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ABSTRACT

Aim: 7R�LQYHVWLJDWH�LPDJLQJ�¿QGLQJV�DQG�SRVWQDWDO�FOLQLFDO�IHDWXUHV�RI�IHWDO�LQWUDF-
UDQLDO�KHPRUUKDJH�

Materials and Methods:� )HWDO� LQWUDFUDQLDO� KHPRUUKDJH� FDVHV� GHWHFWHG� LQ� RXU�
LQVWLWXWLRQ� EHWZHHQ� ����� DQG� ����� E\� XOWUDVRQRJUDSK\� DQG�PDJQHWLF� UHVRQDQFH�
LPDJLQJ�ZHUH�LQFOXGHG��0DWHUQDO�FKDUDFWHULVWLFV��XOWUDVRQRJUDSK\�DQG�PDJQHWLF�UH-
VRQDQFH�LPDJLQJ�¿QGLQJV��DQG�SRVWQDWDO�RXWFRPHV�ZHUH�QRWHG�

Results:�$�WRWDO�RI����FDVHV�ZLWK�D�JHVWDWLRQDO�DJH�RI�������ZHHNV�DW�WKH�WLPH�RI�
GLDJQRVLV�ZHUH�GHWHFWHG��(LJKW�FDVHV�KDG�DQ�LQWUDYHQWULFXODU�KHPRUUKDJH��RQH�FDVH�
KDG�D�FHUHEHOODU�KHPRUUKDJH��DQG�RQH�FDVH�KDG�ERWK�LQWUDYHQWULFXODU�DQG�VXEGXUDO�
KHPRUUKDJH��$Q�LGHQWL¿DEOH�ULVN�IDFWRU�ZDV�GHWHFWHG�LQ�����RI�WKH�FDVHV��:KLOH�LQW-
UDFUDQLDO�KHPRUUKDJH�ZDV�GLDJQRVHG�E\�XOWUDVRQRJUDSK\�LQ�VHYHQ�FDVHV��LQ���FDVHV�
LW�ZDV�GHWHFWHG�E\�PDJQHWLF�UHVRQDQFH�LPDJLQJ�WKDW�ZDV�SHUIRUPHG�IRU�LQGLFDWLRQV�
RWKHU�WKDQ�LQWUDFUDQLDO�KHPRUUKDJH��,Q�WZR�FDVHV�SUHJQDQF\�ZDV�WHUPLQDWHG��RQH�
LQWUDXWHULQH�IHWDO�GHDWK�RFFXUUHG�DQG�VHYHQ�FDVHV�ERUQ�DOLYH�ZHUH�IROORZHG�XS�IRU�
DW�OHDVW�VL[�PRQWKV�LQ�WKH�SRVWQDWDO�SHULRG��$PRQJ�WKHVH��WKH�QHXURORJLFDO�GLVRUGHU�
ZDV�REVHUYHG�LQ�������

Conclusion:�)HWDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�GLDJ-
QRVLV�DQG�FKDUDFWHUL]DWLRQ�RI�LQWUDFUDQLDO�KHPRUUKDJH�DQG�LV�FRPSOHPHQWDU\�WR�XOWUD-
VRQRJUDSK\��+HQFH�ZH�UHFRPPHQG�XVLQJ�XOWUDVRQRJUDSK\�DQG�PDJQHWLF�UHVRQDQFH�
LPDJLQJ�WRJHWKHU�LQ�LWV�GLDJQRVLV�
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7KH�LQFLGHQFH�RI�IHWDO�LQWUDFUDQLDO�KHPRUUKDJH��,&+��KDV�EHHQ�
UHSRUWHG�WR�EH�DSSUR[LPDWHO\���������������������:LWK�WKH�GHYH-
ORSPHQW�RI�YDVFXODU�FRQQHFWLRQV�EHWZHHQ�WKH�JHUPLQDO�PDWUL[�
DQG� WKH�VXEHSHQG\PDO� YHQRXV�QHWZRUN�� IHWDO� ,&+�PRVWO\�RF-
FXUV�DIWHU����ZHHNV�RI�JHVWDWLRQ��������7KH�,&+�FDQ�EH�DFFX-
UDWHO\� LGHQWL¿HG� DQG� FDWHJRUL]HG� E\� SUHQDWDO� XOWUDVRQRJUDSK\�
�86*�LF� HYDOXDWLRQ� � DQG�PDJQHWLF� UHVRQDQFH� LPDJLQJ� �05,���
+HPRUUKDJH�PD\� EH� VHHQ� DW� EUDLQ� SDUHQFK\PD�� FHUHEHOOXP��
SHULYHQWULFXODU��VXEHSHQG\PDO��DQG�VXEGXUDO�UHJLRQV��DQG�PRUH�
FRPPRQO\�DW�LQWUDYHQWULFXODU��DQG�SHULYHQWULFXODU�UHJLRQV���������
:KHQ�,&+�RFFXUV�LQ�WKH�FULWLFDO�VWDJH�LQ�ZKLFK�EUDLQ�GHYHORS-
PHQW�FRQWLQXHV��VXFK�DV�WKH�QHRQDWDO�SHULRG������LW�FDQ�FDXVH�
VLJQL¿FDQW�QHJDWLYH�QHXURGHYHORSPHQWDO�FRQVHTXHQFHV��7R�GH-
PRQVWUDWH�WKDW�,&+�KDV�RFFXUUHG�SULRU�WR�ODERU��QRW�GXH�WR�ELUWK�
LQMXU\��PD\�SUHYHQW�PHGLFROHJDO�DFWLRQ�����

7KH�DLP�RI�RXU�VWXG\�LV�WR�GHWHUPLQH�WKH�XOWUDVRQRJUDSKLF�¿Q-
GLQJV�DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�IHDWXUHV��HWLRORJLFDO�ID-
FWRUV��DQG�SHULQDWDO�RXWFRPHV�RI�IHWDO�LQWUDFUDQLDO�KHPRUUKDJH�

7KLV� LV� D� UHWURVSHFWLYH� REVHUYDWLRQDO� VWXG\� FRQGXFWHG� DW� WKH�
3HULQDWRORJ\�&OLQLF�RI�+HDOWK�6FLHQFHV�8QLYHUVLW\�(WOLN�=�EH\GH�
+DQÕP�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�EHWZHHQ�-DQXDU\������
DQG�-DQXDU\�������(WKLFDO� DSSURYDO�ZDV�REWDLQHG�EHIRUH� WKH�
VWXG\�ZDV�SHUIRUPHG��)HWDO� ,&+�FDVHV�ZHUH�GHWHFWHG�GXULQJ�
URXWLQH� RU� WDUJHWHG� SUHQDWDO� VRQRJUDSKLF� H[DPLQDWLRQV� ZHUH�
LQFOXGHG�� ,Q� DOO� FDVHV�� IHWDO� QHXURVRQRJUDSK\�ZDV� SHUIRUPHG�
ZLWK�9ROXVRQ�(��XOWUDVRXQG�GHYLFH�� ����0+]� WUDQVDEGRPLQDO�
SUREHV�� DQG� �����0+]� WUDQVYDJLQDO� SUREHV�ZKHQ� QHFHVVDU\��
DFFRUGLQJ�WR�,682*�JXLGHOLQHV������7KH�GLDJQRVLV�RI�,&+�ZDV�
FRQVLGHUHG�LQ�WKH�SUHVHQFH�RI�YHQWULFXORPHJDO\�ZLWK�WKLFN��LUUH-
JXODUO\�VKDSHG�FKRURLG�SOH[XV�WKDW�KDV�KHWHURJHQRXV�HFKRJH-
QLFLW\��K\SHUHFKRJHQLF�YHQWULFXODU�ZDOOV�� LQWUDYHQWULFXODU�K\SH-
UHFKRJHQLF�FORWV��WKH�SUHVHQFH�RI�SDUHQFK\PDO�K\SHUHFKRJHQLF�
DYDVFXODU�PDVV��LQFUHDVHG�SHULYHQWULFXODU�ZKLWH�PDWWHU�HFKRJH-
QLFLW\�RU�SRUHQFHSKDO\��6XEGXUDO�KHPRUUKDJH�ZDV�GHWHFWHG�DV�
VSDFH�RFFXS\LQJ� K\SRHFKRLF� OHVLRQV� FRPSUHVVLQJ� LSVLODWHUDO�
FHUHEUDO�VWUXFWXUHV�

7KH� FODVVL¿FDWLRQ� V\VWHP� UHFRPPHQGHG� LQ� WKH� OLWHUDWXUH�ZDV�
XVHG�WR�GH¿QH�IHWDO�,&+V������7KH�JUDGLQJ�LV�DV�IROORZV��*UDGH�
���/LPLWHG�WR�VXEHSHQG\PDO�PDWUL[��*UDGH����([WHQVLRQ�LQWR�WKH�
ODWHUDO�YHQWULFOH�ZLWK�QRUPDO�VL]H�RU�YHQWULFXORPHJDO\�ZLWK�OHVV�

WKDQ�D�GLDPHWHU�RI����PP�LQ�YHQWULFXODU�DWULXP��*UDGH����:LWK�
YHQWULFXORPHJDO\�H[FHHGLQJ����PP�LQ�WKH�ODWHUDO�YHQWULFXODU�DW-
ULXP�ZLWK�EORRG�FORWV�LQ�RQH�RU�ERWK�ODWHUDO�YHQWULFOHV��DQG�*UD-
GH����7KH�SUHVHQFH�RI�KHPRUUKDJLF�LQIDUFWLRQ�LQ�SHULYHQWULFXODU�
ZKLWH�PDWWHU�� LQFOXGLQJ�*UDGH�����KHPRUUKDJH�� ,Q� HDFK� FDVH�
IHWDO�05,� �IROORZLQJ�XOWUDVRQRJUDSK\� �86*��H[DPLQDWLRQ��DQG�
IROORZ�XS�86*������VRQRJUDPV��ZHUH�SHUIRUPHG��$�����7HVOD�
VFDQQHU��6LHPHQV�0DJQHWRP�$(5$�����7��ZDV�XVHG�IRU�05,��
$OO�SDWLHQWV�ZHUH�H[DPLQHG�DW�VXSLQH�RU�ODWHUDO�GHFXELWXV�SRVL-
WLRQ�DIWHU���KRXUV�RI�IDVWLQJ��7KH�05,�SURWRFRO�LQFOXGHG��VLQJOH�
VKRW�IDVW�VSLQ�HFKR�7���EDODQFHG�66)3�DQG�IDVW�JUDGLHQW�HFKR�
7��ZHLJKWHG�VHTXHQFHV� LQ�D[LDO�� FRURQDO�DQG�VDJLWWDO�SODQHV��
0DWHUQDO� UHFRUGV� ZHUH� UHYLHZHG� WR� VHDUFK� IRU� SHUVRQDO� DQG�
IDPLO\�KLVWRU\��UHVXOWV�RI�VHURORJLFDO�VWXGLHV��DQG�EORRG�FRDJX-
ODWLRQ� WHVWV�� VHDUFK� IRU�PDWHUQDO� GUXJ� XVH�� KLVWRU\� RI� WUDXPD��
F\WRPHJDORYLUXV�� UXEHOOD�� WR[RSODVPRVLV�� RU� KHUSHV� VLPSOH[�
LQIHFWLRQV�ZKLFK�PD\�KDYH�D�UROH�LQ�WKH�HWLRORJ\�RI�,&+��%ORRG�
FRDJXODWLRQ�SDUDPHWHUV�DQG�SODWHOHW�FRXQW�RI�WKH�QHZERUQ�ZHUH�
DOVR� HYDOXDWHG�� 3RVWQDWDO� QHXURORJLFDO� RXWFRPH� RI� WKH� FDVHV�
ZHUH�VHDUFKHG�WKURXJK�PHGLFDO�UHFRUGV�DQG�RU�SKRQH�FDOOV�ZLWK�
WKHLU�SDUHQWV��7KH�SUHVHQFH�RI�FHUHEUDO�SDOV\��HSLOHSV\��DQG�GH-
OD\HG� SV\FKRPRWRU� GHYHORSPHQW� ZHUH� HYDOXDWHG� DV� DGYHUVH�
QHXURGHYHORSPHQW��7KH�ORFDOL]DWLRQ�DQG�GHJUHH�RI�IHWDO�,&+�DF-
FRUGLQJ�WR�VRQRJUDSKLF�DQG�05,�¿QGLQJV�ZHUH�FRPSDUHG�ZLWK�
SRVWSDUWXP�QHXURGHYHORSPHQWDO�UHVXOWV�DW�OHDVW�VL[�PRQWKV�

$�WRWDO�RI����IHWDO�,&+�FDVHV�ZHUH�GHWHFWHG��0DWHUQDO�DJH�UDQ-
JH�ZDV������� �DYHUDJH��������*HVWDWLRQDO�DJH�DW� WKH� WLPH�RI�
GLDJQRVLV�ZDV�EHWZHHQ�������ZHHNV��DYHUDJH�JHVWDWLRQDO�DJH�
ZDV������ZHHNV���,Q�WKUHH�FDVHV�SDWKRORJLHV�DGGLWLRQDO�WR�,&+�
ZHUH�GHWHFWHG��RQH�FDVH�KDG�'DQG\�:DONHU�PDOIRUPDWLRQ��RQH�
FDVH� KDG� UKRPEHQFHSKDORV\QDSVLV� DQG� DEVHQFH� RI� FDYXP�
VHSWXP�SHOOLFLGXP��DQG�RQH�FDVH�KDG�YHUPLDQ�K\SRSODVLD�ZLWK�
DFFRPSDQ\LQJ�FRUSXV�FDOORVXP�DJHQHVLV��7KH�GDWD�LQGLFDWLQJ�
PDWHUQDO� DJH�� JHVWDWLRQDO� DJH� DW� GLDJQRVLV�� XOWUDVRQRJUDSKLF�
DQG�05,�¿QGLQJV��SUHQDWDO�GHDWK�DQG�SRVWQDWDO�QHXURGHYHORS-
PHQWDO�UHVXOWV�DUH�VKRZQ�LQ�WDEOH�

INTRODUCTION

MATERIALS AND METHODS

RESULTS
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Table 1.�6XPPDU\�RI�86*�DQG�05,�¿QGLQJV�DQG�SRVWQDWDO�QHXURGHYHORSPHQWDO�UHVXOWV

,9+��,QWUDYHQWULFXODU�KHPRUUKDJH��,&&��,QWUDFUDQLDO�FDOFL¿FDWLRQ��':0��'DQG\�:DONHU�0DOIRUPDWLRQ��&&$��&RUSXV�FDOORVXP�DJHQHVLV��9+��9HUPLDQ�K\SRSODVLD��
63$��6HSWXP�SHOOLFLGXP�DJHQHVLV��5(6��5KRPEHQFHSKDORV\QDSVLV��6'+��6XEGXUDO�KHPDWRPD��86*��8OWUDVRQRJUDSK\��05��0DJQHWLF�UHVRQDQFH�LPDJLQJ��
936��9HQWULFXORSHULWRQHDO�VKXQW

Case Maternal age 5൴VN�IDFWRUV '൴DJQRV൴V�RI�
JHVWDW൴RQDO�
ZHHN

86*�I൴QG൴QJV 05,�I൴QG൴QJV *UDGH���
V൴GH

3UHJQDQF\�
WHUP൴QDW൴RQ�
�ZHHN�VH[�

3RVWQDWDO�

൴PDJ൴QJ

3RVWQDWDO� QHXUR-
GHYHORSPHQW���
RSHUDW൴RQ

1 23 )HWDO�K\GURSV 21 YHQWU൴FXORPH-
JDO\

IVH ,,,���U൴JKW 7HUP൴QD-
W൴RQ����Z�
IHPDOH�

1R�DX-
WRSV\

2 23 &RQJHQ൴WDO�
WR[RSODVPRV൴V

20 ,9+��,&& ,9+��&&$ ,9���U൴JKW 7HUP൴QD-
W൴RQ����Z�
IHPDOH�

1R�DX-
WRSV\

3 27 1RQH 33 IVH IVH /HIW�JUDGH�
,9��U൴JKW�
JUDGH�,,���
E൴ODWHUDO

/൴YH�ERUQ�
���Z�PDOH�

05,��3HU൴-
YHQWU൴FXODU�
KHPRUUKD-
J൴F�FDOF൴-
I൴FDW൴RQV�
൴Q�WKH�OHIW�
IURQWRSD-
U൴HWDO�OREH�
�FKURQ൴F�
SDUHQFK\-
PDO�GDPD-

JH�

5൴JKW�PRGHUDWH��
KHP൴SDUHV൴V���

VPS

4 40 &KURQ൴F�K\SHU-
WDQV൴RQ���DVS൴-
U൴Q�WKHUDS\

20 SHU൴YHQWU൴FXODU�
KHPRUUKDJH���

DWM

3HU൴YHQWU൴FX-
ODU�HQFHSKD-
ORPDODF൴D���

DWM

,9��E൴OD-
teral

/൴YH�ERUQ�
���Z�IH-
PDOH�

05,��%൴OD-
teral lateral 
YHQWU൴FXODU�
EOHHG൴QJ�
Z൴WK൴Q�WKH�
RFF൴S൴WDO�
KRUQ

%൴ODWHUDO�D[൴DO�
K\SRWRQ൴D��FRQ-

YXOV൴RQ

� 31 1RQH 29 Cerebellar 
KHPRUUKDJH

Cerebellar 
KHPRUUKDJH

/൴YH�ERUQ�����
���Z�PDOH�

7UDQVIRQ-
tanel USG: 
Cerebellar 
KHPDWRPD

1RUPDO

6 36 &KURQ൴F�K\SHU-
WDQV൴RQ���DVS൴-
U൴Q�WKHUDS\

21 IVH SHU൴YHQWU൴FXODU�
KHPRUUKDJH��� 
SRUHQFHSKDO൴F�

F\VW

,9���E൴OD-
teral

/൴YH�ERUQ�
���Z�PDOH�

7UDQVIRQ-
tanel USG 
��QRUPDO

1RUPDO

7 34 &RQJHQ൴WDO�
WR[RSODVPRV൴V

27 %൴ODWHUDO�YHQW-
U൴FXORPHJDO\

,9+���F\VW൴F�
HQFHSKDORPD-

ODF൴D

,9���E൴OD-
teral

6W൴OOE൴UWK�
���Z�IH-
PDOH�

1R�DX-
WRSV\

8 �� 1RQH 31 3HU൴YHQWU൴FXODU�
KHPRUUKDJH���
,QWHUKHP൴VSKH-
U൴F�DQG�FHUHEHO-

ODU�F\VWV

,9+���3RUHQ-
FHSKDO൴F�F\VW�
��&&$���9+�
��FHUHEHOODU�
HQFHSKDORPD-

ODF൴D

,9���E൴OD-
teral

/൴YH�ERUQ�
���Z�IH-
PDOH�

05,��%൴OD-
WHUDO�FDX-
GRWKDODP൴F�
JURRYHV�
DQG�൴QWUD-
YHQWU൴FXODU�
EOHHG൴QJ

&RQYXOV൴RQ��E൴OD-
WHUDO�PRGHUDWHG�
KHP൴SDUHV൴V

9 23 1RQH 21 9HQWU൴FXORPH-
JDO\���63$���

RES

,9+���63$���
RES

,,,���E൴OD-
teral

/൴YH�ERUQ�
���Z�PDOH�

05,��OHIW�
,9+���63$�
��5(6

0RWRU�GHYHORS-
PHQW�UHJUHVV൴RQ

10 20 &RQJHQ൴WDO�
V\SK൴O൴V���IHWDO�

K\GURSV

27 IVH ,9+���6'+ *UDGH�,9���
E൴ODWHUDO

/൴YH�ERUQ�
���Z�PDOH�

7UDQVIRQ-
tanel USG: 
QRUPDO

1RUPDO
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(LJKW� FDVHV� KDG� LQWUDYHQWLFXODU� KHPRUUKDJH� �,9+��� RQH� FDVH�
KDG�FHUHEHOODU�KHPRUUKDJH��)LJXUH�����DQG�RQH�FDVH�KDG�ERWK�
LQWUDYHQWULFXODU�DQG�VXEGXUDO�KHPRUUKDJH��3RUHQFHSKDOLF�F\VWV�
ZHUH�REVHUYHG�LQ�&DVH���DQG�&DVH���ZLWK�*UDGH�,9�KHPRUUKD-
JH��)LJXUH�����,Q�QLQH�FDVHV�ZLWK�LQWUDYHQWULFXODU�KHPRUUKDJH��
RQH�KDG�ULJKW�VLGHG�JUDGH�,,,��RQH�KDG�ULJKW�VLGHG�JUDGH�,9��RQH�
KDG�JUDGH� ,9�RQ� WKH� OHIW� DQG�JUDGH� ,,� RQ� WKH� ULJKW�� RQH� FDVH�
KDG�ELODWHUDO�JUDGH�,,,��DQG�WKH�RWKHU�¿YH�KDG�ELODWHUDO�JUDGH�,9�
KHPRUUKDJH��:KLOH�,&+�ZDV�GHWHFWHG�LQ�VHYHQ�������FDVHV�E\�
86*�DQG�FRQ¿UPHG�E\�05,��LQ���FDVHV�LW�ZDV�PLVVHG�E\�86*�
DQG�GHWHFWHG�E\�05,��7KH�LQGLFDWLRQV�IRU�UHIHUUDO�RI�WKHVH�WKUHH�
FDVHV� WR�05,�ZHUH� LVRODWHG�YHQWULFXORPHJDO\� LQ� WZR�RI� WKHP��
DQG�DEVHQFH�RI�FDYXP�VHSWXP�SHOOLFLGXP�DQG�UKRPEHQFHSKD-
ORVLQDSVLV�LQ�DGGLWLRQ�WR�YHQWULFXORPHJDO\�LQ�RQH�ZKLFK�ZHUH�DOO�
GHWHFWHG�WKURXJK�VRQRJUDSKLF�HYDOXDWLRQ�

�7KH�LQGLFDWLRQV��IRU�UHIHUUDO��RI�WKHVH�WKUHH�FDVHV�WR�05,�ZHUH�
VRQRJUDSKLF� ¿QGLQJV� DV� LVRODWHG� YHQWULFXORPHJDO\� LQ� WZR� RI�
WKHP�DQG�WKH�DEVHQFH�RI�FDYXP�VHSWXP�SHOOLFLGXP��DQG�UKRP-
EHQFHSKDORVLQDSVLV� LQ� DGGLWLRQ� WR� YHQWULFXORPHJDO\� LQ� RQH� RI�
WKHP��,Q�WKUHH�FDVHV�05,�JDYH�DGGLWLRQDO�LQIRUPDWLRQ�WR�VRQRJ-
UDSKLF�¿QGLQJV�DV�FRUSXV�FDOORVXP�DJHQHVLV��&&$��LQ�&DVH����
&&$���YHUPLDQ�K\SRSODVLD�LQ�&DVH����DQG�VXEGXUDO�KHPRUUKD-
JH�LQ�&DVH�����

)LJXUH��� �FDVH���� �86*� LPDJH�DW� WKH�REOLTXH�D[LDO� SODQH� �D��
DQG�FRURQDO�7��ZHLJKWHG�05��E��LPDJH�VKRZ�OHIW�FHUHEHOODU�KH-
PLVSKHUH�KHPDWRPD�LQ�WKH�VXEDFXWH�FKURQLF�SHULRG��DUURZ��DV�
D�F\VWLF�DQHFKRLF�PDVV��DQG�K\SHULQWHQVH�PDVV�ZLWK�KHPRVL-
GHULQ�ULQJ�UHVSHFWLYHO\�

)LJXUH����FDVH�����D[LDO�86*�LPDJH�VKRZV��D���SDUHQFK\PDO�
KHPRUUKDJH� LQ� WKH� ULJKW� IURQWDO� OREH�DUURZKHDG�� DQG� ELODWHUDO�
LQWUDYHQWULFXODU�K\SHUHFKRJHQLF�FORWV��DUURZ���DUURZKHDG���D[LDO�
7��ZHLJKWHG��E��DQG�FRURQDO�+$67(��F��LPDJHV�VKRZ�VXEGXUDO�
KHPRUUKDJH�H[WHQGLQJ�LQWR�WKH�SRVWHULRU�RI�WKH�LQWHUKHPLVSKHULF�
¿VVXUH���FDVH�����7��ZHLJKWHG��G���7��ZHLJKW��H��05�DQG�86*�
�I��LPDJHV�VKRZ�H[WHQVLYH�EOHHGLQJ����LQ�WKH�FRUWH[�DQG�ZKLWH�
PDWWHU�LQ�WKH�OHIW�RFFLSLWDO�OREH���J��VDJLWWDO��86*�LPDJH�VKRZV�
SRUHQFHSKDOLF�F\VW��DUURZ��LQ�WKH�OHIW�RFFLSLWDO�OREH�
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$Q� LGHQWL¿DEOH� ULVN� IDFWRU� ZDV� GHWHFWHG� LQ� ���� ������� RI� WKH�
FDVHV��,Q�WZR�FDVHV�WKHUH�ZDV�PDWHUQDO�DQWLK\SHUWHQVLYH�GUXJ�
DQG�DVSLULQ�XVH�GXH�WR�FKURQLF�K\SHUWHQVLRQ��0DWHUQDO�7R[RS-
ODVPD�,J0�DQG�,J*�ZHUH�SRVLWLYH�LQ�WZR�FDVHV��&DVH�������DQG�
DYLGLW\� WHVWV�DOVR�VKRZHG�DFXWH�7R[RSODVPD� LQIHFWLRQ� �� ,Q�DG-
GLWLRQ��&DVH���KDG�LQWUDFUDQLDO�FDOFL¿FDWLRQV�GHWHFWHG�E\�86*��
7R[RSODVPD�3&5� IURP�DPQLRWLF� ÀXLG� FRXOG� QRW� EH� VWXGLHG� LQ�
WKHVH�FDVHV�GXH�WR�QRQ�DSSURYDO�RI�DPQLRV\QWKHVLV�E\�WKH�SD-
UHQWV��,Q�&DVH���SUHJQDQF\�ZDV�WHUPLQDWHG�DQG�VWLOOELUWK�RFFXU-
UHG�LQ�&DVH����KHQFH�WR[RSODVPD�3&5�FRXOG�QRW�EH�VWXGLHG�LQ�
WKH�SRVWQDWDO�SHULRG��)HWDO�K\GURSV�ZDV�SUHVHQW� LQ� WZR�FDVHV�
DQG�PLGGOH�FHUHEUDO�DUWHU\�SHDN�V\VWROLF�YHORFLW\�LQGLFDWHG�VH-
YHUH�IHWDO�DQHPLD�LQ�ERWK�RI�WKHP��

%ORRG�DQDO\VLV�ZDV�SHUIRUPHG�LQ�WKH�QHRQDWDO�SHULRG�LQ�DOO�OLYH-
ELUWKV��������DQG�KHPRJORELQ��SODWHOHW�YDOXHV��DQG�FRDJXODWLRQ�
WHVWV�ZHUH�IRXQG�WR�EH�QRUPDO��$XWRSV\�FRXOG�QRW�EH�SHUIRUPHG�
IRU� WKH�FDVHV� WKDW� UHVXOWHG� LQ�SUHJQDQF\� WHUPLQDWLRQ�DQG�VWLOO-
ELUWK��GXH�WR�WKH�UHIXVDO�RI�WKH�IDPLOLHV��3RVWQDWDO�LPDJLQJ�¿QGLQ-
JV�ZHUH�REWDLQHG�LQ�DOO�OLYH�ELUWKV��)HWDO�,&+�ZDV�GHWHFWHG�LQ�WKH�
SRVWQDWDO� LPDJLQJ�RI�¿YH�FDVHV����������ZKLOH�WUDQVIRQWDQHOOH�
86*�¿QGLQJV�ZHUH�QRUPDO�LQ�WZR�FDVHV����������&DVH���ZLWK�
DQWHQDWDO�FHUHEHOODU�KHPRUUKDJH�DQG�WUDQVIRQWDQHOOH�86*�¿Q-
GLQJV�RI�FHUHEHOODU�KHPRUUKDJH�LQ�WKH�SRVWQDWDO�SHULRG�VKRZHG�
QRUPDO�QHXURGHYHORSPHQW��&DVHV���DQG����ZKLFK�KDG�,9+�KDG�
QRUPDO�WUDQVIRQWDQHOOH�86*�DQG�VKRZHG�QRUPDO�QHXURGHYHORS-
PHQW����������&DVH���������ZLWK�DQWHQDWDO�*UDGH�,9� ,9+�DQG�
FDVH� �� ZLWK� *UDGH� ,,,� ,9+� KDG� DGYHUVH� QHXURGHYHORSPHQWDO�
RXWFRPHV� ��������� 3RVWQDWDO� YHQWULFXORSHULWRQHDO� VKXQW� ZDV�
DSSOLHG�LQ�RQH�SDWLHQW��&DVH����

1HRQDWDO�,&+�LV�DQ�LPSRUWDQW�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\��
DQG� WKH� VLWXDWLRQ� LV� VLPLODU�ZKHQ� LW� RFFXUV� LQ� IHWDO� OLIH��6RPH�
JHQHWLF�IDFWRUV��PDWHUQDO�RU�IHWDO�FDXVHV�SOD\�UROH�LQ�WKH�HWLRORJ\�
RI� ,&+�� 7KH� JHQHWLF� IDFWRUV� LQFOXGH� FRQJHQLWDO� WKURPERSKLOLD�
DQG�&2/�$���DQG�&2/�$��JHQH�PXWDWLRQV��0XWDWLRQV� LQ� WKH�
&2/�$��JHQH�PD\�FDXVH�IHWDO�,&+�KHPRUUKDJH�DQG�WKH�GHYH-
ORSPHQW�RI�SRUHQFHSKDOLF�F\VWV�������7KH�PDWHUQDO�ULVN�IDFWRUV�
LQFOXGH�K\SHUWHQVLYH�GLVHDVHV��GUXJV��SODWHOHW���FRDJXODWLRQ�GL-
VRUGHUV��FRQYXOVLRQ��WUDXPD��YLUDO�RU�EDFWHULDO�LQIHFWLRQV��IHEULOH�
LOOQHVV��DQG�DPQLRFHQWHVLV����������,QWUDFUDQLDO�WXPRU��WZLQ�WZLQ�
WUDQVIXVLRQ� V\QGURPH�� VLQJOH� WZLQ� GHPLVH�� DQG� IHWDO� DQHPLD�
���������$OORLPPXQH�WKURPERF\WRSHQLD��ZKLFK�LV�RQH�RI�WKH�FD-
XVHV�RI�,&+��LV�UDUHO\�VHHQ�������)HWDO�DQG�QHRQDWDO�DOORLPPXQH�
WKURPERF\WRSHQLD�LV�WKH�UHVXOW�RI�PDWHUQDO�DOORDQWLERGLHV�DWWDF-

DISCUSSION
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NLQJ�IHWDO�SODWHOHWV�FDXVHG�E\�LQFRPSDWLELOLW\�RI�KXPDQ�SODWHOHW�
DQWLJHQV�DQG�FDXVHV�GHYHORSPHQW�RI� IHWDO� WKURPERF\WRSHQLD��
7KH�PRVW�FRPPRQO\�LQYROYHG�DQWLJHQ�LV�+3$��D��ZKLFK�WHQGV�
WR�EH�DVVRFLDWHG�ZLWK�PRUH�VHYHUH�FDVHV�������+RZHYHU��PRVW�
VWXGLHV� GLG� QRW� ¿QG� DQ� LGHQWL¿DEOH� HWLRORJLFDO� IDFWRU�� DQG� ULVN�
IDFWRUV�IRU�IHWDO�,&+�ZHUH�UHSRUWHG�WR�UDQJH�IURP�����WR�����
���������������� ,Q� WKH�SUHVHQW�VWXG\�� WKH� ULVN� IDFWRUV� WKDW�PD\�
SOD\�D� UROH� LQ� WKH�HWLRORJ\�ZHUH�FRQJHQLWDO� WR[RSODVPRVLV�� IH-
WDO�K\GURSV�DQHPLD��KLJK�PDWHUQDO�EORRG�SUHVVXUH��DVSLULQ�XVH��
ZKLFK�ZHUH�VKRZQ�WR�EH�IRXQG�LQ�����RI�WKH�FDVHV�

)HWDO�,&+�PD\�QRW�EH�FOLQLFDOO\�GHWHFWDEOH�LQ�WKH�SUHQDWDO�SHULRG�
������EHVLGHV�WKHUH�DUH�VRPH�XOWUDVRQRJUDSKLF�¿QGLQJV�ZKLFK�
ZHUH�GHWHUPLQHG�DV�GLDJQRVWLF�FULWHULD������������2Q�WKH�RWKHU�
KDQG��WKH�VRQRJUDSKLF�DSSHDUDQFH�RI�,&+�LV�KLJKO\�YDULDEOH�DQG�
GHSHQGV�RQ�WKH�UHJLRQ��VHYHULW\�RI�WKH�GLVHDVH��DQG�WLPH�RI�RF-
FXUUHQFH������������7KHUH�DUH�IRXU�SKDVHV�GH¿QHG�IRU�IHWDO�,&+��
7KH�¿UVW�SKDVH� LV� IUHVK�KHPRUUKDJLF�SKDVH�DW�ZKLFK�HFKRJH-
QLF�EORRG�¿OOLQJ�WKH�ODWHUDO�YHQWULFOHV�LV�SUHVHQW������GD\V���7KH�
OLTXHIDFWLRQ�VWDJH�LV�WKH�VHFRQG�RQH�DW�ZKLFK�D�PDVV�ZLWK�RX-
WHU�HFKRJHQLF�OLQLQJ�DQG�LQWHUQDO�DQHFKRLF�IRFXV�DUH�VHHQ������
GD\V���7KH�WKLUG�VWDJH�LV�FRPSOHWH�OLTXHIDFWLRQ�VWDJH�DQG�F\VWLF�
K\SRHFKRLF�PDVV�LV�SUHVHQW�������GD\V���9HQWULFXORPHJDO\�DQG�
GLVDSSHDUDQFH�RI�EORRG�FORWV� �������GD\V��DUH�VHHQ�DW� IRXUWK�
VWDJH��WKH�VROXELOLW\�SKDVH������*UDGLQJ�V\VWHP�RI�,9+�LQ�WKH�H�
LQWUDXWHULQH�SHULRG�LV�VLPLODU�WR�WKH�RQH�LQ�WKH�QHRQDWDO�SHULRG��
6LQFH� LQWUDYHQWULFXODU�*UDGH� ,�,,� KHPRUUKDJHV� LQ� IHWDO� OLIH� DUH�
IUHTXHQWO\�RYHUORRNHG�E\�86*������WR������RI� WKH�GHWHFWHG�
FDVHV� DUH�*UDGH� ,,,�,9� KHPRUUKDJHV� ������������������ ,Q� OLQH�
ZLWK�WKLV��LQ�RXU�VWXG\��VL[�FDVHV�GHWHFWHG�E\�86*�DOO�KDG�JUDGH�
,,,�,9�KHPRUUKDJH��

9DULRXV�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�UROH�RI�
05,�LQ�IHWXVHV�ZLWK�FHQWUDO�QHUYRXV�V\VWHP��&16��SDWKRORJLHV�
���������'L�0DVFLR�HW�DO�������LQYHVWLJDWHG�IHWDO�05,�¿QGLQJV�LQ�
FDVHV�ZLWK�SUHQDWDO�PLOG�DQG�PRGHUDWH�YHQWULFXORPHJDO\�DQG�
UHSRUWHG� WKDW� DGGLWLRQDO� EUDLQ� DEQRUPDOLWLHV� ZHUH� IRXQG� ZLWK�
05,�LQ�����RI�WKH�FDVHV�DQG�RI�WKHVH����������KDG�,&+��,Q�D�
VWXG\�E\�6DQDSR�HW�DO�������DPRQJ�WKH����IHWXVHV�ZKLFK�ZHUH�
UHIHUUHG�WR�05,�GXH�WR�YHQWULFXORPHJDO\��,&+�ZDV�GHWHFWHG�LQ�
���� �Q ��� FDVHV��� KRZHYHU�� ,&+�ZDV� VXVSHFWHG� E\�86*� LQ�
RQO\������Q ��FDVHV��� ,Q�D�VWXG\�FRQGXFWHG�E\�$GLHJR�HW�DO��
������05,�SURYLGHG�DGGLWLRQDO�LQIRUPDWLRQ�LQ�������RI�IHWDO�,&+�
FDVHV��.XWXN�0�HW�DO������VWDWHG�WKDW�05,�LV�XVHIXO�LQ�GHWHFWLQJ�
WKH�UHJLRQ�DQG�H[WHQW�RI�EOHHGLQJ��DQG�WKH�VL]H�RI�KHPDWRPDV�
DQG�H[FOXGLQJ�RWKHU�LQWUDFUDQLDO�SDWKRORJLHV�HVSHFLDOO\�LQ�*UDGH�
����KHPRUUKDJHV�� ,Q�DQRWKHU�VWXG\�� LW�KDV�EHHQ� UHSRUWHG� WKDW�

05,�KDV� WKH�SRWHQWLDO� WR�GHWHUPLQH� WKH�HWLRORJ\�RI�YHQWULFXOR-
PHJDO\�ZLWK�D�PXFK�PRUH�VHQVLWLYLW\�DQG�VSHFL¿FLW\�WKDQ�86*�
DQG�WR�IXUWKHU�LOOXPLQDWH�WKH�PHFKDQLVPV�RI�EUDLQ�LQMXU\�DQG�WKH�
LPSDFW�RI�FKURQLF�K\SR[LD�������,Q�DGGLWLRQ��05,�FDQ�KHOS�WR�SUH-
GLFW�WKH�WLPH�RI�EOHHGLQJ�DQG�KHPDWRPD�GHYHORSPHQW���������,Q�
WKH�SUHVHQW�VWXG\�86*�GHWHFWHG������������RI�FDVHV�ZLWK�,&+�
ZKLOH������������RI�WKH�FDVHV�PLVVHG�E\�86*�ZHUH�GHWHFWHG�
E\�05,�ZKLFK�ZDV� SHUIRUPHG�ZLWK� WKH� LQGLFDWLRQ� RI� YHQWULFX-
ORPHJDO\�� � 7KHVH� ¿QGLQJV� VKRZ� WKDW� IHWDO� ,&+� FDVHV� FDQ� EH�
RYHUORRNHG�E\�86*�DQG�05,�SURYLGHV�DGGLWLRQDO�LQIRUPDWLRQ�LQ�
IHWDO�&16�SDWKRORJLHV��DV�VWDWHG�LQ�WKH�OLWHUDWXUH����������������
,Q� WKH� SUHVHQW� VWXG\��05,�ZDV� IRXQG� WR� EH� XVHIXO� HVSHFLDOO\�
LQ� IRU�DFFXUDWHO\�JUDGLQJ� ,9+�DQG� WKHUHIRUH� LQIRUPLQJ�SDUHQWV�
DERXW� WKH� SURJQRVLV� RI� WKH� IHWXV��+RZHYHU�� WKHUH� DUH� FRQWUR-
YHUVLDO�RSLQLRQV�DERXW�ZKHWKHU�WKH�IHWDO�05,�KDV�H[WUD�EHQH¿WV�
RYHU�86*�LQ�WKH�GLDJQRVLV�RI�IHWDO�,&+�RU�QRW��������$EGHONDGHU�
HW�DO�������UHSRUWHG�WKDW�WKH\�FRXOG�QRW�¿QG�DQ\�DGGLWLRQDO�EHQH¿W�
RI�IHWDO�05,�RYHU�86*�LQ�WKH�GLDJQRVLV�RI�IHWDO�,&+�

6LPLODU� WR� WKH� QHRQDWDO� SHULRG�� LQ� IHWDO� ,9+�� WKHUH� LV� D� UHODWL-
RQVKLS�EHWZHHQ�WKH�GHJUHH�RI�WKH�OHVLRQ�DQG�FOLQLFDO�RXWFRPH��
1HXURGHYHORSPHQWDO�RXWFRPH�RI�LVRODWHG�JUDGH�,�DQG�,,�FDVHV�
DUH�JRRG�������,W�KDV�EHHQ�UHSRUWHG�WKDW�WKH�ULVN�RI�QHXURGHYH-
ORSPHQWDO�IDLOXUH�LQFUHDVHV�LQ�IHWDO�*UDGH�,,,�,9�,9+�FDVHV������
*KL�HW�DO�� ���� UHSRUWHG�SHULQDWDO�PRUWDOLW\� UDWH�RI������LQ� IHWDO�
*UDGH�,���,,�KHPRUUKDJHV�DQG�����LQ�*UDGH�,,,�,9�KHPRUUKDJHV��
,Q�RXU�VWXG\��DPRQJ�WKH��VL[�OLYH�ELUWKV�IRXU�KDG�DGYHUVH�SRVW-
QDWDO�QHXURGHYHORSPHQWDO�RXWFRPH����������+RZHYHU��WKUHH�RI�
WKHVH�KDG�DGGLWLRQDO�&16�DEQRUPDOLWLHV� WKDW�ZRXOG�DIIHFW� WKH�
SURJQRVLV��,Q�DGGLWLRQ��RXU�SHULQDWDO�PRUWDOLW\�UDWH�ZDV��������
7KH�KLJK�UDWH�RI�SRRU�SURJQRVLV�LQ�RXU�VWXG\�JURXS�PD\�EH�UH-
ODWHG� WR� WKH�SUHVHQFH�RI�DFFRPSDQ\LQJ�DQRPDOLHV��)HWDO� ,9+�
FDQ�UHFRYHU�VSRQWDQHRXVO\�RYHU�WKH�WLPH�RU�UHVXOW�LQ�YHQWULFX-
ORPHJDO\�E\�FDXVLQJ�REVWUXFWLRQ��,Q�WZR�RI�RXU�OLYH�ELUWK�FDVHV��
YHQWULFXORPHJDO\�UHJUHVVHG�RYHU�WLPH�DQG�WKHVH�FDVHV�VKRZHG�
QRUPDO�SRVWQDWDO�QHXURGHYHORSPHQW���������

2XU�VWXG\�KDV�VRPH�OLPLWDWLRQV��2XU�VWXG\�SRSXODWLRQ�ZDV�VPDOO�
DQG�KDG�KHWHURJHQHRXV� LQ� WHUPV�RI� WKH�GLVWULEXWLRQ�RI� FDVHV��
:H�DOVR�GLG�QRW�KDYH�JUDGH�,�,,�,9+�FDVHV�ZKLFK�HQDEOHV�XV�WR�
JHQHUDOL]H�RXU�UHVXOWV�UHJDUGLQJ�WKH�RXWFRPH�DQG�SURJQRVLV��

6RQRJUDSKLF�GLDJQRVLV�RI�IHWDO�,&+�LV�SRVVLEOH�EXW�UHTXLUHV�FD-
UHIXO�LQYHVWLJDWLRQ��)HWDO�05,�SOD\V�DQ�LPSRUWDQW�UROH�LQ�FKDUD-
FWHUL]LQJ�,&+�DQG�LV�UHFRPPHQGHG�DV�FRPSOHPHQWDU\�WR�86*��
'HPRQVWUDWLRQ� RI� EOHHGLQJ� RU� LVFKHPLF� EUDLQ� GDPDJH� EHIRUH�

CONCLUSION
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WKH�RQVHW�RI�ODERU�LV�DOVR�LPSRUWDQW�WR�GRFXPHQW�WKH�QHXURORJL-
FDO�SUREOHPV�ZKLFK�DUH�QRW�GXH�WR�ELUWK�WUDXPD�

���9HUJDQL�3��6WUREHOW�1��/RFDWHOOL�$��3DWHUOLQL�*��7DJOLDEXH�3��
3DUUDYLFLQL�(��HW�DO��&OLQLFDO�VLJQL¿FDQFH�RI�IHWDO�LQWUDFUDQLDO�KH-
PRUUKDJH��$P�-�2EVWHW�*\QHFRO�������������±��

���(OFKDODO�8��<DJHO�6��*RPRUL�-0��3RUDW�6��%HQL�$GDQL�/��<DQDL�
1��HW�DO��)HWDO�LQWUDFUDQLDO�KHPRUUKDJH��IHWDO�VWURNH���GRHV�JUDGH�
PDWWHU"�8OWUDVRXQG�2EVWHW�*\QHFRO���������������±����

���.XWXN�06��<LNLOPD]�$��2]JXQ�07��'RODQED\�0��&DQSRODW�0��
8OXGDJ�6�HW�DO��3UHQDWDO�GLDJQRVLV�DQG�SRVWQDWDO�RXWFRPH�RI�IH-
WDO��LQWUDFUDQLDO�KHPRUUKDJH��&KLOGV�1HUY�6\VW����������������

��� .D]DQLV� ,�� 7KH� VXEHSHQG\PDO� ]RQH� QHXURJHQLF� QLFKH�� D�
EHDWLQJ� KHDUW� LQ� WKH� FHQWUH� RI� WKH� EUDLQ�� KRZ� SODVWLF� LV� DGXOW�
QHXURJHQHVLV"�2SSRUWXQLWLHV� IRU� WKHUDS\�DQG�TXHVWLRQV� WR�EH�
DGGUHVVHG��%UDLQ�������������������±���

��� 6KHUHU� '��$Q\DHJEXQDP�$�� 2Q\HLMH� &��$QWHSDUWXP� )HWDO�
,QWUDFUDQLDO� +HPRUUKDJH�� 3UHGLVSRVLQJ� )DFWRUV� DQG� 3UHQDWDO�
6RQRJUDSK\��$�5HYLHZ��$P�-�3HULQDWRO�����������������±���
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