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CLINICAL ARTICLE

CEREBRAL cavernous malformations (CCMs) are ab-
QRUPDO� ORZ�ÁRZ� YDVFXODU� VLQXVRLGDO� HQGRWKHOLDO�
FHOO� FDYHUQV� ZLWKLQ� WKH� FHQWUDO� QHUYRXV� V\VWHP1 

DQG�DUH�FRQVLGHUHG�WKH�VHFRQG�PRVW�FRPPRQ�W\SH�RI�QHX-
rovascular malformation.2�7KH\�RFFXU� LQ� HLWKHU� VSRUDGLF�
or familial form.3�2IWHQWLPHV��&&0V�DUH�GLDJQRVHG�LQFL-
GHQWDOO\�DQG�WHQG�WR�KDYH�D�EHQLJQ�QDWXUDO�KLVWRU\��XVXDOO\�
UHTXLULQJ�RQO\�FOLQLFDO�DQG�UDGLRORJLFDO�IROORZ�XS�4,5 How-
HYHU��D�FRQVLGHUDEOH�QXPEHU�RI�&&0V�EHFRPH�V\PSWRP-
DWLF�ZLWK�QHZ�RQVHW�KHDGDFKH��FDYHUQRPD�UHODWHG�HSLOHSV\��
RU�IRFDO�QHXURORJLFDO�GHÀFLWV��PDLQO\�EHFDXVH�RI�WKHLU�WHQ-

GHQF\� WR� FDXVH�KHPRUUKDJH�5� 6XFK� HYHQWV�KDYH�EHHQ�GH-
ÀQHG�DV�´V\PSWRPDWLF�KHPRUUKDJHV�µ6�'HSHQGLQJ�RQ�WKH�
VHYHULW\�RI�FOLQLFDO�V\PSWRPV��OHVLRQ�ORFDOL]DWLRQ��KLVWRU\�
RI�V\PSWRPDWLF�EOHHGLQJ��DQG�OHVLRQ�VL]H��VXUJLFDO�UHPRYDO�
RI� WKH�&&0�PD\� EH� LQGLFDWHG�7–9�1RWDEO\�� ���²����RI�
&&0V� DUH� ORFDWHG� ZLWKLQ� WKH� EUDLQVWHP�������� Brainstem 
FDYHUQRXV� PDOIRUPDWLRQV� �%6&0V�� UHSUHVHQW� D� XQLTXH�
VXEJURXS�RI�&&0V��DV�WKH\�FDQ�FDXVH�FRQVLGHUDEOH�IXQF-
WLRQDO�LPSDLUPHQW�GXH�WR�DQ�LQFUHDVHG�ULVN�RI�V\PSWRPDWLF�
KHPRUUKDJH3,12�FRPSDUHG�WR�WKDW�ZLWK�RWKHUZLVH�ORFDOL]HG�
CCMs.5,13� $OWKRXJK� WHFKQLFDOO\� FKDOOHQJLQJ� DQG� DVVRFL-

ABBREVIATIONS AUC = area under the curve; BSCB = brainstem cavernoma bleeding; BSCM = brainstem cavernous malformation; CCM = cerebral cavernous malfor-
mation; DS = Dammann-Sure; DVA = developmental venous anomaly; LG = Lawton-Garcia; mRS = modified Rankin Scale; ROC = receiver operating characteristic.
SUBMITTED May 1, 2020. ACCEPTED June 16, 2020.
INCLUDE WHEN CITING Published online October 16, 2020; DOI: 10.3171/2020.6.JNS201585.
* A.N.S. and L.R. contributed equally to this work.

$VVHVVPHQW�DQG�YDOLGDWLRQ�RI�SURSRVHG�FODVVLÀFDWLRQ�WRROV�
for brainstem cavernous malformations
*Alejandro N. Santos, MD,1 Laurèl Rauschenbach, MD,1 Marvin Darkwah Oppong, MD,1  
Bixia Chen, MD,1 Annika Herten, MD,1 Michael Forsting, MD,2 Ulrich Sure, MD,1 and  
Philipp Dammann, MD1

1Department of Neurosurgery and Spine Surgery, University Hospital Essen; and 2Institute of Diagnostic and Interventional 
Radiology and Neuroradiology, University Hospital Essen, Essen, Germany

OBJECTIVE 7UHDWPHQW�LQGLFDWLRQV�IRU�SDWLHQWV�ZLWK�EUDLQVWHP�FDYHUQRXV�PDOIRUPDWLRQV��%6&0V��UHPDLQ�GLI¿FXOW�DQG�
FRQWURYHUVLDO��6RPH�DXWKRUV�KDYH�WULHG�WR�HVWDEOLVK�FODVVL¿FDWLRQ�WRROV�WR�LGHQWLI\�HOLJLEOH�FDQGLGDWHV�IRU�VXUJHU\� Authors 
of this study aimed to validate the performance and replicability of two proposed BSCM grading systems, the Lawton-
Garcia (LG) and the Dammann-Sure (DS) systems.
METHODS For this cross-sectional study, a database was screened for patients with BSCM treated surgically between 
2003 and 2019 in the authors’ department. Complete clinical records, preoperative contrast-enhanced MRI, and a post-
RSHUDWLYH�IROORZ�XS�����PRQWKV�ZHUH�PDQGDWRU\�IRU�VWXG\�LQFOXVLRQ��7KH�PRGL¿HG�5DQNLQ�6FDOH��P56��VFRUH�ZDV�GH-
termined to quantify neurological function and outcome. Three observers independently determined the LG and the DS 
score for each patient.
RESULTS $�WRWDO�RI����SDWLHQWV�PHW�VHOHFWLRQ�FULWHULD��8QLYDULDWH�DQG�PXOWLYDULDWH�DQDO\VHV�LGHQWL¿HG�PXOWLSOH�EOHHGLQJV�
(p = 0.02, OR 5.59), lesion diameter (> 20 mm, p = 0.007, OR 5.43), and patient age (> 50 years, p = 0.019, OR 4.26) as 
predictors of an unfavorable postoperative functional outcome. Both the LG (AUC = 0.72, p = 0.01) and the DS (AUC = 
������S���������VFRUHV�ZHUH�UREXVW�WRROV�WR�HVWLPDWH�SDWLHQW�RXWFRPH��6XEJURXS�DQDO\VHV�FRQ¿UPHG�WKLV�REVHUYDWLRQ�IRU�
both grading systems (LG: p = 0.005, OR 6; DS: p = 0.026, OR 4.5), but the combined use of the two scales enhanced 
WKH�WHVW�SHUIRUPDQFH�VLJQL¿FDQWO\��S� ��������25�������
CONCLUSIONS &XUUHQWO\�DYDLODEOH�FODVVL¿FDWLRQ�V\VWHPV�DUH�DSSURSULDWH�WRROV�WR�HVWLPDWH�WKH�QHXURORJLFDO�RXWFRPH�
after BSCM surgery. Future studies are needed to design an advanced scoring system, incorporating items from the LG 
and the DS score systems.
https://thejns.org/doi/abs/10.3171/2020.6.JNS201585
KEYWORDS brainstem CCM; cerebral cavernous malformation; CCM surgery; Dammann-Sure grading system; 
Lawton-Garcia grading system; vascular disorders
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DWHG� ZLWK� VLJQLÀFDQW� SHULRSHUDWLYH� PRUELGLW\�11� VXUJLFDO�
WUHDWPHQW�RI�%6&0�LV�D�ZHOO�HVWDEOLVKHG�SURFHGXUH�11,14–16 
%HFDXVH� RI� WKH� FRPSOH[� EUDLQVWHP� DQDWRP\�� WUHDWPHQW�
GHFLVLRQV� IRU� SDWLHQWV� ZLWK� %6&0� UHPDLQ� GLIÀFXOW� DQG�
controversial.9� 2QO\� D� IHZ� DXWKRUV� KDYH� WULHG� WR� HVWDE-
OLVK�&&0�JUDGLQJ�V\VWHPV�WR�HQDEOH�WKH�LGHQWLÀFDWLRQ�RI�
JRRG�FDQGLGDWHV�IRU�VXUJHU\�DQG�WR�SUHGLFW�WKHLU�LQGLYLGX-
DO�RXWFRPHV��8S�WR�QRZ��WKUHH�GLIIHUHQW�JUDGLQJ�V\VWHPV�
KDYH�EHHQ�SURSRVHG��RQH�RI�WKHP�HVWDEOLVKHG�E\�RXU�RZQ�
JURXS�17–19�7ZR�RI�WKHVH�VFDOHV�DUH�VSHFLÀFDOO\�DSSOLFDEOH�
WR�%6&0��WKDW�LV��WKH�/DZWRQ�*DUFLD��/*��JUDGLQJ�V\VWHP�
DQG�WKH�'DPPDQQ�6XUH��'6��FODVVLÀFDWLRQ�

,Q�RUGHU�WR�LQFOXGH�VXFK�JUDGLQJ�V\VWHPV�LQWR�WKH�FOLQL-
FDO�URXWLQH��UHSHWLWLYH�YDOLGDWLRQ�LV�QHFHVVDU\�EXW�KDV�QRW�
EHHQ�VXIÀFLHQWO\�SHUIRUPHG�\HW��7KHUHIRUH��ZLWK�WKLV�VWXG\��
ZH�DLPHG�WR�YDOLGDWH�WKH�SHUIRUPDQFH�RI�WKHVH�WZR�DYDLO-
DEOH�%6&0�JUDGLQJ�V\VWHPV�XVLQJ�D�VLQJOH�FHQWHU�FRKRUW�
RI� SDWLHQWV�� ,Q� DGGLWLRQ�� ZH� HYDOXDWHG� WKH� LQWHUREVHUYHU�
DJUHHPHQW�RI�WKH�VFDOHV�WR�WHVW�WKHLU�FOLQLFDO�DSSOLFDELOLW\��
)LQDOO\��ZH�H[DPLQHG�ZKHWKHU�D�FRPELQDWLRQ�RI� WKH� WZR�
JUDGLQJ�V\VWHPV�ZRXOG�SURYLGH�LQFUHDVHG�SUHGLFWLYH�SHU-
formance.

Methods
Data Collection

7KH�VWXG\�ZDV�FRQGXFWHG�DW�RXU�WHUWLDU\�FDUH�KRVSLWDO�
LQ�DFFRUGDQFH�ZLWK�DOO�JXLGHOLQHV�VHW�IRUWK�E\�WKH�DSSURY-
LQJ� LQVWLWXWLRQDO� UHYLHZ� ERDUG�� :H� SHUIRUPHG� D� FURVV�
VHFWLRQDO�VWXG\�RI�DOO�SDWLHQWV�DGPLWWHG�WR�RXU�GHSDUWPHQW�
IURP�-DQXDU\����������XQWLO�-XQH�����������ZKR�IXOÀOOHG�
WKH�LQFOXVLRQ�FULWHULD�OLVWHG�EHORZ��&OLQLFDO�GDWD��SUHRSHUD-
WLYH�PXOWLSODQDU� FRQWUDVW�HQKDQFHG�05,�� DQG� IXQFWLRQDO�
RXWFRPH� ZLWK� SUH�� DQG� SRVWRSHUDWLYH� PRGLÀHG� 5DQNLQ�
6FDOH� �P56��VFRUHV�ZHUH�REWDLQHG� IRU�HDFK�SDWLHQW��7KH�
/*�DQG�'6�VFRUHV� �VHH�EHORZ��ZHUH�FDOFXODWHG� IRU�HDFK�
SDWLHQW��7KH�VWXG\�ZDV�FRQGXFWHG�DFFRUGLQJ�WR�WKH�'HFOD-
UDWLRQ�RI�+HOVLQNL��DQG�ORFDO�HWKLFV�DSSURYDO�ZDV�REWDLQHG��
,QIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�SDUWLFLSDQWV��7KH�
VWXG\�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�6752%(�SURWRFRO�

Inclusion Criteria and Exclusion Criteria
3DWLHQWV�DJHG������\HDUV�ZLWK�%6&0�VXUJLFDOO\�WUHDWHG�

DW�RXU�FHQWHU�ZHUH�LQFOXGHG��$OO�SDWLHQWV�QHHGHG�WR�KDYH�D�
PLQLPXP�RI���PRQWKV�RI�SRVWRSHUDWLYH�IROORZ�XS��3DWLHQWV�
ZLWKRXW�D�FRPSOHWH�FOLQLFDO�DVVHVVPHQW�RU�PLVVLQJ�LPDJ-
LQJ�GDWD�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�

Grading Systems
7KH� /*� VFDOH� LV� EDVHG� RQ� FOLQLFDO� DQG�05,�GHULYHG�

LWHPV�� WKDW� LV�� OHVLRQ� VL]H�� OHVLRQ� FURVVLQJ� RI� WKH� D[LDO�
PLGSRLQW�� SUHVHQFH� RI� D� GHYHORSPHQWDO� YHQRXV� DQRPDO\�
�'9$���SDWLHQW�DJH��DQG�KHPRUUKDJH� WLPLQJ����(DFK� LWHP�
FDQ�EH�DVVLJQHG�SRLQWV�IURP���WR����GHSHQGLQJ�RQ�WKH�LWHP��
DQG�WKH�ÀQDO�VFRUH�LV�WKH�VXP�RI�WKH�SRLQWV�IRU�DOO�WKH�LWHPV��
7KH�WRWDO�SRLQWV�UDQJH�IURP���WR����$�IDYRUDEOH�RXWFRPH�
�P56�VFRUH������LV�LQGLFDWHG�E\�ORZ�JUDGHV��/*�JUDGHV��²
,,,��DQG�DQ�XQIDYRUDEOH�RXWFRPH��P56�!����E\�KLJK�JUDGHV�
�/*�JUDGHV�,9²9,,��

7KH�'6� VFDOH� LV� EDVHG� RQO\� RQ�05,�GHULYHG� LWHPV�19 
7KH�FODVVLÀFDWLRQ�V\VWHP�ZDV�LQLWLDOO\�HVWDEOLVKHG�WR�UDWH�

WKH�GLIÀFXOW\�RI�VXUJLFDO�GLVVHFWLRQ�RI�D�&&0�LQ�HORTXHQW�
DUHDV�� ,W� ZDV� YDOLGDWHG� ZLWK� SRVWRSHUDWLYH� GLIIXVLRQ�
ZHLJKWHG�05,�� D� VXUJLFDO� TXHVWLRQQDLUH�� DQG� IXQFWLRQDO�
RXWFRPH�� 'HÀQLQJ� IHDWXUHV� DUH� WKH� SUHVHQFH� RI� PDFUR�
FDYHUQV��OHVLRQ�VKDSH��IRUP�RI�KHPRVLGHULQ�GHSRVLWV��DQG�
FRQWUDVW�HQKDQFHPHQW��ZKHUHDV�DVVRFLDWHG�IHDWXUHV�DUH�D�
'9$��D�PDFUR�KHPRUUKDJH��SHULIRFDO�HGHPD��DQG�D�PXOWL-
DJHG�PDFUR�KHPRUUKDJH��7KH� FRPELQDWLRQ� RU� TXDOLW\� RI�
LWHPV�DSSOLHV�WR�RQH�W\SH��DQG�WKH�W\SLQJ�UDQJHV�IURP���WR�
���,Q�FDVHV�RI�DFXWH�KHPRUUKDJH��WKH�VXIÀ[�´Dµ�LV�DGGLWLRQ-
DOO\�DSSOLHG��RWKHUZLVH��WKH�VXIÀ[�´Eµ�LV�XVHG��)DYRUDEOH�
UHVHFWLRQ�LV�LQGLFDWHG�E\�ORZ�W\SHV��W\SHV��D�E�DQG��D�E���
DQG� GLIÀFXOW� UHVHFWLRQ� LV� LQGLFDWHG� E\� KLJK� W\SHV� �W\SHV�
�D�E��

Imaging Analysis
,PDJLQJ� GDWD� ZHUH� LQGHSHQGHQWO\� DQDO\]HG� E\� WKUHH�

LQYHVWLJDWRUV��$�1�6���0�'�2���3�'����LQFOXGLQJ�VFRUH�GHWHU-
PLQDWLRQ�IRU�HDFK�SDWLHQW��,Q�FDVHV�RI�WRWDO�GLVDJUHHPHQW��
WKH�PRVW�H[SHULHQFHG�LQYHVWLJDWRU��3�'���GHFLGHG��,QWHUUD-
WHU� DJUHHPHQW�ZDV� LQGH[HG� XVLQJ� )OHLVV·� NDSSD� VWDWLVWLF��
.DSSD�UHSUHVHQWV�WKH�VWUHQJWK�RI�DJUHHPHQW�DERYH�WKH�OHY-
HO�RI�FKDQFH�DFFRUGLQJ�WR�WKH�IROORZLQJ�UDWLQJ�������²�����
VOLJKW�WR�IDLU������²�����PRGHUDWH������²�����VXEVWDQWLDO��!�
�����H[FHOOHQW�

Statistical Analysis
:H�XVHG�6366�����,%0�&RUS���IRU�DOO�VWDWLVWLFDO�DQDO\-

VHV�� 8QLYDULDWH� DQDO\VHV� ZHUH� SHUIRUPHG� WR� GHWHUPLQH�
SUHGLFWRUV�RI�SRVWRSHUDWLYH�FOLQLFDO�RXWFRPH��)RU�GLFKRWR-
PL]HG�YDULDEOHV�� WKH�FKL�VTXDUH�WHVW��VDPSOH�VL]H�!����RU�
)LVKHU�H[DFW�WHVW��VDPSOH�VL]H������ZDV�XVHG��&RQWLQXRXV�
YDULDEOHV� ZHUH� WHVWHG� ZLWK� WKH� 6WXGHQW� W�WHVW� �QRUPDOO\�
GLVWULEXWHG� GDWD�� RU�0DQQ�:KLWQH\�8�WHVW� �QRQQRUPDOO\�
GLVWULEXWHG�GDWD���'DWD�GLVWULEXWLRQ�ZDV�GHWHUPLQHG�ZLWK�
WKH�.ROPRJRURY�6PLUQRY�WHVW��0XOWLYDULDWH�DQDO\VHV�ZHUH�
SHUIRUPHG�ZLWK�D�ELQDU\�UHJUHVVLRQ�PRGHO�DQG�ZHUH�EDVHG�
RQ� DQ� D� SULRUL� K\SRWKHVLV� WKDW� SUHGLFWRUV� RI� XQIDYRUDEOH�
RXWFRPHV�ZHUH�DQDORJRXV�WR�WKRVH�IRXQG�LQ�WKH�/*�JUDG-
LQJ� V\VWHP���� LQFOXGLQJ� SDWLHQW� DJH�� SUHVHQFH� RI� D�'9$��
FKURQLF�KHPRUUKDJH�� OHVLRQ� VL]H�� DQG� OHVLRQ�FURVVLQJ� WKH�
EUDLQVWHP�PLGSRLQW��$V�VWDWHG�LQ�WKH�OLWHUDWXUH��� favorable 
VXUJLFDO� RXWFRPHV� �P56� VFRUH� �� ��� YHUVXV� XQIDYRUDEOH�
RQHV��P56�VFRUH�!����ZHUH�FRQVLGHUHG�DW�WKH�ODVW�FOLQLFDO�
HYDOXDWLRQ�DGMXVWHG�IRU�WKH�IROORZ�XS�REVHUYDWLRQ�WLPH�RI�D�
PLQLPXP�RI���PRQWKV��7R�HYDOXDWH�WKH�SURJQRVWLF�SHUIRU-
PDQFH�RI�WKH�GLIIHUHQW�JUDGLQJ�V\VWHPV��WKH�UHFHLYHU�RS-
HUDWLQJ�FKDUDFWHULVWLF��52&��PHWULF�ZDV�XVHG��TXDQWLÀHG�
E\�WKH�DUHD�XQGHU�WKH�FXUYH��$8&���ZLWK�YDOXHV�FORVH�WR���
LQGLFDWLQJ�D�SHUIHFW�VFRUH�DQG�YDOXHV�FORVH�WR�����UHÁHFWLQJ�
D�QRQUHOHYDQW�VFRUH��$�PRUH�GHWDLOHG�FODVVLÀFDWLRQ�ZDV�DS-
SOLHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�UDWLQJ�21����²�����DFFHSW-
DEOH�����²����� H[FHOOHQW��!������ RXWVWDQGLQJ��$�XQLYDULDWH�
DQDO\VLV�RI�SDWLHQW�VXESRSXODWLRQV�DFFRUGLQJ� WR�ERWK�/*�
DQG�'6�V\VWHP�VFRUHV�ZDV�SHUIRUPHG�ZLWK�WKH�GHSHQGHQW�
RXWFRPH�YDULDEOH�IDYRUDEOH��P56������YHUVXV�XQIDYRUDEOH�
�P56�!����DW� WKH� ODVW�FOLQLFDO�HYDOXDWLRQ��6FRUHV� LQ�HDFK�
JUDGLQJ�V\VWHP�ZHUH�GLFKRWRPL]HG�DV�VWDWHG�LQ�HDFK�RI�WKH�
V\VWHPV��$�S�YDOXH��������ZDV�GHÀQHG�DV�VWDWLVWLFDOO\�VLJ-
QLÀFDQW�

���!�� � ��$�!��$������� �'�!�����"���� ���������&�������%����! ��� ��� ���%��#�������������������	���
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Results
Patient Demographics and Outcomes

(LJKW\�QLQH� SRWHQWLDOO\� HOLJLEOH� SDWLHQWV� ZHUH� LGHQWL-
ÀHG��,Q����SDWLHQWV�� WKH�FOLQLFDO�GDWD�VHW�ZDV�LQFRPSOHWH��
DQG� �� SDWLHQWV�ZHUH� ORVW� WR� IROORZ�XS��7KHUHIRUH�� ��� SD-
WLHQWV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�DQG����SDWLHQWV�ZHUH�
FRQVLGHUHG� IRU� DQDO\VLV�� 7KH�PHDQ� DJH�ZDV� ����� �� �����
\HDUV��DQG����LQGLYLGXDOV���������ZHUH�IHPDOH��$�WRWDO�RI�
���SDWLHQWV���������KDG�D�'9$�DVVRFLDWHG�ZLWK�WKH�%6&0��
DQG���� ��������RI� WKH� OHVLRQV�FURVVHG� WKH�D[LDO�PLGOLQH��
7KLUW\�WZR�SDWLHQWV���������VXIIHUHG�DQ�DFXWH�KHPRUUKDJH��
�����������UHYHDOHG�VXEDFXWH�KHPRUUKDJH��DQG������������
KDG� FKURQLF� KHPRUUKDJH�� DFFRUGLQJ� WR� WKH� GHÀQLWLRQ� RI�
*DUFLD� DQG� FROOHDJXHV���� $OPRVW� KDOI� RI� DOO� WKH� SDWLHQWV�
��������H[SHULHQFHG�PRUH�WKDQ�RQH�EOHHGLQJ��7KH�%6&0V�
ZHUH�UDWKHU�KHWHURJHQHRXVO\�GLVWULEXWHG�ZLWKLQ�WKH�EUDLQ-
VWHP��7KH�PRVW�FRPPRQ�ORFDWLRQ�ZDV�WKH�SRQV��DFFRXQWLQJ�
IRU����FDVHV����������IROORZHG�E\�WKH�PHVHQFHSKDORQ�LQ����
FDVHV����������7KH�PHDQ�GLDPHWHU�RI�WKH�EUDLQVWHP�FDYHU-
QRPD�EOHHGLQJ��%6&%��ZDV������������PP��2Q�DGPLVVLRQ��
���SDWLHQWV���������ZHUH�LQ�JRRG�FOLQLFDO�FRQGLWLRQ��P56�
VFRUH�������$�IDYRUDEOH�RXWFRPH�DIWHU�FDYHUQRPD�UHVHFWLRQ�
ZDV�REVHUYHG�LQ����SDWLHQWV����������DQG�WKH�PDMRULW\�RI�
SDWLHQWV���������UHYHDOHG�LPSURYHG�RU�XQFKDQJHG�VFRUHV��
2Q�WKH�FRQWUDU\��DQ�XQIDYRUDEOH�RXWFRPH��P56�VFRUH�!����
ZDV�IRXQG�LQ����SDWLHQWV��������������������ZKRVH�FRQGL-
WLRQ�KDG�ZRUVHQHG�FRPSDUHG�WR�WKHLU�SUHRSHUDWLYH�EDVHOLQH�
�)LJ����DQG�7DEOH����

Predictors of Postoperative Outcome
8QLYDULDWH� DQDO\VLV� LGHQWLÀHG� SUHRSHUDWLYH� PXOWLSOH�

EOHHGLQJV��25�����������&,�����²�������S� �������DV�WKH�
RQO\� VWDWLVWLFDOO\� VLJQLÀFDQW� SUHGLFWRU� RI� DQ� XQIDYRUDEOH�
SRVWRSHUDWLYH�RXWFRPH��0LGOLQH�FURVVLQJ� �25�����������
&,�����²������S� �������DQG�WKH�SUHVHQFH�RI�D�'9$��25�
������ ����&,�����²����� S� ������� VKRZHG�QR� VWDWLVWLFDOO\�
VLJQLÀFDQW� LQÁXHQFH� RQ� RXWFRPH� �7DEOH� ����0XOWLYDULDWH�
DQDO\VLV�LGHQWLÀHG�D�PD[LPXP�%6&%�GLDPHWHU�!����PP�
�25�����������&,�����²�������S� ��������DQG�SDWLHQW�DJH�
!����\HDUV� �25������� ����&,�����²������� S� �������� DV�
LQGHSHQGHQW� SUHGLFWRUV� RI� DQ� XQIDYRUDEOH� SRVWRSHUDWLYH�
RXWFRPH�� ZKHUHDV� PLGOLQH� FURVVLQJ� �25� ������ ���� &,�
���²������S� ��������'9$��25�����������&,�����²������S� �
�������DQG�FKURQLF�KHPRUUKDJH��!���ZHHNV��25�����������

&,�����²������S� �������ZHUH�QRW� LQGHSHQGHQW�SUHGLFWRUV�
(Table 2).

Performance of Proposed BSCM Grading Systems
:H�SHUIRUPHG�DQ�52&�DQDO\VLV�ZLWK�$8&�PHWULFV�DQG�

GHPRQVWUDWHG� WKDW� WKH� /*� JUDGH� �$8&�  � ������ ����&,�
����²������S� �������DQG�WKH�'6�VFRUH��$8&� �����������
&,�����²�����S���������$8&� �����������&,�����²������S���
������VLJQLÀFDQWO\�FRUUHODWHG�ZLWK�SRVWRSHUDWLYH�RXWFRPH��
7KH�SUHGLFWLYH�YDOXH�RI�HDFK�VFRUH�ZDV�FRQVLGHUHG�DV�VXE-
VWDQWLDO� �$8&� ���²����� )LJ�� �� DQG� 7DEOH� ���� 6XEVHTXHQW�
DQDO\VLV�UHYHDOHG�WKDW�����RI�DOO�SDWLHQWV�ZLWK�D�IDYRUDEOH�
SRVWRSHUDWLYH� RXWFRPH�ZHUH� FRUUHFWO\� FODVVLÀHG� LQ� ERWK�
JUDGLQJ�V\VWHPV��/*�JUDGHV��²,,,��'6�W\SHV��²����$Q�XQ-
IDYRUDEOH� RXWFRPH� �/*�JUDGHV� ,9²9,,��'6� W\SH� ���ZDV�
FRUUHFWO\�SUHGLFWHG�LQ�������DQG�����RI�SDWLHQWV��UHVSHF-
WLYHO\��7DEOH�����%RWK�WKH�/*��25��������&,�����²�������
S� ��������DQG�WKH�'6��25����������&,�����²�������S� �
�������JUDGLQJ�V\VWHPV�ZHUH�VWURQJ�SUHGLFWRUV�RI�WKH�SRVW-
RSHUDWLYH� IXQFWLRQDO� RXWFRPH��7KH� FRPELQHG� XVH� RI� WKH�
WZR�VFDOHV�HQKDQFHG�WKH�SUHGLFWLYH�SHUIRUPDQFH��25�������
����&,�����²�����S� ��������

Interobserver Variability
,QGHSHQGHQW� LQYHVWLJDWRUV� GHWHUPLQHG� WKH� LQGLYLGXDO�

VFRUHV� IRU� D� WRWDO� RI� ��� SDWLHQWV� �$�1�6���0�'�2��� 3�'����
(YDOXDWLRQ� UHYHDOHG� DQ� LQWHUREVHUYHU� GLVDJUHHPHQW� LQ�
�������'6�V\VWHP��DQG�������/*�V\VWHP��RI�DOO�FDVHV��$F-
FRUGLQJ�WR�)OHLVV·�NDSSD�VWDWLVWLF��WKH�'6�JUDGLQJ�V\VWHP�
KDG�VXEVWDQWLDO�LQWHUREVHUYHU�DJUHHPHQW��g� �������ZKHUHDV�
WKH�/*�JUDGLQJ�V\VWHP�UHYHDOHG�H[FHOOHQW�DJUHHPHQW��g� �
������6XSSOHPHQWDO�)LJ���).

Discussion
Validation of Proposed Grading Systems

3DWLHQW�VHOHFWLRQ�LV�PDQGDWRU\�IRU�ULVN�VWUDWLÀFDWLRQ�DQG�
WR�LGHQWLI\�HOLJLEOH�FDQGLGDWHV�IRU�%6&0�VXUJHU\��7KLV�VH-
OHFWLRQ�FDQ�EH�SHUIRUPHG�E\�GHWHUPLQLQJ�D�ZLGH�YDULHW\�
RI�FOLQLFDO�DQG�DQDWRPLFDO�YDULDEOHV��$OWKRXJK�WKH\�KDYH�
OLPLWV�LQ�WHUPV�RI�VHQVLWLYLW\�DQG�VSHFLÀFLW\��JUDGLQJ�V\V-
WHPV�FDQ�EH�KHOSIXO�WRROV�IRU�QHXURVXUJHRQV�RQ�ZKLFK�WR�
EDVH� WKHLU� FOLQLFDO� GHFLVLRQV�� WKDW� LV�� XVLQJ�QRW� RQO\�SHU-
VRQDO�H[SHULHQFH�EXW�DOVR�REMHFWLYH�DOJRULWKPV�

&XUUHQWO\�� WKUHH� JUDGLQJ� V\VWHPV� IRU�&&0�DUH� DYDLO-
able.17–19�:KLOH�WZR�VWXGLHV�KDYH�IRFXVHG�RQ�&&0�LQ�JHQ-
HUDO��*DUFLD�DQG�FROOHDJXHV�KDYH�HVWDEOLVKHG�D�JUDGLQJ�V\V-
WHP�VSHFLÀFDOO\�IRU�%6&0����7KH�ÀUVW�VWXG\��SXEOLVKHG�LQ�
������FODVVLÀHV�WKH�PDMRULW\�RI�%6&0V�DV�KLJK�ULVN�JUDGH�
�� OHVLRQV�ZLWK� DQ� DOPRVW� ���� FKDQFH� RI� ORQJ�WHUP� GLV-
DELOLW\�DIWHU�VXUJHU\�17�7KH�JUDGLQJ�V\VWHP�RI�'DPPDQQ�
DQG� FROOHDJXHV� GLIIHUHQWLDWHV� WKUHH� W\SHV� RI� &&0� �'6�
W\SHV��²���DFFRUGLQJ�WR�WKH�SUHRSHUDWLYH�05,�GDWD��PHD-
VXULQJ�YDULDEOHV�VXFK�DV�VL]H�RI�WKH�FDYHUQV��OHVLRQ�VKDSH��
DQG�GHSRVLWV�RI�KHPRVLGHULQ�19�0RUHRYHU��WKH�WKUHH�WLHUHG�
FODVVLÀFDWLRQ�V\VWHP�LV�H[WHQGHG�WR�D�PRUH�GHWDLOHG�JUDG-
LQJ�V\VWHP�ZLWK�VL[�VXEJURXSV�RI�&&0�WKURXJK�WKH�LPSOH-
PHQWDWLRQ�RI� WKH� LWHP�OHVLRQ�DVVRFLDWHG�KHPRUUKDJH��'6�
W\SHV��D²�E���'HSHQGLQJ�RQ�WKH�'6�W\SH��WKH�GLIÀFXOW\�RI�
UHVHFWLRQ� YDULHV�� 7KH� /*� JUDGLQJ� V\VWHP�ZDV� SURSRVHG�
LQ������DQG�FRPELQHV�FOLQLFDO�DQG�LPDJLQJ�GDWD�WR�JXLGH�

FIG. 1. Distribution of mRS scores preoperatively on admission and 
SRVWRSHUDWLYHO\�DW�WKH�¿QDO�IROORZ�XS�

���!�� � ��$�!��$������� �'�!�����"���� ���������&�������%����! ��� ��� ���%��#�������������������	���
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VXUJLFDO�GHFLVLRQ�PDNLQJ�DQG�WR�SUHGLFW�WKH�SRVWRSHUDWLYH�
functional outcome.���7KLV� VFRUH� WDNHV� LQWR� DFFRXQW�ÀYH�
YDULDEOHV�� VXFK�DV� OHVLRQ�VL]H��FURVVLQJ�RI� WKH�D[LDO�PLG-
SRLQW��SUHVHQFH�RI�DQ�DVVRFLDWHG�'9$��DJH�RI�WKH�SDWLHQW��
DQG�WLPH�RI�KHPRUUKDJH��WR�EXLOG�DQ�HLJKW�WLHUHG�FODVVLÀFD-
WLRQ�V\VWHP�

8S�WR�QRZ��RQO\�RQH�VWXG\�KDV�LQYHVWLJDWHG�WKH�SHUIRU-
PDQFH� RI� RQH� SURSRVHG� JUDGLQJ� V\VWHP�22� $FFRUGLQJ� WR�
WKH�DXWKRUV�RI� WKDW�VWXG\�� WKHUH� LV�D�VXIÀFLHQW�FRUUHODWLRQ�
QRW� RQO\� EHWZHHQ� WKH� /*� JUDGLQJ� VFDOH� DQG� SRVWRSHUD-
WLYH�IXQFWLRQDO�RXWFRPH��EXW�DOVR�EHWZHHQ�WKH�/*�JUDGLQJ�

V\VWHP�DQG�SRVWRSHUDWLYH�TXDOLW\�RI� OLIH��2XU�VWXG\�FRQ-
ÀUPV�WKDW�ERWK�JUDGLQJ�V\VWHPV�DUH�VWDWLVWLFDOO\�VLJQLÀFDQW�
SUHGLFWRUV�RI�SRVWRSHUDWLYH�RXWFRPH��7DEOH���DQG�)LJ������
6LQFH�LPDJLQJ�GDWD�DUH�PDQGDWRU\�IRU�ERWK�FODVVLÀFDWLRQ�
WRROV��WKH�GHWHUPLQDWLRQ�RI�YDULDEOHV�PD\�GLIIHUHQWLDWH�EH-
WZHHQ�GLIIHUHQW�UDWHUV��7KXV��WR�HQVXUH�UHOLDELOLW\��ZH�DGGL-
WLRQDOO\�LQYHVWLJDWHG�WKH�LQWHUREVHUYHU�DFFXUDF\�DQG�IRXQG�
H[FHOOHQW�DJUHHPHQW�IRU�WKH�/*�JUDGH��6XSSOHPHQWDO�)LJ��
1���7KLV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�YDULDEOHV�XVHG�
IRU�WKH�/*�WRRO��VXFK�DV�SDWLHQW�DJH��OHVLRQ�VL]H��RU�SUHVHQFH�
RI�'9$��DUH�FOHDU�FXW�YDULDEOHV�WKDW�DUH�HDV\�WR�REWDLQ��7KH�

TABLE 1. Univariate analysis of predictors of an unfavorable functional postoperative outcome

Variable mRS Score Same or Improved mRS Score Worse p Value OR 95% CI

No. of patients 53 (79.1%) 14 (20.9%)
Mean age in yrs 40.3 ± 13.1 41.5 ± 11.6 0.76* NA NA
Female sex 32 (60.4%) 9 (64.3%) >0.99† 1.18 0.35–4.12
Lesion location
 Medullary
 Pontomedullary
 Pontine
 Pontomesencephalic
 Mesencephalic 

6 (11.3%)
9 (17.0%)

19 (35.8%)
9 (17.0%)

10 (18.9%)

0 (0%)
2 (14.3%)
6 (42.9%)
2 (14.3%)
4 (28.6%)

0.71† NA NA

Lesion side
 Lt
 Rt
 Medial

26 (49.1%)
24 (45.3%)
3 (5.7%)

6 (42.9%)
7 (50%)
1 (7.1%)

0.9† NA NA

Mean max BSCB diameter in mm 18.3 ± 8.3 19 ± 5.6 0.55* NA NA
DVA 15 (28.3%) 5 (35.7%) 0.74† 1.41 0.41–4.9
Midline crossing 24 (45.3%) 9 (64.3%) 0.24† 2.18 0.64–7.37
Preop multiple bleedings 21 (39.6%) 11 (78.6%) 0.02† 5.59 1.39–22.44
Age of hemorrhage
 Acute 
 Subacute 
 Chronic 

26 (49.1%)
14 (26.4%)
13 (24.5%)

6 (42.9%)
4 (28.6%)
4 (28.6%)

0.93† NA NA

mRS score preop
 0
 1
 2
 3
 4
 5
 6

1 (1.9%)
20 (37.7%)
14 (26.4%)
8 (15.1%)

10 (18.9%)
0 (0%)
0 (0%)

0 (0%)
6 (42.9%)
2 (14.3%)
6 (42.9%)
0 (0%)
0 (0%)
0 (0%)

0.1† NA NA

mRS score postop
 0
 1
 2
 3
 4
 5
 6

7 (13.2%)
26 (49.1%)
13 (24.5%)
6 (11.3%)
1 (1.9%)
0 (0%)
0 (0%)

0 (0%)
0 (0%)
6 (42.9%)
2 (14.3%)
5 (35.7%)
1 (7.1%)
0 (0%)

<0.001† NA NA

NA = not applicable.
Univariate analysis of demographic, clinical, and anatomical factors for association with functional postoperative outcome (changes in mRS 
VFRUH�EHWZHHQ�DGPLVVLRQ�DQG�¿QDO�IROORZ�XS���$OO�SDWLHQWV�ZLWK�D�¿QDO�IROORZ�XS�����PRQWKV�DIWHU�VXUJHU\�ZHUH�LQFOXGHG��9DOXHV�H[SUHVVHG�DV�
WKH�PHDQ���VWDQGDUG�HUURU�RU�DV�QXPEHU������XQOHVV�LQGLFDWHG�RWKHUZLVH��%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿FDQFH�
* Student’s t-test or Mann-Whitney U-test. 
† Chi-square test or Fisher exact test. 
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'6�VFRUH�RQO\�LQFOXGHV�05,�EDVHG�LWHPV�DQG�WKXV�GHWHU-
PLQHV� PRUH� VXEMHFWLYH� YDULDEOHV�� VXFK� DV� OHVLRQ� VKDSH��
7KHVH�YDULDEOHV�DUH�PRUH�SURQH�WR�LQWHUSUHWDWLRQ��UHVXOWLQJ�
LQ�D�ORZHU�LQWHUREVHUYHU�DJUHHPHQW�UDWH��+RZHYHU��RXU�GDWD�
UHYHDOHG� VXEVWDQWLDO� DJUHHPHQW� IRU� WKH�'6� WRRO��PDNLQJ�
WKH�VFRUH�DOVR�DSSOLFDEOH�WR�FOLQLFDO�XVH�

Predictors of Postoperative Outcome
$V�VWDWHG�DERYH��WKH�/*�JUDGLQJ�V\VWHP�WDNHV�ÀYH�YDUL-

DEOHV� LQWR� DFFRXQW��:KHQ�DVVHVVHG� LQGLYLGXDOO\��QRQH�RI�
WKHVH�YDULDEOHV�ZDV�D� VLJQLÀFDQW�SUHGLFWRU�RI�SRVWRSHUD-
WLYH� RXWFRPH�� ,QWHUHVWLQJO\��PXOWLSOH� EOHHGLQJV��ZKLFK� LV�
QRW�FRQVLGHUHG�LQ�WKLV�VFDOH��ZDV�WKH�RQO\�VLJQLÀFDQW�SUH-
GLFWRU�RI�RXWFRPH�LQ�RXU�DQDO\VLV��1RWDEO\��WKLV�YDULDEOH�LV�
HODERUDWHG�RQ�LQ�WKH�SDSHU�E\�'DPPDQQ�DQG�FROOHDJXHV��
ZKR�VKRZHG�WKDW�HYLGHQFH�RI�VHYHUDO�EOHHGLQJ�HYHQWV�RQ�
05,�FRUUHODWHG�ZLWK�D�PRUH�GLIÀFXOW�VXUJLFDO�GLVVHFWLRQ�
RI�WKH�%6&0�EHFDXVH�́ PXOWLDJH�EOHHGLQJµ�JLYHV�WKH�OHVLRQ�
GLIIHUHQW�FRQVLVWHQFLHV�19

,Q�RXU�PXOWLYDULDWH�DQDO\VLV��ZH�LQYHVWLJDWHG�DOO�LWHPV�RI�
WKH�/*�JUDGLQJ�V\VWHP��,Q�RXU�SDWLHQW�SRSXODWLRQ��D�%6&%�
GLDPHWHU�!����PP�DQG�DQ�DJH�!����\HDUV�ZHUH�LQGHSHQ-
GHQW�SUHGLFWRUV�RI�DQ�XQIDYRUDEOH�SRVWRSHUDWLYH�RXWFRPH�
�7DEOH�����$�\RXQJ�DJH�LV�DVVRFLDWHG�ZLWK�D�VWURQJHU�UHVLV-
WDQFH�WR�VXUJHU\��LPSURYHG�UHFRYHU\�IURP�VXUJHU\��DQG�OHVV�
FRPRUELGLW\��PDNLQJ�LW�DQ�REYLRXV�SUHGLFWRU�RI�D�IDYRUDEOH�
RXWFRPH��7KH�VDPH�DSSOLHV�WR�OHVLRQ�VL]H��VLQFH�ODUJH�OH-
VLRQV�FDQ�LQYROYH�PRUH�HORTXHQW�EUDLQVWHP�DUHDV��PDNLQJ�
WKH�UHVHFWLRQ�PRUH�GLIÀFXOW�

(YHQ� WKRXJK� ERWK� JUDGLQJ� V\VWHPV� FRQVLGHU� FKURQLF�
KHPRUUKDJH�DV�D�SUHGLFWRU�RI�D�IDYRUDEOH�RXWFRPH��WKLV�LWHP�
ZDV�QRW�DQ�LQGHSHQGHQW�SUHGLFWRU�LQ�RXU�PXOWLYDULDWH�DQDO-
\VLV��7KH�VDPH�DSSOLHG�WR�'9$�DQG�D[LDO�PLGOLQH�FURVVLQJ��
%RWK�VWXG\�FRKRUWV��IURP�*DUFLD�HW�DO����DQG�'DPPDQQ�HW�
al.19��UHYHDO�D�OLPLWHG�QXPEHU�RI�SDWLHQWV��ZKLFK�FRXOG�EH�
RQH�H[SODQDWLRQ�IRU�WKH�GLVFUHSDQF\�REVHUYHG�KHUH�

Combined Use of Proposed Grading Systems
,Q�RXU�VWXG\��ZH�GHPRQVWUDWHG�WKDW�ERWK�FODVVLÀFDWLRQ�

V\VWHPV� DUH� UHOLDEOH� WRROV� WR� SUHGLFW� SRVWRSHUDWLYH� IXQF-
WLRQDO� RXWFRPH� �7DEOH� ����:KLOH� WKH� /*� JUDGH� LQFOXGHV�
FOLQLFDO�DQG�UDGLRORJLFDO�GDWD�� WKH�'6�W\SH�LV�PDLQO\�IR-
FXVHG�RQ�LPDJLQJ�GDWD��ZKLFK�UDLVHV�WKH�TXHVWLRQ�RI�ZKHWK-
HU�WKH�FRPELQHG�XVH�RI�WKH�WZR�VFRUHV�PLJKW�HQKDQFH�WKH�
SUHGLFWLYH�SHUIRUPDQFH��1RWDEO\��ZH�IRXQG�WKDW�WKH�FRP-

ELQDWLRQ�RI�WKH�WZR�JUDGLQJ�VFDOHV�LV�D�VWURQJHU�SUHGLFWRU�
IRU�SRVWRSHUDWLYH�RXWFRPH��ZLWK�DQ�25�RI�������FRPSDUHG�
WR����/*�DORQH��DQG������'6�DORQH���7KLV�LV�D�QHZ�ÀQGLQJ�
DQG�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ�LQ�IXWXUH�%6&0�VWXGLHV�

External Validity
&RPSDUHG� WR� WKRVH� LQ�PHWD�DQDO\VHV�RI�%6&0�WULDOV��

RXU�FRKRUW�VHHPV�UHSUHVHQWDWLYH�LQ�WHUPV�RI�SDWLHQW�FKDUDF-
WHULVWLFV�DQG�SRVWRSHUDWLYH�RXWFRPH�11,23�7KLV�REVHUYDWLRQ�
LQFUHDVHV�WKH�H[WHUQDO�YDOLGLW\�RI�RXU�UHSRUWHG�UHVXOWV�

Study Limitations
&&0�LV�D�UDUH�YDVFXODU�GLVHDVH��DFFRXQWLQJ�IRU����²

���� RI� DOO� LQWUDFUDQLDO� YDVFXODU� PDOIRUPDWLRQV�2 Since 
RQO\�����RI�WKHVH�OHVLRQV�DUH�ORFDOL]HG�LQ�WKH�EUDLQVWHP�� 
DQG�RQO\�D�VPDOO�SHUFHQWDJH�RI�WKHVH�OHVLRQV�XQGHUJR�VXU-
JLFDO�UHPRYDO��VLQJOH�FHQWHU�WULDOV�ZLWK�ODUJH�VDPSOH�VL]HV�
UHPDLQ�GLIÀFXOW��$GGLWLRQDOO\�� DV�%6&0� LV� D� UDWKHU� UDUH�

TABLE 2. Multivariate analysis of predictors of an unfavorable 
functional postoperative outcome

Variable p Value OR 95% CI

Maximum BSCB diameter >20 mm 0.007 5.43 1.58–18.69
Midline crossing 0.071 3.21 0.9–11.4
DVA 0.76 0.82 0.23–2.96
Age >50 yrs 0.019 4.26 1.27–14.33
Chronic hemorrhage (>8 wks) 0.424 1.67 0.48–5.83

Multivariate binary logistic regression model with the dependent outcome 
YDULDEOH�DV�IDYRUDEOH��P56������YHUVXV�XQIDYRUDEOH��P56�!����RXWFRPH�DW�WKH�
ODVW�FOLQLFDO�HYDOXDWLRQ��$OO�SDWLHQWV�ZLWK�D�ODVW�IROORZ�XS�RI�����PRQWKV�ZHUH�
LQFOXGHG��%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿FDQFH�

FIG. 2. ROC analysis to illustrate the test performance of available 
BSCM grading systems. DS score with subtypes for acute hemorrhage 
(A), DS score without subtypes for acute hemorrhage (B), and LG grade 
(C).

TABLE 3. Performance of proposed BSCM grading systems 

Scale AUC p Value 95% CI

LG (grade 0–VII) 0.72 0.01 0.56–0.88
DS (type 1a–3b) 0.78 <0.01 0.64–0.9
DS (type 1–3) 0.74 <0.01 0.62–0.87

ROC analysis with AUC metrics to determine the test performance of available 
%6&0�JUDGLQJ�V\VWHPV��)XQFWLRQDO�SRVWRSHUDWLYH�RXWFRPH��P56�����YV�P56�
> 2) at the last clinical evaluation was the dependent variable. All patients 
ZLWK�D�ODVW�IROORZ�XS�����PRQWKV�ZHUH�LQFOXGHG��$Q�$8&�!�����LV�FRQVLGHUHG�
as an acceptable test performance. The p values represent the asymptotic 
VLJQL¿FDQFH��%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿FDQFH�
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YDVFXODU� GLVHDVH� ZLWK� IHZ� FDVHV�� RXU� UHVXOWV� DUH�PDLQO\�
UHSUHVHQWDWLYH�RI�H[SHULHQFHG��KLJK�YROXPH�FHQWHUV��0RUH-
RYHU��RXU�GDWD�ZHUH�LQ�SDUW�REWDLQHG�UHWURVSHFWLYHO\��ZKLFK�
FDQ�OHDG�WR�ZHOO�NQRZQ�LQIRUPDWLRQ�DQG�VHOHFWLRQ�ELDVHV��
6LQFH� WKH� GDWD� VHW� LQ� WKLV� VWXG\� LV� OLPLWHG� WR� VXUJLFDOO\�
WUHDWHG� SDWLHQWV�� RXU� UHVXOWV� GR� QRW� SURYLGH� JXLGDQFH� RQ�
FRQVHUYDWLYHO\� WUHDWHG�%6&0�� ,Q� D� IRUPHU� VWXG\�� D� WRWDO�
RI����SDWLHQWV� IURP�RXU� FXUUHQW� FRKRUW�KDV� DOUHDG\�EHHQ�
XVHG�WR�HVWDEOLVK�WKH�'6�VFRUH��7KLV�PLJKW�ELDV�WKH�GDWD�RI�
RXU�FXUUHQW�LQYHVWLJDWLRQ��1HYHUWKHOHVV��RXU�VWXG\�FRQWULE-
XWHV�QRYHO�GDWD�DQG�SURSRVHV�WKH�FRPELQHG�XVH�RI�H[LVWLQJ�
FODVVLÀFDWLRQ� V\VWHPV�� 3URVSHFWLYH� PXOWLFHQWHU� WULDOV� DUH�
QHHGHG� WR� YDOLGDWH� RXU� DVVXPSWLRQ� DQG� WR� H[DPLQH� QHZ�
SUHGLFWRUV�RI�SDWLHQW�RXWFRPH�

Conclusions
7KH�/*�DQG� WKH�'6�FODVVLÀFDWLRQ� WRROV� DUH� DSSURSUL-

DWH�IRU�HVWLPDWLQJ�WKH�QHXURORJLFDO�RXWFRPH�DIWHU�%6&0�
VXUJHU\�� 7KLV� VWXG\� FRQÀUPV� WKH� SUHGLFWLYH� DFFXUDF\� RI�
ERWK�JUDGLQJ�V\VWHPV�DQG�JLYHV�HYLGHQFH�VXSSRUWLQJ�WKHLU�
FRPELQHG�XVH�
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TABLE 4. Functional postoperative outcome according to proposed BSCM grading systems

Variable P56���� mRS >2 p Value OR 95% CI

No. of patients 52 (77.6%) 15 (22.4%)
LG grade
 0–III
 IV–VII

39 (75%)
13 (25%)

5 (33.3%)
10 (66.7%)

0.005* 6 1.73–20.81

DS type
 1a/b, 2a/b
 3a/b

39 (75%)
13 (25%)

6 (40%)
9 (60%)

0.026* 4.5 1.34–15.07

Combination†
 LG grade 0–III & DS types 1a/b & 2a/b
 LG grades IV–VII & DS type 3a/b

30 (88.2%)
4 (11.8%)

2 (25%)
6 (75%)

0.001* 22.5 3.33–152

Univariate analysis of patient subpopulations according to their test performance. The dependent outcome variable is 
IDYRUDEOH��P56������YHUVXV�XQIDYRUDEOH��P56�!����DW�WKH�ODVW�FOLQLFDO�HYDOXDWLRQ��$OO�SDWLHQWV�ZLWK�D�ODVW�IROORZ�XS�RI�����
PRQWKV�ZHUH�LQFOXGHG��%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿FDQFH�
* Chi-square test or Fisher exact test.
† ,QGLYLGXDOV�QRW�¿WWLQJ�LQWR�WKLV�FODVVL¿FDWLRQ�V\VWHP�ZHUH�H[FOXGHG�IURP�DQDO\VLV��
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CLINICAL ARTICLE

CEREBRAL cavernous malformations (CCMs) are 
prone to intracerebral hemorrhage.1,2 And while 
hemorrhages from CCMs are oftentimes mild and 

can even remain unrecognized by the patient,3–5 symptom-
DWLF� KHPRUUKDJHV� �WHUP� GHÀQHG� LQ� UHSRUWLQJ� VWDQGDUGV�6 
occur with an overall annual risk of 2%–6%7 and can 

FDXVH�VHL]XUHV�RU�IRFDO�QHXURORJLFDO�GHÀFLWV�7,8 Especially 
when located in the brainstem, hemorrhage from CCM is 
more often symptomatic and causes more severe disability 
than that due to supratentorial CCM.1,8–11 Brainstem CM 
(BSCM) has been found in roughly 30% of the cases in 
larger series.1 The 5-year risk of a recurrent hemorrhage 

ABBREVIATIONS AUC = area under the curve; BSCM = brainstem cavernous malformation; CCM = cerebral cavernous malformation; HADS = Hospital Anxiety and 
Depression Scale; HADS-A = Anxiety Subscale of HADS; HADS-D = Depression Subscale of HADS; HRQOL = health-related quality of life; LISAT-9 = 9-item Life Satisfac-
tion Questionnaire; MCS = mental component summary of SF-36; mRS = modified Rankin Scale; PCS = physical component summary of SF-36; ROC = receiver operating 
characteristic.
SUBMITTED May 15, 2020. ACCEPTED June 9, 2020.
INCLUDE WHEN CITING Published online October 16, 2020; DOI: 10.3171/2020.6.JNS201823.

Multimodal outcome assessment after surgery for 
brainstem cavernous malformations
Philipp Dammann, MD,1 Annika Herten, MD,1 Alejandro N. Santos, MD,1  
Laurèl Rauschenbach, MD,1 Bixia Chen, MD,1 Marvin Darkwah Oppong, MD,1  
Börge Schmidt, PhD,2 Michael Forsting, MD,3 Christoph Kleinschnitz, MD,4 and Ulrich Sure, MD1

1Department of Neurosurgery, University Hospital Essen; 2Institute for Medical Informatics, Biometry and Epidemiology, 
University Hospital Essen; 3Institute of Diagnostic and Interventional Radiology and Neuroradiology, University Hospital Essen; 
and 4Department of Neurology, University Hospital Essen, University of Duisburg-Essen, Essen, Germany

OBJECTIVE The object of this study was to assess outcome after surgery for brainstem cavernous malformations 
(BSCMs) using functional, health-related quality of life (HRQOL), and psychological surveys to analyze the interrelation 
of these measurements, and to compare HRQOL and anxiety and depression scores with those in a healthy population.
METHODS The authors performed a cross-sectional outcome study of all patients surgically treated for BSCM in their 
GHSDUWPHQW�EHWZHHQ�-DQXDU\����������DQG�'HFHPEHU�����������7KH\�DVVHVVHG�IXQFWLRQDO�RXWFRPH�YLD�WKH�PRGL¿HG�
Rankin Scale (mRS), health-related quality of life (HRQOL) via the SF-36 and 9-item Life Satisfaction Questionnaire 
(LISAT-9), cranial nerve and brainstem function using a questionnaire, symptom-based psychological outcome via the 
Hospital Anxiety and Depression Scale (HADS), and timepoint of a return to previous employment. They analyzed the 
FRUUHODWLRQ�EHWZHHQ�DEVROXWH��P56�VFRUH������DQG�UHODWLYH��SRVWRSHUDWLYH�GHWHULRUDWLRQ�LQ�LQLWLDO�P56�VFRUH��RXWFRPH�
endpoints and the interrelation of the outcome measures and performed a comparison of HRQOL and HADS scores with 
¿QGLQJV�LQ�D�KHDOWK\�SRSXODWLRQ�
RESULTS Seventy-four patients were eligible for inclusion in the study. HRQOL was impaired after surgery for BSCM 
compared to that in a healthy population. This impairment was substantial in patients with an unfavorable functional out-
FRPH��P56�!����EXW�ZDV�DOVR�SUHVHQW�LQ�WKRVH�ZLWK�D�IDYRUDEOH�RXWFRPH��P56������LQ�VHOHFWHG�GRPDLQV��3V\FKRORJLFDO�
impairment was negligible in patients with a favorable outcome and grave in those with an unfavorable outcome. LISAT-9 
results revealed that brainstem and cranial nerve symptoms reduce satisfaction mainly in self-care abilities for both unfa-
vorable and favorable outcome patients. Among the brainstem and cranial nerve symptoms, balance impairment showed 
WKH�PRVW�VLJQL¿FDQW�LPSDFW�RQ�+542/��$EVROXWH�RXWFRPH�HQGSRLQWV�ZHUH�VXSHULRU�WR�UHODWLYH�RXWFRPH�HQGSRLQWV�LQ�
UHÀHFWLQJ�LPSDLUPHQW�LQ�+542/�DIWHU�VXUJHU\�
CONCLUSIONS The study data can improve patient counseling and decision-making in BSCM treatment and may 
IXQFWLRQ�DV�D�EHQFKPDUN��7KH�DXWKRUV�UHSRUW�RXWFRPHV�DIWHU�%6&0�VXUJHU\�LQ�KLJK�GHWDLO��HPSKDVL]LQJ�WKH�VSHFL¿F�
impact of cranial nerve and brainstem symptoms on HRQOL. When reporting BSCM surgery outcome, absolute out-
come endpoints should be applied.
https://thejns.org/doi/abs/10.3171/2020.6.JNS201823
KEYWORDS brainstem cavernous malformation; surgery; health-related quality of life; functional outcome; CCM; 
cerebral cavernous malformation; cavernous angioma; HRQOL; vascular disorders
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in BSCM is 30.8% compared to 18.4% in nonbrainstem 
CCM.1 The potential to cause permanent neurological 
damage by (repetitive) hemorrhages makes patients with 
BSCM candidates for neurosurgical resection of the le-
sion.12 Surgical treatment rates of BSCM range around 
20%–25% in larger series.1 The indication for such treat-
ment remains controversial, as resection of a brainstem le-
VLRQ� LWVHOI� FDUULHV� VLJQLÀFDQW� ULVNV�12 Early postoperative 
morbidity is 31%, and long-term morbidity is around 18% 
according to the largest meta-analysis.10 As the natural 
course of a BSCM remains hard to predict, the indication 
for surgical treatment is highly individual and is balanced 
among the patient’s present impairment due to the lesion, 
potential future hemorrhage events, and the estimated 
risks of surgical intervention.12 To guide these decisions, 
more detailed postoperative outcome data are needed; 
however, such data are scarce. In addition, data are often-
times limited to mere descriptive clinical or functional 
outcome (disability) scores. Also, various and/or subjective 
outcome endpoints are utilized.10,13 Unfortunately, even 
IXQFWLRQDO�VFRUHV�PD\�QRW�FRPSOHWHO\�UHÁHFW�WKH�SDWLHQW·V�
burden after treatment, particularly in those with minor 
functional impairment.14–16 This is especially so for brain-
stem lesions in which the interaction of brainstem nuclei, 
FUDQLDO� QHUYHV�� DQG� ÀEHU� WUDFWV� FDQ� FDXVH� YHU\� FRPSOH[�
symptoms interfering with the patient’s everyday activities 
even if they are not highly functionally disabling (balance 
problems, double vision, sensory disturbances, etc.).17 An 
optimal assessment of the patient’s postoperative physical 
DQG�SV\FKRORJLFDO�FRQGLWLRQ�VKRXOG�WKHUHIRUH�UHÁHFW�VXFK�
LPSDLUPHQW�� IRU� H[DPSOH�� E\� PHDVXULQJ� KHDOWK�UHODWHG�
quality of life (HRQOL),18�DQ[LHW\�DQG�GHSUHVVLRQ�19 or life 
satisfaction.20 Although these measures are not disease-
VSHFLÀF�EXW�DUH�JHQHULF�WRROV��WKH\�GR�SURYLGH�LQIRUPDWLRQ�
EH\RQG�PHUH�RUGLQDO� IXQFWLRQDO�VFRUHV�DQG�EHWWHU� UHÁHFW�
the patient’s everyday life situation. So far, only a very few 
VPDOO�VWXGLHV�KDYH�UHSRUWHG�RQ��IRU�H[DPSOH��SRVWRSHUDWLYH�
HRQOL in BSCM.21–23 Because our center has a relatively 
high number of patients with BSCM undergoing surgery, 
we performed a cross-sectional outcome study including 
multiple patient- and physician-reported outcome surveys 
�IXQFWLRQDO�RXWFRPH�DV�PHDVXUHG�E\�WKH�PRGLÀHG�5DQNLQ�
Scale [mRS], HRQOL per the SF-36 instrument and the 
��LWHP�/LIH�6DWLVIDFWLRQ�4XHVWLRQQDLUH�>/,6$7��@��DQ[LHW\�
DQG�GHSUHVVLRQ�DV�PHDVXUHG�E\�WKH�+RVSLWDO�$Q[LHW\�DQG�
Depression Scale [HADS], patient-reported cranial nerve 
and brainstem symptoms, and return-to-work status). We 
also evaluated how these different surveys correlated with 
each other and with established relative and absolute clini-
cal outcome endpoints after BSCM surgery. To put the re-
VXOWV�LQ�FRQWH[W��ZH�ÀQDOO\�FRPSDUHG�RXU�UHVXOWV�ZLWK�WKH�
HRQOL and HADS scores in a healthy population.

Methods
Study Design and Population

We performed a cross-sectional study of all patients 
surgically treated for BSCM in our department between 
January 1, 2003, and December 31, 2019. A standardized 
interview was performed (baseline medical information, 
socio-educational background, SF-36 questionnaire, De-

SUHVVLRQ�DQG�$Q[LHW\�6XEVFDOHV�RI�WKH�+$'6�>+$'6�'�
and HADS-A, respectively], LISAT-9, and cranial nerve 
and brainstem symptoms questionnaire).

The study was conducted according to the principles 
H[SUHVVHG� LQ� WKH�'HFODUDWLRQ�RI�+HOVLQNL�� DQG� ORFDO� HWK-
ics approval was obtained. Informed consent was obtained 
from all participants. The study was performed according 
to the STROBE protocol.

Inclusion Criteria
We included all patients aged 18–80 years who had un-

dergone surgical treatment for BSCM in the given time 
period with a minimum postoperative interval of 3 months 
and who agreed to participate.

Exclusion Criteria
:H�H[FOXGHG�SDWLHQWV�ZKR�KDG�XQGHUJRQH�DQ�LQYDVLYH�

medical treatment necessitating hospitalization within 3 
PRQWKV�SULRU�WR�WKH�LQWHUYLHZ�DQG�WKRVH�ZLWK�LQVXIÀFLHQW�
knowledge of the German language.

Data Collection and Survey
Clinical baseline data on patients and CCM were ob-

tained based on medical charts according to CCM report-
ing standards6�ERWK�SUH��DQG�SRVWRSHUDWLYHO\��VH[��DJH�DW�
surgery, CCM location in brainstem, history of multiple 
symptomatic hemorrhages, multiplicity of CCMs, known 
FKURQLF� GLVHDVH� >DV� GHÀQHG� E\� 6)���� FULWHULD@�18 known 
psychiatric disease, and degree of disability on the mRS). 
$Q�H[SHULHQFHG�QHXURUDGLRORJLVW�LQGHSHQGHQWO\�DVVHVVHG�
further radiological data (size of CCM, associated devel-
opmental venous anomaly [yes/no], and completeness 
of resection on postoperative MRI). In a standardized 
postoperative interview, we assessed HRQOL using the 
German version of the SF-36. The SF-36 questionnaire 
addresses 8 domains (physical functioning, role physi-
cal, bodily pain, general health perception, vitality, so-
cial functioning, role emotional, mental health, and the 
two component summary scores of physical health [PCS] 
and mental health [MCS]). Additionally, we assessed the 
German HADS score to evaluate symptom-based depres-
VLRQ�DQG�DQ[LHW\�����LWHP�TXHVWLRQQDLUH��DQG�WKH�/,6$7���
score to estimate satisfaction with life. The LISAT-9 con-
tains 1 question about life satisfaction as a whole and 8 
TXHVWLRQV� DERXW� GRPDLQ�VSHFLÀF� OLIH� VDWLVIDFWLRQ� �VHOI�
FDUH� DELOLW\�� OHLVXUH� WLPH�� YRFDWLRQDO� VLWXDWLRQ�� ÀQDQFLDO�
VLWXDWLRQ�� VH[XDO� OLIH�� SDUWQHUVKLS� UHODWLRQV�� IDPLO\� OLIH��
and contact with friends) and is scored on a 6-point scale 
UDQJLQJ� IURP�YHU\�XQVDWLVÀHG� ���� WR�YHU\� VDWLVÀHG� ����24 
During the interview, we also queried the presence of 
any residual brainstem or cranial nerve symptoms (facial 
QHUYH�SDOV\��KHDULQJ�SUREOHPV��DWD[LD��KHPLSDUHVLV��EDO-
DQFH�GLVWXUEDQFHV��GLVWXUEDQFH�RI�ÀQH�PRWRU�VNLOOV��YLVLRQ�
problems, double vision, nystagmus, deglutition distur-
bance, dysarthria, neuropathic pain, sensibility distur-
EDQFH��DQG�VH[XDO�G\VIXQFWLRQ���7KH�GLIIHUHQW�V\PSWRPV�
were outlined in detail for each patient in a standardized 
ZD\��:H�GLG�QRW�SHUIRUP�TXDQWLÀFDWLRQ�RI�V\PSWRPV��3UH-
operatively, the employed patients were asked if and when 
they planned to return to their former work or equivalent 
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positions. The interval between the questionnaire and 
surgery was calculated (months).

2XWFRPH�'HÀQLWLRQV
Relative Outcome

A minimum 1-point increase in the mRS score compared 
to the preoperative score at the time of the interview was de-
ÀQHG�DV�QHXURORJLFDO�GHWHULRUDWLRQ�RSHUDWLYH�PRUELGLW\�

Absolute Outcome
According to previous studies,25�DQ�P56�VFRUH�����ZDV�

GHÀQHG�DV�D�IDYRUDEOH�RXWFRPH��DQG�DQ�P56�VFRUH�!���ZDV�
GHÀQHG�DV�DQ�XQIDYRUDEOH�RXWFRPH�

Life Satisfaction Outcome
According to previous studies,24 LISAT-9 scores of 1–4 

ZHUH�GHÀQHG�DV�XQVDWLVÀHG�DQG�VFRUHV�RI��²��DV�VDWLVÀHG�

Reference Data
HRQOL in the study population was compared to that 

LQ�DQ�DJH��DQG�VH[�PDWFKHG�KHDOWK\�*HUPDQ�SRSXODWLRQ�18 
HADS mean values in the study population were also 
compared to those in a healthy German population.19

Statistical Analysis
Statistical analysis was performed using IBM SPSS 

6WDWLVWLFV�YHUVLRQ�����,%0�&RUS����1RPLQDO�GDWD�ZHUH�H[-
pressed as absolute numbers and valid percent, and contin-
XRXV�YDULDEOHV�ZHUH�H[SUHVVHG�DV�PHDQV���VWDQGDUG�GHYLD-
tions. A Shapiro-Wilk test was used to test data for normal 
distribution. Additionally, histograms and Q-Q plots were 
used. We used parametric statistics for between-group 
comparisons. In comparing continuous variables, we used 
the unpaired t-test or Mann-Whitney U-test. For categori-
FDO�YDULDEOHV��D�FKL�VTXDUH�RU�)LVKHU·V�H[DFW�WHVW��H[SHFWHG�
frequencies < 5) was applied. Using a German reference 
VDPSOH��ZH�FUHDWHG�D�VH[��DQG�DJH�PDWFKHG�����FDVH�FRQ-
trol sample. A comparison of mean values (SF-36 scores) 
was performed using the Student t-test preceded by Lev-
ene’s test. Effect size was reported using Cohen’s d.

To identify parameters with an impact on outcome/
scores, a bivariate correlation was performed. Accord-
ing to the variable character, Pearson’s, Spearman’s rho, 
or Kendall’s tau-b test was used. Clinically relevant and 
VLJQLÀFDQW�SDUDPHWHUV��S���������ZHUH�LQFOXGHG�LQ�D�OLQ-
ear or logistic regression analysis in terms of a stepwise 
model selection. To evaluate the association of outcome 
endpoints or functional scores with HRQOL scores, we 
performed a linear regression analysis and calculated R2 
DQG� WKH� UHJUHVVLRQ� FRHIÀFLHQW� %�� 7R� YLVXDOL]H� WKH� DVVR-
ciations, we calculated receiver operating characteristic 
(ROC) curves and analyzed the areas under the curve 
(AUCs). All tests were two-tailed (alpha = 0.05).

Results
Seventy-four of 95 patients were eligible for inclusion 

LQ�WKH�VWXG\��2I�WKH����SDWLHQWV�H[FOXGHG����GLG�QRW�DJUHH�WR�
participate and 17 did not have a complete data set or did 
not respond. The initial patient characteristics and post-

RSHUDWLYH� IXQFWLRQDO�RXWFRPH�GLG�QRW�GLIIHU� VLJQLÀFDQWO\�
between participating and nonparticipating patients (see 
Supplemental Table 1���)RUW\�ÀYH�RI�WKH�LQFOXGHG�SDWLHQWV�
������ZHUH�IHPDOH��7KH�PHDQ�DJH�ZDV��������������\HDUV�
(range 18–72 years). A chronic disease was found in 14 
patients (19%). A psychiatric disease was found in none 
of the patients. A history of symptomatic hemorrhage 
was found in all patients, and multiple hemorrhages were 
found in 37 patients (50%). Eighteen patients (24%) were 
initially unemployed or already retired; 56 patients (76%) 
were employed. Table 1 shows further baseline patient and 
CCM characteristics.

Outcome Endpoints
Outcomes were measured at the last follow-up, which 

ZDV�DW�D�PHDQ�RI�����������PRQWKV��UDQJH��²����PRQWKV���
Fifteen patients (20%) showed functional deterioration as 
indicated by a comparison to their preoperative mRS score 
�UHODWLYH�RXWFRPH�HQGSRLQW���6L[W\�SDWLHQWV�������VKRZHG�
D� IDYRUDEOH� RXWFRPH� �P56� VFRUH��� ��� DEVROXWH� RXWFRPH�
endpoint). The mortality rate was 0% among the included 
patients. Thirty-eight (68%) of the previously employed 
patients returned to their former positions; 18 (32%) were 
unable to return to their previous employment. In 1 patient 
(1%), resection of the CCM was rated as incomplete on 
postoperative MRI and revision surgery was performed. 
More details can be found in Table 1 and Fig. 1.

Predictors of a Favorable Outcome
Among the various parameters, only the size of the 

&&0��LQLWLDO�P56�VFRUH��������DQG�NQRZQ�FKURQLF�GLVHDVH�
ZHUH�VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�D�IDYRUDEOH�RXWFRPH�LQ�
the bivariate analysis. In the multivariate logistic regres-
VLRQ�DQDO\VLV��RQO\�LQLWLDO�P56�VFRUH�������VWD\HG�VLJQLÀ-
cant (p = 0.002, OR 10.89, 95% CI 2.36–50.25; Supple-
mental Table 2).

SF-36 Results
In the overall cohort, several SF-36 subdomains (physi-

cal functioning, role physical, general health perception, 
vitality, and social functioning) and the PCS showed sig-
QLÀFDQWO\�ORZHU�YDOXHV�FRPSDUHG�WR�WKRVH�LQ�WKH�KHDOWK\�
SRSXODWLRQ��$IWHU�VWUDWLÀFDWLRQ�E\�RXWFRPH��SDWLHQWV�ZLWK�D�
favorable outcome showed results comparable to those in 
WKH�KHDOWK\�SRSXODWLRQ��H[FHSW�IRU�UROH�SK\VLFDO��&RKHQ·V�G�
= small effect) and PCS (Cohen’s d = small effect). Patients 
with an unfavorable outcome showed decreased scores in 
DOO�LWHPV�H[FHSW�ERGLO\�SDLQ��DQG�WKH�HIIHFWV�ZHUH�PDLQO\�
PHGLXP� DQG� ODUJH� �7DEOH� ���� $V� H[SHFWHG�� 3&6� VFRUHV�
tended to increase as the time from surgery increased, re-
ÁHFWLQJ�WKH�W\SLFDO�QHXURORJLFDO�UHFRYHU\�IURP�WHPSRUDU\�
GHÀFLWV�DIWHU�VXUJHU\��6XFK�DQ�HIIHFW�ZDV�QRW�REVHUYHG�IRU�
MCS (Supplemental Fig. 1). 

HADS Results
In the overall cohort, the mean HADS-A scores were 

����������IRU�PDOH�SDWLHQWV�DQG�����������IRU�IHPDOH�SDWLHQWV��
7KH�PHDQ�+$'6�'�VFRUHV�ZHUH�����������DQG������������
respectively. Differences with the healthy population (as 
PHDVXUHG�E\�HIIHFW�VL]H��ZHUH�QHJOLJLEOH�H[FHSW�IRU�VOLJKWO\�
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increased depression symptoms in females. After strati-
ÀFDWLRQ� E\� RXWFRPH�� SDWLHQWV� ZLWK� D� IDYRUDEOH� RXWFRPH�
showed normal values. Patients with an unfavorable out-
FRPH�VKRZHG�VLJQLÀFDQWO\�LQFUHDVHG�DQ[LHW\�DQG�GHSUHV-
VLRQ�V\PSWRPV��PDOH��RU�H[FOXVLYHO\�LQFUHDVHG�GHSUHVVLRQ�
symptoms (female), all with a medium effect size (Table 2).

LISAT-9 Results
Results of the LISAT-9 are listed in Table 3. Patients 

ZLWK�D�IDYRUDEOH�RXWFRPH�VKRZHG�VLJQLÀFDQWO\�EHWWHU�UH-
VXOWV� WKDQ� WKH�SDWLHQWV�ZLWK�DQ�XQIDYRUDEOH�RXWFRPH��H[-
cept for partnership and family life). To put the results in 
FRQWH[W��ZH�DGGHG�´UHIHUHQFH�VFRUHVµ�IRU�D�KHDOWK\�SRSXOD-
tion sample30 and a sample of patients 1 year after stroke.31

Patient-Reported Cranial Nerve and Brainstem Symptoms
Details of frequencies in patient-reported symptoms are 

OLVWHG�LQ�7DEOH����%LYDULDWH�DQDO\VLV�VKRZHG�VLJQLÀFDQW�DVVR-
ciations for several symptoms, especially physical HRQOL 
(PCS). In the multivariate analysis, none of the associations 
UHPDLQHG�VLJQLÀFDQW�� ,Q�D� IXUWKHU�VHQVLWLYLW\�DQDO\VLV��ZH�
assessed different combinations of symptoms (both being 
present in one patient). Here we found that especially bal-
DQFH�GLVWXUEDQFH��EDODQFH�GLVRUGHU�DQG�DWD[LD��ZDV�VLJQLÀ-
cantly associated with physical HRQOL (multivariate, p = 
�������FRHIÀFLHQW� �ï��������Supplemental Table 3).

Correlation of HRQOL With Established Outcome 
Endpoints

Postoperative mRS strongly correlated with PCS (p = 
0.000, R2 = 0.49) and less strongly with MCS (p = 0.001, 
R2 = 0.14). However, the variance of mean PCS values sig-
QLÀFDQWO\�LQFUHDVHG�ZLWK�WKH�P56�VFRUH��IURP������P56�
0) to 68.3 (mRS 1) to 98.8 (mRS 2) and to 118.7 (mRS 3).

$EVROXWH�RXWFRPH�HQGSRLQW��P56������VWURQJO\�FRUUH-
lated with PCS (p = 0.000, R2 = 0.28) and less with MCS 
(p = 0.002, R2� ��������7KHVH�YDOXHV�ZHUH�ORZHU�QRW�VLJQLÀ-
cant for the relative outcome endpoint (deterioration of at 
least 1 point in the mRS score; p = 0.003, R2 = 0.12 and p 
= 0.191, R2 = 0.02, respectively). Accordingly, AUC values 
in the ROC analysis showed good and fair values for the 
absolute outcome endpoint for PCS and MCS, respectively 
(AUC = 0.870 and 0.743). The relative outcome endpoint 
showed only fair and poor accuracy (AUC = 0.729 and 
0.620; Fig. 2).

Discussion
We present a detailed outcome analysis of a large co-

hort of patients after surgery for BSCM. According to the 
most recent meta-analysis,10� RXU� VHULHV� LV� WKH� VL[WK� ODUJ-
est single-center series of those published since 1986. The 
meta-analysis summarized 86 studies comprising 2493 
patients (range 3–397 patients, median 11.5 per series), 
demonstrating how rarely surgery for BSCM is performed. 
Most series, however, have reported outcome solely based 
on functional scores or clinical evaluation. Further out-
come measurements, including HRQOL, have only been 
reported in 3 other series with 17,22 22,23 and 7121 patients.

Compared to meta-analysis results,9,10 the long-term 

TABLE 1. Baseline characteristics and outcome in 74 patients 
with BSCM treated with surgery

Variable Value

Baseline characteristics (n = 74)
 Female sex 45 (61%)
 Mean age in yrs 40.4 ± 12.10
 Chronic disease 14 (19%)
 Psychiatric disease 0 (0%)
 Multiple CCMs 5 (7%)
 Multiple SHs 37 (50%)
 Initial mRS score
  0
  1
  2
  3
  4
  5

2 (3%)
26 (35%)
24 (32%)
13 (18%)
9 (12%)
0 (0%)

 Mean BSCM size in mm 17.8 ± 7.3
 Associated DVA 22 (30%)
 Location
  Medullary
  Pontomedullary
  Pontine
  Pontomesenphalic
  Mesencephalic

7 (9%)
15 (20%)
30 (41%)

8 (11%)
14 (19%)

Ouctome (n = 74)
 Mean time since surgery in mos (range) 53 ± 44.5 (3–177)
 Functional deterioration at last FU 15 (20%)
 Functional score equal or better at last FU 59 (80%)
 Favorable outcome 60 (81%)
 Unfavorable outcome 14 (19%)
 Mortality 0 (0%)
 mRS score at last FU
  0
  1
  2
  3
  4
  5

8 (11%)
27 (37%)
25 (34%)

7 (10%)
6 (8%)
1 (1%)

 RTW 38 (68%*, 76%†)
 Mean time to RTW in mos (range) 7.6 ± 5.7 (1–24)
� )DYRUDEOH�RXWFRPH�DV�VWUDWL¿HG by initial 
 mRS score
  0
  1
  2
  3
  4

2 (100%)
26 (100%)
21 (88%)
5 (38%)
6 (67%)

DVA = deep venous anomaly; FU = follow-up; n = number of patients; RTW = 
return to work; SH = symptomatic hemorrhage.
Values are expressed as number (%) of patients or mean ± standard deviation. 
* Among the previously employed. 
† Among those with a favorable outcome who were previously employed.
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relative functional outcome in our series (20% function-
al deterioration) was within the same range (18.3% and 
16%, respectively). Compared to the largest single-center 
VHULHV� GHÀQLQJ� DQG� UHSRUWLQJ� DEVROXWH� IXQFWLRQDO� VFRUH²
based outcomes, our series showed identical results (19% 
YV��������UHVSHFWLYHO\�XQIDYRUDEOH�RXWFRPH�>P56�!��@��25 
The mean age and distribution of CCM over the brainstem 
were also comparable to those in other large series.25,26 
Overall, our study lies within the range of functional out-
comes and patient characteristics reported in other series, 
ZKLFK� LQFUHDVHV� WKH�H[WHUQDO�YDOLGLW\�RI�RXU�DGGLWLRQDOO\�
reported outcomes.

7KH� RYHUDOO� FRKRUW� VKRZHG� VLJQLÀFDQWO\� LPSDLUHG�
HRQOL subdomains and component scores compared to 
WKRVH�LQ�DQ�DJH��DQG�VH[�PDWFKHG�KHDOWK\�SRSXODWLRQ��6FRUHV�
were strongly decreased in patients with an unfavorable 

outcome. However, in patients with a favorable outcome, the 
PCS was slightly decreased compared to that in the healthy 
population. Notably, a decrease of 2 points in the compo-
nent scores (and 5 points in the subdomains) is regarded as 
a clinically and psychosocially relevant decrease.27,28

The impact on patients with an unfavorable outcome 
LV�DOVR�UHÁHFWHG�E\�WKH�VWURQJO\�LQFUHDVHG�GHSUHVVLRQ�DQG�
DQ[LHW\�VFRUHV�FRPSDUHG�WR�WKRVH�LQ�WKH�KHDOWK\�SRSXOD-
tion. Also, the relatively low rate of patients returning to 
WKHLU�IRUPHU�HPSOR\PHQW�UHÁHFWV�WKLV��DSSUR[LPDWHO\�����
ZLWK�D�IDYRUDEOH�RXWFRPH��DSSUR[LPDWHO\�����ZLWK�DQ�XQ-
IDYRUDEOH�RXWFRPH���)RU�H[DPSOH��DIWHU�XQUXSWXUHG�DQHX-
rysm treatment, this rate is around 90%.29

While satisfaction in life has not been previously as-
sessed in BSCM and healthy population data are limited, 
WKH�UHVXOWV�DUH�GLIÀFXOW�WR�SXW�LQWR�FRQWH[W��&RPSDUHG�ZLWK�

FIG. 1. Proportion of patients returning to former employment after surgery. Upper: Overall cohort. Lower: Patients stratified by 
outcome. Red = favorable outcome; blue = unfavorable outcome. Figure is available in color online only.
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TABLE 2. SF-36 and HADS-A and -D results for the entire cohort and subgroups

Scale

Overall Cohort (n = 74) Favorable Outcome (n = 60) Unfavorable Outcome (n = 14)
Reference 

Sample* (n = 74)

Mean SD p Value†
Effect 
Size‡ Mean SD p Value†

Effect 
Size‡ Mean SD p Value†

Effect 
Size‡ Mean SD

SF-36 scores
 Physical  
 health  
 subdomains
  PF 68.37 32.90 0.000 Small 78.66 24.40 0.080 NA 24.28 28.20 0.000 Large 86.01 23.43
  RP 53.26 45.53 0.000 Small 62.36 42.78 0.003 Small 14.28 36.31 0.000 Medium 82.77 33.59
  BP 80.47 27.62 0.578 NA 83.31 25.39 0.248 NA 68.28 34.08 0.266 NA 77.89 28.47
  GH 61.97 23.48 0.003 Small 66.82 20.43 0.111 NA 41.21 25.09 0.000 Medium 72.12 17.02
  VT 52.56 20.24 0.024 Small 56.16 19.29 0.291 NA 37.14 17.17 0.000 Medium 59.52 16.80
 Mental health  
 subdomains
  SF 71.79 31.31 0.001 Small 80.00 26.85 0.173 NA 36.60 24.25 0.000 Medium 85.64 19.03
  RE 71.62 41.17 0.125 NA 78.88 37.31 0.704 NA 40.47 43.71 0.000 Medium 81.27 34.24
  MH 69.83 17.93 0.892 NA 73.46 16.20 0.247 NA 54.28 17.16 0.001 Medium 70.21 15.90
 Component  
 scores
  PCS 44.61 11.71 0.000 Small 47.59 9.98 0.047 Small 31.80 10.02 0.000 Medium 51.20 10.55
  MCS 47.51 10.82 0.537 NA 49.32 9.82 0.643 NA 39.78 11.84 0.003 Small 47.51 9.28
HADS scores
 HADS-A
  M
  F

5.7
5.1

4.6
3.3

0.253
0.011

NA
None

4.9
4.9

3.5
4.5

0.682
0.019

NA
None

9.1
6.0

3.9
2.2

0.0001
0.732

Medium
NA

5.1
6.3

3.0
3.2

 HADS-D
  M
  F

5.1
5.0

4.7
4.5

0.014
0.001

None
Small

3.7
3.7

3.4
3.8

0.99
0.322

NA
NA

10.3
10.6

4.3
4.8

0.0001
0.0001

Medium
Medium

3.7§
3.2§

2.7§
2.6§

BP = bodily pain; GH = general health perception; MH = mental health; NA = not available; PF = physical functioning; RE = role emotional; RP = role physical; SF = social 
functioning; VT = vitality.
%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿FDQFH�
* Age- and sex-matched sample from German reference cohort. 
† As compared to age- and sex-matched reference sample (Student t-test). 
‡ As measured by Cohen’s d:  >0.2, small effect; >0.5, medium effect; >0.8, large effect. 
§ Reference values for HADS-D are normative values from the German population.

TABLE 3. LISAT-9 results

Domain
Overall Cohort  

(n = 63) 
Favorable Outcome 

(n = 52)
Unfavorable Outcome 

(n = 11) p Value*
1RQVSHFL¿F�3DWLHQW�
Population (n = 69)†

Patients 1 Year After 
Stroke (n = 119)‡

Life as a whole 31 (49%) 31 (60%) 0 (0%) 0.000 75% 49%
Self-care ability 40 (63%) 37 (71%) 3 (27%) 0.006 100% 90%
Leisure time 30 (48%) 29 (56%) 1 (9%) 0.005 71% 48%
Vocational situation 27 (43%) 26 (50%) 1 (9%) 0.013 69% 55%
Financial situation 36 (57%) 33 (63%) 3 (27%) 0.028 48% 59%
Sexual life 30 (48%) 29 (56%) 1 (9%) 0.005 65% 33%
Partnership 46 (73%) 40 (77%) 6 (55%) 0.129 64% 72%
Family life 51 (81%) 44 (85%) 7 (64%) 0.107 74% 78%
Contact w/ friends 47 (75%) 44 (85%) 3 (27%) 0.000 81% 58%

9DOXHV�DUH�H[SUHVVHG�DV�QXPEHU������UHSUHVHQWLQJ�WKH�VDWLV¿HG�SDWLHQWV��/,6$7���VFRUHV�RI��±��ZHUH�GH¿QHG�DV�VDWLV¿HG��%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿-
cance.
* Favorable and unfavorable outcomes compared using the chi-square test.
† Patients reporting satisfaction before trauma surgery (normal population). 
‡ Patients reporting 1 year after a stroke.
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that in unaffected patients30 or patients 1 year after stroke,31 
it is notable that especially satisfaction in self-care ability 
was low, even in cases with a favorable outcome. An unfa-
vorable outcome led to a massive reduction in satisfaction 
LQ�DOO�GRPDLQV�RI�OLIH��H[FHSW�IDPLO\�OLIH�DQG�SDUWQHUVKLS��

Cranial nerve and brainstem symptoms in this series 
were assessed using patient-reported categorical data. This 
may have led to an overreporting of symptoms (whereas 
physician-reported outcomes are prone to underreporting 
of symptoms).32 However, it has been shown that patient-
reported symptoms enhance HRQOL assessment and 
outcome discrimination in clinical trials.32 Most impor-
tantly, we found a strong association between balance dis-
orders and HRQOL, meaning that among cranial nerve 
and brainstem symptoms, any disturbance in balance and 
WKH�SUHVHQFH�RI�DWD[LD�UHGXFHG�SK\VLFDO��DQG�OHVV�PHQWDO��
+542/� PRVW� VLJQLÀFDQWO\�� $GGLWLRQDOO\�� WR� WKH� EHVW� RI�
RXU�NQRZOHGJH��VH[XDO�G\VIXQFWLRQ��DQG�VDWLVIDFWLRQ�ZLWK�
VH[XDO�OLIH���D�SRWHQWLDO�SRVWRSHUDWLYH�FRPSOLFDWLRQ�DQG�LP-
SRUWDQW�DVSHFW�RI�+542/��KDV�EHHQ�DVVHVVHG�IRU�WKH�ÀUVW�
time with this study.

Regarding outcome reporting after BSCM surgery 
LQ� JHQHUDO�� DQ� LPSRUWDQW� ÀQGLQJ� RI� RXU� VWXG\� ZDV� WKDW�
+542/�LV�PRUH�SUHFLVHO\�UHÁHFWHG�E\�XVLQJ�DEVROXWH�RXW-
come endpoints, that is, based on the mRS, rather than rel-
ative outcome endpoints. The general superiority of abso-
lute over relative outcome measures in evaluating outcome 

has been discussed elsewhere.33 To note, variance in the 
+542/�FRPSRQHQW�VFRUHV�LQFUHDVHG�VLJQLÀFDQWO\�DV�WKH�
mRS score increased. This means that in individual cases, 
lower mRS outcome scores of 1 or 2 were also associated 
with decreased HRQOL and vice versa in this study.

,Q�VXPPDU\��WKLV�VWXG\�PHWLFXORXVO\�UHÁHFWV�WKH�SRWHQ-
tial multidimensional impact on patients after surgery for 
BSCM. To note, nearly all patients with an unfavorable 
RXWFRPH�ZHUH�DOUHDG\� LQLWLDOO\�VHYHUHO\�GLVDEOHG��P56�!�
2) by the CCM hemorrhage itself. This is, in general, not 
infrequent after BSCM hemorrhage.8 Only 6% of patients 
ZLWK�D�SUHRSHUDWLYH�P56�VFRUH�RI��²��H[SHULHQFHG�DQ�XQID-
vorable outcome in this series. Accordingly, a preoperative 
mRS score of 0–2 was an independent predictor of a favor-
able outcome (p = 0.002, OR 10.89, 95% CI 2.36–50.25). 
However, the natural course even after a severe bleeding, 
as well as the potential recovery from symptoms, remains 
hard to predict and could be benign.11 In addition, even pa-
tients with favorable outcomes frequently reported residual 
symptoms, especially those that were strongly associated 
with a decreased HRQOL (52% balance disorders). A sat-
LVIDFWLRQ�UDWH�RI�RQO\�����LQ�VHOI�FDUH�DELOLW\�DOVR�UHÁHFWV�
substantial impairment in everyday life in these patients.

$OWKRXJK� SDWLHQWV�PD\� OLYH� D� UHODWLYHO\� ´QRUPDOµ� OLIH�
after resection of their BSCM and attain a favorable out-
come, the burden after surgery is substantial when this is 
not achieved. This dilemma emphasizes the importance 

TABLE 4. Patient-reported cranial nerve and brainstem symptoms

Symptom

Frequency 
Among 
Overall 
Cohort  
(n = 74)

Frequency 
Among 

Favorable 
Outcome  
(n = 60)

Association w/  
Impairment of 

Physical HRQOL* 
(bivariate)

Association w/ 
Impairment of 

Physical HRQOL* 
(multivariate)

Association w/  
Impairment of 

Mental HRQOL† 
(bivariate)

Association w/  
Impairment of 

Mental HRQOL† 
(multivariate)

&RHI¿FLHQW p Value &RHI¿FLHQW p Value &RHI¿FLHQW p Value &RHI¿FLHQW p Value

Facial nerve palsy–dysarthria
 Facial nerve palsy
 Dysarthria

21 (28%)
14 (19%)

6 (10%)
8 (13%)

<0.196
<0.298

0.043
0.001

<3.688
0.027

0.177
0.994

<0.058
<0.132

0.550
0.172

NA
NA

NA
NA

Hearing impairment 23 (31%) 18 (30%) <0.061 0.529 NA NA <0.124 0.200 NA NA
Motor symptoms
 Hemiparesis
 Fine motor skills impairment

18 (24%)
45 (61%)

10 (17%)
31 (52%)

<0.338
<0.301

0.000
0.002

<4.885
<0.272

0.087
0.919

<0.033
<0.235

0.734
0.015

NA
<2.434

NA
0.403

Balance 
 Balance disorder
 Ataxia

44 (59%)
35 (47%)

31 (52%)
21 (35%)

0.364
0.444

0.000
0.000

<3.864
<5.351

0.141
0.071

<0.194
<0.265

0.045
0.006

<2.072
<2.241

0.449
0.451

Vision impairment
 Vision impairment
 Double vision
 Nystagmus
 Surgery for double vision

23 (31%)
30 (41%)
13 (18%)
9 (12%)

12 (20%)
21 (35%)
7 (12%)
8 (13%)

<0.239
<0.273
<0.328

0.014
0.005
0.001

<0.246
<1.622
<5.654

0.935
0.548
0.133

<0.277
<0.075
<0.179

0.004
0.439
0.065

<4.380
NA
NA

0.127 
NA
NA

Caudal cranial nerve impairment 7 (9%) 5 (8%) <0.005 0.963 NA NA <0.021 0.829 NA NA
Sensory disorder
 Sensory disorder
 Pain
 Sexual dysfunction

38 (51%)
19 (26%)
14 (19%)

29 (48%)
14 (23%)
8 (13%)

<0.220
<0.305
<0.333

0.023
0.002
0.001

<2.451
<1.050
<2.458

0.329
0.707
0.476

0.021
<0.194
<0.086

0.825
0.045
0.377

NA
<3.211

NA

NA
0.127

NA

9DOXHV�H[SUHVVHG�DV�QXPEHU������UHSUHVHQWLQJ�VDWLV¿HG�SDWLHQWV��%ROGIDFH�W\SH�LQGLFDWHV�VWDWLVWLFDO�VLJQL¿FDQFH�
* Physical component score used.
† Mental component score used.
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LQ� IXUWKHU� LPSURYLQJ� WKH� LGHQWLÀFDWLRQ� RI� ´LGHDOµ� FDQGL-
dates for surgery and specifying these indications in future 
JXLGHOLQHV��0RUHRYHU��ZH�VKRXOG�EH�DZDUH� WKDW�D�´IDYRU-
DEOH�RXWFRPHµ�DIWHU�%6&0�VXUJHU\�DV�ZH�GHÀQH� LW�GRHV�
QRW�QHFHVVDULO\� UHÁHFW�D�JRRG�+542/�RU� VDWLVIDFWLRQ� LQ�
life in all patients (especially in those with an mRS score 
of 2). This is even more relevant when using relative out-
come endpoints.

Study Limitations
This study has several limitations. It is not a compara-

tive study with randomized treatment allocation. The 
presumed natural untreated course of patients remains 
unclear, and outcome cannot be compared to that in un-
treated or otherwise-treated BSCM. The initial selection 
IRU�WUHDWPHQW�ZDV�QRW�EDVHG�RQ�SUHGHÀQHG�FULWHULD��DV�VXFK�
FULWHULD�GR�QRW�H[LVW�\HW�

Some data were assessed retrospectively and are thus 
susceptible to information and selection bias. Although 
this is a relatively large series, absolute numbers were 
small, probably over- or underestimating effects. Longitu-
dinal data offer more information, but they were not avail-
able in our study. In addition, preoperative scores after di-

agnosis of symptomatic hemorrhage of a BSCM would be 
GLIÀFXOW�WR�SXW�LQWR�FRQWH[W��DV�WKHVH�DFXWH�VLWXDWLRQV�LQWHU-
fere with HRQOL perception.18 Comparisons with healthy 
populations (as performed in this study) may deliver even 
more reliable results.

Conclusions
Our data can improve patient counseling and decision-

making in BSCM treatment and may function as a bench-
mark. We report outcomes after BSCM surgery in high de-
tail, emphasizing the impact of cranial nerve and brainstem 
symptoms on HRQOL. When reporting BSCM surgery 
outcomes, absolute outcome endpoints should be applied.
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Zusammenfassung 
 

Die operative Versorgung von PatientInnen mit kavernösen Malformationen des Hirnstammes brainstem 
cavernous malformation (BSCM) ist Gegenstand intensiver Diskussion. Zur Stellung der 
Operationsindikation können verschiedene Klassifikationen zur Hand genommen werden, die das 
postoperative Outcome der PatientInnen vorhersagen und somit solche identifizieren, die von einer 
operativen Kavernomexstirpation profitieren könnten. Ungeklärt bleibt, wie zuverlässig diese 
Klassifikationssysteme arbeiten und inwieweit auch psychosoziale Einschränkungen in die präoperative 
Entscheidungsfindung integriert werden sollten. In der vorliegenden Studie wurden die verfügbaren 
Klassifikationen hinsichtlich ihrer Aussagekraft untersucht zunächst In einem ersten Schritt die 
prognostische Wertigkeit und die Reproduzierbarkeit von zwei Klassifikationssystemen. Anschließend 
wurde evaluiert, in-wieweit das postoperative Outcome mit dem Auftreten von psychosozialen 
Einschränkungen korreliert. Für diese Studie wurde eine Datenbank mit BSCM PatientInnen (⇥ 18 Jahre) 
herangezogen und durch 3 unabhängige Beobachter klassifiziert, welche zwischen 2003 und 2019 in der 
Abteilung der Autoren chirurgisch behandelt wurden. Perioperative klinische Aufzeichnungen sowie 
präoperative  Magnetresonanztomographie -Untersuchungen wurden analysiert. Für einen 
Studieneinschluss wurde ein postoperatives Follow-Up von ⇥ 6 Monaten (prognostische Wertigkeit, 
Reproduzierbarkeit) bzw. ⇥ 3 Monaten (psychosoziale Einschränkungen) gefordert. Das funktionelle 
neurologische Outcome wurde anhand des Modified Rankin Scale (mRS)-Scores  bewertet. Für die 
Bestimmung der psychosozialen Einschränkungen wurde die gesundheitsbezogene Lebensqualität 
(HRQOL) mit Hilfe des Short Form Health Survey-36 (SF-36) und des 9-item Life Satisfaction 
Questionnaire (LISAT-9) herangezogen  /     psychologische Outcome mit Hilfe der Hospital Anxiety and 
Depression Scale (HADS) und der Zeitpunkt der Rückkehr in die frühere Beschäftigung erhoben sowie für 
eine nähere Einordnung der SF-36- und HADS-Werte ein Vergleich zur Normalbevölkerung gezogen. 
Ingsgesamt wurden 67 PatientInnen in die Analyse eingeschlossen. Mehrfachblutungen, 
Kavernomdurchmesser und Patientenalter (>50 Jahre) wurden als Prädiktoren für ein ungünstiges 
postoperatives Funktionsergebnis beobachtet. Eine kombinierte Verwendung der beiden 
Klassifikationssysteme erhöhte die Aussagekraft deutlich. Für die Erfassung von psychosozialen 
Einschränkungen wurden 74 PatientInnen in die Analyse eingeschlossen. Die HRQOL war nach einer 
BSCM-Operation beeinträchtigt. Diese   Beeinträchtigung war erheblich bei PatientInnen mit einem 
ungünstigen funktionellen Ergebnis (mRS > 2), war aber auch bei denen mit einem günstigen Ergebnis 
(mRS ≤ 2) in ausgewählten Bereichen vorhanden. Vor allem Hirnstamm- und Hirnnervensymptome wie 
Gleichgewichtsstörungen reduzieren die Zufriedenheit bei PatientInnen. Unsere Analyse zeigt, dass die 
derzeit verfügbaren Klassifizierungssysteme geeignete Instrumente sind, um das neurologische 
Ergebnis nach einer BSCM-Operation abzuschätzen, hierfür sollte eine Klassifizierung der BSCM 
Patienten präoperativ anhand verfügbarer Klassifikationssysteme erfolgen, absolute Endpunkte 
verwendet und psychosoziale Aspekte berücksichtigt werden .  
Mit unseren Studienergebnis sen hoffen wir, einen sinnvollen Beitrag zur 
Therapiestratifizierung von BSCM-PatientInnen zu leisten. 
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Summary 
 
Treatment indications for patients with brainstem cavernous malformations (BSCMs) remain 
difficult and controversial. Some authors have tried to establish classification tools to identify 
eligible candidates for surgery. Authors of this study aimed to validate the performance and 
replicability of two proposed BSCM grading systems, the Lawton- Garcia (LG) and the 
Dammann-Sure (DS) systems, as well as assess the outcome after surgery BSCMs using 
functional, health-related quality of life (HRQOL), and psychological surveys to analyze the 
interrelation of these measurements, and to compare HRQOL and anxiety and depression 
scores with those in a healthy population. For this cross-sectional study, a database was 
screened for patients with BSCM treated surgically between 2003 and 2019 in the authors’ 
department. Complete clinical records, preoperative contrast-enhanced MRI, and a post- 
operative follow-up ≥ 6 months were mandatory for study inclusion. The modified Rankin 
Scale (mRS) score was determined to quantify neurological function outcome. Three observers 
independently determined the LG and the DS score for each patient. Additionally, we assessed 
health-related quality of life (HRQOL) via the SF-36 and 9-item Life Satisfaction 
Questionnaire (LISAT-9), cranial nerve and brainstem function using a questionnaire, 
symptom-based psychological outcome via the Hospital Anxiety and Depression Scale 
(HADS), and timepoint of a return to previous employment. We analyzed the correlation 
between absolute (mRS score ≤ 2) and relative (postoperative deterioration in initial mRS 
score) outcome endpoints and the interrelation of the outcome measures and performed a 
comparison of HRQOL and HADS scores with findings in a healthy population. A total of 67 
patients met selection criteria to validate the performance and replicability of proposed BSCM 
grading systems. Univariate and multivariate analyses identified multiple bleedings (p = 0.02, 
OR 5.59), lesion diameter (> 20 mm, p = 0.007, OR 5.43), and patient age (> 50 years, p = 
0.019, OR 4.26) as predictors of an unfavorable postoperative functional outcome. Both the LG 
(area und the curve (AUC) = 0.72, p = 0.01) and the DS (AUC = 0.78, p < 0.01) scores were 
robust tools to estimate patient outcome. Subgroup analyses confirmed this observation for 
both grading systems (LG: p = 0.005, odds ration (OR) 6; DS: p = 0.026, OR 4.5), but the 
combined use of the two scales enhanced the test performance significantly (p = 0.001, OR 
22.5). Moreover, 74 patients where eligible to assess possible psychosocial impairments after 
surgery. HRQOL was impaired after surgery for BSCM compared to that in a healthy 
population. This impairment was substantial in patients with an unfavorable functional out- 
come (mRS > 2) but was also present in those with a favorable outcome (mRS ≤ 2) in selected 
domains. Psychological impairment was negligible in patients with a favorable outcome and 
grave in those with an unfavorable outcome. LISAT-9 results revealed that brainstem and 
cranial nerve symptoms reduce satisfaction mainly in self-care abilities for both unfavorable 
and favorable outcome patients. Among the brainstem and cranial nerve symptoms, balance 
impairment showed the most significant impact on HRQOL. Absolute outcome endpoints were 
superior to relative outcome endpoints in reflecting impairment in HRQOL after surgery. 
Currently available classification systems are appropriate tools to estimate the neurological 
outcome after BSCM surgery. Future studies are needed to design an advanced scoring system, 
incorporating items from the LG and the DS score systems. Moreover, we report outcomes 
after BSCM surgery in high detail, emphasizing the specific impact of cranial nerve and 
brainstem symptoms on HRQOL. When reporting BSCM surgery outcome, absolute out- come 
endpoints should be applied. 
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