
��������R��������LF��LR������������

2�L�L�DO����LFO�� -RXUQDO�RI�&DUGLRYDVFXODU�0HGLFLQH�DQG�6XUJHU�
9ROXPH���1XPEHU����2FWREHU���'HFHPEHU�����

'2,��KWWS���G[�GRL�RUJ����������MFPV�����������������

67���DV�D�3URJ�RVWLF�%LRPDUNHU�L���F�WH�+HDUW�)DLO�UH

*RSL�DWK�*9���6RPDVKHNKDUD�*�

��WKRUV��IILOLDWLR����,QWHUYHQWLRQDO�&DUGLRORJLVW��'HSDUWPHQW�RI�&DUGLRORJ���5DMHHY�*DQGKL�6XSHU�6SHFLDOW��+RVSLWDO��5DLFKXU��
.DUQDWDND� �������� ,QGLD�� ��VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI� &DUGLRORJ��� 9LMD�DQDJDU� ,QVWLWXWH� RI� 0HGLFDO� 6FLHQFHV�� %DOODUL��
.DUQDWDND���������,QGLD�

&RUUHVSR�GL�J���WKRU�� 6RPDVKHNKDUD�*���VVRFLDWH�3URIHVVRU��'HSDUWPHQW� RI�&DUGLRORJ���9LMD�DQDJDU� ,QVWLWXWH�RI�0HGLFDO�
6FLHQFHV��%DOODUL��.DUQDWDND���������,QGLD�

(�PDLO��GRFVRPXJ#�DKRR�FR�LQ

�EVWUDFW

�DF���R�����+HDUW� IDLOXUH� �+)�� LV� DQ� LPSRUWDQW� DQG� FRPPRQ� FDUGLRYDVFXODU� KHDOWK� SUREOHP� VHHQ� LQ� GD��
WRGD��SUDFWLFH�ZLWK�VLJQLILFDQW�PRUWDOLW��DQG�PRUELGLW���+)�SDWLHQWV�UHTXLUH�WLPHO��HYDOXDWLRQ��HPHUJHQW�DQG�
DSSURSULDWH� WKHUDS�DV� WKH�� XVXDOO�� SUHVHQW� ZLWK� DFXWH� RQVHW� RI� G�VSQHD� WR� HPHUJHQF�� GHSDUWPHQW�� 3URSHU�
ULVN�VWUDWLILFDWLRQ�LV�D�SUHUHTXLVLWH�WR�LGHQWLI��KLJK�ULVN�JURXS�IRU�DGYHUVH�RXWFRPHV�ZKLFK�GLUHFWV�XV�LQ�SURSHU�
PDQDJHPHQW�DQG�SODQ�WLPHO��IROORZ�XS�RI�WKH�SDWLHQWV�

����R����7KLV�ZDV�D�SURVSHFWLYH�VLQJOH�FHQWUH�VWXG��LQYROYLQJ�����FRQVHFXWLYH��+)�SDWLHQWV�LQ�1<+��FODVV�,,,�
,9�ZKR�ZHUH�HQUROOHG�RYHU�D�SHULRG�RI���PRQWKV�IURP�2FWREHU������WR�PDUFK�������3DWLHQWV�ZLWK�DFXWH�FRURQDU��
V�QGURPH��VLJQLILFDQW�UHQDO��KHSDWLF�RU�YDOYXODU�KHDUW�GLVHDVH��VHSVLV�DQG�SXOPRQDU��HPEROLVP�ZHUH�H[FOXGHG��
67����KV�7URS7��KV�&53�DQG�8ULF�DFLG�ZHUH�HYDOXDWHG�DW�DGPLVVLRQ��

����O����7KH�PHDQ� DGPLVVLRQ�YDOXHV�RI� 67���ZHUH� �����“����QJ�PO�� 67���YDOXHV� IRXQG� VLJQLILFDQWO�� UDLVHG�
LQ�*URXS����+)U5()��FRPSDUHG�WR�*URXS����+)S()��������“�����9V�����“������ZKLFK�LV�VWDWLVWLFDOO��VLJQLILFDQW�
�S �������� 67��� LV� UDLVHG� LQ� JURXS� ZLWK� HYHQWV� FRPSDUHG� WR� QRQ�HYHQW� JURXS� EXW� VWDWLVWLFDOO�� LQVLJQLILFDQW�
�S ��������

&R�FO��LR�����OWKRXJK�67����KV7URS7��KV&53�DQG�8��ZHUH�DOO�HOHYDWHG�LQ�WKH�YDVW�PDMRULW��RI�SDWLHQWV��1RQH�
RI� WKHP�ZHUH� LQGHSHQGHQW� SUHGLFWRU� RI� DGYHUVH� RXWFRPHV� RQ� IROORZ�XS�� %XW� 6HYHUDO� LPSRUWDQW� UHODWLRQV� RI�
ELRPDUNHUV�ZLWK�YDULRXV�RXWFRPHV�ZHUH�GHULYHG�LQ�WKLV�VWXG���

.H��RUGV��67����3URJQRVWLF�%LRPDUNHU���FXWH�+HDUW�)DLOXUH�

+R��WR�FLWH�WKLV�DUWLFOH�
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FOLQLFDO� DVVHVVPHQW�DQG�ULVN�SUHGLFWLRQ�DV� LQWHJUDO�

SDUWV� RI� GDLO�� FOLQLFDO� SUDFWLFH�� ,QGHHG�� &OLQLFDO�

risk� strati�cation� after� hospitalization� for� ADHF�
UHPDLQV� D� UHOHYDQW� FKDOOHQJH�� LQ� RUGHU� WR� EHVW�

LGHQWLI�� WKRVH� SDWLHQWV� OLNHO�� WR� HQFRXQWHU� VHULRXV�

FRPSOLFDWLRQV�� DQG� WR� SRWHQWLDOO�� EHWWHU� DOORFDWH�

UHVRXUFHV� LQ� RUGHU� WR� PLWLJDWH� WKLV� FRQVLGHUDEOH�
ULVN�� 6HYHUDO� GHPRJUDSKLF� DQG� FOLQLFDO� IDFWRUV��

FR�PRUELGLWLHV�� DQG� ELRFKHPLFDO� YDULDEOHV� DUH�

DVVRFLDWHG� ZLWK� VKRUWRU� PLG�WHUP� PRUWDOLW�� LQ�
�'+)�� LQFOXGLQJ�PHDVXUHV� RI� UHQDO� IXQFWLRQ� DQG�

EORRG�SUHVVXUH�DV�ZHOO�DV�RWKHU�UHOHYDQW�SUHGLFWRUV��
�����3ULPDU��KRVSLWDOL]DWLRQ�LV�QRW�WKH�RQO��LVVXH�ZLWK�

+)�DV�LW�LV�DOVR�WKH�PRVW�FRPPRQ�FDXVH�RI�KRVSLWDO�
UHDGPLVVLRQV��ZLWK�DSSUR[LPDWHO������RI�SDWLHQWV�

,�WURG�FWLR�

+HDUW� IDLOXUH� �+)�� LV� D� EXUJHRQLQJ� ZRUOGZLGH�
HSLGHPLF�DQG�D�PDMRU�SXEOLF�KHDOWK�SUREOHP��ZLWK�
DQ� LQFUHDVLQJ� LQFLGHQFH� DQG� SUHYDOHQFH��� +)� LV� D�
FRPPRQ� FRQGLWLRQ� ZLWK� SUHYDOHQFH� RIPRUH� WKDQ�
���� ZLWKLQ� WKH� ����HDUV�RU�ROGHU� DJHJURXS� DQG�
LV� WKH� UHVXOW� RI� D� ZLGH� UDQJH� RI� FDUGLRYDVFXODU�
disorders� that� in�uence� negatively� the� heart’s�
property� to� �ll� or� to� pump� blood� Episodes� of�
DFXWH� GHFRPSHQVDWHG� +)� ��'+)�� DUH� DVVRFLDWHG�
ZLWK�D�ULVH�LQ�KRVSLWDO�DGPLVVLRQV��KLJK�PRUELGLW��
DQG�PRUWDOLW��� DQG�HVFDODWLQJ�KHDOWK�FDUH�FRVWV�������
7KH� FDUH� RI�SDWLHQWV�ZLWK� DFXWHO��GHFRPSHQVDWHG�
KHDUW� IDLOXUH� ��'+)�� LV� FRPSOH[�� LQYROYLQJ�
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UHDGPLWWHG� WR� WKH� KRVSLWDO� ZLWKLQ� ������ GD�V� RI�
GLVFKDUJH� IURP� WKHLU� LQGH[� KRVSLWDOL]DWLRQ�� WKH�
KRVSLWDOL]DWLRQ�LPPHGLDWHO��SULRU�WR�UHDGPLVVLRQ����
'HVSLWH� VXFFHVVIXO� WUHDWPHQW� DFKLHYHPHQWV� LQ�
UHFHQW�GHFDGHV�� WKH�PRUWDOLW�� RI�SDWLHQWV�ZLWK�+)�
FRQWLQXHV�WR�EH�KLJK��7KHXVH�RI�HVWDEOLVKHG�PRUWDOLW��
ULVN� IDFWRUV� LQFOXGLQJ� SK�VLFLDQ�DVVHVVHG� 1HZ�
<RUN� +HDUW� �VVRFLDWLRQ� �1<+��� IXQFWLRQDO� FODVV��
speci�c�medication�use,�laboratory�values,�and�left�
YHQWULFXODU�HMHFWLRQ� IUDFWLRQ� �/9()��GRHV�QRW�IXOO��
H[SODLQ�WKH�ULVN�RI�GHDWK�LQ�+)�SDWLHQWV������������PRUH�
re�ned�approach�to�risk�assessment�might�include�
WKH�XVH�RI�ELRORJLFDO�PDUNHUV�RI�SDWKRSK�VLRORJLFDO�
processes�not�directly�re�ected�by�these�established�
mortality� risk� factors,� such� as� myocardial� �brosis�
DQG�VWUHWFK��FRQGLWLRQV�WKDW�DUH�DVVRFLDWHG�ZLWK�DQ�
LQFUHDVHG�ULVN�RI�GHDWK�LQ�SDWLHQWV�ZLWK�+)��������Q�
HQKDQFHG�ULVN�DVVHVVPHQW�ZRXOG�EH�RI�JUHDW�FOLQLFDO�
YDOXH� LI� LW� FRXOG� PRUH� DFFXUDWHO�� LGHQWLI�� +)�
SDWLHQWV�DW� LQFUHDVHG�ULVN�RI�GHDWK�DQG�ZKR�FRXOG�
WKHQ�EH�WDUJHWHG�IRU�PRUH�LQWHQVLYH�WUHDWPHQW�DQG�
PRQLWRULQJ���� �PRQJ� D� YDULHW�� RI�SURSRVHG� KHDUW�
IDLOXUH� WUHDWPHQW� PRGDOLWLHV�� FDUGLDF� ELRPDUNHUV�
KDYH�HPHUJHG�DV�SRZHUIXO�DGMXQFWV�WR�VWDQGDUGLVHG�
FOLQLFDO� FDUH� LQ� WKH� GLDJQRVLV�� SURJQRVLV�� DQG�
WUHDWPHQW�RI�DFXWH�KHDUW� IDLOXUH���+)������Q�DUUD��
RI� ELRPDUNHUV� LV�QRZ�DYDLODEOH� IRU� WKH� HYDOXDWLRQ�
RI� SDWLHQWV�ZLWK� DFXWH�+)� ��+)���1�WHUPLQDO� SUR�
%�W�SH�1DWULXUHWLF� SHSWLGH� �17�SUR%13��� FDUGLDF�
speci�c� troponin� (cTn)� and� C-reactive� protein�
�&53�� DUH� WKH� PRUH� FRPPRQ� ELRPDUNHUV� ZKLFK�
DUH�ZLGHO��DYDLODEOH�ZLWK� VHYHUDO� VWXGLHV�RQ� WKHLU�
UHODWLRQ� WR� ERWK� VKRUW�� DQG� ORQJ�WHUP� RXWFRPHV�
EHLQJ� SXEOLVKHG�� 7KH� QDWULXUHWLF� SHSWLGHV�� EUDLQ�
QDWULXUHWLF� SHSWLGH� �%13�� DQG� LWV� DPLQR�WHUPLQDO�
IUDJPHQW� �17�SUR%13��� DUH� WKH�PRVW� VWXGLHG�+)�
ELRPDUNHUV��&XUUHQWO���WKH��DUH�WKH��JROG�VWDQGDUG��
ELRPDUNHUV�IRU�+)��7KH��FDQ�EH�XVHG�LQ�GLDJQRVLV�
H[FOXVLRQ��SURJQRVLV� DQG�PDQDJHPHQW� RI�+)���OO�
WKH�PDMRU�VRFLHWLHV�VXFK�DV�WKH�(XURSHDQ�6RFLHW��RI�
&DUGLRORJ��� WKH� �PHULFDQ� &ROOHJH� RI� &DUGLRORJ��
DQG� WKH��PHULFDQ� +HDUW��VVRFLDWLRQ� UHFRPPHQG�
WKHLU� FOLQLFDO� XVH� LQ� WKHLU� *XLGHOLQHV���������
1�WHUPLQDO� SUR� EUDLQ� QDWULXUHWLF� SHSWLGH�
�17SUR%13���ZKLFK� LQGLFDWHV�P�RFDUGLDO� VWUHWFK��
LV� FXUUHQWO�� UHFRJQL]HG� DV� D� UREXVW� SURJQRVWLF�
PDUNHU� DW� DOO� VWDJHV� RI� +)�� DQG� IRU� DOO� UHODWHG�
FOLQLFDO�RXWFRPHV�������F7QV�KDYH�UHYROXWLRQLVHG�WKH�
HYDOXDWLRQ�DQG�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�DFXWH�
FRURQDU��V�QGURPHV���&6��EXW�WKHLU�UROH�LQ��+)�LV�
IDU� IURP� FOHDU��/LPLWHG�GDWD� H[LVWV� RQ� WKH�UHODWLRQ�
EHWZHHQ� KV�&53� DQG� DGYHUVH� RXWFRPHV� LQ� �+)��
ST2� is� an� in�ammatory� cytokine,� member� of� the�
LQWHUOHXNLQ��,/����UHFHSWRU�IDPLO���67��LV�WKRXJKW�WR�
EH� LQYROYHG� LQ�PRGLI�LQJ� LPPXQRORJLF�SURFHVVHV�
WKURXJK� LWV� VROXEOH� �V67��� DQGPHPEUDQH�ERXQG�

�67�/��IRUPV��SURGXFHG�GXULQJP�RFDUGLDO�VWUDLQ����
ST2,� a� biomarker� re�ective� of� myocardial� �brosis�
DQG� UHPRGHOOLQJ�� ZDV� DEOH� WR� SUHGLFW� PRUWDOLW��
LQ� DFXWHO�� GHFRPSHQVDWHG� +)� SDWLHQWV�� DQG� PD��
LGHQWLI�� +)� SDWLHQWV� DW� KLJKHU� ULVN� RI� VXGGHQ�
FDUGLDF�GHDWK�������6ROXEOH�67��LV�FRQVLGHUHG�D�GHFR��
UHFHSWRU�RI�,/�����D�PHPEHU�RI�,/���UHFHSWRU�IDPLO��
RI� F�WRNLQHV�� WKDW� EORFNV� WKH� SURWHFWLYH� HIIHFWV� RI�
WKH�F�WRNLQH�LQ�DWKHURVFOHURVLV��REHVLW��DQG�FDUGLDF�
UHPRGHOLQJ�������7RJHWKHU�ZLWK�QDWULXUHWLF�SHSWLGHV�
DQG�KLJKO��VHQVLWLYH�WURSRQLQV��67��KDV�D�SRZHUIXO�
SURJQRVWLF� YDOXH���� ,Q� SDWLHQWV� ZLWK� KHDUW� IDLOXUH��
DQ�LQFUHDVH�RI�67��GXULQJ�D���ZHHN�SHULRG�ZDV�DQ�
LQGHSHQGHQW�SUHGLFWRU�RI�VXEVHTXHQW�GHDWK�RU� WKH�
QHHG�IRU�FDUGLDF�WUDQVSODQWDWLRQ����������3UHYLRXV�GDWD�
VXJJHVW� IRU� 67��PHDVXUHPHQW� LQ� WKH�SURJQRVLV� RI�
DFXWHO��GHVWDELOL]HG�+)��:LWK�WKHVH�FRQVLGHUDWLRQV��
WKH�SUHVHQW�VWXG��ZDV�XQGHUWDNHQ� WR� GHVFULEH� WKH�
DVVRFLDWLRQ�EHWZHHQ�WKHVH�ELRPDUNHUV�DQG�DGYHUVH�
FDUGLRYDVFXODU� RXWFRPHV� LQ� SDWLHQWV� KRVSLWDOL]HG�
for�AHF�and�to�speci�cally�evaluate�the�prognostic�
signi�cance� of� a� ST-2� level� in� a� cohort� of� AHF�
SDWLHQWV�

0HWKRGV

���������L���D���SD�L����SRS�OD�LR�

7KLV� ZDV� D� SURVSHFWLYH�� VLQJOH� FHQWUH� VWXG��
LQYROYLQJ�����FRQVHFXWLYH��+)�SDWLHQWV�LQ�1<+��
FODVV� ,,,�,9� ZKR� ZHUH� HQUROOHG� RYHU� D� SHULRG� RI�
�� PRQWKV� IURP� 2FWREHU� ����� WR� PDUFK� ������ ����
FRQVHFXWLYH�SDWLHQWV�ZLWK��+)�LQ�1HZ�<RUN�+HDUW�
�VVRFLDWLRQ� �1<+��� FODVV� ,,,�,9� ZHUH� HQUROOHG�
IRU� WKH�SUHVHQW� VWXG��RYHU� D�SHULRG� RI� ��� )RU� WKLV�
study� purpose,� AHF� was� de�ned� as� a� sudden� or�
UHFHQW� RQVHW� RI� V�PSWRPV� RI� +)� �EUHDWKOHVVQHVV��
RUWKRSQHD�� SDUR[�VPDO� QRFWXUQDO� G�VSQRHD� RU�
HYLGHQFH� RI� V�VWHPLF� YHQRXV� FRQJHVWLRQ�� WKDW�
UHSUHVHQWHG� HLWKHU� D� GH� QRYR� SUHVHQWDWLRQ� RU�
GHFRPSHQVDWLRQ� RI� DQ� HVWDEOLVKHG� FKURQLF� KHDUW�
failure� (ADHF)�and�suf�ciently� severe� to�warrant�
KRVSLWDOL]DWLRQ�� �IWHU� D� UDSLG� FOLQLFDO� HYDOXDWLRQ�
LQ�WKH�('��SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�LQWHQVLYH�
FDUH� XQLW� �,&8�� IRU� IXUWKHU� PDQDJHPHQW�� �OO�
SDWLHQWV� UHFHLYHG� RSWLPDO� +)� WUHDWPHQW� DV� SHU�
FXUUHQW� JXLGHOLQHV������ ZKLFK� LQFOXGHG� GLXUHWLFV��
YDVRGLODWRUV�DQG�RU�LQRWURSHV��'HWDLOHG�KLVWRU��DQG�
SK�VLFDO�H[DPLQDWLRQ�ZHUH�IROORZHG�E��ODERUDWRU��
WHVWV� ZKLFK� LQFOXGHG� D� FRPSOHWH� EORRG� FRXQW��
KHPRJUDP��EORRG�JOXFRVH��UHQDO��OLYHU�DQG�WK�URLG�
IXQFWLRQ� WHVWV�� (OHFWURFDUGLRJUDSK�� �(&*��� FKHVW�
;�UD��DQG�XULQDO�VLV���Q�HWLRORJ��ZDV�HVWDEOLVKHG�
RQ� WKH� EDVLV� RI� WKHVH� FOLQLFDO� DQG� ODERUDWRU��
parameters.� Ischemic�etiology�was�classi�edbased�
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RQ�WKH�HYLGHQFH�RI�DQ�ROG�LQIDUFWLRQ��KLVWRULFDOO��RU�
SUHVHQFH�RI�4�RU�QRQ�4�P�RFDUGLDO�LQIDUFWLRQ��0,��
RQ� (&*��� LVFKHPLD� RQ� IXQFWLRQDOWHVWLQJ�� FKURQLF�
VWDEOH� DQJLQD� RU� GRFXPHQWHG� FRURQDU�� DUWHU��
GLVHDVH��&�'���!����VWHQRVLV�LQ�DW�OHDVW�RQH�PDMRU�
FRURQDU��DUWHU���RU�UHYDVFXODUL]DWLRQ��SHUFXWDQHRXV�
or�bypass�surgery).�Patients�with�signi�cant� renal�
�VHUXP� FUHDWLQLQH!�PJ�GO��� KHSDWLF�� SXOPRQDU��
RU�YDOYXODU�KHDUW�GLVHDVH�DQG�VHSVLV�ZHUH�H[FOXGHG�
IURP�WKH�VWXG��DV�ZHUH�SDWLHQWV�ZKR�SUHVHQWHG�ZLWK�
�&6� �QHZ�RQVHW� DQJLQD�� 67� VHJPHQW� GHSUHVVLRQ�
≥1mm� on� ECG,� recent� or� acute� Q� or� non-Q� ST�
VHJPHQW�HOHYDWLRQ�0,��ZLWKLQ�WKH�SDVW�RQH�PRQWK��
,QIRUPHG� FRQVHQW� ZDV� REWDLQHG� IURP� DOO� SDWLHQWV�
EHIRUH�SDUWLFLSDWLRQ�LQ�WKH�VWXG���DQG�WKH�SURWRFRO�ZDV�
DSSURYHG�E��WKH�(WKLFDO�&RPPLWWHH�RI�RXU�LQVWLWXWLRQ�

�F�RFD��LR��DS��

�� GHWDLOHG� (FKRFDUGLRJUDSKLF� H[DPLQDWLRQ� ZDV�
SHUIRUPHG�RQ�DOO�SDWLHQWV��DOO�HFKRFDUGLRJUDPV�ZHUH�
SHUIRUPHG�E��WKH�VDPH�DXWKRU��36��RQ�WKH�3+,/,36�
(Q�9LVRU�&�+'�PDFKLQH��3+,/,36�8/75�6281'��
%RWKHOO��:���86���� /HIW� YHQWULFXODU� �/9�� DQG� OHIW�
DWULDO� �/��� GLPHQVLRQV� DQG� /9� HMHFWLRQ� IUDFWLRQ�
(EF)� were� quanti�ed� as� per� American� Society�
RI� (FKRFDUGLRJUDSK�� ��6(�� UHFRPPHQGDWLRQV�
on� chamber� quanti�cation� (2005).��� /9� GLDVWROLF�
IXQFWLRQ�ZDV�DVVHVVHG�DV�SHU�WKH�UHFRPPHQGDWLRQV�
RI� �6(� ��������� XVLQJ� WKH� IROORZLQJ� SDUDPHWHUV�
of� mitral� in�ow� (E/A-� mitral� early/late� diastolic�
YHORFLWLHV�� '7�GHFHOHUDWLRQ� WLPH� RI� WKH� PLWUDO� (�
ZDYH��,957�,VRYROXPHWULF�UHOD[DWLRQ�WLPH��DQG�/��
YROXPH�,QGH[��/�9,���%DVHG�RQ�WKH�/9�()��SDWLHQWV�
ZHUH� GLYLGHG� LQWR� WZR� JURXSV�� WKRVH� ZLWK� KHDUW�
IDLOXUH� ZLWK� UHGXFHG� ()� �+)U()�� �()������ DQG�
those�with�preserved�EF�(HFpEF)�(EF≥50%).

5HV�OWV

7KH�EDVHOLQH�FKDUDFWHULVWLFV�RI�WKH�����VWXG��SDWLHQWV�
DUH�SUHVHQWHG�LQ�7DEOH���

�%0, %RG��PDVV�LQGH[��() /9�HMHFWLRQ�IUDFWLRQ��
/'/ /RZ�GHQVLW�� OLSRSURWHLQ� FKROHVWHURO�� /9,' �
/HIW� YHQWULFXODU� LQWHUQDO�GLPHQVLRQ� LQ�G� �GLDVWROH��
RU�V��V�VWROH���

7KH�PHDQ�DJH�RI�WKH�SDWLHQWV�ZDV�����“������HDUV��
ZLWK�URXJKO��PRUH�WKDQ�KDOI�RI�SDWLHQWV�EHLQJ�PDOHV��
+�SRQDWUHPLD� �6RGLXP� OHYHO� ����P(T�/�� ZDV�
VHHQ� LQ�PRUH� WKDQ�KDOI� RI� WKH�SDWLHQWV� ������ZLWK�
D�PHDQ�VRGLXP�RI������“���P(T�/�ZLWK�D�UDQJH�RI�
������������P(T�/�� 7KH� DYHUDJH�GXUDWLRQ�RI� VWD��
LQ�WKH�KRVSLWDO�ZDV����“����GD�V��0HDQ�67���OHYHO�DW�

baseline�is�100.2±66.6ng/ml.�Statistically�signi�cant�
GLIIHUHQFH�ZDV�QRWHG�IRU�EDVHOLQH�FKDUDFWHUV�VXFK�DV�
�JH�� 67���/9,'G�� /9,'V�� 'LDVWROLF� VWDJH�� ()� DQG�
IUDFWLRQDO�VKRUWHQLQJ�EHWZHHQ�JURXS���DQG����7DEOH����

7DEOH����%DVHOLQH�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV��

%DVHOL�H�&KDUDFWHULVWLFV 9DO�HV�

�JH��LQ��HDUV� ����“����

��RI�PDOHV ����

'XUDWLRQ�RI�KRVSLWDO�VWD���LQ�GD�V� ���“���

'LDEHWHV�PHOOLWXV���� ����

+�SHUWHQVLRQ���� ����

%0,��LQ�NJ�P�� ����“���

6PRNLQJ�+LVWRU����� ����

��RI�,VFKHPLF�KHDUW�IDLOXUH ����

%ORRG�*OXFRVH��PJ�GO� �����“�����

+HPRJORELQ��JP�GO� ����“���

7RWDO�EORRG�FRXQW��SHU�FXPP� ����“����

%ORRG�8UHD��PJ�GO� ����“����

6HUXP�&UHDWLQLQH��PJ�GO� ���“���

8ULF��FLG��PJ�GO� ���“���

6RGLXP��P(T�/� �����“���

3RWDVVLXP��P(T�/� ���“���

)ROORZ�XS�GXUDWLRQ�'D�V� ����“��

67���QJ�PO� �����“����

KV7URS7��QJ�PO� ����“����

/'/��PJ�GO� ����“����

KV&53��PJ�GO� ���“���

/9,'G��PP� ���“���

/9,'V��PP� ���“���

��IUDFWLRQDO�VKRUWHQLQJ��)6� ����“���

()���� ����“���

%�of�patients�with�EF≥50% ����

'LDVWROLF�6WDJH ���“���

�9DOXHV� H[SUHVVHG� DV� PHDQ“� VWDQGDUG� GHYLDWLRQ� �6'�� DQG�
SHUFHQWDJHV�

��LROR���RI���D���IDLO���

7KH�XQGHUO�LQJ� VXEVWUDWH� IRU�+)�ZDV�GHWHUPLQHG�
DIWHU� WKH� SUHOLPLQDU�� FOLQLFDO� H[DPLQDWLRQ� DQG�
UHOHYDQW�ELRFKHPLFDO�DQG�LPDJLQJ�HYDOXDWLRQ��1HDU��
KDOI� RI� WKH� SDWLHQWV� KDG� GLODWHG� FDUGLRP�RSDWK��
���������IROORZHG�E��LVFKHPLF�KHDUW�IDLOXUH����������
K�SHUWHQVLYH� KHDUW� GLVHDVH� ��������� SHULSDUWXP�
FDUGLRP�RSDWK�� ������� 7KXV�� PRUH� WKDQ� WZR�
WKLUGV� �������� RI� FDVHV� ZHUH� RI� QRQ�LVFKHPLF�
HWLRORJ�� �S ������� RI� ZKLFK� LGLRSDWKLF� GLODWHG�
FDUGLRP�RSDWK��ZDV�WKH�GRPLQDQW�IRUP�

����

7KH�PHDQ�DGPLVVLRQ�YDOXH�ZDV������“�����DQG�QJ�
ml.�ST-2�values�found�signi�cantly�raised�in�Group1�
FRPSDUHG� WR� *URXS� �� ������“����� 9V� ����“������
which� is� statistically� signi�cant� (p=0.001).� ST-2�

*RSLQDWK�*9��6RPDVKHNKDUD�*���67���DV�D�3URJQRVWLF�%LRPDUNHU�LQ��FXWH�+HDUW�)DLOXUH
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LV� UDLVHG� LQ� JURXS�ZLWK� HYHQWV� FRPSDUHG� WR� QRQ�
event�group�but�statistically�insigni�cant�(p=0.078)�
7DEOH���DQG������5HFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�

�52&�� FXUYH� DQDO�VLV� RI� DGPLVVLRQ� 67��� ZDV�

SHUIRUPHG� �)LJ�������W�DGPLVVLRQ�� DQ�RSWLPDO� FXW�

SRLQW� RI� �����QJ�PO� SUHGLFWHG� DGYHUVH� RXWFRPHV�

with� a� sensitivity� and� speci�city� of� 32.4%� and�

������ UHVSHFWLYHO�� ��8& ������� S ������� ZLWK� D�

UHODWLYH�ULVN�RI�DGYHUVH�HYHQWV�RI����������&, �����

����� S �������� 67��� VKRZHGFRUUHODWLRQ�ZLWK� VHUXP�

FUHDWLQLQH��U ������S ��������

����RS�

(OHYDWHG�7URSRQLQ� �!�����QJ�PO��ZDV�VHHQ� LQ� WKH�

majority�of�patients� (98/102)� (96.5%).� Speci�cally,�

SDWLHQWV�ZLWK�KHDUW�IDLOXUH�RI�LVFKHPLF�HWLRORJ��KDG�

KLJKHU� WURSRQLQ� FRPSDUHG� ZLWK� SDWLHQWV� RI� QRQ�

LVFKHPLF� HWLRORJ�� �����“���� YHUVXV� ����“���QJ�

PO�� S �������KV7URS7� FRUUHODWHG� ZLWK� VHUXP�

FUHDWLQLQH� �U ������ S ���������� DQG� 8�� �U ������

p<0.0001).�it�was�seen�that�no�signi�cant�difference�

LQ� QRQ� HYHQWDQG� HYHQWV� JURXSZHUHREVHUYHG�

No� statistically� signi�cant� value� of� TNT� between�

*URXS���DQG���

��&��

Elevated�hsCRP�(≥�1.0�mg/dl)�was�seen� in�79�out�

RI����SDWLHQWV����������&53�YDOXHV�EHWZHHQ�JURXS��

and� group� 2� were� found� statistically� insigni�cant�

����“���� 9V� ���“����� S �������� %HWZHHQ� HYHQW� DQG�

QRQ�HYHQW�JURXS�����“����9V����“����S �������ZHUH�

not�found�statistically�signi�cant.�Hs�CRP�was�not�

FRUUHODWHG�ZLWK�FUHDWLQLQH��U ������S ��������52&�IRU�

DGPLVVLRQ�717�DQG�&53�DUH�GHSLFWHG�LQ�)LJ����DQG���

)LJ�����5HFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYHV�IRU�DGPLVVLRQ�67���

7DEOH����&RPSDULVRQ�RI�+)U()�DQG�+)S()�

%DVHOL�H�&KDUDFWHULVWLFV
+)U()�
�� ���

+)S()�
�� ���

S�YDO�H

�JH��LQ��HDUV� ����“���� ����“���� �������

��RI�PDOHV ���� ���� �����

'LDEHWHV���� ���� ���� �����

+�SHUWHQVLRQ���� ���� ���� �����

%0,��LQ�NJ�P�� ����“��� ����“��� �����

��RI�,VFKHPLF�KHDUW�IDLOXUH ���� �� �����

8ULF��FLG��PJ�GO� ���“��� ���“��� �����

6RGLXP��P(T�/� �����“��� �����“��� �����

67���QJ�PO� �����“���� ����“���� ������

KV7URS7��QJ�PO� ����“��� ����“���� �����

KV&53��PJ�GO� ���“��� ���“��� �����

/9,'G��PP� ���“��� ���“��� ��������

/9,'V��PP� ���“��� ���“��� ��������

/9�HMHFWLRQ�IUDFWLRQ���� ����“��� ����“��� ��������

'LDVWROLF�6WDJH ���“��� ���“��� ��������

�GYHUVH�(YHQWV���� ���� ���� �����

0RUWDOLW����� ���� ��� �����

�%0,�  � %RG�� PDVV� LQGH[�� /9,'�  � /HIW� YHQWULFXODU� LQWHUQDO�
GLPHQVLRQ�LQ�G��GLDVWROH��RU�V��V�VWROH���

7DEOH� ���&RPSDULVRQ� RI� SDWLHQWV� ZLWK� RU�ZLWKRXW� DQ� DGYHUVH�
HYHQW�RQ�IROORZ�XS�

%DVHOL�H�&KDUDFWHULVWLF
�GYHUVH�
HYH�W

1R�DGYHUVH�
HYH�W

S�
YDO�H

�JH��LQ��HDUV� ����“���� ����“���� �����

��RI�PDOHV ���� ���� �����

'XUDWLRQ� RI� KRVSLWDO� VWD��
�GD�V�

���“��� ���“��� �����

'LDEHWHV�0HOOLWXV���� ���� ���� �����

+�SHUWHQVLRQ���� ���� ���� �����

%RG��PDVV�LQGH[��NJ�P�� ����“��� �����“��� �����

%ORRG�*OXFRVH��PJ�GO� �����“����� �����“����� �����

+HPRJORELQ��JP�GO� ����“��� ����“��� ������

7RWDO� EORRG� FRXQW� �SHU�
FXPP�

�����“���� ����“���� �����

6HUXP� &UHDWLQLQH� �PJ�
GO�

���“��� ���“��� �����

8ULF��FLG��PJ�GO� ���“��� ���“��� �����

6RGLXP��P(T�/� �����“��� �����“��� �����

67���QJ�PO� �����“���� ����“���� �����

KV7URS7��QJ�PO� ����“���� ����“��� �����

KV&53��PJ�GO� ���“��� ���“��� �����

/9,'G��PP� ���“��� ���“���� �����

/9,'V��PP� ���“��� ���“��� �����

()���� ����“��� ����“��� �����

)ROORZ�XS� GXUDWLRQ� �LQ�
GD�V�

����“���� ����“���� �������

�() /9� HMHFWLRQ� IUDFWLRQ�� /9,' � /HIW� YHQWULFXODU� LQWHUQDO�
GLPHQVLRQ�LQ�G��GLDVWROH��RU�V��V�VWROH���
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)LJ�� ��� 5HFHLYHU� RSHUDWLQJ� FKDUDFWHULVWLF� FXUYHV� IRU� DGPLVVLRQ�
752321,1�7��

�F�RFD��LR��DS��

7KH� /9� ()� KDG� D� VWURQJ� LQYHUVH� UHODWLRQ� WR� /9�
GLDVWROLF�GLPHQVLRQ��U �������S����������7KH�DYHUDJH�
GLDVWROLF� VWDJH� ZDV� ���“����� 7KH� DYHUDJH� ()� ZDV�
����“������PDMRULW��RI�WKH�SDWLHQWV�WKXV�KDG�+)U()�
��������� WKH� UHPDLQGHU� �������� KDYLQJ�+)S()����
FRPSDULVRQ� RI� WKHVH� WZR� JURXSV� ZLWK� UHVSHFW� WR�
EDVHOLQH�FKDUDFWHULVWLFV�FDQ�EH�VHHQ�LQ�7DEOH���

�ROOR���S

�ROOR���S� ���D�LR��� 0HGLDQ� IROORZ�XS� RI� ����“���
�UDQJH���GD�V�WR����GD�V��

��������������

��WRWDO�RI����SDWLHQWV���������KDG�DQ�HQG�SRLQW�RQ�
IROORZ�XS�ZKLFK�LQFOXGHG���GHDWKV���������RYHUDOO�
PRUWDOLW��� LQFOXGLQJ� ����� LQ�KRVSLWDO� PRUWDOLW����
��� UHKRVSLWDOLVDWLRQ� IRUZRUVHQLQJ� +)� V�PSWRPV�
DQG� ���SDWLHQWV� LQ� UHIUDFWRU��+)� �1<+��FODVV� ,,,�
RU� ,9��� 7KH� UHPDLQLQJ� SDWLHQWV� �������� ZHUH� LQ�
1<+�� FODVV� ,� RU� ,,� RQ� IROORZ�XS�ZLWK�QR� UHYLVLWV�
RU� UHKRVSLWDOLVDWLRQ� IRU�ZRUVHQLQJ�+)� V�PSWRPV��
7DEOH���VKRZV�WKH�FRPSDULVRQ�EHWZHHQ�WKH�SDWLHQWV�
ZLWK�RU�ZLWKRXW�DQ�DGYHUVH�HYHQW�RQ�IROORZ�XS��67���
LV� UDLVHG� LQ� JURXS�ZLWK� HYHQWV� FRPSDUHG� WR� QRQ�
event�group�but�statistically� insigni�cant(p=0.078)
�7DEOH�����7KH�RWKHU���ELRPDUNHUV��KV7URS7��KV&53�
and� UA)� were� not� signi�cantly� different� between�
WKH� WZR� JURXSV�� �� UHJUHVVLRQ� DQDO�VLV� ZDV� GRQH�
XVLQJ� WKH� &R[� SURSRUWLRQDO�KD]DUGV� UHJUHVVLRQ�
PRGHO� �7DEOH� ���ZLWK� WKH� YDULDEOHV� RI� DJH�� VHUXP�
FUHDWLQLQH�� VHUXP� VRGLXP�� 67���� /9�GLPHQVLRQ� LQ�
GLDVWROH�� KV7URS7�� 8��� KV&53� DQG� /9()�� 1RQH�
ZHUH� IRXQG� WR� EH� DQ� LQGHSHQGHQW� SUHGLFWRU� RI�
DGYHUVH�RXWFRPHV�LQ�WKLV�VWXG��

7DEOH����3DUDPHWHUV�LQ�UHODWLRQ�WR�HYHQWV�

3DUDPHWHU (YH�W�
�� ���

1R�(YH�W�
�� ���

χ2 3��
9DO�H

� � � �

+6�717
1RUPDO � �� � ��

����� �����
,QFUHDVHG �� ��� �� ���

+6�&53
1RUPDO � ��� �� ���

����� �����
,QFUHDVHG �� ��� �� ���

67��
1RUPDO �� ��� �� ���

����� �����
,QFUHDVHG �� ��� �� ���

The� biomarkers� showed� signi�cant� correlation�
ZLWK�VHUXP�FUHDWLQLQH�DV�VKRZQ�LQ�7DEOH���

7DEOH����&R[�SURSRUWLRQDO�KD]DUGV�UHJUHVVLRQ�DQDO�VLV�

9DULDEOH� +5������&,� S�YDO�H

�JH ���������������� �����

6HUXP�&UHDWLQLQH ���������������� �����

6RGLXP ���������������� �����

/9,'G ���������������� �����

67�� ��������������� �����

8ULF��FLG ���������������� �����

7URSRQLQ ���������������� �����

+V&53 ���������������� �����

()���� ���������������� �����

7DEOH� ��� 6SHDUPDQ� &RUUHODWLRQ� RI� ELRPDUNHUV� ZLWK� EDVHOLQH�
FUHDWLQLQH�

%LRPDUNHU 6SHDUPD��U S�YDO�H

67�� ���� �����

+V7URS7 ���� �������

+V&53 ����� �����

8ULF��FLG ���� �������

*RSLQDWK�*9��6RPDVKHNKDUD�*���67���DV�D�3URJQRVWLF�%LRPDUNHU�LQ��FXWH�+HDUW�)DLOXUH
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�LVF�VVLR�

ST2,� an� in�ammatory� cytokine� and� member� of�
WKH� LQWHUOHXNLQ� �,/���� UHFHSWRU� IDPLO��� DSSHDUV� WR�
SUHGLFW�PRUWDOLW�� DQG� KHDUW� IDLOXUH� DQG�PD�� SOD��
D� YLWDO� UROH� LQ� FDUGLDF� SDWKRSK�VLRORJ�������� 67�� LV�
WKRXJKW�WR�EH�LQYROYHG�LQ�PRGLI�LQJ�LPPXQRORJLF�
processes,� speci�cally� mediated� by� T-helper� 2�
O�PSKRF�WHV���� ,QWHUOHXNLQ����� D� KRUPRQH� ZKLFK�
may�protect�against�LVH�and�myocardial��brosis���
has� recently� been� identi�ed� as� the� ligand� for�
67������ 7KH� LQWHUDFWLRQ� EHWZHHQ� ,/���� DQG�67�/� LV�
QHFHVVDU��IRU�WKH�SURWHFWLYH�HIIHFW�RI�,/����PDNLQJ�
LW� FRXQWHULQWXLWLYH� WKDW� KLJK� OHYHOV� RI� V67�� KDYH�
D� GHOHWHULRXV� HIIHFW�� %HFDXVH� V67�� ODFNV� ERWK� WKH�
WUDQVPHPEUDQH� DQG� WKH� LQWUDFHOOXODU� GRPDLQV�
RI� LWV� PHPEUDQH�ERXQG� FRXQWHUSDUW� 67��� H[FHVV�
OHYHOV� RI� V67�� ELQG� DQG� QHXWUDOL]H� ,/���� ZLWKRXW�
subsequently� activating� the� bene�cial� signalling�
FDVFDGH��,Q�WKLV�ZD���V67��DFWV�DV�D�GHFR��UHFHSWRU��
OLPLWLQJ�WKH�DYDLODELOLW��RI�,/����WR�ELQG�DQG�DFWLYDWH�
WKH�SURWHFWLYH�HIIHFWV�RI�67�������

3DWLHQWV� ZLWK� DFXWH� +)� RIWHQ� KDYH� LVFKHPLF�
HYHQWV� DV� WKH� SUHGRPLQDQW� FDXVH���� ,Q� RXU� VWXG��
������RI�SDWLHQWV�ZHUH�RI�QRQ�LVFKHPLF�+)�

3UHVDJH��67���VVD�� LV�D�TXDQWLWDWLYH�VDQGZLFK�
PRQRFORQDO� (/,6�� LQ� D� ���ZHOO� PLFURWLWHU� SODWH�
IRUPDW� IRU�PHDVXUHPHQW� RI� VROXEOH� 67�� LQ� VHUXP��
('7�� SODVPD�� RU� KHSDULQ� SODVPD�7KH� DVVD�� KDG�
ORZHU�FRQWURO�FRQFHQWUDWLRQ�RI���QJ�PO�ZLWK�FRQWURO�
UDQJH������QJ�PO�DQG�KLJK�FRQWURO�FRQFHQWUDWLRQ�
RI� ��QJ�PO�ZLWK� �����QJ�PO� FRQWURO� UDQJH�� /HVV�
WKDQ� ��QJ�PO� ZDV� XVHG� DV� QRUPDO� YDOXH� IRU� DOO�
SDWLHQWV�

+LJKHU�PHGLDQ�FRQFHQWUDWLRQV�RI�67��ZHUH�VHHQ�LQ�
SDWLHQWV�ZLWK��'+)�SOXV�LPSDLUHG�OHIW�YHQWULFXODU�
V�VWROLF� IXQFWLRQ�WKDQ� WKRVH�ZLWK�QRQ�V�VWROLF�+)��
3DWLHQWV�ZLWK�HOHYDWHG�OHYHOV�RI�ERWK�67��DQG�%13�
DUH�DW�D�FRQVLGHUDEO��KLJK�ULVN�RI�GHDWK�FRPSDUHG�
ZLWK�SDWLHQWV�ZLWK�QRQH�RU�ZLWK�RQO��RQH�PDUNHU�
HOHYDWHG������� ,Q� RXU� VWXG��ZH� KDYH� QRW� LQYROYHG�
%13� DV� D� ELRPDUNHU� DQG� FRQFHQWUDWLRQV� RI� 67���
IRXQG�KLJK� LQ�SDWLHQWV�ZLWK��'+)�SOXV� LPSDLUHG�
/9� IXQFWLRQ� FRPSDUHG� WR� SUHVHUYHG� /9� IXQFWLRQ�
JURXS�

�V� VKRZQ� E�� 6KLPSRHW� DO���� EDVHOLQH� OHYHOV� RI�
ST2�were�signi�cantly�higher�in�those�patients�who�
GLHG�RU�GHYHORSHG�QHZ�FRQJHVWLYH�KHDUW�IDLOXUH�E��
���GD�V��0RUHRYHU�� LQ� DQ� DQDO�VLV� E��TXDUWLOHV� RI�
67��� WKH�ULVN�RI�GHDWK�DQG�WKH�FRPSRVLWH� RI�GHDWK�
RU� FRQJHVWLYH� KHDUW� IDLOXUH� LQFUHDVHG� LQ� D� JUDGHG�
VWHSZLVH�IDVKLRQ�ZLWK�KLJKHU�OHYHOV�RI�67���2YHUDOO��
VHUXP�67��PD��EH�RI�SURJQRVWLF�YDOXH�LQ�DVVHVVLQJ�

ULVN� IRU� KHDUW� IDLOXUH� DQG� GHDWK���� :HLQEHUJ� HW�
DO�V� FRQFOXGHG� LQ� KLV� VWXG�� IURP� WKH� 3URVSHFWLYH�
5DQGRPL]HG� �PORGLSLQH� 6XUYLYDO� (YDOXDWLRQ�
�35�,6(����WULDO��ZKLFK�VKRZHG�WKDW�FKDQJH�LQ�67��
OHYHOV��EXW�QRW�WKH�EDVHOLQH�67���ZDV�SUHGLFWLYH�RI����
GD��PRUWDOLW��LQ�SDWLHQWV�ZLWK�FKURQLF�1<+�&ODVV�
,,,�,9�+)������

6RPH� VWXGLHVVKRZV� WKDW� GXULQJ� +)�
GHFRPSHQVDWLRQ�� EDVHOLQHV� 67�� FRQFHQWUDWLRQV�
FRUUHODWH� ZLWK� FOLQLFDO� LQGLFHVRI� VHYHULW��� VXFK�
DV� 1<+�� IXQFWLRQDO� FODVV������� )RU� DPEXODWRU��
SDWLHQWV�ZLWK�+)�� WKH� RQO�� UHOHYDQW� GDWD� DERXW� V�
67��FRPHIURP�D�VXE�DQDO�VLV�RI�WKH�35�,6(���7ULDO�
�3URVSHFWLYH� 5DQGRPL]HG� �PORGLSLQH� 6XUYLYDO�
(YDOXDWLRQ����� 7KLV� VWXG�� VKRZHG� WKDW� FKDQJH� LQ�
V67��OHYHO�ZDV�DQ�LQGHSHQGHQW�SUHGLFWRU�RIPRUWDOLW��
LQ�D�FRKRUW�RI�SDWLHQWV�ZLWK�HVWDEOLVKHG�+)�RI�QRQ�
LVFKHPLF�RULJLQ�������,Q�RXU�VWXG��DOWKRXJK�WKHUH�ZDV�
KLJK�67��� OHYHOV�IRXQG� LQ�HYHQWV�JURXS�FRPSDUHG�
WR� QRQ�HYHQW� JURXS�� WKHUH� ZDV� QR� VWDWLVWLFDO�
signi�cance�(p=0.078).

,Q� D� ODUJHU� SRROHG� DQDO�VLV� RI� SDWLHQWV� ZLWK�
DFXWHO�GHFRPSHQVDWHG� +)�� XVLQJ� WKH� 3UHVDJH�
67�� DVVD��� 5HKPDQHWDO��� IXUWKHU� H[DPLQHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� V67�� FRQFHQWUDWLRQV�
DQG� FOLQLFDO� FKDUDFWHULVWLFV� DQG� SURJQRVLV��
8QOLNHQDWULXUHWLF� SHSWLGHV�� V67�� OHYHOV� ZHUH� QRW�
UHODWHG� WR� DJH�� SULRUGLDJQRVLV� RI� +)�� ERG��PDVV�
LQGH[��RU�HWLRORJ���LVFKHPLF�YHUVXV�QRQ�LVFKHPLF�����
6DPH�REVHUYDWLRQ�QRWHG�LQ�RXU�VWXG��EXW�FRUUHODWHG�
ZLWK�VHUXP�FUHDWLQLQH�OHYHOV��U ������DQGS ��������
,Q�RXU�VWXG���SDWLHQWV�ZLWK�+)S()KDG�ORZHU�YDOXHV�
RI�67���FRPSDUHG�WR�WKRVH�ZLWK�+)U()�DQG�IRXQG�WR�
be�statistically�signi�cant�(p=0.001).�ST-2�correlated�
ZLWK� VHUXP� FUHDWLQLQH� IRU� HYHQWV� �U ����� DQG�
S �������

F7Q� LV� D� KHWHURWULPHULF� FRPSOH[� FRQVLVWLQJ� RI�
7Q&��D���N'D�FDOFLXP�ELQGLQJ�VXEXQLW���7Q,� �D����
N'D�XQLW�WKDW�LQKLELWV�DFWLQ�P�RVLQ�LQWHUDFWLRQ�DQG�
VKXWWOHV�EHWZHHQ�ELQGLQJ�DFWLQ�DQG�7Q&�LQ�UHVSRQVH�
WR� LQWUDFHOOXODU�FDOFLXP���DQG�7Q7��DQ�DV�PPHWULF�
��N'D� SURWHLQ� WKDW� ELQGV� 7Q� WR� WURSRP�RVLQ��� DOO�
EHLQJ�SUHVHQW�LQ�D�������VWRLFKLRPHWULF�UDWLR�������7Q7�
LV�UHOHDVHG�ERWK�DV�D�7Q�7�,�&�FRPSOH[����N'D��DQG�
IUHH�7Q7����N'D�����SHUVLVWHQWO��ORZ�OHYHO�HOHYDWLRQ�
RU�JUDGXDO�GHFOLQH� LV�FKDUDFWHULVWLF�RI�F7Q�NLQHWLFV�
LQ��+)���

&R�FO�VLR�V

:H� KDYH� SURVSHFWLYHO�� HYDOXDWHG� WKH� SURJQRVWLF�
signi�cance�of�ST-2�and�other�3�serum�biomarkers�
LQ�WKLV�VPDOO�FRKRUW�RI�DFXWH�KHDUW�IDLOXUH�SDWLHQWV��
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���

�OWKRXJK� 67���� KV7URS7�� KV&53� DQG� 8�� ZHUH�
DOO�HOHYDWHG�LQ� WKH�YDVW�PDMRULW��RI�SDWLHQWV��1RQH�
RI� WKHP� ZHUH� LQGHSHQGHQW� SUHGLFWRU� RI� DGYHUVH�
RXWFRPHV� RQ� IROORZ�XS�� %XW� 6HYHUDO� LPSRUWDQW�
UHODWLRQV� RI� ELRPDUNHUV� ZLWK� YDULRXV� RXWFRPHV�
ZHUH�GHULYHG�LQ�WKLV�VWXG��

5HIHUH�FHV

��� 'LFNVWHLQ� .�� &RKHQ�6RODO� ��� )LOLSSDWRV� *�� 0F�
0XUUD�� --�� 3RQLNRZVNL� 3�� 3RROH�:LOVRQ� 3���
6WUR�PEHUJ���� YDQ� 9HOGKXLVHQ�'-�� �WDU�'��+RHV�
�:��.HUHQ����0HED]DD����1LHPLQHQ�0��3ULRUL�6*��
6ZHGEHUJ�.��9DKDQLDQ����&DPP�-��'H�&DWHULQD�5��
'HDQ�9��'LFNVWHLQ�.��)LOLSSDWRV�*��)XQFN�%UHQWDQR�
&�� +HOOHPDQV� ,�� .ULVWHQVHQ� 6'�� 0F*UHJRU� .��
6HFKWHP� 8�� 6LOEHU� 6�� 7HQGHUD� 0�� :LGLPVN��
3�� =DPRUDQR� -/�� (6&� &RPPLWWHH� IRU� 3UDFWLFH�
*XLGHOLQHV�(6&�*XLGHOLQHV� IRU�WKH�GLDJQRVLV�DQG�
WUHDWPHQW�RI�DFXWH�DQG�FKURQLF�KHDUW�IDLOXUH�������
WKH� 7DVN� )RUFH� IRU� WKH� 'LDJQRVLV� DQG� 7UHDWPHQW�
RI� �FXWH� DQG� &KURQLF� +HDUW� )DLOXUH� ����� RI� WKH�
(XURSHDQ� 6RFLHW�� RI� &DUGLRORJ��(XU� +HDUW� -�
������������������

��� 0F0XUUD�� --�� �GDPRSRXORV� 6�� �QNHU� 6'��
�XULFFKLR� ��� %RKP� 0�� 'LFNVWHLQ� .� HW� DO�� (6&�
*XLGHOLQHV�IRU�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�DFXWH�
DQG�FKURQLF�KHDUW�IDLOXUH�������7KH�7DVN�)RUFH�IRU�
WKH�'LDJQRVLV�DQG�7UHDWPHQW�RI��FXWH�DQG�&KURQLF�
+HDUW� )DLOXUH� ����� RI� WKH� (XURSHDQ� 6RFLHW�� RI�
&DUGLRORJ���'HYHORSHG� LQ� FROODERUDWLRQ�ZLWK� WKH�
+HDUW� )DLOXUH� �VVRFLDWLRQ� �+)��� RI� WKH� (6&�(XU�
+HDUW�-�������������������

��� Hunt�SA,�Baker�DW,�Chin�MH,�et�al.�ACC�⁄�AHA�
JXLGHOLQHV� IRU� WKH� HYDOXDWLRQ� DQG� PDQDJHPHQW�
RI� FKURQLF� KHDUW� IDLOXUH� LQ� WKH� DGXOW�� H[HFXWLYH�
VXPPDU��� �� UHSRUW� RI� WKH� �PHULFDQ� &ROOHJH� RI�
Cardiology� ⁄� American� Heart� Association� Task�
)RUFH� RQ� 3UDFWLFH� *XLGHOLQHV� �&RPPLWWHH� WR�
5HYLVH�WKH������*XLGHOLQHV�IRU�WKH�(YDOXDWLRQ�DQG�
0DQDJHPHQW� RI� +HDUW� )DLOXUH��&LUFXODWLRQ�������
�������������

��� �JKDEDELDQ� 59�� �FXWHO�� GHFRPSHQVDWHG� KHDUW�
IDLOXUH��RSSRUWXQLWLHV�WR�LPSURYH�FDUHDQG�RXWFRPHV�
LQ� WKH� HPHUJHQF�� GHSDUWPHQW�5HY� &DUGLRYDVF�
0HG��������VXSSO����6��6��

��� �EUDKDP� :7�� )RQDURZ� *&�� �OEHUW� 10�� HW� DO��
3UHGLFWRUV� RI� LQ�KRVSLWDO� PRUWDOLW�LQ� SDWLHQWV�
KRVSLWDOL]HG� IRU� KHDUW� IDLOXUH�� LQVLJKWV� IURP�
WKH� 2UJDQL]HG� 3URJUDPWR� ,QLWLDWH� /LIHVDYLQJ�
7UHDWPHQW� LQ� +RVSLWDOL]HG� 3DWLHQWV� ZLWK� +HDUW�
)DLOXUH� �2SWLPL]H�+)��� -� �P� &ROO&DUGLRO�
���������������

��� )RQDURZ�*&���GDPV�-U�.)���EUDKDP�:7��<DQF��
&:��%RVFDUGLQ�:-���'+(5(�6FLHQWLILF��GYLVRU��
&RPPLWWHH��6WXG��*URXS��DQG�,QYHVWLJDWRUV��5LVN�
VWUDWLILFDWLRQIRU� LQ�KRVSLWDO� PRUWDOLW�� LQ� DFXWHO��
GHFRPSHQVDWHG� KHDUW� IDLOXUH�� FODVVLILFDWLRQ� DQG�
UHJUHVVLRQ�WUHH�DQDO�VLV��-�0������������������

��� +DUMROD� 93�� )ROODWK� )�� 1LHPLQHQ� 06�� HW� DO��
&KDUDFWHULVWLFV�� RXWFRPHV�� DQG� SUHGLFWRUV� RI�
PRUWDOLW�� DW� �� PRQWKV� DQG� �� �HDU� LQ� SDWLHQWV�
KRVSLWDOL]HG�IRU�DFXWH�KHDUW�IDLOXUH��(XU�-�+HDUW�)DLO�
���������������

��� /HH�'6���XVWLQ�3&��5RXOHDX�-/��/LX�33��1DLPDUN�
'�� 7X� -9�� 3UHGLFWLQJ� PRUWDOLW�DPRQJ� SDWLHQWV�
KRVSLWDOL]HG� IRU� KHDUW� IDLOXUH�� GHULYDWLRQ� DQG�
YDOLGDWLRQ�RI�DFOLQLFDO�PRGHO��-�0����������������
��

��� 2�&RQQRU� &0�� +DVVHOEODG� 9�� 0HKWD� 5+�� HW�
DO�� 7ULDJH� DIWHU� KRVSLWDOL]DWLRQ� ZLWKDGYDQFHG�
KHDUW� IDLOXUH�� WKH� (6&�3(� �(YDOXDWLRQ� 6WXG�� RI�
&RQJHVWLYH� +HDUW� )DLOXUHDQG� 3XOPRQDU�� �UWHU��
&DWKHWHUL]DWLRQ� (IIHFWLYHQHVV�� ULVN� PRGHO� DQG�
GLVFKDUJHVFRUH��-��P�&ROO&DUGLRO���������������

���� 6LLULOD�:DULV� .�� /DVVXV� -�� 0HOLQ� -�� 3HXKNXULQHQ�
.�� 1LHPLQHQ� 06�� +DUMROD� 93�� &KDUDFWHULVWLFV��
RXWFRPHV�� DQG� SUHGLFWRUV� RI� ���HDUPRUWDOLW�� LQ�
SDWLHQWV� KRVSLWDOL]HGIRU� DFXWH� KHDUW� IDLOXUH�(XU�
+HDUW�-����������������

���� *KHRUJKLDGH� 0�� 9DGXJDQDWKDQ� 0�� )XQDUR�
*&�� 5REHUW� R�� %RQRZ�� 5HKRVSLWDOLVDWLRQ� IRU�
KHDUW� IDLOXUH�� 3UREOHPV� DQG� 3HUVVSHFWLYHV�� -� �P�
&ROO&DUGLRO��������������������

���� %RXY��0/��+HHUGLQN�(5��/HXINHQV�+*��+RHV��:��
3UHGLFWLQJ�PRUWDOLW��LQ�SDWLHQWV�ZLWK�KHDUW�IDLOXUH��
D�SUDJPDWLF�DSSURDFK��+HDUW�����������������

���� /HY��:&��0R]DIIDULDQ� '�� /LQNHU� '7�� 6XWUDGKDU�
6&���QNHU� 6'��&URSS��%���QDQG� ,��0DJJLRQL����
%XUWRQ�3�� 6XOOLYDQ�0'��3LWW� %�� 3RROH�:LOVRQ�3���
0DQQ� '/�� 3DFNHU� 0�� 7KH� 6HDWWOH� +HDUW� )DLOXUH�
0RGHO�� SUHGLFWLRQ� RI� VXUYLYDO� LQ� KHDUW� IDLOXUH��
&LUFXODWLRQ��������������������

���� 3RFRFN�6-��:DQJ�'��3IHIIHU�0���<XVXI�6��0F0XUUD��
--�� 6ZHGEHUJ� .%�� 2VWHUJUHQ� -�� 0LFKHOVRQ� (/��
3LHSHU�.6��*UDQJHU�&%��3UHGLFWRUV�RI�PRUWDOLW��DQG�
PRUELGLW�� LQ� SDWLHQWV� ZLWK� FKURQLF� KHDUW� IDLOXUH�
(XU�+HDUW�-���������������

���� 7]LDNDV� '1�� &KDOLNLDV� *.�� 6WDNRV� '��
&KDW]LN�ULDNRX� 69�� 3DSD]RJORX� '�� 0LWURXVL�
.�� /DQW]RXUDNL� ��� 7KRPDLGL� ��� %RXGRXODV� +��
.RQVWDQWLQLGHV� 6�� ,QGHSHQGHQW� DQG� DGGLWLYH�
SURJQRVWLF� DELOLW�� RI� VHUXP� FDUER[��WHUPLQDO�
WHORSHSWLGH� RI� FROODJHQ� W�SH�,� LQ� KHDUW� IDLOXUH�
SDWLHQWV�� D� PXOWL�PDUNHU� DSSURDFK� ZLWK� KLJK�
QHJDWLYH� SUHGLFWLYH� YDOXH� WR� UXOH� RXW� ORQJ�WHUP�
DGYHUVH�HYHQWV�(XU�-�&DUGLRYDVF�3UHY�5HKDELO������
0D�����

���� 0DLVHO� ��� 0XHOOHU� &�� �GDPV� .� -U�� �QNHU� 6'��
�VSURPRQWH� 1�� &OHODQG� -*�� &RKHQ�6RODO���
'DKOVWURP�8��'H0DULD����'L�6RPPD�6��)LOLSSDWRV�
*6��)RQDURZ�*&��-RXUGDLQ�3��.RPDMGD�0��/LX�33��
0F'RQDJK�7��0F'RQDOG�.��0HED]DD����1LHPLQHQ�
06��3HDFRFN�:)��7XEDUR�0��9DOOH�5��9DQGHUK�GHQ�
0��<DQF�� &:�� =DQQDG� )�� %UDXQZDOG� (�� 6WDWH� RI�
WKH�DUW��XVLQJ�QDWULXUHWLF�SHSWLGH� OHYHOV�LQ�FOLQLFDO�
SUDFWLFH��(XU�-�+HDUW�)DLO�����������������

*RSLQDWK�*9��6RPDVKHNKDUD�*���67���DV�D�3URJQRVWLF�%LRPDUNHU�LQ��FXWH�+HDUW�)DLOXUH
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-����DO�����D�����DV��OD��0��������D���6��J������

���� =HWKHOLXV�%��%HUJOXQG�/�� 6XQGVWUR�P�-�� ,QJHOVVRQ�
(��%DVX�6��/DUVVRQ����9HQJH�3���UQOR�Y� -��8VH� RI�
PXOWLSOH�ELRPDUNHUV�WR�LPSURYH�WKH�SUHGLFWLRQ�RI�
GHDWK� IURP� FDUGLRYDVFXODU� FDXVHV��1�(QJO� -�0HG�
�������������������

���� :HL�&KXQJ�&KHQ��.LPEHUO��'�7UDQ���ODQ�6�0DLVHO��
%LRPDUNHUV�LQ�KHDUW�IDLOXUH��+HDUW�����������������

���� 0RUURZ� '��� GH� /HPRV� -��� %HQFKPDUNV� IRU� WKH�
DVVHVVPHQW� RI� QRYHO� FDUGLRYDVFXODU� ELRPDUNHUV��
&LUFXODWLRQ�����������������

���� 7DQJ�:+�� )UDQFLV� *6��0RUURZ�'���1HZE�� /.��
&DQQRQ�&3�� -HVVH�5/�HW� DO��1DWLRQDO��FDGHP��RI�
&OLQLFDO�%LRFKHPLVWU��ODERUDWRU��PHGLFLQH�SUDFWLFH�
JXLGHOLQHV��FOLQLFDO�XWLOL]DWLRQ�RI�FDUGLDF�ELRPDUNHU�
WHVWLQJ�LQ�KHDUW�IDLOXUH��&LUFXODWLRQ�����������������

���� 9DQ� .LPPHQDGH� 55-�� -DQX]]L� -/�� (PHUJLQJ�
ELRPDUNHUV� LQ� KHDUW� IDLOXUH�&OLQ&KHP�
�������������������

���� Bayes-Genis� A,� Santalo´� -Bel� M,� Zapico-Mun˜iz�
E,� Lo´pez� L,� Cotes� C,� Bellido� J,� Leta� R,� Casan�
P,� Ordo´n˜ez-Llanos� J.� N-terminal� probrain�
QDWULXUHWLF�SHSWLGH��17SUR%13��LQ�WKH�HPHUJHQF��
GLDJQRVLV� DQG� LQ�KRVSLWDO� PRQLWRULQJ� RI� SDWLHQWV�
ZLWK�G�VSQRHD� DQG�YHQWULFXODU�G�VIXQFWLRQ�(XU� -�
+HDUW�)DLO����������������

���� -DQX]]L� -/�� %D�HV�*HQLV� ��� (YROXWLRQ� RI� DPLQR�
WHUPLQDO� SUR�%� W�SH�QDWULXUHWLF� SHSWLGH� WHVWLQJ� LQ�
KHDUW�IDLOXUH��'UXJ�1HZV�3HUVSHFW�����������������

���� :HLQEHUJ�(2��6KLPSR�0��+XUZLW]�6��7RPLQDJD�6��
5RXOHDX�-/��/HH�57��,GHQWLILFDWLRQ�RI�VHUXP�VROXEOH�
67�� UHFHSWRU� DV� D� QRYHO� KHDUW� IDLOXUH� ELRPDUNHU��
&LUFXODWLRQ����������������

���� -DQX]]L� -/� -U��3HDFRFN�:)��0DLVHO��6��&KDH� &8��
-HVVH� 5/�� %DJJLVK� �/�� 2�'RQRJKXH� 0�� 6DNKXMD�
5��&KHQ�����YDQ�.LPPHQDGH�55��/HZDQGURZVNL�
.%��/OR�G�-RQHV�'0��:X��+��0HDVXUHPHQW�RI�WKH�
LQWHUOHXNLQ� IDPLO�� PHPEHU� 67�� LQ� SDWLHQWV� ZLWK�
DFXWH�G�VSQHD��UHVXOWV�IURP�WKH�35,'(��3UR�%UDLQ�
1DWULXUHWLF�3HSWLGH�,QYHVWLJDWLRQ�RI�'�VSQHD�LQ�WKH�
(PHUJHQF��'HSDUWPHQW��VWXG���-��P�&ROO&DUGLRO�
����������������

���� 'DQLHOV�/%��&ORSWRQ�3��,TEDO�1��7UDQ�.��0DLVHO��6��
�VVRFLDWLRQ� RI� 67�� OHYHOV� ZLWK� FDUGLDF� VWUXFWXUH�
DQG� IXQFWLRQ� DQG� PRUWDOLW�� LQ� RXWSDWLHQWV�� �P�
+HDUW�-�������������������

���� 3DVFXDO�)LJDO� '��� 2UGRQ�H]�/ODQRV� -�� 7RUQHO�
PL,� Va´zquez� R,� Puig� T,� Valde´s� M,� Cinca� J,� de�
/XQD� �%�� %D�HV�*HQLV� ��� 086,&� ,QYHVWLJDWRUV��
6ROXEOH� 67�� IRU� SUHGLFWLQJ� VXGGHQ� FDUGLDF� GHDWK�
LQ� SDWLHQWV� ZLWK� FKURQLF� KHDUW� IDLOXUH� DQG� OHIW�
YHQWULFXODU�V�VWROLF�G�VIXQFWLRQ��-��P&ROO&DUGLRO�
������������������

���� 5HKPDQ�68��0XHOOHU�7��-DQX]]L�-/��&KDUDFWHULVWLFV�
RI� QRYHO� LQWHUOHXNLQ� IDPLO�� ELRPDUNHU� 67�� LQ�
SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH��-��P�&ROO&DUGLRO�
����������������

���� 6KLPSR�0��0RUURZ�'���:HLQEHUJ�(2��HW�DO��6HUXP�

OHYHOV�RI�WKH�LQWHUOHXNLQ���UHFHSWRU�IDPLO��PHPEHU�
67��SUHGLFW�PRUWDOLW��DQG�FOLQLFDO�RXWFRPH�LQ�DFXWH�
P�RFDUGLDO� LQIDUFWLRQ�� &LUFXODWLRQ� ��������������
���

���� %UDXQZDOG�(��%LRPDUNHUV�LQ�KHDUW�IDLOXUH��1�(QJO�-�
0HG������������������

���� 0DUNNX� 6�� 1LHPLQHQ�� 0LFKDHO� %RKP�� 0DUWLQ� 5��
&RZLH� ��+HOPXW�'UH[OHU��*HUDVLPRV�6��)LOLSSDWRV��
*XLOODXPH� -RQGHDX�� HW� DO�� ([HFXWLYH� VXPPDU�� RI�
WKH� JXLGHOLQHV�RQ� WKH�GLDJQRVLV� DQG� WUHDWPHQW� RI�
DFXWH�KHDUW�IDLOXUH��7KH�7DVN�)RUFH�RQ��FXWH�+HDUW�
)DLOXUH�RI�WKH�(XURSHDQ�6RFLHW��RI�&DUGLRORJ��(XU�
+HDUW�-�������������������

���� �QG�� 6�� -DJRGD�� :�DWW� :�� 'HFNHU�� -RQDWKDQ� ���
(GORZ�� )UDQFLV� 0�� )HVPLUH�� 6WHYHQ� ��� *RGZLQ��
6LJULG� ��� +DKQ� HW� DO�� &ULWLFDO� ,VVXHV� LQ� WKH�
(YDOXDWLRQ� DQG� 0DQDJHPHQW� RI� �GXOW� 3DWLHQWV�
3UHVHQWLQJ� WR� WKH� (PHUJHQF�� 'HSDUWPHQW� ZLWK�
�FXWH�+HDUW�)DLOXUH� 6�QGURPHV���QQ(PHUJ�0HG�
����������������

���� 0DULHOO� -HVVXS�� :LOOLDP� 7�� �EUDKDP�� 'RQDOG�
(�� &DVH��� �UWKXU� 0�� )HOGPDQ�� *DU�� 6�� )UDQFLV��
7KHRGRUH�*��*DQLDWV��HW�DO�������)RFXVHG�8SGDWHL�
,QFRUSRUDWHG�,QWRWKHW��&&��+�������*XLGHOLQHV�
IRU�WKH�'LDJQRVLV�DQG�0DQDJHPHQW�RI�+HDUW�)DLOXUH�
LQ� �GXOWV�� �� 5HSRUW� RI� WKH� �PHULFDQ� &ROOHJH�
RI� &DUGLRORJ�� )RXQGDWLRQ��PHULFDQ� +HDUW�
�VVRFLDWLRQ� 7DVN� )RUFH� RQ� 3UDFWLFH� *XLGHOLQHV��
&LUFXODWLRQ����������H����H����

���� -RKQ� -�9�� 0F0XUUD��� 6WDPDWLV�GDPRSRXORV��
6WHIDQ�'���QNHU���QJHOR��XULFFKLR��0LFKDHO�%RKP��
.HQQHWK� 'LFNVWHLQ� HW� DO�� (6&� *XLGHOLQHV� IRU� WKH�
GLDJQRVLV�DQG�WUHDWPHQW�RI�DFXWH�DQG�FKURQLF�KHDUW�
IDLOXUH������(XU�+HDUW�-��������������������

���� -DPHV� /�� -DQX]]L�� 5RODQG� YDQ� .LPPHQDGH�� -RKQ�
/DLQFKEXU��� �QWRQL� %D�HV�*HQLV�-RUGL� 2UGRQH]�
/ODQRV�� 0LJXHO� 6DQWDOR�%HO�� HW� DO�� 17�SUR� %13�
WHVWLQJ� IRU�GLDJQRVLV�DQG�VKRUW�WHUP�SURJQRVLV� LQ�
DFXWH� GHVWDELOL]HG� KHDUW� IDLOXUH�� DQ� LQWHUQDWLRQDO�
SRROHG�DQDO�VLV�RI������SDWLHQWV��7KH�,QWHUQDWLRQDO�
&ROODERUDWLYH� RI�17�SUR�%13� �,&21��6WXG���(XU�
+HDUW�-�������������������

���� 5REHUWR� 0�� /DQJ�� 0LFKHOOH� %LHULJ�� 5LFKDUG� %��
'HYHUHX[�� )UDQN� ��� )ODFKVNDPSI� (O�VH� )RVWHU��
3DWULFLD� ��� 3HOOLNND�� HW� DO�� 5HFRPPHQGDWLRQV�
IRU� &KDPEHU� 4XDQWLILFDWLRQ�� �� 5HSRUW� IURP�
WKH� �PHULFDQ� 6RFLHW�� RI� (FKRFDUGLRJUDSK��V�
*XLGHOLQHV� DQG� 6WDQGDUGV� &RPPLWWHH� DQG�
WKH� &KDPEHU� 4XDQWLILFDWLRQ� :ULWLQJ� *URXS��
'HYHORSHG� LQ� &RQMXQFWLRQ� ZLWK� WKH� (XURSHDQ�
�VVRFLDWLRQ� RI� (FKRFDUGLRJUDSK��� %UDQFK� RI�
WKH� (XURSHDQ� 6RFLHW�� RI� &DUGLRORJ��-� �P� 6RF�
(FKRFDUGLRJUDSK���������������������

���� 6KHULI� )�� 1DJXHK�� &KULVWRSKHU� 3�� �SSOHWRQ��
7KLHUU��&��*LOOHEHUW��3DROR�1��0DULQR�� -DH�.��2K��
2WWR���� 6PLVHWK�� HW� DO��5HFRPPHQGDWLRQV� IRU� WKH�
(YDOXDWLRQ� RI�/HIW� 9HQWULFXODU�'LDVWROLF� )XQFWLRQ�
E��(FKRFDUGLRJUDSK��-��P�6RF(FKRFDUGLRJU�������
����������������
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���

���� :HLQEHUJ�(2��6KLPSR�0��'H�.HXOHQDHU�*:��HW�DO��
([SUHVVLRQ�DQG�UHJXODWLRQ�RI�67����QLQWHUOHXNLQ���
UHFHSWRU� IDPLO�� PHPEHU�� LQ� FDUGLRP�RFLWHV� DQG�
P�RFDUGLDO�LQIDUFWLRQ��&LUFXODWLRQ������������������

���� ,ZDKDQD� +�� <DQDJLVDZD� .�� ,WR�.RVDND� ��� HW�
DO�� 'LIIHUHQW� SURPRWHU� XVDJH� DQG� PXOWLSOH�
WUDQVFULSWLRQ� LQLWLDWLRQ� VLWHV� RI� WKH� LQWHUOHXNLQ���
UHFHSWRU� UHODWHG� KXPDQ� 67�� JHQH� LQ� 87��� DQG�
70,��FHOOV�(XU�-�%LRFKHP�������������������

���� &R�OH��-��/OR�G�&��7LDQ�-��HW�DO��&UXFLDO�UROH�RI�WKH�
LQWHUOHXNLQ���UHFHSWRU�IDPLO��PHPEHU�7��67��LQ�7�
+HOSHU�FHOO�W�SH���PHGLDWHG�OXQJ�PXFRVDO�LPPXQH�
UHVSRQVHV��-�([S�0HG�������������������

���� 6DQDGD�6��+DNXQR�'��+LJJLQV�/-��HW�DO�� ,/����DQG�
67�� FRPSULVH� D� FULWLFDO� ELRPHFKDQLFDOO�� LQGXFHG�

DQG� FDUGLRSURWHFWLYH� VLJQDOLQJ� V�VWHP�� -� &OLQ�

,QYHVW�������������������

���� 6FKPLW]� -��2Z�DQJ����2OGKDP�(��HW� DO�� ,/�����DQ�

LQWHUOHXNLQ��� OLNH� F�WRNLQH� WKDW� VLJQDOV� YLD� WKH�

,/��� UHFHSWRU� UHODWHG� SURWHLQ� 67�� DQG� LQGXFHV� 7�

KHOSHU� W�SH��� DVVRFLDWHG� F�WRNLQHV�� ,PPXQLW��

��������������������

���� 'DXEHUW�0��� -HUHPLDV���� 7KH�XWLOLW�� RI� WURSRQLQ�

PHDVXUHPHQW� WR� GHWHFW� P�RFDUGLDO� LQIDUFWLRQ��

UHYLHZ� RI� WKH� FXUUHQW� ILQGLQJV�9DVF� +HDOWK� 5LVN�

0DQDJ��������������

���� 'DQLHOV��/��%���DQG�0DLVHO�����6����������1DWULXUHWLF�

SHSWLGHV�-RXUQDORI� WKH� �PHULFDQ� &ROOHJH� RI�

&DUGLRORJ���������������������

*RSLQDWK�*9��6RPDVKHNKDUD�*���67���DV�D�3URJQRVWLF�%LRPDUNHU�LQ��FXWH�+HDUW�)DLOXUH


