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DEEP brain stimulation is currently used to treat 
medically intractable Parkinson disease,3,4,16 essen-
tial tremor,1 congenital and acquired dystonias,7,15 

and other movement disorders.9 Class I evidence now sup-
ports its use in patients with advanced Parkinson disease, 
in comparison with best medical therapy.3,4,16 Deep brain 
stimulation electrodes have conventionally been placed us-
ing frame-based stereotaxy with MER and physiological 
mapping of target structures. However, there is no extant 
Class I or II evidence demonstrating that MER improves 
WKH�VDIHW\��DFFXUDF\��RU�HIÀFDF\�RI�'%6�HOHFWURGH�LPSODQ-

tation. In fact, it has been recently suggested that MER in-
WURGXFHV�VLJQLÀFDQW�DGGLWLRQDO�ULVN�5,17

In the early stereotactic era, MER provided physio-
ORJLFDO�YHULÀFDWLRQ�RI�WDUJHW�DFTXLVLWLRQ�EDVHG�RQ�YHQWULFX-
lography-based coordinates. Although MER systems have 
improved dramatically, MER still requires special equip-
ment and expertise, requires dedicated intraoperative time 
to perform the recordings, and in most cases mandates that 
procedures are performed on awake patients under local 
anesthesia. Advanced MRI now allows direct visualiza-
tion of target centers, a development that should reasonably 
raise the question of MER’s value for routine movement 
disorder surgery.

We describe the methodology involved in and the ac-
FXUDF\�RI�'%6�HOHFWURGH�SODFHPHQW�LQ�SDWLHQWV�XQGHU�JHQ-
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Object. In this prospective study the authors’ objective was to evaluate the accuracy of deep brain stimulation 
�'%6��HOHFWURGH�SODFHPHQW�XVLQJ�LPDJH�JXLGDQFH�IRU�GLUHFW�DQDWRPLFDO�WDUJHWLQJ�ZLWK�LQWUDRSHUDWLYH�&7�

Methods.�3UHRSHUDWLYH���7�05� LPDJHV�ZHUH�PHUJHG�ZLWK� LQWUDRSHUDWLYH�&7� LPDJHV� IRU�SODQQLQJ��(OHFWURGH�
targets were anatomical, based on the MR images. A skull-mounted NexFrame system was used for electrode place-
PHQW��DQG�DOO�SURFHGXUHV�ZHUH�SHUIRUPHG�XQGHU�JHQHUDO�DQHVWKHVLD��$IWHU�HOHFWURGH�SODFHPHQW��LQWUDRSHUDWLYH�&7�LP-
ages were merged with trajectory planning images to calculate accuracy. Accuracy was assessed by both vector error 
and deviation off the planned trajectory.

Results.�6L[W\�SDWLHQWV�����ZLWK�3DUNLQVRQ�GLVHDVH�����ZLWK�HVVHQWLDO�WUHPRU��DQG���ZLWK�G\VWRQLD��XQGHUZHQW�WKH�
procedure. Patient’s mean age was 64 ( 9.5 years. Over an 18-month period, 119 electrodes were placed (all bilateral, 
H[FHSW�RQH���(OHFWURGH�LPSODQW�ORFDWLRQV�ZHUH�WKH�YHQWUDO�LQWHUPHGLDWH�QXFOHXV��9,0���JOREXV�SDOOLGXV�LQWHUQXV��*3,���
DQG�VXEWKDODPLF�QXFOHXV��671��LQ���������DQG����SDWLHQWV��UHVSHFWLYHO\��7DUJHW�DFFXUDF\�PHDVXUHPHQWV�ZHUH�DV�IRO-
lows: mean vector error 1.59 ( 1.11 mm and mean deviation off trajectory 1.24 (������PP��7KHUH�ZDV�QR�VWDWLVWLFDOO\�
VLJQLÀFDQW�GLIIHUHQFH�EHWZHHQ� WKH�DFFXUDF\�RI� OHIW�DQG�ULJKW�EUDLQ�HOHFWURGHV��7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLÀFDQW�
�QHJDWLYH��FRUUHODWLRQ�EHWZHHQ�WKH�GLVWDQFH�RI�WKH�FORVHVW�DSSURDFK�RI�WKH�HOHFWURGH�WUDMHFWRU\�WR�WKH�YHQWULFXODU�ZDOO�
of the lateral ventricle and vector error (r2 = <�������S���������Q� ������DQG�WKH�GHYLDWLRQ�IURP�WKH�SODQQHG�WUDMHFWRU\�
(r2 = <�������S���������Q� ������)XUWKHUPRUH��ZKHQ�WKH�GLVWDQFH�IURP�WKH�HOHFWURGH�WUDMHFWRU\�DQG�WKH�YHQWULFXODU�ZDOO�
was < 4 mm, the correlation of the ventricular distance to the deviation from the planned trajectory was stronger (r2 = 
<�������S� �������Q� ������(OHFWURGHV�SODFHG�LQ�WKH�*3,�ZHUH�VLJQLÀFDQWO\�PRUH�DFFXUDWH�WKDQ�WKRVH�SODFHG�LQ�WKH�9,0�
�S����������2QO\���RI�����HOHFWURGHV�UHTXLUHG�LQWUDRSHUDWLYH�UHSODFHPHQW�GXH�WR�D�YHFWRU�HUURU�!���PP��,Q�WKLV�VHULHV�
there was one infection and no intraparenchymal hemorrhages.

Conclusions.�3ODFHPHQW�RI�'%6�HOHFWURGHV�XVLQJ�DQ�LQWUDRSHUDWLYH�&7�VFDQQHU�DQG�WKH�1H[)UDPH�DFKLHYHV�DQ�
accuracy that is at least comparable to other methods.
(http://thejns.org/doi/abs/10.3171/2013.4.JNS122324)
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Abbreviations used in this paper:�'%6� �GHHS�EUDLQ�VWLPXODWLRQ��
*3,� �JOREXV�SDOOLGXV� LQWHUQXV��0(5� �PLFURHOHFWURGH�UHFRUGLQJ��
671� �VXEWKDODPLF�QXFOHXV��9,0� �YHQWUDO�LQWHUPHGLDWH�QXFOHXV�



.��-��%XUFKLHO�HW�DO�

302                                                                                                                      J Neurosurg / Volume 119 / August 2013

HUDO�DQHVWKHVLD� LQ�ZKRP�DQ� LQWUDRSHUDWLYH�&7�VFDQQHU� LV�
used.

0HWKRGV
Patients

7KH�ÀUVW����FRQVHFXWLYH�SDWLHQWV�ZKR�XQGHUZHQW� LQ-
WUDRSHUDWLYH� &7²JXLGHG� '%6� HOHFWURGH� SODFHPHQW� ZHUH�
SURVSHFWLYHO\� LQFOXGHG�� 7KH� VWXG\� ZDV� DSSURYHG� E\� WKH�
Oregon Health & Science University Institutional Review 
%RDUG��$OO�SDWLHQWV�ZHUH�HYDOXDWHG� LQ� WKH�PRYHPHQW�GLV-
order program of Oregon Health & Science University to 
establish surgical candidacy.

Imaging
3ULRU� WR� VXUJHU\�� ��7�05� LPDJHV�ZHUH� REWDLQHG� IRU�

'%6�WDUJHWV�LQ�DOO�SDWLHQWV��XVLQJ�WKH�IROORZLQJ�VHTXHQFHV��
IRU� WKH�9,0��D�VWDQGDUG��'�7��ZHLJKWHG� LPDJH�ZLWK�7(�
�����PVHF��75�VKRUWHVW��ÁLS�DQJOH�����YR[HO�VL]H�������PD-
trix 256 =������IRU�WKH�671��D�)/$,5�VHTXHQFH�ZLWK�7(�
����PVHF��75��������PVHF��VOLFH�WKLFNQHVV�����PP��YR[HO�
size 1.02, matrix 256 =������DQG�IRU�WKH�*3,�DQ�035$*(�
VHTXHQFH�ZLWK�7(����PVHF��75������PVHF��VOLFH�WKLFNQHVV�
2 mm, voxel size 0.6, matrix 256 = 256.13�7KHVH�GLJLWDO�LP-
DJLQJ�DQG�FRPPXQLFDWLRQV�LQ�PHGLFLQH��',&20��LPDJHV�
ZHUH�GRZQORDGHG�LQWR�D�6WHDOWK6WDWLRQ��0HGWURQLF�,QF���YLD�
a network connection.

Surgical Technique
,PSODQW�SURFHGXUHV�ZHUH�FDUULHG�RXW�LQ���VWDJHV��7KH�

ÀUVW�VWDJH�ZDV�DQ�LQSDWLHQW�SURFHGXUH�IRU�LPSODQWDWLRQ�RI�
WKH�'%6�HOHFWURGHV��DQG�WKH�VHFRQG�VWDJH�ZDV�WKH�LPSODQ-
tation of the internal pulse generator, performed on an out-
patient basis approximately 1 week later.

,PSODQWDWLRQ�RI�WKH�'%6�HOHFWURGH�V��XVLQJ�H[WUDRSHUD-
tive MR images was as described, and surgical planning 

of electrode trajectories was carried out preoperatively on 
WKH� 6WHDOWK6WDWLRQ��7KH�*3,� DQG�671� WDUJHWV�ZHUH� YLVX-
DOL]HG�GLUHFWO\��DQG�WKH�9,0�WDUJHW�ZDV�GHULYHG�IURP�WKH�
Schaltenbrand and Wahren atlas, utilizing the intercom-
missural plane and midcommissural point for reference8 
�7DEOH����

All procedures were performed under general anesthe-
sia. Following intubation, the patient’s head was attached 
to the operating room table using a Doro Halo Retractor 
6\VWHP� ZLWK� FDUERQ�ÀEHU� H[WHQVLRQV� �3UR� 0HG� ,QVWUX-
PHQWV��,QF���)UHLEXUJ��*HUPDQ\���$IWHU�VWHULOH�SUHSDUDWLRQ�
RI�WKH�KHDG����VNXOO�PRXQWHG�ÀGXFLDO�PDUNHUV��1H[)UDPH��
0HGWURQLF� ,QF���ZHUH� SODFHG��$� VWHUHRWDFWLF� ��PP�WKLFN��
]HUR�JDQWU\�DQJOH� &7� LPDJH� ZDV� WKHQ� REWDLQHG� XVLQJ� D�
&HUH7RP�&7�VFDQQHU��1HXUR/RJLFD�&RUS����6XEVHTXHQWO\�
these DICOM images were transferred to the StealthSta-
tion surgery navigation system and merged with the preop-
erative MR images.

Using a passive planar blunt probe, a nonsterile regis-
WUDWLRQ�RI�WKH�VNXOO�ÀGXFLDO�PDUNHUV�ZDV�WKHQ�SHUIRUPHG�WR�
OLQN�LPDJH�DQG�VXUJLFDO�VSDFHV��7KH�EXU�KROH�HQWU\�SRLQW�
of the predetermined electrode trajectory was then marked 
on the skin, and a small pilot hole was drilled to mark that 
point on the skull.

After we performed appropriate sterile preparation 
and draping, skin incisions were made and bur holes cen-
WHUHG�RQ�WKH�SLORW�KROH�ZHUH�FRPSOHWHG��7KH�OHDG�DQFKRULQJ�
GHYLFH��6WLP/RF��0HGWURQLF��,QF���DQG�WKH�1H[)UDPH�EDVH�
were attached to the skull, and a second sterile registration 
ZDV�SHUIRUPHG�XVLQJ� WKH� LPSODQWHG�ÀGXFLDOV� �WDUJHW� UHJ-
LVWUDWLRQ�HUURU�������PP���7KH�1H[)UDPH�WRZHU�ZDV�WKHQ�
attached and aligned to the corresponding target using 
)UDPH��/LQN� VRIWZDUH� �0HGWURQLF� ,QF���� 7DUJHW� GHSWK� ZDV�
WKHQ�FDOFXODWHG�DQG�VHW�RQ�WKH�6WDU'ULYH��)+&�,QF���SRVL-
tioning device. After opening the dura, a cannula was in-
WURGXFHG�DOO�WKH�ZD\�WR�WKH�WDUJHW��$�'%6�OHDG��0HGWURQLF�
OHDG�PRGHO�������ZDV�WKHQ�DGYDQFHG�WKURXJK�WKH�FDQQXOD�

TABLE 1: Target-derived coordinates* 

Target  
Nucleus Coordinates† Corresponding Target

STN center of motor territory of STN
 vertical í��PP
 lat 12 mm
 AP í��í��PP
GPI inf border of motor territory of GPI, immediately sup to optic tract
 vertical í��PP
 lat 18 mm from lat ventricular wall
 AP +2 mm
VIM labial commissure of VIM
 vertical ��RU�í��PP
 lat ����RI�$&�3&�GLVWDQFH�EXW�VKRXOG�EH�����PP�RI�ODW�YHQWULFXODU�ZDOO
 AP ��±����RI�$&�3&�GLVWDQFH�DQWHULRU�WR�3&


� 7KH�*3,�DQG�671�WDUJHWV�ZHUH�YLVXDOL]HG�GLUHFWO\��DQG�WKH�9,0�WDUJHW�ZDV�GHULYHG�IURP�WKH�6FKDOWHQEUDQG�DQG�:DKUHQ�DWODV��XWLOL]LQJ�WKH�LQWHUFRP�
PLVVXUDO�SODQH�DQG�PLGFRPPLVVXUDO�SRLQW�IRU�UHIHUHQFH��$&�3&� �DQWHULRU�FRPPLVVXUH±SRVWHULRU�FRPPLVVXUH��$3� �DQWHURSRVWHULRU��LQI� �LQIHULRU��VXS�
 �VXSHULRU�
�� 1HJDWLYH�YHUWLFDO�YDOXHV�LQGLFDWH�WKH�LQIHULRU��QHJDWLYH�$3�YDOXHV�LQGLFDWH�WKH�SRVWHULRU�
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WR� WKH�WDUJHW�SRVLWLRQ��7KH�FDQQXOD�ZDV�UHWUDFWHG�DQG�WKH�
HOHFWURGH�VHFXUHG�LQ�WKH�6WLP/RF�V\VWHP��DQG�ÀEULQ�JOXH�
ZDV�XVHG�WR�SUHYHQW�HJUHVV�RI�&6)��7KH�H[SRVHG�HOHFWURGH�
was then pulled back through the StarDrive, and in most 
cases, the process was repeated on the opposite side.

With the NexFrame towers in place, a second intra-
RSHUDWLYH� &7� VFDQ� ZDV� REWDLQHG� WR� HQVXUH� VDWLVIDFWRU\�
HOHFWURGH� SODFHPHQW�� 7KLV� SRVWSODFHPHQW� VFDQ� ZDV� WKHQ�
merged with the preoperative planning scans, and any off-
WDUJHW�HUURU�ZDV�UHFRUGHG��9HFWRU�HUURU�ZDV�FDOFXODWHG�DV�
the linear distance between the center of the intended tar-
JHW�FRQWDFW�RQ�WKH�'%6�HOHFWURGH�DQG�WKH�SODQQHG�WDUJHW��
7KH�HOHFWURGH�ZDV�UHSRVLWLRQHG�LI�WKH�YHFWRU�HUURU�ZDV�!���
mm. An arbitrary value of 3 mm was set as the threshold 
for lead revision because it is approximately the distance 
between the center of 2 adjacent contacts on lead model 
�����������PP���WKHUHIRUH��DQ�HUURU�RI���PP�ZRXOG�LPSO\�
a displacement of approximately one intercontact differ-
ence. Once the accuracy of the electrode placement was 
FRQÀUPHG�E\� LQWUDRSHUDWLYH�&7��QR� IXUWKHU� LPDJLQJ�ZDV�
carried out on these patients intra- or postoperatively.

After ensuring satisfactory electrode placement, the 
1H[)UDPH�WRZHUV�ZHUH�UHPRYHG�DQG�WKH�6WLP/RF�FDSV�DS-
SOLHG��7KH��� OHDGV�ZHUH� WKHQ� WXQQHOHG� WR�RQH�VLGH�RI� WKH�
head away from the incisions and capped, following which 
the wounds were closed.

Accuracy Assessment
7ZR�PHDVXUHV�ZHUH�XVHG�WR�DVVHVV�HOHFWURGH�SODFHPHQW�

DFFXUDF\�����YHFWRU�HUURU��GHÀQHG�DV�WKH�GLVWDQFH�EHWZHHQ�
WKH�SRVLWLRQ�RI�WKH�FHQWHU�RI�WKH�WDUJHW�'%6�HOHFWURGH�FRQWDFW�
�´�µ�IRU�9,0�DQG�671��DQG�´�µ�IRU�*3,��DQG�WKH�LQWHQGHG�
target location as determined by the euclidean distance be-
tween these 2 points: [(x2<x1�2 
 (y2<y1�2 
 (z2<z1�2]1/2��DQG�
���GHYLDWLRQ�RII�WKH�WUDMHFWRU\��GHÀQHG�DV�WKH�SHUSHQGLFXODU�
distance from the target electrode to the planned trajectory, 
UHÁHFWLQJ�RQO\�WKH�UDGLDO�GHYLDWLRQ�IURP�SODQ��)LJ������%RWK�
values were thought to be useful in determining the ac-
FXUDF\�RI�SODFHPHQW�EHFDXVH��ZKLOH�YHFWRU�HUURU�UHÁHFWHG�
WKH�WUXH�DFFXUDF\�RI�WKH�SURFHGXUH��RII�WUDMHFWRU\��UDGLDO��
errors theoretically would be less easily correctable by as-
VLJQLQJ�GLIIHUHQW�DFWLYH�FRQWDFWV�GXULQJ�'%6�WKHUDS\�

7KH� DFFXUDF\� RI� HOHFWURGH� SODFHPHQW�ZDV� FRPSDUHG�
DPRQJ�DOO���WDUJHWV��*3,��671��DQG�9,0���7KH�FORVHVW�DS-
SURDFK�RI�WKH�'%6�OHDG�WUDMHFWRU\�DQG�ODWHUDO�YHQWULFOH�ZDV�
also measured and correlated with both the vector error 
DQG�WKH�GHYLDWLRQ�RII�WUDMHFWRU\��7KH�SRVWLPSODQWDWLRQ�&7�
VFDQ� ZDV� PHUJHG� ZLWK� WKH� UHJLVWUDWLRQ� PHUJHG� &7�05�
used for planning the electrode trajectory and target to cal-
culate both the vector error and the deviation off-trajectory 
distances.

Descriptive statistics (mean (� 6'��ZHUH� XVHG� WR� H[-
press demographics and patient characteristics. A t-test 
was used to compare vector and deviation errors. Correla-
WLRQV�ZHUH�WHVWHG�XVLQJ�WKH�3HDUVRQ�FRUUHODWLRQ�FRHIÀFLHQW��
For all comparisons, differences were considered statisti-
FDOO\�VLJQLÀFDQW�DW�S��������

5HVXOWV
Sixty patients (33 with Parkinson disease, 26 with 

HVVHQWLDO� WUHPRU�� DQG� �� ZLWK� G\VWRQLD�� XQGHUZHQW� '%6�
electrode placement applied with the aforementioned 
technique. Over an 18-month period, 119 electrodes were 
SODFHG� �DOO�ELODWHUDO�� H[FHSW�RQH���7KH�SDWLHQWV·�PHDQ�DJH�
was 64 (�����\HDUV��7KH�ORFDWLRQV�RI�WKH�HOHFWURGH�LPSODQ-
WDWLRQV�ZHUH�DV�IROORZV��9,0�LQ����SDWLHQWV��*3,�LQ����SD-
WLHQWV��DQG�WKH�671�LQ����SDWLHQWV��7KH�PHDQ�WRWDO�RSHUDW-
LQJ�URRP�WLPH��WLPH�LQ�WR�WLPH�RXW��ZDV�����( 9.8 minutes.

)LQDO�LQWUDRSHUDWLYH�&7�VFDQQLQJ�VKRZHG�QR�HYLGHQFH�
of intracranial air or any other potential cause for brain 
shift in any case.

7KH� FORVHVW� DSSURDFK� RI� WKH� HOHFWURGH� WUDMHFWRULHV� WR�
the ventricle was 6.3 (� ����PP� �UDQJH��²�����PP��� DQG�
WKHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH� EHWZHHQ�
VLGHV��7KH�PHDQ�RYHUDOO�YHFWRU�HUURU�ZDV������( 1.11 mm, 
and the trajectory deviation error was 1.24 ( 0.87 mm.

7KHUH�ZDV� D� VLJQLÀFDQW� FRUUHODWLRQ� EHWZHHQ� WKH� IRO-
ORZLQJ�� ��� WKH� GLVWDQFH� IURP� WKH� YHQWULFOH� DQG� WUDMHFWRU\�
deviation error (r2 = <������� S��� ������ Q� � ���� )LJ�� �$���
DQG����WKH�GLVWDQFH�IURP�WKH�YHQWULFOH�DQG�YHFWRU�HUURU��U2 
= <�������S���������Q� �����)LJ���%���)XUWKHUPRUH��ZKHQ�
the distance from the electrode trajectory and the ventric-
ular wall was < 4 mm, the correlation of the ventricular 
distance to the deviation from the planned trajectory was 
stronger (r2 = <�������S� �������Q� �����)LJ���&���(OHFWURGHV�
SODFHG� LQ� WKH�*3,�ZHUH� VLJQLÀFDQWO\�PRUH� DFFXUDWH� WKDQ�
WKRVH� SODFHG� LQ� WKH�9,0� �PHDQ� YHFWRU� HUURU� ����� YV� ����
PP��S� ��������7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHU-
HQFH�LQ�DFFXUDF\�FRPSDULQJ�WKH�*3,�WR�WKH�671��WKH�671�
WR� WKH�9,0��RU� WKH�*3,�WR� WKH�671�DQG�9,0�FRPELQHG��
7KH�PHDQ�GLVWDQFH�IURP�WKH�YHQWULFOH�IRU�*3,�HOHFWURGHV�
ZDV���PP�FRPSDUHG�ZLWK�����PP�IRU�WKH�9,0�DQG������
PP�IRU�WKH�671��DQG�WKHVH�GLIIHUHQFHV�ZHUH�VLJQLÀFDQW��S�
��������

In this series, one implanted electrode had a vector er-
URU�RI�!���PP�DQG�ZDV�UHYLVHG��7KHUH�ZDV�RQH�FDVH�RI�D�
late-onset infection that required explantation of the entire 
V\VWHP��7KHUH�ZHUH� QR�KHPDWRPDV�� QR�QHZ�QHXURORJLFDO�
GHÀFLWV��RU�GHDWKV�

'LVFXVVLRQ
8VLQJ� SUHRSHUDWLYH� 05,�� LQWUDRSHUDWLYH� &7�� DQG� D�

skull-mounted stereotactic system, we were able to achieve 
DQ�XQSUHFHGHQWHG�GHJUHH�RI� DFFXUDF\� IRU�'%6�HOHFWURGH�
SODFHPHQW��2XU�UHVXOWV�������PP�YHFWRU�HUURU��FRPSDUH�ID-
vorably with previously reported vector errors for intraop-
HUDWLYH�05,�������PP��12�LQWUDRSHUDWLYH�LPDJLQJ��2�DUP��
FRPELQHG�ZLWK� IUDPH�EDVHG� VWHUHRWD[\� ������PP��10 and 
conventional frame-based stereotaxy without intraopera-
WLYH�LPDJLQJ����PP��11�7KH�PHDQ�WUDMHFWRU\�GHYLDWLRQ�HUURU�
in our series was 1.24 mm, indicating that displacement 
was mostly radial and not along the planned trajectory 
�GHSWK���2XU�GDWD�LQGLFDWH�WKDW�WKH�HOHFWURGH�WUDMHFWRU\�GLV-
tance from the ventricle plays a major role in the radial 
de viation of the trajectory.

We attempted to correlate the vector error and trajec-
tory deviation with factors that would impact the location 
RI� WKH� HOHFWURGHV�� 7KH� RQO\� VLJQLÀFDQW� FRUUHODWLRQ� IRXQG�
was the distance of the electrode trajectory from the ven-
tricle. Starr et al. previously reported on the correlation of 



.��-��%XUFKLHO�HW�DO�

304                                                                                                                      J Neurosurg / Volume 119 / August 2013

the vector error and coronal approach angle, where the in-
creased obliquity of the angle caused a higher positional 
error at the electrode tip.12 A negative correlation was found 
between the distance of the electrode from the ventricle 
and both the vector error and trajectory deviation—in other 
words, both the vector error and the trajectory deviation 
ZHUH�KLJKHU��OHVV�DFFXUDF\��ZKHQ�WKH�HOHFWURGH�WUDMHFWRU\�
ZDV�FORVHU�WR�WKH�YHQWULFOH��7KH�VWURQJHVW�FRUUHODWLRQ�ZDV�
EHWZHHQ�WKH�GHYLDWLRQ�HUURU��UDGLDO�GLVSODFHPHQW��DQG�WKH�
distance from the ventricle in the range of 0–4 mm.

Our analysis also showed that electrode trajectories 
DSSURDFKLQJ�WKH�*3,�DUH�VLJQLÀFDQWO\��S���������PRUH�GLV-
tant from the ventricle in comparison with other targets 
�*3,���PP��671�����PP��DQG�9,0�����PP���(OHFWURGHV�
SODFHG� LQ� WKH�*3,�ZHUH� VLJQLÀFDQWO\�PRUH�DFFXUDWH� WKDQ�
WKRVH�SODFHG� LQ� WKH�9,0� �PHDQ�YHFWRU� HUURU� �����YV� ����
PP��S� �������EXW�QRW�PRUH�DFFXUDWH�WKDW�WKRVH�SODFHG�LQ�
WKH� 671� �PHDQ� YHFWRU� HUURU� ����� YV� ������ S�  � ������2XU�
data indicate that target trajectories that avoid a close ap-
proach to the ventricle are more likely to produce accurate 
placement. An alternative explanation is that traversing the 
LQWHUQDO�FDSVXOH��IRU�H[DPSOH��DSSURDFKLQJ�WKH�9,0�WDUJHW�
IURP� ODWHUDO� WR�PHGLDO��PD\� DOVR� FDXVH� GLVWRUWLRQ� RI� WKH�
EUDLQ�� ZLWK� UHVXOWDQW� HOHFWURGH� PDOSRVLWLRQ�� 7UDMHFWRULHV�
that largely avoided the compact internal capsule (for ex-

DPSOH��WKH�*3,��ZHUH�VLJQLÀFDQWO\�PRUH�DFFXUDWH��7KH�UHD-
son behind this may well be the differential compliance of 
nuclei and white matter tracks to the penetrating cannula.

Operative time, which included induction of and initial 
UHFRYHU\�IURP�DQHVWKHVLD��&7�VFDQQLQJ��DQG�LPDJH�WUDQV-
fer, was 190 ( 9.8 minutes. Our experience is such that as 
familiarity and expertise with this method has been ac-
quired, in-room time continues to decrease. In an analysis 
of overall operative time in a similar cohort of patients who 
KDG�D�PRUH�WUDGLWLRQDO��0(5�EDVHG�DSSURDFK�WR�'%6�HOHF-
trode placement under local anesthesia, performed by the 
VDPH�SULPDU\�VXUJHRQ��.�-�%����WKH�PHDQ�DFWXDO�RSHUDWLYH�
time was 145 minutes.

Imaging technology has advanced to the point at which 
'%6�HOHFWURGH�SODFHPHQW�EDVHG�HQWLUHO\�RQ�LPDJLQJ�FDQ�EH�
considered a feasible option. Several studies have demon-
VWUDWHG�WKH�UHOLDELOLW\�RI�LPDJH�GHÀQHG�671�DQG�LWV�GRUVR-
lateral subregion as the location for movement-related cells 
during MER.14 We capitalized on previous reports that 
FRPELQHG�WKH�XVH�RI�D�VNXOO�PRXQWHG�IUDPH��1H[)UDPH���
intraoperative imaging, and general anesthesia.6

We have developed a method that uses an intraopera-
WLYH�&7�VFDQQHU�DQG�D�VNXOO�PRXQWHG�VWHUHRWDFWLF�V\VWHP�
WR�SODFH�'%6�HOHFWURGHV��2XU�DLP�ZDV� WR�H[SORLW� WKH�DG-
YDQWDJHV�RI�KLJK�ÀHOG�H[WUDRSHUDWLYH�05,��WKH�DYDLODELOLW\�

Fig. 1.�&DOFXODWLRQ�RI�WKH�WUDMHFWRU\��7��DQG�YHFWRU��9��HUURUV��Inset�GHPRQVWUDWHV�WKH�05�LPDJH�PHUJHG�ZLWK�WKH�ILQDO�LQWUDRS�
HUDWLYH�&7�VFDQ��7KH�WDUJHW�HOHFWURGH�FRXOG�EH�GLUHFWO\�YLVXDOL]HG��DQG�LWV�&DUWHVLDQ�FRRUGLQDWHV��[��\��DQG�]��GHWHUPLQHG��7KHVH�
FRRUGLQDWHV�ZHUH�XVHG�WR�GHULYH�WKH�WUDMHFWRU\�DQG�YHFWRU�HUURUV�E\�GLUHFW�FRPSDULVRQ�ZLWK�WKH�FRRUGLQDWHV�RI�WKH�SODQQHG�WDUJHW��
3ULQWHG�ZLWK�SHUPLVVLRQ�IURP�$QG\�5HNLWR��0�6���2UHJRQ�+HDOWK�	�6FLHQFH�8QLYHUVLW\�
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RI�LQWUDRSHUDWLYH�&7�VFDQQLQJ��DQG�WKH�FDSDFLW\�WR�PHUJH�
images from both sources to provide the basis for target 
DQG�WUDMHFWRU\�SODQQLQJ�IRU�'%6�VXUJHU\��)XUWKHUPRUH��WKLV�
V\VWHP�FRXOG�EH�XVHG�WR�FRQÀUP�WDUJHW�DFTXLVLWLRQ�DQG�WKH�
presence of any operative complications (for example, a 
KHPDWRPD��SULRU�WR�OHDYLQJ�WKH�RSHUDWLQJ�URRP��6LQFH�WKLV�
method relies only on anatomical target determination, the 
use of MER was obviated and therefore the use of general 
anesthesia was feasible.

7KLV� PHWKRG� UHSUHVHQWV� D� FOHDU� GHSDUWXUH� IURP� WKH�
XVH� RI� 0(5� DQG� SK\VLRORJLFDO� WDUJHW� FRQÀUPDWLRQ� GXU-
ing movement disorder surgery. It is our contention that 
MER has not been, nor will ever be, proven to add value 
WR�WKH�LPSODQWDWLRQ�RI�'%6�HOHFWURGHV��RU�DQ\�RWKHU�PRYH-
ment disorder procedure.2 Furthermore, there is, in fact, 
new evidence that MER adds risk to these procedures by 
way of increased chances of intracerebral hemorrhage and 
WKH�SURGXFWLRQ�QHZ�QHXURORJLFDO�GHÀFLWV�5,17�7KHUH�LV�OLWWOH�
question that MER requires additional expertise, additional 
operative time, and the additional expense of the record-
ing systems and electrodes. Effectively, MER also requires 
that procedures be performed under local anesthetic, a 
daunting prospect for most patients.

We have demonstrated the feasibility and accuracy of 

LPDJH�JXLGHG�'%6�HOHFWURGH�SODFHPHQW��,I�WKLV�SURFHGXUH�
FDQ�EH�VKRZQ�WR�SURGXFH�FOLQLFDO�EHQHÀWV�WKDW�DUH�HTXLYD-
lent to those of the more traditional methods using MER, 
and by historical comparison, proves to be a safer proce-
GXUH�� WKHQ� WKH� FRQWLQXDQFH� RI� URXWLQH� 0(5�EDVHG� '%6�
electrode implantation should be questioned. Microelec-
trode recording may well then be relegated to the position 
of a research technique, potentially requiring additional 
informed consent by the patient. A prospective outcome 
DVVHVVPHQW�WULDO�RI�LPDJH�JXLGHG�'%6�HOHFWURGH�LPSODQWD-
tion in patients with medically intractable Parkinson dis-
ease is already underway at our institution.

&RQFOXVLRQV
:H�KDYH�GHVFULEHG�D�QHZ�PHWKRG�RI�'%6�HOHFWURGH�

SODFHPHQW� XVLQJ� LQWUDRSHUDWLYH� &7�� ZLWKRXW� 0(5�� DQG�
under general anesthesia. Initial results indicate the pro-
cedure is safe, with accuracy comparable to methods us-
ing MER under local anesthesia.

'LVFORVXUH

7KH�DXWKRUV�UHSRUW�QR�FRQIOLFW�RI�LQWHUHVW�FRQFHUQLQJ�WKH�PDWH-

Fig. 2. A:�'LVWDQFH�IURP�WKH�YHQWULFOH�DQG�WUDMHFWRU\�GHYLDWLRQ�HUURU��U2� �<�������S���������Q� ������ B:�'LVWDQFH�IURP�WKH�
YHQWULFOH�DQG�YHFWRU�HUURU��U2� �<�������S���������Q� ������ C:�'LVWDQFH�IURP�WKH�YHQWULFOH�ZDOO�����PP�DQG�WUDMHFWRU\�GHYLDWLRQ�
HUURU��U2� �<�������S� �������Q� �����
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rials or methods used in this study or the findings specified in this 
paper.
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