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.H\ZRUGV��6XEDUDFKQRLG�KHPRUUKDJH��%HWD�EORFNDGH��D6$+��&7�DQJLRJUDP��*&6�
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$QHXU\VPDO�VXEDUDFKQRLG�KHPRUUKDJH��D6$+��DIIHFWV��������$PHULFDQV��UHVXOWLQJ�LQ��������GHDWKV�DQQXDOO\�>�@�
:KLOH�DFFRXQWLQJ�IRU�RQO\����RI�DOO�VWURNHV��VXEDUDFKQRLG�KHPRUUKDJH�DFFRXQWV�IRU�������RI�DOO�VWURNH�UHODWHG�\HDUV�RI
SRWHQWLDO �OLIH �ORVW �>�@� �7KLV �GLVSURSRUWLRQDWH �LQFUHDVH �LQ �PRUELGLW\ �DQG �PRUWDOLW\ �LV �OLQNHG �WR �WKH �GHYDVWDWLQJ
FRPSOLFDWLRQV�IROORZLQJ�UHEOHHGLQJ��DQG�FHUHEUDO�YDVRVSDVP��ZKLFK�DFFRXQWV�IRU�XS�WR��������DQG�����PRUELGLW\�DQG
PRUWDOLW\��UHVSHFWLYHO\�>����@�

(DUO\ �PDQDJHPHQW �LV �DLPHG�DW �FRQWUROOLQJ �K\SHUWHQVLRQ�>�@ �XQWLO �WKH �DQHXU\VP�FDQ�EH �VHFXUHG�E\�HQGRYDVFXODU
FRLOLQJ�RU�VXUJLFDO�FOLSSLQJ�WR�DYRLG�UHEOHHGLQJ��6XEVHTXHQWO\��WKH�IRFXV�VKLIWV�WR�DOORZLQJ�FHUHEUDO�DXWRUHJXODWLRQ�DW
KLJKHU�FHUHEUDO�SHUIXVLRQ�SUHVVXUHV�IRU�WUHDWPHQW�RI�FHUHEUDO�YDVRVSDVP�>�@��3DWLHQWV�VXIIHULQJ�IURP�D6$+�PD\�PDQLIHVW
FDUGLRYDVFXODU�SHUWXUEDWLRQV�OLNH�QHXURJHQLF�P\RFDUGLDO�VWXQQLQJ��D�UHYHUVLEOH�VWUHVV�LQGXFHG�FDUGLRP\RSDWK\�>�@�WKDW
FDQ�FDXVH�WURSRQLQ�HOHYDWLRQ�>����@��(.*�FKDQJHV�>��@��RU�UHJLRQDO�ZDOO�PRWLRQ�DEQRUPDOLWLHV�>������@��3RVW�UXSWXUH�GD\
� �WURSRQLQ�, �HOHYDWLRQ �! ���� �PJ�/ �SUHGLFWV �PRUWDOLW\ �LQ �6$+ �>��@� �0DQDJHPHQW �RI �FRPSOLFDWLRQV �RI �D6$+ �RIWHQ
LQYROYHV �EHWD �EORFNDGH �>��@ �WR �FRXQWHUDFW �WKH �V\PSDWKHWLF �QHUYRXV �V\VWHP ��616� �VXUJH �>�� �� ���@� �%HWD �EORFNHU
DGPLQLVWUDWLRQ�LQ�WKH�VHWWLQJ�RI�OHIW�YHQWULFXODU�G\VIXQFWLRQ�GHFUHDVHV�WURSRQLQ�HOHYDWLRQ�>��@�

7KH �616 �DOVR �SOD\V �D �UROH �LQ �VWLPXODWLQJ �WKH �LQIODPPDWRU\ �FDVFDGHV �WKDW �UHVXOW �LQ �HQGRWKHOLDO �G\VIXQFWLRQ �DQG
PLVPDWFK�RI�YDVRFRQVWULFWRUV�DQG�YDVRGLODWRUV��LQFUHDVHG�HQGRWKHOLQ�DQG�GHFUHDVHG�QLWULF�R[LGH���XOWLPDWHO\�OHDGLQJ�WR
YDVRVSDVP�>��@��%HWD�DJRQLVP�LV�OLQNHG�WR�XSUHJXODWLRQ�RI�LQWHUOHXNLQ���DQG�WXPRU�QHFURVLV�IDFWRU�h�OHYHOV��ZKLOH�i�
DQWDJRQLVP �DWWHQXDWHV �WKH �DFXWH �VXUJH �RI �LQWHUOHXNLQ�� �LQ �UDW �&6) �IROORZLQJ �6$+�>��@� �7KH �XVH �RI �VWDWLQV �DV �DQWL�
LQIODPPDWRU\�PRGXODWRUV �KDV�VKRZQ�PL[HG�UHVXOWV �LQ�WHUPV�RI �LPSURYLQJ�RXWFRPHV�LQ�6$+��EXW �D �UHFHQW �VXPPDU\
IRXQG�WKDW�VWDWLQV��ZKLOH�KDYLQJ�DQ�HTXLYRFDO�HIIHFW�RQ�YDVRVSDVP��GR�VHHP�WR�GHFUHDVH�GHOD\HG�LQIDUFWLRQV�>��@�

7KH�SDWKRSK\VLRORJ\�RI�YDVRVSDVP�LV�FRPSOH[�DQG�PXOWLIDFWRULDO��7KH�PXOWLSOH�DYHQXHV�WKURXJK�ZKLFK�V\PSDWKHWLF
PRGXODWLRQ�FDQ�DIIHFW�WKH�QHXURORJLF�DQG�FDUGLRJHQLF�VHTXHODH�RI�D6$+�PDNHV�LW�DQ�LQWHUHVWLQJ�VWUDWHJ\�WR�LPSURYH
RXWFRPHV��:H�VRXJKW�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLS�RI�EHWD�EORFNDGH�ZLWK�WKH�GHYHORSPHQW�RI�UDGLRJUDSKLF�YDVRVSDVP�
VXEVHTXHQW�LQIDUFWLRQ��DQG�SRRU�FOLQLFDO�GLVFKDUJH�VWDWXV�LQ�D6$+�

0(7+2'6

:H�FRQGXFWHG�DQ�,QVWLWXWLRQDO�5HYLHZ�%RDUG�DSSURYHG�UHWURVSHFWLYH�H[DPLQDWLRQ�RI�DGXOW�SDWLHQWV�DGPLWWHG�WR�WKH
6XUJLFDO�,QWHQVLYH�&DUH�8QLW��6,&8��IRU�PDQDJHPHQW�RI�UXSWXUHG�D6$+�EHWZHHQ�6HSWHPEHU������DQG�$XJXVW������
6WXG\�JURXSV�ZHUH�LVRODWHG�UHOHYDQW�WR�EHWD�EORFNDGH��1R�1R�JURXS�ZHUH�QHYHU�EHWD�EORFNHG��1R�<HV�JURXS�ZHUH�EHWD
EORFNHG�GXULQJ�KRVSLWDO�DGPLVVLRQ��<HV�<HV�JURXS�ZHUH�RQ�D�SUHDGPLVVLRQ�EHWD�EORFNHU�DQG�FRQWLQXHG�GXULQJ�KRVSLWDO
DGPLVVLRQ� �<HV�1R�JURXS�KDG �SUHDGPLVVLRQ �EHWD �EORFNDGH �VWRSSHG �DIWHU �DGPLVVLRQ� �%HWD �EORFNHUV �XVHG �E\ �SDWLHQWV
YDULHG�IURP�i��VHOHFWLYH ��DWHQRORO� �HVPRORO� �PHWRSURORO� �WR �QRQVHOHFWLYH ��FDUYHGLORO� �ODEHWDORO� �SURSUDQRORO� �VRWDORO��
3UHDGPLVVLRQ�EHWD�EORFNHUV�ZHUH�DVVXPHG�WR�KDYH�EHHQ�DGPLQLVWHUHG�LI�LQFOXGHG�RQ�D�SDWLHQWgV�KRPH�PHGLFDWLRQ�OLVW��
3RVWDGPLVVLRQ�EHWD�EORFNDGH�ZDV�FRQVLGHUHG�<HV�LI�HYHQ�D�VLQJOH�GRVH�ZDV�JLYHQ�GXULQJ�KRVSLWDOL]DWLRQ�

5HFRUGV�ZHUH�DQDO\]HG�IRU�EDVHOLQH�FKDUDFWHULVWLFV��WUHDWPHQW�PRGDOLWLHV��UDGLRJUDSKLF�HYLGHQFH�RI�YDVRVSDVP�ZLWK
RU �ZLWKRXW �FHUHEUDO �LQIDUFWLRQ� �GLVFKDUJH �VWDWXV �DQG �GHDWK� �+XQW �DQG �+HVV �JUDGLQJ �DQG �*ODVJRZ �&RPD �6FDOH �ZHUH
REWDLQHG�IURP�DGPLVVLRQ�H[DPLQDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��)LVKHU�JUDGH�ZDV�FDOFXODWHG�IURP�WKH�&7�VFDQ�RQ
SUHVHQWDWLRQ��6HYHULW\�RI�FRPRUELG�FRQGLWLRQV�ZDV�DVVHVVHG�XVLQJ�WKH�3RUWVPRXWK�PRGLILHG�3K\VLRORJLFDO�DQG�2SHUDWLYH
6HYHULW\�6FRUH�IRU�WKH�HQXPHUDWLRQ�RI�0RUWDOLW\�DQG�0RUELGLW\��3�326680��>��@�

6,&8 �PDQDJHPHQW �RI �SDWLHQWV �DGPLWWHG �IRU �D6$+ �LQFOXGHG �VHULDO �HYDOXDWLRQV �IRU �HYLGHQFH �RI �YDVRVSDVP�
5DGLRJUDSKLF�YDVRVSDVP�ZDV�HYDOXDWHG�E\�WUDQVFUDQLDO�'RSSOHU�>��@��&7�DQJLRJUDP��RU�FRQYHQWLRQDO�DQJLRJUDSK\�DQG
DVVHVVHG�E\�D�UDGLRORJLVW��6FUHHQLQJ�WUDQVFUDQLDO�'RSSOHU�H[DPLQDWLRQV�ZHUH�W\SLFDOO\�GRQH�WKUHH�WLPHV�D�ZHHN��7&'
YHORFLWLHV �RI �PLGGOH �FHUHEUDO �DUWHULHV� ������� �FP�V �ZDV �FRQVLGHUHG �PLOG �YDVRVSDVP� �������� �FP�V �ZDV �PRGHUDWH
YDVRVSDVP� �DQG �!��� �FP�V �ZDV �VHYHUH �YDVRVSDVP� �)RU �DQWHULRU �FHUHEUDO �DUWHULHV� �!������� �FP�V �ZDV �FRQVLGHUHG
SUREDEOH �YDVRVSDVP �ZKLOH �!��� �FP�V �ZDV �GHILQLWH �YDVRVSDVP� �)RU �SRVWHULRU �FHUHEUDO �DUWHULHV� �!������ �FP�V �ZDV
FRQVLGHUHG �SUREDEOH �YDVRVSDVP �ZKLOH �!��� �FP�V �ZDV �GHILQLWH �YDVRVSDVP� �,I �PRGHUDWH �RU �VHYHUH �YDVRVSDVP �ZDV
LGHQWLILHG�DQG�RU�WKHUH�ZDV�D�QHZ�QHXURORJLF�GHILFLW�RU�GHFOLQH��&7�DQJLRJUDP�RU�FHUHEUDO�DQJLRJUDSK\�ZDV�SHUIRUPHG�
9DVRVSDVP�ZDV �WUHDWHG �ZLWK �WULSOH�+�WKHUDS\�>��@� �DQJLRSODVW\� �RU �LQWUDFHUHEUDO �DUWHULDO �YDVRGLODWRU �LQMHFWLRQ �DW �WKH
GLVFUHWLRQ�RI�WKH�1HXURVXUJHRQ�LQ�FROODERUDWLRQ�ZLWK�WKH�,QWHQVLYLVW�DQG�1HXURLQWHUYHQWLRQDOLVW��$OO�SDWLHQWV�ZHUH�JLYHQ



%HWD�EORFNHU�LQ�D6$+ 7KH�2SHQ�1HXURORJ\�-RXUQDO��������9ROXPH���������

�� �GD\V �RI �QLPRGLSLQH� �VWDUWLQJ �IURP�WKH �GD\ �RI �UXSWXUH� �'HOD\HG �LQIDUFWLRQ �UHODWHG �VSHFLILFDOO\ �WR �YDVRVSDVP�ZDV
GHILQHG�DV�LQIDUFW�RFFXUULQJ�ZLWKLQ�WKH�VDPH�YDVFXODU�WHUULWRU\��FRUUHODWLQJ�ZLWK�DFXWHO\�GHWHULRUDWLQJ�QHXURORJLF�H[DP�
QRQH[LVWHQW�RQ�LQLWLDO�VFDQV�SUHVHQWDWLRQ�RU�UHODWHG�WR�VXUJHU\�DQG�ZDV�LGHQWLILHG�E\�&7�RU�05,�

2XWFRPH �PHDVXUHV �DIWHU �D6$+ �ZHUH �HYDOXDWHG� �$ELOLW\ �WR �DWWHQG �WR �DFWLYLWLHV �RI �GDLO\ �OLYLQJ �ZDV �DVVHVVHG �RQ
GLVFKDUJH�XVLQJ�&HUHEUDO�3HUIRUPDQFH�&DWHJRU\��&3&���ZLWK�VFRUHV�RI������PLOG�WR�PRGHUDWH�FHUHEUDO�GLVDELOLW\��GHILQHG
DV�RSWLPDO �>��@� �'LVFKDUJH�RXWFRPHV�ZHUH�GHILQHG�DV �*RRG�LI �SDWLHQWV �ZHUH�GLVFKDUJHG�KRPH�RU �WR �D �UHKDELOLWDWLRQ
IDFLOLW\�DQG�3RRU�LI�WKH\�ZHUH�GLVFKDUJHG�WR�D�VNLOOHG�QXUVLQJ�VXEDFXWH�IDFLOLWLHV�RU�GLHG�

6WDWLVWLFDO�$QDO\VLV

3DWLHQW�FKDUDFWHULVWLFV�DQG�FRPRUELGLWLHV��DQHXU\VPDO�DWWULEXWHV��DQG�WUHDWPHQW�PRGDOLWLHV�ZHUH�FRPSDUHG�EHWZHHQ
WKH�JURXSV��(DFK�YDULDEOH�ZDV�DQDO\]HG�IRU�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�JURXSV�XVLQJ�3HDUVRQ
V�&KL�VTXDUH
WHVW�IRU�GLVFUHWH�FDWHJRULFDO�GDWD�DQG�RQH�ZD\�$129$�IRU�FRQWLQXRXV�GDWD��2XWFRPHV�ZHUH�HYDOXDWHG�YLD�PXOWLYDULDEOH
DQDO\VLV�WKURXJK�ORJLVWLF�UHJUHVVLRQ�DQG�DGMXVWHG�IRU�SRWHQWLDO�FRQIRXQGHUV��GHILQHG�DV�YDULDEOHV�DVVRFLDWHG�ZLWK�!���
FKDQJH�LQ�WKH�LQFLGHQFH�RI�WKH�RXWFRPH��&RQIRXQGHUV�IRU�YDVRVSDVP�LQFOXGHG�DJH�DQG�SUHVHQFH�RI�KHDUW�GLVHDVH��)RU
LQIDUFWLRQ��FRQIRXQGHUV�ZHUH�3�326680�DQG�DQHXU\VP�ORFDWLRQ��&RQIRXQGHUV�IRU�SRRU�GLVFKDUJH�FKDUDFWHULVWLFV�ZHUH
DJH��3�326680��DQG�&3&��7KHVH�FRQIRXQGHUV�ZHUH�XVHG�DV�FRYDULDWHV�LQ�WKH�PXOWLYDULDEOH�DQDO\VLV�RI�HDFK�FOLQLFDO
RXWFRPH��2GGV�UDWLRV�IRU�RXWFRPHV�ZHUH�FDOFXODWHG�E\�VHWWLQJ�WKH�RGGV�UDWLR�IRU�WKH�1R�1R��UHIHUHQFH�JURXS��SDWLHQWV�WR
��DQG�SUHVHQWHG�DV�DGMXVWHG�RGGV�UDWLRV��D25��ZLWK�����FRQILGHQFH�LQWHUYDOV��6WDWLVWLFV�ZHUH�FRPSXWHU�JHQHUDWHG�ZLWK
,%0�6366�6WDWLVWLFV�YHUVLRQ�����,%0�&RUSRUDWLRQ��$UPRQN��1<��DQG�-03��������6$6�,QVWLWXWH��&DU\��1&���$�S�YDOXH
e������ZDV�FRQVLGHUHG�VLJQLILFDQW�

5(68/76

3DWLHQW�VHOHFWLRQ�LV�VKRZQ�LQ�)LJ�������:H�FRQGXFWHG�D�FKDUW�UHYLHZ�RI�����SDWLHQWV�ZKR�KDG�DGPLVVLRQ�GLDJQRVLV�RI
VXEDUDFKQRLG�KHPRUUKDJH�EHWZHHQ��������DQG���������:H�H[FOXGHG�����SDWLHQWV�ZKR�ZHUH�QRW�LGHQWLILHG�DV�KDYLQJ
D6$+� �$QRWKHU ��� �SDWLHQWV �ZHUH �H[FOXGHG�IURP�DQDO\VLV �IRU �WKH �IROORZLQJ�H[FOXVLRQ �FULWHULD� �SDWLHQWV �ZKR�H[SLUHG
ZLWKLQ �� �GD\V �RI �DGPLVVLRQ ��Q � ���� �SDWLHQWV �WUDQVIHUUHG �IURP �DQRWKHU �KRVSLWDO �RQO\ �IRU �VXUJLFDO �LQWHUYHQWLRQ �DQG
VXEVHTXHQWO\�WUDQVIHUUHG�EDFN�WR�WKH�UHIHUULQJ�IDFLOLW\��Q� �����WKRVH�ZKR�KDG�D�PDMRU�FRPSOLFDWLRQ�IURP�VXUJHU\�RU�D
FDWDVWURSKLF�UHEOHHG��Q� �����SDWLHQWV�ZLWK�LQDGHTXDWH�UDGLRORJLFDO�VWXGLHV�WR�DVVHVV�IRU�YDVRVSDVP�LQ�WKH�ILUVW���GD\V��Q� 
�����DQG�RQH�SDWLHQW�LQ�WKH�<HV�1R�JURXS�GXH�WR�LQDGHTXDWH�SRZHU�WR�XVH�IRU�DQDO\VLV�

)LJ� ����� �6WXG\ �SDWLHQW �VFUHHQLQJ �DQG �VHOHFWLRQ� ���� �SDWLHQWV �ZHUH �LQLWLDOO\ �VFUHHQHG� ���� �ZHUH �LQFOXGHG �IRU �VWXG\� �<HV�1R�
3UHDGPLVVLRQ �ZLWKRXW �SRVW�DGPLVVLRQ �EHWD �EORFNDGH� �<HV�<HV� �3UHDGPLVVLRQ �DQG �SRVW�DGPLVVLRQ �EHWD �EORFNDGH� �1R�<HV� �3RVW�
DGPLVVLRQ�EHWD�EORFNDGH�RQO\��1R�1R��1R�EHWD�EORFNDGH�

455
SICU patients with SAH 

initially screened

201
Screened out:

AVM, traumatic, 
unruptured aneurysm, no 

lesion found

254
Screened in:

Ruptured aneurysmal 
SAH

36
Excluded from study

7
< 3 days in hospital

6
Transferred in for 
procedure, then 

transferred back out

4
Catastrophic rebleed/

operative complication

18
No scans available the 

first 7 days

1
Yes/No

218
Included in 

study

18
Yes/Yes

123
No/Yes

77
No/No
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$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�IRU�DQDO\VLV��$V�VHHQ�LQ�7DEOH����EDVHOLQH�FKDUDFWHULVWLFV�ZHUH�QRW�HTXDO�DPRQJ
WKH �WKUHH �VWXG\ �JURXSV� �3DWLHQWV �ZKR �ZHUH �WDNLQJ �EHWD �EORFNHUV �SULRU �WR �DGPLVVLRQ �ZHUH �ROGHU �DQG �KDG �WKH �KLJKHVW
FRPRUELGLW\�ZLWK�OHVV�RSWLPDO�3�3RVVXP�6FRUH�GHVSLWH�LQWHUPHGLDWH�*&6�DQG�D�ORZ�LQFLGHQFH�RI�DQ�HOHYDWHG�+XQW�DQG
+HVV�VFRUH��3DWLHQWV�LQLWLDWHG�RQ�EHWD�EORFNDGH�DIWHU�DGPLVVLRQ�KDG�ORZHU�*&6��KLJKHU�+XQW�DQG�+HVV�VFRUHV�DQG�PRUH
)LVKHU�JUDGH���D6$+��3DWLHQWV�QHYHU�EHWD�EORFNHG�ZHUH�\RXQJHU��KDG�WKH�KLJKHVW�*&6��ZLWK�ORZHU�3�326680�VFRUHV�
+XQW�DQG�+HVV�VFRUH�DQG�)LVKHU�*UDGH��7KH\�ZHUH�DOVR�OHVV�OLNHO\�WR�UHFHLYH�WULSOH�+�WKHUDS\�RU�YHQWULFXODU�GUDLQDJH��2I
QRWH� �WKH �XVH �RI �LQRWURSHV �RU �YDVRSUHVVRUV� �DQJLRSODVW\ �RU �FHUHEUDO �DUWHULDO �YDVRGLODWRU �LQMHFWLRQ� �RU �FOLSSLQJ �YHUVXV
FRLOLQJ�ZDV�QRW�GLIIHUHQW�EHWZHHQ�JURXSV�
7DEOH ��� �%DVHOLQH �&KDUDFWHULVWLFV� �3DWLHQW �FKDUDFWHULVWLFV �DQG �FRPRUELGLWLHV� �DQHXU\VPDO �FKDUDFWHULVWLFV� �WUHDWPHQW
PRGDOLWLHV��DQG�&HUHEUDO�3HUIRUPDQFH�&DWHJRU\�DW�GLVFKDUJH��6WDWLVWLFDOO\�VLJQLILFDQW�LI�S�c�������1R�1R��1R�EHWD�EORFNDGH�
1R�<HV��3RVW�DGPLVVLRQ�EHWD�EORFNDGH�RQO\��<HV�<HV��3UHDGPLVVLRQ�DQG�SRVW�DGPLVVLRQ�EHWD�EORFNDGH�

1R�1R
�1� ����

1R�<HV
�1� �����

<HV�<HV
�1� ����

S�YDOXH

3DWLHQW�FKDUDFWHULVWLFV
$YHUDJH�DJH��b�6'� �����d����� �����d����� �����d����� ������
*HQGHU��)HPDOH��0DOH� ������ ������ ����� ����
$YHUDJH�*ODVJRZ�&RPD�6FRUH��b�6'� �����d���� �����d���� �����d���� ����
+XQW�DQG�+HVV��Q����JURXS�
� �������� �������� �������

����
� �������� �������� �������
� �������� �������� �������
� ������ �������� ������
� ������ �������� ������

&RPRUELGLWLHV��Q����JURXS�
$YHUDJH�3�326680��b�6'� �����d���� �����d���� �����d���� ������
+HDUW�GLVHDVH ������ ������ ������� ������
+\SHUWHQVLRQ �������� �������� �������� ������
'LDEHWHV ������ �������� ������� ����
'\VOLSLGHPLD ������ ������� ������� ����
3UHYLRXV�VWURNH ������ ������ ������� ����

$QHXU\VP�FKDUDFWHULVWLFV
$YHUDJH�DQHXU\VP�VL]H��PP�b6'� ����d���� ����d���� ����d���� ����
$QHXU\VP�ORFDWLRQ��Q����JURXS�
$QWHULRU �������� �������� �������

����3RVWHULRU �������� �������� �������
%RWK ������ �������� ������
)LVKHU�*UDGH��Q����JURXS�
� ������ ������ ������

������
� �������� ������ ������
� �������� �������� �������
� �������� �������� ��������

7UHDWPHQW�PRGDOLWLHV��Q����JURXS�
,9�IOXLGV�IRU�7ULSOH�+�WKHUDS\ �������� ��������� �������� ����
9DVRSUHVVRUV�DQG�RU�,QRWURSHV �������� �������� ������� ����
9HQWULFXODU�GUDLQDJH �������� �������� �������� �����
$QJLRSODVW\�ORFDO�&&%�LQIXVLRQ �������� �������� ������� ����
&OLSSHG�&RLOHG��Q����JURXS�
&OLSSHG �������� �������� ��������

����&RLOHG �������� �������� �������
%RWK ������ ������ ������

&HUHEUDO�SHUIRUPDFH�FDWHJRU\��Q����JURXS�
�����RSWLPDO� �������� �������� ��������

����
�����SRRU� �������� �������� �������
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9DVRVSDVP�ZDV�UDGLRJUDSKLFDOO\�FRQILUPHG�LQ�����RXW�RI�WKH�����SDWLHQWV�E\�WUDQVFUDQLDO�'RSSOHU��&7�DQJLRJUDP�
RU�FRQYHQWLRQDO�DQJLRJUDP�DV�GHVFULEHG�LQ�WKH�0HWKRGV��2I�WKHVH�����FRQVHTXHQWO\�LQIDUFWHG��DQG����GLHG�RU�UHTXLUHG
FDUH�LQ �D �ORQJ�WHUP�IDFLOLW\� �7DEOH �� �VKRZV�WKH�LQFLGHQFHV�RI �UDGLRJUDSKLF�YDVRVSDVP��GHOD\HG�LQIDUFWLRQ� �DQG�SRRU
GLVFKDUJH�RXWFRPHV�DORQJ�ZLWK�WKH�DGMXVWHG�RGGV�UDWLRV�DQG�����FRQILGHQFH�LQWHUYDOV��5DGLRJUDSKLF�YDVRVSDVP�ZDV
DGMXVWHG�IRU�WKH�SUHVHQFH�RI�KHDUW�GLVHDVH�DQG�DJH��ZKLOH�LQIDUFWLRQ�ZDV�DGMXVWHG�IRU�3�326680�DQG�DQHXU\VP�ORFDWLRQ�
3RRU�GLVFKDUJH�FKDUDFWHULVWLFV�ZDV�DGMXVWHG�IRU�DJH��3�326680��DQG�&HUHEUDO�3HUIRUPDQFH�&DWHJRU\��)LJ������VKRZV
WKDW�SDWLHQWV�LQLWLDWHG�RQ�EHWD�EORFNDGH�DIWHU�DGPLVVLRQ��1R�<HV��KDG�VLJQLILFDQWO\�LQFUHDVHG�UDGLRJUDSKLF�YDVRVSDVP
�D25��������������������+RZHYHU��GHVSLWH�WKH�LQFUHDVHG�LQFLGHQFH�RI�YDVRVSDVP��WKHVH�SDWLHQWV�KDG�VLJQLILFDQWO\�IHZHU
GHDWKV�RU�QHHG�IRU�ORQJ�WHUP�FDUH��D25��������������������ZLWK�GHFUHDVHG�WHQGHQF\�IRU�LQIDUFWV��D25�������������������
,Q�WKH�SRSXODWLRQ�DOUHDG\�RQ�D�EHWD�EORFNHU��<HV�<HV��GXULQJ�DQHXU\VPDO�UXSWXUH��WKHUH�ZDV�D�WUHQG�WRZDUG�LQFUHDVHG
YDVRVSDVP��D25�������������������WKDW�OHG�WR�LQIDUFWLRQ��D25��������������������ZLWK�GHFUHDVHG�PRUWDOLW\�RU�QHHG�IRU
ORQJ�WHUP�FDUH�LQ�D�IDFLOLW\��D25�������������������

)LJ�������$GMXVWHG�RGGV�UDWLRV�IRU�FOLQLFDO�RXWFRPHV��VKRZQ�ZLWK�����FRQILGHQFH�LQWHUYDOV��1R�1R�SDWLHQWV�ZHUH�DVVLJQHG�RGGV�UDWLR
RI����1R�<HV�SDWLHQWV�KDG�VLJQLILFDQWO\�LQFUHDVHG�YDVRVSDVP�EXW�LPSURYHG�GLVFKDUJH�RXWFRPH��
6WDWLVWLFDOO\�VLJQLILFDQW�<HV�1R�
3UHDGPLVVLRQ �ZLWKRXW �SRVW�DGPLVVLRQ �EHWD �EORFNDGH� �<HV�<HV� �3UHDGPLVVLRQ �DQG �SRVW�DGPLVVLRQ �EHWD �EORFNDGH� �1R�<HV� �3RVW�
DGPLVVLRQ�EHWD�EORFNDGH�RQO\��1R�1R��1R�EHWD�EORFNDGH�

7DEOH ��� �,QFLGHQFH �DQG �DGMXVWHG �RGGV �UDWLRV �IRU �FOLQLFDO �RXWFRPHV� �:KLOH �WKH �LQFLGHQFHV �RI �FOLQLFDO �RXWFRPHV �ZHUH �QRW
VLJQLILFDQWO\�GLIIHUHQW��DIWHU�DGMXVWLQJ�IRU�FRQIRXQGHUV��1R�<HV�SDWLHQWV�KDG�VLJQLILFDQWO\�LQFUHDVHG�YDVRVSDVP�EXW�GHFUHDVHG
SRRU�GLVFKDUJH�FKDUDFWHULVWLFV��,QFLGHQFHV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�LI�S�c�������
$GMXVWHG�25�VWDWLVWLFDOO\�VLJQLILFDQW
DFFRUGLQJ �WR �����FRQILGHQFH �LQWHUYDOV� �1R�1R� �1R �EHWD �EORFNDGH� �1R�<HV� �3RVW�DGPLVVLRQ �EHWD �EORFNDGH �RQO\� �<HV�<HV�
3UHDGPLVVLRQ�DQG�SRVW�DGPLVVLRQ�EHWD�EORFNDGH��&,��FRQILGHQFH�LQWHUYDO�

1R�1R
�1� ����

1R�<HV
�1� �����

<HV�<HV
�1� ����

S�YDOXH

5$',2*5$3+,&�9$6263$60
,QFLGHQFH�SHU�JURXS ����� ����� ����� ����
$GMXVWHG�2GGV�5DWLR������&,� � �����������f������
 �����������f������ �

'(/$<('�,1)$5&7,21
,QFLGHQFH�SHU�JURXS ����� ����� ����� ����
$GMXVWHG�2GGV�5DWLR������&,� � �����������f������ �����������f������ �

3225�',6&+$5*(��'($7+��/21*�7(50�&$5(�
,QFLGHQFH�SHU�JURXS ����� ����� ����� ����
$GMXVWHG�2GGV�5DWLR������&,� � �����������f������
 �����������f������ �

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 -3 -2 -1 0 1 2 3 4 5 6

Yes/Yes Poor Discharge 
0.13 (0.01-1.30) 

Yes/Yes Delayed Infarction 
1.51 (0.44-5.13) 

Yes/Yes Radiographic Vasospasm 
1.61 (0.50-5.29) 

No/Yes Poor Discharge 
0.17 (0.05-0.64)* 

No/Yes Delayed Infarction 
0.70 (0.32-1.55) 

No/Yes Radiographic Vasospasm 
2.11 (1.06 – 4.16)*  

Clinical Outcomes by Adjusted Odds Ratios
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%HFDXVH �SDWLHQWV �UHFHLYHG �D �YDULHW\ �RI �EHWD �EORFNHUV �DFWLYH �DW �GLIIHUHQW �DGUHQHUJLF �UHFHSWRUV� �ZH �VHFRQGDULO\
DQDO\]HG�WKH�HIIHFW�RI�DGUHQHUJLF�VHOHFWLYLW\�RQ�RXWFRPHV�LQ�SDWLHQWV�ZKR�UHFHLYHG�SRVW�DGPLVVLRQ�EHWD�EORFNDGH��:KHQ
SDWLHQWV �ZKR�UHFHLYHG�i��EORFNHUV �H[FOXVLYHO\ ��Q � ���� �ZHUH �FRPSDUHG�WR �SDWLHQWV �ZKR�UHFHLYHG�QRQ�VHOHFWLYH �EHWD
EORFNHUV ��i�� �i�� �DQG �h�� �Q � ����� �WKHUH �ZDV �QR �VLJQLILFDQW �GLIIHUHQFH �LQ �WKH �LQFLGHQFH �RI �UDGLRJUDSKLF �YDVRVSDVP�
LQIDUFWLRQ��RU�SRRU�GLVFKDUJH�FKDUDFWHULVWLFV�RQ�XQLYDULDWH�ORJLVWLF�UHJUHVVLRQ��DV�VHHQ�LQ�7DEOH����3DWLHQWV�ZKR�UHFHLYHG
ERWK�FODVVHV�RI�EHWD�EORFNHUV��Q� �����ZHUH�H[FOXGHG�IURP�WKLV�DQDO\VLV�
7DEOH����8QDGMXVWHG�RGGV�UDWLRV�RI�EHWD�VHOHFWLYLW\�RQ�FOLQLFDO�RXWFRPHV��1R�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�HIIHFWV
RI �d� �VHOHFWLYH �DQG�QRQ�VHOHFWLYH �d �EORFNHUV �RQ�RXWFRPHV�DV �LQGLFDWHG�E\�����FRQILGHQFH �LQWHUYDOV �RQ�XQLYDULDWH �ORJLVWLF
UHJUHVVLRQ��&,��&RQILGHQFH�LQWHUYDO�

%HWD���%ORFNDGH�YV��1RQVHOHFWLYH�%ORFNDGH�2GGV�5DWLR������&,�
5DGLRJUDSKLF�YDVRVSDVP �����������f�������

'HOD\HG�LQIDUFWLRQ �����������f������
3RRU�GLVFKDUJH�FKDUDFWHULVWLFV �����������f������

',6&866,21

&DUGLRJHQLF�DQG�QHXURORJLF�FRPSOLFDWLRQV�RI�D6$+�FRXOG�EH�VXEMHFW�WR�V\PSDWKHWLF�QHUYRXV�V\VWHP�PRGXODWLRQ�DW
PXOWLSOH�SRLQWV�RI�VHYHUDO�SDWKRSK\VLRORJLF�SDWKZD\V��$OWKRXJK�OLPLWHG�E\�WKH�UHWURVSHFWLYH�VWXG\�GHVLJQ��ZH�IRXQG�DQ
DVVRFLDWLRQ �EHWZHHQ �LQLWLDWLRQ �RI �EHWD �EORFNDGH �DIWHU �DGPLVVLRQ �DQG �EHWWHU �GLVFKDUJH �RXWFRPH �DIWHU �DGMXVWLQJ �IRU
VWDWLVWLFDOO\�VLJQLILFDQW�FRQIRXQGHUV�EHWZHHQ�RXU�VWXG\�SRSXODWLRQV��1R�<HV�SDWLHQWV�KDG�EHWWHU�RXWFRPH�WKDQ�1R�1R
SDWLHQWV�DIWHU�DGMXVWLQJ�IRU�JUHDWHU�DJH�DQG�PRUH�FRPRUELGLW\�GHVSLWH�ZRUVH�D6$+�DV�PHDVXUHG�E\�*&6��+XQW�+HVV�DQG
)LVKHU�JUDGH�DW�DGPLVVLRQ��7KH�<HV�<HV�JURXS�ZDV�ROGHU�ZLWK�PRUH�VHYHUH�FRPRUELGLWLHV�VXFK�DV�K\SHUWHQVLRQ�DQG�KHDUW
GLVHDVH��ZKLFK�H[SODLQV�ZK\�WKHVH�SDWLHQWV�ZHUH�RQ�SUHDGPLVVLRQ�EHWD�EORFNHUV��7KH�VDPSOH�VL]H�IURP�WKLV�JURXS�ZDV
DOVR�TXLWH�VPDOO��OHVV�WKDQ�����RI�WKH�VWXG\�SDUWLFLSDQWV��LPSHGLQJ�RXU�DELOLW\�WR�DFKLHYH�HQRXJK�SRZHU�WR�HOXFLGDWH
VLJQLILFDQW �RXWFRPHV�GLIIHUHQFHV �LQ �UHODWLRQ�WR �SUHDGPLVVLRQ�EHWD �EORFNDGH� �'HVSLWH �WKH �ODFN�RI �SRZHU� �WKH �WUHQG�LQ
YDVRVSDVP�DQG�SRRU �GLVFKDUJH �FKDUDFWHULVWLFV �LQ �WKH �<HV�<HV �JURXS�PLPLFNHG�WKH �VLJQLILFDQW �ILQGLQJV �RI �LQFUHDVHG
YDVRVSDVP�EXW�LPSURYHG�GLVFKDUJH�FKDUDFWHULVWLFV�LQ�WKH�1R�<HV�JURXS�

6\PSDWKHWLF�PRGXODWLRQ�LQ�FHUHEUDO�DUWHULHV�LV�QRW�ZHOO�XQGHUVWRRG�LQ�WKH�VHWWLQJ�RI�YDVRVSDVP��%HWD�DGUHQHUJLF
UHDFWLYLW\�KDV�EHHQ�LGHQWLILHG�LQ�UDW�DQG�KXPDQ�FHUHEUDO�DUWHULHV�LQ�VWXGLHV�RI�FHUHEUDO�K\SHUHPLD��ZKHUH�YDVRGLODWLRQ
RFFXUV�EHFDXVH�RI�LQFUHDVHG�V\PSDWKHWLF�VXUJH�VHFRQGDU\�WR�K\SRJO\FHPLD�RU�HPHUJHQFH�IURP�DQHVWKHVLD��%HWD�EORFNHU
DGPLQLVWUDWLRQ�LQ�VWXGLHV�KDV�EHHQ�VKRZQ�WR�GHFUHDVH�FHUHEUDO�EORRG�IORZ�>�������@��+RZHYHU��ZKHQ�FDUGLDF�RXWSXW�LV
HYDOXDWHG�ZLWK�HVRSKDJHDO�'RSSOHU�ZKLOH�FRQFXUUHQWO\�PHDVXULQJ�FHUHEUDO�EORRG�IORZ�YHORFLW\��QR�FRUUHODWLRQ�EHWZHHQ
WKHVH�SDUDPHWHUV�LV�IRXQG��VXJJHVWLQJ�WKDW�WKH�GHFUHDVH�LQ�FDUGLDF�RXWSXW�VHHQ�ZLWK�EHWD�EORFNHU�GRHV�QRW�H[SODLQ�WKH
FHUHEUDO�EORRG�IORZ�YHORFLW\�UHGXFWLRQ�>��@��7KLV�LQIHUV�WKDW�EHWD�EORFNHUV�VHHP�WR�KDYH�DQ�HIIHFW�RQ�FHUHEUDO�FLUFXODWLRQ
WKDW�LV�LQGHSHQGHQW�RI�LWV�FDUGLDF�HIIHFWV��:KHWKHU�DWWHQXDWLRQ�RI�FHUHEUDO�YDVRGLODWLRQ�LQGXFHG�E\�EHWD�EORFNDGH�RFFXUV
LQ�YDVRVSDVP�LV�QRW�NQRZQ��+RZHYHU�WKLV�HIIHFW�FRXOG�H[SODLQ�ZK\�UDGLRJUDSKLF�YDVRVSDVP�UDWHV�ZHUH�KLJKHU�LQ�1R�<HV
SRVW�DGPLVVLRQ�EHWD�EORFNDGH�DGPLQLVWHUHG�SDWLHQWV��7KH�PRUH�IUHTXHQW�)LVKHU�JUDGH���KHPRUUKDJHV�LQ�1R�<HV�SDWLHQWV
PD\ �KDYH �FRQWULEXWHG �WR �KLJKHU �YDVRVSDVP �LQFLGHQFH� �VR �LW �LV �SRVVLEOH �WKDW �EHWD �EORFNDGH �DWWHQXDWHG �WKH �FHUHEUDO
YDVRGLODWLRQ�DVVRFLDWHG�ZLWK�V\PSDWKHWLF�VXUJH��$V�WKH�ULVN�IRU�YDVRVSDVP�LV�WKH�KLJKHVW�LQ�WKRVH�ZLWK�)LVKHU�JUDGH��
KHPRUUKDJHV�>��@��D�QRWDEOH�ILQGLQJ�KHUH�ZDV�WKH�DVVRFLDWLRQ�RI�SRVW�DGPLVVLRQ�EHWD�EORFNDGH�ZLWK�LQFUHDVHG�YDVRVSDVP
GHVSLWH�D�ORZHU�JUDGH�RI�WKHVH�KHPRUUKDJHV�

,W�LV�XQFOHDU�ZK\�GHVSLWH�LQFUHDVHG�YDVRVSDVP�ZH�IRXQG�LPSURYHG�RXWFRPHV�LQ�SDWLHQWV�VWDUWHG�RQ�EHWD�EORFNDGH
DIWHU�KRVSLWDO�DGPLVVLRQ��7KLV�LV�VLPLODU�WR�QLPRGLSLQH�WUHDWPHQW��ZKLFK�LV�DOVR�DVVRFLDWHG�ZLWK�LPSURYHG�RXWFRPHV�LQ
D6$+�GHVSLWH �QR �UHGXFWLRQ �LQ �WKH �LQFLGHQFH �RI �YDVRVSDVP�>��@� �5HFHQW �VWXGLHV �KDYH �VKRZQ�WKDW �SUHDGPLVVLRQ �EHWD
EORFNDGH�PD\�EH�EHQHILFLDO�LQ�UHGXFLQJ�WKH�LQFLGHQFH�RI�QHXURJHQLF�VWXQQHG�P\RFDUGLXP��ZKLFK�PD\�SOD\�D�UROH�LQ�WKH
RXWFRPH�DIWHU �D6$+�>��@� �,Q �DGGLWLRQ� �VXEDUDFKQRLG �KHPRUUKDJH �LV �D �SRWHQW �LQGXFHU �RI �WKH �LQIODPPDWRU\ �SDWKZD\�
ZKLFK�DOVR�FRXOG�EH�PRGXODWHG�ZLWK�EHWD�EORFNDGH��:KLOH�VWDWLQV�PD\�EH�DVVRFLDWHG�ZLWK�LPSURYHG�RXWFRPHV��RWKHU
DQWL�LQIODPPDWRU\�PHGLDWRUV��VXFK�DV�WKH�HQGRWKHOLQ���UHFHSWRU�DQWDJRQLVW�FOD]RVHQWDQ��KDYH�QRW�UHVXOWHG�LQ�EHWWHU�ORQJ
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