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Ab.ttrct
Brckgro rd: CMR and LGE MR iira8ing is now be€i incr€asing ured in diagnosis of various cnrdiac alis€ases aral the charac.€rirltion of
difreral psttxrns_of scarriog / fibroEis of myocardid rissrE Diffeftnr spedrum ofiohmcerneot cao be *en in riany prthophysiotogic cotrditionsird&iir8 ir.hemic rd lon-ird€rni. c.u5€& M..LdG Lrt€ 8ado*iniurlr rrrrerrttoxnt t'&I ryrs F.rfornd in 23 piti*r i" ii.der*p;r:-
?0 y€ars ( mean ag€ group of 42 ) and the patterfls ofmyoerdia.l delayed enhancthent lrras lrztyzed in th" y-' io:o -:ozt. n.ioia: u out of
28 (50ro) Patietrts dernonsra(€d late gadohuium erllncemeot. 3 oiri 14 (l L4 ,6) cases w€rc dre ro isclrcsic causer and i i cases t 79.6%) due to
non ilchcfric causcs. ConclE lon: lmaging of myocardial disorders encompasses a ]arg€ variety of conditions including borh ischemic and
nonischemic discascs. cardiac MxI sequmccs like t-cI play a crilical rolc in establishing diagnosis, dcrcrmining prognosis, and guiding
thcapordc managcmcnt Categori?rtidr of ahrtrmal delayed myocardtal cntanc€mcm accgding to lacation (jubendocardiat, runo*ltf,
sbcPicardial, or mesoQrdial) allows difi-erEniiation b€twe€n ischemic {infa'ct{elBred) and nonis;hemic cardionyoparhies an4 in cascc or'
nonischcmic cardionryoFthy, narrEring ofrh. diflirrEdia' diagnosis

trhdc.mr ]$hfri. / n6 ithdic Sc,finr / tirftrd( or
This is an Opcn Acccs6 aniclc r-llat uses a furding modet do.s not charg€ rcad!.s oI then inslitutions ibr aoccss and disributcd und€r th.
l&'nl:; ol tl]. Crcativc ComlrouE ,\tuib doB Liccnsc (http/$cadycco&mons-org,4iccnscs4ryH.0) asd r.\c Budagcsr Opcn ,\cc.ss Iniaiati!.

butpGiopnacc€ssiuitiatiye.orgtadr, which pcrmi. uBcs.rictcd usc, distributioa, and rcFodrcrion in any mcdiun, pro\idcd

Io&oduclioa
Ddaltd CM imlgiag traditiooalty for thc c\tllrariod of isctEBic
h..rt dircrle with rcspeu io inftr.iiotr ad viabilly ;r6scssmclt ba!
bcen d€scribcd .Hoir,cvcr, i(s incrcasingly beiog us6d in cvaluariotr of
nonischcmic cardiomyoqrrhies as wclt. A myriad of c{tlrcs ciist
i!.]&Ii!X -+"io-. inf{sin.rMy proc€ss€a. i.o!.!&srivr Focrj.ds
$rh as sercoiahiis anl amyloidosis and is{hemic h€art
diseas. Delay€d cont&st€$slced cardiac MR iEaSirg can assisl i!
iich.mic ftom nonirch€mic caus€x, thu* narroqine rh6 difaerertial
dhgnosis on th. brsi s of rErious snhanceficnt patrrnsl I ].
lschemic myocardium usually shows delayed rirte to peak
dhlncement , also lower maxirral peat arhancemert wfren cornpared
!o nornBl mygcardium. Myocardial scar shows iDcr.a5ed
alcumulario( of co(kast ag€nr along wth dclayed waihout ovfr time,
thit manifkts as abnormal rnyoc{dial contrast €nhincemattl2].
Cardiac MRI has .m6gcd as an imagins modality that allows prEcisc
a$.:5tncnt of vcntriallar tiuction and comprehcnsiv€ tissuc
dDractcriz iod id a singlc examimrion wirhour the usc of ionizing
radiarion.

M€tho&
Stud) popul.iion
Our study hcluded 28 patient5 who urs rei6r6d to ouf departmcnt of
Radiodiagnosis 6r erdiac MRI {orkup witt r:rior: cardiac
coodilioos Aom 2020 Io 2021 . Mcan ag€ grurp was 42 y.ar!
()ln ol2E pstierts, 9 pati€ms ltr,ere rDale atrd l9 werE fe]nat€-

CMR tmlgltg .cqaiddor
Curdiac n&J \.zc ptrfdalti usiss 1.5 T MBI machi.! (CiE
herllhcare 1.5 T HDrt- fiD 28). Routiu. d.dica&d CMR protocot
@tsirts of Tl, T2, Cinc, doublc IR , kiplc IR , perfir.ion aod lar.
EEdolinium cnhlncem.at s.qualc€s. Cjn iEogcr *,Grc acquir€d usin8
t!€ &r i.Ea{i[g \f;r! ecady s8re f1's pflxE sim iD caalia4 dfit
axis aDd stafllad lon8 6xis views.
I:re gadolinium e.Larc*telt was acquted !ft$ adair sEadon of
l0 ml ofintravenour gadovi{ (gadoburrol). lnaging ir aner I mimrcs
aff€r &dminislration of corrrast agEDr by u$ng $. followiru
patamskis as listed below

DercriptioD
TyIE of acquisition

Timing of 8 rrinutes ai6 conFast a&ninisation

Rep€tition tirn€
Echo time 1.5 msec
Flip anqle 25 alegrces

Matrix 192 \ 192
8

0
X50 (aCju5t€d .o suppress nonDal

,:1yccardiu5r)
Im3gilA planes Shon axiE ,4 CH ,nd I CH viclr'E

aBd 1l caE! (79.60l") d$c to non
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Results
All dahs€ts wirh LGE was reviewod and thc Orpe of pattern ard
ext€nd of d€lBy€d enhancemt'tr *as d€scrib€d Le{t venrrio ar LGE
wl{ rliscribed accffding l.o the I 7 -&grnent mod€I.
14 out of 28 (62 %) paticnls demonstrat d latc gsdolinium
rn hsncehrnt I out' I 4 (2I ,l g,o) Carnr wlia r-lre 1(l isrhamie csu r._.s
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T-vDt of rnhenecimctrt No. uf Eeticn&i
Epicardial I

Endocardial I
Subendocardial 5

SubEoicardial 3

Transmural 3
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Parrns of delayed enhancement observed were subendocardial,
endocardial, subepicardial, epiwdial and transmural. Few patients
showed mre ttan ooe type ofdelayed enh"ncemenrthe perceoage of

viability of the myocardial tissre. Similarly the fikotic burden of
myocardial tissue was also calculated in certaio non ischemic
etiologies.

involment was estimated in ischemic causes which the

Among the Non ischcmic group causes firr LGE were the

Caces

Case I - Subendocardel lnfercdotr ln :r 40ycer-old patlent who prescntcd wlth chest prlL Delayed contrast-enheuced short-rtts , 3 CH
end { CH cerdhc MR imeges obtrlncd show suhendocerdlal enhencement In the lnferoseptel and mld lnferlor scgmett-( of left hatrel

ventrlcle iR RCA tcrrltory .Perfurlon dcfect wes rlro noted, ferturps wgrr sugigefdve ofnon irtnstnurd lnfl}cL

Crsc 2 -Young 34 yesr-old prtlcnt wlth HOCM ( asymmetrlcal septal hypcrtrophy typ€). Dchyed contnat{nhrnced short-arb ead 4 CH
cerrtlec MR lmeger ohtdned show Petchv near trrnsmural lrte gerlollnlum anh|ncemenl seen ln the hypertrophled *ptrl wrn

prcdoErlDrDtly h right ventrlculrr insertlon sller at entero*ptd rn{ lnferoreptel wdlr berel and mld rBglonr. Flhrotlc burd*n wer
epproxlmetely 5.07 7o of LV myocardial mass.
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Cause ofLGf, No. ofDadents
HOCM l

Sarcoidosis 2

Amvloidosis 1

Myocarditis 2

Endocarditis I

Noo spccilic 1
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Cese 3 - 57 yeer otd padent with rheumotoid arthritis Delayed contrrst{trhuced 3 CH and short axis cardiac MR images obteined ehow

Subepicrrdial dehycd enhencement in mid and mid irferior rvall of left vcntriclc - rcprcsent Myocerditis.

cese 4-cerdiae sarcoldosis in a 46 -yerr-old women wlth pulmonary sercoidosis Delayed
cerdiec MR imeges show

No tcrritorial dc*aycd ohaoccm:at nocd in LV myocardi*tm-

,3 CH md4 CHcontrast-enhanced
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Basal level - Transmural enhancement noted in septal uall, oear trznsmrnal enhancement iu inferolateral crall. Mid czvity level - Tralsmural
dhrn.ement noted in anteroseptal wall, near transmural eohalcemeot in anterior, anterolateral wall, srbepicardial enhancement inferior and
infsolateral wa[.c mid myocardial enhancement noted in laterat rvall. F.nh,ncement also notod in RV insertioo point. Apiel level -
srbepicardial enhancement noted in septal wall. Transmural erhrncem€at is seelr invoh'ing all walls near apical region

Crc 5 - Cardtrc amy-loHoc{c ln a 62 yerr"old women .l)c{eyed cortret+ahaoced rhort-erls , 'l Cff rnd 3 Cff cerdlac MR lmrgcr
rhow [,eft ventriculrr wall transmural cnhancement noted ln besal cavity lcvcls ln lnferoleteral end infcroseptal wells.

Dlffose subendocardlal enhancement noted in bxrl, mldce$t] and rplcal rnte#or *zll.
Pltchy e nhanccm$t prcdoidnlntly lrwotslng lubcndocrrdlql surfrcca of bo1'ft vcntrlclcs llong lntcn'cnficular scptum.Thrre ls lbo

erhapcphfhl of bieltletwells, in er{rial ref.{h

Iliscussion
Prtternc of dcleyed enhmccment
Myocardium cahancement can be divided into srbendocardial,
subcpicardial, endocardial,epicardial, mid wall and transmural.
I.schemie cardiomyoparhies terd h involve in a vascular distrihution
ard nmischemic caused delayed erhaneement in more than one
vasc[lar territory

Eahuc-cnat in bchqnie erurt*
Myocardial inlarction is related to loss of integrity of cellulr
me.o.braoes of myocardrum, m;rocardral necrosis and oicrovascular-
obstrucuoa. Firs pass perfusion rnay demonstate lack of
cnhanccmcnt at sitc of microvascular obstruction- Delayed LGE MR
oay show eith€f zub€ndocardial or transmuml pattern of enhmcement
il vascular tcritcry irvolved. If infact is transmural and chrodc,
myocardial thianing may be observed[3].

Enhancement in non ischemic causes
Myocarditis
Myocarditis is inllarmitioo of myocrrdial mrcles. presence of lbcal
LGE in non corora4/ distribution ftequently in the latcral wall along
with wall morion abntrrmalities in correct clinical setting crrrrelaes
with myocarditis. Subrpicardial qrhancement is typioally xen iu
majority of cases, although focal transmurat has also been reported
.Differentiation ftom infarction is casily madc as predominan6
enhanccmcnt in myuzrtlitis is sr@iurdial .

Signal intensity in arers ofdclaycd LGE seen io myocarditis is olten
much lower when cor4pared to that seen in myocardial
infarction[ 1,3].
In a mrdy by Mabrholdt et al, contrast eohancement was nevcr see[ to
orisinate from the subendocardium, a patt€rn that is orherwise tygicnl
for myocardial infarcrion[4].
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Srrcoidoris
Cardiac sarcoidosis is an infrltrative multisysemic erdiomyopathy.
ln acute sarcoidosis focal aras of T2 high signat iotensiry en be
noted LGE. Most common pattern of LGE is midmyocardial or
subcpicardial cnlanccmcnt involving latcral and scptal basal
srzmctrts attfiorgh patterns like transmural and subeildocardial are
also dcscribcd, hcscnce of LGE is a risk faqor for arrytlrmia and
adver$c crrdiao cvunts[S].
In a sorrly by Shicne& c{ al , cigh of I 6 paticnts with sarcoidocis and
su$pcdcd cerdiac iavolvernent dcrnmstatod gadoliniura
erharccmert of thc mymrdium. Endomyocardial biqsies of all
eight paticnts with MR imaging abnormalities were positive[6].

AE!'loido'Blr
it is characterised by dcposition ofamyloid. Accumulation ofvarious
proeios in fibrillar amyloid con{iguration in myuzrdial intcr*itium
lsrds to diastolic dyrfuoction rnd rcsrrictive cardiomyopathy. LGE
tygically shows global zubendocardial cnhancement usually in a
circumftrsilial manncr starting ftom endocardium- Null point of
myrerdium is reachcd beforc blood pool is nullerl thereby TI of
Eyoqrdiuru is shoner tlrnn blood thcrefore TI is adusted
accrdiagly[2].

Hypcrcorlnophlllc ryndrome
Also kno*n ss Locfflas cndocarditis is a rare emity that results in
oosinophil mcdiated damage of subendocardium, necrosis ,

thrombosis and late sage fibnosis of endomyocardial surface ofboth
rigk ard lcff vcntriclcs. At LGE intense enhEno€mcni of
subendocarium that is not limited to vascular di$ritution is ob*rved
due to nccrosis and fibrosis ot ceils in that region.thrombus ibrmarisr
can rcsult in areas ofstasis and apices[l ].

Hypcrtrophlc cerdiomyoprthy
It is caused by mulation of genes encoding con ponents of sarcome(e.
principal component of which is collagen. Dclayed enhanccmcnt is
m6t commdly mcsocardial with a linear and patchy pattern ofta
obscrvcd in the inrcrvenuicular septln- Eithcr diffirsc or focal
Ityprrtrophiu chmgcs is ubsrxvurl anrl rcs&ictcil diastlliu frlling of luft
vcntriclc.
Additiooal rbnr:rmditics associrtcd with HOCM iaclude syslolic
uttriur mution of nitral valvc tbat rcsilts in lcft vcntrirtlar rmtlluqr
tea obetruction[t].
The LGE of tbc fbrcic myocardiuo iavolvbg mqe thn 157.
indicatcs that the patienl Eay bcnefit from Implantable cardiac
deliibillator placement Iqlanrable cardiac defikillators are efrective
in trrmination of malignant ventricular anlSnhmias in this group[7].

Dlleted cerrilomyoprthy
It can be idiopethic or secoodary 1o other disea:es including
myocarditis, prqfnency fluchenne o Becker murcular dystrophies ,

Hatlmarks of the pathologic process include left venriqrlar end

diestolic diamacr morc tlnn 55mm and decreascd cjcction tiaction.
l.GE pauaas typicalty demonsatcs a Fatcfy longiurdinat mid-wall
patern and usually withort zubeudocardial involvement

Arriythuogenic right ventricular cerdiomyopathy
CMR findings of this condition includcs rigfrt vcntricular dilatation"
hypcnrophy, rcgiooal wlll thinning and aneurysms. It can lcad to
ventrictlor uchycardia, also srddcn death. Fatty and fibro-fatty
vurianrs cxist. On LGE MR imaging Gan d€monstrate diffuse or

Confllct of Interest: Nil Source of support: Nil

s(Umenbl replaccmcnt of myocardium in the right ventriqrlar free
vr.llt2l.

Concluslon
L{yocardial dclaycd c"h,'ccmcnt is valuablc tool in thc diaenosis of
fibrosis, scar or nonviable rryowdiunr, Cadiac MRI sequences such
as balanoed steady-stEts ltoe precession and late gdolinium
enhanccmunt play a siiiel rolc in cstablishing diagnosis, darrmining
prognosis, aM guidiog thcrNpculic rnanagcrncnt.llowcrrcr, dclaycd
rrSaocardial cmlanccrnesrt is nd specilic l'r rrryocardial inhrctis rnd
can bc scen in rnany other cardiac pathologic conditions and aller
cardiac intcrventions, Therelixe, clinical hisory is critical in t}c
evaluation ofmvocardial delaycd enhanccrnent cardiac MR imagcs.
Tlrcrc is ern.rging evidenoo fr tho usc of mapping in imagiry of
myocardial diseasc. Multiple otlrcr new t€chniqucs afc currcntly
bcing sadicd These novel techaiqucs will likely duogc the way
myocardial disordcrg arc undcrstrxrd and diagnmcd in thc ncrr futurc.

Study limitrtion
Lim.ited numbtr of cases studisd-
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