensity	
   at	
   STIR	
   images	
   (oedema),	
   associated	
   with	
  
concordant	
   LGE	
   (0.1mmol/Kg	
   gadobutrol)	
   at	
   CE-­‐IR	
   images.	
   FU	
   scan	
   was	
  
performed	
   at	
   3	
   months.	
   Ac)ve	
   inflamma)on/oedema	
   was	
   defined	
   as	
   an	
  
increase	
  of	
  signal	
  intensity	
  in	
  STIR	
  images	
  in	
  the	
  myocardium	
  related	
  to	
  that	
  in	
  
the	
  skeletal	
  muscle.	
  It	
  was	
  calculated	
  as	
  T2	
  ra)o,	
  with	
  a	
  cutoff	
  >	
  2.	
  The	
  areas	
  of	
  
enhancement	
   were	
   measured	
   by	
   commercial	
   soNware	
   and	
   expressed	
   as	
  
percentage	
  of	
  the	
  LV	
  mass.	
  Data	
  are	
  x±SD,	
  significant	
  difference	
  p<0.05.	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Aim	
  of	
  the	
  study	
  was	
  to	
  evaluate	
  the	
  rela)onship	
  between	
  
myocardial	
  oedema	
  (STIR)	
  and	
  late	
  enhancement	
  (LGE)	
  extension	
  
and	
  clinical	
  presen)ng	
  paXerns	
  of	
  acute	
  myocardi)s	
  by	
  means	
  of	
  
cardiac	
  magne)c	
  resonance	
  imaging	
  derived	
  parameters(CMR).	
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Materials	
  &	
  Methods	
  

First MRI scan Group 1 
N=62 

Group 2 
N=11 

P-value 

Age 31±11 40± 0.019 
Gender 9♀ (15%) 4♀ (36%) 0.18 

LVEDV/BSA 76±15 72±17 0.44 
LVESV/BSA 28±10 30±12 0.50 

LVEF 64±8 58±14 0.06 
LVMI 78±18 88±24 0.11 

Arrhythmia 1/62(0.01%) 4/11(36%) 0.0002 
ACE inhibitors 43/62 4/11 ns 
β-blockers 9/62 1/11 ns 
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The	
  extension	
  of	
  the	
  area	
  of	
  oedema	
  and	
  LG	
  enhancement	
  was	
  significantly	
  Larger	
  in	
  Group	
  
2.	
  In	
  both	
  groups	
  there	
  was	
  a	
  significant	
  reduc)on	
  aNer	
  3	
  months.	
  *	
  P<	
  0.005	
  vs	
  Baseline	
  §	
  
P<0.05	
  vs	
  Baseline	
  

Acu
te	
  

3	
  months	
  
aNer	
  

R e p r e s e n t a ) v e 	
   L a t e	
  
Gadol inium	
   Enhancement	
  
(LGE)	
   of	
   a	
   pa)ent	
   in	
   Group	
   2	
  
(BG)	
   in	
  the	
  acute	
  phase	
  and	
  at	
  
Follow	
   Up.	
   There	
   is	
   diffuse	
  
myocardial	
  enhance	
  
ment	
  sparing	
  only	
  a	
  subendo	
  
cardial	
   rim	
   (red	
   arrows).	
   LV	
  
func)on	
   is	
   severely	
   impaired	
  
EF	
   24%.	
   At	
   FU	
   focal	
   patchy	
  
areas	
   of	
   LGE	
   are	
   detectable	
  
with	
   concomitant	
   recovery	
   of	
  
func)on	
  EF	
  58%.	
  

STIR	
   images	
   T2	
   ra)o	
   3.5	
   acute	
  
and	
  1.7	
  at	
  FU	
  

Representa)ve	
  Late	
  Gadolinium	
  Enhancement	
  (LGE)	
  top	
  panels	
  of	
  a	
  pa)ent	
  in	
  
Group	
  1(GR)	
  in	
  the	
  acute	
  phase	
  and	
  at	
  Follow	
  Up.	
  There	
  is	
  subepicardial	
  enhance	
  
ment	
  (red	
  arrows)	
  in	
  the	
  lateral	
  wall	
  from	
  base	
  to	
  apex.	
  Acute	
  inflamma)on/oedema	
  
is	
  present	
  in	
  the	
  same	
  regions	
  on	
  STIR	
  images	
  (yellow	
  arrows)	
  T2	
  ra)o.	
  Normal	
  	
  
LV	
  func)on:EF	
  66%.	
  At	
  FU	
  a	
  subepicardial	
  rim	
  of	
  LGE	
  is	
  s)ll	
  detectable	
  at	
  the	
  apex	
  
and	
  in	
  the	
  lateral	
  wall.	
  Absence	
  of	
  ac)ve	
  inflamma)on	
  on	
  STIR	
  images	
  T2	
  ra)o	
  ;EF	
  75%.	
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y	
  	
  =	
  	
  135.3791	
  	
  +	
  	
  -­‐3.6814	
  	
  x	
  	
  +	
  	
  0.02683	
  x2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  P<0.001	
  

y	
  	
  =	
  	
  116.8716	
  	
  +	
  	
  -­‐3.4518	
  	
  x	
  	
  +	
  	
  0.02714	
  	
  	
  x2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  P<0.001	
  

y	
  	
  =	
  	
  166.4003	
  	
  +	
  	
  -­‐2.0230	
  	
  x	
  	
  +	
  	
  0.009930	
  	
  	
  x2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  P<0.001	
  

The	
  amount	
  of	
  oedema,	
  LGE	
  and	
  LV	
  Mass	
  index	
  are	
  	
  significantly	
  inversely	
  
	
  correlated	
  with	
  global	
  systolic	
  func)on	
  (EF).	
  The	
  correla)on	
  is	
  non	
  linear	
  as	
  	
  
only	
  a	
  few	
  cases	
  showed	
  a	
  severely	
  depressed	
  systolic	
  func)on.	
  In	
  those	
  cases	
  
(see	
  	
  example	
  on	
  the	
  leN)	
  LV	
  func)on	
  at	
  3	
  months	
  was	
  normalised.	
  In	
  Group	
  2	
  	
  
3/11(27%)	
  pa)ents	
  had	
  life	
  threatening	
  arrhythmias,	
  one	
  ICD	
  was	
  implanted.	
  

•  In	
  a	
  popula)on	
  of	
  pa)ents	
  suffering	
  from	
  acute	
  myocardi)s	
  clinical	
  presenta)on	
  with	
  arrhythmias	
  
or	
  acute	
  HF	
  has	
  corresponding	
  more	
  severe	
  CMR	
  features	
  of	
  oedema	
  and	
  non-­‐ischemic	
  paXern	
  
fibrosis.	
  	
  

	
  
•  Global	
  ventricular	
  contrac)lity	
  in	
  the	
  acute	
  phase	
  	
  is	
  dependent	
  on	
  the	
  amount	
  of	
  oedema,	
  LGE	
  
and	
  LV	
  mass.	
  

	
  
•  	
  CMRI	
  features	
  of	
  acute	
  myocardi)s	
  add	
  short	
  term	
  prognos)c	
  value	
  to	
  the	
  ini)al	
  clinical	
  
presenta)on.	
  

	
  
•  Limita)ons	
  of	
  this	
  study:	
  the	
  independent	
  predic)ve	
  value	
  of	
  CMR	
  derived	
  parameters	
  will	
  have	
  to	
  
be	
  tested	
  systema)cally	
  in	
  larger	
  popula)on	
  longitudinal	
  studies.	
  	
  

According	
  to	
  ini)al	
  clinical	
  picture	
  pts	
  were	
  divided	
  into	
  two	
  groups:	
  group	
  1	
  presen)ng	
  with	
  chest	
  
pain;	
  group	
  2	
  presen)ng	
  with	
  Acute	
  Heart	
  Failure	
  or	
  Ventricular	
  Fibrilla)on.	
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First MRI scan Group 1 
N=62 

Group 2 
N=11 

P-value 

Age 31±11 40± 0.019 
Gender 9♀ (15%) 4♀ (36%) 0.18 

LVEDV/BSA 76±15 72±17 0.44 
LVESV/BSA 28±10 30±12 0.50 

LVEF 64±8 58±14 0.06 
LVMI 78±18 88±24 0.11 

Arrhythmia 1/62(0.01%) 4/11(36%) 0.0002 
ACE inhibitors 43/62 4/11 ns 
β-blockers 9/62 1/11 ns 
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ACUTE MYOCARDITIS: 
PATTERN A 



ACUTE MYOCARDITIS: 
PATTERN A  

DIFFUSE DELAY ENHANCEMENT 



STIR DELAY-ENHANCEMENT 

A A 

F F 

PATTERN B 



…Caro Roghi, potresti vedere la RM cardiaca fatta qui da noi di questo ragazzo 
ricoverato ieri sera per dolore toracico, ST sopralivellato e movimento di troponina ? 
Il Radiologo propende per amiloidosi cardiaca… 
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Miocardite acuta e shock cardiogeno: 
 
•  ECO : frequente l’evidenza di funzione sistolica conservata 
con evidenza di incremento degli spessori e lieve ipocinesi  
 
•  ECG sopralivellato diagnostico ma non specifico di gravità 

•  Troponina: temere l’evoluzione rapida nei casi di imponente 
dismissione (>1000 ng/ml) 
 
•  Parametri vitali: frequentemente a lungo conservati nei pz 
giovani, rapido deterioramento (< 6 h) 
 
•  RM cardiaca: raramente utile nei casi più gravi, utile nell’inquadramento 
eziologico dei pazienti sopravvissuti allo shock 
  











Evidence of immunoreactive signal (brown staining) for 
IL-17, TNF but not for IL6 cytokine 



CMR and aethiology orientation in acute myocarditis 

SARCOID        PHEO         MYOCARDITIS            HCMO                      ARVC    

PHENOCOPIES 



CONCLUSIONI 1. 

Ø L’eco  è la metodica di imaging prima scelta nella miocardite per accessibilita’ e costo 

Ø Nonostante la limitata accuratezza diagnostica, l’ECO e’ in grado di individuare i  
    pazienti piu’ gravi da avviare a BE e trattamenti aggressivi (miocardite fulminante) 
 
Ø La differenziazione tissutale con tecniche ultrasonore e’ ancora sperimentale e in 
    attesa di una validazione clinica robusta   
 



Ø la RM cardiaca rappresenta lo standard diagnostico non invasivo in grado 
   di confermare  il sospetto diagnostico di miocardite 
 
Ø  la possibilita’ di evidenziare edema/flogosi e fibrosi miocardica consente 
    una accurata valutazione del quadro clinico e del timing della malattia 
 
Ø  il significato prognostico dei due pattern identificabili con RM in fase acuta 
    e’ ancora indefinito 
 
Ø Il significato prognostico della fibrosi miocardica residua e’ ancora indefinito 

Ø L’integrazione dei dati di imaging, di amplificazione virale, di tipizzazione 
   immunoistochimica ed istologica consentirà una accurata valutazione eziologica e  
   prognostica  

CONCLUSIONI 2. 


