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abstract
$����\HDUV�ROG�PDQ�SUHVHQWV�ZLWK�D�ELODWHUDO�PDVV�LQ�WKH�UHWURDXULFXODU�UHJLRQ��GLDJQRVHG�
DV�.LPXUD�GLVHDVH��.LPXUD�GLVHDVH�LV�D�FKURQLF�GLVRUGHU�RI�XQNQRZQ�RULJLQ��FRPPRQ�
LQ�(DVW�$VLD�EXW�UDUH�LQ�RWKHU�ZRUOG�UHJLRQV��7KH�FOLQLFDO�SUHVHQWDWLRQ�RI�WKLV�GLVHDVH�
LV�WKH�WULDG�RI�O\PSKDGHQRSDWK\�LQ�WKH�KHDG�DQG�QHFN��SHULSKHUDO�EORRG�HRVLQRSKLOLD�
DQG� LQFUHDVHG� OHYHOV� RI� LPPXQRJOREXOLQ� (�� 7UHDWPHQW� LQFOXGHV� FRUWLFRVWHURLGV��
FKHPRWKHUDS\��UDGLRWKHUDS\��DQG�VXUJHU\��

Keywords:�DQJLRO\PSKRLG�K\SHUSODVLD�ZLWK�HRVLQRSKLOLD��HRVLQRSKLOLD��O\PSK�QRGHV�

introduction
.LPXUDȇV�GLVHDVH��.'��ZDV�ILUVW�GHVFULEHG�LQ������LQ�WKH�&KLQHVH�OLWHUDWXUH�E\�
.LP�DQG�6]HWR��DV�ȊK\SHUSODVWLF�HRVLQRSKLOLF�O\PSKRJUDQXORPDȋ��NQRZQ�DV�.'�
DIWHU�SXEOLFDWLRQ�E\�.LPXUDbHWbDO���LQ�������ΖW�LV�D�UDUH�LQIODPPDWRU\�GLVRUGHU�
DQG� LW�KDV�DQ�XQNQRZQ�FDXVH��PRVW�FRPPRQO\�VHHQ� LQ�WKH�(DVW�����7KHUH�
ZHUH�MXVW�RYHU�����FDVHV�SXEOLVKHG�LQ�WKH�OLWHUDWXUH�XQWLO������ZRUOGZLGH�

case report
7KH�FDVH�UHSRUW�ZDV�DERXW�D����\HDU�ROG�PDOH�SDWLHQW��ZLWK�SDUHQWV�ERUQ�LQ�
-DSDQ��DGPLWWHG�WR�WKH�(UDVWR�*DHUWQHU�+RVSLWDO��&XULWLED��3DUDQ£��%UD]LO� LQ�
������UHSRUWLQJ�D�VORZ�JURZLQJ�ELODWHUDO�UHWURDXULFXODU�PDVV�IRU����PRQWKV��
+H�KDG�JHQHUDOL]HG�SUXULWXV�ILYH�\HDUV�DJR��)LJXUHb����+H�LV�D�IRUPHU�VPRNHU�
����FLJDUHWWHV�SHU�GD\�IRU����\HDUV���UHSRUWHG�GULQNLQJ��bJODVVHV�RI�EHHU�RQ�
ZHHNHQGV�IRU����\HDUV�DQG�H[SRVXUH�WR�SHVWLFLGH�EHQ]HQH�KH[DFKORULGH��%+&��
IRU���\HDUV��+H�KDG�K\SHUWHQVLRQ�DQG�GLDEHWHV�PHOOLWXV�DV�FRPRUELGLWLHV��
+Hb GLG� QRW� SUHVHQW� D� IDPLO\� KLVWRU\� RI� QHRSODVLDV�� +H� VDLG� KH� OLYHG� LQ�
-DSDQ�IRU���b\HDUV�ZKLOH�ZRUNLQJ� LQ�WKH�DXWRPRELOH� LQGXVWU\��7KHbSDWLHQW�
ZDV� LQ�JHQHUDO�SUHVHUYHG�VWDWH��ZLWKRXW�ZHLJKW� ORVV��ZLWK� FHUYLFDO�PDVV�
LQ� WKH� OHIW� UHWURDXULFXODU�UHJLRQ�RI�������FP� LQ� LQWLPDWH�FRQWDFW�ZLWK� WKH�
LQIHULRU�SROH�RI�SDURWLG�DQG�ULJKW�UHWURDXULFXODU�PDVV�RI�������FP��$EVHQFH�
RI�RWKHU�FHUYLFDO��D[LOODU\�DQG� LQJXLQDO� O\PSKDGHQRSDWK\��7KH�KHPRJUDP�
VKRZHG� OHXNRF\WHV� RI� �����PP��� HRVLQRSKLOV� ����� ������� FUHDWLQLQH�
����bPJ�GO��SDUWLDO�XULQH�H[DPLQDWLRQ�GHPRQVWUDWHG�DEVHQFH�RI�SURWHLQXULD�
DQG�K\SHUJDPPDJOREXOLQHPLD�(��7KH�ILQH�QHHGOH�DVSLUDWLRQ�VKRZHG�WKH�
SUHVHQFH�RI� O\PSKRF\WHV�ZLWKRXW�DW\SLD��DQG�WKH�H[FLVLRQDO�ELRSV\�RI�WKH�
UHWURDXULFXODU�PDVV�VKRZHG�IROOLFXODU�K\SHUSODVLD�GHPRQVWUDWLQJ�SURPLQHQW�
JHUPLQDWLYH�FHQWHUV��DVVRFLDWHG�ZLWK�D�PDUNHG� LQIODPPDWRU\� LQILOWUDWH�RI�
QRGXODU�DQG�GLIIXVH�SDWWHUQ��FRPSRVHG�RI�O\PSKRF\WHV�DQG�ODUJH�DPRXQW�RI�
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HRVLQRSKLOV���)LJXUHb�$���7KH�KLVWRSDWKRORJLFDO�ILQGLQJV�ZHUH�FRPSDWLEOH�ZLWK�
.LPXUDȇV�GLVHDVH��&RPSOHPHQWDU\�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�ZDV�
SHUIRUPHG��DQG�WKH�O\PSKRF\WH�SRVLWLYLW\�IRU�&'���LQ�WKH�IROOLFOHV�VKRZHG�
IROOLFXODU�K\SHUSODVLD��)LJXUHb�%���&'��ZDV�SRVLWLYH�LQ�UDUH�O\PSKRF\WHV�DQG�
&'���GHPRQVWUDWHG�UHJXODU�DQG�ZHOO�GHILQHG�EORRG�YHVVHOV��ZKLFK�FRQWULEXWHV�
WR�WKH�H[FOXVLRQ�RI�WKH�GLIIHUHQWLDO�GLDJQRVLV�RI�DQJLRO\PSKRLG�K\SHUSODVLD�
ZLWK�HRVLQRSKLOLD��&HUYLFDO�FRPSXWHG�WRPRJUDSK\��&7��UHYHDOHG�WKLFNHQLQJ�RI�
WKH�VRIW�DQG�VXEFXWDQHRXV�SDUWV�RI�WKH�RFFLSLWDO��OHIW�UHWURDXULFXODU��LUUHJXODU��
SRRUO\�GHOLPLWHG�OHVLRQV�ZLWK�WKH�SRVWHULRU�SRUWLRQV�RI�WKH�SDURWLG�DQG�PXOWLSOH�
LQWUDSDURWLG�O\PSK�QRGHV��GHHS�FHUYLFDO�DQG�UHWURDXULFXODU��0DJQHWLF�UHVRQDQFH�
LPDJLQJ��05Ζ��VKRZHG�D�VXEFXWDQHRXV�OHVLRQ�RI�WKH�OHIW�UHWURDXULFXODU�UHJLRQ��
DGMDFHQW�WR�PDVWRLG�ZLWK�KRPRJHQHRXV�HQKDQFHPHQW�DIWHU�DGPLQLVWUDWLRQ�
RI�LQWUDYHQRXV�FRQWUDVW��PHDVXULQJ�DERXW�����������������FP��7KH�OHVLRQ�KDV�
DQ�LQWLPDWH�UHODWLRQVKLS�ZLWK�WKH�SRVWHULRU�UHJLRQ�RI�WKH�OHIW�SDURWLG�JODQG�
�)LJXUHb����7KH�SDWLHQW�ZDV�VXEPLWWHG�WR�UHVHFWLRQ�RI�WKH�OHIW�UHWURDXULFXODU�
OHVLRQ��ZLWK�RSHUDWLYH�ILQGLQJV�RI�FRPSUHVVLRQ�RI�WKH�H[WHUQDO�DXGLWRU\�FDQDO��
SHULSDU�WLGDO� O\PSK�QRGH�HQODUJHPHQW��ZLWKRXW�D�FOHDYDJH�SODQH�ZLWK�WKH�
SDURWLG�JODQG�WKDW�ZDV�SDUWLDOO\�UHVHFWHG��IUHH�VXUJLFDO�PDUJLQV��7KH�IROORZ�XS�
WLPH�LV����PRQWKV��ZLWK�QR�VLJQV�RI�GLVHDVH�

Figure 1.�$����\HDU�ROG�PDOH�ZLWK�D�GLDJQRVLV�RI�.LPXUDȇV�GLVHDVH��7XPRU�DQG�HGHPD�
DUH�VHHQ�LQ�WKH�OHIW�UHWURDXULFXODU�UHJLRQ�
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Discussions
)RU� PDQ\� \HDUV�� .LPXUDȇV� GLVHDVH� ZDV� FRQVLGHUHG� DV� D� ODWH� VWDJH� RI�
DQJLRO\PSKRLG� K\SHUSODVLD� ZLWK� HRVLQRSKLOLD��� ΖQ� ������ .LPXUDb HWb DO���
GHVFULEHG�.'�DV�DQ�XQFRPPRQ�JUDQXORPD�DVVRFLDWHG�ZLWK�K\SHUSODVWLF�
FKDQJHV� LQ� O\PSKRLG� WLVVXH�� ΖQ� ������8UDEOHb HWb DO�� DQG� DQRWKHU� DXWKRU�
FDOOHG�3DXO�%��*RRJH�LQ�DQRWKHU�DUWLFOH�LQ�WKH�VDPH�\HDU��GHVFULEHG�.'�DQG�
DQJLRO\PSKRLG�K\SHUSODVLD�ZLWK�HRVLQRSKLOLD�DV�WZR�GLIIHUHQW�HQWLWLHV�LQ�FOLQLFDO�
DQG�SDWKRORJLFDO�DVSHFWV���ΖQ�������.XRbHWbDO��FRQILUPHG�WKH�FRQFHSW�RI�.'�
DV�DQ�LQGHSHQGHQW�SDWKRORJLFDO�HQWLW\��

Figure 2.��$��+HPDWR[\OLQ�(RVLQ�$����[�LQFUHDVH�GHPRQVWUDWHV�D�PDUNHG�LQIODPPDWRU\�LQILOWUDWH�DVVRFLDWHG�ZLWK�ODUJH�QXPEHUV�
RI�HRVLQRSKLOV���%��&'���ΖQFUHDVH���[�GHPRQVWUDWHV�D�PDUNLQJ�RI�WKH�O\PSKRF\WHV�LQ�WKH�JHUPLQDO�FHQWHUV�HYLGHQFLQJ�D�IROOLFXODU�
K\SHUSODVLD�

Figure 3.��$��7��LPDJH�GHPRQVWUDWLQJ�LQWHUPHGLDWH�VLJQDO�PDVV��WKLQ�DUURZ��ZLWKRXW�OHIW�SDURWLG�FOHDYDJH�SODQH��WKLFN�DUURZ���
7KHUH�DUH�VRPH�RYDO� LPDJHV�FKDUDFWHUL]HG�E\�DQ�LQWHUPHGLDWH�VLJQDO�DQG�ZLWK�KRPRJHQRXV�HQKDQFHPHQW�DIWHU�FRQWUDVW� LQ�
WKH�OHIW�SDURWLG�JODQG�DQG�DOVR�LQVLGH�WKH�JODQG��PHDVXULQJ�XS�WR�DERXW�����FP���%��7��LPDJH�VKRZV�PDVV�LQ�OHIW�UHWURDXULFXODU�
LQWHUPHGLDWH�VLJQDO���&��7��LPDJH�VKRZV�PDVV�LQ�LQWHUPHGLDWH�VLJQDO�DQG�LWV�UHODWLRQ�ZLWK�H[WHUQDO�DXGLWRU\�FDQDO��WKLQ�DUURZ��
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.'�FRQVLVWV�RI�D�FKURQLF�LQIODPPDWRU\�GLVHDVH�LQYROYLQJ�WKH�GHUPLV�DQG�WKH�
VXEFXWDQHRXV�FHOOXODU�WLVVXH��FKDUDFWHUL]HG�E\�RQH�RU�PXOWLSOH�QRGXOHV�RU�
SDLQOHVV�PDVVHV���ΖW�RFFXUV�SUHGRPLQDQWO\�XQLODWHUDOO\�LQ�WKH�KHDG�DQG�QHFN�
UHJLRQ�DQG�LW�LV�DVVRFLDWHG�ZLWK�UHJLRQDO�O\PSKDGHQRSDWK\�ZLWK�RU�ZLWKRXW�
LQYROYHPHQW�RI�WKH�VDOLYDU\�JODQGV��ZLWK�WKH�SDURWLG�JODQG�PRUH�DIIHFWHG��
7KH�OHVLRQV�PD\�UHPDLQ�VWDEOH�IRU�\HDUV�ZLWK�WKH�SRVVLELOLW\�RI�QHZ�OHVLRQV��

7KH�FODVVLFDO�WULDG�FRQVLVWV�RI�SDLQOHVV�VXEFXWDQHRXV�PDVV��HV��LQ�WKH�KHDG�
DQG�QHFN�UHJLRQ��HRVLQRSKLOLD�LQ�SHULSKHUDO�EORRG�DQG�WLVVXHV��DQG�PDUNHG�
LQFUHDVH�LQ�VHUXP�ΖJ*��ΖJ(��OHYHOV��ΖW�LV�PRUH�FRPPRQ�LQ�\RXQJ�SDWLHQWV��LQ�
WKH��rd�GHFDGH��PDOH�������DQG�$VLDQ��3UHYDOHQFH�LQ�SDWLHQWV�RI�RWKHU�UDFHV�
LV�FRQVLGHUHG�ORZ��

+LVWRSDWKRORJLFDOO\�� LW� LV�FKDUDFWHUL]HG�E\�H[XEHUDQW�IROOLFXODU�K\SHUSODVLD�
DVVRFLDWHG�ZLWK�DQ� LQIODPPDWRU\� O\PSKRF\WLF� LQILOWUDWH�ZLWK�IRUPDWLRQ�RI�
O\PSKRLG� IROOLFOHV� LQWHUVSHUVHG�E\�HRVLQRSKLOLF� DJJUHJDWHV�DQG� ILEURVLV��
H[WHQGLQJ� DV� D� VHSWD����� 7KHUH� DUH�PDQ\�EORRG� YHVVHOV�� KRZHYHU�� WKHVH�
YHVVHOV�DUH�UHJXODU�DQG�ZHOO�GHILQHG��XQOLNH�DQJLRO\PSKRLG�K\SHUSODVLD�ZLWK�
HRVLQRSKLOLD��ZKLFK�SUHVHQWV�H[XEHUDQW�YDVFXODU�SUROLIHUDWLRQ�ZLWK�LUUHJXODU�
DQG�WRUWXRXV�YHVVHOV����

'LIIHUHQWLDO� GLDJQRVLV� LV� DOVR�PDGH�ZLWK�SDWKRORJLHV� VXFK� DV�+RGJNLQȇV�
O\PSKRPD��QRQ�+RGJNLQȇV�O\PSKRPD��KLVWLRF\WRVLV�;��WXEHUFXORVLV�DQG�RWKHU�
QHRSODVWLF�DQG�LQIHFWLRXV�GLVHDVHV�WKDW�PDQLIHVW�ZLWK�O\PSK�QRGH�HQODUJHPHQW�
LQ�\RXQJ�SHRSOH��7KH�GLDJQRVLV�RI�WKHVH�HQWLWLHV�RFFXUV�WKURXJK�PLFURVFRS\�
DQG�VHURORJ\����

7KH�SDWKRJHQHVLV�RI�.'�LV�XQNQRZQ�DQG�LW�LV�FRQVLGHUHG�D�V\VWHPLF�LPPXQH�
GLVRUGHU��(RVLQRSKLOLD�DQG�WKH�LQFUHDVH�LQ�VHUXP�ΖJ(�OHYHOV�DOORZ�.'�WR�EH�
FRQVLGHUHG�D�&'������7�KHOSHU����7K���W\SH�DOOHUJLF�UHDFWLRQ������

7UHDWPHQW�LQFOXGHV�REVHUYDWLRQ�DQG�IROORZ�XS�LQ�GLVFUHWH�DQG�DV\PSWRPDWLF�
FDVHV�DQG�VXUJLFDO�H[FLVLRQ��ZKLFK�LV�WKH�PRVW�FRPPRQ�DSSURDFK��2WKHU�OHVV�
FRPPRQO\�XVHG�RSWLRQV� LQFOXGH� LQWUDOHVLRQDO�RU�V\VWHPLF�FRUWLFRVWHURLGV��
F\FORVSRULQH��SHQWR[LI\OOLQH��DQG�UDGLDWLRQ�WKHUDS\��3RVW�VXUJHU\�UHODSVH�RFFXUV�
ZLWK�D�FHUWDLQ�IUHTXHQF\����

ΖW� LV� LPSRUWDQW�WKH�NQRZOHGJH�RI�.LPXUDȇV�GLVHDVH��DV�D�SRVVLEOH�GLDJQRVLV�
LQ�WKH�\RXQJ�SDWLHQW��PDLQO\�RI�$VLDQ�RULJLQ��ZLWK�SDLQOHVV�FHUYLFDO�PDVV��
DVVRFLDWHG�ZLWK�HRVLQRSKLOLD�DQG�K\SHUJDPPDJOREXOLQHPLD�(�
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