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11 ALI REZAI, M.D., of lawful age, called 
21 by the Plaintiffs for the purpose of 
31 cross-examination, as provided by the Rules of 
41 Civil Procedure, being by me first duly sworn, as 
51 hereinafter certified, deposed and said as 

71 

81 BY MR. LINTON: 
91 Q: Dr.Rezai? 
01 A: Yes. 
11 

21 of the lawyers representing Mary Lou Zimtnerman 
31 and her husband, Sherman Zimmerman, in a lawsuit 
41 that's been filed against the Cleveland Clinic. 
51 We are here today to take your deposition. 
61 Have you ever been deposed before, doctor, have 
71 you been through this process before? 

91 
31 Mr. Malone to prepare for your deposition? 
11 

4 
31 face to face? 
11 A: Yes. 
31 

61 fOllOWS: 
C R O S ~ E ~ M ~ A T I O N  OF ALI REZAI, M.D. 

Q:  Good afternoon, my name is Bob Linton and I'm one 

81 A: NO. 
Q:  Okay. Did you have a chance to meet with 

A: I had some discussions with Mr. Malone, yes. 
Q: Did you have a chance 10 aaually meer with him 

Q: Did you have a chance to meet at all with his 
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‘21 memory? 
Q: When were those given, to the best of your 
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[I] not have much time. 
[21 

[31 A: Definitely. 
141 

[SI 

161 

m 
[SI the record.) 
[91 

[ io ]  
[ii] your deposition.You had the two meetings with 
[121 Mr. Malone, and you did not meet with nor discuss 
1131 preparing for your deposition with anybody else, 
[MI is that correct? 
[ is] A: That’s correct. 
[ is] 
[iq deposition today? 
[IS] A: NO. 
[ig] 

[201 records relating to Mary Lou Zimmerman? 
[zij A: No. 
[221 

1231 Dr. Barnett or any other person at the Cleveland 
[XI Clinic? 

Q: Would it have been less than an hour? 

Q: Less than a half-hour? 
A: Most likely. I can’t recall. 

(Thereupon, a discussion was had off 

Q: All right. I want to review now what you did for 

Q: Have you reviewed anything to prepare for your 

Q: Have you reviewed at any time any of the medical 

Q: Have you d i s c u s s e d M a ~ L o u Z i ~ e r ~ n ’ s  case with 

[25] A: NO. 
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(11 

[21 literature to prepare for your deposition? 

[q 
[q prepare for your deposition? 

m 
181 prepare for your deposition today? 
[91 A: Right. 

[ io] 
[i 11 Exhibit 1, that is your current curriculum vitae, 
[121 is that correct? 
[is1 A: Yes. 
[i41 

1151 to be made to bring it upto-date? 
[I~I 

[i71 couple weeks, but no, I think this is pretty much 
1181 it.Yes, that’s significant enough, yeah. 
[ i~] 

[zo] psychosurgery or surgery for psychiatric 
[211 conditions? 
[221 

1231 conditions at those talks, yes, but that was not 
[ Z ~ I  the major focus of the talk. 
[2q  

Q: Have you done any research of the medical 

[3] A: NO. 
Q: Have you reviewed any medical literature to 

[E] A:No. 
Q: We have now covered everything you’ve done to 

Q: Fair enough.You’ve handed us what I’ve marked 

Q: Are there any additions or subtractions that need 

A: Let’s see. I gave several talks in the past 

Q: Any of those talks relate to the issue of 

A: I have talked about surgery for psychiatric 

Q: Would that have been talks you gave that are not 
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[I] listed on your resume? 
[21 A: Yes. 
131 

[41 have included doing surgery for psychiatric 
[51 conditions? 

VI component of that involves implantation of 
[SI pacemakers for psychiatric disorders. 
191 Q: Does that include for OCD? 
101 A: Yes. 
11 Q: Who did you give - was it more than one talk 
21 that you gave? 
31 A: Yeah, it was more than one talk. 
41 Q: That was not in your resume? 
51 A: Yes, let me just see here quickly. Okay. If I 
61 remember when was the last time I revised my 
q resume.Yes, it is. It was. 
81 

91 on here. 
’01 

’11 this.That’s not included here. 
‘21 MR. MALONE: Okay. 
‘31 

141 that are not reflected in your resume? 
151 A: Two talks. 

Q: 0kay.And what talks have you given that would 

A: Talks on pacemakers for the brain, and a 

MR. MALONE: You got March 6,2001 

A: Yeah, it was a couple of talks subsequent to 

Q: And how many talks have you given that were not, 
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[i] hasn’t beer, here h over three years. 
121 

131 relevance, I don’t know till I get an 
[41 answer. 
[q 
[6] calculated to getting stuff that’s 
m reasonable. 
[E] 

[g] Jim. 
[io] 
[ i  11 calculated to lead to discoverable 
[ iz] evidence. 
[ig MR. LINTON: In all fairness, I 
[id] don’t need to explain it to you. 
[15] MR. MALONE: If you want answers, 
[iq you’re going to have to give me some basis 
[in to go into this never-never fantasy land. 
[iq 
[ i q  inappropriate, you can instruct the witness 
[zo] not to answer at any time. 
[z i ]  Q: Doctor, the center, when was that formed? 
[zq MR. MALONE: We are going to go a 
[a] little bit further with this and then we 
[ Z ~ I  are going to stop. Go ahead and answer 
[zq that one. 

MR. LINTON: It may have 

MR. MALONE: Unless it’s somehow 

MR. LINTON: It absolutely is, 

MR. MALONE: How is it reasonably 

MR. LINTON: If you feel it’s 
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111 

[ZI time, I can’t recall exactly. 
[a] 

[4] 

[SI 

161 

pi by staff? 
[a] 
[ q  

[IO] 

[i 11 

[ iz ]  of at the top of my head. 
[iq 
[MI A: At the center? 
[SI Q: No,you said - 
(161 A: My section? 
[in Q: In your section. 
[IE] A: I’m the only one that does functional 
[is] neurosurgery. So one at this time. 
poi Q: And how many staff people? 
[a] A: One. Oh, safe 
pz] Q: Nonphysician staff. 
[ z q  A: Nonphysicians. Seven. 
[ Z ~ I  

1251 conditions, is that all done at the center or is 

A: At the same time, January, February, around that 

Q: And how many neurosurgeons works in that center? 
A: At this time, it’s only myself. 
Q: How many staff people support you? 
A: Can you Clare that question? What do you mean 

Q: Anybody that’s not a physician. 
A: Oh, okay. Staff means physician here. 
Q: Thank you for that clarification. 
A: Let’s see. Probably at least 20 that I can think 

12: Eo-7 many physicizns staff are in your section? 

Q: Where do you perform surgery for psychiatric 
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[i] it also done elsewhere? 
[ZI 

pi 
[41 the Cleveland Clinic as well? 
[q A: Yes. 
[SI 

m perform surgery? 
[E] 

191 

[io] 

p i ]  Q: What building? 
[iz] 
1131 not sure. I’m not sure. 
1141 

[is] 

[i61 section head? 
(171 

[i E] problems, movement disorders like Parkinson’s, 
[ i q  chronic pain and psychiatric disorders. 
[ZOI 

[zii control in your section? 
[ZZI  

[a] to the departmental quality controller, and all 
1241 records of all complications are kept. 
1251 

A: I only operate at the Cleveland Clinic. 
Q: The center that you talked about, that’s here at 

Q: Does that contain the surgical suites where you 

A: Yes, they’re all part of the same area, yes. 
Q: And where is that housed? 
A: In the main hospital. 

A: Oh, main OR’s, H, I think it’s H Building. I’m 

MR. MALONE: Then don’t guess. 
Q: What are your research responsibilities as the 

A: Understanding the mechanisms underlying movement 

Q: What responsibilities do you have for quality 

A: If there are any complications, they are reported 

Q:  Who is the auality controller of your department? 
~~ 
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111 

[z] administrated through Marc Mayberg. 
[a] 
141 section here at the Cleveland Clinic that is 
[SI currently doing psychosurgery or surgery for 
161 psychiatric conditions? 
(71 A: I’m not sure. 
[q 
[g] functional neurosurgery? 

[ io] 
[ii] don’t keep a record of all the ORs.There’s over 
[ iz ]  70 ORs here.To the best of my knowledge, I’m 
[IS] the only oiie that’s doiiig psychosurgery at this 
[ I ~ J  time. 
[is] 

[ is ]  Dr. Barnett relative to psychosurgery since 
(171 you’ve come here? 
[18! 

[igi been referred to me. 
poi 
[z i j  come here? 
[zzl A: No. 
[ Z ~ I  

[ Z ~ I  psychosurgery as it’s defined in the 
[ z q  neurosurgical literature? 

A: I don’t know the exact person, but it’s 

Q: Is there any other department outside of your 

Q: Well, weren’t you brought in here to consolidate 

A: But I’m not sure if anybody else is doing it. I 

Q: Do you have any working relationship with 

A: I have discussed some patients with him that have 

Q: Okay. Has he assisted with surgery since you’ve 

Q: Are you familiar generally with the term 
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[I]  performed? 
[21 

[31 know the details. 
141 Q: Okay. 

[q 
m the computer? 
[SI A: I don’t know. 
[QI 

[IO] to the clinic to try to obtain that information 
11 11 regarding your own surgical cases? 
[121 

[13] of surgeries and number of surgeries. 
[ i4] 

[is] A: No additional information. 
[16] 

[in regarding any other neurosurgical procedures 
[la] performed by other people here at the Cleveland 
[iq Clinic? 
[201 A: No. 
[211 

~221 year, you personally? 
1231 

[241 least a hundred. 
(251 

A: I am not sure a hundred percent because I don’t 

[5] A: SO - 
Q: Do you know if surgical outcomes are tracked in 

Q: Okay. Have you made any efforts since you came 

A: I have obtained information as far as the types 

Q: But no additional information? 

Q: Have you tried to obtain that information 

Q: How many neurosurgical procedures do you do a 

A: I don’t know my numbers for the last year, but at 

Q: Okay. Is that full capacity? - 
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[I] MR. MALONE: For who? 
[21 Q: For yourself. 
[31 

[41 Q: Yes. 
[SI 

[GI number I do. 
iil 
;E] in, there’s a transition period before you get 

[io] A: Right. 
[ill Q: - and have your plate completely full? 
1121 A: Right, 
IO] Q: What dc? y ~ u  expect tc? be the tc?t~! ntl=ber s f  
[MI surgical cases you’ll eventually be doing? 
[151 MR. MALONE: Really, where does 
[I~I this go?You’ve got to help me. 
[in MR. LINTON: It may go to 
[181 qualifications, I don’t know, Jim. 
[IQ] MR. MALONE: He didn’t operate or 
[20] even see your client. He wasn’t even an 
1211 employee of the Cleveland Clinic when your 
[221 client was here. 
~231 MR. LINTON: I understand. 
(241 MR. MALONE: His qualifications 
1251 are not at issue. His expectations for 

A: What is, a hundred? 

A: No, it can be more. I’m not sure of the exact 

Q: Okay. But do you have - obviously you‘re coming 

[Q] OUt - 
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[I] future surgical volume can’t possibly be a n  
[21 issue in this case. I’m sorry if I’m 
pi really dense and dumb and missing 
14j something. 
(51 MR. LINTON: I’ll be happy to tell 
[61 you about it. 
pi MR. MALONE: Go ahead, I’m 
[e] listening. 
[Q] Q :  Dr. Rezai - 
01 

11 about it or not? 
21 

31 continue to ask questions until you tell 
41 him not to answer and we’ll address it with 
51 the court later. 
61 MR. MALONE: Try again. 
71 

a] year about a hundred surgical procedures. 
91 Assuming you have a full caseload, what do you 
01 expect the number of procedures to be, 
11 approximately? 
21 

31 

41 so far here at the Cleveland Clinic have related 
51 to psychosurgery for OCD? 

MR. MALONE: Will you tell me 

MR. LINTON: No, I’m going to 

Q: Doctor, you are presently doing, you did last 

A: Anywhere from 150 to 200. 
Q: Now, how many of the procedures that you’ve done 
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11 

21 

31 A: Yes. 
11 
51 

9 least ten. 
71 
31 least ten, is that correct? 

191 A: Yes. 
101 

111 attending, or does that also include ones you 
121 assisted with during training? 
i3j A: Oiiriiigirainig. 
$41 

151 A: Almost all, yes. 
161 

171 the attending physician? 
lei A: Yes. 
IQ] 

?OI 

’11 exactly. 
21 

!a] be one? 
!4] 

’51 

A: I have not done any yet here. 
Q: Have you done any before coming here? 

Q :  How many have you done,psychosurgeries forOCD? 
A: Probably, I can’t recall the exact number, at 

Q: Your best estimate at this point would be at 

Q: And would those be ten that you did as the 

Q: Would all the ten be assisting during training? 

Q: Can you recall any that you would have done as 

Q: How many of the ten? 
A: One or two, probably one. I can’t remember 

Q: Again, your best memory at present would probably 

A: At least one, yeah. 
Q: And when would that have been performed? 
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[i] assist with there? 
[21 A: Gamma knife capsulotomies. 
[$I 

141 OCD or for OCD and depression? 
151 A: I don’t recall. 
[SI 

m follow-up care for those patients? 

[91 

[ io] in terms of a long-term basis? 
1111 A: No. 
1121 Q: What was the procedures that you, the other 
[13] procedures that you performed in psychosurgery? 
[MI A: Radiofrequency cingulotomies. 
[ i s ]  

[ I ~ I  versus OCD and depression? 
[in A: No. 
[lei 

[I~I basis? 
[ZOI A: Some. 

Q: Do you remember if the cases in Sweden were for 

Q: Were you involved at all on any long-term 

[El A: NO. 
Q: Do you know the follow-up care for those patients 

Q: And can you say how many of those were for OCD 

Q: Did you follow those patients on a long-term 

[211 Q: What would be the longest out you would have 
[221 followed any of the patients? 
1231 A: I would say at least six months. 
~241 Q: I assume it would not have been longer than a 
~251 year since you were only training for a year 
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[I] there? 
121 A: Most likely, yes. 
(31 

141 that one can still have improvement following 
[SI psychosurgery for a year or longer after the 
[61 surgical procedure? 
VI A: It can,yes. 
[SI 

[91 to take that call? 
[io1 

[I 11 scientifically reliable studies relating to the 
pz1 surgical outcomes for the patients in which you 

Q: Would you agree that they are, the research shows 

Q: Have you personally been involved - do you need 

Have you personally been involved in any 

[is] personalijj were iixvo1-Ted in? 
[MI A: Rephrase that.The ones - can you rephrase that 
ji51 question? 
[ISI Q:  Sure, I want to focus now just on the 
[ I ~ I  psychosurgery cases that you had been involved 
[181 in. 
[igi A: Okay. 
[201 

[211 reliable research studies? 
[221 

[231 

p41 

Q: Have those been the subject of any scientifically 

A: Some, some of them, yes. 
Q: Which patients and which studies? 
MR. MALONE: You can’t name 

p51 patients. 

- 
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[i] 

[21 

pi 
[SI patiems. I don’t know how you answer that 
[6] without giving the patient’s name. Come 

[e] 
191 you’ve performed psychosurgery on or assisted in 
io1 psychosurgery? 
111 MR. MALONE: Without naming 
121 patients, if you can answer. 
131 

141 MR. MALONE: Well, good. 
151 

161 stimulators, and outcome studies for regular 
171 radiofrequency surgery. 
IEI  

is] involved in research studies? 
!01 A: I don’t know. 
!I! 

2 1  A: No. 
~31 

~41 A: I can’t recall. 

Q: And I’m not asking for pauenrs’ names. 
MR. MALONE: You just did. 

MR. MALONE: You said which 
[3] Q:No. 

VI on. 
Q: Which studies have involved any patients that 

A: I don’t remember the patients, first of all. 

A: Surgery for Gamma knife, surgery for deep brain 

Q: Okay. Have all of your ten patients been 

Q: Do you know how many of your ten patients? 

Q: Do you know which of your ten patients? 

Q: Can you name a study that has involved any of 
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[I] your patients? 
[21 

[31 patients that I know of. 
[41 

[51 A: Yes. 
[E]  

71 

81 

91 

01 

11 Who’s on the team? 
21 A: The teaminvolvesgroups fromBelgium,fromBrown 
31 Universiry and CieVekdnd Ciinic. 
41 

51 

61 all that, these questions? 
71 

81 THE WITNESS: What’s the 
91 relevance? 
01 

11 it’s not published yet, I assume? 
21 THE WITNESS: No. 
31 

41 

51 developed. 

A: There are no published reports yet of these 

Q: Is any currently in the works? 

Q: And are those being authored by you? 
A: I am involved in them, yes. 
Q: Okay.Who is the primary author? 
A: Hasn’t been decided yet. 
Q: What is the primary purpose - strike that. 

Q: Who is the lead surgeon from Belgium? 
THE WITNESS: Do I have to answer 

MR. MALONE: Is that, I mean - 

MR. MALONE: I don’t know how - 

MR. MALONE: It’s being worked on. 
A: There’s confidential studies that are being 

I 
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111 

121 past. 
131 

[41 

PI that study? 
IS] 

m Q: Yes. 
[ai A: Yes. 
[q 

1101 or the efficacy of one type of procedure versus 
[I 11 another? 
[IZI A: No. 
[ I ~ I  

1141 Give me a ballpark, if you can, of the number 
1151 of surgical procedures you would be involved in 
[E] up to the present time, total number of 
[iil procedures you would have been involved in in 
1‘51 both your training and your job as an attending. 
[igi 

[ZOI Q: More than 500? 
1211 A: Definitely. 
[221 

1231 

[ Z ~ I  

A: I don’t know d i t ,  I don’t know m y  data in the 

Q: Do you know, does the study - strike that. 
Do you expect to include surgical outcomes in 

A: In this current study? 

Q: Will it include a comparison between the success 

Q: So there will be no - strike that. 

A: I can’t tell you that. 

Q: More than a thousand? 
A: Most likely, yes. Definitely, yeah. 
Q: I want to make sure I’m correct in my 

111 psychosurgery on a patient yet here at the 
[ZI Cleveland Clinic, correct? 
[SI A: Correct. 
141 

151 yet at the Cleveland Clinic? 
161 A: Yes. 
r71 

[e] 
191 that? 

[IO] MR. MALONE: The number, 
1111 

1121 

[131 

[ I ~ I  

[ I ~ I  cases? 
(161 A: Yes. 
[in 
1181 A: I don’t recall. 
1191 

[201 

[ZII 

[221 patients? 
~231 

1241 

1251 A: Radiofrequency. 

Q: Have you evaluated any patients for psychosurgery 

Q: Okay. How many patients have you evaluated? 
THE WITNESS: Do I have to answer 

A: I can’t recall the number, but several patients. 
Q: Several meaning? Give me a range. 
A: Illeaning, I wm!d say at !east five. 
Q: Did you recommend surgery for any of those five 

Q: And how many of the five? 

Q: Okay. Were they OCD patients? 
A: For the most part, yes. 
Q: What psychosurgery did you recommend forthe OCD 

A: Eirher a cinguloromy or a deep brain stimulator. 
Q: Is a cingulotomy radiofrequency or is it Gamma? 
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[I] 

121 surgery? 
[si A: Rephrase that question. 
[4] 

151 why those patients did not have the surgery you 
161 recommended? 
m 
[a] different issues involved with these patients. 
191 

101 A: Spell that, orbito. 
1 1 1  Q: 0-r-b-i-t-o-m-e-d-i-a-1. 
iz ]  
$31 lesions, I don’t think anybody does orbitomedial 
141 lesions. 
151 

161 performed for either a cingulotomy or 
in capsulotomy, is that correct? 
181 A: Yes. 
191 

!01 your training, did you? 
!11 A: No. 
!q 
’31 those been G a m  Knife or have those been 
’41 radiofrequency? 
’51 A: Radiofrequency. 

Q:  And do you know why those patients did not have 

Q: Sure.You said you evaluated five. Do you know 

A: Oh, it’s complex reasons.There are many 

Q:  Okay. What is an orbitomedial lesion? 

A: It’s probably historical origin in terms of 

Q: 0kay.That’s a separate lesion than what is 

Q: You did not perform any orbitomedial lesions in 

Q: The cingulotomies that you have performed, have 
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[I] 

[21 the works here at the Cleveland Clinic, have 
31 there been any scientifically reliable studies 
41 performed on psychosurgeries here at the 
51 Cleveland Clinic? 
61 A: I don’t know. 
71 
ai 
91 

01 

$1 
21 would you expect you would have learned about 

41 at the Cleveland Clinic? 
51 A: Not necessarily. 
61 

71 performance of a combined capsulotomy and 
a1 cingulotomy? 
91 A: I can’t recall. 
01 

11 A: Most likely. 
21 

31 

41 

51 been involved in a combined capsulotomy and 

Q: To your knowledge, aside from the study that’s in 

Q: You’re not aware of any? 
A: I’m not aware of any. 
Q: Have you ever requested that information? 
A: Have I - no. 
Q: As the section head of the, that type of surgery, 

31 that if, iii fact, Such a Study had beeii d0nE her€ 

Q: Have you ever performed or assisted in the 

Q: Do you know - 

Q: Okay. Why do you say most likely? 
A: Because we have done both. 
Q: Okay. Maybe I need to Clare. Have you ever 
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[ i ]  

[21 institution performs, generaliy the lower the 
[31 complication rate? 
[41 A: Don’t a hundred percent agree with that. 
[SI Q: Would you agree that the more procedures a 
[6] specific surgeon performs, generally the better 
m the success rate? 
[a] 
[9] no hard and fast rules about these statements. 

[ io] 
~ 1 1 1  A: Yes. 
[12] 

[E.] literature that relates to success rates for 
[i41 psychosurgery? 
[IS] A: Yes. 
[I~I 

[I~I literature? 
[re] 
[IQI 

[201 that reports a success rate? 
[a i l  
[nai 
[ z q  
1241 authored or co-authored that addresses the 
1251 success rate of psychosurgery? 

Q: ‘Xould you agree that the more procedures an 

A: Cannot say for sure.These are, there’s really 

Q: The same concerning risks of complication? 

Q: Have you yourself ever published anything in the 

Q: Where’s your CV? Can you identify what 

A: Okay. Let’s see where I have this. Page 17. 
Q: And what specific literature are you referring to 

A: Number 34 in particular, CNS Spectrums. 
Q: And is CNS Spectrums the - strike that. 
Is there any other literature that you have 
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[I] 

[21 

[SI A: Yes. 
[41 

[SI 

161 Q: Psych? 
r71 A: Psychline. 
[a; 
PI A: It’s a journal. 

[ io] 
[ii] 

[121 for me. 

[MI 

[I~I Q: Who is that? 
1161 A: Dr. Dujoveny. 
(171 

[ is] A: D-u-j-o-v-e-n-y. 
[19] 

[ZOI A: I don’t know. 
[211 

[221 A: Possibly, yeah, possibly. 
[ Z ~ I  

[24; your success rates in the Psychline article as 
[XI compared to the CNS Spectrums article? 

A: There’s another paper which is not published yet. 
Q: Has it been submitted for publication? 

Q: And where has it been submitted? 
A: It’s a Psychline article. 

Q: Is that a journal? 

Q: Is it a peer review journal? 
A: Yes, although this is by invitation by the editor 

i13; Q:  LyVited you? 
A: The editor, one of the editors. 

Q: Can you spell that, please? 

Q: When do you expect that will be published? 

Q: Sometime within the nest year? 

Q: Do you refer to or rely on any different data for 
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[11 

[21 for psychiatric disorders. 
[31 

141 report on the results of that review for 
[SI publication? 
[61 A: Rephrase that question again. 
m Q: Sure.What literature did you review so that you 
[SI could accurately report that in Psychline? 
191 A: A variety of previously published reports. 
io] Q: So did you review the literature that you felt 
111 was reliable - 
121 A: Yes. 
131 

41 rates for that submitted article in Psychline? 
51 A: Yes. 
61 

71 that information? 
81 A: Yes. 
91 

01 

11 

21 go pull the file for you, what would you ask them 

41 A: Under psychosurgery. 
51 

A: The data is basically a review of the literature 

Q: And what did you do so that you were able to 

Q: - and accurate in order to come up with success 

Q: And do you currently have a file that contains 

Q: What do you call that fiie? 
A: What do I call the file? 
Q: If you had to tell your secretary or someone to 

31 to pull? 

Q: And what under psychosurgery, just pull your 
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11 psychosurgery file? 
21 A: Yeah. 
31 

41 A: Both. 
51 

61 the specific data you reviewed for the Psychline 
r71 article? 
[e] A: Should be, yes. 
(91 

101 identlfy what is for Psychline? 
111 

121 

131 A; There shouid be. 
141 

151 

161 

171 relied on for the Psychline article - 
lei A: Yes. 
191 

201 A: Yes. 
211 

221 relied on looking at the footnotes that you 
231 referenced in the journal article? 
’41 A: Yes. 
251 

Q: Is that a computer file or a hard file? 

Q: Do you have broken down in either of those files 

Q: How do you have that classified, how can you 

A: I have to check. 
Q: Okay. Is there a subfile or - 

Q: - subcategory for that? 
A: I don’t recall the exact breakdown. 
Q: But you could look at that and determine what you 

Q: - is that right? 

Q: And is one of the ways you can determine what you 

Q: Is that typically what you do when you publish an 
I 
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[I] 

E] have this. 
[3] 

[4] article you referenced on your CV setting forth 
[5] the success rates for psychosurgery in CNS 
[6] Spectrums? 
[71 A: Yes. 
[E] 

[9] article, you were also the guest editor for that 
[IO] volume of CNS Spectrums, is that correct? 
1 1 1 1  A: Yes. 
[VI 
j i q  the volume, since it has been published in 
[MI October of ZOOO? 
[IS] A: Yes. 

Fi!?. LINTON: JLt, I zsslxme you 

Q: This is Exhibit 2,  doctor. Is that a copy of the 

Q: You were, in addition to being co-author of that 

Q: And did you read - I assume you’ve read that, 
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111 are what i highIighteb on page 26, correct? 
[21 A: Yes, for cingulotomy. 
131 

141 Different neuropsych - strike that. 
[SI Different psychosurgical procedures have a 
[6] different success rate depending on the condition 
[TI for which is being treated? 
[e] A: Yes. 
[g] 

101 rate for depression patients or bipolar patients 
i $1 than OCD patients, correct? 
121 

131 

141 it says, In terms of efficacy, most recent 
is] studies show approximately 38 percent of all 

Q: 0kay.We can agree that the - strike that. 

Q: So for example, cingulotomy has a higher success 

A: I don’t know if that’s exactly entirely accurate. 
Q: Okay. If we look at the statement highlighted, 

~ 1 6 1  

[IT] A: Yes. 
[181 

[19] 

[201 

~211 handing you as Exhibit 2A, his greetings that 
[22] were contained in Volume 2? 

1241 Q: Yes. 
psi A: Yes. 

Q: Did you read - you know Dr. Jack M. Gorman? 

Q:  And who is Dr. Gorman? 
A: He’s one of the editors. 
Q: 0kay.And I assume that you read what I’m 

A: Did I read this? 
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161 refractory psychiatric patients have 
171 significantly benefitted from this procedure. 
181 And then it says, OCD patients had approximately 
191 a 30 percent response rate, correct? 
!01 A: Correct,yes. 
211 

221 success rate for major depressive patients and 
231 bipolar disorder patients than OCD patients? 
~41 

251 specific papers that have broken down those 

Q: And does that not suggest there is a higher 

A: Not necessarily.You have to look at those 
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[21 statement that our readership is broad, almost 
[SI every psychiatrist and neurologist in the United 
[41 States receives CNS Spectrums? 
[SI 

[SI written there. 
m 
[E] you? 
p] 

A: I don’t know the exact answer to that. But it’s 

Q: You don’t have any reason to dispute that, do 

A: I don’t have information to dispute that, no. 

[21 together. So it’s very difficult to pull that 
[a] out of the literature. 
[41 

[SI accurate and reliable numbers based on your 
161 review of the literature, correct? 
VI 
[e] 
pi approximately a 30 percent response rate, 

Q: You pulled out what you felt was the most 

A: Conservative number, yes, sir. 
Q: And you stated that the OCD patients had 

[i 11 for publication that this was a very 
1121 well-respected journal that was read by 

[MI States, correct? 
[IS] 

[I~I 

[in highlighted portion state the success rates as 
[IEI you reported them for cingulotomy? 
[ I ~ I  A: From the references, yeah, it’s what it says. 
[201 Q: 0kay.The reference - strike that. 
[211 Earlier I asked you about where the success 
1221 rates were published and you referenced this 

article? 
1241 A: Right. 
psi 

j j q  neure!ogists 2nd psy&iztrists Lq the r,ip&& 

A: From my understanding, yes. 
Q: Doctor, handing you what is Exhibit 2B, does the 

Q: The specific page that includes the success rates 

111 

121 

141 you submitted this for publication, correct? 
i s ]  MR. MALONE: For cingulotomy? 
161 Q: For cingulotomy. 
171 A: For cingulotomy, yes. 
181 

191 37 to 39, to determine what literature you relied 
201 on, correct? 
211 A: Yes,yes. 
221 Q: And if we look at the literature cited in 
231 footnote 37 through 39, can you tell me the years 
241 in which that literature was published? 
251 A: 1991, ‘95, ’96. 

A: From the reports, yes, from the literature. 
Q: Right.And again, it was from the most accurate, 

ia j  reliabk IiteGtWe YOU conid find ;it file t h e  

Q: And we can look at the footnotes you reference, 
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[ i j  rates fer OCD combining capsulotomy and 
[21 cingulotomy, would you not have pointed that out 
131 in your literature? 
[41 A: I would have. 
[si 
161 submitted to Psychline for publication? 
m A: Ithink so. 
[e1 Q:  Are you able to presently pull from your files 
pi the medical research you would have reviewed to 

[ io ]  prepare your CNS article showing success rates 
[i 11 for psychosurgery? 
[i21 

[ is] Q: Okay. 
ji41 A: Yes. 
[ is] 
1161 

[in 

[is] know, if you went to your office right now and 
1191 tried to find all the literature reviewed and 
poi relied on for your article, how would you do 
[211 that? 
1221 

[ Z ~ I  psychosurgery. 
~241 

psi Spectrums? 

Q: Do you currently have a copy of the article you 

A: I should have papers. 

Q: And how would that be segregated in your files? 
A: I don’t know. It’s all together. 
Q: Well, that’s what I’m getting at. How would you 

A: They would probably be in files pertaining to 

Q: Okay. Would you have a separate subfiie for CNS 
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[ii 

EI 
reliably, at this point, show us a copy of 

141 articles or put together a list of articles that 
151 you know you would have researched and reviewed 
[61 to prepare your CNS Spectrums article showing the 
m success rate for surgery? 
[e] 
(91 footnotes are.Are you asking beyond the 

[io] footnotes? 
[iii 
~121 MR. MALONE: Well - 
(131 

1141 chase. 
1151 A: Yeah. 
[i61 Q :  Were there - 
[in 

[ ~ B I  he’s committed plagiarism by going back and 
1191 looking at the articles to see if there’s a 
pol  footnote? 
pi1 MR. LINTON: Not at all. Not at 
(221 all. 
[231 Q:  I’m just rrying to see how you wouid reconstruct 
[241 what you reviewed, and I think Mr. Malone aptly 
[as] stated you’d look at the footnotes, correct? 

A: I may, I’m not sure. 
Q: In other words, is there any way you can 

MR. MALONE: That’s what the 

MR. LINTON: Yes, thank you. 

Q :  Mzybe I can ask it this way, dcctor. Cut to the 

MR. MALONE: Are you suggesting 
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01 A: Yes. 
121 Q: Beyond that, you couldn’t say, the footnotes 
[SI would include anything that you felt was reliable 
[41 to use as a basis for reporting your article, 
[SI correct? 
[GI A: Yes. 
m 
[e1 additional literature you reviewed and you 
[QI rejected as being unreliable? 
IO] 

111 ago. 
121 

I 31 that? 
41 A: Potentially. 
51 

GI that? 
a 
GI 
01 memory, oh, I remember now looking at this, or 
‘01 would it be segregated in your files to show what 
11 literature you reviewed to publish this article? 
21 

31 Q: Okay. 
41 

51 

Q: And would there be any way to find out what 

A: I can’t recall right now.That was a long time 

Q: Would there be any way you could reconstruct 

Q: Okay.What would you have to do to reconstruct 

A: Look through all my files and everything else. 
Q: And that, would you have to do that just from 

A: Both. I don’t know yet, I have to go through it. 

A: I can‘t recall the details. 
Q: Would you agree that psychosurgery is one of the 
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11 most controversial areas in neurosurgery and 
21 psychiatry? 
31 

41 

51 generated as much controversy? 
61 A: Yes. 
n 
e1 times generated more abuse? 
31 A: Yes. 
31 Q:  Why is it controversial? 
11 A: That’s a very complex question.Again, from the 
21 old lobotomy days, so there’s a lot of 
31 over~raious use of psychosurgery in rhe pax, 
$1 1950s,  OS, so that has really caused a lot of 
51 problems with this type of therapy, but it’s 
31 still being performed. It’s therapy in select 
71 number of institutions in the world. 
31 

31 presently doing psychosurgery? 
11 
11 can’t tell you exactly. 
21 

11 States are presently doing psychosurgery? 
11 
SI that are. 

A: Yes, it can be. 
Q: Would you agree that few other therapies have 

Q: Would you agree that few other therapies have at 

Q: How many institutions can you identify that are 

A: That’s a tough question. I don’t recall. I 

Q: Can you tell us what institutions in the United 

A: I wouldn’t know all of them, but I know several 
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[I] that you’re aware of that are used outside the 
121 Cleveland Clinic for experimental surgery? 
[31 

141 details of it. 
151 

[q procedures are paid for by Medicare or Medicaid? 
VI A: Idon’t know. 
181 Q: Are you aware of whether any psychosurgical 
[91 procedures that you’ve been involved in have been 

[IO] paid for or rejected by a health insurer as being 
[ii i  experimental? 
[iz] 
[i31 

1141 consisting of psychiatrists, neuropsychologists, 
[IS] neurologists, lawyers, clergy, bioethicists and 
[i6] neurosurgeons should be assembled to form a 
1171 consensus on whether the patient in question is 
pa] both refractory to other treatments and an 
[ig] appropriate candidate for psychiatric surgery, 
[201 neurosurgery? 
[ai 
~223 

[231 should be assembled? 
[XI 

[251 condition. 

A: I’m sure there are, but I don’t know of the 

Q: Are you aware whether any psychosurgical 

A: Don’t know the answer to that. 
Q: Would you agree that a multi-disciplinary team 

A: I think at 2001, yes. 
Q: Why do you believe such a multi-disciplinary team 

A: At this time because of the complexity of the 
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[I] 

pi requires a multi-disciplinary team to be 
[$I assembled? 
[a] 

[SI not be able to give informed consent.This is a 
[Sj very controversial area, yet the patients are 
m very disabled. So by instituting this kind of 
181 mechanism, we are trying to make sure that we are 
[91 looking at all possible areas. 

[io1 
[ill you should have such a multi-disciplinary team is 
[i21 to make sure that the patient being operated on 
[is; has the cargery fer - strike that. Bad 
1141 question. 
[I~I One of the reasons to have such a 
[it?] multi-disciplinary team is to prevent rnisuse of 
[i71 the procedure? 
[is] A: Rephrase that question. 
[ is ]  
[201 multi-disciplinary team should be assembled is to 
pi] prevent misuse of the procedure? 
p21 A: Potentially, yes. 
[231 

(251 who might not have fully consented to the 

Q: What about the complexity of the condition 

A: Sometimes patients may be incapacitated, they may 

Q: And you would agree that one of the reasons why 

Q: Sure. Is one of the reasons why a 

(9: Because in the past, there has been a problem 
about psychosurgery being performed on patients 
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[ii procedure? 
[z] 
[si know the details of the past experience, but 
pi you’re talking to the older days where there was 
[ q  a lot of abuse and not proper consenting. So 
[61 it’s a very complex issue from many years ago. 
[q 
[el multi-disciplinary team puts in place a system of 
19; checks and balances to make sure that the surgery 
rc] is being done only on the appropriate candidates? 
t i ]  A: That’s our intention. 
121 Q: And that it is done only when a patient fully 
131 understands the risks and benefits of the 
141 procedure and offers proper informed consent? 
151 

161 0: In fact, both? 
171 A: Right. 
is] 

I 91 multi-disciplinary team? 
!01 

3 1  postoperative neuropsychological testing to be 
2 1  administered. 
:31 Q: What can the neuropsychologist do that a 
’4; psychiatrist or neurosurgeon cannot? 
’51 A: Administer complex neuropsychological testing. 

A: I don’t know if that’s entirely correct. I don’t 

Q: Let me ask it this way. Would you agree that the 

A: Yes, the patient or the surrogate. 

Q: Why is a neuropsychologist to be included on the 

A: Predominantly for assessments, preoperative and 
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[I] 

[21 multi-disciplinary team? 
[SI 

[41 status of the patient, give another opinion about 
[SI the neurological condition as well as a 
[SI psychological condition. 
m 
[E] you typically see neurosurgical perspectives, in 
[g] other words, perspectives on care or treatment 
01 from a surgical standpoint, where a neurologist 
11 presents a nonsurgical perspective? 
21 A: That’s a way of looking at it, yes. 
31 0: And that’s what a nruruiogisr. wouid bring to the 
41 team that a neurosurgeon would not have? 
51 A: Right. 
61 

71 multi-disciplinary team? 
E] 

91 legal issues are addressed. 
oj 

$11 
121 

‘31 

41 Q: What others? 
‘51 

Q: Why is a neurologist to be included on a 

A: Just to cover the bases in terms of neurological 

Q: Would it be fair to say that as a neurosurgeon, 

Q: Why would a lawyer be included on the 

A: Again, just to make sure that all the legality, 

Q: Such as informed consent? 
A: Informed consent, et cetera. I mean, really - 
Q: Competency of the patient? 
A: That and many others. 

A: It’s complex. I mean it’s patient specific, so 
I 
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[I]  

[21 involved. 
131 

[41 A: Psychiatrist. 
[SI 

161 beside you? 
m A: No. 
[a] 
191 

[io] Maybe. 
[ i i ]  A: Maybe not. 
[121 MR. MALONE: See, don’t answer 
[mi questions you don’t know. 
[MI Q:  Anybody else besides you and Dr. Malone? 
[is] A: Didn’t you tell me - 
[is] MR. LINTON: Irish are all related I 

[in some way. 
[la] 

rig] 

A: There is another physician, Dr. Don Malone who’s 

Q: He’s a psychiatrist, correct? 

Q:  No relation to Jim Malone, the attorney seated 

Q: Anybody else besides that? 
MR. MALONE: You don’t know that. 

1 

MR. MALONE: He’s not Irish. 
Q: Anybody else besides you and Dr. Malone? 

[I] 

[21 people besides you and Dr. Malone responsible for 
[SI implementing this new rule relating to the 
[41 multi-disciplinary team? 
151 A: Yes. 
[q Q: Okay.What other positions? 
m A: At least a neurologist and others. 
[a] Q: Were you the person responsible - strike that. 
[SI 

[IO] did somebody else recommend that it should be put 
[I 11 in place? 
[121 

[MI A: Why? 
[IS] Q: Why? 
[iq 

[in with, and we believe current practice of surgery 
1181 for psychiatric disorders should involve, in 
1191 April, 2001, a multi-disciplinary team. 
1201 

[211 practice in 2001 that wasn’t there in 1998? 
[221 

[231 what’s ha9pening is many different groups are 
[z41 realizing that this is an important area of 
[ Z ~ I  further growth and further work in terms of 

Q: Here at the Cleveland Clinic are there any other 

Were you the one recommending this rule or 

A: I am recommending it. 
[I31 Q: Why? 

A: Because we want to have a complex problem dealt 

Q: What has changed about the psychosurgical 

A: Well, again, it’s an evolution in progress. So 
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[ij sirgery,And as a result, they have put their 
[ZJ heads together, and over time, this has come 
131 about, and that’s why we are recommending that 
[4] now. 
[SI 

[SI multi-disciplinary team in place? 
m 
181 

[Q] 

[IO] 

[ii] know what type of team was in place? 
[121 

[13] 

[14] would have prevented a multi-disciplinary team 
[15] like the one you now have in place from being in 
[is] place here at the clinic in 1998? 
[in 
[181 A: Rephrase that question. 
1191 

Q: When you were inToronto was there a similar 

A: I don’t think so. I’m not sure of that. 
Q: Do you know what type of team was in place? 
A: I am not sure of that. 
Q: Okay. How about when you were in Sweden, do you 

A: Not sure of that. 
Q: Aside from you being here, is there anything that 

MR. MALONE: Objection. Go ahead. 

Q: Sure.Would it have been feasible to put 

pi1 members? I think that’s confidential, 
~221 right, in terms of the study? 
1231 

[ Z ~ I  confidential, then you don’t have to answer 
[ Z ~ I  it. 

MR. MALONE: If you believe it’s 

I - 
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pi1 in 1998 as you now have and require in 2001? 
~221 MR. MALONE: Objection. Go ahead. 

I [231 A: I think, yeah. I mean this is just basically 
[241 different individuals, so it’s feasible for 
[251 anybody to implement this. 

[ I ]  

[21 instituted a multi-disciplinary team consisting 

[41 article, correct? 
[SI A: It’s possible, yes. 

m it in 1998 psychiatrists, neuropsychologists, 
[a1 neurologists, lawyers, clergy, bioethicists and 
[QI neurosurgeons, correct? 

[IO] A: Yes. 
[ii] 

j121 of this team, this multi-disciplinary team have 

Q: So in 1998 the Cleveland Clinic could have 

1 131 of the same specialists as outlined in your 

, [61 Q: The Cleveland Clinic had employed or available to 

Q: Do you also think it’s advisable that the members 
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[ i ]  A: Yes. 
[21 

[41 not to take the risk of surgery? 
[q A: Yes. 
[E] 

m in making an informed decision as to whether or 
[e] not to proceed with the surgery? 
[QI A: Yes. 

[io] 

[ i t ]  an accurate success rate? 
[IZI A: Yes. 
[i31 

[i41 informed decision if the patient is given an 
[ is] accurate success rate by the surgeon during the 
[iq informed consent process? 
[in 
[is] objection.That’s not the law of Ohio, 
[IQI counsellor. 
[201 Q: Would you agree or disagree? 
p i 1  MR. MALONE: It’s a misstatement 
[221 of the law. I’m going to let him answer 
[231 the question, but he’s misstating the law. 
[241 

[251 risks are as best told by the surgeon based on 

Q: They are going to be relying on the success rates 
(31 that the surgeon quotes in determining whether or 

Q: They’re going to be relying on that information 

Q: That’s why it’s critical to inform the patient of 

Q: Would you agree that a patient can only make an 

MR. MALONE: I’m going to show an 

A: I think the patient has to understand what the 
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[11 their knowledge, and what the complications are 
[21 and what the alternatives are, and then once they 
131 understand that, they can decide whether to go on 
141 with the procedure or not. 
[SI 

[E] need to quote accurate success rates to the 
m patient, correct? 
[e] MR. MALONE: Objection. Same 
[QI objection. 

[io1 Q: Correct? Correct, doctor? 
1111 

[IZI understand. 
[ IS]  A: Yes. 
[MI 

[ i s ]  to a patient, you had not obtained that patient’s 
[i61 informed consent? 
[in MR. MALONE: Objection. 
[181 Q: Correct? 
[is] MR. MALONE: Wait a minute, Bob, 
[201 just calm down a second. 
~211 Q: I’m talking about from your medical perspective? 
[221 MR. MALONE: Wait a second. I 
[231 made an objection. Let me just finish. 
[241 Calm down.You may answer the question. 
~251 

Q: And obviously to obtain informed consent, you 

MR. MALONE: You can answer if you 

Q:  Because if inaccurate success rates were quoted 

A: Can you repeat the question? 
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[I] 

[21 you read that back, please? 
131 

[41 

t51 the record was read by the Notary.) 
161 

m A: So if an - rephrase that question. 
[a] Q: The informed consent process requires that an 
191 accurate success rate be quoted to a patient, 
101 correct? 
111 MR. MALONE: Objection. Go ahead. 
121 A: To the best knowledge of the surgeon, yes. 
131 Q: And if an inaccurate success rate is quoted to 
141 the patient, then that patient has not provided 
151 informed consent? 
161 MR. MALONE: Same objection. 
171 
181 understand the success, likelihood of success, 
91 likelihood of complications and alternatives and 
01 then come up with a decision. 
11 

21 patient, instead of accurate success rates, then 
31 the patient has not provided informed consent? 
41 

51 ahead. 

MR. LINTGN: Sure. Kathie, can 

(Thereupon, the requested portion of 

A: It depends on what - yeah, the patient has to 

Q: And if inaccurate success rates are quoted to the 

MR. MALONE: Same objection. Go 
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11 

21 percentage of benefits - 
31 Q: Andtherefore - 
41 

51 

61 to the procedure? 
q MR. MALONE: Objection. 
81 A: Again, it depends on all three components that we 
91 discussed. 
01 Q: I understand, and if any of those three 
11 components are not stated accurately, then the 
21 patient has not provided informed consent, 
31 correct? 
41 MR. MALONE: Same objection. 
51 A: Yes. 
$1 Q: And the standard of care requires that, does it 
‘1 not, in your profession? 
9 A: That’s the way - 
21 MR. MALONE: Objection. 
I] A: - I understand. 
11 
!I neurosurgeons in your field for as long as you’ve 
31 trained or practiced as a neurosurgeon, correct? 
~1 
;I do it. 

A: Then the patient does not fully know the 

A: - that they may obtain. 
Q: And therefore cannot properly and fully consent 

Q: And that’s the way it’s been done by reasonable 

A: I can’t comment for others, but this is the way I 
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[I] 

[21 

[31 

141 

:SI accurate success rate for cinguiotomy 
161 radiofrequency here at the Cleveland Clinic, 
VI would it be 30 to 40 or would it be 40? 
pi 
pi 

1101 rate for capsulotomy here at the Cleveland 
[iii Clinic, what would you quote the success rate as? 
~121 

1131 

[IPI 

[GI colleagues and academicians across the world. 
[i61 

[iq literature as you sit here - strike that. 
pa] 
[IQI success rate for combined cingulotomy and 
1201 capsulotomy at the same time? 
~211 

1221 

[a31 area of psychosurgery, for the past two years to 
1241 publish authoritative peer review journals on the 
[251 subiect, correct? 

A: 1 w d d  say approximately that, yes. 
Q: Well, is it 30 to 40 or is it 40? 
A: Up to 40 percent. 
Q: So if you were to state as of this date an 

A: I would say, I would say up to 40 percent. 
Q: And likewise if you were to state today a success 

A: 40 to S O  percent. 
Q: What do you base that on? 
A: Based on literature as well as interaction with 

Q: And there is no basis that you’re aware of in the 

There is no support in the literature for a 

A: I don’t know of any literature. 
Q: And you’ve thoroughly researched this area, the 
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111 

121 claim to have read every single article. 
131 

[41 to thoroughly research and review the literature, 
151 correct? 
[SI A: Yes. 
m 
[e] literature, you did not find a single study that 
[QI combined those two procedures, capsulotomy and 

[ io ]  cingulotomy at the same time in a single 
1111 procedure, correct? 
1121 

1141 Q: Couple more? 
[is] A: Yeah. 
[IS] 

[iq YBOCS score, over what period of time would you 
[rei follow a patient until you say that they have 
1191 reached maximum medical improvement from the 
1201 procedure? 
1211 

p21 year. 
1231 

jz41 A: Yes. 
p51 

A: Yes, but I may have missed an article. I don’t 

Q: I understand, but you certainly make it your goal 

Q: And in your thorough review and research of the 

A: Not to my recollection. Just a couple more 
[I31 qdestions. 

Q: The improvement, the one-third improvement in the 

A: I would say the numbers would be at least one 

Q: Okay.The same for cinguiotomy and capsulotomy? 

Q: There’s no difference, by the way, in terms of 
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(11 success rates between a Gamma Knife procedure and 
121 a radiofrequency procedure based on your review 
pi of the literature, is there? 
141 

[SI will be coming out that are showing different 
[SI success rates than what’s reported. 
m 
[e] they’re equally efficacious or successful? 
[Q] 

io] yes. 
I 11 

21 been familiar with both procedures, that they are 
31 about the same? 
41 

51 

SI as of 1998, the literature showing they’re about 
71 the same success rates, Gamma Knife versus 
81 radiofrequency? 
91 A: Most likely, yes. 
’01 
$11 show which is more successful? 
121 

‘31 

‘41 Knife? 
‘51 

A: There’s some newer studies coming out now, that 

Q: As the literature now exists, does it show that 

A: As of now it shows they are pretty much the same, 

Q: And has that been the case for as long as you’ve 

A: Based on reputable papers, yes. 
Q: And that literature would have likewise existed 

Q: What does the new literature that’s coming out 

A: I can’t disclose that until it comes out. 
Q: Okay. I assume the expectation is to be Gamma 

A: Again, I can’t, I don’t know if I should disclose 
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11 that. It’s not fair to authors. 
21 Q: Isn’t it fair to sa)’, doctor, that the Gamma 
31 Knife procedure is a safer procedure with fewer 
41 side effects than a radiofrequency procedure? 
51 

61 for psychosurgery is not large enough to really 
71 draw a comparison.You really need a prospective 
81 controlled study to compare Gamma Knife versus 
91 radiofrequency to come up with that kind of 
01 answer. 
11 

21 equally efficacious? 
31 

41 about you need a, really to make a definitive 
51 answer, you need a prospective study. 
61 Q: I understand. Based on the best literature 
71 available at the time of your publication in CNS 
81 Spectrums, did you not find the Brown study to be 
91 the most reliable literature out there on the 
01 subject? 
11 

21 

31 noninvasive procedure? 
41 

51 skull. 

A: Well, I think that the numbers of Gamma Knives 

Q: Didn’t the Brown group find that they were 

A: Yes, but that’s a small cohort, so you’re talking 

A: Yes, one of them. 
Q: And can we agree that Gamma Knife is a 

A: Another complex - yes, you’re not opening the 
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Recent functional imaging studies have 
consistently found evidence that corroborate 
this model of OCD pathogenesis. Increases 
in activation correlating with OC symptoms 
have been shown to occur in the OFC, the 
caudate, the thalamus, and the cingulate 
areas: however, PET and MRI ~ t u d i e s ’ ~ . ~ ~ ~ ”  

“Basal ganglia show that treatment with appropriate med- 
ications- including selective serotonin 

d y s ~ ~ t i o n  has also reuptake inhibitors-and behavioral thera- 
pies, decreases the abnormally increased 

~ ~ ~ ~ ~ p ~ ~ t e d ~ ~ ~  metabolism in these areas. Such areas of 
activation and responses to treatment might 

~ a ~ o n ~ ~ p ~ ~ i o ~ ~ ~  of prove useful in assessing future neurosurgi- 
cal treatments for OCD. 

bipolar disordeLn 

..- 

Affective Disorders 
Basal ganglia dysregulation has also been 

implicated in the pathoneurophysiology of 
affective disorders. including major depres- 
sion and bipolar disorder (Figure 5). Much of 
the work implicating the basal ganglia and 
other structures in the pathogenesis of affec- 
tive disorders comes from imaging stud- 
iesz122” using PET and fMRI. Abnormalities 
in metabolism have been demonstrated in 
the OFC, the cingulate, the basal ganglia, 
and the amygdala. 

r 

FI6URE 4. SchemaKic of Papez circuit. 
rhis diagram demonstrates the major anatomic 
atructures and connections involved in the 
Papez circuit of emotion. 
4KTJanterior thaiamic nucleus. 
Copell EM, R e t a i  AR. UVS Spectrums. Voi 5. No 10.20(#1. 

.. . .,.....-. ... ..-,, -.-- 

In  order to examine affective rIiP;oide 
from a neurophysiological point of view, em 
tion can be divided into three components: ( 
an expressive component (affect); (21 an inte 
ndrepresentitive component (mood); and (: 
a modulatory ~ o r n p o n e n t . ~ ~  The expressil 
component o€ emotion, known as afect, reprr 
sents the externd manifestation of a person 
internal emotional state. This can be furthc 
subdivided into two subcomponents: (I 
endocrinelhumoral; and (2) skeletomoto 
Connections between the corticomedial amy6 
d a h  and the h ~ o t h ~ u s  via the stria term 
nalis regulate the release of cortisol an  
epinephrine in relation to emotional stimul 
Basolateral amygdala connections with th  
basal ganglia directly influence skeletomoto 
motivation and behaviors in response to emo 
tional stimuli. 

The structures subserving the internal rep 
resentation of an.emotiona1 state, known a 
mood. remain obscurea; however, experimen 
tal experience implicates the amygdala, thc 
frontaUcingulate cortices. the basal ganglia 
and the hippocampus as possible underlyinf 

Certainly,’the Papez circuit alsc 
contributes to  this internal representation o 
emotional state. The third component repre. 
sents a modulatoq component between the 
expressive and internal emotional states: the 
medial OFC, the cingulate cortex, and the 
basolateral amygdala have been heavily 
implicated in this role.z7 These three compo- 
nents can be condensed into a dual circuit 
model. analogom to  the one proposed for 
OCD. In the dual circuit model, a limbic-thal- 
amic-cortical loop consisting of the basolat- 
era1 amygdala, the DM nucleus, and the 
medial and ventrolateral frontal cortices runs 
parallel with a limbic-striatal-pallidal-thala- 
mic circuit that consists of the ventra1 stria- 
tum, the ventral pallidum. and the 
thalamus.- It is possible that symptoms of 
affective disorders could be the result of an 
imbalance in the activity between these cir- 
cuits.  Given the numerous connections 
between these two proposed circuits and the 
limbic system, the Papez circuit must work in 
conjunction with these to fully express the 
symptoms of dective disorders. 

It is important to remember that. unlike the 
model for PD, these models of psychiatric dis- 
ease inherently have little basis in animal 
models: therefore, these proposed neural cir- 
cuits are mostly based on anatomic connec- 
tions and the aforementioned functional 



TO N E U ~ ~ ~ ~ ~ U ~ T I ~ ~  
Surgical interventions to treat psychiatric 

disease date back to the earliest days of mod- 
ern neurosurgery. As early as 1891, a Swiss 
-ychiatrist named Burckhardt.’” reported the 

observed: “IL is necessary to alter these 
) synapse adjustments and change the paths 

chosen by the impulses in their constant pas- 
sage so as to modify corresponding ideas and 
force thoughts into different channels ... By 
upsetting the existing adjustments and setting 
I :I movement in other [connections], I [expect] 
[I) Le able to transform the psychic reactions 
and to relieve the patient thereby.‘T’ 

Moniz made the critical analytic jump to 
link the seemingly irrational behaviors and 
thoughts of psychiatric patients with a disor- 
dered neural substrate that. when altered in a 
surgical fashion, would result in the definitive 
change of the seemingiy ethereal entities of 
%ought and mind itself. All of these proce- 
(lures. h r n  the initial attempts at lobotomy to 

)the stereotactic interventions explored below, 
utilize nervous system lesions as the primary 
means of neuromodulation-the process of 
altering neuroiogical function for therapeutic 
benefit through neurosurgery. 

Since 1935, neurosurgery has been per- 
Ihrmed for a wide variety of psychiatric disor- 

z 1e1-s. h m  schizophrenia and anxiety disorders 
to sexual and eating disorders. The fimt proce- 
dures for psychiatric disease grew ou t  of 
Fuiton and Jacobsen’s.& observation that frond 
lobe ablation could result in the lessening of 
anxiety states in chimpanzees. Indeed. the first 
neurosurgical procedure for psychiatric dis- 
ease. the standard Iobotomy, sought to inter- 
1.1ipt white matter tracts associated with  the 
1 rontal lobes. This procedure started as a 
rather extensive one and became more refined 
ils the volume oi‘ brain in the surgical target 
I m x ~ ~ e  smaller. This trend towards increas- 
ingly discrete lesions culminated in applying 
stereotaxis to psychiatric neurosurgery. In 

thalamotomy-which serves as the model on 
which all modern p~y~f-ni~itric neurosurgical 
pmedures are based. 

The four psychiatric neurosurgical proce- 
dures currently in use are cin~lotomy, capsu- 
lotomy, subcaudate tractotomy, and limbic 
leukotomy-all stereotactic interventions. 

as OCD or affective disorder. 
Next, a patient must fail several rounds of 
treatment. wiih multiple psychotropic medica- 
tions combined with appropriate psychotherapy 

fore he or she is considered for surgical treat- 
ment. Therapeutic failure is determined by 
quantitative analysis using the most appropriate 

r-7 -1 

‘fGXJBE 3. Sehemutic di i l fect ive tiisorder model. This diagram demonstrates 
he rnujor anatomic structures and connections involved in the pathogenesis of 
najor rlepression nntl bipolur tlisortier. As with cibaeusive-compuiaive disorder. 
l y s r e q h t i o n  h iugh h e  L a d  GanFJlia coulci result in dec l i ve  ciisonler symptoms. 

)FC=orbitofiontal cerebrai cortex: Serwerotonin: Glu=glutamate: Vent tegrventral 
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and accurale psychiatric batteries of tests stereo!actic ciiigdocomy. Bailantine and col- 
leagues" reporled no  deaths among 696 

stoperative intracerebral 
I patients and only 2 cases (0.3%) af herniple- 

"The four I ~ S J T ~ ~ ~ C  Developed in Sweden by Lars Leksell and 
airach in France. anterior capsdotomy has 

neU0s-d treatment option for patients 
psychiatric- neurosurgery have significant 
flaws, most notably the inherent bias of a non- 
randomized, nondouble-blind study as well as 
the lack of objective functional imaging tech- 
niques, they suggest a viable means of treat- 

with refractory psychiatric illnessis since 
1949. There are two forms of this procedure-- - 
both are stereo 

pmcedwes currently 

in rase axe &gul[oroany, 

capsdotomy, mbwudate ment for a subset of patients who may have no 

kzmotomy, andlimbic 

leukotarny- 

d S t C 2 . Z O l X i d C  

intervenaions. 

These procedures ape 

psycbiatpic paaienrs." 

other treatment option. 

CingUiot~mJf 
The Basis for surgery on the cingulate 

gyrus dates back to  observations= in t h e  
1940s that severing fibers from the cingulate 
gyrus led to a decrease in anxiety-rype states. 
In 1952. VEihitt? and coueague5"' reported he 
first c i n ~ l e c t o ~ y .  in which a 4x1 ern section 
of cingulate a~ was bilaterally resected. In 
196'7, BallantineJ6 introduced the modem 
stereotactic procedure. in which a lesion was 
targetted by air ventriculography and made in 
the anterior cingulate bilaterally using thes- 
mocoagulation. The lesion is typically made 
2.0-2.5 ern from the tip of the frontal horns. 7 
mm h e r d  from the midline, and 1 mm above 
the roof of the ventricles, bilaterally. Today, 
the procedure has been refined using the lat- 
est stereotactic equipment and imaging tech- 
niques. Stereotactic cingulotomy is the most 
reported neurosurgical procedure for psvchi- 

... . 

thc  disease in thi  US and Canada. 61 ;erns 
f efficacy, most recent studies27-3c1 show 

oximately 30% to 38% of all refractory 
atric patients have significantly bene- 
nm this pmeedure. Patients with d e w  

tive disorders had the greatest efficacy rates, 
with major depressive patients showing a 60% 
response rate and bipolar disorder patients 

, showing a 40% response rate. OCD patients 
bad approximately a 30% response rate.39 
Some adverse s ide effects reported were 
seizures. weight or appetite changes. mania. 
and memory difficulties. It is difficult to quan- 
tify these adverse sequelae, since most of 
these studies involved a small cohort of 
patients. The largest risk (1% to g%) was for 
seizures, which was easily controlled by 

-7-" Dilantin. In the largest published series af 

In both, the taxget area is between the anterior 
and middle thirds of the anterior limb of the 
internal capsule at the approximate level of 
the foramen of Monro. Specifically, the ideal 
target lays at 17 mrn from the midline, 10 nam 
rostral to the anterior commissure, and 8 rnm 
above the i n t e ~ o m m i s s ~ ~  line. The lesion is 

rnocoagulation, datac'-42 shows the  two 
subtypes of anterior capsdotomy to be equally 
efficacious. Reported side ef€ects involve 
aspects of frontal lobe dysfunction, which 
include personality changes, increases in 
impulsiveness. and memory difficulties. These 
transient side effects were found to correlate 
with T2 changes on MFiI. consistent with post- 
opaiative edema. While the relative inci- 
dences of these sequelae vary from study to 
study, they are far lower than their respective 
efficacy rates and are considered avoidable 
aspects of this procedure."j-'-; 

Subcaudate T'actotamy 
Another stereotactic procedure geared 

towards interrupting fibers from the OFC to 
the thalamus is subcaudate tractotomy 
("innorninatomy"). Developed in London by 
KnighP4' in 1965, the operation was designed 
to relieve depressive. anxiety, and obsessional 
symptoms while minimizing postoperative 
epilepsy as well as cognitivetand personality 
deficits. The lesion is created by multiple 1x7 
rnm rods of yttrium-90, a p-emitter that 
releases lethal radiation to tissue within 2 
mm. These rods have a h&-life of 68 hours, 
after which they become inert. The target site, 

1_ 

SE region of white matter localized bent&& the '= 
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head of the caudate, known as the substantia 
~ n n ~ ~ ~ ~ a ~ ~ ,  has been ~ ~ ~ ~ t i o n ~ ~ y . l o c ~ ~ z e ~  
by ventriculogram. A stereotactic apparatus 
places the rods after bilateral burr holes are 
made just above the frontal sinus and 15 mm 
From Khe midline. The lesion itself lays at the 
anteroposterior level of the planum sphe- 
noidale, extending from 6-18 mm from the 
midline and being 20 mm long in an antero- 
posterior direction. Initially, placing 2 rows of 
4 rods each made the lesion. Later studies, 
having refined the technique, added an extra 
rod to each row. Although the major indication 
Tor this procedure has been for refractory 
dfective disorder, it has also shown great 
promise in the treatment of malignant OCD.= 
Recent studies''*3Z have reported significant 
'klief or obliteration of debilitating symptoms 
in 33% to 45% of patients. There are very few 
reported cases of catastrophic postoperative 
complications. In a series of 1300 cases of 
subcaudate tractotomy, one set of authorss1 
-1yp0rt only two deaths directly caused by the 
procedure. The most common side effect was 
postoperative confusion (10%) and minor 
decreases in verbal and visual memory tasks. 
The authors felt this transient phenomenon 
was mostly due to postoperative edema and, 
based on  neuropsychological tests, found 
these deficits to resolve after 6 months. 

irnbic 1 eukotomy 
While the thee aforementioned procedures 

iarget a single anatomic substrate, a fourth 
procedure is designed tci inieriiipt fibers at 
two separate areas-a hntothalamic loop and 
an area of the Papez circuit. Termed limbic 
leukotomy, the procedure was developed in 
England by Desmond Kelly and Alan 
Richardson" in the early 1970s. The opera- 
, ion consists of three 6 mm ~ e ~ o c o a ~ l a t i v e  
( j T  Cq-ogefiic lesions in lower m d f d  quad- 
rant of each frontal lobe (to interrupt fron- 
tothalamic connections) and two 6 mm lesions 
in  each cingulum. The results for OCD 
(termed obsessional neurosis by the principal 
investigators) were excellent. with up to 89% 
of patients being significantly improved at 16 
i i  o n t h s p os t s u r gi c a1 lo 11 o w - u p . A no t h e r  

-~ucly."L showed 83% improvement rates at 20 
months postsurgical foLlow up. No cata- 
strophic complications have been reported. 
Although the  investigators postoperatively 
found occurrences of confusion. headache. 
urinary incontinence. and lack of initiative in 
home patients. all side effects ciallred within a 

f&w Based on postoperative neu- 
r o p s y ~ h o ~ o ~ i c a l  testing, the i n ~ e s t ~ ~ ~ t o ~ ~  
found no permanent objective deficits o r  
changes in concentration, memory, intelli- 
gence, or personalitysm 

We are on the verge of, quite arguably, one 
of the most important developments in the 
modern history of neurosurgery-the era of 
neuroaugmentation. To date, psychiatric neu- 
rosurgery has focused on minimizing damage 
to the nervous system and. when a lesion was 
necessary, making the smallest effective 
lesion. Neuroaupentation. through electrical, 
chemical, as well as other emerging modali- 
ties, allows the neurosurgeon to ameliorate 
nervous system disorders through additive. 
not destructive, means. 

One of the most exciting advances with 
regard to neuroaugmentation in the last 
decade was the resurgence of neurostimula- 
tion techniques. Neurustimulation includes all 
neurosurgical interventions that utilize electri- 
cal stimulation as a therapeutic modality for 
neuromodulation. Electrical modulation of 
brain function as a therapeutic neurosurgical 
tool is not new, having Erst been performed by 
J. L. POOP' in 1948. Interestingly, much like 
stereotaxis, the Erst neurosurgical use of ther- 
apeutic brain stimulation was for psychiatric 
disease. Today's use of electrical neurostimu- 
lation consists of epidural and subdural sur- 
face electrodes and deep brain stimulation 
(DBS), in which an electrode is stereotacti- 
cally placed in subcortical structures. A third 
technique of electric neurostimulation is 
vagus nerve stimulation (VNS). This renais- 
sance of neurostimulation techniques is the 
direct result of a better understanding of neu- 
rophysiology from functional imaging studies. 
i ~ t ~ o p ~ m t i v e  brain mapping, and technologi- 
cal advances in implantable electrodes and 
programmable pulse generators. Combined 
with the latest developments in computer- 
guided. stereotactic brain navigation, which 
allows the exquisite targeting (up to 1 mm pre- 
cision) of neural structures. neurostimulation 
has become the cornerstone of recent neu-  
roaugmentative efl'orts. 

Neumstirnuhtion has inherent advantages 
over previous lesioniny pmoeriures, Uniike a 
lesion. i t  is fully reversible 2nd the stirnulation 
can be tlynamicnlly adjuster1 according to il 
patient's changing symploms and tiisease pro- 
gression. Coupleii with [he fact that the stirnu- 

. ._ 
...._ , . ,  
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lation can i)r Lurnrcl on ant1 off without the 
p ail en t 's ii w ii rt" ;'I t+ p1. ne ur!!stI m u 1 at i II prt 1- 

vides a u n i q u r  oplxirtunity for conducting 
douli l r- l i l int l  siu(lies: tiiererors. any given 
patient c ~ l n  wi-i t . ~  t.13 his or her own cwntrol 
proup--hi)mrlliinp that cou ld  never hr t l ( ~ n e  
with lcsioninp 1)rocwIures due to ethical con- 
strainls on sham procedures. 

Neurostimuiation is now the standard OC 
therapy Cor metiically refractory PD. essential 
tremor. intention tremor. and various chronic 
pain syndromes. It is also being increasingly 
utilized for other disorders. such as intractable 
dystonia and epilepsy. The following question 
remains: Are neurostimulation techniques as 
safe and effective as their lesion-Lased coun- 
terparts? Based on recently published 
studies.Xl.3J the answer is a resounding yes. In 
1998. a New England JournaL of /Medicine 
study": reported that after one year of chronic 
DBS. advanced. medically refractory PD 
patients s ig i f icant l~~ improved with regard to 
symptoms and activities of daily living. with a 
conc~mitan~ 5O% reduction in medication. In 
a recent randomized prospective study."' clini- 
cians confirmed the inherent advantage of 
neurostimulation techniques over their lesion- 
ing counterparts. Schuurman et al"' directly 
compared stereotactic thalamotomy with thal- 
amic DBS for refractory tremor. The! showed 
that DBS had fewer adverse side effects and 
was superior in overall improvement of daiIy 

f u n c t i o n ~ n ~ .  The t-urrantfy applied DBS sys- 
tem utiIizes multic*ontar:i electrocks connecked 
to a remtitely prciprarnmal)le pulse generator 
(Figure G),'" 

The exact mrc*hanisnis of neurostimulation 
are unknown. There arc several prevailing 
theories explaining w h y  electrical stimulation 
is effective in alleviating symptoms in various 
neural disorders. One theory suggests that 
stimulation acts like a reversible ablative 
lesion. inactivating nearby cells by a depolar- 
ization Iilockade. Such a phenomenon. occur- 
ring at high frequency (>lo0 Hz) stimulation, 
would  remove afferented targets from any 
abnormal influenres that the stimulated area 
might elicit. Electrical stirnujation couId also 
activate cellslaxoiis by ~ e p o I ~ z a ~ ~ o n  directly 
influencing activity in a neural circuit.'" A 
third possibility involves the tonic influence of 
electrical stimulation on the resting potentials 
of target neurons. Such neurons. according to 
intrinsic voltage gate properties. would begin 
to fire at different frequencies than when they 
are free of stimulation influence. This. in turn, 
would alter the activity of the neural circuitry 
involving these targets. A recent fMRI studyiL? 
had also shown selective activation of specific 
cortical and subcortical structures with DBS. 

Certainly. the neurocircuitry of psychiatric 
diseases is far less elucidated than those sub- 
serving movement disorders. The striking sim- 
ilarity hetween the abnormal neural circuitry 

I 

FI[GmES 6. Schematic or deep brain stimulation system. The photograph to the left (Figure 6.4) is a typically implanted bilateral 
deep brain stimulation system. Note the locatjon stimulation electrodes and pulse generators. Also shown (Figure 6E) i s  a close-up 
of the implanted quadripoiar electrode and the puise generator. 
photos courtesy of Medtronic. 
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ijfiiiQvement dimlei5 md the pmposed md- 
e k  of ahnomid n e d  circaaitq in psychiatric 
&eases, makes neumaugmentation an attrac- 
tive option for surgical intervention of refmc- 
tony psychiatric conditions. Initial reportsH 

VNS for affective disorder and DBS for 
;)CD are promising, and a number of frrther 
studies are in pmpss.  

As a result of advances i n  our under- 
standing of the pathophysiology of psychi- 
atric disorders. we can  explore other 
potential targets for pharrnacoiogical and/or 
surgical intervention. 

With its central anatomical and physio- 
' \>gical location, the thalamus has been a 
iraditional target of ablative stereotactic pro- 
cedures. Procedures, such as subcaudate 
tractotomy, limbic leukotomy, and capsdo- 
tomy, indirectly target the DM nucleus by 
interrupting the reciprocal connections 
between the frontal cortex and the thalamus. 
.Inother thalamic target For putative neu- 
rnaugmentative therapy is the anter ior  

Licieus. With its rich connections to the 
cingulate gyrus. the anter ior  thalamic 
nucleus plays a vital role in the propagation 
of the Papez circuit. Surgical intervention in 
this area may serve to modulate the affect of 
psychiatric disease states, such as OCD and 
affective disorder. 

The ventral striatum is implicated in the 
Tnthogenesis of many psychiatric diseases, 
Ilxluding OCD and affective disorder. The 
ventral striatum serves as a vital link between 
the OFC and the basal ga~glia. With its &er- 
ent projections from the substantia nigra, the 
raphe nucleus, and the centromedian thalamic 
nucleus, as well as its efferent projections 
through the GP. the caudateiputamen complex 
plays an important modulator role in connec- 
'rms from the frontal cortex to the thalamus. 

Cortical eargets. such as the OFC, may  
jerve as a potential area for future interven- 
ion. The OFC is implicated in the pathogene- 
!is of many psychiatric diseases. in which 
Ieurai models are now being explored. Given 
he long history of well-known cognitive side 
dfects of psychiatric neurosurgical proce- 
lures on the frond lobe. it may seem that tar- 
.!ting the OFC m i g h t  not be the ideal 
( j iu t ion :  however. modern imaging tech- 
liques. coupled with neuroaugmentation's 
nherent abi1ie;y to rnotluiate activity by 
ynamicdly controlled nondestructive input. 
uggests that targetin? the OFC and other cor- 
cal areas may be oc benefit. 

Interestingly, during recent EBS inter- 
ventions for PD, two separate  groupsM*GT 
reported that subthalamic nucleus stimula- 
tion elicited depression and laughter from 
patients. This could prove interesting to 
explore For future neuroaugmentative thera- 
pies to treat affective disorder. 

Since the currency of nervous system corn- 
rnunication involves both electrical and chem- 
ical transactions. another modality for future during recent DBS 
neuroaugmentative therapy involves the use of 
chemicals. Already, drugs (ie, morphine and interventions for PD, 
baclofen) are used in neuroaugmentative pro- 

two separate p u p s  cedures for chronic pain and spastic disor- 
ders. As drug-delivery pumps and 
microcatheters are further improved, chemi- reported that 
cals that mimic neurotransmitters or standard 
psychotropic medications could be delivered subth-c nucleus 
directly to brain targets in doses that would 
minimize systemic side effects. stimulation &cited 

C QNCL U § ~ ~ ~ ~  depression and laughter 
We have reached an exciting crossroad for 

psychiatry and neurosurgery. The culmination horn patients. This 
of all aforementioned technoiogies have given 
new therapeutic options to explore. could proveinteresting 
Stereotactic radiosurgical techniques, such as 
the "I- knife, have allowed neurosurgeons to to explore for fi~ture 
refine lesioning procedures to the point of 
being bloodless. Neuroaugmentative tech- neuroaugmenmtive 
niques, combined with modern functional 
imaging and psychiatric batteries, offer inves- therapies to treat 
tigators a tool to finally conduct a randomized, 
double-blind prospective study-something decrive disorder." 
that has been lacking in researching psychi- 
atric neurosurgery. Ultimately, electrical and 
chemical neuroaugmentative modalities could 
be merged with exquisite microprocessor con- 
trols that detect changes in neural function 
and can dynamically and automatically adjust 
neuromodulating input. These neuroaugmen- 
tative techniques could be combined with 
emerging molecular biological strategies, such 
as vector-based gene therapy, in order to 
replace entire neural networks ihat have 
become affected by psychiatric and other neu- 
rologicai diseases. Successful Reurosur~cal 
intervention in patients with various psychi- 
atric diseuses wiii lead to new insights into 
human brain function that  will have long- 

etlicine and all aspects 
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irrvolves both 
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modalityforfuture 
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With  this, the October. 2000 volunie of CNS 
Spectrums. I assume the role of editor-in-chief. This calls 
for an explanation, several expressions of gratitude. and 
a few requests. 

I considered long and hard whether to accept the 
assignment of editor-in-chief of CNS Spectrum. but two 
things sealed my affirmation. First. I had the opportunity 
to discuss the idea with one of psychiatry’s preeminent 
journal editors. Nancy Andreason. MD. PhD. editor-in- 
chief of the American Journal of Ps~chiatr?*. Nancy. a 
close personal friend. is perhaps the discerning intellect 
in our field and the gold standard by which editors of sei- 
entific journals are judged. I asked her what she thought 
and she replied, “Oh, I read CAB Spectrums. it’s quite 
good.” Few people are asked to read more things than 
Nancy Andreason. and her positive judgement of CNS 
Spectrum meant a great deal to me. 

Second, I took advantage of the “ace up MY sleeve” I 
rely on so often. Academic physicians lead a rarefied 
life: we are often called upon to render opinions about 
good clinical practice and what is of potential interest to 
practicing psychiatrists and neurola~ists.  even though 
relatively little of our time is spent s’eeing patients. I am 
fortunate, however. to be married to a very busy and 
highly skilled practicing physician, Lauren Kantor 
Gorman, MD. Lauren. a psychiatrist. spends many of her 
waking moments seeing patients or talking to them on the 
telephone. and consequently must limit herself to the 
most informative journals. CNS Spectrum is one of them. 

And so I had both academic and clinical approbation 
for CNS Spectrums. confirming my own longstanding 
opinion that this journal maintains very high academic 
standards while at the same time providing practical and 
readable information for practicing psychiatrists and 
neurologists. From these considerations. the decision to 
become the second editor-in-chief followed easily. 

The expressions of gratitude go similarly easily to a 
number of key people. More than anyone else. however, 
we a71 must thank Eric Hollander, MD. the founding edi- 
tor of CNS Spectrum. Eric. one of the leaders in psychi- 
a t r i c  research  and also a f ine  cl inician.  is fully 
responsible for the wonderful state of CNS Spectrum. If I 
can maintain the journal at the level he has set then I 
will consider myself a success indeed as the new editor. 

I must also thank my friend, James La Rossa Jr., the 
CEO and publisher of MedVorks Media, a company with 
a group of journals that includes CNS Spectrums. Mental 
Fitness,  Psychopharmacology B d l e t i n .  Primary 
Psychiatry, TEN-The Economics of Neuroscience, and 
ONE-Oncology Economics. I have known James for  

many years now and have 
portive and generative leader. His vis 
creation of this fine family of journals 
him on CNS Spectrum will be one o 
undertaking. 

I am only beginning to know the st 
CNS Spectrums. but have already 
incredible group of dedicated and int 
I also want to thank my assistant at 
Christopher Tulysewsici who will pla 
coordinating activities for CA’S Spectrum. 

Now far the requests. There are only two for now, bc 
they are  important. CNS Spectrums has focused so far o 
publishing review articles centered around a theme. Eaci 
article is peer reviewed and the themes are selected tc 
represent cutting-edge topics of interest to psychiatrist! 
and neurologists. We will continue that focus, but in addi 
tion will place greater emphasis on p u ~ l i s h i ~ ~  severa 
original, peer-reviewed. data-driven research articlez 
each month. We request. therefore. that readers send uc 
their finest research rnanuscriprs on psychiatric or neuro- 
logic topics (or both) for consideration for publication. We 
are dedicated to rapid review and publication and will be 
a venue for you to get your work in press and-published 
more quickly than most other journals. Our readership is 
broad: almost every psychiatrist and neurologist in the 
United States receives CNS Spectrum and therefore your 
article will reach a wide audience. 

My second request is that you let us know what you 
think of CNS Spectrums and how we can be better. We 
want you to look forward to getting CNS Spectrums each 
month. to enjoy reading it, and to find it helps you both 
understand current trends in research and the most up- 
to-date treatments for psychiatric and neurologic disease. 
Don’t hesitate to drop me a note if you have an observa- 
tion or suggestion that you think might be helpful. 

Now. before you proceed to actually reading this 
month’s volume, let me make a few comments about the 
articles it contains. Like all journals. it is necessary to 
have articles for several volumes ready for p 
months in  advance .  Hence, this volum 
Spectrums represents the work of the found 
Dr. Hollander. It will be several months- before articles 
that I have specifically chosen will be included, but if I 
am true to my pledge to maintain Eric‘s hi 
the change should be largely invisible to th 

This issue of CNS Spectrum, which is t 
issues on neurosurgery guest edited by Ali R. Rezai, MD, 
is part icular ly thought provoking because i t  deals . 
with treatments that were pioneered by neurology and I 
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In th& article, the auhors mamine the growth $the dis- 
cipline of p s ~ & h ~ t ~  surgeryJiom the earliest leswning pro- 
cedures to the neuroaugmentative strategies used today. 
Special attention is paid to the neural circuitry that under- 
lies psychiatric disorders and how surgical manipulation i$ 

these circuits might result in the amelioration of the dhease 
state. Also examined is the efect that the technology cuwe 
has had on psychiatric surgery with regard to functional 
imaging and neurosurgical equipment. Finally, the authors 
use the current state of psychiatric surgery to speculate on 
some of the future directions that psychiatric neurosurgical 
procedures might take. 

) 

CNS Spectrums 2000;5(10):20-31 

INTRODUCTION 
Few other medical treatments in history have been the 

focus of such controversy, debate, and misunderstanding as 
neurosurgery for psychiatric disorders. The term psy- 
chosurgev, which has traditionally been applied to these 
procedures, itself is a misnomer. Psychosurgery implies an 
intervention that directly targets .the psyche or mind. 
Surgery for mental disorders intervenes on psychiatric 
patients‘ nervous systems in order to lessen their debilitat- 
ing symptoms; therefore, the term psychiatric neurosurgery 
is a more accurate term and more reflective of the modem 

Even as the practice of neurosurgery for psychiatric iLI- 
ness decreased in frequency following the introduction of 
Thorazine in 1954. the negative bias towards it continued to 
grow.’ Charges of abuse and allegations of surgery for social 
control culminated in the establishment of a national com- 
mission in 1977 that examined psychiatric neurosurgical 
praciices in the United States-from freehand frontal lobot- 
omies to srereotactic lesioning procedures. Careful empha- 
sis was taken to review the efficacy and safety of these 
procedures. As the chairman of the commission reportedsin 
his review, the findings were surprising: “We looked at the 
data and so they did not support our prejudices. I, for one, 
did not expect to come out in favor of p s y c h o s ~ g e ~ .  But we 
saw that some very sick people had been helped by it’- The 
commission was so impressed by the potential benefit of 
psychiatric neurosurgery that it recommended a review 
board be formed in order to study these procedures in a 

1 

‘ )  practice of these procedures. 
I .- 

more scientific manner. nevertheless, this review board was 
never formed. 

An extensive literature review by a pediatrician with a 
masters in public health was published by the Office of 
Technology Assessment in 1986 that cooied the ardor to 
perform psychiatric neurosurgical procedures. This review 
concluded that since psychiatric neurosurgery had never 
been studied in a randomized. double-blind prospective 
fashion. it should be considered experimental until a fitudy 
proved otherwise. Coupled with the advent of newer, more 
effective psychotropic medications, psychiatric neuro-, 
surgery fell by the wayside. Today, only a few centers world- 
wide perform these procedures. 

Nevertheless. there are several reasons to continue to  
evaluate the role of neurosurgery in treating psychiatric dis- 
ease. Despite adherence to therapeutic guidelines and con- 
scientious compliance, there still exists a population of 
psychiatric patients-particularly. among patients with 
obsessive-compulsive disorder (OCDj-who are refractory 
to conservative treatment with medications and psychother- 
apy. In the most recent review’ of current treatment strate- 
gies, 15% to 30% of all OCD patients showed an 
unrelenting downward course despite all pham-iacologic and 
psychotherapeutic treatments. Affective disorders, includ- 
ing major depression and bipolar disorder, similarly have a 
treatment-resistant subset of For some of these 
patients. surgery may still be a viable treatment alternative. 

In addition to possibly being an effective treatment alter- 
native for patients refractory to current pharmacologic and 
psychotherapeutic strategies, psychiatric neurosurgery may 
be cost-efficient. A study has shown that psychiatric neuro- 
surgery map be less expensive than long-term consenative 
treatments with medications and psychotherapy. In addition, 
other reports;.” show that the number . . and _. length of hospital 
visits were significantiy decreased following psychiatric 
neurosurgeq on severe OCD patients. 

One of the challenges of treating psychiatric disease is 

‘ 

c neurosurgery, 

I ’i, 
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first cingulectomy. in which a 4x1 cm section 
of cingulate D ~ s  was bilaterally resected. In 
1967, BaI.lantine26 introduced the  modern 
stereotactic procedure. in which a lesion was 
targetted by air ventricdography and made in 
the anterior cingulate bilaterally using her- 
mocoagulation. The lesion is typically made 
2.0-2.5 cm from the tip of the f r o n d  hams. T 
mm lateral from the midline, and 1 rnm above 
the roof of the ventricles, bilaterdly. Today, 
the procedure has been refined using the lat- 
est stereotacric equipment and imaging tech- 
niques. Stereotactic cingulotomy is the most 
reported neurosurgical procedure for psychi- 

tric disease in the US and Canada. In terms 
f eificacy, most recent ~ t u d i e s ~ ’ - ~ ”  show 
proximately 30% to 38% of all refiaciary 

sychiatric patients have significantly bene- 
fited frcm this pmcediire. Patie-riis with affec- 
tive disorders had the greatest efficacy rates, 
with major depressive patients showing a 60% 
response rate and bipolar disorder patients 
showing a 40% response rate. OCD patients 
had approximately a 30% response rate.99 
Some adverse s ide  effects reported were 
seizures. weight or appetite changes. mania, 
and memory dEiculties. It is difficult to quan- 
tify these adverse sequelae, since most of 
these studies involved a small cohort of 
patients. The largest risk (1% to 9%) was for 
seizures, which was easily controlled by 

... . -:-, Dilanrin. In the largest published series of 

internal capsule at the approximate level of 
the foramen of Monro. Specifically,. the ideal 
target lays at 17 mm from the midline, 10 mm 
rostral to the anterior commissure, and 8 mm 
above the intercommissural line. The lesion is 

mocoagulation, shows t h e  two 
subtypes of anterior capsulotomy to be equally 
efficacious. Reported side effects involve 
aspects of frontal lobe dysfunction, which 
include personality changes, increases in 
impulsiveness. and memory difiiculties. These 
transient side effects were found to correlate 
with ”2 changes on MRI. consistent with post- 
operative edema. While the relative inci- 
dences of these sequelae vary from study to 
study, they are far lower than their respective 
efficacy rates and are considered avoidable 
aspecis of this procedure.aMi 

Subcaudate Tracfeatcprny 
Another stereotactic procedure geared 

towards interrupting fibers from the OFC to 
the thalamus is subcaudate tractotomy 
(“innominatomy”). Developed in London by 
KnighP-47 in 1965, the operation was designed 
to relieve depressive. anxiety, and obsessional 
symptoms while minimizing postoperative 
epilepsy as well as cognitive and personality 
deficits. The lesion is created by multipIe 1x7 
mm rods of yttrium-90, a j3-emitter that 
releases l e t h d  radiation to tissue within 2 
rnrn. These rods have a half-life of 68 hours, 
d e r  which hey become inert. The target. site, 
a region of white matter localized beneath the 

, ,~ 
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“Chronic deep brain stimulation for the management of intractable pain and 
movement disorders”, NeuroIogybTewosurgery Grand rounds, Georgetown 
University Medical Center, Washington, DC (December 1997). 

“Chronic brain stimulation: Current and future clinical application”, 
Neuroscience Grand Rounds, Allegheny Neuroscience Institute, Pittsburgh, 
Pennsylvania (March 1998). 
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“Long-term outcome of deep brain stimulation for Parkinsonian, Essential, and Cerebellar 
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Medicine & Palliative Care Case Conference, Beth Israel University Hospital, New York, 
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“Neurosurgical Management of Movement Disorders” Athena Neuroscience 
and Medtronic Neurological. New York, NY (November 1998). 

“Neurosurgical Management of Chronic Pain” New York University Medical 
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“Deep Brain Stiniulation - New Treatment For Tremors”, American 
Parltinsons’s Disease Association Lecture, St. Joseph Hospital, Flushing, NY 
(November 1998). 

“Deep Brain Stimulation For Chronic Pain”, Pain Medicine Grand Rounds, 
Hospital For Joint Diseases & Tisch Hospital, New York, NY (December 1998). 

“Spinal Cord Stimulation for Chronic Pain”, Orthopedic surgery grand rounds, 
NYU Medical Center, New York, NY (December 1998). 

“Deep Brain Stimulation for the treatment of Parkinson’s disease”, Neurology 
Graiid rounds, State University of New York, Down State, Brooklyn, NY 
(December 1998). 

“Alternative Surgical Management Strategies for Refractory Chronic Spinal 
Pain”, Degenerative Diseases of the Spine: Diagnosis and Management. New 
York, NY (December 1998). 

“Neurosurgical Management of Movement Disorders”, Neurosurgery 
grand rounds, Cornel1 University/New York Hospital. New York, NY 
(December 1 99 8). 

Neurostiniulation and Functional Brain Imaging” Medtronic Scientific Forum, Minneapolis, 
Minnesota (January 1998). 

“Deep Brain S timulation for the Management of Movement Disorders”, North 
Shore University Hospital, Neurology Grand Rounds, Long Island, iXY 
(January 1999). 

“Functional and Stereotactic Neurosurgical Advances”: Parkinson’s Disease: 
Clinical Update Symposium. New York, NY (February 1999). 

“’Deep Brain Stimulation in the Management of r\.lovement Disorders’’ 
NYU Medical Alumni Weekend. New York, NY (April 1999). 
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51. 

52. 

53.  

54. 

55 .  

56 

57. 

58. 

59. 

60. 

61. 

62. 

63.  

64. 

65. 

“Thalamic Stimulation for Chronic Pain”, American Association of Neurological Surgeons, 
New Orleans, LA (April 1999). 

“Functional Brain Imaging and Neurostimulation”, American Association of 
Neurological Surgeons, New Orleans, LA (April 1999) 

“Movement Disorders: Principles of Surgery-Imaging, Equipment and Technique” Surgery 
for Movement Disorders: An Advanced Workshop. Toronto, Canada (May 1999). 

“Thalamic Stimulation for Chronic Pain”. stereotactic, Functional and Restorative 
Neurosurgery: Advances and Prospects for the new Millennium, 
New York, NU (June 1999). 

“Functional Brain Imaging and Neurosurgery” The Third Congress of the Asian Society for 
Stereotactic, Functional, and Computer-Assisted Neurosurgery, Seoul, Korea (June 1999). 

Restorative Neurosurgery: Advances and Prospects for the new Millennium, New York, 
NY (June 1999). 

“Functional Brain Lrnaging and Neurostimulation”. Stereotactic, Functional and 

“Deep Brain Stimulation: Equipment and Technique”, Stereotactic, Functional 
and Restorative Neurosurgery: Advances and Prospects for the new Millennium, New 
York, NY (June 1999). 

“Chronic Subthalamic Nucleus Stimulation for Parltiiison’s Disease” The Third 
Congress of the Asian Society for Stereotactic, Functional, and Computer-Assisted 
Neurosurgery, Seoul, Korea (June 1999). 

“Surgical Management of Parkinson’s Disease” The Third 
Congress of the Asian Society for Stereotactic, Functional, and Computer- Assisted 
Neurosurgery, Seoul, Korea (June 1999). 

“Brain Stimulation: Current Clinical Application and Future Prospects’’ 
Neuroscience Grand Rounds, Cleveland Clinic Foundation, Cleveland 
Ohio (June 1999). 

“Mechanisms of Spinal Cord Stimulation”, Interventional Therapies 
Worlcshop. Memphis, TN (August 1999) 

“Complications of Neuromodulation Surgery” Intewentional Therapies 
Worlcshop. Memphis, TN (August 1999). 

“i\ie-Lirostimulatioii: Surgical Techniques” inrerventionai Therapies 
Worlcshop. Memphis, TN (August 1999). 

“Neurosurgical management of movement Disorders”, Allied Educational Foundation 
Annual National Symposium, Monticello, NY (September 1999). 

“Motor cortex stimulation for chronic atypical facial pain”, Trigeminal Neuralgia 
Association (October 1999) 

“Neurosurgical management of chronic pain”, New Yorlc University Department of 
rehabilitation medicine grand rounds, New York, NU (October 1999). 
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66. “Spinal Infections” New York University/Hospital for Joint Disease Department of 
Orthopedics grand rounds, New York, N Y  (October 1999). 

“Brain Stimulation: Current clinical application and future prospects” University of 
Medicine and Dentistry of New Jersey, Department of Neurosurgery grand rounds, Newark, 
Kew Jersey (November 1999). 

“Alternative surgical management strategies for refractory chronic pain”, New York 
University Degenerative disease of the spine Symposium, New York, NY (December 1999) 

“Surgical management refractory chronic pain” New York UniversitylHospital for 
Joint Disease pain management symposium, New York, NY (December 1999). 

67. 

68. 

69. 

70. “Neurosurgical Management of Chronic Pain” Long-Island Pain Symposium, New York, 

“Functional Brain Imaging and Neurostimulation” State University of New York, Syrracuse 
Research symposium, Syracuse, N Y  (February 2000). 

NY (January 2000). 

7 1, 

72. “Neurostimulation” Cleveland Clinic Foundation, Departments of Neurosurgery Grand 
rounds, Cleveland, OH (March 2000) 

“Neuromodulation: Current therapies and future application” Neurosurgery Core ~ u r r ~ c u l ~  
lecture, Cleveland, OH (May 2000). 

“Brain stimulation: surgical principles” American Association of Neurological Surgeons 
San Francisco, CA (April 2000). 

75. “Deep brain stimulation: Surgical technique, pitfalls and complications” American 

73. 

74. 

As so ci ati on 
of Neurological Surgeons, San Francisco, CA (April 2000). 

“Parkinson’s Disease: What else is new. Special Seminar, Cleveland Ohio (May 2000). 76. 

77. “Surgical methodology and risk assessment for Parkinson’s disease” Deep Brain stimulation 
for Pakinson’s disease, skills for pre-operative patient selection and post-operative 
management Symposium, Cleveland, OH (June 2000). 

78. “Regional anatomy of the Subthalamic nucleus and globus pallidus as it relates to efficacy and 
side effects”, Deep Brain stimulation for Pakinson’s disease, skills for pre-operative patient 
selection and post-operative management Symposium, Cleveland, OH (June 2000). 

79. “Deep brain stirnuladon techniques and animal results for ETilepsy”, Cortical Dyspiasias and 
Epilepsy: pathophyisology, diagnosis and management. 1 1 ” International Cleveland Clinic- 
Bethel Epilepsy Symposium, Cleveland, OH (June 2000). 

80. “Deep brain stimulation surgery for epilepsy” Cortical Dysplasias and Epilepsy: 
pathophyisology, diagnosis and management. 1 1 th International Cleveland Clinic-Bethel 
Epilepsy Symposium, Cleveland, OH (June 2000). 

80. “Clironic Subthalamic Nucleus Stimulation for Parltinson’s disease’’ Congress of 
Neurological Surgeons, San Antonio, TX (Sep 2000). 

8 1. ““Subthalamic Nucleus Stimulation Surgery” Congress of Neurological Surgeons, 
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San Antonio, TX (Sep 2000) 

82. “Brain stirnulation”: Current clinical application and future prospects” Applied Neural 

83, “Magnetoencephalography (MEG) mapping of the sensorimotor cortex in patients with 

84. 

Control Research, Cleveland, OH (Sep 2000). 

tumors, Congress of Neurological Surgeons, San Antonio, TX (Sep 2000). 

“Neurosurgical Management of Chronic Pain” Pain Management Grand Rounds: The 
Cleveland Clinic Foundation, Cleveland, OH (Oct 2000). 

85. “Motor cortex stimulation for Chronic Pain” University of Toronto Bottrell research 
symposium, Toronto, CA (Nov 2000) 

86. “Implant Techniques for Neurostimulation and Intrathecal Systems” Interventional 
Therapies Workshop, Memphis, TN (Nov 2000). 

87. “Outcomes and Complications for neurostimulation and intrathecal drug therapies” 
Interventional Therapies Workshop, Memphis, TN (Nov 2000). 

“Functional Brain Imaging and Chronic Pain” Pain management grand rounds, The 

Clinic Foundation, Cleveland, OH (Nov 2000). 

88. 
Cleveland 

8 9. “Deep brain stimulation: Current clinical application and future prospect for morbid 
Obesity. Endocrine Grand Rounds, The Cleveland Clinic Foundation, 
Cleveland, OH (Nov 2000) 
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ABSTRACT 
In this article, the aLLthors examine the growth of the dk- 

cipline of psychiatric SurgeryJiom the earliesi Leswning pro- 
cedures to the neuroaugmentative strategies used today. 
Special attention is paid to the neural circuitry that under- 
lies psychiatric disorders and how surgical manipulation of 
these circuits might result in the amelioration of the disease 
state. Also examined is the efjrect that the technology curve 
has had on psychiatric surgery with regard to functional 
imaging and neurosurgical equipment. Finally, the authors 
use the current state of psychiatric surgery to speculate on 
some of the fiture directions that psychiatric neurosurgical 
procedures might take. 

) 
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INTRODUCTION 
Few other medical treatments in history have been the 

focus of such controversy, debate, and misunderstanding as 
neurosurgery for psychiatric disorders. The term psy-  
chosurgery, which has traditionally been applied to these 
procedures, itself is a misnomer. Psychosurgery impiies an 
intervention that directly targets .the psyche or mind. 
Surgery for mental disorders intervenes on psychiatric 
patients' nervous systems in order to lessen their debilitat- 
ing symptoms; therefore, the term psychiatric neurosurgerv 
is a more accurate term and more reflective of the modern 

Even as the practice of neurosurgery for psychiatric ill- 
ness decreased in frequency following the introduction of 
Thorazine in 1954. the negative bias towards it continued to 
grow.' Charges of abuse and allegations of surgery for social 
control culminated in the establishment of a national com- 
mission in 1977 that examined psychiatric neurosurgicaI 
practices in the United States-from freehand frontal lobot- 
omies to stereotactic lesioning procedures. Careful empha- 
sis was taken to review the efficacy and safety of these 
procedures. As the chairman of the commission reported'in 
his review, the findings were surprising: "We looked at the 
data and so they did not support our prejudices. I, for one, 
did not expect to come out in favor of psychosurgery. But we 
saw that some very sick people had been helped by it.'v The 
commission was so impressed by the potential benefit of 
psychiatric neurosurge~  that it recommended a review 
board be formed in order to study these procedures in a 

., practice of these procedures. 

more scientific manner: nevertheless. this review board was 
never formed. 

An extensive literature review by a pediatrician with a 
masters in public health was published by the Office of 
Technology Assessment in 1986 that cooled the ardor to 
perfom psychiatric neurosurgical procedures. This review 
concluded that since psychiatric neurosurgery had never 
been studied in a randomized. double-blind prospective 
fashion, it should be considered experimental until a study 
proved otherwise. Coupled with the advent of newer, more 
effective psychotropic medications, psychiatric neuro- 
surgery fell by the wayside. Today, only a few centers world- 
wide perform these procedures. 

Nevertheless. there are several reasons to continue to 
evaluate the role of neurosurgery in treating psychiatric dis- 
ease. Despite adherence to therapeutic guidelines and con- 
scientious compliance, there still exists a population of 
psychiatric patients-particularly. among patients with 
obsessive-compulsive disorder (OCDf-who are re€ractory 
to conservative treatment with medications and psychother- 
apy In the most recent review' of current treatment strate- 
gies, 15% to 30% of all OCD patients showed an 
unrelenting downward course despite aU pharmacologic and 
psychotherapeutic treatments. Affective disorders, includ- 
ing major depression and bipolar disorder, similarly have a 
treatment-resistant subset of patients.J*.i For some of these 
patients. surgery may still be a viable treatment alternative. 

In addition to possibly being an effective treatment alter- 
native for patients refractory to current pharmacologic and 
psychotherapeutic strategies, psychiatric neurosurgery may 
be cost-efficient. A study" has shown that psychiatric n e w -  
surgery may be less expensive than long-term conservative 
treatments with medications and psychotherapy. In addition, 
other reports:" show that the number and length of hospital 
visits were significantly decreased following psychiatric 
neurosurgery on severe OCD patients. 

One of the challenges of treating psychiatric disease is 

. 
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reehiy”ries, saeh as positin sillissfon tomag- 
raphy (PET), funetiond magnetic resonance 
imaging (fMRI), and rnagnetoencephdogra- 
phy, allow the clinical investigator a noninva- 
sive method to directly and precisely locdize 
ha in  function and anatomy. Together, these 
iools can help eliminate some shortcomings of 
past studies of psychiatric neurosurgery. 

THE ~ ~ ~ ~ O ~ ~ ~ C ~ ~ ~ ~ Y  
OF PSYCXIATBIC DdSEASE 

To perform psychiatric neurosurgery, 
appropriate surgical targets must be  chosen; 
therefore, the p a ~ o p h y s i o ~ o ~  of psychiatric 
iisease must be elucidated. Our understand- 

ing of the neurocircuitry of psychiatric disor- 
ders is rapidly evolving. Cortico-basal 

$io-tkdamic interaction is fundamental in 
L..--r ’pathogenesis of various psychiatric dis- 
eases in humans (Figure 1). In the mid-l980s, 
DeLong et d’ first suggested that there were 
two coordinated loops passing through the 
basal ganglia to the thalamus: (1) a “motor” 
m p  that centers on the sensorimotor, cau- 

Jatelputamen, globus pallidus (GP), thalamus, 
and premotor areas; and (2) an “associative” 
loop that involves cortical association areas, 
caudatelputamen, GP, subthalamic nucleus, 
and substantia nigra. The modern neurosurgi- 

elucidated psychiatric diseases-OCD and 
affective disorders (both of which have been 
the targets of neurosurgical interventions). 

Obsessive.- Corn p uisive Disorder 
While movement disorders, chronic pain, 

and psychiatric disease might seem dissimilar 
entities on the surface. they share common 
neural substrates. From the earliest observa- 
tions of OCD. it was speculated that neuronal 
areas subserving motor function had a central 
role in its pathogenesis. Indeed, Freud’O pro- 
posed that the neurologic substrate for the 
OCD patient’s ego lies “at the motor end of the 

TQ&Co-bWd 

~ ~ ~ - ~ ~ C  

intermion is 

~~~n~ in the 

pathogenesis ofvarious 

psychical system.’? Tourette disorder, a dis- psychiatric &eases 
ease characterized by motor tics as well as 
OCD-like symptoms. demonstrates the phe- 
nomenon of a neural substrate capable of pro- 
ducing motor as well as psychiatric disease 
states. Studies”.’2 demonstrating the strong 
clinical and genetic association between 
Gilles de la Tourette syndrome and OCD sug- 
gest that the basal gangiia plays a central role 
in the pathogenesis of OCD symptoms. A 
basal ganglia circuit, similar to the one impli- 
cated in PD, has been proposed to explain the 

‘ 

FIGURE 1. Basal gungiia and associated structures involved in psvchiatric disorders. Yote that rnedi- 
a1 structures. such us c:ingulale gyrus. fornix. mammillary bodies. h~p(itha~amus. m d  midbrain nuclei, 
are not depicted. 

in humans.n‘ 
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production of both motor and obsessional 
symptoms in Tourette disorder.’:’ Further 
analysis of the clinical spectrum of PD ha5 
revealed many striking similarities between 
PD (a “motor” disease) and various psychi- 
atric diseases, such as OCD and affective dis- 
*der* 14.15 

Based on these observations and the sero- 
tonergic hypothesis of OCD pathogenesis, 
Modell and colleaguesi0 proposed a neuronal 
architecture for the basis of OCD. This model 
hypothesizes that the primary pathogenic 
mechanism lies in a dysregdation of the basal 
ganglia/limbic striatal circuits that modulate 
neuronal activity in and between posterior 
portions of the orbitofrontal cortex (OFC) and 
the medial, especially doorsomedial, thalamic 
nuclei (Figure 3). 

These are three components to this m u -  
ronal model of OCD. The fmt involves a reci- 
procal positive-feedback loop involving the 
OFC and the dorsomedial thalamic (DM) 
nucleus by way of the anterior limb of the 

NORMAL STATE 

internal capsule. The corticothalamic projec- 
tion is excitatory and mediated primarily hy 
glutamate and aspartake. Although the recip- 
rocal thalamocortical projection’s neurotrans- 
mitter remains t o  Le identified, multiple 
studiesrJ.’” suggest that it is also excitatory. 

The second component of Modell’s OCD 
model involves the OFC, the ventral striatum, 
the ventral pallidum. and the DM nucleus. 
While the transmissions of the ventral stria- 
tum to the ventral pallidurn involve multiple 
neurotransmitters, including y - ~ i n o b u t ~ ~  
acid (GABA) and substance P, the output of 
this pathway by way of the ventral pdidum to 
the thalamus is almost exclusively inhibitory, 
mediated -by GABA. This component is 
thought to serve as a modulator for the excita- 
tory positive-feedback orbitofrontal thalamic 
hop described earlier- _Another vi& aspect of 
this second component of the OCD model 
involves serotonergic projections from the dor- 
sal raphe nuclei of the midbrain to the ventral 
striatum. These are speculated to be  

PARKINSON‘S DISEASE li 

2. Schematic of basal ganglia function. Loss of dopaminergic input to the striatum due to substantia nigra1 degeneration 
results in dysregulation in basal ganglia function. The net effect is excessive inhibitory influence of the giobus pallidus interna on the 
ventralis lateralis and ventralis anterior thalamic nuclei. Such abnormal i n b i b i i o ~  influence gives rise to the symptoms of Parkinson’s 
disease. Black arrows represent inhibitory connections. White arrows represent excitatory connections. 
Gluqiutamate: G 
ic nudew: V b v e r m ~ e r a l i s  thalamic nucleus; STNmubthalamic nucleus; GPiqlobus pailidus interna. 
KOpell EH, Aezai AR. GVSSpectrums. Vol5, No 10.2000. 

mrnobutyric acid: DA=dopamme: GPergIobus pallidus extema; Snc=substantia nigra pars compacta; VA3vemralis anterior thaiarn- 
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Inhibitory in nature. 
The third constituent of this model involves 

the l imbic system and  the  Papez  circuit 
( F i p  4). At its core, OCD is'an anxiety dis- 
order; and the impact of the patient's various 
obsessions and compulsions on his or  he r  
emotional state is the hallmark of the disease. 
In 1937, Papez" concluded that participation 
from the cerebral cortex is essential for the 
subjective emotional experience and that 
emotional expression is dependent on the 
integrative action of the hypothalamus. Papez 
devised a circuit based on his observations on 
lieuroanatomic connections to integrate these 
two structures. The pathway begins from the 
hippocampal formation to the rnamillary body 
via the fornix. The projection, via the mamil- 
':othalamic tract, continues to the anterior thal- 
amic nuclei. From here. there are widespread 
connections to the cingulate gyrus. In the 
aforementioned OCD model. there are numer- 
ous connections to the Papez circuit via the 
DM nucleus and the OFC. These connections 
could subserve the anxiety/emotionai compo- 
nent of OCD. 

By synthesizing these three components, 
obsessive-compulsive (OC) symptoms could 
occur when an aberrant positive-feedback loop 
develops in the reciprocally excitatory fron- 
tothalamic neuronal pathway that is inade- 
quately inhibited/modulated by 
striatopallidothalamic activity; thus, OC symp- 
toms would be expected to appear when s t r i -  
atopallidothalamic activity is abnormally 
decreased or when orbitohntothalamic activity 
is abnormally increased. Conversely, either 
increasing the modulating loop or decreasing 
the excitatory loop would be expected to result 
in a concomitant decrease in.OCD symptom 
expression.l6 Additionally, modulation of the 
Papez circuit may in ~LUTI eliminate some of h e  
disturbing affects that obsessions and compul- 
sions have on a patient's emotional state. This 
mechanism is analogous to the model of PD in 
which dysreadation in the corpus striatum. sec- 
ond? to loss of dopaminergic transmission from 
the substantia nigra pars compacta. muits in the 
increase in tonic i ~ i b i ~ o n  of the ventralis later- 
aiis and ventmiis anterior thalamic nuclei by the 
intemal segment of the GP interna 

FlGURES 3. Schematic oi' OCD model. This diagram demonstrates [he basal gimgiia structures involved in the pathogenesis of OCD. 
The specific anatomic structures of the direct and indirect pathways (GPe. STN. GPi) rihown in Figure I have been condensed into net 
excitatory/inhibitory influences Tor the purposes of clarity. The excitatory cmnections Frnrn the OFC to the ventromedial striatum and 
[halamus iun through the anterior internai cilpsule and the h u h s t a n t i a  innominula. .il~nonnalities ofdopaminergic and. especially, sero- 
tonergic iniluences on  t h r  ~irhitillfroritui cortex ( O K )  and the vrntrornetliill sinaturn couitl give rise to one ot' two different scenarios: 
An  abnormal excess of reciproc:nIly rxcitatory activitv between h e  ~lorsornatliill thaiamus dnrl the OFC (Figure 36)  or excessive uctiv- 
it! ihrough the ilirect iiasai ganglia puthwav resulting in abnormally (le(:reawti inhihitory iriiluence id the (Xi on the DM thaiamus 
(Figure X ) .  Otisttssive-c.oinpuIsive >yrnptoms would thus  be rxpwterl to dpprur when stnatopalliriothalamic dctivity is dbnormally 
cjecreasetl nr when cirbitolri~ntoihnlamic activity is abnt)rmaIly iricranseti. 
OFC=orbitofrontai cerebral cortex: Glurgiutamate; Arp=aspa*ate; GABA=yamlnobutyrrc acid: DM=dorsomedial thalamic nucleus; ANT=anterior thalamic 
nucleus: DA=dopamine: Sermserotonin: Snc=subnantia nigra pars compacta: vent tegzventral tegmentum of midbrain. 
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