
A p r i l  8, 1986 

6SQA 

SSkL Prop. 
Angiography" 

f456 "lodinc U,fchrotnot;raphy with konochrohtutic X-ray &aue for 

B i l l  Cough, Director, Sso/ER 

ESQA hes reviewed the information you forwarded t o  ubi on the subject proposal. 
It Is likely that the requirements of 1GCFE745 have been met. 
necessary eafety precdutions art be ing  taken. 
below for your conslaeration. 

We believe the 
We do o f f e r  the two comcients 

It i s  rtconmended that the exietence of an "approved general assurance" on 
file with the Department of :!ealth and Human Services be verified and t h a t  a 
copy be obtained, 

111 aibcubsiona w i t h  Sr. Jim iiobercaon of thc. Qff ice  of €it::dttl and 
Environmental Reser.rch (ObDh Efc-7U) ,  i t  became c lear  chat t h e  dspect  of 

infornied consent" 1s extretretly important. It is recommended tliac C n c  
inforcmtiocnl paper to  the p a t i c n t  clearly outllne any differences between the  
synchrotron rddlatlon protocol and Lhe noma1 procedures , such ire the 
d i f f e r e n c e  In radiat ion dose, 
consenC be 8OlfClted froc OCC and WER. 

11 

Xt it+ also augzrsted t h a t  butdance on infornied 

CONCURRENCES 

RKI.  SYMBOL 

OAT€ 

4/8/86 

tNITUCS/SIG. 

DAT€ 

RTQ. BYMBOL 

4NITIALS/SIG. 

OAT€ 

R M .  SYMBOL 

JNITlAlSIS1G. 

DATE 

DOE FORM AD-9 (1  2-77) OFFICIAL FILE COPY 



TO : 

JAN 2 3  1386 . .. . 

S S R L  

S S R L  
DhTE: January 7, 1986 

E. Rubenstein. M.D., 
R. Hofstadter, Ph.D. D.C. Harrison, M.D. 
Department of Medicine 

Chairman, Medical Committee f o r  the 
Protection of Human Subjects in Research 

FROM: 

-. -. .- :-.: --e-.--,-,-: 
:.aC-.f,,:. -.:..-yi. ..,;-: : .  ,-- p,ROTOCOL TITLE: 
+sr.l !,. 2:, :-, 
.:.-. . ~ i ; j , j+ . ; : . . :~  ...-. . . . _. K - edge Rng i ogr aphy with Synchrotron X-rays . 
'-.-%;,. .. . i- . .  I . .., - (Grant: K-edge Subtraction flngiography with - .  Synchrotron X-rays) 

: 

. .  
I 

The Committee approved human subjects involvement in your research 
. project on January 7, 1986. 

-_ 
. The expiration date of this approval is January 6, 1987. 

this project is to continue beyond that date, please submit an updated 
proposal In advance f o r  the Committee's re-approval. 
used in conjunction with any other human experimentation o r  if it is 
modif.ied in any way, it must be re-approved f o r  these special circum- 
stances. 
complications which may occur during any experimental procedure. 

If 

I f  this proposal is 

In addition, the Committee requests prompt notification o f  any 

fill continuing projects and activities must be revieued and re- 
approved at least annually by the Committee. Committee approval of  any 
project is f o r  a maximum period of one year. It is the responsibility 
of the investigator to resubmit the project to the Committee f o r  annual 
review. 

. : . .  

cc: 

QC/f!QY a d  
Don RC/Goff inet , M.D., Chairman 

Sponsored Projects 
Marshall O'Neill 

Funding f?gFncy: ( N l H  HL790?E: N?q U'J37'?30-~ CCE CE-RT93-84ERSG?Q0) (E) 
Period of Time: 
Investigational Neu Drugs: N, N/R 
Investigational New Device: N.  N/R 
Cooperating Institution: 

01/07/86 through 01/06/87 

N 

. 



c ,. * RENEWAL protocol # 

. REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT I N V O L V I N G  HUMAN SUBJECTS AT RISK 
THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH 

To: Kathy Callahan, 851 Welch Rd., #115 
. . .  

PI for Grant/Project: wkrt  Hofstadter, Ph.D. MD/PhD T i  t l  egrofessor 
Other Investigators: Edward Ruknstein, M.D. MD/PhO . Professor (Clinical 

Ibnald C. Harrison, M.D. MD/PhD Prof e s s r  
. . . .  ... 

Tit le  o f  Research Pr0jeCt:Kdqe Anqiography with !5ynchrotron X-rays 

- ion Anqioqraphy wi th  Synchrotron X-rays . (AND GRANT, IF DIFFERENT) K d q e  subtract _ _ ~  
.. .;;; . . . .  : . 1 Ro1 HL29024-01-A1 NIH Grant 7/1/a 3-6/3 o/a 6 

. Contract/Grant # 1 HV-38039 .Sponsor NIH Contract Pe ri od i / 1 /83y6 /30 /86  
2/1/a4-1/31./87 

:yd?;<y&;p;7;, ?.-!ZzT ... .LI:::;:...- icine Ext.7-7188 .. ' . :..-c-, 4. ...- -%&r;.. a:+:.! . . . .  . . . . . .  . . . _ . _ .  . .  . . . .  . . .  

Investigational Device 

. - .  .. 
- .. ?. . . .  

7 PLEASE SEND 4 COPIES (FO NOT STAPLE) 
. . . . . .  . _  . . '-.!r-?.kEVIEW . -  .. PROCESS - Check One:. REGULAR REVIEW . . . .  . , . .  . . .  _ . .  

EXPEO [TED R E V I E W  
(VA Not Eligible):. on reverse side of this form) . . .  

PLEASE SEND 2 COPIES (See regulations . .  .-. 
Paragraph number unde r  which expedited 

. . .  .. 

- .  - 
. . . . .  review i s  requested. . 'I . . .  . . . . . .  . .  ? . --, . _  ,. . . 

. . . .  . .  

APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TO SUBMISSION OF THE 
RESEARCH PROJECT TO HHS/NIH. THE COMMITTEE MEETS THE FIRST m A Y  OF EVERY MONTH AND . -  

APPLICATIONS SHOULD REACH THE COMMITTEE 30 DAYS PRIOR TO THE MEETING DATE. 

PLEASE PROVIDE INFORMATION IN THE FOLLOWING AREAS AND ATTACH TO THIS FORM: . .  
.i- . . . .  . -  . . 

1. Protocols Involving Use o f  Radioactive Materials. 
A separate form for  projects involving radioactive materials should be obtained. 

. . from the Health Physics Department, _. Roan 67, Encina Hall, X-3201. 
.- _. ~ 

. 2,- Number ' o f  Subjects Involved io Date. 

3. Description o f  Results t o  Date. 

4. Problems o r  Complications. 

. 5 .  Description of Remainder of  Project. - .  
. 6. Describe Any Changes  Since Original Approval. 

7.  Attach the Consent Form(s) You are U s i n g  for t h i s  S tudy .  
(Even  i f  i t  i s  the same as previously approved.) 

OR : 

I f  t3js p::̂ ;ect 1s t h ~  s n e  25  2 p~s" ; ' . l s ly  a p p r r i e d  study under a different name, please 
s u p p l y  the t i t l e ,  investigator, date approved and  consent form approved by Committee: 

6184 Q020939t Approval O a t e  . 



Request f o r  Ins t i tu t iona l  Approval of the Protocol Entitled: 
“K-Edge Subtraction Angiography with Synchrotron X-rays” 

Additional Information: - .  

1. Protocols Involving U s e  of Radioactive Materials. 

Radioactive materials are not used i n  this project. 

2. Mrmber of Subjects Involved t o  Date. 

Human subjects have not been s tudied  t o  date. 
. .  conducted on anesthetized dogs. 
. . .  1 ’jects are currently scheduled fo r  April 1986. 

3. Description of Results t o  Date. 

The left anter ior  descending, the  r ight  coronary and the  circumflex 
arteries have been visualized follcwing transvenous injections of 
cont ras t  agent i n  anesthetized dogs. 

Ekpermm * ts have been 
The first e x p e r h t s  on human sub- 

.. . 

- _  
. -- . 

4. Problems o r  &nplications. 

. .None , 

5. Descritkion of Ibmand * er of Project. 

As previously described. 

6. Descrik Any Changes Since Origiml Approval. 

Results of exprben t s  on anesthetized dogs indicate that sane in- 
jections of contrast  agent may be mde in to  a central vein, such as 
t he  superior or inferior vena cava, rather than i n to  a vein in the 

For t h e  central  venous injections, the injection 
rate w i l l  vary fran 5-20 m l  per second. 
.upper extremity. 

For the higher injection 
rates, a pmer injector will be employed. -. 

- _ e  . . .  
.n 7. Consent forms are attached. 

. 



..- . . *  INFORMED CONSENT FOR SYNCHROTRON ANGIOGRAPHY BY MEANS OF VENUS INJECI'ION . 
OF CONTRAST AGENT 

. -  'P, 
. .. 

You are invited t o  participate i n  a study of angiography. 
develop a means of visualizing arteries without the direct injection in to  

the arteries of x-ray contrast agents. 
-upant in this study because your physician( s )  has rearmended that 
you undergo angiography by the inGasive technique, involving arterial 
catheterization and the direct injection of contrast agents in to  the 

We hope to  

You w e r e  selected as a possible 

arteries. 
I .  _ _ _  - - - - -  -- 

I f  you decide t o  participate, w e  w i l l  perform an angicgraphic procedure 
(coronary, cerebral, other, ) by means of a venous injection of contrast 
agent, employing x-rays produced a t  the  Stanford Synchrotron Radiation 

-- 

-_ 2- _ -  Iaboratory. You w i l l  be given injections in to  a vein of a radiographic 
contrast agent, as employed i n  routine clinical practice. The injection 
may be given direct ly  in to  a vein i n  the  arm o r  may be given into a vein 
i n  the chest. In the  l a t t e r  instance a f lexible ,  hollm tube, called a 
catheter, w i l l  be inserted in to  a vein in an extremity (usually the ann), 
and the  catheter is then advanced in to  the  chest so that its t i p  is in  a 

central vein adjacent t o  the intake chamber ( r igh t  atrium) of the hear t ,  

The contrast agent w i l l  then be administered using a p e r  injector, at a 
rate up t o  20 ml/kg of body weight per injection. Follmhg the injec- 
tion, scanning d ig i t a l  radiqraphs w i l l  be taken of the arterial struc-  

tures being studied. The procedure w i l l  probably require 1/2 t o  1 1/2 
..I hours. The risks of t h i s  procedure include the  f o l l h g :  severe aller- 

gic (anaphylactoid) reaction t o  t h e  iodine contrast agent; mechanical 
tear of a vein; impaired kidney function; reaction t o  local leakage of 

dye; the radiation exposure inherent i n  an x-ray examination. -. . 

It would be iqractical  and even misleading t o  describe i n  detai l  a l l  of 
the possible risks and ccmplications which might result from the proce- 

dure. 
team who w i l l  be performing the  study. 
&me as is p l m &  fcc VC~JZ i ~ . ? X - t 3 ~ ! -  c=se, 

Any questions should be discussed with a member of the angicgraphy 
This person w i l l  review the pro- 

0 0 2 0 6 4 1  
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- _  

Potential benefits that may be accrued 

about the status of  the arteries to be 
.. .. 

to you relate to information 

studied. Such information might 

be accurnulatsd without :he necessity of performing invasive arterial 

Injections. 

receive any benfits frcm this study. 

this examination, your physicien may reccnmend th3t you undergo the 

alternative procedure, that of routine angiography employing 

arterial cathet2rization and direct injEction of radiocontrast agents 

We can not or do not guarantae or prcnise that you will 

After analyzing.the results of 

. - _ _  
- - 

.. into ths arteries. - - 
- .- Any data that may be published in scientific journals will not reveal 

the identify of  the subjects. In the interest of public safety, 

patiant imforrnation will be provided to federal and regulatory 

'a5 requ ired. 

There will ba no foe c h x g c d  for the non-invasive angiogram. 

Your decision whether or not to participate wil! not prejudice 

your medical care. If you decide to participate, you are free 

withdraw your consent and to discontinue your participation at 

.- . . . .  

time without prijudice to you or effect on your medical care. 

agenc i 8s 

you or 

to 

any 

I f  you 

have any questions, we expect you t o  ask US. 

questions lator, we will b.? plesssd to try to answer them. 

I f  YOU have m y  2dditional 

. .  

In the event of physicel injury that arises solely out of the neg- 

ligence of t h e  S t m f o r d  Univcristy ?4edic~1 Centnr or its staff in this 

study, re irnbursement for e x p m s a s  i ncurrcd for necessary m2dit3l 

trsatnent and hospitilization is available. For further informtion, 

0020942 



.-  
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please cal l  497-5244 or write thz Madical Center Committee for t h e  

Protection of Human Subjecis'at a51 Welch Road, Room 115, Palo Alto, 

California, 94304. 

mannw in which this study is being conductod, you may report any 

complsints to the szrno telephone number and address. 

In addition, if you are not satisfied with the 

. Persons who participate in a madical expariment are entitled t o  

. . _. certain rights. These rights include but aro not limited to ths . -  

subject's right to: 

experiment; be given an zxplanation of the proccdur?s to be followed 

be informed of the nature and purpose of the -_ 

in the medical experimenr, and any drug or device to be utilized; 

be givm a descri.ption of 3ny attondint disccaforts and risks 

reasonably to be sxpectcd; b=! given an zxplanation of  any benefits 

to the subject reasonably t o  be expected, if applicabl2; b e  given 
- 

a disclosure of any appropriate alternatives, drugs, or  devices 

that might be advantzgzous to the subject, their relative r i s k s  
. .  
and benefits; be informed of the avenues of medical treatment, i f  

' . - ' .  .-. any, available t o  the subject after the experiment i f  complications 

should arise; be given an OppOrtUflity to ask any questions concerning 

+he experiment or  the procedures involved; be instructed that con- 

sent to participate in the medical experimsnt may be withdrawn 

at any time and the subjoct may discontinue participation without 

prejudice; be given a copy of tho si'gncd and dated consent form; 

and be given ths opportunity to decide to consent or not to consent 

,J 

-. 

- .  

to a mcdiczl oxporiment without thc Intervention of m y  clement of 

force, fraud, docei t D  duress, COCrCiOn or  undue inf1u;nce On the 

subject's decision. . 

0 0 2 0 9 5 3  
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.. . . .  . , . .  . - . ' .  .. , .  . .  , 

. - - -  - 
.. . . .  

-_ 

_ -  
--_. 

4 

YOUR SIGNATUSE INiIICATES THAT YOU HAVE READ AND 

INFORMATION, THAT YOU HAVE OISCUSSEO THIS STUDY 

UNOERSTANO THE A80VE 

H I T H  THE PRINCIPAL 

INVESTIGATGR(S1 AND H I S  02 HER STAFF, AND THAT YCU HAVE OECIOED TO 

PARTICIPATE 8ASED ON THE INFC24ATION P9OVIDEO. A COPY OF MIS FORM 

IS AVAILA9LE TO YOU UPON REQUEST. 

S ignature 

Signature of I n v e s T i g a t o r  or Witness 

. .  Date  . 

11/81 

. .  . .  . .  
. . -.-.. 

. 

i- 
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STAN F 0 R 0 UN IV ER SITY HO s p 1 - r ~  L 
STANFORD MEDICAL CENTER 

COFJSENT TO OPERATION, ADMINISTR, 
OF ANESTHETICS. AND FOR DlAGNOf 

OR THERAPEUTIC PROCEDURES 

. . . . . . . . .  . .  . _-,._._,-_ . .-.- - '. .".; - . 
. _.i. ._: . . . . . .  . . .  

. . .  .... . . . .  - .  . .  
. .  ' . e , . : : .  :. . : ;: .' . , . , 

,: .. ::1_ 1 . . .  . . . . . . . . .  3 Physicians.performing profcssional services. such as anesthesia. ndiology. pathology and the like, are not  employees 
. . Hospital. These physicians are either in private practice in the community or  faculty members of the Stanford Uni 

. . -  . . _  
. .  

. - School of Medicine. 
. .  . . . . . . .  . . .  ... ...- .. . . .  . . .  . .  

4. Stanford University Hospital and Clinics is Jn  educariona! institution. and as part of the medical education program re: 
. . . .  interns, medical studcnts. postgraduate fellows, and other health care studcnts may. under the supervision of t h e  at1 

physician, pJrticipate in the a r e  of tcaching patients. 
. .  

. ., . . . . .  . . . .  5. A i  a patient YOU have a right to receive as much information as  you may need in order to  give informed consent or tc 
. ,.. . 
'. ..... . 

. . the rccommendcd course of tF6atment Exccpt in emergencies. your physician(s1 should describe in language you can 
. . .  . 'stand the proposcd treatment or procedure, the medically significant risks involved, and the alternate courses of t reatr  

nontreatment, including the respective risks of each. If you have questions, You should consult your physician(*) 

:, . - .  . - .  

. . .  
.:. - 

. . . .  . .  . . * .L ' : .  

'* giving your written consent to  such operation or procedure. 
I. . .  .-- 

Having read the ahove and having received the above information from mY PhYSiciJn(s), I liereby authorize t h e  above. 
physicim(s) and any JssociJtcs or assistants of my physician(s) to Perform the abovc-named operationor procedurl a n d  to I 
such additional services as may be deemed mcdicdly rcasonable a n d  neccsmW, including, but not limited to, t h e  adminis 
and maintcnjncc of anesthesia and serviccs involving p J t h o l o n  and radiology. I further authorize the pathology service to 
discretion in thc disposal of any severed tissue or member. cxccpt: 

................................................. ................... 
.................... 

.)C-..u-. oc ""I-.. *,C"r,r-.  uc e..--- 

- ............................................... 
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HOSPITAL O E  L A  UNIVERSIOAO DE STANFOIIO 

CENTRO MEDICO DE STANFORD 

PERkllSO PARA OPERACION, PARA LA ZPLICACIOF 

OE ANESTESICOS Y PARA PAOCEDIr.l1E?1TOS 

OlAGNOSTlCOS 0 TEAAPEUTICOS 

. . .  
* - . . - . I . .  _*  1 " .. , . . . . .  . . . . .  . . . .  . . .  . . .  - ..:. . . . .  . .  - .. 

,zyy,=.- . Fecha ' .; 
* O Y I * . C  0.L - a C I L C . S 8  

, .:: 
. . . . . . . . .  .. - .. - . . . .  - .  . . - ,  

.. - 
. .  . -.. i..-.... Hora ._._--.. ' 

R Q Y I l R  OLL M S O I C O  DR C I - 8 C I I a  

. . . . . . . . . . . . .  -. . . .  . . .  . . .  . 

SU Me'dico (0 Me'dicos) ha determinado que l a  operacio'n 0 procedimiento que se consigna rn& adelante puede ser de beneficic 
para e l  diagno'stico o tratarniento de su estado de salud. Todas las operacioner quk6rgicas y procedimientos diagn&ticos 

-terapeuticos inplican riesgos de complicacio'n, lesio'n o a h  muerte, de causas conocidas o desconocidar. Ninguna qaranth c 

. . .  . . . . .  , . . ,., . : -._-. - .  . -  
. ....... 

m o - - - e  DLL ~ I . - u I . * o  o i i o i c o  .I ca-ao osc c ~ o c ~ ~ ~ ~ , ~ ~ ~ ~  '. I - 

..,--L--.,.- - - '  . . 
, I  , .  . .  . . .  

. . . . . .  . .  . .  . . .  ..... o en cuanto ai resultado o cura. 'i: ' ' . 
t ! : . .  

. . . . .  ...... . .  . :. .. ; . .  ':t 
. ' .*"a -- ' - - I  I a ' i ' . : .  

-, . . . . .  
I;. . : . : . 

, I '  . 
. . . I . - _  . . . . . .  ..r._ . I ..:< _..- ." - 

. . .  . . . . .  ... ** _..___- ----- 
. -. . .  

__-___..__ . __..... ..---.-. . 

-2- .. 

. .  ... - 

3. 
.-.-..-.j 

. Lor me'dicor que prestan servicios Profesionales ta les como anesrcsia, radiologfa, patolog$ y semicios semelantes no son em- 
.. pleados del hospital. Estos midicos se dedican a l a  prictica privada en  l a  cornunidad 0 son miembros de la Facultad de-&di. 

.... 
. . .  , .  

-cina de la Universidad de Stanford. 

. . .  

z 

*.*-La.. ................................ 
_I 
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* F e b r u a r y  7 ,  1 9 8 6  
JOHN O T I S  
A L B E R T  T H O M P S O N  

I n t r o d u c t  i o n  

The u s e  of  b e a r n l i n e  IV-2 a t  SSRL f o r  d i a g n o s t i c  m e d i c a l  i m a g i n g  
o f  c o r o n a r y  a r t e r i e s  is b e i n g  p l a n n e d .  An i n i t i a l  r u n  I S  s c h e d u l e d  
f o r  A p r i l / M a y  o f  t h i s  y e a r .  The r a d i a t i o n  s a f e t y  a n d  m o n i t o r i n g  o f  
t h e s e .  human p a t i e n t  s t u d i e s  is a n  i m p o r t a n t  p a r t  o f  o u r  p l a n n i n g .  
S i n c e  t h i s  p r o g r a m  i s  q u i t e  d i f f e r e n t  f rom t h e  n o r m a l  p r o c e d u r e s '  
f o l l o w e d  a t  S L A C  a n d  SSRL f o r  r a d i a t i o n  p r o t e c t i o n ,  a d e t a i l e d  s a f e t y  
p l a n  has  b e e n  p r e p a r e d .  

A t  t h e  SLAC r a d i a t i o n  c o m m i t t e e  m e e t i n g  o n  F e b  1 3  we w i l l  p r e s e n t  
O u r  s a f e t y  p l a n  f o r  y o u r  s t u d y .  A g e n e r a l  o u t l i n e  'of o u r  e x p e r i m e n t  
a n d  t h e  r e s u l t s  f r o m  p r e v i o u s  d o g  runs w i l l  b e  p r e s e n t e d  f i r s t ,  t h e n  
t h e  s p e c i f i c  i n s t r u m e n t a t i o n  r e l e v a n t  t o  r a d i a t i o n  s a f e t y  w i l l  b e  
d e s c r i b e d ,  a n d  f i n a l l y  t h e  s a f e t y  i n t e r l o c k  l o g i c  a n d  i m a g i n g  
p r o t o c o l  w i l l  b e  c o v e r e d .  

G e n e r a l  P l a n  

The  g e n e r a l  p r i n c i p l e  f o r  u s i n g  a s y n c h r o t r o n  r a d i a t i o n  b e a m l i n e  
f o r  m e d i c a l  i m a g i n g  i s  t o  u s e  a f a n  beam o f  m o n o c h r o m a t i c  x - r a y s .  To 
t a k e  a p i c t u r e  t h e  p a t i e n t  w i l l  s i t  in a c h a i r  w h i c h  w i l l  b e  mo'ved 
v e r t i c a l l y  t h r o u g h  t h e  beam t o  a c q u i r e  two d i g i t a l  x - r a y  i m a g e s .  One 
i m a g e  is t a k e n  a t  a n  x - r a y  e n e r g y  j u s t  below t h e  i o d i n e  a b s o r p t i o n  
e d g e  a t  3 3  k e V  a n d  t h e  o t h e r  i s  t a k e n  w i t h  t h e  e n e r g y  j u s t  a b o v e  t h i s  
e d g e .  T h e  l o g a r i t h m i c  d i f f e r e n c e  o f  t h e  two i m a g e s  is t h e n  t a k e n  t o  
p r o d u c e  a d i f f e r e n c e  i m a g e .  S i n c e  t h e  i o d i n e  a b s o r p t i o n  j u m p s  by a 
f a c t o r  o f  7 a t  t h e  e d g e  w h i l e  t h e  a b s o r p t i o n  of t i s s u e  and b o n e  
c h a n g e s  o n l y  s l i g h t l y  t h i s  ' d i f f e r e n c e  image  i s  v e r y  s e n s i t i v e  t o  
i o d i n e .  To i m a g e  c o r o n a r y  a r t e r i e s  a venous  i n j e c t i o n  of a n  i o d i n e  
c o n t a i n i n g  c o n t r a s t  a g e n t  w i l l  b e  g i v e n  and a f t e r  a b o u t  1 0  s e c o n d s  
t h e  i o d i n e  b o l u s  w i l l  h a v e  p a s s e d  t h r o u g h  t h e  h e a r t  a n d  ' l u n g s  a n d  
W i l l  b e g i n  t o  f i l l  t h e  c o r o n a r y  a r t e r i e s .  J u s t  b e f o r e  t h i s  time w e  
w i l l  h a v e  b e g u n  t o  s c a n  t h e  p a t i e n t  t o  a c q u i r e  images o f . t h e  a r t e r i a l  
s y s t e m .  

S a f e t y  P l a n  O u t l i n e  

The  o v e r a l l  s c a n n i n g  p r o c e d u r e  w i l l  b e  c o n t r o l l e d  as  i n  a n y  
r a d i o l o g i c a l  l a b o r a t o r y  by  a r e s p o n s i b l e  p h y s i c i a n  who w i l l  d e t e r m i n e  
t h e  t o t a l  x - r a y  e x p o s u r e  p e r m i s s i b l e .  The e x p o s u r e  w i l l  be  w i t h i n  
t h e  l i m i t s  a p p r o v e d  for t h i s  s t u d y  by t h e  Human S u b j e c t s  E t h i c s  
C o r n n i t t e s  2 5  t h e  S t a n f o r d  U n i v e r s i t y  H o s p i t a l .  

0 0 2 0 4 4 1  



. A s e r i e s  o f  r a d i a t i o n  s h u t t e r s  a r e  i n s t a l l e d  on t h e  b e a m l i n e  
w h i c h  a r e  c o n t r o l l e d  b y  a s a f e t y  p r o t e c t i o n  s y s t e m .  T h e  d e t a i l e d  
l o g i c  of  t h e  s y s t e m  w i l l  b e  p r e s e n t e d  a t  t h e  m e e t i n g  b u t  t h e  g e n e r a l  
f e a t u r e s  w i l l  b e  d e s c r i b e d  h e r e .  D u r i n g  a s c a n  t h e  r a d i a t i o n  i s  
t u r n e d  o n  a n d  o f f  d u r i n g  t h e  a c q u i r i n g  o f  d i f f e r e n t  i m a g e s  f r a m e s  b y  
a c o m p u t e r  c o n t r o l l e d  i m a g i n g  s h u t t e r .  I n  c a s e  o f  a u n s a f e  c o n d i t i o n  
t h e  r a d i a t i o n  i s  r a p i d l y  t u r n e d  o f f ' b y  a p a i r  o f  f a s t  c l o s i n g  
s h u t t e r s .  T h e s e  s h u t t e r s  c l o s e  i f  a n y  u n s a f e  c o n d i t i o n  i s  s e n s e d  by 
t h e  p r o t e c t i o n  s y s t e m .  Some o f  t h e  u n s a f e  c o n d i t i o n s  a r e :  

a )  X - r a y  beam on w i t h  t h e  p a t i e n t  c h a i r  n o t  i n  m o t i o n .  

* b )  S c a n n i n g  p r o c e d u r e  g o i n g  on t o o  long. 

C )  P h y s i c i a n  r e l e a s i n g  t h e  deadman  s w i t c h .  

, 

As w e l l  a s  c o n t r o l l i n g  t h e  r a d i a t i o n  s a f e t y ,  a c a l i b r a t e d  
r a d i a t i o n  m o n i t o r i n g  s y s t e m  w i l l  b e  i m p l e m e n t e d  t o  r e c o r d  t h e  t o t a l  
r a d i a t i o n  d o s e  r e c e i v e d  by t h e  p a t i e n t .  

The r a d i a t i o n  s a f e t y  i n t e r l o c k  s y s t e m  w i l l  b e  i n s t a l l e d  by  SSRL 
u n d e r  t h e  d i r e c t i o n  o f  Bob H e t t e l  a n d  t h e  r a d i a t i o n  s a f e t y  will b e  

. v e r i f i e d  b y  G a r y  W a r r e n  of S L A C .  

S A F E T Y  S Y S T E M  H A R D W A R E  A N D  PROTOCOL 

The  X - r a y  i m a g e s  w i l l  b e  a c q u i r e d  i n  l i n e - s c a n  f a s h i o n ,  w i t h  t h e  
p a t i e n t  m o v i n g  v e r t i c a l l y  a t  c o n s t a n t  s p e e d  a n d  t h e  X- ray  beam 
s w e e p i n g  o v e r  t h e  f i e l d  o f  i n t e r e s t .  The  e x p e r i m e n t a l  p r o t o c o l ,  a s  
p r e s e n t l y  e n v i s a g e d ,  c a l l s  f o r  t h e  a c q u i s i t i o n  o f  s e v e r a l  i m a g e s  in 
r a p i d  t ime s e q u e n c e  ( a  " s c a n  s e q u e n c e " )  by  r e p e a t i n g  t h e  s c a n  m o t i o n  
a l t e r n a t e l y  i n  o p p o s i t e  d i r e c t i o n s .  To p r e v e n t  X- ray  e x p o s u r e  t o  t h e  
p a t i e n t  d u r i n g  t h e  p e r i o d s  o f  d e c e l e r a t i o n  a n d  a c c e l e r a t i o n  between 
t h e  c o n s t a n t - v e l o c i t y  s c a n s  ( a s  w e l l  a s  b e f o r e  a n d  a f t e r  t h e  i m a g i n g  
s e q u e n c e )  t h e  X - r a y  beam w i . 1 1  b e  b l o c k e d  b y  a f a s t - a c t i n g  i m a g i n g  
s h u t t e r  ( I S ) .  

The  m o n o c h r o m a t o r  p r o v i d e s  t w o  m o n c c h r o m a t i z e d  X-ray beams, 
i n i t i a l l y  s e p a r a t e d  b y  a p p r o x i m a t e l y  I m m  v e r t i c a l l y  b u t  c o n v e r g i n g  

' t oward  t h e  p a t i e n t  p o s i t i o n .  The two'  beams a r e  p r o d u c e d  by s i n g l e  
B r a g g  d i f f r a c t i o n  f r o m  s e p a . r a t e  S i ( 1 1 l )  c r y s t a l s ,  each o f  wh ich  
i n t e r c e p t s  h a l f  t h e  v e r t i c a l  p r o f i l e  o f ' t h e  i n c i d e n t  beam. The u p p e r  
beam h a s  a n  e n e r g y  w i t h i n  1 0 0  eV a b o v e  t h e  i o d i n e  K-edge  (33.17 keV), 
a n d  t h e  l o w e r  beam h a s  a n  ' e n e r g y  w i t h i n  1 0 0  e V  b e l o w  t h i s  edge.  The 
m o n o c h r o m a t i z e d  X- ray  beams e x i t  f r o m  t h e  m o n o c h r o m a t o r  a t  a r ' i s i n g  
a n g l e  o f  6-84 d e g r e e s  t o  t h e  p r i m a r y  beam, a n d  p a s s  a b o v e  a beam S t o p  
l o c a t e d  w i t h i n  t h e  m o n o c h r o m a t o r  e n c l o s u r e .  T h e  beam s t o p  p r o t e c t s  
t h e  p a t i e n t  f r o m  a n y  p e n e t r a t i n g  gamma r a d l a t i o n  c o m i n g  from S P E A R  
along t h e  p r i m a r y  beam d i r e c t i o n .  T h e  r o t a t i n g  drum mechanism,  
l o c a t e d  i m m e d i a t e l y  d o w n s t r e a m  o f -  t h e  m o n o c h r o m a t o r ,  t r a n s m i t s  o n l y  
o n e  of t h e  m o n o c h r o m a t i c  b e a n s  a t  a n y  i n s $ a n t ,  s w i t c h i n g  b e t w e e n  them 
i n  s y n c h r o n i z a t i o n  w i t h  t h e  s c a n  d a t a  a c q u i s i t i o n .  
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T h e  m o n o c h r o m a t o r  i s  s e t  t o  p r o v i d e  t h e  c o r r e c t  beam e n e r g i e s  
d u r i n g  t h e  i n i t i a l  s e t u p  a n d  a l i g n m e n t  o f  t h e  i m a g i n g  a p p a r a t u s .  
T h e r e a f t e r ,  i n a d v e r t e n t  c h a n g e  in t h e  a n g l e  o f  t h e  m o n o c h r o m a t o r  
c r y s t a l s  c a n n o t  a d m i t  t o  t h e  p a t i e n t  a r e a  a beam d i f f e r i n g  f r o m  t h e  
i n t e n d e d  e n e r g y  by m o r e  t h a n  a f ew k e V ,  s i n c e  t h e  r e s u l t i n g  c h a n g e  i n  
t h e  beam a n g l e  will c a u s e  i t  t o  miss t h e  a p e r t u r e s  p r o v i d e d  f o r  i t s  
p a s s a g e .  T h a t  t h e  e n e r g y  s e t t i n g  is c o r r e c t  f o r  t h e  i m a g i n g  
P r o c e d u r e  w i l l  b e  v e r i f i e d  b y  beam t e s t s  i m m e d i a t e l y  p r i o r  t o  a 
p a t  i e n  t s c a n .  

T O  a l l o w  t h e r m a l  e q u i l i b r a t i o n ,  t h e  m o n o c h r o m a t o r  m u s t  be 
i l l u m i n a t e d  c o n t i n u o u s l y  by t h e  p r i m a r y  X- ray  beam. The SSRL h u t c h  
s t o p p e r s  (HSI a n d  HS2) c o n t r o l l i n g  t h e  p r i m a r y  beam c a n n o t  b e  o p e n e d  
u n l e s s  b o t h  s a f e t y  s h u t t e r s  ( S S l  a n d  SS2) a r e  c l o s e d ,  p r e v e n t i n g  t h e  
m o n o c h r o m a t i z e d  beam f r o m  e n t e r i n g  t h e  p a t i e n t  e x a m i n a t i o n  a r e a .  
S u b s e q u e n t l y ,  t h e  a n g i o g r a p h y  P P S  i n t e r l o c k  ( s e e  A p p e n d i x )  p r e v e n t s  
t h e  s a f e t y  s h u t t e r s  f r o m  b e i n g  o p e n e d  u n l e s s  t h e  r a d i a t i o n  s c r e e n  i s  
c l o s e d  a n d  t h e  d e a d m a n  s w i t c h  i s  a c t u a t e d .  E a c h  s a f e t y  s h u t t e r  
c o n s i s t s  o f  a r o t a t i n g  b l a d e  h e l d  o p e n  a g a i n s t  s p r i n g  t e n s i o n  b y  two  
r o t a r y  s o l e n o i d s .  When t h e  s o l e n o i d s  a r e  d e e n e r g i z e d ,  t h e  b l a d e  
r o t a t e s  r a p i d l y  ( w i t h i n  2 0  ms) b y  4 5  d e g r e e s  t o  t h e  c l o s e d  p o s i t i o n .  
The s a f e t y  s h u t t e r s  w i l l  c l o s e  i f  e x t e r n a l  p o w e r  i s  l o s t .  To a c h i e v e  
t h e  d e s i r e d  r e s p o n s e  t ime ( 1 0 - 2 0  m s )  d u r i n g  n o r m a l  s c a n -  o p e r a t i o n ,  
t h e  i m a g i n g  s h u t t e r  is d r i v e n  b y  a s e r v o - c o n t r o l l e d  d e  m o t o r ;  . 
t h e r e f o r e ,  e x t e r n a l  p o w e r  is r e q u i r e d  f o r  i t s  o p e r a t i o n .  

B o t h  t h e  i m a g i n g  s h u t t e r  a n d  t h e  s a f e t y  s h u t t e r s  a r e  l o c a t e d  
d o w n s t r e a m  o f  t h e  m o n o c h r o m a t o r  e n c l o s u r e ,  a n d  a r e  i n c o r p o r a t e d  i n t o  
t h e  h o u s i n g  o f  t h e  e n e r g y - s w i  t c h i n g  ( r o t a t i n g  d r u m )  mechan i sm 
a s s o c i a t e d  w i t h  t h e  m o n o c h r o m a t o r .  I n  t h e  c l o s e d  p o s i t i o n ,  t h e  
i m a g i n g  s h u t t e r  h a s  a t h i c k n e s s  o f  a p p r o x i m a t e l y  5 / 8  i n c h  s t e e l  ( 7 2  
a b s o r p t i o n  l e n g t h s  for 3 3  k e V  p h o t o n s ) ,  a n d  e a c h  s a f e t y  s h u t t e r  h a s  a 
t h i c k n e s s  o f  0 . 1 7 6  i n c h  s t e e l  ( 2 1  a b s o r p t i o n  l e n g t h s ) .  

D u r i n g  t h e  s c a n  s e q u e n c e ,  t h e  p a t i e n t  w i l l ’  b e  a l o n e  i n  t h e  

. .  

s h i e l d e d  e x a m i n a t i o n  room t h a t  c o n f i n e s  d i r e c t  a n d  s c a t t e r e d  
r a d i a t i o n .  The a t t e n d i n g  p h y s i c i a n  w i l l  h a v e  t h e  r e s p o n s i b i l i t y  f o r  
s e e i n g  t h a t  t h e  p a t i e n t  is p r o p e r l y  p o s i t i o n e d  a n d  t h a t  t h e  
e x a m i n a t i o n  room i s  c l e a r  o f  o t h e r  p e r s o n n e l .  However ,  t h e  a t t e n d i n g  
p e r s o n n e l  m u s t  b e  a b l e  t o  e n t e r  t h i s  room i m m e d i a t e l y  i n  r e s p o n s e  t o  
a p o s s i b l e  m e d i c a l  e m e r g e n c y ,  e v e n  i f  a s c a n  i s  i n  p r o g r e s s .  
T h e r e f o r e ,  t h e  d o o r  o n  t h e  e x a m i n a t i o n  room n e a r e s t  t o  t h e  p a t i e n t  
m u s t  b e  l e f t  o p e n .  I n  i t s  p l ace  w i l l  b e  e r e c t e d  a n  e a s i l y  o p e n e d  
r a d i a t i o n  s c r e e n ,  - w i t h  a l a r g e  l e a d e d  a c r y l i c  t r a n s p a r e n t  window SO 
t h a t  t h e  p h y s i c i a n  a n d  p a t i e n t  w i l l  b e  a b l e  t o  m a i n t a i n  e y e  c o n t a c t  
t h r o u g h o u t  t h e  p r o c e d u r e .  The s a f e t y  s h u t t e r s  a r e  t r i g g e r e d  by t h e  
a n g i o g r a p h y  P P S  i n t e r l o c k  i f  t h e  s c r e e n  is o p e n e d  w h i l e  a s c a n  is i n  
p r o g r e s s  , e x t i n g u i s h i n g  t h e  X - r a y  beam b e f o r e  p e r s o n n e l  c a n  r e a c h  t h e  
r a d i a t i o n  a r e a .  

The  p h y s i c i a n  w i l l  d e t e r m i n e  t h e  p r o j e c t i o n  a n d  i m a g e  f i e l d  b y  
‘ n l t l a l  positioniag cf t h a  p a t i e n t  a n d  s c a n n i n g  c h a i r ,  a n d  b y  
p r o v i d i n g  t h e  u p p e r  a n d  lower s c a n  l imits t o  t h e  s c a n  c o n t r o l  
p r o g r a m .  Once t h i s  s e t u p  is c o m p l e t e  a n d  all p e r s o n n e l  h a v e  l e f t  t h e  
e x a m i n a t i o n  room, t h e  r a d i a t i o n  s c r e e n s  a r e  c l o s e d  a n d  t h e  p h y s i c i a n  
s t a n d s  o u t s i d e ,  visible t o  t h e  p a t i e n t .  
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By c l o s i n g  a n d  h o l d i n g  t h e  d e a d m a n  s w i t c h ,  t h e  p h y s i c i a n  
i n i t i a t e s  t h e  p rogrammed  s c a n  s e q u e n c e  a n d  a l l o w s  i t  t o  p r o c e e d .  The 
S a f e t y  s h u t t e r s  c a n  t h e n  b e  o p e n e d  w h i l e  t h e  i m a g i n g  s h u t t e r  'is 
c l o s e d .  The i m a g i n g  s h u t t e r  r e m a i n s  c l o s e d  u n t i l  i t  i s  o p e n e d  u n d e r  
c o m p u t e r  c o n t r o l  as p a r t  o f  t h e  s c a n  s e q u e n c e .  If t h e  p a t i e n t  
r e q u i r e s  m e d i c a l  a t t e n t i o n  d u r i n g  a s c a n ,  or ' i f  t h e  p h y s i c i a n  
o b s e r v e s  some m a l f u n c t i o n  i n  t h e  s c a n  o p e r a t i o n ,  r e l e a s e  o f  t h e  
d e a d m a n  s w i t c h  w i l l  e x t i n g u i s h  t h e  beam a n d  a b o r t  t h e  s c a n .  

To p r e v e n t  u n a u t h o r i z e d  o p e r a t i o n  o f  t h e  s y s t e m ,  t h e  deadman 
s w i t c h  i s  i n o p e r a t i v e  u n l e s s  i t  i s  f i r s t  e n a b l e d  by  t h e  o p e r a t i o n  O f  
a m o m e n t a r y - c o n t a c t  k e y - l o c k  s w i t c h  l o c a t e d  n e x t  t o  i t ,  t h e  k e y  b e i n g  
kept, by t h e  p h y s i c i a n .  O p e r a t i o n  of  t h e  k e y - l o c k  s w i t c h  S t a r t s  a 
t imed i n t e r v a l  of a b o u t  2 0  s d u r i n g  w h i c h  t h e  deadman s w i t c h  m u s t  b e  
c l o s e d .  I f  t h e  deadman  s w i t c h  is n o t  c l o s e d  w i t h i n  t h i s  t i m e d  
i n t e r v a l ,  i t  m u s t  a g a i n  b e  e n a b l e d  by  u s e  of  t h e  k e y - l o c k  s w i t c h .  

Re lease  o f  t h e  deadman s w i t c h  o r  o p e n i n g  o f  t h e  r a d i a t i o n  s c r e e n  
w h i l e  e i t h e r  o f  t h e  s a f e t y  s h u t t e r s  i s  n o t  c l o s e d  w i l l  g e n e r a t e  a 
f a u l t  c o n d i t i o n  ( A N G I  FAULT) i n  t h e  a n g i o g r a p h y  PPS i n t e r l o c k ,  wh ich  
f o r c e s  c l o s u r e  o f  t h e  two  s a f e t y  s h u t t e r s ,  t h e  i m a g i n g  s h u t t e r ,  a n d  
t h e  SSRL h u t c h  s t o p p e r s .  A N C I  FAULT i s  l a t c h e d ,  a n d  c a n  b e  r e s e t  
o n l y  b y  u s e  o f  a k e y  c a r r i e d  b y  t h e  SSRL o p e r a t o r .  

The r a t e  o f  X - r a y  e x p o s u r e  f r o m  t h e  m o n o c h r o m a t i z e d  33 k e V  beam 
c o l l i m a t e d  t o  a h e i g h t  o f  0 . 5  m m  i s  a p p r o x i m a t e l y  4 7  R/s. T h i s  
assumes SPEAR o p e r a t i n g  c o n d ' i t i o n s  o f  3 Cev,  1 0 0  m A  a n d  an 18 kG 
w i g g l e r  f i e l d .  T h u s ,  t h e  s a f e t y  o f  t h e  p a t i e n t  r e q u i r e s  t h a ' t  t h e  
i m a g i n g  s h u t t e r  b e  c l o s e d  u n l e s s  t h e  s c a n n i n g  c h a i r  i s  i n  m o t i o n  a t  
t h e  c o r r e c t  s p e e d .  Two i n d e p e n d e n t  c h a i r - m o t i o n  d e t e c t o r s  a r e  
i n c o r p o r a t e d  i n t o  t h e  a n g i o g r a p h y  P P S  i n t e r l o c k .  The m o t i o n  d e t e c t o r s  
w i l l  b e  d r i v e n  b y  t h e  c h a i r  m o t i o n ,  i n d e p e n d e n t  of  t h e  m o t o r - d r i v e  
c o u p l i n g .  If e i t h e r  m o t i o n  d e t e c t o r  fails t o  g i v e  a n  i n d i c a t i o n  of 
C o r r e c t  s c a n n i n g  s p e e d  when t h e  i m a g i n g  s h u t t e r  i s  n o t  c l o s e d ,  A N G I  
FAULT w i l l  b e  g e n e r a t e d  u n l e s s  b o t h  s a f e t y  s h u t t e r s  a r e  c l o s e d ,  T h u s  
t h e  beam will b e  e x t i n g u i s h e d  i f  c o n t r o l  m a l f u n c t i o n  o r  power  f a i l u r e  
e i t h e r  c a u s e  t h e  s c a n n i n g  c h a i r  t o  s t o p  i n  t h e  m i d d l e  of  a scan or 
cause t h e  i m a g i n g  s h u t t e r  t o  r e m a i n  o p e n  w h i l e  t h e  c h a i r  i s  
d e c e l l e r a t i n g  a t  t h e  e n d  o f  a s c a n .  

S i n c e  a n  u p p e r  l i m i t  t o  beam i n t e n s i t y  i s  known, g i v e n  S P E A R  
o p e r a t i n g  c o n d i t i o n s ,  t o t a l  e x p o s u r e  t o  t h e  p a t i e n t  c a n  b e  k e p t  
w i t h i n  s a f e  l imits  b y  i m p o s i n g  a t i m e  l i m i t  on  t h e  t o t a l  l e n g t h  of  a 
S c a n  s e q u e n c e .  F o r  e a c h  s c a n  s e q u e n c e ,  t h e  t i m e d  i n t e r v a l  b e g i n s  
when t h e  i m a g i n g  s h u t t e r  i s  f i r s t  o p e n e d .  If e i t h e r  s a f e t y  s h u t t e r  
i s  n o t  c l o s e d  when t h e  t ime l i m i t  i s  r e a c h e d ,  A N G I  FAULT f s  
g e n e r a t e d .  

I n t e r l o c k s  p r e v e n t  o p e n i n g  o f  a n y  beam s h u t t e r s  i f  t h a t  a c t i o n  
w o u l d  c r e a t e  a n  i m m e d i a t e  A N G I  FAULT. W i t h  two e x c e p t i o n s ,  A N G I  
FAULT c a n n o t  o c c u r  if HSl a n d  HS2 a r e . b o t h  c l o s e d ,  or i f  SS1 a n d  SS2 
a r e  b o t h  c l o s e d ,  The e x c e p t f e n s  a r e  2 c t u a t i o n  of  t h e  e m e r g e n c y  s t o p  
s w i t c h  a n d  w i t h d r a w a l  of  t h e  c o m p u t e r , O K .  The c o m p u t e r  OK W i l l  b e  
p r o v i d e d  b y  a w a t c h d o g  timer t h a t  v e r i f i e s  t h e  c o r r e c t  o p e r a t i o n  of  
t h e  s c a n - s y s t e m ' s  c o n t r o l  c o m p u t e r .  



T a b l e  I s u m m a r i z e s  t h e  p o s s i b l e  r a n g e  of p o t e n t i a l  p a t i e n t  
e x p o s u r e s  a s  a f u n c t i o n  of t h e  s e l e c t a b l e  s c a n n i n g  s p e e d  of t h e  
p a t i e n t  c h a i r  o r ,  e q u i v a l e n t l y ,  t h e  a c q u i s i t i o n  t i m e  f o r  e a c h  
h o r i z o n t a l  l i n e  e l e m e n t  in t h e  i m a g e  (summed o v e r  b o t h  X - r a y  
e n e r g i e s ) .  The a c t u a l  e x p o s u r e s  a l l o w e d  f o r  a p a r t i c u l a r  p a t i e n t  
s t u d y  will d e p e n d  o n  t h e  p a t i e n t  t h i c k n e s s  a n d  t h e  l e v e l  of i o d i n e  
S e $ S i t i V l t y  r e q u i r e d  i n  t h e  i m a g e .  The e x p o s u r e  l e v e l  s h o u l d  b e  i n  
t h e  r a n g e  0 . 4  - 0 . 8  R p e r  I m a g e  fr,ame. 

T A B L E  I 

M A X I M U M  P A T I E N T  E X P O S U R E S  A C H I E V A B L E  W I T H  T H E  A N G I O G R A P H Y  SYSTEM . 

A T  S S R L  B E A M  L I N E  I V - 2 ,  A S S U M I N G  S P E A R  O P E R A T I N G  C O N D I T I O N S  OF 100  MA 
A T  3 C E V ,  A N D  A W I G G L E R  F I E L D  OF 18  K G .  I T  I S  A S S U M E D  T H A T  T H E  
M O N O C H R O M A T I Z E D  B E A M  IS C O L L I M A T E D .  TO A. HEIGHT OF 0.5 M M  AT T H E  
P A T I E N T  P O S I T I O N ,  2 8  M F R O M  T H E  W I G G L E R .  

S C A N  S P E E D  TOTAL A C Q U I S I T I O N  M A X I M U M  E X P O S U R E  
T I M E  P E R  L I N E  ‘ P E R  I M A G E  F R A M E  

( c m / s e c )  (msec)  ( m R )  

24 
1 2  
- 6  
3 

2.1 
4 ;2  
8:3 

1 6 ; ”  

98 
1 9 5  
391 
782  

0 0 2 0 9 5  f 
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OPEN 
CMD 
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ss 2 
OPEN 
CMD - 

NOTES: 1. IMAGING SHUTTER MUST BE CLOSED TO OPEN SAFETY SHUTTEBS. 
ONCE SAFETY SHUTTERS ARE OPEN, IMAGING SHUTTER MAY BE OPENED. 

2. I F  HUTCH STOPPERS ARE CLOSED, SAFETY SHUTTERS MAY BE OPENED 
WITHOUT STARTING THE KEYED TIHER OR CLOSTNC THE RADIATION 
SCREEN DOOR. 
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NOTES: 1. 1-rlAGING SHUTTEF.MAY BE OPENED WITHOUT CHAIR MOTION OK OR THE 
KEYED TIFiER ON I F  EITHER THE SAFETY SHUTTERS OR THE HUTCH STOPPERS 
ARE CLOSED. _ -  - .  . . -  . 
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