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2SKWKDOPRORJ��DQG��OOLHG�6FLHQFHV

9RO�PH���1�PEHU�����6HSWHPEHU���'HFHPEHU�����
'2,��KWWS���G[�GRL�RUJ����������RDV�����������������

(�WHUQDO�YHUV�V�(QGRVFRSLF�(QGRQDVDO��DFU�RF�VWRUKLQRVWRP����
2�U�(�SHULHQFH

�HYHQGUD�6KDUPD����HPHQGUD�%DPDQL�D��

,QWURG�FWLRQ

'DFU�RF�VWRUKLQRVWRP���'&5��LV�WKH�PRVW�DFFHSWHG�
SURFHG�UH�IRU�QDVRODFULPDO�G�FW�REVWU�FWLRQ��,W�FDQ�
EH�GRQH�ZLWK�H[WHUQDO��([��RU�HQGRQDVDO��(Q��DFFHVV��
7KH�EDVLF�LQGLFDWLRQ�LV�VDPH�LQ�DOO�FDVHV�DQG�HLWKHU�
UR�WH�FDQ�EH��VHG�

External� DCR� was� �rst� described� by� Toti� in�
�������,W�LV�SHUIRUPHG�WKUR�JK�D�F�WDQHR�V�LQFLVLRQ�
WR�DFFHVV�WKH�ODFULPDO�VDF��7KH�SURFHG�UH�ZDV�ODWHU�
modi�ed� by� suturing� of� mucosal� �aps� and� thus�
creating�an�epithelial�lined��stula.��7KH�SURFHG�UH�

JDLQHG�SRS�ODULW��DPRQJ�RSKWKDOPRORJLVWV�G�H�WR�

its�ef�cacy�and�relatively�low�complication�rates.

Endonasal� approach� for� DCR� was� �rst�

introduced�by�Caldwell�in�1893�and�was�modi�ed�

ODWHU� E�� :HVW� LQ� ����� DQG� +DOOH� LQ� ����������� 7KH�

HQGRQDVDO� DSSURDFK� JDLQHG� PRPHQW�P� RQO��

DIWHU�DGYDQFHPHQW�RI�QHZ�HQGRVFRS��V�VWHP�DQG�

WHFKQLT�HV���,W�KDV�DGYDQWDJH�RI�GLUHFW�YLV�DOL]DWLRQ�

�QGHU�HQGRVFRSLF�J�LGDQFH��7KLV�DSSURDFK�DYRLGV�

DQ� H[WHUQDO� VFDU� DQG� QH�URYDVF�ODU� GLVU�SWLRQ�

DORQJ�WKH�WUDFW�H[SRVLQJ�WKH�ODFULPDO�VDF�

��WKRU� �IILOLDWLRQ�� ��VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI� 2SKWKDOPRORJ��� ��VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI�
2WRUKLQRODU�QJRORJ����QDQWD�,QVWLW�WH�RI�0HGLFDO�6FLHQFHV��5DMVDPDQG��5DMDVWKDQ���������,QGLD�

&RUUHVSRQGLQJ���WKRU���HPHQGUD�%DPDQL�D���VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�2WRUKLQRODU�QJRORJ����QDQWD� ,QVWLW�WH�RI�
0HGLFDO�6FLHQFHV��5DMVDPDQG��5DMDVWKDQ���������,QGLD�

(�PDLO��GUBKHPHQGUD��#�DKRR�FRP

�R��WR�FLWH�WKLV�DUWLFOH�

'HYHQGUD�6KDUPD��+HPHQGUD�%DPDQL�D��([WHUQDO�YHUV�V�(QGRVFRSLF�(QGRQDVDO�'DFU�RF�VWRUKLQRVWRP���2�U�([SHULHQFH��
2SKWKDOPRO��OOLHG�6FL��������������������

�EVWUDFW

�LPV�D�G��EMHF�L�HV��7KH�SUHVHQW�VW�G��ZDV�FRQG�FWHG�WR�FRPSDUH�WKH�V�FFHVV�UDWH�RI�H[WHUQDO�DQG�HQGRQDVDO�
HQGRVFRSLF�GDFU�RF[�VWRUKLQRVWRP���'&5��IRU�DFT�LUHG�QDVRODFULPDO�G�FW��1/'��REVWU�FWLRQ�

�D�HULDO� D�G� �H�KRGV�� ,W� ZDV� D� SURVSHFWLYH� VW�G�� SHUIRUPHG� LQ� WKH� GHSDUWPHQW� RI� 2SKWKDOPRORJ�� DQG�
GHSDUWPHQW�RI�RWRUKLQRORDU�QJRORJ��DW��QDQWD�,QVWLW�WH�RI�0HGLFDO�6FLHQFHV��5DMVDPDQG��5DMDVWKDQ�G�ULQJ�WKH�
SHULRG�RI����HDUV� IURP�)HEU�DU�������WR�)HEU�DU����������WRWDO�RI�����SDWLHQWV�ZLWK� WKH�FOLQLFDO�GLDJQRVLV�RI�
FKURQLF�GDFU�RF�VWLWLV�DQG�QDVRORFULPDO�G�FW�REVWU�FWLRQ�ZHUH�LQFO�GHG� LQ� WKH�VW�G������SDWLHQWV��QGHUZHQW�
H[WHUQDO�'&5�DQG����SDWLHQWV��QGHUZHQW�HQGRQDVDO�'&5�

�HV�O�V��7RWDO�����SDWLHQWV�ZHUH�LQFO�GHG�LQ�WKH�VW�G��R�W�RI�ZKLFK��������������ZHUH�IHPDOH�DQG�������������
ZHUH�PDOH��7KH�DJH�RI�WKH�SDWLHQWV�UDQJHV�IURP�����HDUV�WR�����HDUV�ZLWK�WKH�PHDQ�DJH�RI�������HDUV��3RVWRSHUDWLYH�
DQDWRPLFDO�SDWHQF��RI�1/'�ZDV�DFKLHYHG�LQ�����LQ�H[WHUQDO�'&5�JUR�S�DQG��������LQ�(QGRQDVDO�'&5�JUR�S��
/RQJ�WHUP�DQDWRPLFDO�SDWHQF��RI�1/'�DQG�V�PSWRP�UHOLHI� �DVVHVVHG���PRQWKV�DIWHU�V�UJHU���ZDV�DFKLHYHG�
LQ�������SDWLHQWV�LQ�H[WHUQDO�'&5�JUR�S�DQG��������SDWLHQWV�LQ�HQGRQDVDO�'&5�JUR�S��7KH�WRWDO�LQFLGHQFH�RI�
FRPSOLFDWLRQV�LQ�H[WHUQDO�DQG�HQGRQDVDO�'&5�JUR�S�ZDV�������DQG�����UHVSHFWLYHO��

&R�FO�VLR���'DFU�RF�VWRUKLQRVWRP���'&5��LV�WKH�WUHDWPHQW�RI�FKRLFH�IRU�QDVRODFULPDO�G�FW�REVWU�FWLRQ�DQG�
FDQ� EH�GRQH� E�� H[WHUQDO� RU� HQGRQDVDO� HQGRVFRSLF� DSSURDFK�� %RWK� WKH�SURFHG�UHV� KDYH� VLPLODU� UHV�OWV�ZLWK�
PLQLPDO�FRPSOLFDWLRQV�

.H��RUGV��FKURQLF�GDFU�RF�VWLWLV��1DVRODFULPDO�G�FW��(QGRQDVDO��/DFULPDO�VDF��'DFU�RF�VWRUKLQRVWRP��
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7KH� V�FFHVV� UDWH� RI� ERWK� WKH� SURFHG�UHV� LV�
UDQJHV� IURP� ���� WR� �������� 7KH� ZLGH� UDQJH� RI�
V�FFHVV�LV�OLNHO��G�H�WR�V�UJLFDO�YDULDELOLW���SDWLHQW�
GHPRJUDSKLFV�� DQG� ODFN�RI� VWDQGDUGL]HG�R�WFRPH�
PHDV�UHV� LQ� WKH� PHGLFDO� OLWHUDW�UH�� 7KH� SUHVHQW�
VW�G�� DLPHG� WR� FRPSDUH� V�FFHVV� UDWHV� RI� '&5�
V�UJHU��SHUIRUPHG�E��H[WHUQDO�YHUV�V�HQGRVFRSLF�
UR�WHV�DQG�WR�DSSUDLVH�WKH�UHV�OWV�IRU�DQDWRPLFDO�DV�
ZHOO�DV�I�QFWLRQDO�SDWHQF��

0DWHULDOV�DQG�0HWKRG

7KH� SUHVHQW� VW�G�� ZDV� D� SURVSHFWLYH� VW�G��
SHUIRUPHG� LQ� WKH� GHSDUWPHQW� RI� 2SKWKDOPRORJ��
DQG�GHSDUWPHQW�RI�RWRUKLQRORDU�QJRORJ��DW��QDQWD�
,QVWLW�WH�RI�0HGLFDO�6FLHQFHV��5DMVDPDQG��5DMDVWKDQ�
G�ULQJ� WKH�SHULRG� RI� �� �HDUV� IURP� )HEU�DU�� �����
WR�)HEU�DU�� ��������WRWDO�RI�����SDWLHQWV�ZLWK� WKH�
FOLQLFDO� GLDJQRVLV� RI� FKURQLF� GDFU�RF�VWLWLV� DQG�
QDVRORFULPDO� G�FW� REVWU�FWLRQ� DQG� �QGHUJRLQJ�
HLWKHU� H[WHUQDO� RU� HQGRVFRSLF� '&5� V�UJHU�� ZHUH�
LQFO�GHG�LQ�WKH�VW�G��

3UH� RSHUDWLYH� V�ULQJLQJ� ZDV� SHUIRUPHG� LQ� DOO�
WKH� VW�G�� SDUWLFLSDQWV� WR� FKHFN� WKH� SDWHQF�� RI�
QDVRODFULPDO�GUDLQDJH�V�VWHP�DORQJ�ZLWK�FRPSOHWH�
QDVDO�DQG�RSKWKDOPLF�H[DPLQDWLRQ�

:HOO�LQIRUPHG�ZULWWHQ�FRQVHQW�ZDV�WDNHQ�IURP�DOO�
WKH�VW�G��SDUWLFLSDQWV��%RWK�WKH�W�SHV�RI�SURFHG�UHV�
ZHUH�H[SODLQHG�WR�WKH�SDWLHQWV�LQ�GHWDLOV�ZLWK�WKHLU�
DGYDQWDJHV�DQG�GLVDGYDQWDJHV�

,�FO�VLR��FUL�HULD

�OO� WKH� SDWLHQWV� DWWHQGHG� (�H� RU� (17� 23'� ZLWK�
WKH�FOLQLFDO�GLDJQRVLV�RI�FKURQLF�GDFU�RF�VWLWLV�ZLWK�
QDVRODFULPDO�G�FW�EORFNDJH�

��FO�VLR��FUL�HULD

��� 3DWLHQWV�KDYLQJ�KLVWRU��RI�VLPLODU�SURFHG�UH�
GRQH�LQ�WKH�SDVW�

��� 3DWLHQWV�ZKR�UHI�VHG�WR�JLYH�FRQVHQW�

2�W� RI� ���� SDWLHQWV�� ��� SDWLHQWV� �QGHUZHQW�
H[WHUQDO�'&5�DQG����SDWLHQWV��QGHUZHQW�HQGRQDVDO�
'&5�

��UJLFDO��URFHG�UH

��� ���HU�DO��&����OO�WKH�H[WHUQDO�'&5�V�UJHULHV�
ZHUH� SHUIRUPHG� �QGHU� ORFDO� DQHVWKHVLD�
ZLWK� VHGDWLRQ�� LQ� VRPH� FDVHV�� �IWHU�PDNLQJ�

D� F�UYLOLQHDU� LQFLVLRQ� RYHU� DQWHULRU� ODFULPDO�
FUHVW�� PHGLDO� SDOSHEUDO� OLJDPHQW� ZDV�
identi�ed�and�orbicularis�oculi�was�separated.�
3HULRVWH�P�ZDV� VHSDUDWHG� IURP�ERQH��VLQJ�
Freer’s� elevator� and� then� re�ected� and�
ODFULPDO�VDF�ZDV�GLVVHFWHG�FDUHI�OO��WR�H[SRVH�
lacrimal�fossa.�Bony�ostium�of�suf�cient�size�
ZDV�WKHQ�FUHDWHG��VLQJ�.HUULVRQ�ERQH�S�QFK��
%RZPDQ�V�SUREH�ZDV�SDVVHG� WKUR�JK�ORZHU�
S�QFW�P�WR� WHQW� WKH� VDF�DQG� WKHQ��VLQJ� WKH�
SUREH� DV� J�LGH�� DQ� +�VKDSHG� LQFLVLRQ� ZDV�
PDGH� ULJKW� DFURVV� WKH� VDF� IURP� I�QG�V� WR�
WKH� QDVRODFULPDO� G�FW� WR�PDNH� DQWHULRU� DQG�
posterior� �aps.� Posterior� �ap�was� then� cut.�
1DVDO�P�FRVD�ZDV�F�W�WR�PDNH�DQWHULRU�DQG�
posterior� �aps.� Subsequently� anterior� to�
anterior�and�posterior�to�posterior��aps�were�
V�W�UHG� ZLWK� �� WR� �� LQWHUU�SWHG� V�W�UHV� E��
����YLFU�O�

%�� ��GR�DVDO� �&��� (QGRQDVDO� '&5� V�UJHU��
ZDV� SHUIRUPHG� HLWKHU� �QGHU� JHQHUDO� RU�
ORFDO� DQHVWKHVLD�� 1DVDO� FDYLW�� ZDV� SDFNHG�
ZLWK� JD�JH� VRDNHG� LQ� ��� [�ORFDLQH� ZLWK�
���������� DGUHQDOLQH�� ���PLQ�WHV� EHIRUH� WKH�
SURFHG�UH��%RWK����DQG�����QDVDO�HQGRVFRSHV�
ZHUH� �VHG�� 7KH� QDVDO� P�FRVD� DQWHULRU� WR�
uncinate� process� was� in�ltrated� with� 2%�
[�ORFDLQH� ZLWK� ���������� DGUHQDOLQH�� 8VLQJ�
WKH�VLFNOH�NQLIH�D�UHFWDQJ�ODU�F�II�RI�P�FRVD�
RI� ��PP� [� �PP� M�VW� DQWHULRU� WR� V�SHULRU�
KDOI� RI� WKH� �QFLQDWH� SURFHVV� ZDV� LQFLVHG��
The�mucoperichondrium��ap� then� elevated�
�VLQJ� IUHHU�V� HOHYDWRU���VFHQGLQJ�SURFHVV�RI�
PD[LOOD�DQG�DGMDFHQW�ODFULPDO�ERQH�ZDV�WKHQ�
H[SRVHG�� %RQ�� SURFHVV� RYHUO�LQJ� VDF� DQG�
1/'� ZKLFK� DUH� �V�DOO�� DVFHQGLQJ� SURFHVV�
RI�PD[LOOD��ODFULPDO�ERQH�DQG�DJDU�QDVLL�ZHUH�
WKHQ� UHPRYHG� �VLQJ� ���� PP� NHUULVRQ�� 7KH�
ERQH�UHPRYDO�ZDV�WKHQ�FRQWLQ�HG�QDVDOO��WR�
H[SRVH�WKH�ODFULPDO�VDF��/DFULPDO�SURELQJ�ZDV�
GRQH� WR� WHQW�WKH�PHGLDO�ZDOO�RI� VDF��7KH�VDF�
ZDV�WKHQ�VOLW�RSHQ�ZLWK�DQ�DQJOHG�NQLIH��7KH�
PHGLDO�ZDOO�RI�VDF�ZDV�WKHQ�UHPRYHG�ZLWK�D�
WLVV�H�S�QFK��6�ULQJLQJ�ZDV�GRQH�ZLWK�VDOLQH�
to�con�rm�the�free��ow�and�patency.�All�the�
SDWLHQWV�ZHUH�WD�JKW�DQG�DGYLVHG�WR�SHUIRUP�
DONDOLQH�QDVDO�GR�FKLQJ� IRU� DW� OHDVW� ���GD�V�
DIWHU� V�UJHU��� �OVR� UHJ�ODU� PDVVDJLQJ� RYHU�
VDF�DUHD�ZDV�DGYLVHG�SRVWRSHUDWLYHO�� IRU����
GD�V�

�VVHVVPH��

�VVHVVPHQW� ZDV� GRQH� E�� FRPSDULQJ� WKH� V�FFHVV�
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RI� ERWK� WKH� SURFHG�UHV� LQ� WHUPV� RI� ORQJ� WHUP�
DQDWRPLFDO� SDWHQF�� RI� 1/'� DQG� V�PSWRP� UHOLHI��
6HFRQGDU��DVVHVVPHQW�ZDV�GRQH�E��FRPSDULQJ�WKH�
LQFLGHQFH�RI�FRPSOLFDWLRQV�LQ�ERWK�WKH�SURFHG�UHV�

��KLFDO�FOHDUD�FH

(WKLFDO� FOHDUDQFH� ZDV� REWDLQHG� IURP� LQVWLW�WLRQDO�
HWKLFDO�FRPPLWWHH�

��D�LV�LFDO�D�DO�VLV

'DWD� DQDO�VLV� ZDV� SHUIRUPHG� �VLQJ� 6WDWLVWLFDO�
3DFNDJH�IRU�6RFLDO�6FLHQFHV��6366��VRIWZDUH��YHUVLRQ�
������'DWD�RI�ERWK�WKH�JUR�SV�ZHUH�FRPSDUHG�DQG�
DQDO�]HG�E��&KL�VT�DUH�WHVW�RU�6W�GHQW�V�W�WHVW�

5HV�OWV

����SDWLHQWV� FKURQLF� GDFU�RF�VWLWLV�ZHUH� LQFO�GHG�
LQ�WKH�VW�G��R�W�RI�ZKLFK��������������ZHUH�IHPDOH�
DQG�������������ZHUH�PDOH��7KH�DJH�RI�WKH�SDWLHQWV�
UDQJHV�IURP�����HDUV�WR�����HDUV�ZLWK�WKH�PHDQ�DJH�
RI�������HDUV��'HPRJUDSKLFV�EHWZHHQ�WKH�WZR�VW�G��
JUR�SV�ZHUH�VLPLODU�

The� surgical� success� was� de�ned� as� objective�
V�FFHVV� EDVHG� RQ� GHPRQVWUDWLRQ� RI� SDWHQW� 1/'�
WKUR�JK�V�ULQJLQJ�DQG�V�EMHFWLYH�V�FFHVV�EDVHG�RQ�
WKH�LPSURYHPHQW�LQ�SDWLHQW�V�V�PSWRPV�

�QDWRPLFDO�SDWHQF��RI�1/'�ZDV�DFKLHYHG�LQ����
������RI����SDWLHQWV�RI�H[WHUQDO�'&5�JUR�S�DQG����
��������� RI� ���SDWLHQWV� LQ�(QGRQDVDO�'&5�JUR�S��
The�difference�was�not�statistically�signi�cant.

/RQJ� WHUP� DQDWRPLFDO� SDWHQF�� RI� 1/'� DQG�
V�PSWRP� UHOLHI� �DVVHVVHG� ��PRQWKV� DIWHU� V�UJHU���
ZDV�DFKLHYHG�LQ������������SDWLHQWV�LQ�H[WHUQDO�'&5�
JUR�S�DQG�������������SDWLHQWV�LQ�HQGRQDVDO�'&5�
group.� This� difference� was� also� not� signi�cant.�
�7DEOH����

7DEOH�����VVHVVPHQW�RI�V�FFHVV�RI�SURFHG�UH�

�VVHVVPHQW
(�WHUQDO�
�&5

(QGRQDVDO�
�&5

3�YDO�H

�QDWRPLFDO�3DWHQF� ������
�����

������
��������

������

/RQJ�WHUP�DQDWRPLFDO�
SDWHQF��DQG�V�PSWRP�
UHOLHI

������
�������

������
��������

������

7KH� FRPSOLFDWLRQV� ZHUH� PLQRU� DQG� LQFLGHQFH�
ZDV� ORZ� LQ� ERWK� W�SHV� RI� SURFHG�UHV�� �7DEOH� ���
�PRQJ� WKH� H[WHUQDO� '&5� SDUWLFLSDQWV�� �� SDWLHQW�
KDG�ZR�QG�KHPRUUKDJH����SDWLHQWV�KDG�LQIUDRUELWDO�

HFFK�PRVLV�� �� KDG� H[WHUQDO� K�SHUWURSKLHG� VFDU�
DQG� �� SDWLHQW� KDG� ZR�QG� GHKLVFHQFH�� 7K�V� WRWDO�
LQFLGHQFH�RI�FRPSOLFDWLRQV�LQ�H[WHUQDO�'&5�JUR�S�
ZDV�������

7DEOH����,QFLGHQFH�RI�FRPSOLFDWLRQV�DPRQJ�SDUWLFLSDQWV�

&RPSOLFDWLRQV
(�WHUQDO�
�&5

(QGRQDVDO�
�&5

+HPRUUKDJH� � �

1DVDO�6�QHFKLDH�IRUPDWLRQ � �

,QIUDRUELWDO�HFFK�PRVLV � �

([WHUQDO�K�SHUWURSKLHG�VFDU � �

*UDQ�ODWLRQ�DW�RVWL�P � �

:R�QG�GHKLVFHQFH � �

7RWDO ��������� �������

,Q� WKH� HQGRQDVDO� JUR�S�� WKH� LQFLGHQFH� RI�
FRPSOLFDWLRQ� ZDV� ���� LQ� ZKLFK� �� SDWLHQW� KDG�
HSLVWD[LV����SDWLHQWV�KDG�V�QHFKLDHV�IRUPDWLRQ�ZKLFK�
ZHUH�H[FLVHG�RQ�IROORZ��S�DV�R�WGRRU�SURFHG�UH����
SDWLHQWV�KDG�SRVWRSHUDWLYH�LQIUDRUELWDO�HFFK�PRVLV�
ZKLFK�ZDV�VHOI�UHOLHYHG�LQ�IHZ�GD�V�DQG���SDWLHQW�
KDG� GHYHORSHG� JUDQ�ODWLRQ� DW� VLWH� RI� RVWL�P�
ZKLFK�ZDV�DOVR�KHDOHG�ZLWKR�W�DQ��LQWHUYHQWLRQ�

�LVF�VVLRQ

([WHUQDO� '&5� ZDV� FRQVLGHUHG� DV� WUHDWPHQW� RI�
FKRLFH� IRU� QDVRODFULPDO� G�FW� REVWU�FWLRQ� IRU� ORQJ�
WLPH�� 7KLV� SURFHG�UH� KDV� DGYDQWDJHV� RI� GLUHFW�
YLV�DOL]DWLRQ�RI�DQDWRP��ZKLOH�SHUIRUPLQJ�V�UJHU��
DQG� D�JRRG�V�FFHVV� UDWH��+RZHYHU�� WKH�SURFHG�UH�
DOVR� KDV� WKH� GLVDGYDQWDJHV� RI� H[WHUQDO� YLVLEOH�
VFDU� DQG� SRWHQWLDO� RI� LQM�U�� WR� PHGLDO� FDQWKDO�
VWU�FW�UHV�

2YHU�WKH�ODVW�IHZ�GHFDGHV��HQGRQDVDO�HQGRVFRSLF�
'&5� KDV� UHSODFHG� H[WHUQDO� '&5� DV� WUHDWPHQW� RI�
FKRLFH�IRU�1/'�EORFNDJH�EHFD�VH�RI�LWV�FRPSDUDEOH�
ORQJ�WHUP�V�FFHVV�UDWH�DQG�DGYDQWDJH�RI�PLQLPDOO��
LQYDVLYH�DSSURDFK�ZLWK�QR�H[WHUQDO�VFDU��+RZHYHU��
WKLV� SURFHG�UH� UHT�LUHV� FRVWO�� VRSKLVWLFDWHG�
HQGRVFRSLF� LQVWU�PHQWV� ZLWK� H[SHUWLVH� LQ� WKH�
�eld.

,Q�SUHVHQW�VW�G�������SDWLHQWV�RI�1/'�EORFNDJH�
ZHUH� LQFO�GHG� R�W� RI� ZKLFK� ���� ��������� ZHUH�
IHPDOH�DQG�������������ZHUH�PDOH��7KH�DJH�RI�WKH�
SDWLHQWV�UDQJHV�IURP�����HDUV�WR�����HDUV�ZLWK�WKH�
PHDQ�DJH�RI�������HDUV�

*���-�%HQ�6LPRQ�HW�DO�SHUIRUPHG�D�VLPLODU�VW�G��
LQ������DQG�LQFO�GHG�����SDWLHQWV�LQ�WKH�VW�G��ZLWK�
���PDOH����������DQG���� IHPDOH����������ZLWK�WKH�
PHDQ�DJH�RI�����HDUV���6LPLODU�VW�G��E��5�.DULP�HW�
DO�LQ������LQFO�GHG�����SDWLHQWV�ZLWK�������IHPDOH�
SDWLHQWV�DQG�PHDQ�DJH�RI�����HDUV���

'HYHQGUD�6KDUPD��+HPHQGUD�%DPDQL�D���([WHUQDO�YHUV�V�(QGRVFRSLF�(QGRQDVDO�'DFU�RF�VWRUKLQRVWRP����
2�U�([SHULHQFH
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,Q�SUHVHQW�VW�G���DQDWRPLFDO�SDWHQF��RI�1/'�ZDV�
DFKLHYHG�LQ����������RI����SDWLHQWV�RI�H[WHUQDO�'&5�
JUR�S�DQG�������������RI����SDWLHQWV�LQ�(QGRQDVDO�
'&5� JUR�S�� /RQJ� WHUP� DQDWRPLFDO� SDWHQF�� RI�
1/'�DQG�V�PSWRP�UHOLHI��DVVHVVHG���PRQWKV�DIWHU�
V�UJHU��� ZDV� DFKLHYHG� LQ� ��� �������� SDWLHQWV� LQ�
H[WHUQDO� '&5� JUR�S� DQG� ��� ��������� SDWLHQWV� LQ�
HQGRQDVDO� '&5� JUR�S�� %RWK� WKH� GLIIHUHQFHV�ZHUH�
not�statistical�signi�cant.

6LPLODU� UHV�OWV� ZHUH� REWDLQHG� LQ� WKH� VW�GLHV�
SHUIRUPHG� LQ� WKH� SDVW�� .DULP� 5� HW� DO� SHUIRUPHG�
WKH� VLPLODU� VW�G�� DQG� IR�QG� ORQJ� WHUP� V�FFHVV�
UDWH�RI�������LQ�H[WHUQDO�'&5�JUR�S�DQG�������LQ�
HQGRQDVDO�JUR�S����6LPLODU�UHV�OWV�ZHUH�REWDLQHG�LQ�
WKH�VW�GLHV�GRQH�E��6DURM�*�SWD�HW�DO� LQ������DQG�
.KDQ�0.+�HW�DO�LQ������������*���-�%HQ�6LPRQ�IR�QG�
WKH�UHODWLYHO��KLJKHU�V�FFHVV�UDWH�LQ�HQGRQDVDO�'&5�
JUR�S���������WKDQ�H[WHUQDO�'&5�JUR�S��������

,Q� SUHVHQW� VW�G��� WKH� FRPSOLFDWLRQV� ZHUH� OHVV�
DQG�PLQRU� LQ�ERWK� WKH� JUR�SV��7KH� LQFLGHQFH� UDWH�
RI� FRPSOLFDWLRQV� ZDV� ������ DQG� ���� LQ� H[WHUQDO�
DQG�HQGRQDVDO�'&5�JUR�S�UHVSHFWLYHO���&RPPRQ�
FRPSOLFDWLRQV�LQFO�GH�KHPRUUKDJH��QDVDO�V�QHFKLDH�
IRUPDWLRQ�� H[WHUQDO� VFDU�� ZR�QG� GHKLVFHQFH��
LQIUDRUELWDO�HFFK�PRVLV�DQG�JUDQ�ODWLRQ�DW�RVWL�P��
�OO� WKH� FRPSOLFDWLRQV� ZHUH� HDVLO�� KDQGOHG� LQ� WKH�
R�WGRRU�� 6LPLODU� FRPSOLFDWLRQV� ZLWK� FRPSDUDEOH�
LQFLGHQFH�UDWH�ZHUH�IR�QG�LQ�VW�GLHV�SHUIRUPHG�LQ�
WKH�SDVW������������

&RQFO�VLRQ

'DFU�RF�VWRKLQRVWRP�� �'&5�� LV� WKH� WUHDWPHQW� RI�
FKRLFH�IRU�DFT�LUHG�QDVRODFULPDO�G�FW�REVWU�FWLRQ��
'&5� FDQ� EH� SHUIRUPHG� E�� H[WHUQDO� RU� HQGRQDVDO�
UR�WH�� %RWK� WKH� UR�WHV� KDV� VLPLODU� V�FFHVV� UDWH�
DV� ZHOO� DV� ORZ� FRPSOLFDWLRQ� UDWHV�� (QGRQDVDO�
SURFHG�UH�RIIHUV�GLVWLQFW�DGYDQWDJHV�RYHU�H[WHUQDO�
SURFHG�UH� WKDW� LW� OHDYHV� QR� H[WHUQDO� VFDU� DQG�
SUHVHUYHV� ODFULPDO� S�PS� V�VWHP� ZLWK� PLQLPDO�
LQWUDRSHUDWLYH� EOHHGLQJ�� +RZHYHU�� HQGRVFRSLF�
'&5�LV�DQ�H[SHQVLYH�SURFHG�UH�DV�LW�UHT�LUHV�FRVWO��
HQGRVFRSLF� LQVWU�PHQWV� DQG� DOVR� UHT�LUHV� SURSHU�
WUDLQLQJ�WR�H[SHUWLVH�WKH�SURFHG�UH��:KLOH�RIIHULQJ�
WKH� WUHDWPHQW� RSWLRQV�� WKH� SDWLHQW� P�VW� DOVR� EH�
WKRUR�JKO�� H[SODLQHG� DER�W� ERWK� WKH� SURFHG�UHV�
ZLWK� SRVVLEOH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI�
ERWK�WKH�SURFHG�UHV�

Con�ict� of� interest:�No� con�icts� of� interest� exist�
for�these�authors.�No�relevant��nancial�relationship�
H[LVWV� EHWZHHQ� WKH� D�WKRUV� DQG� SURFHG�UHV� RU�
SURG�FWV��VHG�LQ�WKLV�PDQ�VFULSW�

5HIHUHQFHV

��� 7RWL� ��� 1HZ� FRQVHUYDWLYH� PHWKRG� RI� UDGLFDO�
FDUH� RI� FKURQLF� V�SS�UDWLRQ� RI� WKH� ODFULPDO� VDF�
�'DFU�RF�VWRUKLQRVWRP����&OLQ�0RG�)ORUHQFH�������
����������

��� '�S���� '�WHPSV� /�� %R�UJ�HW� -� ������� 3URFHGH�
SODVWLT�H� GHGDFU�RF�VWRUKLQRVWRPLH� HW� VHV�
UHV�OWDQWV���QQ�2F�O�-�����������������

��� &DOGZHOO� *:� ������� 7ZR� QHZ� RSHUDWLRQV� IRU�
REVWU�FWLRQ� RI� WKH�1DVDO� G�FW��1HZ�<RUN�0HGLFDO�
-R�UQDO�������������

��� :HVW�-0����������ZLQGRZ�UHVHFWLRQ�RI�WKH�QDVDO�G�FW�
LQ� FDVHV� RI� VWHQRVLV��7UDQVDFWLRQV�RI� WKH��PHULFDQ�
2SKWKDOPRORJLFDO�6RFLHW�����3W�����������

��� +DOOH� 0�� ������� =�U� LQWUDQDVDOHQ� RSHUDWLRQ� DP�
WUDQHQVDFN���UFK�/DU�QJRO�5KLQRO������������

��� &DOGZHOO�*:��7ZR�QHZ�RSHUDWLRQV�IRU�REVWU�FWLRQ�
RI�WKH�QDVDO�G�FW��ZLWK�SUHVHUYDWLRQ�RI�WKH�FDQDOLF�OL��
DQG�ZLWK�DQ�LQFLGHQWDO�GHVFULSWLRQ�RI�D�QHZ�ODFULPDO�
SUREH���P�-�2SKWKDOPRO������������������

��� 7DUEHW�.-��&�VWHU�3/��([WHUQDO�GDFU�RF�VWRUKLQRVWRP���
V�UJLFDO�V�FFHVV��SDWLHQW�VDWLVIDFWLRQ��DQG�HFRQRPLF�
FRVW��2SKWKDOPRORJ�����������������������

��� '�UYDV�OD� 9�� *DWODQG� '-�� (QGRVFRSLF�
GDFU�RF�VWRUKLQRVWRP��� ORQJWHUP� UHV�OWV� DQG�
HYRO�WLRQ� RI� V�UJLFDO� WHFKQLT�H�� -� /DU�QJRO� 2WRO��
������������������

��� %HQ� 6LPRQ� *-�� -RVHSK� -�� /HH� 6�� 6FKZDUF]� 50��
0F&DQQ� -'�� *ROGEHUJ� 5��� ([WHUQDO� YHUV�V�
HQGRVFRSLF� GDFU�RF�VWRUKLQRVWRP�� IRU� DFT�LUHG�
QDVRODFULPDO�G�FW�REVWU�FWLRQ� LQ�D� WHUWLDU�� UHIHUUDO�
FHQWHU�� 2SKWKDOPRORJ��� ����� ��J����������������
GRL����������M�RSKWKD��������������30,'�����������

���� .DULP� 5�� *KDEULDO� 5�� /�QFK� 7�� 7DQJ� %�� ��
FRPSDULVRQ�RI� H[WHUQDO�DQG� HQGRVFRSLF� HQGRQDVDO�
GDFU�RF�VWRUKLQRVWRP�� IRU� DFT�LUHG� QDVRODFULPDO�
G�FW�REVWU�FWLRQ��&OLQ�2SKWKDOPRO������������������
GRL���������237+�6������

���� 6� *�SWD�� 5� *R�DO�� �6� 7KDN�U� DQG� +� 6LQJK��
&RQYHQWLRQDO� 'DFU�RF�VWRUKLQRVWRP�� 9HUV�V�
(QGRQDVDO�'DFU�RF�VWRUKLQRVWRP�����FRPSDUDWLYH�
VW�G���3HRSOH�V� MR�UQDO�RI� VFLHQWLILF� UHVHDUFK��������
�����������

���� .KDQ�� 0��� +RVVDLQ�� 0��� +RVVDLQ�� 0��� �O�0DV�G��
���� DQG� 5DKPDQ�� 0�� �������� &RPSDUDWLYH�
6W�G�� RI� ([WHUQDO� �QG� (QGRVFRSLF� (QGRQDVDO�
'DFU�RF�VWRUKLQRVWRP�� )RU� 7KH� 7UHDWPHQW� 2I�
&KURQLF� 'DFU�RF�VWLWLV�� -R�UQDO� RI� �UPHG� )RUFHV�
0HGLFDO�&ROOHJH��%DQJODGHVK���������������KWWSV���
GRL�RUJ���������MDIPF�Y�L��������

���� :RRJ�--��.HQQHG��5+��&�VWHU�3/��.DOWUHLGHU�6���0H�HU�
'5��&DPDUD�-*��(QGRQDVDO�GDFU�RF�VWRUKLQRVWRP���
2SKWKDOPRORJ�����������������������

���� �JDUZDO�6��(QGRVFRSLF�GDFU�RF�VWRUKLQRVWRP��IRU�
DFT�LUHG�QDVRODFULPDO�G�FW�REVWU�FWLRQ��-�/DU�QJRO�
2WRO���������������������


