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

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

6�UJLFDO�2�WFRPH��IWHU�(��%ORF�5HSODFHPH�W�RI��RUWLF�9DOYH�D�G�
�VFH�GL�J��RUWD��%H�WDOO�3URFHG�UH�

-D�DSUDNDVK�+0���5DMHVK�.LVKD��5DR���%�*LULVK���%KDUJDYL�*�

��WKRUV��IILOLDWLR�����VVLVWDQW�3URIHVVRU����VVRFLDWH�3URIHVVRU���3URIHVVRU���6HQLRU�5HVLGHQW��'HSDUWPHQW�RI�&DUGLRYDVFXODU�DQG�
7KRUDFLF�6XUJHU���6UL�-D�DGHYD�,QVWLWXWH�RI�&DUGLRYDVFXODU�6FLHQFHV�DQG�5HVHDUFK��%HQJDOXUX��.DUQDWDND���������,QGLD�

&RUUHVSR�GL�J���WKRU��-D�DSUDNDVK�+0���VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�&DUGLRYDVFXODU�DQG�7KRUDFLF�6XUJHU���6UL�-D�DGHYD�
,QVWLWXWH�RI�&DUGLYDVFXODU�6FLHQFHV�DQG�5HVHDUFK��%HQJDOXUX��.DUQDWDND���������,QGLD�

(�PDLO��MSJHQLXV��#JPDLO�FRP

�EVWUDFW

����R��F�LR��� %HQWDOO� DQG� 'H� %RQR�� ILUVW� GHVFULEHG� FRPSRVLWH� YDOYH� JUDIW� LPSODQWDWLRQ� LQ� ������ 7KLV� ZHOO�
GRFXPHQWHG� WHFKQLTXH� RI� DRUWLF� URRW� UHSODFHPHQW� KDV� EHHQ� XVHG� IRU� D� ODUJH� VSHFWUXP�RI� YDULRXV� SDWKRORJLF�
FRQGLWLRQV�LQYROYLQJ�DRUWLF�YDOYH��DRUWLF�URRW�DQG�DVFHQGLQJ�DRUWD�����6LQFH�LWVLQWURGXFWLRQ�WKH�%HQWDOO�RSHUDWLRQ�
KDV�EHHQ�FRQVLGHUHG�DV�D�JROG�VWDQGDUG�LQ�WKH�VXUJLFDOWUHDWPHQW�RI�FRPELQHG�DRUWLF�YDOYH��URRW�DQG�DVFHQGLQJ�
DRUWD�SDWKRORJ���

,Q�WKH�SUHVHQW�VWXG���ZH�UHWURVSHFWLYHO��UHYLHZHG�WKH�VXUJLFDO�RXWFRPH�DIWHU�%HQWDOO�SURFHGXUH�LQ�UHVSHFW�WR�
PRUELGLW��PRUWDOLW��LQ�HDUO��SRVW�RSHUDWLYH�SHULRG��

�D���LDO��D�������R���5HWURVSHFWLYH�DQDO�VLV�RI�SUH�DQG�SRVW�RSHUDWLYH�GDWD�LQ�3DWLHQWV�ZKR�XQGHUZHQW�%HQWDOO�
SURFHGXUH�LQ�RXU�XQLW�IRU�FRPELQHG�DRUWLF�YDOYH��URRW�DQG�DVFHQGLQJ�DRUWD�SDWKRORJ��

����O�����JH�DQG�VH[�RI�WKH�SRSXODWLRQ�LQYROYHG��VHYHULW��RI�WKH�GLVHDVH��SDWKRORJ��RI�DRUWLF�YDOYH�RSHUDWLYH�GDWD�
LQ�WHUPV�RI�W�SH�RI�FDQQXODWLRQ��&3%�WLPH��VL]H�RI�JUDIW�XVHG��;FODPS�WLPH�XVH�RI�VHDODQWV�IRU�KDHPRVWDVLV��SRVW�
RSHUDWLYHO��'XUDWLRQ�RI�YHQWLODWLRQ��&DXVHV�RI�SURORQJHG�YHQWLODWLRQ��3RVW�RSHUDWLYH�EOHHGLQJ�DQG�UHH[SORUDWLRQ��
&HUHEURYDVFXODU�DFFLGHQWV��5HQDO�IDLOXUH���UU�WKPLDV��6HSVLV��3XOPRQDU��FRPSOLFDWLRQV��'XUDWLRQ�RI�VWD��LQ�WKH�
,&8�DV�HDUO��FDXVHV�RI�PRUWDOLW��DQG�PRUELGLW��ZHUH�DQDO�]HG�DQG�FRPSDUHG�

&R�FO��LR����(Q�EORF�UHSODFHPHQW�RI�DRUWLF�YDOYH�DQG�DVFHQGLQJ�DRUWD�LV�VWLOO�D�FRPPRQO��DGYRFDWHG�SURFHGXUH�
IRU�YDULRXV�SDWKRORJLFDO�FRQGLWLRQV�ZKLFK�LQYROYHV�DRUWLF�YDOYH��URRW�DQG�DVFHQGLQJ�DRUWD�FDUULHV�ORZ�PRUELGLW��
DQG�PRUWDOLW��UDWHV�LQ�HDUO��SRVW�RSHUDWLYH�SHULRG��7KH�SURFHGXUH�LV�VDIH�DQG�FDQ�EH�UHSURGXFHG�LQ�D�VXLWDEOH�
SDWLHQW��:LWK�WKH�XVH�RI�VHDODQWV�DQG�SURSHU�WHFKQLTXH��HDUO��UHVXOWV�ZHUH�UHPDUNDEOH�

.H��RUGV�� �RUWLF� YDOYH�� �VFHQGLQJ� DRUWD�� %HQWDOO� SURFHGXUH�� (FKRFDUGLRJUDSK��� (QEORF� UHSODFHPHQW��
YHQWULFXODU�UHJUHVVLRQ�

+R��WR�FLWH�WKLV�DUWLFOH�

-D�DSUDNDVK� +0�� 5DMHVK� .LVKDQ� 5DR�� %� *LULVK�� HW� DO��6XUJLFDO� 2XWFRPH� �IWHU� (Q�%ORF� 5HSODFHPHQW� RI� �RUWLF� 9DOYH� DQG�
�VFHQGLQJ��RUWD��%HQWDOO�3URFHGXUH���-�&DUGLRYDVF�0HG�6XUJ��������������������

6LQFH� LWV� LQWURGXFWLRQ� WKH� EHQWDOO� RSHUDWLRQ� KDV�
EHHQ�FRQVLGHUHG�DV�D�JROG�VWDQGDUG�LQ�WKH�VXUJLFDO�
WUHDWPHQW� RI� FRPELQHG� DRUWLF� YDOYH�� URRW� DQG�
DVFHQGLQJ�DRUWD�SDWKRORJ����

,Q�WKH�SUHVHQW�VWXG���ZH�UHWURVSHFWLYHO��UHYLHZHG�
WKH�VXUJLFDO�RXWFRPH�RI�RXU�SDWLHQWV�ZKR�XQGHUZHQW�
%HQWDOO�SURFHGXUH�IRU�YDULRXV�SDWKRORJ��LQYROYLQJ�
DRUWLF�YDOYH��URRW�DQG�DVFHQGLQJ�DRUWD��

,�WURG�FWLR�

%HQWDOO�DQG�'H�%RQR���rst�described�composite�valve�
JUDIW� LPSODQWDWLRQ� LQ������� 7KLV�ZHOO�GRFXPHQWHG�
WHFKQLTXH� RI� DRUWLF� URRW� UHSODFHPHQW� KDV� EHHQ�
XVHG� IRU� D� ODUJH� VSHFWUXP� RI� YDULRXV� SDWKRORJLF�
FRQGLWLRQV� LQYROYLQJ� WKH� DRUWLF� YDOYH�� DRUWLF� URRW��
DQG�DVFHQGLQJ�DRUWD����
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0DWHULDOV�D�G�0HWKRGRORJ�

&OLQLFDO� DQDO�VLV� ZDV� PDGH� UHWURVSHFWLYHO�� LQ� ���
3DWLHQWV�ZKR�XQGHUZHQW�%HQWDOO�SURFHGXUH� LQ�RXU�
XQLW�IRU�FRPELQHG�DRUWLF�YDOYH��URRW�DQG�DVFHQGLQJ�
DRUWD�SDWKRORJ��

3DWLHQWV� ZKR� XQGHUZHQW� YDOYH� VSDULQJ�URRW�
UHPRGHOLQJ� SURFHGXUH�� SDWLHQWV� ZKR� XQGHUZHQW�
SDUWLDO�� FRPSOHWH� DUFK� UHSODFHPHQW� DQG� SDWLHQW�
ZKR� XQGHUZHQW� HQGRYDVFXODU� SURFHGXUH� DUH�
H[FOXGHG�IURP�WKH�VWXG��

7KH�SDUDPHWHUV�DVVHVVHG�ZHUH��

•� 3UH�RSHUDWLYH��&DXVH��VHYHULW��RI�GLVHDVH��/9()��
/9,'V�/9,'G��('9�(69�

•� 6L]H� RI� DRUWLF� DQQXOXV�� �VFHQGLQJ� DRUWD� DQG�
�RUWLF�URRW�

•� 3HU�RSHUDWLYH���'XUDWLRQ�RI�VXUJHU��LQ�WHUPV�RI�
&3%WLPH��&URVV�FODPS�WLPH�

•� 7�SH�DQG�VL]H�RI�&RPSRVLWH�JUDIW�XVHG�DQG�XVH�
RI�VHDODQWV�

•� 3RVW�RSHUDWLYH���'XUDWLRQ�RI�YHQWLODWLRQ��&DXVHV�
RI�SURORQJHG�YHQWLODWLRQ�

•� 3RVW�RSHUDWLYH� EOHHGLQJ� DQG� UHH[SORUDWLRQ��
&HUHEURYDVFXODU� DFFLGHQWV�5HQDO� IDLOXUH��
�UU�WKPLDV��6HSVLV��3XOPRQDU��FRPSOLFDWLRQV�

•� 'XUDWLRQ�RI�VWD��LQ�WKH�,&8�
•� 3RVW�RSHUDWLYH� (&+2� �/9()�� /9,'G�/9,'V��

('9�(69���6XUJLFDO�VLWH�LQIHFWLRQ�DQG�'XUDWLRQ�
RI�KRVSLWDO�VWD��DIWHU�VXUJHU���

6WDWLVWLFDO� DQDO�VLV� ZDV� PDGH� ZLWK� PHDQ��
VWDQGDUG�GHYLDWLRQ�

5HV�OWV

�D�L����&�D�DF���L��LF�

��WRWDO�RI����SDWLHQWV�XQGHUZHQW�EHQWDOO�SURFHGXUH�
XVLQJ� FRPSRVLWH� YDOYHG� FRQGXLW� DW� RXU� XQLW�� 2I�
WKHVH� ������Q ���DUH� PDOHV� DQG� ������Q ���DUH�
IHPDOHV��WKH�PHDQ�DJH�JURXS�RI�WKH�SDWLHQWV�DW�WKH�
WLPH�VXUJHU��ZDV�������������HDUV��UDQJLQJ�IURP����
�UV� WR�����UV���7RWDO�1R�RI�3DWLHQWV� ������6H[�5DWLR�
�������0DOH�������)HPDOH������

7KH� SUH�RSHUDWLYH� GLDJQRVLV� ZDV� � %LFXVSLG�
DRUWLF� YDOYH� � LQ� ���� �Q ���� �QQXORDRUWLF� HFWDVLD��
LQ� ������ �Q ���� �VFHQGLQJ� DRUWLF� DQHXU�VP� ZLWK�
�RUWLF� UHJXUJLWDWLRQ� LQ� ������Q ����� 'LODWHG�
DVFHQGLQJ� DRUWD�ZLWK� DRUWLF� VWHQRVLV� LQ� �����Q ���
DQG� 7�SH� �� �RUWLF� GLVVHFWLRQ� LQ� �����Q ���� 2XW�

RI� WKHVH� ��� SDWLHQWV�� FOLQLFDO� SDUDPHWHU� DVVHVVHG�
UHWURVSHFWLYHO��VKRZHG��������Q ����KDG�(VVHQWLDO�
+�SHUWHQVLRQ�� ������Q ���� KDG� 7�SH� ,,� 'LDEHWHV�
mellitus,� 13.9%(n=5)� had� associated� insigni�cant�
FRURQDU�� DUWHU�� GLVHDVH�� �����Q ��� KDG� FKURQLF�
REVWUXFWLYH�SXOPRQDU��GLVHDVH�DQG������Q ���KDG�
K�R� RI� SUHYLRXV� FDUGLDF� VXUJHU��� �������Q ����
SDWLHQWV�ZHUH�LQ�1<+��&ODVV�,,���������Q ����ZHUH�
LQ�1<+��&ODVV�,,,�DQG������Q ���ZHUH� LQ�1<+��
&ODVV�,9��

�U��RS�UD������UD�����RUDF�F��F�RFDU��R�UDS��

3UHRSHUDWLYH�WUDQV�WKRUDFLF�UHYHDOV�D�PHDQ

/9()�RI������������������

/9,'G� RI� ����FP����� ����FP�� DQG� /9,'V� RI�
���FP���������FP�

('9� �����PO��������PO�� DQG� (69� DUH� DQG�
�����PO���������PO�

6L]H�RI��RUWLF��QQXOXV��������PP��������PP�

�VFHQGLQJ� DRUWD� �� ����FP����� ����FP�� DQG��
�RUWLF�URRW�������FP���������FP��

7DEOH����2SHUDWLYH�'DWD�

9DULDEOHV ��������VG�

7�SH�RI�%�SDVV

�5���257� ���������

5��)HPRUDO�6XEFODYLDQ ���������

&3%�7LPH� ��������������PLQ

&5266�&ODPS�7LPH ��������������PLQ

9DOYH�7�SH

&RPSRVLWH�9DOYH�*UDIW��76 ���������

&RPSRVLWH�9DOYH�*UDIW�6-0 ���������

77.�9DOYH��7XEH�*UDIW ��������

�76�9DOYH��7XEH�*UDIW �������

6-0�9DOYH�7XEH�*UDIW �������

6L]H�RI�9DOYH ������������PP

8VH�RI�6HODQWV ��������

����LFDO���F��LT��

7KH�RSHUDWLRQ�ZDV�SHUIRUPHG�WKURXJK�D�VWDQGDUG�
PHGLDQ� VWHUQRWRP�� DQG� FDUGLRSXOPRQDU�� E�SDVV�
ZDV� LQVWLWXWHG�E�� FDQQXODWLRQ� RI� DVFHQGLQJ� DRUWD��
DRUWLF�DUFK��IHPRUDO�DUWHU��RU�VXEFODYLDQ�DUWHU���DQG�
ULJKW� DWULXP�� �IWHU� HVWDEOLVKLQJ� FDUGLRSXOPRQDU��
E�SDVV�� WKH� DRUWD� LV� FODPSHG� SUR[LPDO� WR� WKH�
LQQRPLQDWH� DUWHU�� DQG� WKH� KHDUW� LV� DUUHVWHG� ZLWK�
FROG� EORRG� FDUGLRSOHJLD�� 7KH� DRUWD� LV� WUDQVHFWHG�
EHQHDWK� WKH� FODPS�� HQVXULQJ� DQ� DGHTXDWH� FXII�
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RI� DRUWLF� WLVVXH�� 3UR[LPDOO�� DRUWLF� URRW� LV� H[FLVHG�
OHDYLQJ� RQO�� EXWWRQV� RI� DRUWLF� WLVVXH� VXUURXQGLQJ�
HDFK� RI� WKH� FRURQDU�� DUWHULHV�� 7KH� FRURQDULHV� DUH�
PRELOL]HG�IRU���WR���FP�WR�SUHYHQW�WHQVLRQ�GXULQJ�
UHLPSODQWDWLRQ����FRPSRVLWH�JUDIW�LV�VHOHFWHG�EDVHG�
RQ�WKH�VL]H�RI�WKH�DRUWLF�DQQXOXV��7KH�VHZLQJ�ULQJ�
RI� WKH� FRPSRVLWH� JUDIW� LV� VXWXUHG� WR� WKH� DQQXOXV�
ZLWK� ���� SOHGJHWHG� SRO�HVWHU� PDWWUHVV� VXWXUHV�
SODFHG� LPPHGLDWHO�� DGMDFHQW� WR� HDFK� RWKHU�� 7KH�
DGMDFHQW�SODFHPHQW�RI�VXWXUHV�DQG�WKH�VHOHFWLRQ�RI�
a�conduit� that�snugly��ts�within�the�annulus�help�
WR� HQVXUH� KHPRVWDVLV�� �� VHFRQG� VXWXUH� OLQH� ZLWK�
D� ���� UXQQLQJ� SRO�SURS�OHQH� VXWXUH� FDQ� EH� XVHG�
WR� DSSUR[LPDWH� WKH� DRUWLF� UHPQDQW� WR� WKH� QHZO��
VHFXUHG� YDOYHG� FRQGXLW� VHZLQJ� ULQJ� WR� DLG� LQ�
KHPRVWDVLV��2SHQLQJV�IRU�FRURQDU��UHLPSODQWDWLRQ�
DUH�PDGH�LQ�WKH�DSSURSULDWH�SRVLWLRQ�LQ�WKH�'DFURQ�
JUDIW�ZLWK�DQ�RSKWKDOPLF�FDXWHU���)LUVW�WKH�OHIW�DQG�
WKHQ�WKH�ULJKW�FRURQDU��DUWHULHV�DUH�DWWDFKHG�XVLQJ�
���� RU� ���� SRO�SURS�OHQH� VXWXUH� LQ� FRQWLQXRXV�
IDVKLRQ�LQFRUSRUDWLQJ�D�WKLQ�VWULS�RI�IHOW��7KH�GLVWDO�
DQDVWRPRVLV� LV� WKHQ�SHUIRUPHG�ZLWK� D�FRQWLQXRXV�
����RU�����SRO�SURS�OHQH�VXWXUH�DOVR�LQFRUSRUDWLQJ�
D� VWULS� RI� IHOW�� 7KH� JUDIW� LV� YHQWHG� ZLWK� D� QHHGOH�
DQG� WKH� OHIW� DWULXP� DQG� YHQWULFOH� DUH� GH�DLUHG��
�IWHU� WKH� SDWLHQW� LV� GHFDQQXODWHG� DQG� SURWDPLQH�
KDV� EHHQ� DGPLQLVWHUHG�� VXWXUH� OLQH� KHPRVWDVLV� LV�
VFUXWLQL]HG�

��DO��L��RI�2S��D�L����D�D

2Q�DQDO�VLV�LW�ZDV�IRXQG�WKDW��������Q ����KDG�
XQGHUJRQH�SURSRVHG�SURFHGXUH�WKURXJK�5���R�
&DQQXODWLRQ�DQG���������Q ����KDG�XQGHUJRQH�
WKURXJK�5��)HPRUDO�DUWHU��RU�6XEFODYLDQ�DUWHU��
FDQQXODWLRQ�� 7KH� PHDQ� &DUGLR�SXOPRQDU��
E�SDVV�WLPH�ZDV��������PLQ����������PLQ���7KH�
PHDQ� &URVV� FODPS� WLPH� ZDV� ������PLQ� ����
�����PLQ��

0HFKDQLFDO�YDOYH�SURVWKHVLV�ZDV�XVHG�LQ�DOO�WKH�
FDVHV��2I� WKHVH� �������Q ����KDG��76�&RPSRVLWH�
9DOYH� FRQGXLW�� �������Q ���� KDG� 6-0�&RPSRVLWH�
9DOYH� FRQGXLW�� ,Q� �������Q ��� 77.� �RUWLF� YDOYH�
DQG� 'DFURQ� WXEH� JUDIW� ZHUH� XVHG�� ,Q� ������Q ���
6-0��RUWLF�YDOYH�DQG�'DFURQ�WXEH�JUDIW�ZHUH�XVHG��
,Q� ������Q ����76��RUWLF�YDOYH� DQG�'DFURQ� WXEH�
JUDIW�ZHUH�XVHG���7DEOH���

7KH� PHDQ� VL]H� RI� WKH� YDOYH� VHDWHG� LQ�
DRUWLF� DQQXOXV� LV� �����PP��������PP��
6HDODQWV�&RVHDO�)ORVHDO�7LVVLO�� XVHG� LQ� �������
�Q ���� WR� FRQWURO� EOHHGLQJ� DW� WKH� DQDVWDPRWLF�
VLWH�

7DEOH����(DUO��0RUELGLW��

'XUDWLRQ�RI�9HQWLODWLRQ ������������+UV

5H�([SORUDWLRQ�)RU�%OHHGLQJ �����1 ��

/RZ�&DUGLDF�2XW�3XW�6WDWH �������1 ��

�UU�WKPLDV��97�9)��9�%ORFN� �������1 ��

5HQDO�)DLOXUH ������1 ��

6HSVLV ������1 ��

&HUHEURYDVFXODU��FFLGHQWV 1LO

3XOPRQDU��&RPSOLFDWLRQV ������1 ��

3HULRSHUDWLYH�0, 1LO

'XUDWLRQ�RI�,FX�6WD� ������������'D�V

'XUDWLRQ�RI�+RVSLWDO�6WD� ������������'D�V

6XSHUILFLDO�6XUJLFDO�6LWHLQIHFWLRQ �������1 ��

+RVSLWDO�0RUWDOLW� ������1 ��

7DEOH����(DUO��0RUWDOLW�

&D�VH� 1 ���������

/RZ�&DUGLDF�2XW�3XW�6WDWH ��������

�UU�WKPLDV�97�9)� ��������

6HSVLV���5HQDO�)DLOXUH ��������

(DUO��UHVXOWV�ZHUH�DQDO�]HG�LQ�WHUPV�RI�PRUELGLW��
DQG� PRUWDOLW��� 7KH� PHDQ� GXUDWLRQ� RI� YHQWLODWLRQ�
ZDV� �����KUV�������� KUV� SRVW� SURFHGXUH��
������Q ��� RI� SDWLHQWV� XQGHUZHQW� UH� H[SORUDWLRQ�
IRU� WKH� EOHHGLQJ�� ������Q ��� RI� SDWLHQWV� KDG� ORZ�
FDUGLDF� RXWSXW� VWDWH�� �������Q ��� RI� SDWLHQWV�
KDG� DUU�WKPLDV� �97�9)��9� %ORFN��� ������Q ���
RI� SDWLHQWV� XQGHUZHQW� GLDO�VLV� IRU� DFXWH� UHQDO�
IDLOXUH�� ������Q ��� RI� SDWLHQWV� � KDG� D� SXOPRQDU��
FRPSOLFDWLRQV� GXULQJ� ,&8� VWD��� ������Q ��RI�
SDWLHQWV� KDG� VHSWLFHPLD� DQG� PXOWL� RUJDQ� IDLOXUH��
7KH� PHDQ� GXUDWLRQ� RI� ,&8� VWD�� ZDV� ����� GD�V��
��������� GD�V��� ,Q� SRVW�RSHUDWLYH� SHULRG�
13.88%(n=5)�had� super�cial� surgical� site� infection�
ZKLFK� ZHUH� WUHDWHG� DFFRUGLQJ� WR� FXOWXUH� DQG�
VHQVLWLYLW�� RI� WKH� GLVFKDUJH� IURP� WKH� VXUJLFDO�
ZRXQG�� 7KH�PHDQ� GXUDWLRQ� RI� KRVSLWDO� VWD�� SRVW�
SURFHGXUH� LV� ������ GD�V�������� GD�V��� ,Q� KRVSLWDO�
PRUWDOLW��LQ�RXU�VWXG��LV��������Q �����7DEOH����7KH�
FDXVHV� RI�PRUWDOLW�� DUH� /RZ� FDUGLDF� RXWSXW� VWDWH�
LQ� ������Q ���� ,QWUDFWDEOH� YHQWULFXODU� DUU�WKPLDV�
LQ� ������Q ��DQG� 6HSWLFHPLD� ZLWK� 5HQDO� IDLOXUH�
������Q �����7DEOH����

�LVF�VVLR�

7KH� RULJLQDO� %HQWDOO� SURFHGXUH� KDV� EHHQ� ZLGHO��
XVHG� VLQFH� ����� ZKHQ� %HQWDOO� DQG� 'H� %RQR�� �rst�
GHVFULEHG� WKH� WHFKQLTXH�� 2YHU� WKH� SDVW� GHFDGHV��
several� modi�cations� of� the� originally� described�
WHFKQLTXH�KDYH�EHHQ� LQWURGXFHG� DQG�KDYH� KHOSHG�
WR�LPSURYH�FOLQLFDO�RXWFRPHV��

-D�DSUDNDVK�+0��5DMHVK�.LVKDQ�5DR��%�*LULVK��HW�DO����6XUJLFDO�2XWFRPH��IWHU�(Q�%ORF�5HSODFHPHQW�RI��RUWLF�
9DOYH�DQG��VFHQGLQJ��RUWD��%HQWDOO�3URFHGXUH�
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+RZHYHU�GXH�WR�WKH�FRPSOH[LW��RI�WKH�SURFHGXUH�

LW� LV� VWLOO� UHJDUGHG� DV� D� FKDOOHQJLQJ� SURFHGXUH��
HVSHFLDOO��LQ�HPHUJHQF��VHWWLQJV��H�J��FDVHV�RI�DFXWH�

DRUWLF�GLVVHFWLRQ�� DQG� LI� WKH�GDPDJHG� DRUWLF� YDOYH�

LV�FRPELQHG�ZLWK�GLODWDWLRQ�RI� WKH�DRUWLF� URRW�RU�D�

GLVVHFWLRQ���WKH�%HQWDOO�SURFHGXUH�LV�UHTXLUHG���7KH�
SRSXODWLRQ�ZKR�XQGHUZHQW�SURFHGXUH�DUH�PDLQO��

PDOH� SUHGRPLQDQFH� ������� 9V� ������ LQ� IHPDOHV��

RI� WKH�DJH�JURXS�RI����WR�����UV��EXW�DQQXORDRUWLF�

HFWDVLD�FRPPRQO��VHHQ�LQ��RXQJHU�DJH�JURXS�L�H��QG�
WR��UG�GHFDGH��

�VFHQGLQJ�DRUWLF�DQHXU�VP�ZLWK�LQYROYHPHQW�RI�

DRUWLF�YDOYH�DQG�URRW�DSSHDUV�WR�EH�WKH�FRPPRQHVW�

LQGLFDWLRQ�IRU�WKH�SURFHGXUH�IROORZHG�E��ELFXVSLG�
DRUWLF� YDOYH� DQG� DQQQXORDRUWLF� HFWDFLD��� ,W� LV� QRW�

XQFRPPRQ� WR� VHH� SDWLHQWV� XQGHUJRLQJ� %HQWDOO�

SURFHGXUH� � IRU� 7�SH� �� �RUWLF� GLVVHFWLRQ� HLWKHU�
HPHUJHQF�� RU� HOHFWLYH� LQ�ZKRP� UHJXODU� IROORZXS�

LV�UHTXLUHG��WR�PRQLWRU�WKH�SURJUHVV�RI�WKH�GLVHDVH�

0RVW�RI�WKH�SDWLHQWV� �ZKR�ZHUH�LQ�1<+��&ODVV�

,,,�,9� SUH� RSHUDWLYHO�� KDG� SRRU� /9� IXQFWLRQ�
�((������ DQG� LQFUHDVHG� OHIW� YHQWULFXODU� YROXPHV�

ZKLFK� ZHUH� DVVHVVHG� E�� PHDVXULQJ� ('9�(69�

/9,'G�/9,'V����� KDG� DQ� DYHUDJH� LQFUHDVH� LQ� WKH�

VL]H� RI� DVFHQGLQJ� DRUWD� E�� � ����FP�� DRUWLF� URRW�
GLODWHG� E�� ����FP� DQG� � DQQXOXV� E�� ������ ZKLFK�

ZHUH�VXJJHVWLYH�RI�QHHG�IRU�WKH�FRPSOH[�SURFHGXUH�

7KH� GHFLVLRQ� ZKHWKHU� WR� XVH� D� PHFKDQLFDO� RU�

ELRORJLF�YDOYH�ZDV�PDGH�RQ�DQ�LQGLYLGXDO�EDVLV�E��
WKH�VXUJHRQ�DQG�WKH�SDWLHQW��,Q�PDMRULW��RI�WKH�FDVHV�

FRPSRVLWH� YDOYH� FRQGXLW� XVHG��� VWLOO�ZH� FDQ�XVH� D�

YDOYH�PRXQWHG�RQ�WXEH�JUDIW�LQVWHDG�RI�FRPSRVLWH�
YDOYH� FRQGXLW��� 1RZ� D� GD�V� LW� FRPPRQ� WR� XVH�

VHDODQWV�WR�PDQDJH�KDHPRVWDVLV�DW�DQDVWDPRWLF�VLWH�

7KH�DYHUDJH�&3%�WLPH�DQG�&URVV�FODPS�WLPH�LV�DQ�

H[SHUWLVH�YDULHQW�DOVR�GHSHQGHQW�RQ�SUH�RSHUDWLYH�
1<+�� FODVV�� YHQWULFXODU� G�VIXQFWLRQ�� DVVRFLDWHG�

FRURQDU��DUWHU��GLVHDVH�DQG�WHFKQLTXH�RI�FRURQDU��

LPSODQWDWLRQ��� �Q� DYHUDJH� &3%� WLPH� RI� ���������

�������PLQ�DQG�&URVV�FODPS�WLPH�RI����������������
PLQ�DUH�FRPSDUDEOH�WR�RWKHU�VWXGLHV��

5HFRYHU�� LQ� WKH� SRVW�RSHUDWLYH� SHULRG� PDLQO��

GHSHQGV� RQ� SUH�RSHUDWLYH� SDUDPHWHUV� WKDW� LV�

�JH�� 1<+�� &ODVV�� ()� DQG� /9� YROXPHV�� DOVR� RQ�
GXUDWLRQ�RI�YHQWLODWLRQ��GHYHORSPHQW�RI�SXOPRQDU��

FRPSOLFDWLRQV�� VHSVLV�� ORZFDUGLDF� RXWSXW� VWDWH��

FHUHEURYDVFXODU� DFFLGHQWV�� UHQDO� IDLOXUH� DQG�

DUU�WKPLDV��6R�� WKH�HDUO��LQ�KRVSLWDO�PRUWDOLW��FDQ�
EH� DWWULEXWHG� WR�1<+��&ODVV� ,9�� SRRU�()��/&26��

VHSVLV�DQG�PXOWL�RUJDQ�IDLOXUH����

&R�FO�VLR�

(Q�EORF�UHSODFHPHQW�RI�DRUWLF�YDOYH�DQG�DVFHQGLQJ�
DRUWD�LV�VWLOO�D�FRPPRQO��DGYRFDWHG�SURFHGXUH�IRU�
YDULRXV� SDWKRORJLFDO� FRQGLWLRQV� ZKLFK� LQYROYHV�
DRUWLF� YDOYH�� URRW� DQG� DVFHQGLQJ� DRUWD� FDUULHV�
ORZ�PRUELGLW�� DQG�PRUWDOLW�� UDWHV� LQ� HDUO�� SRVW�
RSHUDWLYH� SHULRG�� 7KH� SURFHGXUH� LV� VDIH� DQG�
UHSURGXFDEOH�LQ�D�VXLWDEOH�SDWLHQW��:LWK�WKH�XVH�RI�
VHDODQWV� DQG� SURSHU� WHFKQLTXH� HDUO�� UHVXOWV�ZHUH�
UHPDUNDEOH�

5HIHUH�FHV

��� %HQWDOO�+��'H�%RQR������ WHFKQLTXH� IRU� FRPSOHWH�
UHSODFHPHQW� RI� WKH� DVFHQGLQJ� DRUWD�� 7KRUD[�
��������������

��� .RXFKRXNRV�17��:DUHLQJ�7+��0XUSK��6)��3HUULOOR�
-%�� 6L[WHHQ�� �HDU� H[SHULHQFH� ZLWK� DRUWLF� URRW�
UHSODFHPHQW��5HVXOWV�RI�����RSHU��DWLRQV���QQ�6XUJ�
����������������

��� +DJO�&��6WUDXFK�-7��6SLHOYRJHO�'��*DOOD�-'��/DQVPDQ�
6/��6TXLW��LHUL�5��HW�DO��,V�WKH�%HQWDOO�SURFHGXUH�IRU�
DVFHQGLQJ� DRUWD� RU� DRUWLF� YDOYH� UHSODFHPHQW� WKH�
EHVW� DSSURDFK� IRU� ORQJ�WHUP� HYHQW�IUHH� VXUYLYDO"�
�QQ�7KRUDF6XUJ������������������

��� .RXFKRXNRV�17��0DUVKDOO�:*�-U��:HGLJH�6WHFKHU�
7���(OHYHQ��HDU� H[SHULHQFH�ZLWK� FRPSRVLWH� JUDIW�
UHSODFHPHQW� RI� WKH� DVFHQGLQJ� DRUWD� DQG� DRUWLF�
YDOYH��-�7KRUDF&DUGLRYDVF6XUJ������������������

��� 'RQDOGVRQ� 50�� 5RVV� '1�� &RPSRVLWH� JUDIW�
UHSODFHPHQW�IRU�WKH�WUHDWPHQW�RI�DQHXU�VPV�RI�WKH�
DVFHQGLQJ� DRUWD� DVVRFLDWHG� ZLWK� DRUWLF� YDOYXODU�
GLVHDVH��&LUFXODWLRQ�����������3W����,�������

��� 6LRULV� 7�� 'DYLG� 7(�� ,YDQRY� -�� �UPVWURQJ� 6��
)HLQGHO�&0��&OLQLFDO�RXWFRPHV�DIWHU�VHSDUDWH�DQG�
FRPSRVLWH� UHSODFHPHQW� RI� WKH� DRUWLF� YDOYH� DQG�
DVFHQGLQJ�DRUWD��-�7KRUDF&DUGLRYDVF6XUJ�����������
�������

��� 3ULIWL�(��%RQDFFKL�0��)UDWL�*��3URLHWWL�3��*LXQWL�*��
%DEDWDVL� *�� HW� DO�� (DUO�� DQG� ORQJ�WHUP� RXWFRPH�
LQ� SDWLHQWV� XQGHUJRLQJ� DRUWLF� URRW� UHSODFHPHQW�
ZLWK� FRPSRVLWH� JUDIW� DFFRUGLQJ� WR� WKH%HQWDOO�V�
WHFKQLTXH�� (XU� -� &DUGLRWKRUDF6XUJ� ���������������
���

��� .LQGR�0��%LOODXG�3��*HUHOOL�6��/HY��)��0D]]XFRWHOOL�
-3�� (LVHQPDQQ� %�� 7ZHQW��VHYHQ��HDU� H[SHULHQFH�
ZLWK� FRPSRVLWH� YDOYH� JUDIW� UHSODFHPHQW� RI� WKH�
DRUWLF�URRW��-�+HDUW�9DOYH�'LV����������������

��� %DFKHW� -�� 7HUPLJQRQ� -/�� *RXGRW� %�� 'UH�IXV� *��
3LTXRLV����%URGDW��'��HW�DO���RUWLF�URRWUHSODFHPHQW�
ZLWK� D� FRPSRVLWH� JUDIW�� )DFWRUV� LQIOXHQFLQJ�
LPPHGLDWH� DQG� ORQJWHUP� UHVXOWV�� (XU� -�
&DUGLRWKRUDF6XUJ����������������


