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AbVWUacW

DeVmin‐UelaWed m\oSaWh\ (DRM) iV a UaUe heUiWable caUdiac and VkeleWal mXVcle diVeaVe caXVed b\
mXWaWionV in Whe deVmin gene (DES). DRM iV geneUall\ chaUacWeUi]ed b\ VkeleWal mXVcle ZeakneVV,
condXcWion diVWXUbance, and dilaWed caUdiom\oSaWh\. HoZeYeU, Whe clinical caUdiac ShenoW\SeV of DRM
aUe noW \eW fXll\ XndeUVWood. HeUein, Ze UeSoUW Whe fiUVW caVe of DRM ZiWh Whe de noYo miVVenVe DES
mXWaWion, R454W, WhaW iV chaUacWeUi]ed b\ lefW YenWUicXlaU non‐comSacWion caUdiom\oSaWh\, SUogUeVViYe
caUdiac condXcWion defecW, VSonWaneoXV coUonaU\ aUWeU\ diVVecWion, and no VkeleWal mXVcle ZeakneVV.

TU\ RXW PMC LabV and Well XV ZhaW \RX Whink. LeaUn MRUe.
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OXU caVe findingV VXggeVW WhaW clinicianV VhoXld geneWicall\ WeVW SaWienWV Zho haYe caUdiom\oSaWh\,
SUogUeVViYe caUdiac condXcWion defecW, and coUonaU\ aUWeU\ diVVecWion, eYen if Whe SaWienW haV neiWheU
famil\ hiVWoU\ of DRM noU VkeleWal mXVcle V\mSWomV.

Ke\Zords: CaUdiom\oSaWh\, coUonaU\ aUWeU\ diVVecWion, heaUW failXUe

1.௑IQWURdXcWLRQ

DeVmin iV Whe main comSonenW of inWeUmediaWe filamenW SUoWein e[SUeVVed in VkeleWal, caUdiac, and
VmooWh mXVcle.  DeVmin‐UelaWed m\oSaWh\ (DRM) iV a UaUe heUiWable caUdiac and VkeleWal mXVcle
diVeaVe caXVed b\ mXWaWionV in Whe deVmin gene (DES).  DRM iV W\Sicall\ chaUacWeUi]ed b\ VkeleWal
mXVcle ZeakneVV, condXcWion diVWXUbance, and dilaWed caUdiom\oSaWh\ (DCM) , ; hoZeYeU, Whe
clinical caUdiac ShenoW\SeV of DRM aUe noW \eW fXll\ XndeUVWood. HeUein, Ze SUeVenW an indiYidXal caVe
of lefW YenWUicXlaU non‐comSacWion caUdiom\oSaWh\ (LVNC), SUogUeVViYe caUdiac condXcWion defecW,
and VSonWaneoXV coUonaU\ aUWeU\ diVVecWion (SCAD) aVVociaWed ZiWh a de noYo miVVenVe mXWaWion of
Whe DES, R454W.

2.௑CaVe UeSRUW

A SUeYioXVl\ healWh\ JaSaneVe 6‐\eaU‐old female ZaV UefeUUed Wo oXU hoVSiWal foU lefW‐a[iV deYiaWion of
elecWUocaUdiogUam b\ Vchool heaUW VcUeening. DXUing folloZ‐XS, Vhe deYeloSed V\mSWomaWic comSleWe
aWUioYenWUicXlaU block, and Vhe XndeUZenW imSlanWaWion of SeUmanenW dXal‐chambeU SacemakeU Zhen
Vhe ZaV 11 \eaUV old (FigXUe 1). AWUial flXWWeU (common W\Se) occXUUed 3 \eaUV laWeU, and Vo caWheWeU
ablaWion ZaV SeUfoUmed. The coUonaU\ angiogUaSh\ VhoZed noUmal coUonaU\ aUWeUieV, and Whe lefW
YenWUicXlogUam VhoZed noUmal lefW YenWUicXlaU Zall moWion.
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FLJXUH 1

EOHcWURcaUdLRJUaP cKaQJHV. EOHcWURcaUdLRJUaP aW 11 \HaUV ROd dHPRQVWUaWHV aWULRYHQWULcXOaU bORcN.

AW 17 \eaUV old, Whe SaWienW e[SeUienced VeYeUal monWhV of SUogUeVViYe d\VSnoea. TUanVWhoUacic
echocaUdiogUaSh\ UeYealed a dilaWed lefW YenWUicle (LV) and UedXced LV Zall moWion ZiWh an LV
ejecWion fUacWion of 36%. ColoXU DoSSleU VhoZed blood floZing ZiWhin Whe deeS inWeUWUabecXlaU
UeceVVeV of Whe SUominenW WUabecXlaU meVhZoUk of Whe LV aSe[. FigXUe 2 VhoZV Whe incUeaVed non‐
comSacWed (NC) endom\ocaUdial la\eU deSWh comSaUed ZiWh Whe comSacWed eSicaUdial (C) la\eU (NC/C
UaWio aW end‐V\VWole >2.0) aW Whe aSe[. BaVed on WheVe findingV and SUeYioXVl\ UeSoUWed diagnoVWic
cUiWeUia,  Whe SaWienW ZaV diagnoVed ZiWh LVNC and WUeaWed ZiWh caUYedilol 1.25 mg/da\, enalaSUil
2.5 mg/da\, fXUoVemide 20 mg/da\, and VSiUonolacWone 25 mg/da\.

FLJXUH 2

TUaQVWKRUacLc HcKRcaUdLRJUaP VKRZV SURPLQHQW WUabHcXOaWLRQ ZLWK dHHS LQWHUWUabHcXOaU UHcHVVHV RQ WKH
OaWHUaO aQd aQWHULRU aSLcaO ZaOOV. (A) TKH LPaJH VKRZV WKH HQd‐dLaVWROLc aSLcaO VKRUW‐a[LV YLHZ. (B) TKH
LPaJH VKRZV WKH HQd‐V\VWROLc aSLcaO VKRUW‐a[LV YLHZ. (C) CRORXU DRSSOHU LPaJH VKRZV bORRd IORZ LQ WKH
UHcHVV bHWZHHQ WUabHcXOaH. C, cRPSacWHd HSLcaUdLaO Oa\HU; NC, QRQ‐cRPSacWHd HQdRP\RcaUdLaO Oa\HU.
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AW 20 \eaUV old, Whe SaWienW ZaV admiWWed Wo oXU hoVSiWal ZiWh cheVW Sain. She ZaV haemod\namicall\
VWable ZiWh no abnoUmal findingV XSon Sh\Vical e[aminaWion. The elecWUocaUdiogUam VhoZed no
VignificanW changeV. Blood WeVWV UeYealed eleYaWed cUeaWine kinaVe leYelV (987 U/L) and WUoSonin I leYelV
(38.7 ng/mL, noUmal Uange 0.0±0.1 ng/mL). BecaXVe Whe SaWienW'V V\mSWomV SeUViVWed, Vhe XndeUZenW
coUonaU\ angiogUaSh\, Zhich UeYealed 99% VWenoViV ZiWh defecWiYe conWUaVW filling in Whe middle lefW
anWeUioU deVcending aUWeU\ (LAD). InWUaYaVcXlaU XlWUaVoXnd UeYealed a conWinXiW\ diVUXSWion in Whe
inWeUnal elaVWic lamia aUoXnd Whe leVion of middle LAD ZiWh WhUombXV and locali]ed diVVecWion ZiWh
falVe lXmen and inWUamXUal hemaWoma in Whe lefW main WUXnk (LMT) (FigXUe 3). ThXV, Ze diagnoVed Whe
SaWienW ZiWh SCAD.

FLJXUH 3

(A) CRURQaU\ aQJLRJUaP VKRZV WKH OHVLRQ LQ WKH PLddOH RI WKH OHIW aQWHULRU dHVcHQdLQJ cRURQaU\ aUWHU\
(ZKLWH aUURZ). (B) IQWUaYaVcXOaU XOWUaVRXQd LPaJH VKRZV WKH dLVVHcWLRQ ZLWK IaOVH OXPHQ LQ WKH OHIW PaLQ
WUXQN ZLWK a KaHPaWRPa (\HOORZ aUURZV). (C) IQWUaYaVcXOaU XOWUaVRXQd LPaJH VKRZV WKH LQWUaPXUaO
WKURPbXV aQd KaHPaWRPa LQ WKH PLddOH RI WKH OHIW aQWHULRU dHVcHQdLQJ cRURQaU\ aUWHU\ (\HOORZ aUURZV).
FL, IaOVH OXPHQ; TL, WUXH OXPHQ.

AfWeU Whe inWUaYaVcXlaU XlWUaVoXnd imaging ZaV SeUfoUmed, Whe SaWienW'V coUonaU\ blood floZ UaSidl\
decUeaVed fUom GUade 2 Wo GUade 0 on Whe ThUombol\ViV in M\ocaUdial InfaUcWion TUial Vcale; Whe
SaWienW ZenW inWo caUdiac Vhock. We inVeUWed an inWUa‐aoUWic balloon SXmS and SUoceeded ZiWh
SeUcXWaneoXV coUonaU\ inWeUYenWion Wo LAD and LMT. AfWeU caXWioXV ZiUing and confiUmaWion of Whe
gXideZiUe SlacemenW in Whe WUXe lXmen ZiWh VelecWiYe coUonaU\ conWUaVW injecWion, Ze deSlo\ed a
4.0 î 16 mm baUe meWal VWenW (LibeUWe, BoVWon ScienWific) in LMT and a 2.25 î 16 mm dUXg elXWing
VWenW (SYNERGY, BoVWon ScienWific) in mid LAD. Then, Whe coUonaU\ blood floZ imSUoYed Wo
ThUombol\ViV in M\ocaUdial InfaUcWion TUial 3. The SaWienW ZaV diVchaUged afWeU 17 da\V of hoVSiWal
VWa\. ThUee monWhV laWeU, Whe SaWienW ZaV UeadmiWWed ZiWh e[aceUbaWion of heaUW failXUe, and caUdiac
UeV\nchUoni]aWion WheUaS\ ZaV imSlemenWed.

ASSUo[imaWel\ 1 \eaU laWeU, Whe 22‐\eaU‐old SaWienW ZenW Wo Whe emeUgenc\ Uoom ZiWh conWinXoXV cheVW
Sain. AlWhoXgh no maUked changeV ZeUe idenWified fUom Whe UeVXlWV of eiWheU Whe ECG oU Whe cheVW
UadiogUam, cUeaWine kinaVe leYelV (537 U/L) and WUoSonin I leYelV (15.67 ng/mL) ZeUe eleYaWed. We
SeUfoUmed coUonaU\ CT WhaW UeYealed WZo VWenoWic leVionV in Whe diVWal LAD and Whe diVWal UighW
coUonaU\ aUWeU\ (FigXUe 4). TheUe ZeUe no VWenW abnoUmaliWieV. BaVed on Whe SaWienW'V medical hiVWoU\
and mXlWiSle neZ leVionV, Whe diagnoViV ZaV a UecXUUence of SCAD. We WUeaWed conVeUYaWiYel\ becaXVe
boWh leVionV ZeUe foXnd in Whe diVWal coUonaU\ aUWeUieV.

FLJXUH 4

(A, C) CRURQaU\ CT aQJLRJUaP VKRZV a QHZ VWHQRWLc OHVLRQ LQ WKH dLVWaO ULJKW cRURQaU\ aUWHU\ (aUURZV). (B,
D) CRURQaU\ CT aQJLRJUaP VKRZV a QHZ VWHQRWLc OHVLRQ LQ WKH dLVWaO OHIW aQWHULRU dHVcHQdLQJ aUWHU\ (LAD)
(aUURZV). RCA, ULJKW cRURQaU\ aUWHU\.
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The SaWienW'V heaUW failXUe ZoUVened ZiWh gUadXal damage Wo boWh liYeU and kidne\ fXncWionV. While
XndeUgoing WUeaWmenW ZiWh dobXWamine and milUinone, heU heaUW failXUe deWeUioUaWed Wo Whe NeZ YoUk
HeaUW AVVociaWion'V claVVificaWion of a fXncWional claVV IV, Whe LV ejecWion fUacWion ZaV onl\ 13%, and
ma[imXm o[\gen XSWake meaVXUed 6.7 mL/min/kg ZiWh decUeaVed e[eUciVe WoleUance. The UighW‐
caUdiac caWheWeU WeVW UeVXlWV deWeUmined WhaW Whe caUdiac inde[ ZaV 1.6 L/min/m  and Whe SXlmonaU\
caSillaU\ Zedge SUeVVXUe ZaV 37.6 mmHg. TheUefoUe, Whe SaWienW XndeUZenW Whe imSlanWaWion of an LV
aVViVW deYice (EVAHEART 2: SUN MEDICAL, Inc, Nagano, JaSan) XVing a doXble WiSleVV cannXla, aV
a bUidge Wo heaUW WUanVSlanWaWion. When Ze inVeUWed Whe cannXla inWo Whe LV, Ze obWained m\ocaUdiXm
WhaW inclXded boWh comSacWion and non‐comSacWion aUeaV fUom Whe LV aSical Zall; Whe bioSV\ ZaV
VXbmiWWed Wo SaWholog\ foU SaWhological e[aminaWion. PaWhological findingV VhoZed VignV of fibUoViV
locaWed SUimaUil\ in Whe VXb‐endocaUdiXm of Whe LV, bXW no eYidence of VecondaU\ caUdiom\oSaWh\ ZaV
obVeUYed (FigXUe 5). AfWeU VXUgeU\, Whe SaWienW ZaV Slaced on Whe heaUW WUanVSlanW ZaiWing liVW and
diVchaUged fUom Whe hoVSiWal. CXUUenWl\, 1 \eaU afWeU Whe imSlanWaWion of Whe LV aVViVW deYice, Whe SaWienW
UegXlaUl\ YiViWV Whe oXWSaWienW clinic Zhile ZaiWing foU heU heaUW WUanVSlanWaWion.

FLJXUH 5

TKH VaPSOH RI P\RcaUdLXP LQcOXdHV bRWK cRPSacWLRQ aQd QRQ‐cRPSacWLRQ aUHaV, ZKLcK ZaV RbWaLQHd
IURP WKH OHIW YHQWULcOH aSLcaO ZaOO. MaVVRQ WULcKURPH KLVWRORJLcaO VWaLQLQJ RI WKH OHIW YHQWULcOH VKRZV
ILbURVLV UHSOacHPHQW RI P\RcaUdLaO WLVVXH ZLWK QR HYLdHQcH RI VHcRQdaU\ caUdLRP\RSaWK\. (A) 100î
PaJQLILcaWLRQ. (B) 400î PaJQLILcaWLRQ. C, cRPSacWHd HSLcaUdLaO Oa\HU; NC, QRQ‐cRPSacWHd
HQdRP\RcaUdLaO Oa\HU.

In addiWion, Ze SeUfoUmed WaUgeWed e[on VeTXencing XVing meWhodV, Zhich Ze SUeYioXVl\ UeSoUWed, foU
a cXVWom HaloPle[�‐deVigned caSWXUe Sanel of 90 geneV linked Wo eiWheU caUdiac aUUh\WhmiaV oU VXdden
caUdiac deaWh.  AfWeU maSSing, YaUianW calling, filWeUing oXW UaUe YaUianWV, and YalidaWing ZiWh Whe SangeU
VeTXencing meWhod, Ze foXnd a heWeUo]\goXV miVVenVe mXWaWion (c.C1360T, S.R454W) in Whe SUoband
bXW noW in Whe heU SaUenWV, Zhich indicaWeV a de noYo mXWaWion (FigXUe 6). The in Vilico SUedicWion WoolV,
SIFT and Pol\Phen‐2, VXggeVW WhaW WhiV mXWaWion leadV Wo a deleWeUioXV SUoWein fXncWion. TheVe daWa
VWUongl\ VXggeVW WhaW DES‐R454W iV Whe SaWhogenic mXWaWion WhaW caXVeV SUogUeVViYe caUdiac
condXcWion defecW ZiWh LVNC. To eYalXaWe Whe VkeleWal mXVcle V\mSWomV, a deWailed Sh\Vical
e[aminaWion b\ e[SeUW neXUologiVWV confiUmed WhaW WheUe ZeUe no abnoUmaliWieV in Whe VkeleWal mXVcXlaU
VWUengWh of Whe SaWienW. CUeaWine kinaVe leYelV ZeUe alVo ZiWhin Whe noUmal Uange (70±100 U/L).

FLJXUH 6

(A) SHTXHQcLQJ HOHcWURSKHURJUaP VKRZV WKH KHWHUR]\JRXV DE6 PXWaWLRQ R454W LQ WKH SURbaQd. AUURZ
aQd baU LQdLcaWH WKH PLVVHQVH PXWaWLRQ; R (CGG) WR W (TGG). (B) DLaJUaP VKRZV WKH IaPLO\ WUHH ZKHUH
bRWK WKH SaUHQWV aQd bURWKHU RI WKH SURbaQd dR QRW caUU\ WKH DE6 JHQH PXWaWLRQ. WT, ZLOd W\SH.

3.௑DLVcXVVLRQ
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We idenWified WhUee ke\ clinical chaUacWeUiVWicV in WhiV caVe of DRM: Whe clinical ShenoW\Se of DRM
ma\ be aVVociaWed ZiWh LVNC, SCAD ma\ aggUaYaWe heaUW failXUe in DRM SaWienWV, and DRM ma\
deYeloS in SaWienWV WhaW haYe neiWheU VkeleWal mXVcle V\mSWomV noU famil\ hiVWoU\ of DRM.

DES iV e[SUeVVed in caUdiac, VkeleWal, and VmooWh mXVcle cellV. EYen WhoXgh moVW SaWienWV ZiWh DES
mXWaWionV SUeVenW a combined VkeleWal and caUdiac m\oSaWh\, ,  Whe clinical ShenoW\SeV aVVociaWed
ZiWh DES mXWaWionV aUe heWeUogeneoXV. Among Whe SUeYioXVl\ UeSoUWed DES mXWaWionV, R454W, Zhich
ZaV foXnd in Whe caVe, e[hibiWed a VeYeUeU clinical coXUVe Whan oWheU DES mXWaWionV. , ,  IW iV UeSoUWed
WhaW WhiV W\Se of mXWaWion ZaV aVVociaWed ZiWh an acceleUaWed and VeYeUe caUdiac ShenoW\Se ZiWh a high
incidence of YenWUicXlaU aUUh\Whmia, SUogUeVViYe caUdiom\oSaWh\, and VXdden deaWh. , ,  TheUefoUe,
R454W mXWaWion iV a µUed flag¶ foU clinicianV.  HoZeYeU, Whe clinical ShenoW\SeV of DRM, eVSeciall\
WhoVe aVVociaWed ZiWh R454W, aUe noW fXll\ XndeUVWood.  OXU findingV in WhiV caVe VXggeVW WhaW LVNC
ma\ be aVVociaWed ZiWh clinical ShenoW\Se of DRM. CXUUenWl\, moUe Whan 50 DES mXWaWionV haYe been
idenWified; moVW aUe aVVociaWed ZiWh DCM. Onl\ WhUee DES mXWaWionV (L69P, R212Q, and A360S) ZeUe
SUeYioXVl\ knoZn Wo be aVVociaWed ZiWh LVNC.  The aVVociaWion beWZeen DES‐R454W mXWaWion and
LVNC haV noW been UeSoUWed.

In WhiV caVe, SCAD aggUaYaWed heaUW failXUe. SCAD ZaV UecenWl\ idenWified aV an imSoUWanW caXVe of
acXWe coUonaU\ V\ndUome and VXdden caUdiac deaWh. ,  OXU SaWienW did noW haYe an\ of Whe knoZn
SCAD‐aVVociaWed UiVk facWoUV.  AlWhoXgh WheUe aUe no SUeYioXV caVe UeSoUWV WhaW link SCAD and DES
mXWaWionV, in YiWUo VWXdieV VXggeVW WhaW WheUe iV a UelaWionVhiS beWZeen DES mXWaWionV and Whe diVUXSWion
of Whe caUdiac VmooWh mXVcle la\eUV.  SCAD iV chaUacWeUi]ed b\ a deeS coUonaU\ aUWeUial Zall
diVVecWion WhaW XVXall\ occXUV in Whe aUea WhaW comSUiVeV YaVcXlaU VmooWh mXVcle and elaVWic fibUeV ;
WheUefoUe, Whe UecXUUing SCAD comSlicaWionV in WhiV DRM SaWienW ma\ noW be jXVW coincidenWal. ThiV
caVe VXggeVWV WhaW coUonaU\ aUWeUial diVVecWionV ma\ lead Wo VXdden heaUW failXUe in SaWienWV of DRM.

T\Sicall\, DRM caXVeV VkeleWal mXVcle ZeakneVV, and moVW DRM SaWienWV haYe a famil\ hiVWoU\ of
DRM. ,  HoZeYeU, oXU SaWienW haV neiWheU famil\ hiVWoU\ noU VkeleWal mXVcle ZeakneVV. OXU caVe
VXggeVWV WhaW geneWic WeVWing foU SoWenWial DES gene mXWaWionV VhoXld noW be e[clXded fUom SaWienW
aVVeVVmenWV, eYen if Whe SaWienW haV neiWheU VkeleWal mXVcle ZeakneVV V\mSWomV noU DRM famil\
hiVWoU\; WhiV iV an eVSeciall\ imSoUWanW meWhod foU idenWif\ing Whe DES‐R454W mXWaWion becaXVe iW iV
knoZn aV a µUed flag¶ mXWaWion. TheUefoUe, an eaUl\ geneWic ZoUkXS iV eVVenWial in SaWienWV WhaW haYe Whe
WUiSle combinaWion of caUdiom\oSaWh\, caUdiac condXcWion defecW, and coUonaU\ aUWeU\ diVeaVe.

To Whe beVW of oXU knoZledge, Ze UeSoUW Whe fiUVW de noYo caVe of a DRM SaWienW ZiWh no VkeleWal
mXVcle ZeakneVV WhaW alVo haV LVNC, a SUogUeVViYe caUdiac condXcWion defecW, and SCAD. TheUefoUe,
clinicianV VhoXld geneWicall\ WeVW SaWienWV WhaW haYe Whe WUiSle combinaWion of caUdiom\oSaWh\, caUdiac
condXcWion defecW, and coUonaU\ aUWeU\ diVVecWion, eYen if Whe SaWienW haV neiWheU famil\ hiVWoU\ of DRM
noU VkeleWal mXVcle ZeakneVV V\mSWomV.
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